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The endocannabinoid system (ECS) is a cell-signaling system present in multiple organ
systems and is an integral part of sustaining the microenvironment necessary for early
pregnancy success and maintenance. It plays a significant role in embryo development,
transport and implantation as well as placentation. The current theory behind the initiation
of term labor is that it is a complex, multifactorial process involving sex steroid hormones,
prostaglandin production and interplay at the maternal-fetal interface resulting in
increased expression of receptors and gap junctions that promote uterine activation.
There is increasing evidence that, in addition to early pregnancy events, the ECS plays a
regulatory role in pregnancy maintenance and the timing of labor. This review presents an
overview of the ECS in pregnancy that focuses on late gestation and parturition.

Keywords: endocannabinoid system, myometrium, labor, parturition, anandamide, cannabinoid receptor, preterm
labor, pregnancy

INTRODUCTION

The endocannabinoid cell-signaling system (ECS) is based upon eicosanoid derivatives that
promote cellular return to homeostasis in multiple organ systems and modulates smooth muscle
function, metabolism of tissues, and immune function (1). The ECS includes CB; (CB;R) and CB,
(CB,R) cannabinoid receptors, the endocannabinoid agonists anandamide (AEA) and 2-
arachidonoylglycerol (2-AG), and the enzymes that synthesize and metabolize the
endocannabinoid ligands (1). CB;R is a G protein-coupled receptor encoded by the CNRI1 gene,
the activation of which couples predominantly to Goy,, proteins to promote effects on calcium
channels, mitogen-activated protein kinases (MAPKs) and adenylyl cyclase (2, 3). Cannabinoid

Abbreviations: 2-AG, 2-arachidonoylglycerol; AEA, anandamide; CB1R, CB1 cannabinoid receptor; CB2R, CB2 cannabinoid
receptor; COX-2, cyclooxygenase-2; CRIPla, cannabinoid receptor interacting protein la; ECS, endocannabinoid cell-
signaling system; FAAH, fatty acid amide hydrolase; MAPK, mitogen-activated protein kinase; OTR, oxytocin receptor;
PG, prostaglandin; PEA, palmitylethanolamide; OEA, oleoylethanolamide; NAPE-PLD, N-acylphosphatidylethanolamine-
specific phospholipase D; meth-AEA, methanandamide; cAMP, cyclic adenosine monophosphate; PKA, protein kinase A; A9
THC, A9 tetrahydrocannabinol; TRPV1, transient receptor potential vanilloid receptor type 1; MAGL, monoacylglycerol
lipase; DAGL, diacylglycerol lipase; LPS, lipopolysaccharide; 5,6-EET-EA, 5,6-epoxyeicosatrienoic acid ethanolamide; PR-A,
progesterone receptor A; PR-B, progesterone receptor B; IHC, immunohistochemistry.
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receptor interacting protein la (CRIP1a) is a CB;R-associated
protein that modulates trafficking of newly synthesized CB;Rs to
the cell surface and attenuates receptor internalization (4).

Alterations in ECS signaling have been associated with early
pregnancy loss (5). As recently reviewed, evidence supports
significant contributions of the ECS in early pregnancy events
including embryo transport, embryo implantation and
placentation (6-8). There is also evidence supporting interplay
among the sex steroid hormones, estrogen and progesterone, and
the ECS (9, 10). Furthermore, inflammatory conditions in
reproduction, including preeclampsia, miscarriage and
endometriosis, have been associated with aberrant ECS
signaling (11).

Pregnancy is considered a progesterone-dominant state, as
progesterone is the major steroid hormone that contributes to
the maintenance of pregnancy (12). Prior to the onset of labor,
the uterus converts from a quiescent state to an active contractile
state. The quiescent phase is maintained by progesterone and
other factors that regulate contractile gene expression. In late
pregnancy, there is an increase in estrogen and, with a growing
fetus, an increase in myometrial stretch. This leads to increased
expression of genes and receptors required for uterine
contractions including prostaglandins (PG), connexin 43, and
oxytocin receptor (OTR). Labor is a regulated inflammatory
event during which prostaglandins PGF,,, and PGE, contribute
to cervical ripening and enhance uterine contractions. Timing of
normal labor requires communication between the fetal and
maternal units. A similar pathway to labor is apparent in patients
with preterm labor, although, the etiology and phenotype of
preterm labor differs (13). This review will focus on the influence
of the ECS on pregnancy maintenance and the timing of labor.

ENDOCANNABINOID INFLUENCE IN
PREGNANCY AND LABOR

Several research groups have evaluated plasma AEA levels in
pregnancy and in labor, reporting that plasma levels of AEA are
predictive of the onset of parturition (14, 15). AEA is synthesized
by N-acylphosphatidylethanolamine-specific phospholipase D
(NAPE-PLD), as are other fatty acid ethanolamides such as
oleoylethanolamide (OEA) and palmitylethanolamide (PEA).
Each of these are degraded primarily by fatty acid amide
hydrolase (FAAH). Of these, only AEA is an agonist for the
cannabinoid receptors, and AEA can be oxidized by
cyclooxygenase-2 (COX-2) to PG-ethanolamides (prostamides)
(16). AEA levels have been shown to be higher in the estrogen-
dominant phases than in the more progesterone-dominant
phases of the menstrual cycle (14). Luteal phase AEA levels are
similar to those in the first trimester of a successful pregnancy
(14). In the progesterone-dominant state of pregnancy, plasma
AEA levels decrease in the second and third trimesters (Figure 1)
(14). Plasma AEA levels increase just prior to the onset of labor,
followed by a significant increase in labor (14). The source of this
AEA is postulated to be a response of the endothelial cells to
estradiol (17). Figure 1 shows AEA fluctuations as described

along with the relative changes in progesterone and estrogen
throughout pregnancy.

In addition to spontaneous labor, plasma AEA levels have
been evaluated in induced labor (15). Nallendran and colleagues
evaluated the percentage change in plasma AEA from a non-
laboring to laboring state and determined AEA influence on
induction-to-delivery interval (15). Their longitudinal
observational study of 64 women showed a 1.5-fold increase in
plasma AEA levels in labor. Furthermore, higher percentage rises
in AEA were associated with shorter induction-to-
delivery intervals.

Attempts to identify a marker that is reliably predictive of
preterm delivery have been made, but current testing methods
remain limited. The current standard of care for predicting
preterm birth includes sonographic measurement of cervical
length along with assessment of cervicovaginal fetal fibronectin
(18). However, the positive predictive value of these tests is not
ideal, as at least half of all women admitted for preterm labor end
up delivering at term (18-20). The obstetric community remains
in search of a non-invasive, reliable test to predict preterm birth.
Bachkangi and colleagues investigated plasma levels of AEA,
OEA, and PEA as potential markers of spontaneous preterm
birth (21). They found plasma levels of AEA and PEA better
predicted preterm birth in a high-risk population of women than
the current standard methods. Additionally, plasma AEA levels
predicted the gestational age of delivery.

AEA has been correlated with the expression of OTR in human
placentas (22). Cells isolated from human placentas collected at
term were cultured with methanandamide (meth-AEA). OTR
mRNA was increased in the placental cells exposed to meth-AEA,
and oxytocin concentrations were higher in the culture medium.
These researchers proposed that AEA contributes to OTR
expression and oxytocin release in labor (22). Yulia and
colleagues investigated human primary myometrial cells isolated
from uterine samples obtained at the time of cesarean section to
determine the effect of cyclic adenosine monophosphate (cAMP)/
protein kinase A (PKA) function on OTR expression (23). They
identified an overall reduction in the cAMP/PKA pathway in late
gestation and in labor to be associated with an increase in OTR
mRNA and protein.

In ULTR myometrial cells, AEA-stimulated CB;R coupled to
Goaiy, inhibiting adenylyl cyclase and decreasing intracellular
cAMP (24). CB;R also mediated a time- and concentration-
dependent increase in ERK phosphorylation (24). Exposure to
high levels of AEA decreased cell numbers and changed
morphology typical of apoptotic cell death, which could be
prevented by a CB;R antagonist or MAPK inhibitor (24). This
AEA- and CB;R-mediated, ERK-dependent reduction in cell
viability suggests a potential physiologic relevance of AEA in
decidual senescence and in postpartum uterine involution. AEA
is known to act not only on CB,R, but also other receptors
including the ligand-gated transient receptor potential vanilloid
receptor type 1 (TRPV;) (25) and peroxisome proliferator-
activated receptors (PPARs) (26, 27). While these receptors
have been identified in reproductive tissues, the role of AEA-
mediated activity has not yet been clearly elucidated (24, 28, 29).
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FIGURE 1 | Maternal plasma anandamide levels as described by Habayeb and colleagues (14) relative to levels of progesterone and estrogens during pregnancy.
(Figure including levels of progesterone and estrogens published in Boron WF, Boulpaep EL: Medical Physiology, 3™ ed. Philadelphia, Elsevier, 2017. Data from
Wilson JD, Foster DW, Kroenber M, Larsen PR: Williams Textbook of Endocrinology, 9" ed. Philadelphia, WB Saunders, 1998. Used with permission.)

AEA and 2-AG stimulate PGE, production by fetal
gestational membranes (30). In human placentas obtained at
term, CP55940 (an agonist) stimulation of CB;R resulted in a
significant increase in PGE, by the amnion and chorion but a
decrease in PGE, in the decidua (30). This increase in PGE,
occurred through induction of COX-2 expression in amnion and
chorion (30).

CANNABINOID RECEPTOR INFLUENCE IN
PREGNANCY AND LABOR

CB;R and CB,R are expressed in human uterine and placental
tissue as outlined in Table 1. Dennedy and colleagues studied
uterine contractility in segments of human myometrial tissue
from the upper midline portion of the lower uterine segment
obtained from elective cesarean delivery at term (31). They
identified the presence of CB;R and CB,R mRNA in uterine
tissue and observed a relaxant effect of AEA and A’
tetrahydrocannabinol (A’ THC) on myometrium. Using CB;R
and CB,R antagonists (SR141716 and SR144528), the relaxant
effect was determined to be CB;R-mediated.

In the term human placenta, immunodetectable CB;R was
localized to both cytotrophoblasts and syncytiotrophoblasts (32).
Acone and colleagues used immunohistochemistry and western blot
to evaluate CB;R and FAAH in placentas obtained from laboring
and non-laboring subjects (33). They found lower protein density
and lesser staining of CBR in placentas obtained from laboring
subjects compared to non-laboring subjects (33). They postulated
that AEA up-regulates CB;R to maintain uterine quiescence and
that less availability of CB;R is associated with labor. Our group
examined CB;R and CRIP1a in human uterine and placental tissue
obtained during cesarean deliveries, and we found a significant
reduction in CB;R protein in uterine tissue obtained during labor
compared to non-labor. Torrela and colleagues evaluated CB;R,
CB;,R, transient receptor potential vanilloid receptor type 1
(TRPV1), FAAH, NAPE-PLD, monoacylglycerol lipase (MAGL)
and diacylglycerol lipase (DAGL) in human placental samples
obtained after spontaneous vaginal deliveries using qPCR (36).
Compared to samples obtained at 30 weeks gestation (preterm),
there was a significant increase in CB;R mRNA at term. The
authors also found a significant increase in the NAPE-PLD/
FAAH ratio, thus concluding there to be an increase in placental
AEA synthesis at term.
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TABLE 1 | ECS components in human tissue mid- to late-trimester.

Author
Dennedy, et al. (31)
Park, et al. (32)

Acone, et al. (33)
Fugedi, et al. (34)

ECS Component

CB1R
CB2R
CB1R
FAAH
CB1R
CB1R

CB2R
FAAH
Aban, et al. (35) CB1R
NAPE-PLD
FAAH
Torella, et al. (36) CB1R
CB2R
NAPE-PLD
FAAH
MAGL
DAGL
Kozakiewicz, et al. (37) CB1R
CB1R
CRIP1a
CRIP1a

Tissue Type Experimental Method
Uterus RT-PCR

Uterus RT-PCR

Placenta IHC

Placenta IHC

Placenta Western blot, IHC
Placenta Western blot, IHC
Placenta Western blot, IHC
Placenta Western blot, IHC
Placenta Western blot, IHC
Placenta Western blot, IHC
Placenta Western blot, IHC
Placenta qgPCR

Placenta gPCR

Placenta gPCR

Placenta gPCR

Placenta gPCR

Placenta qPCR

Uterus Western blot, gPCR, IHC
Placenta Western blot, gPCR
Uterus Western blot, gPCR
Placenta Western blot, gPCR

Wang and colleagues used a murine model to evaluate the effect
of CB;R on parturition (38). They found that CB;R knock-out in
mice correlated with the early onset of labor and an early rise in
corticotrophin-releasing hormone. In wild type mice, CB;R
silencing in late gestation resulted in labor (38). They correlated
these findings with serum levels of progesterone and estradiol. CB;R
deficient mice were observed to have an early decrease in serum
progesterone and increase in serum estradiol levels. Sun and
colleagues investigated the effects of sustained AEA signaling in a
murine model of lipopolysaccharide (LPS)-induced preterm labor
(39). FAAH-knockout mice and wild-type mice that received meth-
AEA experienced premature decidual senescence through CB;R-
mediated activation of p38 signaling (39).

Also using a murine model of LPS-induced preterm labor,
Bariani and colleagues examined the effects of LPS on several
ECS components (40). A significant increase in uterine NAPE-
PLD mRNA and protein in LPS-treated mice was observed, with
no significant difference in FAAH activity (40). CB;R and CB,R
were identified in the uterus and there was no change in protein
expression between days 13 and 19 of gestation (40). There was,
however, more CB;R protein and less CB,R mRNA identified in
LPS-treated mice. LPS treatment did not lead to significant
changes in serum progesterone levels. Not surprisingly, the
authors found an increase in uterine PGF, levels in LPS-
treated mice. Experiments performed to determine the
mechanism for this increase in PGF,, showed it to be a result
of AEA acting on CB;R (40).

PROSTAGLANDINS AND PROSTAMIDES

PG production in term pregnancy and initiation of labor is
stimulated by pro-inflammatory cytokines which induce COX-2
and myometrial stretch signals (41, 42). AEA and other CB;R
agonists also induced COX-2 expression and PGE, production in

cultured fetal amnion and chorion explants (30, 43). FAAH,
expressed in human term placenta (32), metabolizes AEA to
contribute the arachidonic acid substrate for COX enzymes.
Additionally, AEA itself can be oxidized by COX-2 (but not
COX1) to PGH2-EA and the subsequent ethanolamides of PGs,
referred to as prostamides (44, 45). AEA can also be oxidized by
5-, 12-, or 15-lipoxygenases to produce their respective OH-
AEAs (46), and by cytochrome P450’s to produce 5,6-
epoxyeicosatrienoic acid ethanolamide (5,6-EET-EA) (45, 47).

It is now recognized that the radioimmunoassays used to
quantitate PGs also recognized prostamides, and that the two
classes can be distinguished using liquid chromatography-mass
spectrometry (48, 49). This suggests that we need to re-evaluate
research findings that attribute physiological processes associated
with parturition to PGs, with a new understanding that some of
these effects may be due to prostamides. Mitchell and colleagues
found that pro-inflammatory cytokines (TNFo, IL-1B)
preferentially stimulated PG over prostamide synthesis in human
term non-laboring placental choriodecidual tissues (49), and that in
amnion tissue explants, IL-1B was particularly efficacious at
promoting PGE, synthesis (50). These results are consistent with
findings that amniotic fluid PGs were greater in women in
spontaneous labor compared with those delivering without labor
(50). In that same study, spontaneous labor amniotic fluid
prostamides were lower in women with clinical chorioamnionitis
compared with undiseased women. Thus, we can speculate that
inflammatory responses to AEA in these tissues is dependent upon
FAAH to hydrolyze AEA to arachidonic acid to serve as the
substrate for COX-2. In contrast, Fonseca and colleagues noted
that AEA promoted apoptosis in cultured rat decidual cells (51). In
these cells, AEA stimulated MAPK P38 phosphorylation and
disinhibition of the NF-xB to induce COX-2, which subsequently
used AEA as a substrate to produce prostamide E, (43). Prostamide
E,, not PGE,, was the COX-2 substrate that initiated the intrinsic
apoptosis pathway and reduced cell viability (43).
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DISCUSSION

The complex mechanisms that normally convert the uterus from
a quiescent to an active contractile state remain unclear. The
significant decrease in circulating progesterone that initiates
labor in most laboratory animals does not occur in humans
(52). The available evidence supports that the active contractile
transition involves cessation of the inhibitory effects of
progesterone and the activation of estrogen production leading
to up-regulation of genes and proteins that enhance uterine
contractility (52). There are two functionally distinct
progesterone receptors, termed progesterone receptor A (PR-
A) and progesterone receptor B (PR-B). PR-B signaling functions
to promote activation of genes and proteins that enhance uterine
relaxation whereas PR-A represses them (53). Sex steroid
hormones are known to influence the expression of
components of the ECS in various tissues (9, 54, 55). Estradiol
influences expression of CB;R and AEA production and
degradation in the brain (56). AEA interferes with aromatase
transcription and estradiol production in human endometrial
stromal cells and human decidual fibroblasts (57). Progesterone
increases FAAH activity and expression in human lymphocytes
but does not influence CB;R (55). Abnormal fluctuations in
serum progesterone and estradiol levels are apparent in CB;R
deficient mice (38). As reviewed by Karasu and colleagues, the
termed “endocannabinoid-hormone-cytokine network” plays a
significant role in implantation and early pregnancy events (10).
It is therefore reasonable to theorize that, based on the
interconnections between PGs/prostamides, sex steroid
hormones and endocannabinoids, the ECS is likely to have a
meaningful part in pregnancy maintenance and timing of labor.

Studies evaluating the effects of cannabis use in pregnancy
have provided mixed results (58, 59). They are limited by
confounding factors (polysubstance abuse, tobacco use), the
reliance on subject self-reporting, and the perplexity of
obtaining a reliable biologic sample for drug testing. Cannabis
use in pregnancy has been associated with increased risk of
spontaneous preterm birth (60), stillbirth (61), poor fetal growth
(59), and adverse neonatal outcomes (62). Data are limited
regarding potential effects of marijuana on labor itself. In one
of the few studies evaluating labor patterns in marijuana users,
Greenland and colleagues found that subjects reporting
marijuana use had a higher risk of experiencing prolonged,
arrested or precipitous labor (63). Many of the available data
regarding cannabis use in pregnancy were collected prior to the
decriminalization of marijuana, the introduction of newer
methods of cannabis consumption and the introduction of
higher potency compounds. Given the increasing prevalence of
cannabis use in pregnancy (58, 64), it is imperative to not only
evaluate the risks of marijuana use in pregnancy but also to gain a
better understanding of the mechanisms by which the ECS
contributes to pregnancy maintenance and labor.

AEA is degraded primarily by FAAH to produce arachidonic
acid and ethanolamine (16). However, AEA oxidization by COX-
2 to PG-ethanolamides (prostamides) (16) highlights a
significant overlap between the ECS and PG production. PGs
are routinely used in obstetrics for induction of labor and the

treatment of postpartum hemorrhage related to uterine atony.
Indomethacin, a non-selective COX inhibitor, is one of the
recommended first-line tocolytic therapies for preterm labor
(18). Indomethacin has been recently identified to be a positive
allosteric modulator of CB;R (65). Its modulating effects enhance
AEA-dependent binding, B-arrestin 1 recruitment, cAMP
inhibition and ERK1/2 phosphorylation (65). Bariani and
colleagues found that LPS-induced preterm labor in a murine
model correlates with increased CB;R expression and, even
without the addition of LPS, administration of AEA resulted in
a CB;R-mediated increase in PGF,, (40). In contrast, in a
murine model without LPS administration, earlier onset of
labor was identified in mice lacking CB;R (38). Although there
are limitations to this based on the differences between rodent
and human labor, this highlights the possibility that ECS
expression may differ in infection-related labor compared to
normal term labor.

Although an initial study utilizing AEA and/or PEA as a
biomarker in the risk assessment for preterm birth is promising,
that evaluation was limited to a population with a higher-risk of
preterm birth (21). Additional studies including a more
generalized and larger population are needed. The current
standard of care involving measurement of cervical length and,
in some cases, cervicovaginal fetal fibronectin does not reliably
predict preterm birth (18). Additionally, assessment of cervical
length requires equipment (ultrasound with transvaginal probe)
and personnel with adequate training and who are readily
available to perform the exam. A blood test would be more
feasible in many situations.

Significant racial disparities exist in the rate of preterm birth
(66). This racial disparity persists when evaluating women with
similar socioeconomic status (67), leading many to believe that
genetic variation may play a role. A cross-sectional study of 667
subjects identified racial differences in CNR1 and FAAH
polymorphisms associated with obesity (68). Given the
increasing evidence of the ECS involvement in normal and
abnormal pregnancy outcomes, genetic variation among the
components of the ECS pertaining to abnormal pregnancy
outcomes should be explored.

The biology of labor is complex and includes interplay among
steroid hormones, cytokines and PGs affecting the maternal-fetal
interface (12, 13, 69). There exists a significant overlap between
the inflammatory pathway, steroid hormones and
endocannabinoids (10). Because the ECS modulates metabolic
and inflammatory cell signaling and can modulate cell
differentiation, cell proliferation and cell death, it is reasonable
to expect that the ECS exerts an influence on the regulation of
labor. More research is needed for significant conclusions
regarding ECS specific role in pregnancy maintenance and the
timing of labor.
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