
MESTRADO

Toxicologia Analítica Clínica e Forense

Impact of the cannabinoid delta-9 

tetrahydrocannabinol on placental leptin 

regulation

Débora Sofia Alves Gonçalves

M
2018

D
é

b
o

ra So
fia A

lve
s G

o
n

çalve
s

. Im
p

act o
f th

e can
n

ab
in

o
id

 d
elta-9

 tetrah
yd

ro
can

n
ab

in
o

l o
n

 p
lacen

tal lep
tin

 regu
latio

n
M

.FFU
P

 2
0

1
8

Im
p

act o
f th

e
 can

n
ab

in
o

id
 d

e
lta

-9
 tetrah

yd
ro

can
n

ab
in

o
l o

n
 p

lace
n

tal le
p

tin
 re

gu
latio

n

D
éb

o
ra So

fia A
lves G

o
n

çalves

F
acu

ld
ad

e
 d

e
 F

arm
ácia



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Master Thesis within the project funded by European Union FEDER funds through COMPETE and 
Fundação para a Ciência e Tecnologia (FCT), project PTDC/DTP-FTO/5651/2014-POCI-01-0145-
FEDER-016562; FCT/MEC through national funds and co-financed by FEDER, under PT2020 
(UID/01/0145/FEDER/007728) and CCDR-N/NORTE2020/Portugal 2020 (norte-01-0145-FEDER-
000024). 



 

 

  



Agradecimentos 

 

Mais uma etapa da minha vida académica está prestes a terminar e foram muitas as 

pessoas que contribuíram para que eu chegasse aqui. E tenho de lhes agradecer a todos. 

À Doutora Georgina Correia da Silva por me ter ensinado a importância da ciência, por 

me ter ajudado a nível laboratorial como na estimulação do meu espírito crítico no que diz 

respeito ao meu trabalho. Ao Doutor Bruno Fonseca por me ter ajudado no laboratório e 

na análise de resultados e também estimulado o meu espírito crítico. À Doutora Natércia 

Teixeira por me ter aceite no seu laboratório. 

Ao futuro Doutor João Maia por sempre me ter ajudado, incentivado e nunca me ter 

deixado sozinha, por todas as piadas e momentos de trabalho que se viveu no laboratório. 

À Doutora Marta Almada por ser como uma irmã para mim neste laboratório, por me 

chamar a atenção quando eu precisava, por me ter ajudado no laboratório e por estar 

sempre ao meu lado. Mas acima de tudo, a estas duas pessoas, agradeço pela amizade e 

companheirismo que vivi convosco, por terem feito tudo o que estava ao vosso alcance 

para me verem sempre bem e a sorrir e pelas conversas não científicas que me ajudaram 

a crescer enquanto pessoa.  

À Doutora Cristina Amaral e aos futuros Doutores Tiago Augusto e Luís Midão pela 

amizade e carinho com que me acolheram, por todas as conversas, por todos os conselhos 

e por fim por estarem sempre ao meu lado.  

Aos restantes membros do laboratório de Bioquímica, nomeadamente à Doutora 

Susana Rocha, Doutora Maria João Valente, Doutor Elísio Costa, Sara Fernandes, Lia 

Costa, Ana Paula Ribeiro e Susana Maia, às meninas de projeto Sara Campos, Patrícia 

Alves, Márcia Santos e Patrícia Malheiro e aos nossos estrangeiros Fabien Trouille e Niloy 

Bhowmick por todos os bons momentos. Ao Centro Materno-Infantil do Norte pela parceria 

que levou à realização deste trabalho. 

A todas as minhas amigas bailarinas, em especial à minha professora Rita Sousa e à 

minha amiga Ilda Silva, por todas as aulas em que me ouviram desabafar e por todos os 

sorrisos e gargalhadas que demos juntas. 

E por fim, mas não menos importante, à minha família que sempre me apoiou ao longo 

destes meses. Aos meus pais, José Ferreira e Aurora Gonçalves, ao meu namorado, Nuno 

Marques, aos meus avós, José Brandão e Gracinda Gonçalves, aos meus primos, Andreia 

Dias, Sara e Daniel Ferreira, a aos restantes membros da minha família que estiveram 

sempre lá para mim e me ouviram sempre que precisava de deitar tudo cá para fora. Um 



último e especial agradecimento à maior estrela que está no céu, a minha avó Mª José 

Santos, e à minha mais recente estrela, a minha tia Alda Gonçalves, por estarem sempre 

a olhar por mim. 

 

  





i 
 

Resumo 

 

O canabinóide delta-9-tetrahidrocanabinol (THC) é o principal composto psicoativo 

da planta Cannabis sativa, a droga ilícita mais consumida por mulheres grávidas. O 

consumo durante a gestação está associado a prematuridade, restrição do crescimento 

intrauterino e baixo peso à nascença. No entanto, os mecanismos bioquímicos que 

explicam estas evidências clínicas não são conhecidos. O THC atravessa a barreira 

placentária devido às suas características lipofílicas, podendo induzir alterações no 

desenvolvimento placentário nomeadamente na função endócrina da placenta. Os níveis 

da leptina (Ob), uma hormona que tem um papel essencial na reprodução, estão alterados 

em placentas de mulheres com alterações gestacionais. Contudo, os efeitos da exposição 

ao THC na regulação da leptina placentária são ainda desconhecidos. 

Deste modo, foi estudado o impacto do THC na expressão da leptina e do seu 

recetor (Ob-R). Para este propósito, um modelo representativo dos citotrofoblastos, a linha 

celular BeWo e explantes placentários de termo, foram expostos a diferentes 

concentrações de THC (10, 20 e 40 µM) durante 24 h, 48 h ou 72 h. A morfologia celular 

das células BeWo foi avaliada através de microscopia de contraste de fase e coloração de 

Giemsa. A expressão da Ob e do Ob-R foi analisada por imunohistoquímica e apenas a do 

Ob-R foi avaliada por Western blot, enquanto que a expressão dos respetivos genes foi 

demonstrada por qRT-PCR. Os níveis de leptina secretada foram avaliados pelo método 

ELISA. Foi observada uma diminuição na densidade celular após 72 h de tratamento com 

a concentração mais elevada. A imunohistoquímica revelou que a Ob e o Ob-R estão 

localizados primariamente nas células endoteliais e sincitiotrofoblastos, respetivamente. 

Nas células BeWo e nos explantes placentários tratados com THC, verificamos um 

aumento significativo dos níveis de mRNA da leptina e do recetor da leptina. Relativamente 

aos níveis de leptina secretada foi observada uma diminuição nos dois modelos celulares. 

No geral, foi demonstrado que o THC, em altas concentrações induz alterações na função 

endócrina placentária nomeadamente na transcrição dos genes que codificam para a 

leptina e respetivo recetor, e na secreção da leptina, o que pode comprometer o normal 

desenvolvimento placentário e explicar algumas das evidências clínicas relacionadas com 

o consumo de Cannabis durante a gestação. 

 

Palavras-chave: Canabinóides; delta-9-tetrahidrocanabinol, placenta. 
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Abstract 

 

The cannabinoid delta-9-tetrahydrocannabinol (THC) is the main psychoactive 

compound of Cannabis sativa plant, the illicit drug most consumed by pregnant women. 

Consumption during pregnancy is associated with prematurity, intrauterine growth 

restriction and low birth weight. However, the biochemical mechanisms that explain these 

clinical evidences are not known. THC crosses the placental barrier due to its lipophilic 

characteristics, which may induce changes in placental development, particularly in the 

endocrine function of the placenta. The levels of leptin (Ob), hormone that plays an essential 

role in reproduction, are altered in placentas of women with gestational changes. However, 

the effects of THC exposure on the regulation of placental leptin are still unknown.  

Thus, the impact of THC on the expression of leptin and its receptor (Ob-R) was studied. 

For this purpose, a representative model of cytotrophoblasts, the BeWo cell line and term 

placental explants were exposed to different concentrations of THC (10, 20 and 40 μM) for 

24 h, 48 h or 72 h. Cellular morphology of BeWo cells was evaluated by phase contrast 

microscopy and Giemsa staining. The expression of Ob and Ob-R was analyzed by 

immunohistochemistry and Ob-R was evaluated by Western blot, whereas the expression 

of the respective genes was demonstrated by qRT-PCR. The levels of secreted leptin were 

evaluated by the ELISA method. A decrease in cell density was observed after 72 h of 

treatment with the highest concentration. Immunohistochemistry revealed that Ob and Ob-

R are located primarily in endothelial cells and syncytiotrophoblasts, respectively. In BeWo 

cells and placental explants treated with THC, we found a significant increase in Ob and 

Ob-R mRNA levels. Regarding the levels of secreted leptin, a decrease was observed in 

both cell models. In general, it has been demonstrated that THC at high concentrations 

induces changes in placental endocrine function, namely in the transcription of the genes 

coding for leptin and its receptor, and in the secretion of leptin, which may compromise 

normal placental development and explain some of the clinical evidence related to cannabis 

use during gestation. 

 

Key - words: Cannabinoids, delta-9-tetrahydrocannabinol, placenta. 

  



iv 
 

 

 

  



v 
 

Table of contents 
 

Agradecimentos .............................................................................................................. ii 

Resumo .......................................................................................................................... i 

Abstract ......................................................................................................................... iii 

List of figures ................................................................................................................ vii 

List of tables .................................................................................................................. ix 

List of abbreviations ....................................................................................................... xi 

I. Introduction ............................................................................................................ 1 

1. Phytocannabinoids and endogenous cannabinoids ............................................. 3 

1.1. Phytocannabinoids ....................................................................................... 4 

1.2. Endocannabinoids and Endocannabinoid system ........................................ 5 

2. Cannabinoids and pregnancy .............................................................................. 8 

2.1. THC impact on pregnancy and reproduction .............................................. 10 

3. Placental structure and trophoblast cells ............................................................ 12 

4. Placental leptin and leptin receptor .................................................................... 15 

5. Aims .................................................................................................................. 20 

II. Materials and Methods ......................................................................................... 21 

1. Materials ............................................................................................................ 23 

2. Cell culture ........................................................................................................ 23 

3. Giemsa staining ................................................................................................. 24 

4. Placental explants culture .................................................................................. 24 

5. Histological tissue preparation, HE staining and Immunohistochemistry ............ 25 

6. RNA extraction and cDNA synthesis .................................................................. 26 

7. qRT-PCR ........................................................................................................... 27 

8. Protein extraction and Western Blot ................................................................... 27 

9. Quantikine® ELISA kit ....................................................................................... 28 

10. Data analysis ..................................................................................................... 28 

III. Results ................................................................................................................. 29 

1. THC effects in BeWo cell line ............................................................................ 31 

1.1. Morphological analysis ............................................................................... 31 

1.2. THC effects on leptin expression ................................................................ 33 

1.3. THC effects on leptin receptor expression .................................................. 36 

2. THC effects in placental explants....................................................................... 39 

2.1. Placental explants morphology ................................................................... 39 

2.2. Leptin and leptin receptor localisation ........................................................ 39 

2.3. THC effects on leptin expression ................................................................ 40 



vi 
 

2.4. THC effects on leptin receptor expression .................................................. 41 

IV. Discussion and conclusion ................................................................................... 43 

V. References ........................................................................................................... 49 

 

  



vii 
 

List of figures 

 

Figure 1 – Major central and peripheral effects of Cannabis sativa consumption.. ............ 3 

Figure 2 – Chemical structure of tetrahydrocannabinol (THC), cannabidiol (CBD) and 

cannabinol (CBN). ............................................................................................................. 4 

Figure 3 – Chemical structure of anandamide (AEA) and 2-arachidonoyglycerol (2-AG). . 5 

Figure 4 – The endocannabinoid system (ECS). .............................................................. 6 

Figure 5 – Processes involving Endocannabinoid system. ................................................ 7 

Figure 6 – Endocannabinoid signalling has an important role on pregnancy and its 

deregulation can lead to adverse pregnancy outcomes.. ................................................... 8 

Figure 7 – AEA levels through menstrual cycle and gestation. ......................................... 9 

Figure 8 – Possible pregnancy-related effects of prenatal marijuana use.. ..................... 10 

Figure 9 – Placental and villus structure. ........................................................................ 12 

Figure 10 – Critical steps of human placental development. ........................................... 13 

Figure 11 – Role of leptin on placental development and function. ................................. 16 

Figure 12 – Human transmembrane leptin receptor isoforms. ........................................ 18 

Figure 13 – Leptin signalling pathways.  ......................................................................... 19 

Figure 14 – THC impact in BeWo cells morphology analysed by phase contrast microscopy.

 ........................................................................................................................................ 32 

Figure 15 – Effects of THC on BeWo cells morphology analysed by Giemsa staining. ... 33 

Figure 16 – Effects of THC on leptin mRNA levels at 24 h, 48 h and 72 h of treatment on 

BeWo cell line analysed by qRT-PCR. ............................................................................ 34 

Figure 17 – Effects of THC on leptin mRNA levels at 24 h. ............................................. 35 

Figure 18 – Secreted leptin levels evaluated by ELISA assay in BeWo cell line culture 

medium. .......................................................................................................................... 36 

Figure 19 – Effects of THC on leptin receptor mRNA levels at 24 h of treatment on placental 

explants. .......................................................................................................................... 36 

Figure 20 – THC effects on leptin receptor mRNA levels after 24h of treatment with 

antagonist of CB1 and CB2 receptors. ............................................................................ 37 

Figure 21 – Effect of THC on the expression levels of leptin receptor at 24 h of treatment, 

on BeWo cells, analysed by Western Blot. ...................................................................... 38 

Figure 22 – Haematoxylin-eosin staining. ....................................................................... 39 

Figure 23 – Immunohistochemistry for leptin and leptin receptor localization.. ................ 40 

Figure 24 – Effects of THC on leptin mRNA levels at 24 h of treatment on placental explants 

analysed by qRT-PCR. .................................................................................................... 40 

file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081878
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081889
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081889
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081890
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081891
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081891
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081892
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081893
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081893
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081894
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081894
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081895
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081895
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081896
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081896
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081899
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081899


viii 
 

Figure 25 – Secreted leptin levels evaluated by ELISA assay in placental explants culture 

medium. ........................................................................................................................... 41 

Figure 26 – Effects of THC on leptin receptor mRNA levels at 24 h of treatment on placental 

explants analysed by qRT-PCR. ...................................................................................... 42 

Figure 27 – Effect of THC on the expression levels of leptin receptor at 24 h of treatment, 

on placental explants, analysed by Western Blot. ............................................................ 42 

 

 

  

file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081900
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081900
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081901
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081901
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081902
file:///C:/Users/debor/Desktop/TESE%20ARRUMAR%20DISCO/Tese/Tese_Débora.docx%23_Toc531081902


ix 
 

List of tables 

 

Table 1 – Major pregnancy related hormones, their main source and functions. ............. 14 

Table 2 – Primer sequences and qRT-PCR conditions used to assess the expression of 

genes encoding leptin and leptin receptor. ...................................................................... 27 

 

 

  



x 
 



xi 
 

List of abbreviations 

 

2-AG – 2-arachidonoyglycerol  

AEA – Anandamide 

CB1 – Cannabinoid receptor 1 

CB2 – Cannabinoid receptor 2 

CBD – Cannabidiol 

CBN – Cannabinol 

CTs – Cytotrophoblasts 

DAGL – Diacylglycerol lipase 

DEPC – Diethyl pyrocarbonate 

DMEM-F12 – Dulbecco’s Modified Eagle Medium – F12 

eCBs – Endocannabinoids 

ECS – Endocannabinoid system  

EDTA – Etlhylenediaminetetraacetic acid 

ER – Estrogen receptor 

FAAH – Fatty acid amide hydrolase 

FBS – Fetal bovine serum 

FBS-CT – Charcoal Treated Fetal Bovine Serum 

GDM – gestational diabetes mellitus 

hST – human syncytiotrophoblast 

IUGR – Intrauterine growth retardation  

JAK – Janus family 

MAGL – Monoacylglycerol lipase  

MAPK – Mitogen-activated protein kinase 

MMPs – matrix metalloproteinases 

NAPE-PLD – N-acyl phosphotidylethanolamine phospholipase D 

Ob-R – Leptin receptor 

Ob-Rb – Long isoform of leptin receptor 

PE – Preeclampsia 

PTB – Preterm birth 

SGA – Small for gestational age  

STATs – Signal transducers and activators of transcription 

STs – Syncytiotrophoblasts 

THC – Tetrahydrocannabinol 

uNK – Uterine natural killer 



xii 
 

 



1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I. Introduction 

  



2 

  



3 

1. Phytocannabinoids and endogenous cannabinoids 

 

Cannabis sativa was one of the first plants to be used, not only, as a medicine, but also 

for religious ceremonies and recreationally [1]. Attitudes about cannabis use are changing 

and this is particularly apparent in adolescents and young adults. Nevertheless, it remains 

the most commonly used illicit drug [2]. The cannabinoid delta-9-tetrahydrocannabinol 

(THC) is the major psychoactive compound of Cannabis sativa. With significant profits at 

stake, the illegal cannabis market has implemented selective growing methods to boost 

psychoactive potency and over the last 20 years, THC content increased from 4% to 12%, 

approximately, with already documented levels of 30% [3]. Consumers are less aware of 

the risks when consuming this plant, particularly groups with less access to information. For 

a person who's new to marijuana use, this may mean exposure to higher THC levels with a 

greater chance of a harmful reaction. Higher THC levels may explain the rise in emergency 

room visits involving marijuana use. Cannabis use may have a wide range of effects, both 

physical and mental and short-and long-term effects on the brain (Figure 1). Moreover, 

cannabis use can affect the endogenous system called endocannabinoid system (ECS) that 

modulates several physiological processes including gestational events as it will be 

explored along this thesis.  

Legalization of marijuana for medical use in a growing number of countries supports the 

necessity of studying cannabis impact in particularly vulnerable population groups such as 

pregnant women [4-7]. 

Figure 1 – Major central and peripheral effects of Cannabis sativa consumption. Central effects of 
Cannabis consumption include paranoia, anxiety, depression, slow reaction time and altered memory patterns. 
The peripheral effects are more diverse, but the major cannabis-associated physical effects are increased blood 
pressure, red eyes, dry mouth and increased appetite.   
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1.1. Phytocannabinoids 
 

The term phytocannabinoids represents a group of C21 terpenophenolic compounds 

found in cannabis. There are three most prevalent: tetrahydrocannabinol (THC), 

cannabidiol (CBD) and cannabinol (CBN) (Figure 2). For years, marijuana was used in 

order to reduce nausea, stimulate appetite, stop seizures and reduce pain in different 

pathologies, but it was only in 1964 when THC was isolated and its structure elucidated [8], 

that the clinical and pharmacological effects were understood [1].  

 
Figure 2 – Chemical structure of tetrahydrocannabinol (THC), cannabidiol (CBD) and cannabinol (CBN). 

 

THC has lipophilic characteristics and a half-life of 8 days in fat tissue, so, it takes about 

one month to be eliminated from the human body after a single dose. Moreover, It is able 

to cross the placental barrier and can be found in maternal milk [9]. 

Routes of administration greatly affect bioavailability of THC. When smoked THC has a 

bioavailability of 2-56% [10, 11], while ingested, it is of 10-20% (gelatin capsules) [12] or 3-

9% (chocolate cookie) [13, 14].  

THC medical use has been growing in the last years to treat nausea and vomiting 

induced by chemotherapy, to stimulate appetite in cancer and AIDS patients, in some types 

of paediatric epilepsy and in the control of spasticity in multiple sclerosis [15]. 

CBD is, several times, referred to as non-psychoactive due to non-association to 

cannabis-associated euphoria or intoxication. However, CBD showed to have effects on 

several brain functions and affect behaviour [16-18]. Like THC, it accumulates in fat tissue 

rapidly, because of its lipophilic nature. Cannabis prenatal consume affects fetal brain 

development and has been linked to some neuropsychiatric disorders in childhood [7, 19]. 
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1.2. Endocannabinoids and Endocannabinoid system 
 

Following THC isolation, scientists tried to describe the mechanism of its cellular 

actions. Initially lipophilicity and the potential for crossing cell membranes was thought to 

be responsible for THC psychotropic effects, until discovery of cannabinoid receptors 

During the search for THC mechanisms of action, in 1990 the first cannabinoid receptor 

(CB1) was discovered [20] and later CB2 was reported in 1993 [21]. CB1 receptors are 

present in central nervous system and peripheral tissues, whereas CB2 receptors are 

primarily present in immune cells [9]. Cannabinoid receptors belong to the superfamily of G 

protein-coupled receptors (GPCR), which have a seven-domain transmembrane structure. 

The ligands bind to the extracellular domain, as these receptors are found in cell 

membranes. 

After these discoveries, research moved in the direction of the existence of endogenous 

ligands for those receptors. In 1992, anandamide (AEA), an endocannabinoid (eCB), was 

found in pig brain [20], and in 1995, followed by another eCB, 2-arachidonoyglycerol (2-AG) 

(Figure 3). 

 

The eCBs are lipophilic chemical messengers that modulate several physiological 

processes through activation of cannabinoid receptors. There is a machinery of metabolic 

enzymes responsible for biosynthesis and degradation of eCBs, which act in a very effective 

way to maintain homeostasis [22, 23].  

AEA is synthesized from cell membrane phospholipid precursors by N-acyl 

phosphotidylethanolamine phospholipase D (NAPE-PLD), whereas 2-AG is synthesized by 

diacylglycerol lipase (DAGL). Endocannabinoids are mainly degraded by hydrolysis. AEA 

is hydrolysed by fatty acid amide hydrolase (FAAH) and 2-AG is hydrolysed by 

monoacylglycerol lipase (MAGL). 

AEA is a partial agonist for the CB1 receptor but has lower affinity for CB2, while 2-AG 

is a full agonist for both cannabinoid receptors [24]. The eCBs are modulators of several 

physiological functions in the central nervous system, endocrine and immune system, 

Figure 3 – Chemical structure of anandamide (AEA) and 2-arachidonoyglycerol (2-AG). 
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gastrointestinal tract and reproductive organs [25, 26]. The effects of eCBs are mediated 

by binding to either CB1 or CB2 [27] and then transported into cell followed by rapid 

degradation [9].  

The endocannabinoid system (ECS) is composed by cannabinoid receptors (CB1 and 

CB2), their endogenous ligands, called endocannabinoids (eCBs), and the respective 

metabolic enzymes (Figure 4). 

 

 

Figure 4 – The endocannabinoid system (ECS). The eCBs, AEA and 2-AG are biosynthesized from 
membrane phospholipids. AEA and 2-AG are released into the extracellular environment. They are able to 
activate the G-protein coupled cannabinoid receptors (CB1 and CB2), by binding to their extracellular domains. 
After exerting their effects, AEA and 2-AG are internalized and degraded, mainly by hydrolysis, by FAAH and 
MAGL. EMT – endocannabinoid membrane transporter. 

 

The endocannabinoid system elements, are expressed in various tissues and organs, 

playing an important role in physiological and pathophysiological processes, such as pain, 

neuroprotection, cell death, inflammation and reproduction (Figure 5) [28, 29]. Moreover, 

endocannabinoid signalling modulates several reproductive events such as oogenesis and 

folliculogenesis, spermatogenesis, fertilization, implantation, decidualization and labour [30-

32]. Therefore, any alteration in ECS regulation may impact fertility and cause miscarriage 

[33].  
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Figure 5 – Processes involving Endocannabinoid system. Among various physiological processes, the 
endocannabinoid system has been associated with fertility, stress, appetite, pain, energy homeostasis and the 
immune and endocrine system. 
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2. Cannabinoids and pregnancy 

 

Endocannabinoids are important players in several female reproductive events and are 

crucial for in utero development (Figure 6). Both cannabinoid receptors and the AEA 

enzymatic machinery are expressed by human trophoblasts [23, 28], which suggests a role 

in pregnancy. CB1 and CB2 mRNAs were found in term placental tissues as well as AEA 

and NAPE-PLD. FAAH, DAGL and MAGL are also expressed in trophoblast cells 

(cytotrophoblasts and syncytiotrophoblasts) [34]. During placental development trophoblast 

cells undergo tightly regulated processes of proliferation, differentiation and apoptosis. It 

was reported that AEA induces apoptosis in primary human cytotrophoblasts and in BeWo 

cells [35, 36].  

Moreover, AEA and 2-AG interfere with signalling pathways that are important for 

placental endocrine function [26] by impairing the production of pregnancy-related proteins 

by human syncytiotrophoblast (hST) [23]. All of this suggests that a deregulation on ECS 

homeostasis can lead to pregnancy complications. 

 

Figure 6 – Endocannabinoid signalling has an important role on pregnancy and its deregulation can 
lead to adverse pregnancy outcomes. Endocannabinoids are involved in decidualization, implantation and 
trophoblast differentiation and invasion. All of these processes are very well regulated, so any deregulation in 
eCBs expression or in other components of ECS can lead to pregnancy complications. Adapted from [37].  
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As eCBs levels are highly regulated throughout pregnancy, they have been proposed 

as biomarkers to predict and early diagnose gestational-related conditions [38]. 

For a successful implantation, AEA levels in the uterine environment need to be low, 

being FAAH and NAPE-PLD responsible for AEA levels regulation [37]. Otherwise, AEA 

high levels may impact embryo implantation, resulting in miscarriage (Figure 7).  

 

 

Figure 7 – AEA levels through menstrual cycle and gestation. Under physiological conditions (black line), 
there are higher levels of AEA in the follicular phase and lower levels in the luteal phase and at the beginning 
of implantation. During early pregnancy are required low levels of AEA to promote uterine receptivity and 
pregnancy maintenance. For parturition higher levels of AEA are necessary. Under pathological conditions (red 
line), AEA levels are in increased in placentas from women who suffer some pregnancy complications. 

 

AEA can mediate several cellular events ranging from cell proliferation, differentiation 

and apoptosis, so since the decidualization involves extensive stromal cell proliferation and 

differentiation followed by programmed cell death, disruptions on AEA levels can lead to 

problems in decidualization [39, 40]. It was reported that AEA interferes with uterine stromal 

cell differentiation and impairs decidual cell turnover [39, 41]. It was reported that placentas 

of women that underwent spontaneous miscarriage have a reduced FAAH activity, that can 

lead to elevated levels of AEA in plasma, which are associated with increased risk of 

miscarriage [22, 42]. For this reason, FAAH was suggested as potential biomarker for 

miscarriage. Human placenta expresses the eCBs metabolic enzymes, both in 

cytotrophoblast and syncytiotrophoblast. AEA and 2-AG induce cytotrophoblast apoptosis 

and interfere with the expression and activity of syncytiotrophoblast-related proteins and 

with signalling pathways important for placental endocrine function [26].  

Because of those evidence, endocannabinoids have been proposed as suitable 

biomarkers to predict the reproductive potential of female gametes in clinical practice [43].  
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2.1. THC impact on pregnancy and reproduction 
 

As referred endocannabinoids and ECS are very important for pregnancy maintenance. 

On the other hand, phytocannabinoids can induce pregnancy-related disorders by cannabis 

consumption. 

Cannabis is the most commonly illicit drug consumed by pregnant women [44]. In in vivo 

studies it was observed that THC may, produce a primary estrogen effect in male and 

female [45] and, thus it may have a potential impact in reproductive health (Figure 8). 

 

 

Figure 8 – Possible pregnancy-related effects of prenatal marijuana use. The timing, dose and pattern of 
marijuana intake substantially determine the long-term effects on the developing child. 

 

Cannabis exposure impaired placental development and lead to the changes observed 

in placenta structure and morphology [46]. These morphologic changes are probably 

triggered by an inflammatory response and/or poor supply of nutrients and oxygen. 

Cannabinoids can cross placental barrier [47] and be transferred through maternal milk [48]. 

THC potentially influences the development of foetal brain [49], especially in the first 

trimester. Because of still maturing blood brain barrier, cannabis consumption can impact 

foetal growth and brain development with adverse pregnancy outcomes [6]. In addition, 

cannabinoids can cross blood-brain barrier and, thus, reach the foetal brain that in the 

second trimester of gestation already expresses CB1 [50]. 

Studies have shown that fetuses exposed to marijuana during gestation exhibited altered 

growth outcomes, such as preterm birth (PTB), placental abruption [51], intrauterine growth 

restriction (IUGR) [52] and antepartum haemorrhage [51, 53, 54].  

THC can activate CB1, and repeated CB1 activation during sensitive periods of brain 

development can affect the expression and functionality of some receptors, such as 
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dopaminergic receptors that are involved in higher cognitive functions [17]. THC can also 

affect cognition in children that were exposure to cannabis in utero. 

Cannabinoid receptors are also expressed by placental tissue at term [9]. Interestingly, 

levels of the endogenous cannabinoid, anandamide, fall progressively during pregnancy 

[55], supporting other evidence that low systemic levels are required for normal pregnancy 

progression [56]. Therefore, exposure to THC could lead to inappropriate activation of the 

cannabinoid-mediated pathways in the placental trophoblast. At least one action of THC 

upon placental transport has been proposed to occur through CB1 receptor [57, 58].  

THC and possibly other constituents of marijuana appear to have estrogenic activity in 

some in vivo and in vitro test systems, and THC administration suppresses pituitary 

gonadotropin release in rhesus monkeys. The administration of THC during the follicular 

phase in the rhesus monkey prevents the estrogen and LH surges and subsequent 

ovulation for long periods of time [59]. 

It was already reported that oral administration of marijuana resin is able to reduce fertility 

in female rats [60, 61]. THC influences reproductive behaviour, in both females and male 

reproductive function. In females, THC modulates the estrous cycle and inhibits ovulation 

in human [60] and in males, THC attenuates the mobility of mouse sperm [62]. Estrogen-

receptors are hormone (estradiol)-dependent transcription factors, and both have 

physiological roles in mediating estrogen signalling. They are known to be involved in 

regulation of ovarian maturation [63, 64]. Because THC has a estradiol similar chemical 

structure, it was been suggested that THC could retract estradiol/Erα signalling [65]. 

Disruption of the menstrual cycle by THC has also been observed. One small study with 26 

women who reported marijuana use at least four times per week, revealed that the users 

had a shorter menstrual cycle [66]. All these effects can become worse, because women 

who consume cannabis are most likely to consume other substances of abuse. 
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3. Placental structure and trophoblast cells 
 

Placenta is the major organ in pregnancy that functions like a protective barrier [67]. In 

fact placenta establishes the link between mother and fetus providing water, oxygen, 

nutrients and growth regulating signals from mother to fetus, and also produces hormones 

and growth factors to maintain normal fetal growth [68]. The extension of contact determines 

the amount of bidirectional maternal-foetal transport of substances. In humans, the limited 

contact surface of a discoid placenta, is compensated by a complex system of 

interdigitations between the two surfaces forming the villus placenta and interdigital septa. 

The section comprised between two septa is called a cotyledon (Figure 9) [69]. 

 

 

Figure 9 – Placental and villus structure. Placenta establishes the contact between mother and fetus, through 

villus. Fetal and mother circulations are separated in specialized transfer areas by syncytiotrophoblast cells on 

the outer layer of the villus. Adapted from [70]. 

 

In the implantation process, trophoblast cells, the major placental cells, surround the 

blastocyst and when in contact with the uterine epithelium layer, invade endometrium. 

Cytotrophoblasts are stem cells that can differentiate and proliferate into two other types of 

trophoblast cells: syncytiotrophoblasts and extravillous trophoblasts [71-73]. In the villous 

pathway, cytotrophoblasts fuse to form a specialized syncytium called syncytiotrophoblast 

on the outer layer of the placental villi [74]. The syncytiotrophoblast forms a barrier between 

maternal and fetal circulation and is important for the normal immunological, endocrine, and 

nutritional function of the placenta [75]. In the extravillous pathway, cytotrophoblasts 
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proliferate and differentiate into an invasive phenotype that penetrate into the maternal 

decidua and myometrium and contribute to uterine spiral artery remodelling [76] (Figure 

10).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 10 – Critical steps of human placental development. (A) After implantation stems cells of the 
trophectoderm give rise to the primitive syncytium by cell fusion.  Lacunae that originate the intervillous space, 
are formed. Some of the lacunae erode uterine vessels. (B) At a subsequent stage, proliferative cytotrophoblasts 
(CTBs) emanate from the trophectoderm, break through the primitive syncytium and contact the basal plate 
thereby forming primary villi. (C) Tertiary villi are built upon migration of extraembryonic mesodermal cells into 
the primary structures and vascularization. At distal sites, proliferative cell columns are formed which give rise 
to invasive extravillous trophoblast subtypes. iCTBs migrate into decidual stroma approach vessels from outside 
and eventually form giant cells as the end stage of the invasive differentiation pathway. Endovascular 
trophoblasts migrate into spiral arteries and contribute to uNK cell-initiated remodelling within the decidua. AE, 
amniotic epithelium; CCT, cell column trophoblast; DF, decidual fibroblast; EB, embryoblast; EM, 
extraembryonic mesoderm; eCTB, endovascular cytotrophoblast; GC, giant cell; ICM, inner cell mass, iCTB, 
interstitial cytotrophoblast; LUE, luminal uterine epithelium; L, lacunae, pF, placental fibroblast; PS, primitive 
syncytium; pV, placental vessel; SA, spiral artery; S, syncytium; TE, trophectoderm; UG, uterine gland; uNK, 
uterine NK cell; UV, uterine vessel; vCTB, villous cytotrophoblast. Adapted from [77]. 

 

The foetus’ development is ensured by the placental transfer of nutrients that are 

essential for life. The placental barrier is a multilayer structure that changes during 
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pregnancy [78]. The thickness of placental barrier influences the exchange process 

between mother and fetus. In the first trimester this barrier is thicker, composed by 

endothelial cells, basal membrane, cytotrophoblasts and syncytiotrophoblasts, but 

throughout pregnancy, the barrier becomes less thick and the cytotrophoblasts are present 

in less number and disperse [67, 78]. The placental barrier can limit the delivery of drugs 

and protect the fetus, though most drugs that are present on maternal circulation can cross 

the placental barrier at some extent [79].  

Placenta is a major endocrine organ. Placental hormones are involved in the 

establishment and maintenance of pregnancy, fetal growth and well-being, and parturition. 

Each of the placental hormones play distinct roles and some are commonly used as 

maternal or fetal well-being biomarkers (Table 1). 

 

Table 1 – Major pregnancy related hormones, their main source and functions.  
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Extravillous trophoblasts; CT–cytotrophoblasts 
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4. Placental leptin and leptin receptor 
 

The placenta has  not only protection and nourishment functions, but also an important 

endocrine function. One of the major hormones synthesised by placenta is leptin.  

Leptin is a 16 kDa protein [80], primarily suggested to be produced by adipose tissue 

with the function of regulation of food intake and energy balance [68, 80]. Nowadays, leptin 

is described as a multifunctional hormone that is also produced by stomach, skeletal 

muscle, pituitary cells and placenta [81]. Besides regulating bodyweight, leptin plays also a 

role in vascular functions, bone and cartilage growth, immune system, systemic 

inflammatory response and pregnancy [82, 83].  

Leptin role in pregnancy is evidenced by placental leptin synthesis [84] and by the direct 

effects in some types of placental cells [85]. This hormone is also considered to influence 

reproductive functions as menstrual-cycle regulation, oocyte maturation, implantation, 

embryo development and lactation [86-89]. Leptin stimulates the process of proliferation 

and protein synthesis and inhibits apoptosis in human trophoblastic cells [51, 90-93]. The 

absence of leptin action caused by mutations in the leptin gene or leptin receptor gene (Ob-

R) has been linked to infertility in rodents and humans [94]. Leptin can act as a metabolic 

switch in pregnancy because this is a process that requires a lot of energy to ensure the 

normal growth of the fetus [95] and is also involved in the promotion of a tolerogenic 

phenotype to trophoblast cells, that prevents immunological damage during the first stages 

of pregnancy [96]. 

Due to its stimulatory effect on matrix metalloproteinase expression in cytotrophoblasts, 

leptin was found to be crucial to the embryo implantation process (Figure 11), that is one 

of the most critical steps for pregnancy success [97-99]. The fact that the secretory 

endometrium is a target tissue for leptin and that oocytes and preimplantation embryos 

express Ob-R mRNA suggest that leptin is necessary for embryonic development [86].In 

fact, it was already reported that leptin is involved in the regulation of fetal growth and 

development [87, 100]. It was also demonstrated that trophoblast cells synthesize and 

secrete leptin and express leptin receptor. Leptin mRNA and protein expression is localized 

in syncytiotrophoblasts and fetal vascular endothelial cells [101-104]. 

 

 

 

 

 



16 

 

Figure 11 – Role of leptin on placental development and function. (A) Leptin is secreted by 
syncytiotrophoblasts and is an important hormone to establishment and maintenance of pregnancy regulating 
decidualization, promoting proliferation and decreasing apoptotic effects. (B) Proliferative cytotrophoblasts 
migrate into spiral arteries and contribute to uterine natural killer (uNK) cell-initiating remodelling within the 
decidua and the upper part of myometrium. Failures in this process is associated with pregnancy complications 
(abortions or preeclampsia, for example). Adapted from [102]. 

 

Other physiological effects on placenta development include angiogenesis stimulation 

and immunomodulation [87]. It was also reported that leptin increases the release of pro 
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inflammatory cytokines and prostaglandins from human placental explants [100]. All of 

these findings support the idea of leptin as an important modulator of placental development 

and endocrine function [105]. 

Leptin expression in placenta is also modulated by some important pregnancy hormones 

and signalling mediators such as hCG, hPL, steroid hormones [106-109], glucocorticoids 

and cAMP insulin. Leptin gene expression is actively enhanced by hypoxia through 

mechanisms that are common to other hypoxia inducible genes [110]. Estradiol upregulates 

placental leptin expression [111-113] and secretion [107, 109, 110, 114], during pregnancy. 

It was demonstrated that estradiol can activate the leptin promoter in choriocarcinoma JEG-

3 cells and suggested that leptin biosynthesis regulation may depend on a functional 

estrogen receptor (ER) [115], but the mechanism through which estrogen mediates leptin 

expression in human placenta is not fully understood. It was also reported that estradiol 

administration increases leptin mRNA transcripts and protein secretion by adipocytes [107], 

both in vitro and in vivo. Estradiol may induce leptin expression through direct and indirect 

pathways such as activating MAPK1/3 and AKT [111].  

It was reported that hPL has a dose and time-dependent inhibitory effect on leptin 

secretion [106]. This decrease can be related to an increase in insulin secretion during late 

pregnancy that might compensate for the physiological maternal insulin resistance. 

Progesterone also has a dose and time-dependent inhibitory effect on leptin secretion [106].  

Throughout pregnancy, leptin levels change, reaching a peak during second trimester 

and at the end of pregnancy. Placental leptin also induces hCG production in trophoblast 

cells, enhances mitogenesis, stimulates amino acid uptake and has an anti-inflammatory 

role [101].  

Deregulation of leptin function and/or metabolism in the placenta can be implicated in 

the pathogenesis of various disorders, such as gestational diabetes (GDM), recurrent 

miscarriage, preeclampsia (PE) and intrauterine growth restriction (IUGR) [116-118]. GDM 

and PE are characterized by an increased leptin expression [119-121], of progesterone, 

cortisol and insulin levels and reduced levels of progesterone [122-125]. So, placental leptin 

can contribute to the incremented circulating levels of pro-inflammatory mediators while in 

a successful pregnancies intrauterine pro-inflammatory cytokine is down-regulated [119, 

120].  

At central level, leptin exerts early neurotrophic effects on hypothalamus [126] acting as 

a homeostatic agent by balancing appetite and sympathetic activity with energy stores 

[127].  

Leptin binds to receptors (Ob-R) that are expressed in the brain and peripheral tissues 

and, of all isoforms, the long isoform (Ob-Rb) is the one who is primarily responsible for 

leptin signalling [128]. Leptin receptors are single transmembrane glycoproteins [129] that 
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are expressed also in placental syncytiotrophoblasts. Ob-R is constituted by four 

transmembrane proteins with different C-terminal lengths and sequences, and one soluble 

isoform (Figure 12) [97]. Short, long and soluble isoforms were found in placental tissue 

[101, 130]. The long-form leptin receptor (Ob-Rb) is also expressed in lung, liver, pancreatic 

islets, osteoblast, endometrium and umbilical cord [85]. Leptin receptor deficiencies cause 

severe obesity, abnormalities in haematopoiesis, immunity, angiogenesis, bone formation, 

blood pressure and reproduction [131]. 

 

Figure 12 –Human transmembrane leptin receptor isoforms. aa–amino acids; JAK2–Januskinase 2; 
STAT3–signal transducer and activator of transcription 3; sOB-R–soluble leptin receptor. Adapted from [132]. 

 

Leptin induces proliferation via mitogen-activated protein kinase (MAPK) [90, 92]. Ob-Rb 

requires activation of receptor-associated kinases of the Janus family (JAK) [133] followed 

by several signal transducers and activators of transcription (STATs) (Figure 13). Leptin is 

able to stimulate JAK-STAT pathway by mainly promoting JAK-2, the most important JAK 

isoform, to mediate physiological effects of leptin [134], and STAT3 tyrosine 

phosphorylation. In the placenta choriocarcinoma JEG-3 cell line, as well as in trophoblast 

cells from human term placenta, STAT3 activity has been correlated with trophoblast 

invasiveness [135].  

 

 



19 

 
Figure 13 – Leptin signalling pathways. JAK2 associates with the receptor via the BOX1 motif. Activation of 
JAK2 occurs by transphosphorylation and subsequent phosphorylation of tyrosine residues in the cytoplasmic 
tail of the receptor. Recruitment and activation of secondary signalling molecules allow ObR signalling via the 
JAK/STAT, MAPK, PI3K, AMPK, and mTOR pathways. Adapted from [95].  



20 

5. Aims 
 

Cannabis is the most used drug during pregnancy and is associated with pregnancy 

complications such as prematurity, intrauterine growth restriction and low birth weight. 

However, the underlying mechanisms responsible for such detrimental effects are not fully 

understood. THC, the major phytocannabinoid responsible for the psychoactive actions, is 

able to cross the placental barrier due to its lipophilic characteristics and may induce 

changes in placental development, particularly in the endocrine function of the placenta. 

The levels of leptin, which plays an essential role in reproduction, are altered in placentas 

of women with gestational changes. However, the effects of THC exposure on the regulation 

of placental leptin are still unknown.  

Thus, in this work it is intended to study the impact of THC on the expression of leptin 

and its receptor by using a representative model of cytotrophoblasts, the BeWo cell line and 

term placental explants. Alterations in leptin regulation, which may compromise normal 

placental development, may explain some of clinical evidence related to cannabis use 

during gestation. 
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1. Materials 

 

For BeWo cells culture and placental explants cultures it was used Dulbecco’s Modified 

Eagle Medium – F12 (DMEM-F12), fetal bovine serum (FBS), antibiotic/antimicotic solution 

(100 U/mL penicillin G sodium, 100 ug/mL streptomycin sulphate and 0.25 ug/mL 

amphotericin B) and trypsin, all from Gibco/Invitrogen Corporation, CA, USA. Cell culture 

plastic materials were from FalconTM, SD, USA. The mouse monoclonal antibody for leptin, 

was from Santa Cruz Biotechnology, CA, USA. The rabbit polyclonal antibody for leptin 

receptor  was from Abcam, Cambridge, MA, USA. Nitrocellulose membranes and ECL 

Prime Western Blotting Detection Reagent were from GE Healthcare, UK. RNAlaterTM 

Stabilization Solution was from ThermoFisher Scientific, Waltham, MA, USA. TriSure was 

from Bioline Reagents Ltd, UK and Triple extractor was from GRiSP Lda, Porto, Portugal. 

GRS cDNA Synthesis MasterMix and SYBRTM Green were from GRiSP Lda, Porto, 

Portugal. Bradford reagent and PCR plates were from Bio-Rad, laboratories (Melville, NY, 

USA). 9-tetrahydrocannabinol was from Lipomed AG, Switzerland. 

Etlhylenediaminetetraacetic acid (EDTA), diethyl pyrocarbonate (DEPC), isopropanol, 

chlorophorm, primers, cocktail of protease and phosphatase inhibitors, Tween 20, activated 

charcoal, Mayer’s haematoxylin and eosin were from Sigma-Aldrich Co, MO, USA. The 

antagonists of CB1 and CB2 receptors, AM281 and AM630 respectively, were obtained 

from Tocris Bioscience, Bristol, UK. 

 

2. Cell culture 

 

BeWo cell line, a human choriocarcinoma cell line used very often as a model of 

cytotrophoblasts, was purchased from ATCC (Manassas, USA). 

Cells were cultured in DMEM-F12, supplemented with 10% of FBS and 1% of antibiotic-

antimycotic solution, at 37ºC in 95% air/5% CO2 humidified atmosphere. After reaching 80% 

confluency, cells were subcultured into new culture flasks. So, for this purpose, cells were 

treated with 2 mL of 0.25% trypsin/ 1mM EDTA solution for 3 min at 37ºC and then 2 mL of 

culture medium was added to inactivate trypsin. Cells were washed with PBS and 

transferred to 15 mL centrifuge tubes for further centrifugation at 600 g, 4ºC for 5 min. The 

supernatant was discarded, cells were suspended in culture medium, counted in a 

Neubauer chamber and cultured at the density of 65x 104 cells/well (final volume 2000 µL) 

for 6-well plates. After 24h culture for adherence, cell culture medium was removed and 

replaced with DMEM-F12, supplemented with 10% of Charcoal Treated Fetal Bovine Serum 

(FBS-CT) and 1% of antibiotic-antimycotic solution and with THC (concentrations of 0, 1, 
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10, 20 and 40 μM). Fetal bovine serum was previously treated with charcoal, to remove 

endogenous compounds such as steroid and peptide hormones. After treatment for 24, 48 

and 72 h, the cells were collected in TriSure for qRT-PCR experiments or in 100 µL of lysis 

buffer containing 1:100 cocktail of protease and phosphatase inhibitors in the case of 

western blot experiments and stored at -80ºC.  

 

3. Giemsa staining 
 

Giemsa staining is a technique that allows the evaluation of cell morphology. Giemsa 

contains a mixture of eosin, that dye stains the basic components of the cell, and methylene 

blue and methylene azure B, that  stain the acidic components in shades between blue and 

purple. Cells were washed with PBS and fixed with methanol for 10 min at 4ºC and then 

washed again with PBS. Then cells were exposed to Giemsa stain solution, diluted in 

distilled water (1:10) for 30 min and then washed with tap water. After dehydration,  

coverslips with the stained cells were mounted in DPX mounting medium and observed 

under a bright field microscope (Eclipse E400, Nikon, Japan). 

 

4. Placental explants culture 

 

Term placentas (n=10) from normal pregnancies (38-40 weeks gestation) of Caucasian 

women from the Porto region were collected immediately after spontaneous delivery or 

selective caesarean section from the Centro Materno-Infantil do Norte – Centro Hospitalar 

do Porto. All procedures were conducted according to the Ethics Committee of the Centro 

Hospitalar do Porto, Porto. Placental explants were collected as previously described [136, 

137]. Placentas were washed with saline solution to remove most of the blood. Decidua 

was removed, and explants were obtained by dissecting the top layer of the villous trees 

and removing visible connective tissue, veins and calcium deposits. Explants with about 30 

mg of weight, were washed twice with ammonium chloride, during 5 min, to remove the red 

blood cells and then stabilized in DMEM-F12 1% antibiotic/antimicotic solution and 10% of 

FBS at 37ºC, 5% CO2, for 24 h. After, explants were cultured in 24-well plates (1 explant 

per well) in 600 µL of DMEM-F12 1% antibiotic/antimicotic solution and 10% of FBS-CT at 

37ºC, 5% CO2, with different THC concentrations (0,1,10,20,40), , for 24 h. After treatment, 

the explants were collected and stored at -80ºC. 
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5. Histological tissue preparation, HE staining and 

Immunohistochemistry 

 

For the histological studies, explants were cultured in 24-well plates and treated with 

different THC concentrations of 0, 10, 20 and 40 µM for 24h. After treatments, explants were 

fixed in 4% paraformaldehyde for 24h at room temperature, dehydrated, through increasing 

concentrations of ethanol (85, 96 and 100%, 3 times for 15 min), then 1 h immersed in xylol 

and included in paraffin. Blocks were sectioned in a microtome , and 4 µm sections were 

collected onto glass slides.  

For morphological analysis it was used haematoxylin-eosin staining. Haematoxylin is a 

basic dye that reacts with anionic components of cells and tissues, which include phosphate 

groups, nucleic acids, sulphate groups of glycosaminoglycans, and carboxyl groups of 

proteins. Eosin, being acidic, predominantly stains the cytoplasm, collagen fibers and other 

structures with a basic character. For haematoxylin and eosin staining, the slides were 

deparaffinised, hydrated, stained with Mayer’s haematoxylin solution for 4 min, washed with 

tap water, stained with 1% eosin for 7 min, again washed with tap water, dehydrated through 

increasing concentrations of ethanol, finishing in xylol, mounted with DPX (Merck, MA, USA) 

and observed under a bright flied microscope (Eclipse E400 Nikon, Japan) equipped with 

image analysis NIS-Elements Documentation software (Nikon, Japan).  

For immunohistochemistry, slides were deparaffinised and hydrated through xylol and 

decreasing concentrations of alcohol (100, 96, 85%). Then the expression of proteins was 

analysed using an avidin-biotin alkaline phosphatase complex immunohistochemical 

technique (Vectastain ABC kit, vector laboratories, CA, USA). The non-specific binding sites 

were blocked, and slides were incubated with primary antibodies for leptin (1:100) and leptin 

receptor (1:100) at 4ºC, overnight followed by incubation with Vectastain ABC-AP reagent, 

according to the manufacturer’s instructions. The reaction was developed with Sigma Fast 

RedTM tablets (Sigma Aldrich Co, St. Louis, USA). Counterstaining was performed using 

Mayer’s haematoxylin solution (Sigma Aldrich, St. Louis, USA) and slides were mounted in 

Aquamount medium (BDH Laboratory Supplies, Poole, England). Negative controls were 

performed by the replacement of the primary antibodies by rabbit or mouse IgG. 

 

 

 

 



26 

6. RNA extraction and cDNA synthesis 

 

All materials used were previously treated with DEPC to inactivate RNAses, preventing 

RNA loss. To study the THC effects on the transcription levels of leptin gene and leptin 

receptor gene, placental explants were collected after 24h of treatment and stored in 200 

µL of RNAlater at 4ºC until RNA extraction. BeWo cells were also collected after 24h of 

treatment. The culture medium was taken, cells were washed with PBS and then it was 

added 500 µL of TriSure, content transferred to tubes and stored at -80ºC. For RNA 

extraction, explants were moved to new tubes with 500 µL of TriSure and the tissue was 

homogenized using a small rotor. The extraction steps were the same for both cells and 

explants. It was added 100 µL of chloroform; the tubes were vortexed for 15 sec and left at 

room temperature for 15 min. After that samples were centrifugated at 12000 g for 15 min 

at 4ºC. The samples present 3 phases: a superior, aqueous and transparent phase that 

contains the RNA, a viscous interface that contain the DNA and an organic phase of 

greenish colour, containing the proteins. The aqueous phase was transferred to a new 

tube,500 µL of isopropanol was added to precipitate the RNA, the tube was inverted several 

times and stood for 15 min at room temperature. The samples were centrifugated again at 

the same conditions, but only for 10 min. The supernatant was the discarded, leaving a 

pellet containing the RNA. That pellet was washed with 500 µL of 75% ethanol (in DEPC 

treated water), vortexed and then centrifugated again for 5 min. The ethanol was removed, 

and the pellet was left to air dry. Then, it was added 20 µL of DEPC-treated water and the 

RNA dissolved by pipetting the solution. Diluted RNA was quantified in the NanoDrop ND-

1000 Spectrophotometer (NanoDrop Technologies, Inc., Wilmington, DE, USA) using 1 µL 

of the samples and RNA quality was assessed through the 260/280 and 260/230 nm ratios. 

Samples were selected when 260/280 ratio was approximately 2 and 260/230 ratio between 

2 and 2,2 which indicates that samples had no protein, phenol or other contaminants. 

Samples that went beyond those limits were discarded. 

After extraction, RNA was converted to cDNA by reverse transcription using the GRS 

cDNA Synthesis Kit (GRiSP Lda, Porto, Portugal). For each reaction were added 10 µL of 

GRS RT Mastermix, 1 µL of Oligo(dT)20 primer, 2 ng of RNA and DEPC-treated water up 

to 20 µL. The samples were then placed in a thermocycler (BioRad, CA, USA) and 

subjected to cycles as the following: 10 min at 25ºC, allowing primers to bind to RNA strand, 

30 min at 45ºC, to the reverse transcriptase conversion of RNA into cDNA, and 5 min at 

85ºC, for the inactivation of the enzyme. In the end, samples were stored at -20ºC.   
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7. qRT-PCR 

 

For qRT-PCR reactions preparation it was used GRiSP Xpert Fast SYBR (GRiSP Lda, 

Porto, Portugal). To each reaction it was added 10 µL of GRiSP Xpert Fast SYBR 

MasterMix, 1 µL of primer forward, 1 µL of primer reverse, 7 µl of water and 1 µl of cDNA. 

Both primers were at 4 µM. The samples were placed in the thermocycler and subjected to 

the following cycles of temperatures: 1 cycle of 3 min at 95ºC, for the activation of DNA 

polymerase; 40 cycles of 3 sec at 95ºC for denaturation followed by 30 sec at the annealing 

temperature, allowing the primers to bind and the DNA polymerase to create a new copy of 

DNA. After that, the samples were subjected to an extra cycle of 5 sec, from 65 to 95ºC with 

increments of 0,5ºC, to determine the dissociation temperature of the primers, creating the 

melting curve. This curve allows to know if a single product has been formed or if non-

specific products have also been formed. Annealing temperatures were previously tested 

for the melting curve, only presents one curve. The primers used are shown in the Table 2. 

 

Table 2 – Primer sequences and qRT-PCR conditions used to assess the expression of genes encoding 

leptin and leptin receptor. AT – annealing temperature; MT – melting temperature; AL – amplicon length. 

Gene GenBank Primer sequence (5’-3’) 
AT 

(ºC) 

MT 

(ºC) 

AL 

(bp) 

GAPDH NM_001289745.1 
F: CGCGAAGCTTGTGATCAATGG 

R: GGCAGTGATGGCATGGACTG 
55,0 83,0 358 

Ob NM_000230.2 
F: TGCGGATTCTTGTGGCTTTG 

R: CTGACTGCGTGTGTGAAATGT 
60,0 85,0 133 

Ob-R NM_002303.5 
F: GGTCCTCTTCTTTTGGAGCCT 

R:GTCTCTGGCTTTCGTCCTCA 
63,3 85,5 217 

 

8. Protein extraction and Western Blot 

 

After 24 h treatments, explants were transferred to microcentrifuge tubes and stored at 

-80ºC. Protein was extracted using 100 µL of lysis buffer (20 mM Tris pH 7.5, 150 mM NaCl, 

1 mM EDTA, 1% Triton X-100) and a cocktail of protease and phosphatase inhibitors 

(1:100). Then explants were homogenised using a mini-rotor, centrifuged at 14000 g for 10 

min at 4ºC, and the supernatant was transferred to new tubes for further protein 

quantification by the Bradford assay. 

Protein samples (50 µg of protein) were prepared in electrophoresis sample buffer 

(0.125 M Tris-HCl pH 6.8; 4% SDS; 20% glycerol; 10% of 2-mercaptoethanol). Samples 

were boiled to denature proteins and loaded into a 10% SDS-polyacrylamide gel, for leptin 
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receptor and into a 15% gel in the case of leptin analysis, to perform SDS-PAGE. Proteins 

were transferred from the gel to a nitrocellulose membrane, for 2 h and 30 min at 2000V 

and 200A. After that, membranes were blocked with blocking buffer (5% of dry milk in TBS 

with 0.1% Tween 20) for 1 h at room temperature. This step allows dry milk to block non-

specific binding sites. Then, membranes were incubated with primary mouse monoclonal 

antibody for leptin (1:100) and primary rabbit polyclonal antibody for leptin receptor 

(1:1000), overnight at 4ºC. After that, membranes were washed with TBS/Tween and 

incubated with secondary antibodies (goat, anti-mouse, IgG HRP, 1:2000 for leptin and 

goat, anti-rabbit, IgG HRP, 1:5000 for leptin receptor). After 2 times washes of 10 min with 

TBS/Tween 20 and another 2 times washes of 10 min with TBS, membranes were exposed 

to a chemiluminescence detection reagent and analysed using ChemiDocTM MP Imaging 

system (Bio-Rad, California, USA). Densitometry analysis was performed through 

ImageLab software (Bio-Rad, California, USA). The membranes were next stripped and 

reincubated with anti-β-actin (mouse, monoclonal, 1:500) for a loading control, using a goat 

anti-mouse IgG-HRP 1:5000, as secondary antibody.  

 

9. Quantikine® ELISA kit 
 

Leptin concentrations in BeWo cells and explants culture medium were determined with 

an ELISA kit (Human Leptin; R&D Systems, Minneapolis, MN; Catalogue Number DLP00). 

This kit contains E. coli-expressed recombinant human leptin and antibodies raised against 

the recombinant factor. Results obtained measuring human leptin showed dose-response 

curves that were parallel to the standard curves obtained using the Quantikine® kit 

standards. Samples were not diluted, and analysis was performed according to the 

manufacturer‘s instructions. 

 

10. Data analysis 

 

All data presented are the result of at least three independent experiments carried out 

in triplicate and are expressed as mean ±SEM. Statistical analysis was carried out by 

ANOVA, followed by the Turkey post-hoc test for multiple comparisons (GraphPad PRISM 

v.6.0, GraphPad Software, Inc., CA, USA). Values of p<0,05 were considered as statistically 

significant.  
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One of main aims of this work was to contribute to the understanding of THC potential 

impact in placenta endocrine function. Because leptin plays very important roles in placenta 

development , it was evaluated THC effects in placental leptin and leptin receptor 

expression by trophoblast cells. Therefore, it was used two different models: the BeWo cell 

line and placental explants. BeWo cell line is a choriocarcinoma cell line that presents many 

morphological and biochemical characteristics of normal trophoblast cells such as hormonal 

secretion properties [138], and it is a well-considered model for cytotrophoblasts. Placental 

explants are accepted as a good model for both toxicology and endocrine studies since they 

hold both cytotrophoblasts and syncytiotrophoblasts and other type of cells present in 

placenta so it mimics in vivo environment [139]. 

 

1. THC effects in BeWo cell line 

 

It was studied the impact of several concentrations of THC in leptin and leptin receptor 

expression in BeWo cells, by evaluating time and dose-responses. It was selected short 

and long periods of treatment and THC concentrations ranging from  1 and 40 µM. 

 

1.1. Morphological analysis 

 

To investigate the impact of THC on BeWo cells morphology cells were observed under 

a phase contrast microscope and stained with Giemsa. Analysis by phase contrast 

microscopy (Figure 14) demonstrates that after 24 h, THC does not induce morphological 

alterations but after a long period of treatment (72 h) it induces a decrease in cell density 

accompanied by morphological alterations that include membrane blebbing and increased 

number of detached cells. 
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Cells were then observed after Giemsa staining (Figure 15). Similarly, THC does not 

induce morphological alterations after 24 h, which only become apparent after 72 h. At latter 

time, it was observed a decrease in cell density for treatment with 40 µM of THC. 

Figure 14 – THC impact in BeWo cells morphology analysed by phase contrast microscopy. THC does 
not induce morphological alterations after 24 h, while, after 72 h, there is a decrease in cell density and 
alterations on cell morphology, suggesting cell death. Original magnification x200. 
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1.2. THC effects on leptin expression 

  

To study the impact of THC in transcription levels of Ob, it was performed qRT-PCR 

analysis. Samples from BeWo cells treated with 1, 10, 20 and 40 µM for 24 h, 48 h and 72 

h were studied (Figure 16). It was observed an increase in leptin mRNA levels after 24 h 

and with 20 µM and 40 µM of THC, while lower concentrations have no effects. 

Figure 15 – Effects of THC on BeWo cells morphology analysed by Giemsa staining. THC does not induce 

morphological alterations after 24 h, but after 72 h, at the concentration of 40 µM, THC decreases cell density. 

Original magnification x200. 
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After knowing that THC after 24 h treatment increases leptin mRNA levels at 

concentrations of 20 and 40 µM, BeWo cells were pre-incubated with CB1 and CB2 

receptors antagonists AM281 and AM630 respectively for 30 min to evaluate if THC actions 

might require either CB1 or CB2 receptor activation (Figure 17). In fact, THC effects were 

reversed by both antagonists of cannabinoid receptors. 

 

Figure 16 – Effects of THC on leptin mRNA levels at 24 h, 48 h and 72 h of treatment on BeWo cell line 
analysed by qRT-PCR. THC induces an increase in leptin mRNA levels at the concentration of 20 and 40 μM after 
24 h. Bar graphs represent the mean ± SEM of 5 experiments performed in duplicate. Significant differences 
between the control and treated cells are denoted by ** (p<0,01) and *** (p < 0,001). 
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To evaluate the secreted leptin levels, it was performed an ELISA assay. For this, BeWo 

cells were incubated for 24 h with 20 and 40 µM of THC, and leptin concentrations were 

determined in cell culture medium (Figure 18). These are preliminary results as only two 

experiments were performed. Nevertheless, these preliminary experiments revealed a 

tendency towards a decreased secreted leptin levels after 24 h, for all THC concentrations. 

 

 

 

 

Figure 17 – Effects of THC on leptin mRNA levels at 24 h. After 24 h and 20 µM of THC treatment it was 
observed that THC action is not mediated neither by CB1 and CB2. On the other hand, with 40 µM concentration, 
CB1 and CB2 seems to reverse THC effects. Bar graphs represent the mean ± SEM of 5 experiments performed 
in duplicate. Significant differences between the control and treated cells are denoted by * (p<0,1) and *** (p<0,001). 
Significant differences between the treated cells with only THC and treated cells with THC and antagonists are 
denoted by # (p<0,1). 
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1.3. THC effects on leptin receptor expression 

 

To study THC impact in the transcription levels of Ob-Rb, it was performed qRT-PCR 

with cDNA samples from BeWo cells treated with 10, 20 and 40 µM for 24 h (Figure 19). It 

was observed an increase in leptin receptor mRNA levels after 24 h of 40 µM THC 

treatment.  

 

Figure 19 – Effects of THC on leptin receptor mRNA levels at 24 h of treatment on placental explants. 
After 24h of treatment THC induces an increase in leptin receptor mRNA levels at the concentration of 40 µM. 
Bar graphs represent the mean ± SEM of 5 experiments performed in duplicate. Significant differences between 

the control and treated cells are denoted by ** (p<0,01). 

Figure 18 – Secreted leptin levels evaluated by ELISA assay in BeWo cell line culture medium. Though 
these are preliminary results, it is noted a tendency towards a decrease in secreted leptin levels at all THC 

concentrations.  
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After knowing that THC increases leptin receptor mRNA levels after 24 h and at 

concentrations of 40 µM, BeWo cells were pre-incubated with CB1 and CB2 antagonists for 

30 min to evaluate if THC actions were mediated through CB1 or CB2 receptors (Figure 

20). CB2 receptor may mediate THC effects as it was observed a partial reversion after 

incubation with AM630. 

 

Leptin receptor expression at the protein level was evaluated by Western Blot (Figure 

21). For this, BeWo cells were incubated for 24 h with 10, 20 and 40 µM of THC. No 

alterations were observed at a statistically significant level though results suggest a 

tendency towards increase, particularly for the concentrations of 20 and 40 µM. 
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Figure 20 – THC effects on leptin receptor mRNA levels after 24h of treatment with antagonist of CB1 and 
CB2 receptors. After 24h of treatment it was observed that THC effects on leptin receptor mRNA levels can be 
mediated by CB2 receptor. Bar graphs represent the mean ± SEM of 5 experiments performed in duplicate. Significant 
differences between the control and treated cells are denoted by ** (p<0,01). Significant differences between the 
treated cells with only THC and treated cells with THC and antagonists are denoted by ## (p<0,01). 
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Leptin Receptor 

β-actin 

[THC] μM 

Figure 21 – Effect of THC on the expression levels of leptin receptor at 24 h of treatment, on BeWo cells, 

analysed by Western Blot. It was observed a tendency towards increase of protein levels at 10 and 20 µM and 

a decrease at 40 µM of THC. Densitometric analysis (arbitrary units, a.u.)  normalized to the expression of -

actin. 
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2. THC effects in placental explants 

 

2.1. Placental explants morphology  

 

To evaluate the effects on placental explants morphology, it was performed a 

haematoxylin-eosin (HE) staining with paraffin sections of explants treated with 10 and 40 

µM of THC and a control, after 24 h (Figure 22). No morphological alterations were 

observed.  

 

 

Figure 22 – Haematoxylin-eosin staining. Placental explants morphology was evaluated with HE staining 
after 24 h of THC treatment. It was not observed morphological alterations. Arrow – syncytiotrophoblast cells 

 

2.2. Leptin and leptin receptor localisation 

 

To evaluate the expression pattern of localisation of leptin and leptin receptor, an 

immunohistochemistry analysis was performed. It was observed that leptin is mostly 

expressed in syncytiotrophoblast cells and in fetal mesenchymal blood vessels. Leptin 

receptor is mostly expressed in syncytiotrophoblast cells (Figure 23). 
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Figure 23 – Immunohistochemistry for leptin and leptin receptor localization. Leptin is expressed mostly 
in syncytiotrophoblast cells (arrows) and in fetal mesenchymal blood vessels (arrowheads). Leptin receptor is 
expressed mostly in syncytiotrophoblast cells. There were no alterations in the expression pattern after THC 
treatment. Insert corresponds to a negative control. 

 

2.3. THC effects on leptin expression 

 

To study the impact of THC in the transcription levels of Ob, it was performed qRT-PCR 

with cDNA samples from placental explants treated with 10, 20 and 40 µM for 24 h (Figure 

24).It was observed an increase of leptin mRNA levels after 24 h and with 10 µM of THC. 

 

Figure 24 – Effects of THC on leptin mRNA levels at 24 h of treatment on placental explants analysed by 
qRT-PCR. THC at the concentration of 10 μM induces an increase in leptin mRNA levels after 24 h. Bar graphs 
represent the mean ± SEM of experiments performed in duplicate (n=5). Significant differences between the control 

and treated cells are denoted by *** (p < 0,001). 
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To evaluate the secreted leptin levels, it was performed an ELISA assay using placental 

explants culture medium (Figure 18). For this, placental explants were incubated for 24 h 

with 10, 20 and 40 µM of THC. It was observed a decrease in secreted leptin levels after 

24 h, at all THC concentrations tested. 

 

2.4. THC effects on leptin receptor expression 

 

In order to study the impact of THC in the transcription levels of Ob-R, it was performed 

qRT-PCR with cDNA samples from placental explants treated with 10, 20 and 40 µM for 24 

h (Figure 26). 

After data treatment, was observed an increase in leptin receptor mRNA levels after 24 

h and with 40 µM of THC. 

 

 

Figure 25 – Secreted leptin levels evaluated by ELISA assay in placental explants culture medium. It was 
observed a decrease in secreted leptin levels after 24 h, at all THC concentrations tested.  
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Leptin receptor expression at protein level was evaluated by Western Blot (Figure 27). 

For this, placental explants were incubated with 10, 20 and 40 µM of THC. These are 

preliminary results, but it seems that leptin receptor expression increases at 10 µM and 20 

µM of THC. 

 

  

Figure 26 – Effects of THC on leptin receptor mRNA levels at 24 h of treatment on placental explants 
analysed by qRT-PCR. After 24 h of treatment and at the concentration of 40 µM, THC induces an increase in 
leptin receptor mRNA levels. Bar graphs represent the mean ± SEM of experiments performed in duplicate (n=5). 
Significant differences between the control and treated cells are denoted by ** (p < 0,01). 
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Figure 27 – Effect of THC on the expression levels of leptin receptor at 24 h of treatment, on placental 
explants, analysed by Western Blot. These are preliminary results, but it seems that leptin receptor expression 

increases at 10 µM and 20 µM of THC. PC – Total placenta. 
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IV. Discussion and conclusion 
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Cannabis sativa is the most common illicit drug used by pregnant women, nevertheless 

little is known about its effect on placental development. Some pregnancy-related 

complications are associated with cannabis exposure such as decreased gestational length, 

preterm birth and poor pregnancy outcomes [51], but the biochemical mechanisms that 

cause these complications are unknown.  

In vitro studies indicate that THC interferes with trophoblast invasion, proliferation and 

turnover [140], which may negatively impact placentation. On other hand, THC may also 

affect placental endocrine function that is very important in pregnancy maintenance, though 

this has not yet been explored. Leptin is one of the major hormones secreted by placenta 

and plays a crucial role in the cellular processes of proliferation, invasion and apoptosis 

during placental development. It was already described that deregulation of leptin levels 

and/or expression could result in negative pregnancy outcomes, such as recurrent 

miscarriage and intrauterine growth restriction. In fact, placental leptin gene expression is 

increased in preeclampsia [131]. Leptin may play a role in implantation due to its stimulatory 

effect on matrix metalloproteinase expression. Moreover, this hormone may stimulate the 

proliferation and survival of trophoblasts [68]. In this work, it was studied two well-accepted 

models of placental cells: placental explants and the BeWo choriocarcinoma cell line. In 

placental explants, the presence of more than one type of cells, such as cytotrophoblasts, 

syncytiotrophoblasts, endothelial and placental immune cells, allows the experimental 

conditions to become very similar to what happens in vivo as it integrates better placental 

microenvironment and respective cellular networks. Unlike placental explants, BeWo cell 

line is considered a representative model of cytotrophoblasts.  

The results show that THC can affect BeWo cell morphology at long-term treatments. 

Giemsa staining and phase contrast microscopy revealed a decrease in cell density at 

higher concentrations (40 µM) but only after 72 h of exposure, revealing that higher 

concentrations and long periods of exposure can lead to cell death. Moreover, THC is able 

to increase leptin and leptin receptor mRNA levels in BeWo cells. Leptin mRNA levels 

increase with 20 µM and 40 µM of THC and leptin receptor mRNA levels increase only with 

40 µM of THC. All these changes in leptin expression occur early, at 24 h of treatment.  

It was already reported that cannabinoid receptors (CB1 and CB2) are expressed in 

human placenta and this suggest placenta as a target for cannabinoids action [58]. So, CB1 

and CB2 antagonists were used to study the involvement of cannabinoid receptor signalling 

in THC-induced changes in leptin and leptin receptor expression. It was demonstrated that 

both cannabinoid receptors can have a role in THC-induced effects on the increase of leptin 

mRNA levels, while only CB2 can mediate THC effects concerning leptin receptor mRNA 

levels. It is known that leptin can affect the endocannabinoid system and vice-versa [141]. 

In fact, it was already reported that deficiency in leptin or impaired leptin signalling can lead 
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to increased hypothalamic and uterine endocannabinoid levels and that leptin treatment 

reduces AEA and 2-AG in hypothalamus. Therefore, these observations suggest that 

endocannabinoids in hypothalamus activate CB1 receptors in order to maintain food intake 

and be a part of neural circuit regulated by leptin [142]. If this interaction occurs in 

hypothalamus is  likely to happen also in placenta, since CB1 and endocannabinoids are 

also expressed in placenta. In addition, leptin receptor also interacts with other receptors, 

like ERα and insulin-like growth factor I receptor (IGF-IR) [95]. Thus, it may be speculated 

that leptin receptor can also interact with cannabinoid receptors.  

Immunohistochemistry results in placental explants showed that leptin is mostly 

expressed in fetal mesenchymal blood vessels and leptin receptor is expressed mostly in 

syncitiotrophoblast cells. Other authors also reported leptin expression in villous vascular 

endothelial cells and leptin receptor expression in syncytiotrophoblasts [143]. In placental 

explants model, THC effects on leptin and leptin receptor expression have the same profile 

as observed for BeWo cells, although at different concentrations. THC increases leptin 

mRNA levels at the concentration of 10 µM and leptin receptor mRNA levels at the 

concentration of 40 µM. At protein level, leptin receptor expression results are preliminary, 

and more experiments are required to confirm the effects in leptin receptor protein 

expression induced by THC. Furthermore, as placental explants are a more complex model, 

it must not be forgotten the possible interactions with other hormones that can regulate 

leptin expression such as hCG, progesterone, hPL and estradiol [106, 107, 109]. 

When secreted, leptin levels were measured by ELISA in culture medium and it was 

observed a decrease in leptin levels, opposite to  what happened with mRNA levels, in both 

BeWo and placental explants. It was already reported that leptin mRNA levels can lead to 

different outlines when it comes to protein production or secretion, being reported both 

decreased and increased results [144]. This can be explained by post-transcriptional 

modifications that might occur in leptin mRNA [145-147] that may lead to an increase or 

decrease in leptin levels apart from leptin mRNA levels [148]. Beyond this, microRNAs are 

a group of small non-coding RNAs that are crucial post-transcriptional gene regulators and 

several miRNAs have been already reported to be present in placenta [149] regulating 

trophoblast cell proliferation, migration, invasion and angiogenesis [150, 151]. miRNAs were 

suggested as necessary for normal placenta development since abnormal expression of 

miRNA is associated with complicated pregnancies, such as preeclampsia [152]. 

Furthermore, miRNA expression in placenta is regulated by signalling pathways [153] and 

miRNAs are known to affect the synthesis of other placental hormones such as IGF-1. 

Moreover it has been reported that miR-27 can target an untranslated region of leptin mRNA 

targeting leptin production in osteoarthritic chondrocytes [154]. However further studies are 

necessary in order to understand THC effects in leptin secretion. In conclusion, THC 



47 

exposure may affect placenta endocrine function. In the case of leptin, THC treatment for 

24 h increases leptin and leptin receptor mRNA levels and decreases secreted leptin levels. 

Leptin has been reported as a relevant hormone for a successful pregnancy as any 

disturbance of its homeostasis may result in pregnancy-related complications, such as 

preeclampsia and gestational diabetes, the observed alterations may be a part of the 

complex biochemical mechanisms that can contribute to the gestational complications 

associated with cannabis consumption and highlight the impact of cannabis use by 

particularly vulnerable groups. 
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