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Abstract: Background: An increasing number of people around the world suffer from Crohn’s disease
(CD), one of the inflammatory bowel diseases (IBDs). Recent evidence suggests that the endogenous
cannabinoid system plays an important role in IBD. The main endocannabinoids, anandamide (AEA)
and 2-arachidonoylglycerol (2-AG), are ligands of the CB1 and CB2 receptors that are expressed on
immune cells. These receptors as well as endocannabinoids are believed to mediate inflammatory
activity and participate in the pathophysiology of CD. Objective: Very little is known about the
secretion of endogenous cannabinoids throughout the course of CD. Therefore, the aim of this
study was to determine and analyze the 2-AG and AEA concentrations in children who suffered
from CD. Methods: We studied 34 adolescents with CD, mean age 13.5 years ± 2.0. Blood samples
were collected three times in the active phase of the disease (during admission to hospital, before
treatment), 2–4 weeks later, during the treatment and clinical improvement of the patients, and
3–6 months later, in the period of remission. The control group included 33 healthy teenagers of
the same age who were examined once. In all patients, fasting blood samples were collected in
the morning. 2AG and AEA concentrations in serum were measured using EIA kits (Abclonal,
Woburn, MA, USA and ELK Biotechnology Co., Ltd. Wuhan, China, respectively). Results: The
median 2-AG concentration in the study group was stable: acute phase 907.4 [379.3; 1300.5] pg/mL,
during treatment 715.1 [416.7; 1302.5] pg/mL; remission 991.1 [381.1; 1652.5] pg/mL, and similar
to the values observed in the control group 761.8 [504.3; 1497.0] pg/mL. No significant differences
were found between the results obtained at all time points in the study group and compared to the
control group (in all cases p > 0.44). In the case of AEA, in the study group before treatment, the
median concentration was 2.63 [2.24; 2.79] ng/mL and similar to values obtained during treatment
2.56 [2.33; 3.06] ng/mL, and in remission, with 2.61 [2.46; 2.85] ng/mL. All these concentrations were
lower compared to the values measured in the control group of 3.18 [2.57; 3.88] ng/mL (p = 0.023,
p = 0.035, p = 0.056, respectively). Conclusions: While 2-AG levels remained stable throughout the
disease course and were comparable to controls, AEA concentrations were consistently lower in CD
patients. Therefore, therapeutic interventions aimed at increasing AEA-related signaling, such as
administration of its analogues or fatty acid amide hydrolase inhibitors, may improve symptoms
associated with Crohn’s disease in children.

Keywords: 2-arachidonoylglycerol; anandamide; endocannabinoid; inflammatory bowel disease;
adolescence

1. Introduction

Crohn’s disease (CD) poses a significant challenge to healthcare systems in many
countries. It is estimated that the incidence of CD ranges from 5 to 20.2/100,000 cases per
year depending on the region of the world [1]. The highest incidence rates are recorded
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in highly developed countries, especially in Europe and North America [2]. Although
the peak incidence occurs in the second and third decade of life, CD in children and
adolescents accounts for approximately one-fourth of all cases [3]. The first symptoms
of CD are often atypical and include abdominal pain and diarrhea [4]. Patients may also
suffer from abdominal pain of various locations and intensity, and chronic diarrhea. The
latter may result in developmental disorders in children and nutritional deficiencies [5].
All these symptoms might significantly reduce the quality of life of CD patients. Several
theories exist as to the cause of the disease, but the most current theory on the pathogenesis
of IBD suggests a loss of tolerance to the intestinal microbiota and abnormal bacteria–
host interactions that induce an autoimmune response and promote inflammation in the
gut [6–8].

The endocannabinoid system (ECS) consists of three main parts: receptors, endoge-
nous agonists, and cannabinoid-degrading enzymes. There are two classical types of G
protein-coupled metabotropic receptors, type 1 and 2 [9,10]. The type 1 cannabinoid recep-
tor (CB1) is mainly present on the cells of the central nervous system (CNS) but can also be
found in other parts of the body, such as the gastrointestinal tract (GI tract) and vascular
endothelium [11]. Type 2 cannabinoid receptor (CB2) is expressed mostly on cells and or-
gans of the immune system, such as macrophages, leukocytes, spleen, tonsils, and thymus.
CB2 seems to be highly inducible, with its concentration in the CNS increasing many times
during inflammation, although it is not clear whether this increase is due to CB2-expressing
immune cell migration or to increased expression of the receptor on CNS cells [9]. Both
receptors are also common in the gastrointestinal tract, especially in enteric nerves and
enteroendocrine cells [12,13]. The effects of CB1 and CB2 stimulation are complex and often
overlapping; primarily, CB1 stimulation increases reactive oxygen species (ROS) and tumor
necrosis factor α (TNF-α) production and induces M1 macrophage (classically activated by
IFN-γ or lipopolysaccharide (LPS)) polarization. CB2 enhances macrophage polarization
toward the M2 form (alternatively activated by cytokines) and reduces proinflammatory
cytokine secretion from T-cells [14]. Apart from said receptors, there are also several poorly
understood orphan receptors, such as GPR3, GPR55, and GPR84.

Endogenous cannabinoids (eCBs) are derivatives (esters and amides) of long-chain
polyunsaturated fatty acids and they act through described specific receptors. The two most
important among them are 2-arachidonoylglycerol (2-AG) and anandamide (AEA). They are
synthesized by enzymes: diacylglycerol lipase (DAGL) and N-acyl-phosphatidylethanolamine
phospholipase (NAPE-PLD), respectively [15]. 2-AG has a high affinity toward both CB1 and
CB2 receptors, while AEA binds preferably to the CB1 receptor and has a low affinity for
CB2 [14]. AEA can also inhibit neutrophil recruitment and thus reduce inflammation [16].

Two main enzymes responsible for endocannabinoid degradation are monoacylglyc-
erol lipase (MAGL) and fatty acid amide hydrolase (FAAH). 2-AG is primarily metabolized
by MAGL, which hydrolyses about 85% of 2-AG in the brain, thus being the most important
2-AG-degrading enzyme in the CNS [17]. The FAAH enzyme metabolizes AEA but is also
capable of breaking down 2-AG to some extent.

According to research, exposure to chronic stress impacts the homeostasis of the
endocannabinoid system. The release of corticotropin-releasing hormone (CRH) by the
pituitary gland changes the activity of the FAAH enzyme, resulting in a decrease in AEA
levels. It has been discovered that the rise of 2-AG is linked to an increase in cortisol
levels. It was also suggested that during exposition to stress, endogenous cannabinoids
have the capability of modulating visceral hyperalgesia—an increase in the perception of
visceral pain [15,18]. The ECS’s actions also participate in the regulation of motility and
inflammation in the GI tract.

Autoregulation of the endocannabinoid system is also closely associated with the
gut microbiome. Although the exact nature of this relationship is still for the most part
unknown, a study conducted in 2007 by Rousseaux et al. proved the oral administration of
L. acidophilus NCFM strain induced a significant increase in CNR2 (cannabinoid receptor
type 2) mRNA in epithelial cells [19]. Experiments on healthy mice showed that antibiotic



Appl. Sci. 2024, 14, 6646 3 of 11

treatment caused a significant reduction of the CB1 receptor in the colon. Altering the gut
microbiota using prebiotics also influenced the level of FAAH and MGL mRNA in obese
mice [20]. This relation between gut microbiota and endocannabinoids also functions in the
opposite direction; a study by Dione et al. showed that MAGL-deficient mice had different
levels of certain bacterial strains (Hydrogenoanaerobacterium, Roseburia, and Ruminococcus)
than wild-type mice [21,22]. Further studies are needed on the topic, especially involving
humans, but evidence gathered from mouse and cell models clearly prove a correlation
between intestinal endocannabinoid tone and the composition of the gut microbiota. This
might have important clinical implications, as several studies demonstrated that patients
with CD exhibit dysbiosis, though the causality is yet to be proved [23,24].

Therapies that target the endogenous cannabinoid system have been in use for a
considerable time, particularly in the form of cannabis use. The therapeutic effects of
cannabis include the reduction in inflammation, visceral pain, and diarrhea, among others.
Nonetheless, the primary role of cannabinoids is to control nausea and vomiting. This
function is regulated by the activation of the CB1 receptor, which results in reduced
cramping and slowed GI tract motility [25]. The widespread distribution of CB1 receptors
throughout the body limits the applicability of treatments aimed at these receptors.

The purpose of our research was to determine the concentration of AEA and 2-AG
in the blood of adolescent patients with CD. Our goal was also to make measurements
in subsequent phases of the disease and analyze changes depending on CD activity in
adolescents—from the moment of diagnosis, i.e., in the acute phase of the disease, during
the period of clinical improvement caused by treatment, and in the period of remission.

2. Materials and Methods
2.1. Patients

Adolescents (aged 10–18) were recruited for the study from among hospitalized
patients of the Department of Pediatrics, Gastroenterology, and Nutrition of the University
Children’s Hospital in Krakow, according to a previously described protocol [26]. The key
condition was newly diagnosed Crohn’s disease based on the revised Porto criteria, and no
previous pharmacological or nutritional treatment prior to the current hospital stay [27].
In the group of CD patients, fasting blood was collected three times: in the active phase
of the disease (CD1) before prescription of pharmacological treatment, up to 24 h after
admission to the ward; 2–4 weeks after admission during the period of hospital treatment
and clinical improvement (CD2); and in remission, 3–6 months after the hospital stay,
during follow-up visits at the clinic (CD3). Age-matched adolescents from the researchers’
families and friends were recruited into the control group (C). These adolescents did not
have any pathological clinical symptoms or complaints, and no pharmacological treatment
was used. In the control group, blood was collected once, in the morning, on an empty
stomach. All samples were immediately transferred to the hospital laboratory.

2.2. Laboratory Measurements

In the laboratory, the tubes with blood were centrifugated after 30 min required for
coagulation (2000× g, 20 min, room temperature). The aliquots of serum were banked
at −80 ◦C. The serum samples were stored no longer than 18 months. The endogenous
cannabinoid levels were determined using commercially available immunoassays. The
AEA kit was obtained from ELK Biotechnology Co. Ltd. (Wuhan, China), and 2-AG from
Abclonal (Woburn, MA, USA).

Just before the measurements, the samples were slowly defrosted. In the first step,
samples were transferred from deep freeze (−80 ◦C) to the −20 ◦C refrigerator for a night;
later, just before the laboratory determination, serum samples were slowly thawed in ice
water. Ten pilot sample measurements showed that sample dilution was not necessary.
Testing procedures were conducted according to the manufacturer’s instructions using a
Bio-Rad plate washer and reader (Hercules, CA, USA). As stated in kit leaflets by man-
ufacturers, the used tests had high sensitivity and specificity and showed no significant
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cross-reactivity between the analytes and their metabolites or known analogues, or any
significant interference from typical serum content.

The Helsinki Declaration has been followed for involving human subjects in the
study. The protocol of the study was approved by the Jagiellonian University Bioethical
Committee (decision no. 1072.6120.238.2019). Written informed consent was obtained from
patients and their parents.

2.3. Statistical Analysis

Statistical analysis and graphs were performed using IBM SPSS Statistics 29.0 (IBM
Armonk, NY, USA). Normality was checked by the Shapiro–Wilk test in each group. Except
for ANA, concentrations of 2-AG and ANA in the remaining groups significantly differed
from a normal distribution. Therefore, endogenous cannabinoid serum concentrations
were shown as median and quartiles. The differences between the studied groups and the
control group were checked by the Kruskal–Wallis test. In all analyses, a p value < 0.05 was
considered statistically significant.

3. Results
3.1. Studied Groups

We recruited 34 adolescents hospitalized due to newly diagnosed CD (18 boys, 14 girls,
mean age 13.5 ± 2.0 years). Patients received exclusive enteral nutrition using a semi-
elemental diet for 6 weeks and 5-aminosalicylate (5-ASA, sulfasalazine, mesalamine) orally
at a dose of 50 mg/kg. Participants from the studied group did not receive biological
therapy (like anti-TNF alpha). Also, no systemic or local steroids, probiotics, as well as
opioid analgesia were prescribed to the recruited patients, during the period of study
observation. In all adolescents, 2-AG was tested in all, described above, time points, and in
20 patients chosen randomly from this group (12 boys, 8 girls, mean age 13.2 ± 2.2 years),
AEA was measured in all time points. The control group comprised 33 healthy adolescents
(12 boys and 21 girls, mean age 14.0 ± 2.5 years). In all controls, 2-AG was measured, and
in 20 randomly chosen adolescents, AEA was tested. The latter subgroup consisted of
12 girls and 8 boys, with a mean age of 14.2 ± 2.7 years.

3.2. Anandamide

The serum concentration of AEA in the study group before treatment was 2.63 [2.24;
2.79] ng/mL, similar during the treatment 2.56 [2.33; 3.06] ng/mL, and in the remission-2.61
[2.46; 2.85] ng/mL. As illustrated in Figure 1, all AEA mean concentrations in the CD group
were lower as compared to values observed in the control group—3.18 [2.57; 3.88] ng/mL.
The results between the CD groups in every phase and the control group were statistically
significant (CD1 vs. C p = 0.023, CD2 vs. C p = 0.035, CD3 vs. C p = 0.056 (at the border line
of statistical significance)).

3.3. 2-Arachidonoylglycerol

The concentrations of 2-AG in the study group were stable—acute phase (CD1) 907.4
[379.3; 1300.5] pg/mL, during the treatment (CD2) 715.1 [416.7; 1302.5] pg/mL, remission
(CD3) 991.1 [381.1; 1652.5] pg/mL, and similar to the values observed in the control group
761.8 [504.3; 1497.0] pg/mL (Figure 2). There were no significant differences between the
results obtained at all examined time points in the study group and in comparison to the
results in the control group (p > 0.44 in all cases).
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(CD1), during the treatment (CD2), remission (CD3), and in the control group. # shows outliers.

4. Discussion

In recent years, the endocannabinoid system (ECS) has been receiving increased inter-
est from researchers due to its potentially beneficial effects on the physiological processes
underlying chronic pain, psychiatric disorders, epilepsy, autoimmune diseases, and cancer.
Recent studies have shown that altering the endocannabinoid system influences inflamma-
tion and immune responses within the gut, similar to the disturbances in the endoopioid
system. Therefore, the endocannabinoid system is a potential therapeutic target in patients
suffering from inflammatory bowel diseases (IBDs) [28].

Studies on endogenous cannabinoids in inflammatory bowel diseases have been rare,
and results and conclusions are sometimes conflicting. Some studies have focused on
patients with IBDs and summarized data from CD and ulcerative colitis (UC) [29,30].
Discrepancies may also result from the different types of samples, methods, and kits
used for analysis, as well as the age of studied persons. Some researchers examined
biopsies of inflamed intestinal tissue [29,31], while others have measured endocannabinoid
concentrations in the serum or plasma [30].
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The observed decrease in serum AEA levels which appeared in our study was also
reported by Di Sabatino et al.; however, another study by Grill et al. reported increased
levels of AEA in patients with CD [28,29]. There are different theories and proofs for the
observed changes in endocannabinoid blood levels. Di Sabatino et al. examined the mucosal
activity of the enzymes responsible for AEA synthesis and degradation, NAPE-PLD and
FAAH. These researchers concluded that the cause of lowered AEA levels was decreased
activity of NAPE-PLD and increased activity of FAAH. Grill et al. found an increase in both
AEA and 2-AG levels in adults with CD by testing the eCB plasma levels [29]. The authors
concluded that the decreased CB1 gene expression, which is the primary receptor for AEA,
is the reason. The disparity in the results between studies should be an indication of the
need for further research into the characteristics of AEA.

The lack of changes in the concentration of 2-AG, a representative of endocannabinoids
in the course of CD, is puzzling. Similar observations were noted by Di Sabatino et al., with
no statistically significant differences found between the control group and the group of
patients with CD and UC in the concentration of 2-AG in the intestinal mucosa obtained
during a biopsy or surgery in adults [28]. The researchers suggest that the real expression
of 2-AG could be increased in IBD patients but is masked by an increased level of the
enzymes responsible for the degradation of endocannabinoids, FAAH and MAGL. The
other explanation is the decreased activity of NAPE-PLD.

In 2004, Massa et al. showed that CB1-deficient mice had more intensive inflamma-
tion during induced colitis than normal mice; the same results were observed when the
CB1 receptor was pharmacologically blocked. Moreover, administration of cannabinoid
receptor agonist resulted in protection against induced colitis in FAAH-deficient and wild
mice [31]. It was noted that the administered cannabinoid receptor agonist also targeted
other metabolic pathways, resulting in an anti-inflammatory mechanism. Nevertheless,
the CB1 receptor plays a major role in the prevention of intestinal inflammation, based on
observations in CB1-deficient mice. As AEA is a potent CB1 agonist, it is possible that the
decrease in its serum concentration results in reduced anti-inflammatory activity on GI
mucosa, thus resulting in more pronounced CD symptoms, and in patients in remission, fa-
cilitating recurrence of the disease. Sabatino et al. found the AEA concentration to be lower
in IBD inflamed mucosa in comparison to IBD uninflamed mucosa, which implies some
kind of self-reinforcing dysregulation inflammatory processes related to the EC system.
Interestingly, the same study also found the CB1 receptor expression to be higher in the
inflamed mucosa, which might be some kind of compensation for a lower concentration of
AEA [28].

On the other hand, cannabinoids have also the ability to regulate intestinal motility by
reducing smooth muscle contractility [32] and the rate of gastric emptying. This slowing
of motility may be one of the factors behind some reports on the effectiveness of cannabis
in reducing diarrhea, though such reports mostly rely on patient-reported outcomes. The
positive effect of cannabinoids (exo- and endogenous) in the course of CD also includes
the stimulating effect on the appetite center, which is especially important in the period of
remission [32,33]. It is estimated that 65 to 75% of CD patients suffer from malnutrition.
Depending on the severity of the course of CD and the duration of the disease, secondary
symptoms associated with the malabsorption syndrome may appear, such as electrolyte
disturbances, anemia, avitaminosis, especially B12, and hypoproteinemia. In pediatric
patients, malnutrition is the main cause of growth retardation [34,35]. Additionally, a
decrease in bone mineral density is often noticed in CD patients, which may be related to the
frequent vitamin D3 deficiency [36]. According to a study by Storr et al., patients with IBD
who used cannabis reported significant improvement in various self-assessed symptoms,
such abdominal pain, abdominal cramping, diarrhea, and joint pain. Interestingly, the
same study also found a correlation between long-term cannabis use and the necessity for
surgery in patients with CD, but as the authors noted, it may be because people who used
cannabis for their symptoms had greater disease severity [37,38]. The diminished long-term
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concentration of AEA deteriorates all these above-mentioned symptoms and deficiencies,
worsening the course of the disease and prolonging the duration of the disease.

There are various approaches that can enhance endocannabinoid-related signaling:
increasing eCB production and secretion, administration of exogenic eCB analogs, and
inhibiting the enzymes responsible for the degradation of eCBs. So far, the most extensively
examined was the third approach. To date, there are a few studies on humans describing
the effects of FAAH inhibitors on various diseases, but none regarding their use in treating
IBD. Animal studies revealed the mechanism of action of FAAH and/or MAGL inhibitors.
Sudeshna Ghosh et al. have shown that total FAAH inhibition combined with partial inhibi-
tion of MAGL (using PF-3845 combined with JZL184) in mice has a strong antinociceptive
effect without significant cannabimimetic side effects; additionally, the measured brain
AEA levels increased more than 10 times, while 2-AG levels increased 2–3 times [39]. A
similar study, using only MAGL inhibitor JZL184, also by Sudeshna Ghosh et al., showed
a reduction of mechanical allodynia and paw edema in the carrageenan test in mice [40].
In a study by Sałaga et al., FAAH inhibitor PF-3845 administered to two mouse models of
colitis (TNBS-induced and DSS-induced) provided an anti-inflammatory effect measured
by both microscopic and biochemical findings in the TNBS-induced colitis model, but it
had no positive effect on DSS-induced colitis [41]. As previously stated, reduced activity
of the FAAH enzyme, which is responsible for breaking down AEA, is responsible for the
increased concentration of AEA which has anti-inflammatory properties. Nonetheless, the
use of inhibitors of FAAH, increasing the AEA levels, and thus creating a positive impact
on the course of Crohn’s disease seems to be promising but requires more pre-clinical and
clinical studies.

The clinical trials with exogenous cannabinoid treatments in IBD patients are quite
intensively being carried out. Attempts are being made to treat pain and diarrhea in CD
with cannabinoids such as ∆9-tetrahydrocannabinol (THC) or cannabidiol (CBD) [42,43].
It was expected that cannabinoids, through endocannabinoid receptors, would help regu-
late the functioning of the brain (central regulation) and the immune system (peripheral
effects) [44–46]. Naftali et al. performed a double-blind trial with cannabinoids in CD
patients [47]. Health improvement was noted in 90% of patients. Another study found
that cannabinoids reduced abdominal pain (83.9%), abdominal cramps (76.8%), joint pain
(48.2%), and diarrhea (28.6%) [37]. However, studies conducted on patients do not clearly
prove whether the alleviation of CD symptoms such as pain, diarrhea, or lack of ap-
petite [48] is related to healing and diminishing inflammation and/or associated with the
psychotropic effects of cannabinoids such as analgesia and euphoria and the proportion of
these actions [49]. The analysis of the effect of exocannabinoids on the endocannabinoid
system was taken once by Matalon et al. According to their study, specifically cannabis
consumption had a positive effect on AEA and 2-AG concentrations in patients suffering
from UC but did not have any effect on examined endocannabinoids in the CD group [30].
However, as the authors concluded, the observed disparity in results between the groups
may be due to different treatment delivery method (inhalation of cigarettes vs. oral admin-
istration of oil) and/or differences in delta-9-tetrahydrocannabinol (THC) content, with
levels of 23% in the UC group compared to 5% in the other. These data showed a limited
usefulness of exocannabinoids in CD in terms of anti-inflammatory action via AEA, or even
compensation of diminished concentration of AEA.

What is more, there are some justified worries about the usage of exogenous cannabi-
noids for therapeutic medical treatment and their legal recreational use allowance in several
countries. The usage of exogenous cannabinoids frequently elicits various emotions re-
lated to their belonging to drugs (narcotics). Moreover, these medicaments should not be
used in minors, the pregnant, those allergic to exocannabinoids, or those predisposed to
psychotic disturbances [50,51]. There are also common opinions about the negative effects
of cannabinoid use in some vulnerable groups, especially drivers. Additionally, some
studies showed that the use of cannabinoids in CD may be harmful because their use is
associated with a higher risk of complications leading to surgery [37] and temporary side
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effects such as weakness or dizziness [52]. Furthermore, the medical usage of cannabinoids
sometimes is a double-edged sword, for example when it comes to the antiemetic qualities
of those substances. There have been reports of a hyperemesis syndrome following chronic
cannabis use, though there are some controversies regarding diagnosis, stemming from
the difficulty to specify the exact number of vomiting episodes, amount of cannabis use,
etc. [53]. It is nevertheless a significant problem, because Crohn’s disease is a chronic
illness and therefore patients are at risk of prolonged cannabinoid usage. Another issue
worth considering is that the usage of some cannabis derivates, especially acquired from
unregulated sources, can lead to a toxidrome closely resembling serotonin syndrome, which
is a potentially life-threatening condition [54].

In our discussion, we also have to consider anandamide metabolism and its implica-
tions on the conclusions. Classic theory, although recently questioned, is that anandamide
is produced on demand from cell membrane phospholipid precursors and then is taken up
by cells [55]. It is possible that lower plasma concentrations of AEA in CD patients observed
by us are simply a result of increased uptake by inflamed cells of the GI tract and not a
result of diminished production in the body as a whole. Lower AEA concentrations can
also be the result of a complex genetical predisposition; as stated above, this substance has
a profound effect on many processes and systems in the human body (including regulation
of inflammation) and our findings may indicate the cause of CD in our patients, more than
just being merely a sign of a disease. Both of these hypothetical mechanisms of diminishing
AEA levels did not influence the final effect of low concentration of AEA on inflammation
in CD. The shortage of AEA in CD due to any case is unfavorable.

Hypothetical long-term supplementation with exogenous AEA needs to consider
the possible side effects. Administering large amounts of this substance with a high
degree of probability would induce side effects stemming from AEA uptake by the central
nervous system such as impaired memory [56]. Because of that, we rather consider the
stimulation of endogenous AEA production or therapeutic monitoring of this agonist;
further studies are needed to establish therapeutic ranges in that case. Therefore, it is
advisable to develop therapeutic methods to enhance the concentration of endogenous
cannabinoids. This type of treatment should be free from numerous side effects associated
with exogenous cannabinoid medication, especially addiction, and therefore accepted by
doctors and patients. An approach potentially worth considering is the pharmacological
lowering of FAAH activity. The effect of such a therapy targeted on endocannabinoids
should be beneficial and multidirectional—ranging from their anti-inflammatory, analgesic,
anti-diarrheal, and improving mood effects to enhancing appetite and nutritional status.

5. Limitation of the Study

This is a preliminary study. The study group is relatively small, but patients were
chosen from very specific and criterion-determined population of minors. However, a small
number of patients in the test group and the control group might affect the results with
potential bias. Also, biological variability in small groups might cause such a dispersion of
results that lacks statistical significance in some comparisons.

6. Conclusions

Our results confirm that endocannabinoids are involved in the pathogenesis of Crohn’s
disease. The severe course of CD caused reduced concentration of anandamide. Lower
anandamide concentrations, even in remission, facilitate the recurrence of the disease and
suggest some kind of genetic susceptibility to CD. Future research directions should focus
on enhancing anandamide concentrations rather than exogenous cannabinoid administra-
tion. Also, therapy equalizing anandamide levels should be long-lasting.
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