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Context: Ectopic pregnancy is associated with significant morbidity and mortality, but the molec-
ular mechanisms underlying this condition remain unclear. Although the endocannabinoids, N-
arachidonoylethanolamine (anandamide), N-oleoylethanolamine, and N-palmitoylethanolamine,
are thought to play a negative role in ectopic pregnancy, their precise role(s) within the fallopian
tube remains unclear. Anandamide activates cannabinoid receptors (CB1 and CB2) and, together
with its degrading [e.g. fatty acid amide hydrolase (FAAH)] and synthesizing enzymes (e.g. N-acyl-
phosphatidylethanolamine-specific phospholipase D), forms the endocannabinoid system. High
anandamide levels are associated with tubal arrest of embryos in mice and may have a similar role
in women.

Objective: The aims were to quantify the levels of the endocannabinoids and evaluate the ex-
pression of the modulating enzymes and the cannabinoid receptors in fallopian tubes of women
with ectopic pregnancy compared to those of nonpregnant women.

Design and Setting: We conducted a prospective study at the University Hospitals of the Leicester
National Health Service Trust.

Participants and Methods: Fallopian tubes collected from women with ectopic pregnancy and
nonpregnant women with regular menstrual cycles were used for quantification of endocannabi-
noids by ultra-HPLC tandem mass spectrometry, were fixed in formalin for immunohistochemistry,
and had RNA extracted for RT-quantitative PCR or protein extracted for immunoblotting.

Results: Anandamide, but not N-oleoylethanolamine and N-palmitoylethanolamine, levels were
significantly higher in ectopic fallopian tubes. Endocannabinoid levels from isthmus to ampulla
were not significantly different. Cannabinoid receptors and endocannabinoid modulating en-
zymes were localized in fallopian tube epithelium by immunohistochemistry and showed reduced
CB1 and FAAH expression in ectopic pregnancy.

Conclusion: High anandamide levels and reduced expression of CB1 and FAAH may play a role in
ectopic implantation. (J Clin Endocrinol Metab 97: 2827–2835, 2012)
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Ectopic pregnancy, which complicates up to 2% of
pregnancies, is associated with significant morbidity

and remains the most common cause of maternal death in
the first trimester of pregnancy (1, 2). More than 98% of
ectopic pregnancies occur in the fallopian tube, with at
least 80% of these occurring in the ampulla (3). The mech-
anisms whereby an embryo implants in sites other than the
uterus, especially in the absence of previous salpingitis, are
still not fully understood, although several hormone-cy-
tokine networks including interleukins, the activins, pro-
kineticins, and mucins have been implicated (4). Accumu-
lating evidence suggests that one such hormone-cytokine
network— i.e. endocannabinoids [e.g. N-arachidonoyle-
thanolamine (AEA or anandamide), N-oleoylethano-
lamine (OEA), and N-palmitoylethanolamine (PEA)], the
cannabinoid receptors [type 1 (CB1) and type 2 (CB2)],
and the enzymes involved in their synthesis [N-acyl-phos-
phatidylethanolamine phospholipase D (NAPE-PLD)]
and degradation [fatty acid amide hydrolase (FAAH)],
collectively referred to as the endocannabinoid system
(ECS) (5)—maybe involved inoviductal embryo transport
through the fallopian tube (6, 7). Although OEA and PEA
are not known to activate cannabinoid receptors, they are
thought to modulate the effects of AEA at cannabinoid
receptors by inhibiting its metabolism, resulting in a pro-
longation of its biological effect—the so-called “entou-
rage effect” (8–11).

In mice, AEA production and degradation are tightly reg-
ulated such that an appropriate “anandamide tone” or bal-
ance is created, enabling normal oviductal transport of em-
bryos (6, 7). Normal CB1 and FAAH expression and activity
are crucial to early pregnancy success, especially because
studies have shown that FAAH, CB1, or CB1/CB2 double
knockout mice have a significant number of embryos re-
tained in their oviducts compared with wild-type mice or
CB2 knockout mice (6, 7). Low FAAH and high AEA levels
have been linked with poor embryo development and their
arrest in the oviduct. These adverse effects of FAAH dys-
functionweresubstantially improvedafterCB1functionwas
attenuatedbySR141716(CB1receptorantagonist), suggest-
ing that the impaired preimplantation events arising from
FAAH dysfunction were possibly the result of elevated AEA
and or aberrant CB1 signaling (6). In human placentae, low
FAAH and high CB1 expression levels are associated with
spontaneous miscarriage, whereas nuclear localization of
FAAH is linked with recurrent miscarriage (12, 13). These
observations suggest that a disruption in the delicate balance
between the various components of the ECS, rather than an
absolute change in one component, may lead to varying pre-
sentations of early pregnancy failure.

Although these studies provide evidence of a potential
role of the ECS in the mechanisms of oviductal implanta-

tion in mice, its role in human tubal embryo transport is
unclear because only one study in humans has associated
the attenuation of CB1 expression with ectopic pregnancy
(14). However, if the ECS is shown to have a role in the
pathogenesis of tubal transport and ectopic implantation,
then such information may prove beneficial in ectopic
pregnancy care because pharmacological intervention tar-
geting the ECS may be used in the treatment or prevention
of ectopic pregnancies. Additionally, an understanding of
the involvement of the ECS in ectopic pregnancies may
suggest possible biomarkers for early diagnosis. Here, we
determined whether an “endocannabinoid tone” across
the tube similar to that described in mice models exists,
whether oviductal endocannabinoid levels are signifi-
cantly different from controls, and also the expression lev-
els of endocannabinoid receptors and their metabolizing
enzymes in the fallopian tubes of control women and
women with ectopic pregnancy.

Subjects and Methods

Ethics statement
Ethics approval was obtained from the Leicestershire and

Rutland Local Research Ethics Committee, and all research pro-
cedures were conducted according to the principles expressed in
the Declaration of Helsinki. The study was sponsored and con-
ducted under the scrutiny of the Research and Development Of-
fice of the University Hospitals of Leicester National Health Ser-
vice (NHS) Trust, and all participants signed informed consent
forms before entering the study.

Participants
The study group consisted of women attending the University

Hospitals of Leicester NHS Trust as emergencies with a diag-
nosis of ectopic pregnancy. Nonpregnant volunteers were
women attending for total abdominal hysterectomy and bilateral
salpingoophorectomy for benign gynecological conditions such
as fibroids and dysfunctional uterine bleeding, and they were
divided into two groups: follicular phase (d 4–9) and luteal phase
(d 20–25), based on their last menstrual period and endometrial
histology. For both the study and control groups, women on any
prescription medication, hormonal or recreational drugs (in-
cluding cannabis), those with chronic medical conditions on
treatment (e.g. diabetes mellitus, chronic obstructive airway dis-
ease, hormone replacement therapy, or endocrine disorders), or
previous pelvic inflammatory disease were excluded.

Tissue collection
Fallopian tubes were collected as duplicates immediately after

total abdominal hysterectomy and bilateral salpingoophorec-
tomy or salpingectomy for ectopic pregnancy. The first was
washed with sterile PBS and fixed in 10% neutral buffered for-
malin for 4 d before being embedded in paraffin wax (15), and
the second was placed into a sterile polypropylene tube, snap-
frozen in liquid nitrogen, and stored at �80 C for the quantifi-
cation of endocannabinoids, their binding receptors, and mod-
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ulating enzymes. All specimens obtained were free of trophoblast
and were from the ampulla, except for endocannabinoid gradi-
ent studies, where extractions were performed from each seg-
ment (isthmus, ampulla, and fimbria) of the fallopian tube.

Quantification of the endocannabinoids
Endocannabinoids were quantified in the fallopian tubes as

described previously for solid tissue measurements (16). Briefly,
tissue samples were pulverized under liquid nitrogen with a pes-
tle and mortar, and internal standards (12.5 pmol/g AEA and
OEA and 25 pmol/g PEA; Cayman Chemical, Ann Arbor, MI)
were added per 100 mg of tissue suspended in 5% o-phosphoric
acid/95% deionized water and homogenized with a glass Potter-
Elvehjemhomogenizerbeforecentrifugationat1500�g for30min
at 4 C. The supernatant was transferred to preconditioned car-
tridges (17) and washed with deionized water, and the eluted en-
docannabinoids were dried under a constant stream of nitrogen
before being reconstituted in 80 �l of acetonitrile. The endocan-
nabinoids were separated and measured using an ultra-HPLC tan-
dem mass spectrometry (UHPLC-MS/MS) system, as described
(16). Homogenized samples were processed in duplicate by solid-
phase extraction and quantified by UHPLC-MS/MS in triplicate.
Details of the UHPLC MS/MS gradient conditions and transitions
employed have been published previously (16, 17).

RNA isolation and cDNA synthesis
Tissues (50 mg) were pulverized under liquid nitrogen with a

pestle and mortar, and total RNA was extracted using QIAGEN
miRNeasy (QIAGEN, Crawley, UK) mini kit, according to the
manufacturer’s instructions. The RNA obtained was treated
with DNase I to eliminate contaminating genomic DNA before
storage at �20 C. The yield and purity of isolated RNA were
assessed using a Nanodrop ND-1000 UV spectrophotometer
(Nanodrop Technologies, Wilmington, DE), and samples se-
lected for RT-quantitative PCR (RT-qPCR) had A260/280 absor-
bance ratios between 1.9 and 2.1. RNA integrity was assessed
using an Agilent bioanalyser 2100 (Agilent Technologies, Wok-
ingham, UK), and samples with RNA integrity numbers greater
than seven were considered suitable for RT-qPCR. First-strand
cDNA was synthesized from 1 �g of RNA using a high-capacity
RNA-to-cDNA RT kit (Applied Biosystems, Warrington, UK)
with a 20 �l final reaction volume. A no RT reaction (�RT) was
included to confirm the absence of contaminating DNA.

Quantitative real-time PCR
For quantitative PCR, all reactions were performed in a final

reaction volume of 20 �l containing 10 �l of 2� SYBR Green
PCR Universal Master Mix (Applied Biosystems), 1 �l cDNA, 8
�l molecular grade water, and 300 nM of reference gene primer
mix (PrimerDesign, Southampton, UK) or 900 nM of primers for
the genes of interest (Sigma, Poole, UK). Primer sequences were
as follows: FAAH—forward, 5�-CATGCTCTGGAGACCCT-
GTCA-3�; reverse, 5�-CCAGCAGTCCTTTAAGCCATTG-3�;
NAPE-PLD—forward, 5�-AAGAGATAGGAAAAAGATTTG
GACCTT-3�; reverse, 5�-CTGGGTCTACATGCTGGTATTT
CA-3�; CB1—forward, 5�-TGCTGAACTCCACCGTGAAC-
3�; reverse, 5�-TCCCCCATGCTGTTATCCA-3�; and CB2—
forward, 5�-TGGCAGCGTGACTATGACCTT-3�; reverse, 5�-
CCACGGGTGAGCAGAGCTT-3�. Amplification conditions
were: 95 C for 10 min, followed by 40 cycles at 95 C for 15 sec,
60 C for 60 sec, and extension at 72 C for 30 sec. Two negative

controls were included, one with a minus RT control from the
previous step, and a minus-template control containing molec-
ular grade water instead of template mRNA. All reactions were
performed in triplicate using an ABI PRISM 7000 system (Ap-
plied Biosystems). Expression levels of CB1, CB2, FAAH, and
NAPE-PLD were calculated using the 2���Ct method (18, 19),
with data normalized to topoisomerase 1 and ubiquitin C (Prim-
erDesign). These reference genes were the most suitable pair for
normalization based on analysis using the Normfinder algorithm
as previously described (20). PCR efficiency of primers calcu-
lated from standard curves showed a linear relationship between
template quantity and target gene expression. The gradient of the
standard curve for the target gene was used to calculate the PCR
efficiency according to the formula: %Efficiency (E) � (A � 1) �
100, where A � 10 ∧ [�1/slope of standard curve]. PCR efficiencies for
all primers were greater than 93%, and analysis of melting point
dissociation curves showed a single peak.

Immunoblotting

Preparation of proteins
Frozen tissue was ground to a fine powder and homogenized

in Tris-EDTA buffer containing protease inhibitors (500 �M phe-
nylmethylsulfonylfluoride, 0.1 mg/ml leupeptin, 0.2 mg/ml ben-
zamidine, and 0.1 mg/ml pepstatin) using a glass Potter-Elvehjem
homogenizer. After homogenization, samples were centrifuged
at 15,000 � g for 15 min at 4 C, and the resulting pellet was
resuspended in Tris-EDTA buffer. Human recombinant FAAH
and NAPE-PLD proteins were prepared from HEK-293 cells
transfected with expression plasmids containing human cDNA
for FAAH (21) and NAPE-PLD (22) using cell lysis methods, as
previously described (23). Protein concentrations were quanti-
fied using the Bio-Rad reagent method (24).

Separation and detection of proteins
Proteins from tissue samples (30 �g) were separated on

10% SDS-PAGE gels, transferred to nitrocellulose membranes
(Anachem Ltd., Bedfordshire, UK), and blocked using Western
blotting techniques as previously described (25). To detect
FAAH and NAPE-PLD protein, membranes were probed with
1:250 dilution of anti-FAAH or anti-NAPE-PLD rabbit poly-
clonal antibody (Cayman Chemical) in TBS-T [Tris 20 mM, NaCl
149 mM, 0.05% Tween 20 (pH 7.5)]/5% BSA buffer and incu-
bated overnight at 4 C. Visualization of immunoreactive bands
was achieved using horseradish peroxidase-conjugated antirab-
bit secondary antibody (Sigma), ECL reagent, and Hyperfilm
(GE Healthcare, Little Chalfont, UK) (25). Images were analyzed
semiquantitatively using the GeneGnome image analysis system
and software (Syngene, Cambridge, UK).

ECS immunolocalization and quantification
Immunolocalization of the ECS was performed using anti-

bodies against FAAH (1:200; Abbiotec, San Diego, CA), CB1
(1:200; Sigma), NAPE-PLD (1:1000; Abcam, Cambridge, UK),
and CB2 (1:200; Abcam), with standard immunohistochemistry
protocols as previously described (25). For negative controls, the
slides were incubated with primary antibody previously preab-
sorbed with an excess of corresponding blocking peptide
(FAAH, CB2) or with rabbit IgG diluted to the same concentra-
tion as the primary antibody. Photomicroscopy images were
taken on an Axioplan transmission microscope (Carl Zeiss Ltd.,
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Welwyn Garden City, Hertfordshire, UK) equipped with a Sony
DXC-151P analog camera (Sony Inc., Tokyo, Japan) connected
to a computer, running an Axiovision image capture and pro-
cessing software (Axiovision version 4.4; Carl Zeiss Ltd.). All
images were captured at 20� magnification and analyzed using
the image analysis software (ImageScope version 10.2.2.2319;
Aperio Technologies, Inc., Vista, CA) as previously described
(26–28). Immunoreactivity (unbiased histoscore) was assessed
semiquantitatively by assigning scores as 0 (no staining), 1 (weak
staining), 2 (stained), and 3 (strong staining) as determined by the
software algorithm.

Statistical analysis
Statistical analysis of the data was performed using GraphPad

Prism version 5.00 for Windows (GraphPad Software, San Di-
ego, CA; www.graphpad.com). Demographic data are presented
as mean � SD throughout. Data that did not follow a Gaussian

distribution were expressed as medians and interquartile ranges
(IQR), and comparison between the groups was performed using
Kruskal-Wallis one-way ANOVA with Dunn’s ad hoc posttest
analysis. P � 0.05 was considered as being significant.

Results

A total of 30 women were recruited for the study; 10 were
in the ectopic pregnancy (index group), and 20 were in the
control group (10 of these were in the follicular phase, and
10 in the luteal phase of the menstrual cycle). The mean �
SD ages of the women studied were 41.6 � 6.6 yr for the
follicular phase, 42.4 � 3.8 yr for the luteal phase, and
31.3 � 5.3 yr for ectopic pregnancy groups. There were no

differences (P � 0.05) in the mean � SD body
mass index of those in the index group
(27.4 � 4.8 kg/m2) or controls in the follic-
ular phase (28.8 � 4.6 kg/m2) and luteal
phase (29.5 � 6.1 kg/m2). Three women in
the control group (follicular n � 1 and luteal
n � 2) and one in the ectopic group were
smokers. These women reported smoking
less than five cigarettes per day.

Endocannabinoid levels at different
sites of the fallopian tube

Table 1 shows the endocannabinoid lev-
els in different sites across the fallopian
tube. Only five samples were adequate for
this aspect of the study, and all were from
the luteal phase. The mean � SD age of the
five volunteers was 42.2 � 3.49 yr, whereas
their mean � SD body mass index was
25.82 � 4.57 kg/m2. Although there was a
trend toward higher levels in the isthmus
and fimbria compared with the ampulla for
AEA, OEA, and PEA, the difference did not
reach statistical significance (P � 0.05).

FIG. 1. Expression of transcript levels for FAAH (A), NAPE-PLD (B), CB1 (C), and CB2 (D)
in fallopian tubes from the follicular phase (n � 10), luteal phase (n � 10), and ectopic
pregnancy (n � 8). Results are presented as the median (IQR) transcript levels, which
were normalized to both topoisomerase 1 and ubiquitin C levels. Data with different
letters are significantly different (P � 0.05) from each other, with comparisons made
using Kruskal-Wallis one-way ANOVA followed by Dunn’s ad hoc posttest analysis.

TABLE 1. Endocannabinoid levels in different regions of normal fallopian tubes and in those from ectopic
pregnancy

n AEA OEA PEA
Fimbria 5 2.99 (2.26–4.77) nM 16.46 (14.15–24.70) nM 106.4 (78.02–164.4) nM

Ampulla 5 2.01 (1.53–2.87) nM 11.54 (9.88–21.45) nM 102.2 (57.20–140.5) nM

Isthmus 5 2.19 (1.71–4.18) nM 15.77 (15.35–18.10) nM 134.3 (103.2–156.8) nM

Ampulla
Follicular 6 3.02 (2.24–4.10) nM 16.44 (13.39–18.59) nM 74.7 (61.78–113.3) nM

Luteal 9 2.55 (2.19–3.24) nM 14.16 (12.36–18.45) nM 77.96 (67.85–179.5) nM

Ectopic pregnancy 9 4.59 (3.22–5.37) nM 16.68 (13.86–20.04) nM 79.96 (60.98–227.2) nM

Endocannabinoid levels are presented as median (IQR). There was no significant difference in fallopian tube endocannabinoid levels between the
three main segments of the tube, i.e. fimbria, ampulla, and isthmus (P � 0.05). AEA levels were significantly higher (P � 0.02) in ectopic samples
compared to luteal phase controls, but not the follicular phase tissue (P � 0.05). There was no significant difference in OEA and PEA levels
between any of the three groups studied (P � 0.05). P values were obtained using Kruskal-Wallis one-way ANOVA, followed by Dunn’s ad hoc
posttest analysis.
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PEA levels were higher than those of OEA, and both were
higher than those of AEA.

Fallopian tube endocannabinoid levels in ectopic
pregnancy

Table 1 also shows endocannabinoid levels in fallopian
tubes from the ectopic pregnancy group when compared
with healthy nonpregnant controls. AEA levels were sig-
nificantly higher in tubes obtained from ectopic pregnan-
cies when compared with luteal but not follicular phase
controls. There was no significant difference in OEA and
PEA levels between the three groups studied, although
there was a tendency toward higher levels in samples taken
from the ectopic pregnancy group.

Transcript levels of ECS components
For RT-qPCR experiments, samples from two women

in the ectopic pregnancy group were excluded because the
RNA integrity number scores were less than 7. Median
(IQR) FAAH mRNA levels of 0.41 (0.08–0.79) in ectopic
pregnancy were significantly lower (P � 0.05) than those
of the controls in the luteal [0.96 (0.79–1.12)] and follic-
ular [0.83 (0.76–0.96)] phases (Fig. 1). The median (IQR)
NAPE-PLD transcript levels were similar across all three

groups at 0.94 (0.81–1.45), 0.82 (0.71–1.02), and 0.75
(0.52–1.17) for the follicular and luteal phases of the men-
strual cycle and ectopic pregnancy groups, respectively.
These differences were not significantly significant (P �
0.05) (Fig. 1).

Fallopian tube CB1 mRNA levels in the luteal phase
[1.97 (1.65–3.24)] were significantly higher (P � 0.05)
than those in the follicular phase [0.66 (0.61–0.92)] and
ectopic pregnancy [0.34 (0.11–0.97)]. Transcript levels
between the follicular phase and ectopic pregnancy were
not significantly different (P � 0.05) (Fig. 1), but levels in
ectopic pregnancy were significantly lower than those in
the luteal phase (P � 0.05). There was no significant dif-
ference between the three groups studied with respect to
CB2 mRNA transcript levels; i.e. 1.40 (0.72–5.66) (fol-
licular), 5.55 (0.70–9.06) (luteal), and 1.82 (1.06–8.93)
(ectopic pregnancy) (Fig. 1).

Protein expression
Western blot analysis revealed the presence of FAAH and

NAPE-PLD proteins in the tubes as shown in Fig. 2. Prom-
inent bands were obtained at the predicted molecular masses
for FAAH (67 kDa), NAPE-PLD (46 kDa), and glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) (37 kDa)

(loading control). Results of densitomet-
ric analyses for follicular (n � 5), luteal
(n � 5), and ectopic pregnancy (n � 6)
extracts indicated a tendency toward re-
duced FAAH and increased NAPE-PLD
protein expression in ectopic pregnancy
when compared with luteal phase con-
trols, although this was not statistically
significant (Fig. 2). The normalized me-
dian (IQR) optical densities (in arbitrary
units) for FAAH were: 0.25 (0.14–0.35)
(follicular), 0.24 (0.18–0.45) (luteal),
and 0.21(0.18–0.33) (ectopic pregnan-
cy); and for NAPE-PLD, these were: 0.23
(0.16–0.69) (follicular), 0.27 (0.22–
0.38) (luteal), and 0.30 (0.14–0.70) (ec-
topic pregnancy). The smaller numbers
used in these experiments reflect the
smaller volume of tissue samples ob-
tained from the ampulla alone.

Immunolocalization of the ECS in
fallopian tube epithelium

Immunoreactive FAAH and NAPE-
PLD proteins were identified through-
out the fallopian tube epithelium, with
stronger intense immunohistochemical
staining along the luminal border of the

FIG. 2. A, Representative Western blots for FAAH (67 kDa), NAPE-PLD (46 kDa), and GAPDH (37 kDa)
(loading control) for protein extracts from fallopian tubes obtained from follicular phase (n � 5; lane 1),
luteal phase (n � 5; lane 2), ectopic pregnancy (n � 6; lane 3), and positive controls (lane 4);
recombinant human FAAH and NAPE-PLD were isolated from transfected HEK293 cells. B and C,
Graphs depicting densitometric analysis of immunoreactive FAAH (B) and NAPE-PLD (C) protein levels
normalized to GAPDH protein levels. Data are presented as median (IQR) for follicular and luteal
samples (n � 5) and for ectopic pregnancy samples (n � 6). Data with the same letters are not
significantly different (P � 0.05) from each other, with comparisons made using Kruskal-Wallis one-
way ANOVA followed by Dunn’s ad hoc posttest analysis. The band marked with an asterisk is the
result of a processing artifact.
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epithelium when compared with the rest of the epithelium
(Fig. 3). Immunoreactivity was also demonstrated in the
stroma for both proteins, although at a lower intensity
than in the tubal epithelium. In the case of ectopic preg-
nancy, stromal staining for FAAH appeared reduced when
compared with either phase of the menstrual cycle. At the
dilutions used, cytoplasmic but no nuclear staining was
demonstrated. No staining was observed with the negative
controls (Fig. 3).

Immunoreactivity for both CB1 and CB2 was also ob-
served in the fallopian tube epithelium, with stronger in-
tensity of staining along the luminal border of the epithe-
lium (Fig. 3). Expression was primarily in the epithelial
cytoplasm, with only minimal or absent staining demon-
strated in the stromal cells. No staining was observed with
the negative controls (Fig. 3).

Histomorphometric analysis of ECS expression in
fallopian tube epithelium

There was a significant reduction in FAAH immuno-
reactivity in the tubal epithelium of the ectopic pregnancy

group compared with those from the luteal and follicular
phase controls, with median (IQR) histoscore values of
2.36 (1.89–2.52) for the follicular phase, 2.55 (2.07–
2.69) for the luteal phase, and 1.58 (0.55–2.21) for the
ectopic pregnancy group (P � 0.05) (Fig. 4). There were no
statistically significant differences (P � 0.05) in the his-
toscore values for NAPE-PLD expression, although there
was a tendency toward higher scores in the ectopic preg-
nancy group [2.43 (2.26–2.78)] and the follicular phase
[2.46 (2.10–2.57)] samples when compared with the lu-
teal [2.17 (1.39–2.44)] phase samples (Fig. 4).

CB1 immunostaining was significantly different in
both the follicular and ectopic pregnancy groups com-
pared with the luteal phase controls, with histoscore val-
ues of 0.77 (0.67–1.03) for the follicular phase, 1.67
(1.37–2.01) for the luteal phase, and 0.22 (0.10–0.48) for
the ectopic pregnancy group (P � 0.05) (Fig. 4). Unlike the
immunostaining for CB1, there was no significant differ-
ence between all three groups with regard to CB2 expres-
sion. The histoscore values were 1.02 (0.32–2.44) for fol-

FIG. 3. Localization of the ECS in human fallopian tube. Images in the left column (A, E, I, M) are negative controls, described in the Subjects and
Methods section. Samples are from the follicular phase. The top row represents FAAH-positive tissue sections of follicular phase (Fol; n � 10) (B),
luteal phase (Lut; n � 10) (C), and ectopic pregnancy (Ect; n � 10) (D) samples. The second row depicts NAPE-PLD-positive slides in the follicular
phase (F), luteal phase (G), and ectopic pregnancy (H). The third row shows typical representative images of CB1-positive samples from the
follicular phase (J), luteal phase (K), and ectopic pregnancy (L), whereas the bottom row shows representative images of CB2 samples in the
follicular phase (N), luteal phase (O), and ectopic pregnancy (P). There was FAAH and NAPE-PLD immunostaining in both the tubal epithelium (Ep)
and stroma (St), with minimal to no immunostaining in the stroma for CB1 and CB2.

2832 Gebeh et al. Endocannabanoids in Ectopic Pregnancy J Clin Endocrinol Metab, August 2012, 97(8):2827–2835

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/97/8/2827/2823396 by guest on 23 April 2024



licular phase, 1.59 (0.96–2.06) for luteal phase, and 1.47
(0.32–2.01) for ectopic pregnancy samples (Fig. 4).

Discussion

High AEA levels are associated with a plethora of adverse
events in early pregnancy (6, 14, 29–33), and what was
more significant from our study was the finding of higher
AEA levels in the tissues of women with ectopic pregnancy
compared with the luteal phase controls. Higher levels of
OEA and PEA were also found in women with ectopic
pregnancy, although the differences observed were not
statistically significant, but through the so-called “entou-
rage effect” (8–11) these increased OEA and PEA levels
could have a role in potentiating the actions of AEA in the
local milieu. A previously unreported and interesting ob-
servation was the finding of FAAH and NAPE-PLD pro-
teins in human fallopian tubes and, in particular, their
expression in tubal epithelium. FAAH and NAPE-PLD are
considered the “gatekeepers” of endocannabinoid levels,
and their activity and expression determine local concen-
trations of these ligands (34), with the idea that levels are
tightly regulated in early pregnancy with increasing ex-
pression of FAAH in the embryo as development proceeds,
presumably to enhance its capacity to degrade AEA (7).
FAAH dysfunction has been linked to high AEA levels and
embryo retention in mice (6) because wild-type mice

treated with the FAAH inhibitor URB597 (cy-
clohexyl carbamic acid 3�-carbamoyl-biphe-
nyl-3-yl ester) and FAAH knockout mice
showed evidence of oviductal embryo reten-
tion compared with untreated wild-type mice
(6). Our data demonstrate a significant reduc-
tion in FAAH mRNA in tubes from ectopic
pregnancy compared with controls. Although
the Western blot analysis results were not sta-
tistically significant, there was a trend toward
lower expression levels of this protein. The
smaller numbers in the Western blot experi-
ments and thus the potential differences ob-
served may be related to the methodologies
used (i.e. the lack of significance). The fact that
histoscores are also reduced in the tubal epi-
thelium supports the conclusion that FAAH
expression is reduced in women with ectopic
pregnancy. The observation that NAPE-PLD
does not appear to be down-regulated in ectopic
pregnancy is a significant finding because the
overall enzyme expressions observed would re-
sult in high local levels of anandamide predispos-
ing the embryo to an unfavorable environment
for normal development.

Previously, Horne et al. (14) demonstrated the presence
of CB1 protein and attenuation of its corresponding
mRNA in fallopian tubes. Our data are consistent with
these findings and in addition have shown immunohisto-
chemically thatCB1 levels arealso reduced in ectopicpreg-
nancy. In contrast, CB2 expression did not seem to be
differentially regulated in ectopic pregnancy, which gen-
erally concurs with animal studies suggesting that CB1
and not CB2 dysfunction is involved in oviductal arrest of
embryos (30). In the study of Wang et al. (6), the adverse
effects of FAAH deficiency were significantly improved by
pharmacological silencing of CB1, suggesting that the del-
eterious effects of high anandamide levels in the oviduct
are mediated via CB1. It is tempting to suggest that our
observed reduction in CB1 expression in women with ec-
topic pregnancy may be a compensatory mechanism to
limit the potentially adverse effects of endocannabinoids
on early embryo development and transport. However, a
primary CB1 lesion could also lead to a compensatory
increase in endocannabinoids and a decrease in FAAH
expression, especially because a small study has suggested
that there may be differential distribution of the 1359G/A
(rs1049353) polymorphism of the CB1 gene in women
with ectopic pregnancy compared with normal pregnant
controls (14). It is difficult to extrapolate these data to the
changes that may occur at the implantation site, but given
the technical difficulty in obtaining significant tissue from

FIG. 4. Immunohistochemical scores (H-score) for FAAH (A), NAPE-PLD (B), CB1 (C),
and CB2 (D) in tubal epithelia of follicular phase (n � 10), luteal phase (n � 10), and
ectopic pregnancy (n � 10) samples. Data are presented as median (IQR). Data with
different letters are significantly different (P � 0.05) from each other, with
comparisons made using Kruskal-Wallis one-way ANOVA followed by Dunn’s ad hoc
posttest analysis.
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the implantation site for protein expression analyses, it
will perhaps remain a difficult area to evaluate with cer-
tainty. Nonetheless, our findings implicate CB1 and
FAAH dysregulation in tubal pregnancy, while acknowl-
edging the limitation of the controls used.

There is a suggestion that the levels of endocannabi-
noid(s) are regulated in fallopian tubes such that a gradient
exists to facilitate normal tubal transport and develop-
ment (6, 7). The data presented here support this because
a trend toward higher levels of endocannabinoids in the
isthmus compared with the ampulla was observed, al-
though this difference was not statistically significant. The
reason may be that a true “endocannabinoid gradient”
does not exist in human fallopian tubes or that our sample
size was too small to detect any significant differences.
Surprisingly, there was a trend toward higher levels in the
fimbria compared with the ampulla for reasons that are
not clear. The majority of tube samples were obtained
from women in the luteal phase of the menstrual cycle, a
time at which we have previously demonstrated high
plasma anandamide levels and possibly in the peritoneal
space, postovulation, because follicular fluid also contains
high anandamide levels (35, 36). One possibility, there-
fore, for a trend toward higher levels in the luteal phase
fimbria may be the higher postovulatory AEA levels.

One limitation of this aspect of our study was our in-
ability to confirm the presence of the cannabinoid receptor
proteins using Western blotting methods due mainly to
technical reasons with antibody specificity. What is per-
haps more important is how these changes affect the “en-
docannabinoid tone” in the local milieu of the developing
embryo rather than the absolute changes in protein ex-
pression. Another limitation of our study is the use of
nonpregnant luteal phase samples as controls. However,
obtaining fallopian tubes from normal pregnant women is
unethical and rare in contemporary practice, and coupled
with the absence of a validated ex vivo primary fallopian
tube epithelium culture system, the use of these samples for
ectopic pregnancy research is likely to remain common
practice. Moreover, the fact that it is in this phase of the
menstrual cycle that the initial stages of embryo develop-
ment and tubal transport occur makes it a reasonable
trade-off between what is “ideal” and what is “practical”
while accepting the limitation.

To the best of our knowledge, this is the first study to
demonstrate the presence of the entire ECS in human fal-
lopian tubes and at the same time quantify endocannabi-
noid levels in these tissues. Despite the relatively small
numbers, our results suggest an apparent dysfunction of
the ECS in ectopic pregnancy, with the implication that
modulating this system could potentially provide a bench-
mark for further improvements in ectopic pregnancy care.

Whether the changes described here are a cause of, or are
secondary to, ectopic pregnancy is difficult to ascertain,
and experiments to prove this would be challenging to
conduct in humans. One available option would be to
evaluate whether or not high levels of endocannabinoids
modulate key tubal functions such as cilia beat frequency
or tubal smooth muscle contraction, especially because
CB1 and FAAH knockout mice had infertility due to phys-
ical trapping of the embryos in their oviducts (6, 30).
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