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Abstract
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Endogenous cannabinoids (endocannabinoids) and their cannabinoid CB1 and
CB2 receptors, are present from the early stages of gestation and play a number
of vital roles for the developing organism. Although most of these data are collected from animal studies, a role for cannabinoid receptors in the developing
human brain has been suggested, based on the detection of “atypically” distributed CB1 receptors in several neural pathways of the fetal brain. In addition,
a role for the endocannabinoid system for the human infant is likely, since the
endocannabinoid 2-arachidonoyl glycerol has been detected in human milk.
Animal research indicates that the Endocannabinoid-CB1 Receptor (‘ECBR’)
system fulfills a number of roles in the developing organism: 1. embryonal
implantantion (requires a temporary and localized reduction in anandamide); 2.
in neural development (by the transient presence of CB1 receptors in white matter areas of the nervous system); 3. as a neuroprotectant (anandamide protects
the developing brain from trauma-induced neuronal loss); 4. in the initiation of
suckling in the newborn (where activation of the CB1 receptors in the neonatal
brain is critical for survival). 5. In addition, subtle but definite deficiencies have
been described in memory, motor and addictive behaviors and in higher cognitive (‘executive’) function in the human offspring as result of prenatal exposure
to marihuana. Therefore, the endocanabinoid-CB1 receptor system may play a
role in the development of structures which control these functions, including
the nigrostriatal pathway and the prefrontal cortex.
From the multitude of roles of the endocannabinoids and their receptors in
the developing organism, there are two distinct stages of development, during
which proper functioning of the endocannabinoid system seems to be critical for
survival: embryonal implantation and neonatal milk sucking. We propose that
a dysfunctional Endocannabinoid-CB1 Receptor system in infants with growth
failure resulting from an inability to ingest food, may resolve the enigma of
“non-organic failure-to-thrive” (NOFTT).
Developmental observations suggest further that CB1 receptors develop only
gradually during the postnatal period, which correlates with an insensitivity to
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the psychoactive effects of cannabinoid treatment in the young organism. Therefore, it is
suggested that children may respond positively to medicinal applications of cannabinoids
without undesirable central effects. Excellent clinical results have previously been reported
in pediatric oncology and in case studies of children with severe neurological disease or
brain trauma. We suggest cannabinoid treatment for children or young adults with cystic
fibrosis in order to achieve an improvement of their health condition including improved
food intake and reduced inflammatory exacerbations

Introduction
Cannabinoid CB1 receptors in the mature organism, are widely and densely distributed in neural as
well as non-neural tissue including brain, reproductive, immune, digestive systems as well as in peripheral neurons [1–5]. CB2 receptors are found in
non-neural tissue [5, 6], although their presence on
peripheral nerves is possible [7]. The presence of CB1
receptors in the developing organism has been studied
more thoroughly than that of CB2 receptors.
Cannabinoid CB1 receptors have been described as
early as the pre-implantation period in the embryonal
mouse [8] and have also been detected around day
11 of gestation [9]. Postnatally, a gradual increase in
CB1 receptor mRNA [10], and in the density of CB1
receptors has been measured [11, 12] in whole brain.
“Atypical distribution patterns” of CB1 receptors (i.e.,
a transient presence during development in regions
where none are found at adulthood) were detected in
white matter regions including the corpus callosum
and anterior commissure (connecting neuronal pathways between the left and right hemispheres) between
gestational day 21 and postnatal day 5, suggesting a
role for endocannabinoids in brain development [13,
14]. Therefore, the varying developmental patterns of
cannabinoid CB1 receptors in different brain regions
([10, 15], are probably due to the transient presence of
cannabinoid CB1 receptors in “atypical” regions during brain development [13].
Strikingly similar developmental patterns of CB1
receptors were found during human pre- and postnatal development. Thus CB1 receptors were detected
at week 14 of gestation in the human embryo [16]. In
the 20th week of gestation in the human, a selective
expression of CB1 receptors was recorded in the limbic area CA of the hippocampus and the basal nuclear
group of the amygdala, as compared to a much wider
CB1 receptor expression of CB1 mRNA in the adult
human brain [17]. A progressive increase in the concentrations of CB1 receptors were found in the frontal
cortex, hippocampus, basal ganglia and cerebellum
between the fetal period and adulthood [18]. In contrast, high CB1 receptor concentrations were present
on several white matter neuronal tracts of the fetus,
but which had disappeared by infancy [18]. In the
same study it was shown that at all stages of development, the CB1 receptors were functionally active,
since the agonist WIN55,212-2 stimulated [35S]GTPγS
binding.
Endogenous ligands for the cannabinoid receptors, denoted “endocannabinoids”, include thus far,
anandamide (arachidonyl ethanol amide, [19]); 2-ara-

chidonoyl glycerol (2AG, [20]), noladin (arachidonyl
glyceryl ether [21], the antagonist/partial agonist
virodhamine [22] and NADA (N-arachidonoyl-Dopamine, [23]. This newly discovered ‘EndocannabinoiCB Receptor’ System, will be denoted here as the
‘ECBR’ system.
Endocannabinoids have been detected from the
fetal period, anandamide at much lower (1000-fold)
concentrations than 2-arachidonoyl glycerol [13].
Moreover, the developmental pattern differs between
the two endocannabinoids. Thus, whereas concentrations of anandamide gradually increase throughout
development until adult levels are reached [15], fetal
levels of 2-arachidonoyl glycerol are similar to those in
young and in adult brains with a remarkably distinct
peak on the first day after birth in rats [15].
In the postnatal hypothalamus, anandamide displays a hardly perceptible rise from day 5 through
adulthood, with peak levels immediately before puberty [24].
Thus, the endocannabinoid and their receptors,
are abundantly present from the early developmental
stages and may therefore be important in the maturation of the nervous system and its functions. Five such
functions, are described in the following section.

Functions of the Endocannabinoid-CB
Receptor System during prenatal and
postnatal development
1. Embryonal Development
CB1 and CB2 receptors are present as early as the
pre-implantation mouse embryo, while anandamide
binding sites are higher than those in the brain
[25]. These observations led to the discovery, that
cannabinoids and endocanabinoids arrest the development of 2-cell embryos into blastocytes. Subsequent
studies with CB1 and CB2 receptor antagonists indicated that the cannabinoid-induced embryonal growth
arrest is mediated by CB1 and not by CB2 receptors
[8, 25, 26].
Further, anandamide levels in the uterus are very
high; in order for implantation to take place, uterine
anandamide levels have to be lowered on the day and
on the site of implantation. Failing to do so, prevents
implantation of the embryo [26]. Thus the reduction in
anandamide is a critical condition for the implantation
and hence survival of the embryo.
2. Nervous System Development
Studies on the expression and functionality of the
human CB1 receptor in the developing brain have
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demonstrated that fetal brain CB1 receptors are functionally active not only in regions which contain CB1
receptors throughout life, such the cerebral cortex and
hippocampus, but also in white matter such as the
capsula interna and pyramidal tract and in proliferative zones such as the subventricular zone [18]. These
observations are consistent with investigations on the
developing rat brain, in which “atypical distribution
patterns” of CB1 receptors (i.e., a transient presence
during development in regions where none are found
at adulthood) were detected in white matter regions
including the corpus callosum and anterior commissure between gestational day 21 and postnatal day 5.
These findings suggest a role for endocannabinoids in
brain development [13, 14].
3. Neurotrauma
Similarly to the neuroprotective effects of the
endocannabinoid CB1 receptor system in adults [27],
activation of CB1 receptor in postnatal rats (7-days
old) with WIN55,212, prevented neuronal loss (in
a model of acute asphyxia), both immediate and
delayed cell death. However, only delayed neurotoxicity was inhibited by the CB1 receptor antagonist
SR141716A [28]. Moreover, exogenously applied
anandamide reduced ouabain-induced neuronal damage in one and 7 day old rat pups. The CB1 receptor
antagonist SR141716A reversed this neuroprotective
effect of anandamide only in the 7 day old pups [29].
The latter study also suggested the absence of a tonic
neuroprotective activity of the endocannabinoids.
Thus neither anandamide nor 2-archidonoyl glycerol
were elevated after ouabain-administration. In addition, SR141716A when injected alone, did not enhance the ouabain-induced neuronal damage [29]. In
contrast, Hansen et al observed a dramatic increase
of anandamide precursors in the infant rat brain after
head trauma, which is consistent with a role for anandamide as an endogenous neuroprotectant [27, 31].
4. The newborn period: food intake and survival
The involvement of tetrahydrocannabinol in feeding
was shown decades ago [32, 33]; endocannabinoids appear to fulfill a similar role [1, 34]. Endocannabinoids
have also been detected in bovine as well as human
milk, 2-arachidonoyl glycerol (2AG) in at least 100–
1000-fold higher concentrations than anandamide [35,
36].
Is it possible that the high levels of CB1 receptor
mRNA and 2-AG which have been observed on the
first day of life in structures including the hypothalamic ventromedial nucleus [15] (which is associated
with feeding behavior) comprise a major stimulus for
the newborn to initiate milk intake?
In a series of studies performed in neonatal mice, we
have demonstrated that CB1 receptors are critically
important for the initiation of the suckling response.
Thus when the CB1 receptor antagonist SR141716A,
was injected in newborn mice, milk ingestion and subsequent growth was completely inhibited in most pups
(75–100%) and death followed within days after an-
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tagonist administration [36]. The antagonist must be
administered within 24 h after birth in order to obtain
the full effect: Injections on day 2 result in a 50% death
rate; SR141716A administration on day 5 has no effect
at all on pup growth and survival [33, 37].
Subsequent studies indicated that the catastrophic
effect of CB1 receptor blockade is dose dependent and
specifically mediated by CB1 receptors. Thus CB2 antagonists did not affect pup suckling and growth, and
∆9-THC co-administration almost completely reversed
the SR141716A-induced growth failure [36]. We have
replicated this phenomenon now in three different
strains of mice (Sabra, C57BL/6 and ICR).
While these experiments were in progress, CB1
receptor-deficient strains of mice were generated in
two different laboratories [38, 39]. In order to resolve
the paradox of the existence of mice completely lacking CB1 receptors, with our finding that blockade
of CB1 receptors after birth is incompatible with
survival, at least for most neonates, we studied early
development and milk intake of neonatal CB1–/– pups,
provided by Dr. Zimmer’s laboratory [37]. Interestingly, CB1 knockout pups did not nurse on the first
day of life. However by day 3 of life they had developed
normal suckling behavior. Their weight gain though,
remained significantly reduced compaired to the
C57BL/6 background strain. Further, as expected, the
growth curve of CB1 receptor knockout mice, was not
affected by neonatal injections of the CB1 antagonist.
On the other hand, survival rate and the initiation of
the suckling response were significantly inhibited by
the CB1 receptor blocker, suggesting the existence of
an additional “CB3” receptor, possibly up-regulated in
the CB1–/– knockout mice [37].
Recent experiments in our laboratory were designed
to further analyze potential physiological/behavioral
mediators by which the neonatally administered CB1
receptor antagonist prevents the development of milk
ingestion. Thus 2–11 day old pups which had been injected with SR141716A, or with vehicle, within 24 h after birth, were exposed to anesthetized nursing dams.
While vehicle-injected pups all located the nipples and
nursed from the dam on every testing day, none of the
SR141716A-injected pups did so on the day after injection. Only the pups which survived the SR14171A injection, gradually developed the suckling response and
suckled like controls by the end of the first week.
Based on the complex relationship between thermoregulation, ultrasonic vocalization [40–42], suckling
[43, 44] and maternal behavior [45, 46], we decided
to study body temperature and ultrasonic vocalizations, in SR141716A-treated pups throughout postnatal development. Thus we have observed now that
the SR141716A-treated pups are hypothermic, while
their ultrasonic vocalizations are inhibited (a preliminary report of these data was reported [47]. Present
experiments are aimed at delineating the sequence of
events induced by the blockade of the CB1 receptor
immediately after birth: is a hypothermic pup unable
to call his mother to stimulate the suckling response?
Or perhaps, does the pup who fails to call his mother
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become hypothermic and thus does not have the motor
capability to suckle?
Based on data gathered thus far [15, 36, 37], we
propose the following model for the initiation of the
milk suckling process during the first days postnatally
in the mouse: At birth, the 2AG content in the brain
is sufficiently high to stimulate the suckling response.
Upon milk intake, 2AG from the maternal milk elevates the levels of 2AG in the pup’s brain, so that by
the second day of life and further on, the milk-derived
2AG stimulates suckling. If endogenous 2AG-induced
activation of milk sucking is blocked by the CB1 receptor antagonist, milk is not ingested and hence milk-derived 2AG is not present to stimulate milk sucking on
day two of life, and the window to develop a pattern of
milk suckling behavior has been closed.
We now propose that the syndrome caused by
neonatal blockade of CB1 receptors as a model and
perhaps underlying pathology, of “non-organic failureto-thrive” (NOFTT) condition in infants:
Failure-to-thrive (FTT) is commonly defined as an
abnormally low weight and/or height for age [48, 49].
NOFTT is defined as FTT without a known organic
cause. Traditionally impaired mother-infant relations
were blamed for this condition [50]. We propose that
an impaired endocannabinoid-CB1 receptor system
may underlie NOFTT. This hypothesis is currently
under investigation.
5. Endocannabinoids and the developing
prefrontal cortex
Since the 1960-ies, a multitude of studies have attempted the assess potential adverse effects of marijuana use during pregnancy, on the offspring. Although
description of the teratogenicity of the cannabis plant
and its major psychoactive constituent THC, is beyond
the scope of this article, the outcome of such studies
have implications for the importance of the ECBR system in development. Thus functions which are not affected by prenatal THC, are unlikely to be under control of the developing ECBR system. Conversely, the
development of structures or functions which are significantly altered in the prenatally exposed offspring,
are probably regulated at least in part, by this system.
Therefore, major trends in the teratogenicity research
of cannabinoids will be reviewed briefly.
In animal studies, a multitude of behavioral, hormonal and neurochemical sequelae of prenatal ∆9THC exposure have been reported, mainly between
the 1960-ies-1980-ies. Taken together, the majority
of these early investigations have reported somatic
as well as functional impairments, immediately after
birth and/or in later life (see [51–53]. It seems however,
that confounding variables such as impaired feeding
patterns of the cannabiniod-exposed dams [54, 55]
may have been responsible for many of these prenatal
∆9-THC-induced effects.
Recent studies have focused on more specific deficits
in the prenatally exposed offspring. For example, prenatal and postnatal exposure to THC interfered with
normal dopamine-dependent motor functions and the

hypothalamic-pituitary-adrenal stress axis [56–59].
Further, prenatal ∆9-THC facilitated morphine self
administration in the adult female rat offpring, while a
number of brain areas including the prefrontal cortex,
amygdala and hippocampus displayed altered concentrations of mu-opioid receptors [60]. Memory retention in the adult offspring in a passive avoidance task
was disrupted by prenatal exposure to the synthetic
cannabinoid WIN55,212. The memory impairment
was correlated with a shortening of long-term potentiation and a reduction in extracellular glutamate in
the hippocampus [61]. In an elegantly designed prospective study of the children on marihuana smoking
mothers, Fried and colleagues have specifically pointed
at a subtle but significant impairment of higher cognitive (‘executive’) functioning, which is ascribed to the
prefrontal cortex. This deficiency only becomes apparent from the age of four, since at this age the developing prefrontal cortex becomes functionally expressed
[52, 62, 63].
Since the identification of the endocannabinoids
(see [1]), prenatal exposure studies have investigated
the effects of manipulating the endogenous system, often comparing the results with those from administration of exogenous cannabinoids. These experiments
comprise an important extension of the pre- and perinatal studies, because they represent a more physiological manipulation of the ECBR system. Thus, when
anandamide, (or ∆9-THC) was administered daily at
low doses (0.02 mg/kg) to pregnant rats, during the
last week of pregnancy, only transient, mainly inhibitory, effects on a number of reproductively-relevant
hormones were detected. The effects had disappeared
within days after birth [64]. Interestingly, Fried and
colleagues did not detect changes in pubertal milestones in the children of marijuana smoking mothers
[53].
We have found decreased inflammatory response
in mice which had been prenatally exposed to anandamide [51].
We [51] have performed experiments on the adult
offspring of mice injected daily with anandamide (or
∆9-THC) during the last week of gestation, with the
aim to detect changes specific to the endocannabinoid
CB1 receptor system per se. Thus when these offspring
were observed in the “tetrad” (a series of 4 in vivo
assays for cannabioid-mediated, or cannabinoid-like
effects), they performed similarly to naïve animals
which had been injected acutely with 5–10 mg/kg THC
[65]. In other words, the prenatally exposed offspring
displayed a permanent, moderate “high”. Consistent
with these data, we also found a higher concentration
of CB1 receptors in the forebrain of anandamide, and
especially, of the ∆9-THC-exposed offspring [65]. These
data are consistent with an overactive ECBR system
and perhaps, a greater vulnerability to the addictive
potential of cannabis or other drugs [60].
In a recent study, Viggiano and colleagues [66] induced an elevation of endogenous anandamide levels
by administering the reuptake inhibitor AM-404 to
pregnant “NHE” rats, an animal model for ADHD
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(“attention deficit hyperactivity disorder). Thus
they reduced certain aspects of hyperactivity and the
hypertrophicity of the mesocorticolimbic dopamine
system.
Taken together, prenatal manipulation of the
endocannabinoid CB1 receptor system, whether by
exogenous or endogenous agents, produces long-term
effects in the offspring. These include disruptions of
memory, addictive and motor behaviors and higher
cognitive ‘executive’ functioning of the prefrontal cortex. Further investigations into the role of the ECBR
system in the development of these functions and
their neurochemical/anatomical underpinnings, seem
therefore warranted.

Cannabinoids as therapy in childhood
The gradual postnatal increase of anandamide
and its CB1 receptors [10–12, 15], is accompanied
by a gradual maturing response to the psychoactive
potential of delta-9-tetrahydrocannabinol (∆9-THC)
or anandamide in postnatal mice between birth and
weaning [67] .
This observation has important implications for
cannabinoid therapy in children, since psychoactive side effects may be expected to be minor when
treated with cannabinoids at a young age. Indeed,
very high doses of ∆8-THC (approximately 0.64 mg/
kg/treatment) were given to children between the ages
of 3 and 13 years who were undergoing chemotherapy
for the treatment of various hematologic cancers, over
long periods of time (up to 114 treatments, based on
4 treatments/24 hr during the days of chemotherapy).
The anti-emetic effects were impressive, whereas
the side effects were minimal [68]. In a preliminary
report [69, 70] eight children (ages 3–14 years) with
a variety of severe neurological diseases or damage,
were treated with ∆9-THC (0.04–0.12 mg/kg/day).
Significant improvements in behavioral parameters
including reduced spasticity, improved dystonia increased interest in the surroundings and anti-epileptic
activity were reported without notable adverse effects.
The same study reported the case of an 11 year-old girl
who suffered a spinal contusion with total paraplegia
and a frontal skull fracture following a traffic accident,
who was deemed to suffer from posttraumatic disorder with lack of appetite and mood disturbance. The
daily THC administration improved appetite as well
as mood. Interestingly, this clinical observations is in
agreement with two recent animals studies which suggest that the endocannabinoid CB1 receptor system is
involved in posttraumatic forgetting [71, 72].
It is not clear, why, in the first study, the anti-emetic
effects were achieved (presumably via the area postrema) and in the second, positive neurological benefit
was derived in the absence of adverse psychological
effects. Is it possible that a differential CB1 receptor
distribution appears during development, or that certain brain pathways mature at different rates? Clearly,
further animal experiments and clinical investigations

28

of cannabinoid treatment in the developing organism,
are warranted.
Cystic Fibrosis is the most frequently occurring
recessively hereditary disease affecting 1 in 2500
newborns [73]. In a previous publication [74], we have
suggested that a deficient ECBR system may underlie at least some of the symptoms of Cystic Fibrosis,
such as malnutrition, gastrointestinal problems, inflammatory exacerbations, and fatty acid imbalance.
Therefore, treatment with cannabinoids or drugs
which target the ECBR system, such as inhibitors of
endocannabinoid reuptake and/or degradation, or CB1
or CB2 receptor agonist, may benefit children (and
young adults) afflicted with Cystic Fibrosis.

Conclusions
The endocannabinoids and their receptors (CB1,
CB2 and the putative CB3 receptor) [37, 75], fulfill
a multitude of physiological functions, including immunological, neurological, psychiatric, cardiovascular.
However, from the knowledge accumulated until now,
it appears that only in the developing mechanism,
at two specific stages, proper functioning of the
endocannabinoid-CB receptor system is acutely critical for survival: implantation of the embryo and the
initiation of suckling in the newborn.
Interestingly, opposite requirements seem to be involved in each of these processes: a reduction of anandamide is necessary for implantation to take place [8],
while the initiation of suckling requires the activation
of CB1 receptors, presumably by the presence of high
levels of 2AG [33, 36, 37].
Psychoactive side effects of cannabinoid treatment seem to be absent or much reduced in children
possibly due to low concentrations of CB1 receptors.
Further understanding of the underlying mechanisms
will hopefully lead to the development of cannabinoidbased therapeutic strategies for the treatment of disorders including infant “failure-to-thrive” and Cystic
Fibrosis.
REFERENCES
1 Fride E. Endocannabinoids in the central nervous system--an overview. Prostaglandins Leukot Essent Fatty Acids 2002; 66(2–3):
221–33.
2 Maccarrone M, Falciglia K, Di Rienzo M, Finazzi-Agro A. Endocannabinoids, hormone-cytokine networks and human fertility.
Prostaglandins Leukot Essent Fatty Acids 2002; 66(2–3):309–17.
3 Parolaro D, Massi P, Rubino T, Monti E. Endocannabinoids in the immune system and cancer. Prostaglandins Leukot Essent Fatty Acids
2002; 66(2–3):319–32.
4 Pinto L, Capasso R, Di Carlo G, Izzo AA. Endocannabinoids and
the gut. Prostaglandins Leukot Essent Fatty Acids 2002; 66(2–3):
333–41.
5 Pertwee RG. Pharmacology of cannabinoid CB1 and CB2 receptors.
Pharmacol Ther 1997; 74(2):129–80.
6 Lutz B. Molecular biology of cannabinoid receptors. Prostaglandins
Leukot Essent Fatty Acids 2002; 66(2–3):123–42.
7 Ibrahim MM, Deng H, Zvonok A, Cockayne DA, Kwan J, Mata HP, et
al. Activation of CB2 cannabinoid receptors by AM1241 inhibits experimental neuropathic pain: pain inhibition by receptors not present in the CNS. Proc Natl Acad Sci U S A 2003; 100(18):10529–33.

Neuroendocrinology Letters Nos.1/2 Feb-Apr Vol.25, 2004 Copyright © Neuroendocrinology Letters ISSN 0172–780X www.nel.edu

The Endocannabinoid-CB Receptor System: Importance for development and in pediatric disease
8 Paria BC, Dey SK. Ligand-receptor signaling with endocannabinoids
in preimplantation embryo development and implantation. Chem
Phys Lipids 2000; 108(1–2):211–20.
9 Buckley NE, Hansson S, Harta G, Mezey E. Expression of the CB1 and
CB2 receptor messenger RNAs during embryonic development in the
rat. Neuroscience 1998; 82(4):1131–49.
10 McLaughlin CR, Abood ME. Developmental expression of cannabinoid receptor mRNA. Brain Res Dev Brain Res 1993;76(1):75–8.
11 Belue RC, Howlett AC, Westlake TM, Hutchings DE. The ontogeny
of cannabinoid receptors in the brain of postnatal and aging rats.
Neurotoxicol Teratol 1995; 17(1):25–30.
12 Rodriguez de Fonseca F, Ramos JA, Bonnin A, Fernandez-Ruiz JJ.
Presence of cannabinoid binding sites in the brain from early postnatal ages. Neuroreport 1993; 4(2):135–8.
13 Fernandez-Ruiz J, Berrendero F, Hernandez ML, Ramos JA. The
endogenous cannabinoid system and brain development. Trends
Neurosci 2000; 23(1):14–20.
14 Romero J, Garcia-Palomero E, Berrendero F, Garcia-Gil L, Hernandez ML, Ramos JA, et al. Atypical location of cannabinoid receptors in white matter areas during rat brain development. Synapse
1997;26(3):317–23.
15 Berrendero F, Sepe N, Ramos JA, Di Marzo V, Fernandez-Ruiz JJ.
Analysis of cannabinoid receptor binding and mRNA expression and
endogenous cannabinoid contents in the developing rat brain during late gestation and early postnatal period. Synapse 1999; 33(3):
181–91.
16 Biegon A, Kerman IA. Autoradiographic study of pre- and postnatal
distribution of cannabinoid receptors in human brain. Neuroimage
2001;14(6):1463–8.
17 Wang X, Dow-Edwards D, Keller E, Hurd YL. Preferential limbic
expression of the cannabinoid receptor mRNA in the human fetal
brain. Neuroscience 2003; 118(3):681–94.
18 Mato S, Del Olmo E, Pazos A. Ontogenetic development of
cannabinoid receptor expression and signal transduction functionality in the human brain. Eur J Neurosci 2003; 17(9):1747–54.
19 Devane WA, Hanus L, Breuer A, Pertwee RG, Stevenson LA, Griffin
G, et al. Isolation and structure of a brain constituent that binds to
the cannabinoid receptor. Science 1992; 258(5090):1946–9.
20 Mechoulam R, Ben-Shabat S, Hanus L, Ligumsky M, Kaminski NE,
Schatz AR, et al. Identification of an endogenous 2-monoglyceride,
present in canine gut, that binds to cannabinoid receptors. Biochem Pharmacol 1995; 50(1):83–90.
21 Hanus L, Abu-Lafi S, Fride E, Breuer A, Vogel Z, Shalev DE, et
al. 2-arachidonyl glyceryl ether, an endogenous agonist of the
cannabinoid CB1 receptor. Proc Natl Acad Sci U S A 2001; 98(7):
3662–5.
22 Porter AC, Sauer JM, Knierman MD, Becker GW, Berna MJ, Bao J, et
al. Characterization of a novel endocannabinoid, virodhamine, with
antagonist activity at the CB1 receptor. J Pharmacol Exp Ther 2002;
301(3):1020–4.
23 Walker JM, Krey JF, Chu CJ, Huang SM. Endocannabinoids and related fatty acid derivatives in pain modulation. Chem Phys Lipids
2002; 121(1–2):159–72.
24 Wenger T, Gerendai I, Fezza F, Gonzalez S, Bisogno T, FernandezRuiz J, et al. The hypothalamic levels of the endocannabinoid,
anandamide, peak immediately before the onset of puberty in female rats. Life Sci 2002; 70(12):1407–14.
25 Yang ZM, Paria BC, Dey SK. Activation of brain-type cannabinoid
receptors interferes with preimplantation mouse embryo development. Biol Reprod 1996; 55(4):756–61.
26 Schmid PC, Paria BC, Krebsbach RJ, Schmid HH, Dey SK. Changes
in anandamide levels in mouse uterus are associated with uterine
receptivity for embryo implantation. Proc Natl Acad Sci U S A 1997;
94(8):4188–92.
27 Fride E, Shohami E. The endocannabinoid system: function in
survival of the embryo, the newborn and the neuron. Neuroreport
2002; 13(15):1833–41.
28 Martinez-Orgado J, Fernandez-Frutos B, Gonzalez R, Romero E,
Uriguen L, Romero J, et al. Neuroprotection by the cannabinoid
agonist WIN-55212 in an in vivo newborn rat model of acute severe
asphyxia. Brain Res Mol Brain Res 2003; 114(2):132–9.
29 van der Stelt M, Veldhuis WB, van Haaften GW, Fezza F, Bisogno
T, Bar PR, et al. Exogenous anandamide protects rat brain against
acute neuronal injury in vivo. J Neurosci 2001; 21(22):8765–71.
30 Hansen HH, Ikonomidou C, Bittigau P, Hansen SH, Hansen HS.
Accumulation of the anandamide precursor and other N-acylethanolamine phospholipids in infant rat models of in vivo necrotic and

apoptotic neuronal death. J Neurochem 2001; 76(1):39–46.
31 Panikashvili D, Simeonidou C, Ben-Shabat S, Hanus L, Breuer
A, Mechoulam R, et al. An endogenous cannabinoid (2–AG) is
neuroprotective after brain injury. Nature 2001; 413(6855):527–
31.
32 Abel EL. Effects of marihuana on the solution of anagrams, memory
and appetite. Nature 1971; 231:260–261.
33 Fride E. Cannabinoids and feeding: Role of the endogenous
cannabinoid system as a trigger for newborn suckling. Journal of
Cannabis Therapeutics 2002; 2:51–62.
34 Williams CM, Kirkham TC. Anandamide induces overeating: mediation by central cannabinoid (CB1) receptors. Psychopharmacology
(Berl) 1999; 143(3):315–7.
35 Di Marzo V, Sepe N, De Petrocellis L, Berger A, Crozier G, Fride E,
et al. Trick or treat from food endocannabinoids? Nature 1998;
396(6712):636–7.
36 Fride E, Ginzburg Y, Breuer A, Bisogno T, Di Marzo V, Mechoulam R.
Critical role of the endogenous cannabinoid system in mouse pup
suckling and growth. Eur J Pharmacol 2001; 419(2–3):207–14.
37 Fride E, Foox A, Rosenberg E, Faigenboim M, Cohen V, Barda L, et
al. Milk intake and survival in newborn cannabinoid CB1 receptor
knockout mice: evidence for a «CB3» receptor. Eur J Pharmacol
2003; 461(1):27–34.
38 Ledent C, Valverde O, Cossu G, Petitet F, Aubert JF, Beslot F, et al.
Unresponsiveness to cannabinoids and reduced addictive effects of
opiates in CB1 receptor knockout mice. Science 1999; 283(5400):
401–4.
39 Zimmer A, Zimmer AM, Hohmann AG, Herkenham M, Bonner TI.
Increased mortality, hypoactivity, and hypoalgesia in cannabinoid
CB1 receptor knockout mice. Proc Natl Acad Sci U S A 1999; 96(10):
5780–5.
40 McGregor IS, Dastur FN, McLellan RA, Brown RE. Cannabinoid modulation of rat pup ultrasonic vocalizations. Eur J Pharmacol 1996;
313(1–2):43–9.
41 Kraebel KS, Brasser SM, Campbell JO, Spear LP, Spear NE. Developmental differences in temporal patterns and potentiation of isolation-induced ultrasonic vocalizations: influence of temperature
variables. Dev Psychobiol 2002; 40(2):147–59.
42 Blumberg MS, Sokoloff G. Do infant rats cry? Psychol Rev 2001;
108(1):83–95.
43 Stern JM, Lonstein JS. Nursing behavior in rats is impaired in a
small nestbox and with hyperthermic pups. Dev Psychobiol 1996;
29(2):101–22.
44 Stern JM, Azzara AV. Thermal control of mother-young contact
revisited: hyperthermic rats nurse normally. Physiol Behav 2002;
77(1):11–18.
45 Branchi I, Santucci D, Vitale A, Alleva E. Ultrasonic vocalizations
by infant laboratory mice: a preliminary spectrographic characterization under different conditions. Dev Psychobiol 1998; 33(3):
249–56.
46 Brunelli SA, Shair HN, Hofer MA. Hypothermic vocalizations of rat
pups (Rattus norvegicus) elicit and direct maternal search behavior.
J Comp Psychol 1994; 108(3):298–303.
47 Fride E, Ezra D, Suris R, Weisblum R, Blau H, Feigin C. Role of CB1
receptors in newborn feeding and survival: maintenance of ultrasonic distress calls and body temperature. Symposium on the
Cannabinoids, 2003; International Cannabinoids Research Society,
Cornwall, Canada:37.
48 Skuse DH. Non-organic failure to thrive: a reappraisal. Arch Dis
Child 1985; 60(2):173–8.
49 Reilly SM, Skuse DH, W olke D, Stevenson J. Oral-motor dysfunction in children who fail to thrive: organic or non-organic? Dev Med
Child Neurol 1999; 41(2):115–22.
50 Jolley CD. Failure to thrive. Curr Probl Pediatr Adolesc Health Care
2003; 33(6):183–206.
51 Fride E, Mechoulam R. Developmental aspects of anandamide: ontogeny of response and prenatal exposure. Psychoneuroendocrinology
1996; 21(2):157–72.
52 Fried PA. Behavioral outcomes in preschool and school-age children
exposed prenatally to marijuana: a review and speculative interpretation. NIDA Res Monogr 1996; 164:242–60.
53 Fried PA, James DS, Watkinson B. Growth and pubertal milestones
during adolescence in offspring prenatally exposed to cigarettes
and marihuana. Neurotoxicol Teratol 2001; 23(5):431–6.
54 Hutchings DE, Fico TA, Dow-Edwards DL. Prenatal cocaine: maternal
toxicity, fetal effects and locomotor activity in rat offspring. Neurotoxicol Teratol 1989; 11(1):65–9.

Neuroendocrinology Letters Nos.1/2 Feb-Apr Vol.25, 2004 Copyright © Neuroendocrinology Letters ISSN 0172–780X www.nel.edu

29

Ester Fride
55 Hutchings DE, Fico TA, Banks AN, Dick LS, Brake SC. Prenatal delta9-tetrahydrocannabinol in the rat: effects on postweaning growth.
Neurotoxicol Teratol 1991; 13(2):245–8.
56 Bonnin A, de Miguel R, Hernandez ML, Ramos JA, Fernandez-Ruiz
JJ. The prenatal exposure to delta 9-tetrahydrocannabinol affects
the gene expression and the activity of tyrosine hydroxylase during
early brain development. Life Sci 1995; 56(23–24):2177–84.
57 Ramos JA, De Miguel R, Cebeira M, Hernandez M, Fernandez-Ruiz
J. Exposure to cannabinoids in the development of endogenous
cannabinoid system. Neurotox Res 2002; 4(4):363–72.
58 Rodriguez de Fonseca F, Cebeira M, Fernandez-Ruiz JJ, Navarro
M, Ramos JA. Effects of pre- and perinatal exposure to hashish
extracts on the ontogeny of brain dopaminergic neurons. Neuroscience 1991; 43(2–3):713–23.
59 Navarro M, Rodriguez de Fonseca F, Hernandez ML, Ramos JA, Fernandez-Ruiz JJ. Motor behavior and nigrostriatal dopaminergic activity in adult rats perinatally exposed to cannabinoids. Pharmacol
Biochem Behav 1994; 47(1):47-58.
60 Vela G, Martin S, Garcia-Gil L, Crespo JA, Ruiz-Gayo M, Javier
Fernandez-Ruiz J, et al. Maternal exposure to delta9-tetrahydrocannabinol facilitates morphine self-administration behavior and
changes regional binding to central mu opioid receptors in adult
offspring female rats. Brain Res 1998; 807(1-2):101-9.
61 Mereu G, Fa M, Ferraro L, Cagiano R, Antonelli T, Tattoli M, et al.
Prenatal exposure to a cannabinoid agonist produces memory
deficits linked to dysfunction in hippocampal long-term potentiation and glutamate release. Proc Natl Acad Sci U S A 2003; 100(8):
4915-20.
62 Fried PA, Watkinson B, Gray R. Differential effects on cognitive
functioning in 13- to 16-year-olds prenatally exposed to cigarettes
and marihuana. Neurotoxicol Teratol 2003; 25(4):427-36.
63 Fried PA, Watkinson B, Gray R. Differential effects on cognitive
functioning in 9- to 12-year olds prenatally exposed to cigarettes
and marihuana. Neurotoxicol Teratol 1998; 20(3):293-306.
64 Wenger T, Fragkakis G, Giannikou P, Yiannikakis N. The effects of
prenatally administered endogenous cannabinoid on rat offspring.
Pharmacol Biochem Behav 1997; 58(2):537-44.
65 Fride E, Ben Shabat S, Mechoulam R. Effects of prenatal 9-THC on
mother-pup interactions and CB1 receptors. 26th Annual Meeting
of the Society for Neuroscience, 1996 1996.
66 Viggiano D, Ruocco LA, Pignatelli M, Grammatikopoulos G, Sadile
AG. Prenatal elevation of endocannabinoids corrects the unbalance
between dopamine systems and reduces activity in the Naples High
Excitability rats. Neurosci Biobehav Rev 2003; 27(1-2):129-39.
67 Fride E, Mechoulam R. Ontogenetic development of the response to
anandamide and delta 9-tetrahydrocannabinol in mice. Brain Res
Dev Brain Res 1996; 95(1):131-4.
68 Abrahamov A, Mechoulam R. An efficient new cannabinoid antiemetic in pediatric oncology. Life Sci 1995; 56(23-24):2097-102.
69 Lorenz R. On the application of cannabis in paediatrics and epileptology. Neuroendocrinology Letters 2004:in press.
70 Lorenz R. Experiences with THC-treatment in children and adolescents. International Association for Cannabis as Medicine (IACM)
Meeting 2003, Cologne, Germany 2003:6.
71 Parker L, Mechoulam R, Burton P, Yakiwchuk C. ∆9-Tetrahydrocannabinol and cannabidiol potentiate extrinction of cocaine- and
amphetamine-induced place preference. 2003 Symposium on the
Cannabinoids, International Cannabinoid ResearchSociety, Cornwall, Ontario CANADA 2003.
72 Marsicano G, Wotjak CT, Azad SC, Bisogno T, Rammes G, Cascio MG,
et al. The endogenous cannabinoid system controls extinction of
aversive memories. Nature 2002; 418(6897):530-4.
73 Collins FS. Cystic fibrosis: molecular biology and therapeutic implications. Science 1992; 256(5058):774-9.
74 Fride E. Cannabinoids and Cystic Fibrosis: a novel approach to etiology and therapy. Journal of Cannabis Therapeutics 2002;2(1):5971.
75 Breivogel CS, Griffin G, Di Marzo V, Martin BR. Evidence for a new G
protein-coupled cannabinoid receptor in mouse brain. Mol Pharmacol 2001; 60(1):155-63.

30

Neuroendocrinology Letters Nos.1/2 Feb-Apr Vol.25, 2004 Copyright © Neuroendocrinology Letters ISSN 0172–780X www.nel.edu

