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Abstract
Preimplantation embryo development to the blastocyst stage and uterine differentiation to the
receptive state are prerequisites for embryo implantation. Burgeoning evidence suggests that
endocannabinoid signaling is critical to early pregnancy events. Anandamide (N-
arachidonoylethanolamine) and 2-AG (2-arachidonoylglycerol) are two major endocannabinoids
that bind to and activate G-protein coupled cannabinoid receptors CB1 and CB2. We have previously
shown that a physiological tone of anandamide is critical to preimplantation events in mice, since
either silencing or amplification of anandamide signaling causes retarded development and oviductal
retention of embryos via CB1, leading to deferred implantation and compromised pregnancy
outcome. Whether 2-AG, which also influences many biological functions, has any effects on early
pregnancy remains unknown. Furthermore, mechanisms by which differential uterine
endocannabinoid gradients are established under changing pregnancy state is not clearly understood.
We show here that 2-AG is present at levels one order of magnitude higher than those of anandamide
in the mouse uterus, but with similar patterns as anandamide, i.e. lower levels at implantation sites
and higher at interimplantation sites. We also provide evidence that region- and stage-specific uterine
expression of N-acylphosphatidylethanolamine-specific phospholipase D (NAPE-PLD) and fatty
acid amide hydrolase (FAAH), and sn-1-diacylglycerol (DAG) lipase fα (DAGLfα) and
monoacylglycerol lipase (MAGL) for synthesis and hydrolysis of anandamide and 2-AG,
respectively, creates endocannabinoid gradients conducive to implantation. Our genetic evidence
suggests that FAAH is the major degrading enzyme for anandamide, whereas COX-2, MAGL and
to some extent COX-1 participate in metabolizing 2-AG in the pregnant uterus. The results suggest
that aberrant functioning of these pathways impacting uterine anandamide and/or 2-AG levels would
compromise pregnancy outcome.
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Introduction
Implantation involves a complex discourse between the embryo and uterus and is a gateway
to successful pregnancy [1,2]. The fundamental feature of this process is the synchronized
development of the embryo to the activated state of the blastocyst and the differentiation of
the uterus to the receptive state [3,4] that result from coordinated integration of various
signaling pathways, influencing cell-cell and cell-matrix interactions between the embryo and
the uterus. Emerging evidence points toward the pathophysiological significance of
endocannabinoids, a group of lipid mediators, in embryo-uterine cross-talk during implantation
[5,6]. To date, two arachidonate derivatives, N-arachidonoylethanolamine (coined as
anandamide) and 2-arachidonoylglycerol (2-AG) have been characterized as major
endocannabinoid ligands [7–9] that bind to and activate two classic G-protein coupled
cannabinoid receptors CB1 and CB2 [10,11]. Our earlier studies in mice have shown functional
expression of CB1 in preimplantation embryos [12,13], synthesis of anandamide in the oviduct
and uterus [14–17] and its dose and stage-specific effects on embryo development and
implantation [18,19]. We have also found that uterine anandamide levels and blastocyst CB1
are coordinately downregulated with the attainment of uterine receptivity and blastocyst
activation prior to implantation as opposed to their higher levels in delayed implanting uteri
and dormant blastocysts [14–16], suggesting that lower, but not higher, levels of anandamide
and CB1 are beneficial to implantation. This is consistent with our recent findings that
anandamide within a very narrow range regulates blastocyst activation and implantation by
differentially modulating MAP kinase signaling and Ca++ channel activity via CB1 [20].
Collectively, these results indicate that anandamide signaling is operative very early during
pregnancy in influencing the fate of embryo implantation. However, the potential role of 2-
AG in early pregnancy remains largely unknown.

Anandamide is thought to be released from its phospholipid precursor by a recently
characterized N-acylphosphatidylethanolamine (NAPE)-specific phospholipase D (NAPE-
PLD) [21], whereas its biological activity is terminated by intracellular degradation via a fatty
acid amide hydrolase (FAAH) [22,23]. With respect to 2-AG, early studies have characterized
two sn-1-diacylglycerol (DAG) lipases (DAGLα and DAGLβ) that participate in generating
2-AG from DAG [24]. Once accumulated in the cell, 2-AG can be degraded by FAAH [25],
but it is not the only enzyme responsible for its metabolism [26]. An enzyme responsible for
2-AG hydrolysis, monoacylglycerol lipase (MAGL), has been cloned and characterized in
several species [25,27,28]. To explore the physiological significance of endocannabinoids
during early pregnancy, it is essential to examine the spatiotemporal expression patterns of the
key synthetic and hydrolytic enzymes of anandamide and 2-AG in the uterus.

In addition to hydrolytic pathways of endocannabinoid metabolism, recent evidence suggests
a role for cyclooxygenases (COX-1 and COX-2) in oxidative metabolism of anandamide and
2-AG, owing to their structural similarity to polyunsaturated fatty acids. There is evidence that
both anandamide and 2-AG can serve as substrates for COX-2 [29–31], and also for COX-1
in the context of cell-types and conditions [32]. Since implantation sites contains lower levels
of anandamide conducive to postimplantation embryo-uterine growth [14,16], and since
COX-2 is expressed at these sites [33,34], it is meaningful to measure uterine endocannabinoid
levels in mice missing COX-2, COX-1 or cytosolic phospholipase A2α (cPLA2α), the key
enzymes expressed in pregnant uteri for arachidonic acid release and subsequent prostaglandin
biosynthesis [33,35]. Therefore in the present investigation, we first analyzed the levels of 2-
AG and anandamide in wild-type periimplantation mouse uteri using reverse-phase positive-
ion ESI-HPLC-MS-MS. We also examined uterine cell-specific expression profiles of
DAGLα, MAGL, NAPE-PLD, FAAH and COX-2 by employing immunohistochemistry. In
addition, we compared uterine levels of anandamide and 2-AG in pregnant wild-type mice with
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those of cPLA2α−/−, COX-2−/−, COX-1−/− and FAAH−/− mice to explore potential links
between endocannabinoid and eicosanoid metabolizing pathways.

2. Materials and Methods
2.1. Mice

All experiments were conducted in accordance with National Institutes of Health guidelines
and were approved by the Animal Care and Use Committee of Vanderbilt University. Wild-
type and FAAH−/− mice were generated from heterozygous matings on 129/C57Bl6 mixed
genetic background as previously described [36]. The cPLA2α−/−, COX-1−/−, and COX-2−/−

mice were originally generated on 129/C57Bl6 mixed genetic background [37–39], and later
these mutations were established on the CD-1 genetic background by backcrossing with CD1
wild-type mice (Charles River Laboratories) for 10 generations [35,40,41]. Polymerase chain
reaction (PCR) analysis of tail genomic DNA determined the genotypes. Females were mated
with fertile males of the same strain to induce pregnancy. The morning (0900 h) of finding a
vaginal plug was considered day 1 of pregnancy. Implantation sites were visualized by an
intravenous injection of Chicago blue dye solution [4]. Uterine tissues were fixed in neutral
buffered formalin solution for immunostaining or flash frozen and stored at −80° for
anandamide and 2-AG measurement.

2.2. Immunohistochemistry
Immunostaining in formalin-fixed paraffin embedded sections (5 μm) was performed using
antibodies specific to NAPE-PLD (Cayman), FAAH (custom made), DAGLα (a gift from Dr.
Watanabe), MAGL (abcam) and COX-2 (custom made). A Histostain-Plus (DAB) kit (Zymed)
was used to visualize the antigen. Reddish brown deposits indicate the sites of positive
immunostaining.

2.3. Analysis of anandamide and 2-AG
Uterine tissues pooled from 3–5 pregnant mice in each group (N=5~7) were assayed for
anandamide and 2-AG as previously described [42]. Briefly, the pre-weighed samples were
homogenized in ethyl acetate with 0.5% acetic acid. A small aliquot of internal standard
solution containing anandamide-d8 and 2-AG-d8 was added to a mortar immediately prior to
homogenization. The homogenate was centrifuged and the supernatant was dried, reconstituted
in chloroform and purified on a silica solid phase extraction cartridge. The eluent was dried,
reconstituted in 1:8 of aqueous silver acetate to methanolic silver acetate and analyzed via
reverse-phase positive-ion ESI-HPLC-MS-MS. Quantitation was performed by stable isotope
dilution against the octadeuterated internal standard.

2.4. Statistical Analysis
Anandamide and 2-AG levels in different uterine samples were expressed as mean±SEM, and
the significance was analyzed by Student’s t-test.

3. Results and Discussion
3.1. Uterine anandamide and 2-AG levels are associated with changing pregnancy states

In mice, uterine environment with respect to implantation is divided into prereceptive, receptive
and nonreceptive (refractory) phases [3,4,43,44]. The “window” of uterine receptivity for
implantation occurs only for a limited period during pregnancy. The prereceptive uterus
becomes receptive on day 4 of pregnancy (the day of implantation [45]), while by late day 5
the uterus becomes refractory and fails to respond to blastocyst attachment reaction [4,35].
Although molecular mechanisms by which various uterine phases are achieved are not clearly
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understood, our studies demonstrate that ligand-receptor signaling with endocannabinoids
particularly involving anandamide is closely associated with uterine receptivity [14–16].
Consistent with previous findings, we again observed that uterine anandamide levels fluctuate
with the state of pregnancy with higher levels at the interimplantation site, but lower levels at
the site of implantation (Fig. 1A). Furthermore, a similar pattern of 2-AG, but at much higher
levels, was noted in the uterus during early pregnancy (Fig. 1B). The results suggest that 2-
AG in parallel to anandamide also participates in regulating the “window” of implantation by
synchronizing embryo development and blastocyst activation with preparation of the uterus to
the receptive state. Since 2-AG has been shown to inhibit development of 2-cell embryos into
blastocysts in culture [18], it is conceivable that heightened levels of 2-AG disrupt embryo
survival and uterine receptivity, and consequently pregnancy establishment. It is to be noted
that overall levels of 2-AG in periimplantation uteri are about 200-fold higher than anandamide
(Fig. 1A and B), which is similar to 2-AG/anandamide profiles present in the brain and other
tissues [46]. This raises the question as to why 2-AG, which is detrimental to early embryo
development, is present in the pregnant uterus at such higher levels than anandamide.

Low basal levels of anandamide are thought to be due to the availability of small amount of
sn-1-arachidonoyl phosphoglyceride precursors. Since 2-AG is at the crossroad of several
metabolic pathways, and since it is an important precursor and degradation product of
phospho-, di- and tri-glycerides, it is suggested that only a minor part of (10–20%) of 2-AG
diffuses through the plasma membrane to interact with cannabinoid receptors [47]. Therefore,
it is possible that the local concentration of 2-AG at the sites of blastocysts does not reach the
levels that affect embryonic functions and implantation under normal conditions. Furthermore,
there is evidence that 2-AG exerts higher selectivity for CB2 over CB1 [48,49], whereas the
reverse is true for anandamide [50,51]. In addition, anandamide has higher binding affinity
than 2-AG for CB1 [9,26,48,52]. Our previous findings of absence of CB2 in the oviduct and
uterus [17,53] suggests that 2-AG detected at nmol/g tissue concentration is perhaps
physiological to influence the embryo-uterine dialogue during implantation via CB1.
Collectively, these results place the uterus and embryo as physiologically relevant targets for
ligand-receptor signaling with endocannabinoids. Because the uterus is comprised of
heterogeneous cell types, information regarding cell-specific synthesis and degradation of 2-
AG and anandamide is required to further explore the significance of these lipid mediators in
early pregnancy.

3.2. Spatiotemporal expression of DAGLα, MAGL, NAPE-PLD, FAAH and COX-2 creates
appropriate endocannabinoid gradients for normal pregnancy

As described above, endocannabinoid signaling triggered by uterine anandamide and/or 2-AG
and primarily acting through uterine and embryonic CB1, directs embryo development and
implantation in a stage and dose dependent manner in mice. However, it remains unknown
how appropriate endocannabinoid levels are spatiotemporally created for synchronizing
embryo development and uterine receptivity for implantation. The objective of this study was
to explore the cell-specific uterine expression of the key synthetic and metabolic enzymes of
2-AG (DAGL, MAGL) and anandamide (NAPE-PLD, FAAH) during the periimplantation
period. As shown in Fig. 2, DAGLα, the predominant DAGL isoform in adult tissues [24], is
highly expressed in both circular and longitudinal muscle layers of uteri, whereas DAGLα
expression is undetectable in luminal and glandular epithelia and stroma on day 1 of pregnancy.
On day 4 (the day of uterine receptivity), the apical border of the luminal epithelium is decorated
with DAGLα immunostaining with persistent high expression in the myometrium (Fig. 2). The
results suggest that the myometrium is the major source of uterine 2-AG prior to implantation.
With the onset and progression of implantation and decidualization on days 5–7, DAGLα
expression is markedly upregulated in the luminal epithelium of the inter-implantation region
with modest expression in the myometrium, while its expression in the stroma and deciduoma
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at the implantation site remains at low levels (Fig. 2). This spatiotemporal expression pattern
of DAGLα in the periimplantation uterus is consistent with 2-AG levels (Fig. 1B), indicating
that DAGLα is an important player in creating uterine 2-AG gradient during early pregnancy.
We next sought to examine uterine expression of MAGL, the enzyme that hydrolyzes 2-AG,
to explore its potential contribution toward the stage and region specific 2-AG levels during
early pregnancy. As illustrated in Fig. 3, MAGL was primarily localized in the luminal and
glandular epithelia with lower levels of accumulation in the stroma and myometrium on days
1–4 of pregnancy. With the initiation of implantation on day 5, MAGL was induced in the
subepithelial stromal cells at the site of blastocyst attachment; whereas at the interimplantation
site lower levels of expression were restricted to the luminal and glandular epithelia. With the
progression of pregnancy on day 7, MAGL was clearly localized in the decidualizing stromal
cells and growing embryos, the levels of which exceed those at the interimplantation region
with localization primarily in the epithelium (Fig. 3). This dynamic expression of MAGL in
the periimplantation uterus suggest that MAGL plays a role in timely degradation of 2-AG,
thus protecting embryos from exposure to excessive levels of 2-AG. These findings are also
consistent with lower levels of 2-AG at the implantation site. Collectively, the results suggest
that coordinated activity of DAGLα and MAGL regulate uterine levels of 2-AG during normal
pregnancy. However, it remains to be identified the definitive subcellular sites of 2-AG
synthesis and degradation and whether they are transported across the cell by diffusion
or specific transporters.

In parallel to our studies on 2-AG synthesis and hydrolysis, we also examined uterine cell-
specific expression patterns of NAPE-PLD and FAAH that are linked to anandamide synthesis
and degradation. As illustrated in Fig. 4 and Fig. 5, both NAPE-PLD and FAAH are primarily
localized in the luminal and glandular epithelium with lower levels of accumulation in the
stroma and myometrium on days 1–4 of pregnancy, indicating that the epithelium is the major
site of anandamide synthesis and degradation during the preimplantation period. Observation
of co-expression of both enzymes in same uterine cell-types provides evidence for a mechanism
for on-site anandamide synthesis and hydrolysis that protects the newly formed blastocyst from
exposure to excessive levels of uterine anandamide during normal pregnancy. With the
initiation and progression of implantation and decidualization, we observed an interesting
inverse relationship between NAPE-PLD and FAAH expression at implantation sites versus
inter-implantation sites. For example, while NAPE-PLD accumulation declines in the luminal
epithelium close to the implanting blastocyst on day 5, its accumulation in the luminal
epithelium at the interimplantation site is upregulated on days 5–7 (Fig. 4). Furthermore,
NAPE-PLD accumulation in decidual cells is also relatively low compared with
interimplantation stromal cells (Fig. 4). In contrast, while FAAH accumulation in the
epithelium and stroma at the interimplantation region is downregulated on days 5–7,
accumulation in the luminal and glandular epithelia, stroma and decidualizing stroma at the
implantation site is detected at much higher levels (Fig. 5). In addition, the implanting
blastocyst also shows high levels of FAAH. This region-specific inverse expression profile of
NAPE-PLD and FAAH in the periimplantation uterus is well correlated with the changing
pattern of uterine anandamide levels as well as NAPE-PLD and FAAH enzymatic activities as
previously observed by us [16,54]. This suggests that a spatiotemporal coordination of
anandamide synthesis and degradation in the uterus and blastocyst ensures normal blastocyst
activation and uterine preparation for implantation and subsequent decidualization. This is
supported by previous findings that an aberrantly enhanced cannabinoid ligand-receptor
signaling impairs on-time implantation [14,17,18,55] and decidualization [56].

Recent studies point towards a novel oxidative metabolic pathway of endocannabinoids by a
fatty acid cyclooxygenase COX-2, a rate-limiting inducible enzyme, that converts arachidonic
acid to prostaglandins [29–31]. Therefore, we analyzed COX-2 protein expression in the
periimplantation uterus. Consistent with our previous observations [33,34], we found that
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COX-2 protein is present in the luminal epithelium, but not in the glandular epithelium, stroma
or myometrium, on day 1 of pregnancy (Fig. 6). The expression declines rapidly after day 1
and is maintained at undetectable levels through day 4. Following implantation on day 5,
COX-2 expression is exclusively induced in the luminal epithelium and subepithelial stromal
cells at the antimesometrial pole surrounding the implanting blastocyst. With the progression
of implantation and decidualization, COX-2 expression becomes undetectable at the
antimesometrial pole, but instead is detected in the decidualizing stromal cells at the
mesometrial pole of the implantation chamber. Of note, COX-2 expression is barely detected
at interimplantation sites (Fig. 6). These results reinforce the essential role of COX-2 derived
prostaglandins in embryo implantation and decidualization [34,57,58], and at the same time
raises the possibility that COX-2 perhaps contributes to lower levels of anandamide and 2-AG
at the implantation site. To better understand the relationship of endocannabinoid and
prostaglandin synthesis and metabolism in the uterus, we explored the consequences of
functional loss of FAAH, COX-2, COX-1 and cPLA2α on uterine anandamide and 2-AG levels
during embryo implantation.

3.3. FAAH or COX-2 deficiency modulates uterine anandamide and 2-AG accumulation
differentially during implantation

We have recently shown that genetic or pharmacological inactivation of FAAH increases
oviductal accumulation of anandamide with constrains on preimplantation embryo
development, eventually leading to deferred on-time implantation and poor pregnancy outcome
[55]. Since FAAH is expressed at higher levels in both implanting embryos and decidualizing
stromal cells within the implantation chamber as compared to those at interimplantation sites
(Fig. 5), we suspected that FAAH deficiency will derail the normal region-specific pattern of
anandamide gradient with lower levels at implantation sites and higher levels at
interimplantation sites. Indeed, we found increased accumulation of anandamide, but not 2-
AG, in implantation sites on day 7 of pregnancy in the absence of FAAH (Fig. 7A and B).
These results suggest that FAAH is a primary hydrolytic enzyme for anandamide, but not for
2-AG, in the uterus during early pregnancy, reinforcing the idea that enzymes other than FAAH
are responsible for catabolic regulation of the MAG family of signaling lipids in vivo [26].

In contrast to the findings in FAAH−/− mice, we observed an inverse pattern of uterine
anandamide vs 2-AG levels in mice missing COX-2. For example, although overall levels of
uterine anandamide in COX-2 null mice are lower than wild-type mice, its region-specific
pattern showing lower levels at implantation sites and higher levels at inter-implantation sites
is still maintained in pregnant COX-2 null uteri similar to that seen in wild-type mice (Fig. 7C).
In contrast, this region-specific pattern of 2-AG accumulation which shows no changes in
FAAH−/− mice is lost in the absence of COX-2 (Fig. 7D). Levels of 2-AG at implantation sites
in COX-2 null are substantially elevated, pointing toward a novel function of COX-2 in
metabolizing locally produced 2-AG within the implantation chamber. This is consistent with
early findings that COX-2 in addition to its key role in prostaglandin biosynthesis can also
metabolize 2-AG into glyceryl prostaglandins [30,31]. The potential function of these novel
metabolic lipids in embryo implantation warrants further investigation. The substrate
preference of COX-2 for anandamide over 2-AG in oxidative metabolism by the pregnant
uterus remains elusive. The fact that 2-AG levels are 200-fold higher than anandamide (Fig.
1A and B) suggests the possibility of glycerylprostaglandin biosynthesis from 2-AG by locally
expressed uterine COX-2.

Since cPLA2α-COX-1-COX-2 signaling axis appears to be critical for normal embryo
implantation and decidualization [33–35,41], we next compared uterine endocannabinoid
levels in mice missing cPLA2α or COX-1. As shown in Fig. 7C and D, the uterine patterns of
2-AG and anandamide levels are comparable in wild-type, cPLA2α−/− and COX-1−/− mice,
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although the levels of 2-AG are lower in uteri of mice lacking COX-1. These results suggest
that cPLA2α and COX-1 are not important players in directing region-specific uterine
endocannabinoid gradients during early pregnancy. Therefore, FAAH, COX-2 and MAGL
appear to be key metabolic enzymes that differentially maintain the optimal levels of
anandamide and 2-AG favorable to implantation initiation and its progression. Since uterine
2-AG levels are lower in COX-1 null mice, the participation of COX-1 in metabolizing 2-AG
cannot be completely ruled out. Indeed, there is evidence that COX-1 can also metabolize 2-
AG to glycerylprostaglandins depending on the substrate availability and cell
microenvironment [32]. Further investigations are required to explore the 2-AG hydrolytic
metabolism in the uterus using MAGL deficient mice.

Collectively, the present work provides biochemical, physiological and genetic evidence that
uterine levels of 2-AG and anandamide fluctuate with the state of normal pregnancy: higher
in the interimplantation sites and lower at the site of embryo implantation. The levels of
endocannabinoids conducive to implantation are primarily regulated by dynamic expression
of NAPE-PLD and FAAH for anandamide, and DAGLα, MAGL and COX-2 for 2-AG. Thus,
an aberrant expression and activity of either these key synthetic and hydrolytic enzymes in the
uterus may constrain early pregnancy events. This study is clinically relevant, since elevated
endocannabinoid levels in peripheral circulation are associated with spontaneous pregnancy
loss in women [59,60].
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Fig. 1.
Levels of anandamide (A) and 2-AG (B) in the periimplantation mouse uterus. Anandamide
and 2-AG concentrations at interimplantation sites (Inter-IS) were significantly higher
(*P<0.05) than those from implantation sites (IS) (unpaired t test). Uterine tissues from
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Fig. 2.
Spatiotemporal expression of DAGLα in the periimplantation mouse uterus. Uterine
expression of DAGLα was analyzed by immunohistochemistry. Photomicrographs of
representative uterine cross sections are shown (100X). le, luminal epithelium; ge, glandular
epithelium; s, stroma; myo, myometrium; bl, blastocyst; em, embryo; IS, implantation site;
Inter-IS, interimplantation site.
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Fig. 3.
Uterine cell-specific expression of MAGL during early pregnancy in mice. MAGL protein
expression was analyzed using immunohistochemistry. Photomicrographs of representative
uterine cross sections are shown (100X). le, luminal epithelium; ge, glandular epithelium; s,
stroma; myo, myometrium; bl, blastocyst; em, embryo; IS, implantation site; Inter-IS,
interimplantation site.
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Fig. 4.
Cell and stage-specific expression of NAPE-PLD in pregnant mouse uteri. The spatiotemporal
accumulation of NAPE-PLD in the periimplantation uterus was examined by
immunohistochemistry. Photomicrographs of representative uterine cross sections are shown
(100X). le, luminal epithelium; ge, glandular epithelium; s, stroma; myo, myometrium; bl,
blastocyst; em, embryo; IS, implantation site; Inter-IS, interimplantation site.
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Fig. 5.
Cell and stage-specific expression of FAAH in mouse uteri during early pregnancy. FAAH
localization in uterine cells of various pregnancy stages was examined by
immunohistochemistry. Photomicrographs of representative cross uterine sections are shown
(100X). le, luminal epithelium; ge, glandular epithelium; s, stroma; myo, myometrium; bl,
blastocyst; em, embryo; IS, implantation site; Inter-IS, interimplantation site.
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Fig. 6.
Region-specific uterine induction of COX-2 in mice during the periimplantation period.
Immunohistochemistry was employed to determine COX-2 protein localization in the pregnant
uterus. Photomicrographs of representative cross uterine sections are shown (100X). le, luminal
epithelium; ge, glandular epithelium; s, stroma; myo, myometrium; bl, blastocyst; em, embryo;
IS, implantation site; Inter-IS, interimplantation site; M, mesometrial site; AM, anti-
mesometrial site.
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Fig. 7.
Uterine levels of anandamide (A, C) and 2-AG (B, D) in day 7 pregnant wild-type, FAAH−/−,
COX-2−/−, cPLA2α−/− and COX-1−/− mice. We noted that FAAH deficiency increases
anandamide levels at the implantation sites, while the absence of COX-2 derails the normal
uterine 2-AG accumulation pattern. The loss of cPLA2α or COX-1 shows no obvious changes
in uterine patterns anandamide and 2-AG levels. *P<0.05 (unpaired t test).
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