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A b s t r a c t

On a comparative level Δ9-tetrahydrocannabinol has been shown to have actions
in diverse organisms that extend into invertebrate phyla. Furthermore, these
same animals have been found to contain endogenous cannabinoid-like
molecules with correspondingly high affinity and selective receptors for these
chemical messengers. Interestingly, cannabinoid receptors when activated by
their respective ligand appear to be coupled to constitutive nitric oxide release
in diverse tissues. Cannabinoid actions include modulatory roles in immune,
vascular, neural and other tissues, demonstrating that their influence is
widespread in different physiological systems. The fact that similar signaling
with the same molecules, receptors and nitric oxide release also occurs in
invertebrates speaks to the origin of cannabinoid processes. In this regard, these
chemical messengers are similar to others such as opioid, opiate,
monoaminergic, cholinergic and GABAnergic, etc., which also are identical to
that found in mammals. Thus, it would appear that both intra- and inter-cellular
communication evolved early to meet the communication requirement necessary
for the required high number of integrative processes that would continue to
evolve. Simultaneously, cannabinoid signaling may counter-intuitively serve as
a sentinel, providing a health glimpse of the animal exhibiting its signaling given
the number of functions it is involved with. In this regard, it may also have
medicinal properties. 

KKeeyy  wwoorrddss::  Δ9-tetrahydrocannabinol, anandamide, nitric oxide, immune cells,
morphine, CB receptors.

History

Hemp has been cultivated for 7,000 to 8,000 years [1]. The
Sumerian/Babylonian term for cannabis hemp is K(a)N (a)B(a), and it is
one of the longest surviving root words in Indo-Semitic-European language.
In 2700 B.C., Shen Nung, a contributor to early Chinese medicine, mentions
cannabis in the pharmacopoeia. Around 500 B.C. Zoroaster, a Persian
prophet, in the Zend-Avesta, listing 10,000 medicinal plants, includes hemp.
In the first century A.D. the Chinese begin making paper from hemp as an
inexpensive means of preserving information. In 800 A.D. the Islamic
prophet Mohammed allows cannabis use. In 1100, Moslems use cannabis
to start Europe’s first paper mill. In 1430 Saint Joan D’Arc is accused
of using herbal drugs, i.e., cannabis, to hear voices. Pope Inno-
cent VIII (1484) labels cannabis as an unholy sacrament of the Satanic
mass and issues a ban on cannabis. Queen Elizabeth I (1563) and King
Phillip of Spain (1564) orders land owners to grow cannabis. In America,
the Jamestown Colony, Virginia (1619), enacts the New World's first
marijuana legislation, ordering all farmers to grow Indian hemp seed.
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Mandatory hemp cultivation laws were passed in
Massachusetts in 1631 and in Connecticut in 1632.
Thus, hemp as an herbal medicine and commercial
plant has long been a part of human history.

Evolution: invertebrates

Many types of intercellular signal molecules first
thought only to exist in vertebrates also exist in
invertebrates [2]. These include catecholamines,
indole amines, neuropeptides and opiate alkaloids,
demonstrating that in all likelihood they had their
origins in simpler organisms, i.e., invertebrates
and/or single cell organisms. Thus, we can now
conclude that they were maintained during
evolution. In this regard, the operating and
determining process stabilizing their presence
during evolution is in all likelihood the redundancy
of conformational matching in their synthesis,
degradation and receptor interaction [3]. Given
the large number of conformation matching events,
serving as a safe guard, forces signaling to become
conservative and stabilizes its presence. Thus, it is
not all that surprising to find reports documenting
the presence of endocannabinoids in simpler
animals. 

In invertebrates, the first glimmer of an
endogenous cannabinoid presence was first noted
by Acosta-Urquidi and Chase [4], working with
the buccal and parieto-visceral ganglia of Aplysia
californica, Δ9-tetrahydrocannabinol (THC) depres-
sed nerve cell excitability. McClean and Zimmerman
[5] showed that THC elicited actions on cellular
growth in Tetrahymena pyriformis, involving cAMP
[6]. In Strongylocentrotus purpuratus (sea urchin)
THC reduced the fertilizing capacity of sperm [7, 8].
Later, the presence of anandamide and two related
acyl-ethanolamides (palmitoyl- and stearoyl-
ethanolamides), as well as enzymatic activities
potentially responsible for their biosynthesis and
degradation, were found in Paracentrotus lividus
ovaries [9]. Thus, anandamide or a related
substance appears to be involved in sea urchin
fertility [8, 9]. Recently, Berdyshev [10] found that
oleoyl- and linoleoyl-ethanolamide and THC, but not
palmitoylethanolamide, inhibits sea urchin sperm
fertilizing by a non cannabinoid receptor (CB1)
manner, indicating either a novel receptor, CB2 or
a non-specific effect.

In this regard, in 1996 membrane homogenates
of Mytilus edulis (a marine bivalve mollusk)
immunocytes revealed monophasic and specific
anandamide binding sites [11]. Scatchard analysis
showed a single, relatively high affinity binding site
with a Kd of 34.3 nM, with Bmax‘s of 441 fmol/mg
membrane protein for the immunocytes. Mytilus
microglia exhibited the same binding profile (a Kd
of 32.7 nM, with Bmax‘s of 458 ±28 fmol/mg
membrane protein), suggesting that they originate

from this animal's immunocytes. Furthermore,
a variety of diverse signal molecules were ineffective
in displacing specifically bound 3H-anandamide. The
cannabinoid agonist CP55940 and the antagonist
SR-141716A were quite potent in displacing
3H-anandamide whereas Win 55212-2, another
agonist, was less efficacious.

Given the fact that cannabinoid signal mole-
cules have immune altering actions, it was
of interest to determine if anandamide would
induce the formation of nitric oxide (NO) as does
morphine, which exhibits similar immunocyte
suppressive actions [12-14]. Anandamide and
CP55940 initiate the release of NO from Mytilus
immunocytes, microglia and human macrophages
[11]. This process can be antagonized by
coincubating the cells with the nitric oxide synthase
inhibitor, N omega-nitro-L-arginine methyl ester
(L-NAME), as well as exposing the cells to
the cannabinoid antagonist SR 141716A [11].
Interestingly, CP55940 was more potent in this
regard than anandamide. Prior incubation with
naloxone did not block the NO releasing action
of CP55940 or anandamide. 

Exposure of invertebrate immunocytes to 2-ara-
chidonyl-glycerol (2-AG), another endocannabinoid,
obtained by aspiration from the marine mussel
Mytilus edulis, resulted in releasing NO [15]. Again,
SR141716A could block this process and not the CB2
antagonist, indicating its coupling to a CB1 mediated
phenomenon. In these cells 2-AG-stimulated NO
release was blocked by prior exposure to L-NAME.
Additionally, 2-AG down regulated the spontaneously
active immunocytes (7.2 ±1.3% SEM); exhibiting form
factor (FF: 4 × π area/perimeter2; FF of 0.42 ±0.04 and
mobile) to become round and immobile (FF 0.87
±0.06). The level of spontaneous activation was
reduced to 1.4 ±0.5 and 0.8%, respectively. We also
determined if arachidonic acid liberated NO [15]. In
an examination of this phenomenon we found it to
stimulate NO release but only at high concentrations,
suggesting that it may not be involved in a prime
signaling event [15].

In a recent report published from our laboratory
we noted that NO release/presence also induces
these same immunocytes to become round [13, 14].
Following anandamide addition, amoeboid
immunocytes and microglia changed their FF
from 0.51 ±0.08 to 0.82 ±0.05 (SEM) and 0.46 ±0.05
to 0.85 ±0.7, respectively. Human amoeboid
macrophages exhibit the same conformational shift
to a more rounded shape upon anandamide
exposure (0.51 ±0.04 to 0.87 ±0.06 SEM). Prior
exposure of these cells to SR141716A or L-NAME
prevented the cellular rounding [11]. Thus, as with
opiates, cannabinoids may exert their biological
actions via coupling to NO production. This study
is complemented by another recent study that
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demonstrated the presence of long chain
acylethanolamides, e.g., anandamide and palmi-
toylethanolamide in bivalve mollusks [16].
Furthermore, anandamide cell rounding results in
a lack of adherence. In Mytilus immunocytes and
human granulocytes adhering to heart and internal
thoracic artery endothelium, anandamide inhibited
their adherence in a NO and CB1 specific manner,
respectively. 

In yet another study, stereoselective binding sites
for anandamide were found in leech (Theromyzon
tessulatum and Hirudo medicinalis) central nervous
systems [17]. The anandamide binding site was
monophasic and of high affinity exhibiting a Kd
of approximately 32 nM with a Bmax of 550 fmol/mg
protein in both animals. These sites are highly selec-
tive as demonstrated by the inability, of other types
of signaling molecules to displace 3H-anandamide.
Furthermore, this binding site is also coupled to NO
release. A deduced amino acid sequence (153
residues) analysis from a 480 pb amplified RT-PCR
fragment cDNA exhibited a 49.3 and 47.2%
sequence identity with human and rat cannabinoid
receptors (CB1R), respectively, in these animals.
Thus, the leech cannabinoid receptor may be
a G-protein coupled receptor with 7 transmembrane
domains as in CB1R. Moreover, this sequence
exhibits highly conserved regions, particularly in
the putative transmembrane domains 1 and 2
[15, 17]. More strikingly, within the sequence, there
are two highly conserved motifs – between amino
acids 1-97 and 128-153 – which show 80% and 58%
homology to human CB1 recognition [17]. 

Anandamide has also been shown to influence
ganglionic monoamine release [17]. We have
previously reported that preloaded tritiated
monamines can be released from invertebrate
tissues by 50 mM KCl [17]. This release process is
sensitive to the presence of calcium [18]. In an earlier
study [17], we demonstrate the KCl-induced release
of preloaded 3H-serotonin (5HT) and
3H-dopamine (DA) in the leech Hirudo medicinalis
and in the pedal ganglia of Mytilus edulis.
Anandamide, in a concentration-dependent manner,
suppressed the potassium-stimulated release
of 3H-DA, but not 5-HT [17]. The effect of anandamide
was blocked by pre-exposing the neural tissues
of both animals to the cannabinoid receptor
antagonist SR141716A. SR141716A by itself had no
effect [17]. Prior treatment of both sets of ganglia
with the nitric oxide synthase inhibitor L-NAME,
significantly diminished the effect of anandamide.
These data suggest that cannabinoids and their
endogenous effectors play a prominent role in
the regulation of catecholamine release in inverte-
brates as well as in mammals. 

As noted above, anandamide initiates the
release of NO from leech and mussel ganglia.

SR141716A, a cannabinoid CB1 antagonist, blocks
the anandamide-stimulated release of NO from
these tissues [19]. Methyl arachidonyl fluoropho-
sphonate (MAFP), a specific anandamide amidase
inhibitor, when administered to either invertebrate
ganglia with anandamide did not increase the peak
level of NO release but did significantly extend NO
release from 12 to 18 min (p < 0.05) [20]. Lower
levels of anandamide (10–8 and 10–7 M) do not
stimulate the release of significant amounts of NO
from these tissues. However, in the presence
of MAFP (2.5 nM), the lower anandamide
concentrations were able to release significant peak
amounts of NO. In mussel neural tissues the peak
NO release increased from 2.2 ±1.3 to 8.6 ±2.1 nmol.
Taken together, the results indirectly demonstrate
the presence of anandamide amidase in these
tissues, suggesting that the enzyme may serve as
an endogenous regulator of anandamide action. This
result in Mytilus was substantiated by Sepe et al.
[16]. 

Cannabinoid signaling has even been found in
the coelenterate Hydra vulgaris [21]. Hydra contain
anandamide, 2-AG, the theoretical anandamide
precursor N-arachido noyl-phosphatidyl-ethano-
lamine, and they also have anandamide
amidohydrolase activity [21]. Hydra cell membranes
exhibit specific binding sites for CB1 ligands and
the CB1 antagonist SR141716A. Furthermore, this
Hydra cannabinoid system appears to be involved
with the organisms feeding behavior [19].

Taken together, it appears that cannabinoid
signaling originated earlier than previously thought.
Furthermore, this signaling system has been
maintained during evolution, suggesting that
specific determinants exist that support the
preservation of this common signaling. Certainly,
within the context of this signal molecule
conservation, functional properties/actions are also
important and will be considered at the end
of the next section. 

Vertebrate vascular and immune cannabinoid
signaling

VVaassccuullaarr  

In regard to cardiovascular actions, prolonged
use of THC elicits a decrease in blood pressure and
heart rate [22, 23]. At this time more than 20 years
ago, these effects were first believed to occur via
the central nervous system. THC use, in this regard,
was even considered for use as an antihypertensive
medication [22]. Needless to say, given its substance
abuse association, this potential has never
materialized to any great extent. Anandamide, later
on was found to stimulate blood pressure responses
and bradycardia [24], as did THC [25]. Interestingly,
the hypotension stimulated by anandamide is
absent in normotensive rats 1996 [26, 27], but
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present in spontaneously hypertensive rats [28],
suggesting a sympatho-inhibitory mechanism.
Indeed, the modulation of peripheral norepinephrine
release via anandamide-stimulated NO release may
help explain this mechanism in vascular tissues
[29, 30].

In recent times we have demonstrated that
endocannabinoid signaling occurs in mammalian
vascular tissues [29]. The rat kidney contains both
N-acylphosphatidylethanolamine (NAPE) and
long-chain N-acylethanolamines (NAEs) in a ratio
of approximately 10 : 1. Anandamide amounts
to 4.4% of total NAEs (0.29 ±0.13 pmol/μmol lipid
P; 2.79 ±1.11 ng/g wet weight) and the cor-
responding 20: 4 N-acyl groups in NAPE are 11.2%
of the amide-linked fatty acids. In contrast, cultured
mesangial (MC) and endothelial cells (EC) contain
approximately equal amounts of NAEs and NAPEs
containing much smaller percentages (< 1%)
of N-arachidonoyl groups. Furthermore, both
the MC and EC contained anandamide amidase
activity, 56 ±2 and 19 ±2 nmoles anandamide
hydrolyzed per hr per mg protein, respectively [29],
demonstrating an important component
of intercellular signaling. The MC and EC also
exhibited synthase activity (290 ±59 pmoles/h/mg
and 298 ±72 pmoles/h/mg, respectively) [29].
Because the amidase inhibitor MAFP also inhibited
synthesis, it is likely that both hydrolytic and
biosynthetic activities were catalyzed by the same
enzyme [29].

In this study [29], Southern analysis of the
RT/PCR amplified products indicates that CB1 mRNA
was present in rat MC and EC. RT/PCR products
of CB2 were only found in the MC and spleen, but
not in EC. Accordingly, MC have mRNA for both
the brain type receptor (CB1) and the spleen type
receptor (CB2) while endothelial cells only have CB1
receptor mRNA. Supporting this data is the finding
that membrane homogenates of rat renal
microvascular EC contained anandamide binding
sites [29]. Scatchard analysis showed a single,
relatively high-affinity binding site with Kd of 27.4
nM, with Bmax of 623.3 fmol/mg membrane protein.
Furthermore, a variety of diverse signal molecules
were found to be ineffective in displacing
specifically bound 3H-anandamide. However, this
radioligand can be displaced by the agonists
CP55940 and WIN 55-212-2, and the antagonists
SR141716A [29]. 

Experiments utilizing the in vitro juxtamedullary
(JM) nephron preparation segments 5-10 min after
exposure to anandamide at 60, 100, and 140 mm
Hg perfusion pressure revealed the following: 
a) the dose-response to anandamide was
significantly influenced by the level of perfusion
pressure, b) anandamide was involved in baseline
vascular tone through normal autoregulatory

adjustments in lumen diameter, c) significant
vasodilation was observed at 1 μM anandamide
at 140 mm Hg, and at 10 μM at 60 and 100 mm Hg,
d) anandamide stimulated vasodilation was
reversible within 10 min [29], e) the vasodilatory
response to anandamide was inhibited by
pretreatment for 10 min with the NO synthase
inhibitor L-NAME, demonstrating that the vaso-
relaxation was mediated by NO, and lastly, 
f) the anandamide action was also inhibited by
pretreatment with SR141716A, a specific antagonist
for the CB1 receptor. Importantly, SR141716A had no
effect on the in vitro nephron preparation whereas
there were marked vasoconstriction results from
pretreatment with L-NAME, suggesting that
anandamide does not exert a significant influence
over basal vascular tone in renal afferent arterioles
perfused in vitro [29]. In the above experiments
anandamide-stimulated vascular endothelial NO
production was verified with NO-sensitive
amperometric electrodes in segments of rat arteries
[29]. This anandamide-stimulated constitutive nitric
oxide synthase (cNOS) NO release was inhibited by
the CB1 receptor blocker SR141716A. The absence
of anandamide-stimulated hypotension in CB1
receptor knockout animals supports the present
hypothesis [31, 32] as does the recent finding of CB1
receptors by others in vascular endothelial cells
[33, 34]. 

As previously demonstrated (see invertebrate
section), exposing tissues in vitro to 50 mM KCl
induces a calcium-dependent release of preloaded
tritiated monoamines. In this regard, we demon-
strated that anandamide suppresses KCl-stimulated
release of 3H-norepinephrine (NE) from rat renal
arterial segment [29]. This action of anandamide
can be antagonized by preexposing the tissue to
SR141716A [29]. SR141716A, when applied alone,
does not alter the KCl-stimulated release of 3H-NE.
Furthermore, the NOS inhibitor L-NAME, also
antagonizes the anandamide inhibition of 3H-NE
release, demonstrating that anandamide exerts this
neurosuppressive effect via. Thus, vascular neural
elements respond to NO, and in part, this circuit
may represent a mechanism whereby vascular
endothelial cells control peripheral sympathetic
activity. Supporting these data is a study that
demonstrates anandamide modulates neurotran-
smitter release [35] and twitch responses in vas
deferens [35, 36]. The present results indicate
a linkage between cannabinoid-induced sup-
pression of the renal sympathetic nerves and NO
release, a finding consistent with previous findings
that NO suppresses NE release in heart and kidney
[37]. The neuromodulatory role of NO seems to be
especially important in the renal circulation, as
the hypertension induced by NOS inhibition is
ameliorated by renal denervation [38]. In addition,
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our results suggest that the vasodilatory action
of anandamide may be amplified in states where
renal sympathetic activity is high; behavior
consistent with this concept has been observed in
the systemic circulation of rats by Lake et al.
[27, 28]. 

In 1998 [39] these observations were extended
by the presence of both anti-anandamide and
anti-CB1-R immunopositive material on the human
saphenous vascular endothelium. This finding
complements the earlier study demonstrating that
anandamide stimulates NO release in human
saphenous vein [40]. In human internal thoracic
artery fragments and right atrium endothelia,
anandamide also stimulated NO release that was
antagonized by the NOS inhibitor, L-NAME, as well
as by the cannabinoid receptor 1 antagonist
SR141716A [39]. Additionally, varying concentrations
of MAFP plus anandamide stimulated a higher peak
level of NO that remained elevated for a longer
period of time [39].

Recently, Randall et al. [41] reported that
anandamide may be an endothelial-derived hyper-
polarizing factor acting on potassium channels, i.e.,
activation in vascular smooth muscle. They showed
that bradykinin stimulated NO-independent
vasodilation in mesenteric arteries and renal
vasculature could be inhibited by SR141716A.
Interestingly, in this report [41] L-NAME did not
antagonize anandamide’s ability to stimulate
vasodilation. The report appears, at first glance, to
contradict the findings of the present study.
However, the differences may be resolved by
considering the experimental methodologies. Our
experiments measured NO directly, demonstrating
that it is of short duration. Further, in applying
anandamide simultaneously with L-NAME, it did not
completely block the cannabinoid or opiate
stimulated release of NO. Indeed, this action only
took place when L-NAME administration preceded
that of anandamide. Furthermore, regarding
the ability of anandamide to influence potassium
channels, we have demonstrated in invertebrates
that NO donors influence potassium channels
negatively [42]. Clearly, the phenomena reports here
are complex and at the present time many
explanations are possible. In this regard, a recent
report [42] demonstrated that SR141716A can
increase blood pressure in rats subjected to
hemorrhagic shock, indicating the involvement
of endogenous cannabinoids. It is important to also
note that a new abnormal cannabidiol [22] molecule
has been described that does not bind to CB1
receptors, yet it is SR141716A-sensitive and induces
endothelium-dependent hypotension [32]. Thus,
introducing a new degree of complexity. 

We demonstrated activation of human EC,
obtained from the saphenous vein, with morphine-

or anandamide-stimulated NO that was of cNOS
origin [39]. Furthermore, significant release of NO,
from ECs stimulated with lipopolysaccharide (LPS)
and interferon-γ (IFN) occurred after 2.5 h
post-exposure and remained significantly elevated
over basal levels for 24-48 h, consistent with
inducible NOS (iNOS) activation. Preincubation
of ECs with morphine or anandamide prior to, but
not after, the addition of LPS + IFN, blocked iNOS
activity. Exposure of ECs to the NO donor, SNAP,
prior to the addition of LPS + IFN, blocked iNOS
induction, whereas preincubation of ECs with
inhibitors of NOS, prior to morphine or anandamide
exposure, restored LPS + IFN induction of iNOS,
suggesting a direct impact of NO on the regulation
of iNOS activity. Morphine and anandamide
stimulation of ECs did not stimulate cAMP
accumulation, whereas a marked increase in cAMP
was observed in ECs treated with LPS + IFN.
Treatment of ECs with LPS + IFN did not induce
cAMP accumulation in EC treated with morphine,
anandamide or SNAP prior to LPS + IFN exposure.
These data suggest that cAMP is required for
the induction of iNOS in ECs and that NO may
directly impair adenylate cyclase activity, preventing
iNOS activation [40]. Taken together it would appear
that anandamide actions are important in
the regulation of vasodilation and immunocyte-
endothelial interactions [43-45]. In 2000, we
extended these observations by noting that iNOS
expression was diminished by anandamide [46].
The anandamide vasodilation is consistent with
the known systemic depressor actions of Δ9-THC
and anandamide in humans and animals
[27, 28, 47]. 

IImmmmuunnee  

With regard to immunocytes, THC inhibits
macrophage cell line contact-dependent cytolysis
of tumor cells [48, 49]. THC also appears to alter
antigen processing [49] and the expression of select
proteins whose induction is associated with
macrophage activation as well as the expression
of tumor necrosis factor [50, 51]. THC was found to
increase supernatant interleukin-1 (IL-1) bioactivity
in cultures of mouse resident peritoneal macro-
phages stimulated with lipopolysaccharide [52].
Incubating P388D1 macrophage cell cultures with
THC results in a dose-dependent inhibition of cell
propagation, DNA synthesis and phagocytosis [53].
In earlier reports, THC was found to inhibit human
peripheral blood macrophage spreading and
phagocytosis of yeast [53-58]. 

The inhibition of cell spreading [54, 55, 59] is in
agreement with observations made by Stefano 
et al. [11], namely that anandamide receptor
coupling to NO may be the mechanism initiating
this cell rounding. Given the fact that naloxone does
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not antagonize or bind to the anandamide receptor,
these signal systems appear to be distinct. Thus,
naturally occurring cannabinoids may share
the NO-producing effector system with opiate
alkaloids [11, 12, 14, 60-63]. In this regard,
the cannabinoid signaling system exhibits many
biological similarities with that of opiate molecules.
As with morphine, this psychoactive agent has been
used by man for thousands of years. Biomedical
properties it shares with morphine include
analgesia, anti-inflammation and immunosup-
pression [64-74]. Another similarity this compound
shares with morphine is that its receptors are found
on neurons and immunocytes, suggesting auto-
immunoregulating and neuroimmune actions. In this
regard the cloning of a receptor for cannabinoids
includes one found in macrophages [75].

Other common effects of cannabimimetic agents
and opiates are in the inhibition of N18TG2
neuroblastoma cell adenylate cyclase [76]. The delta
opioid receptor subtype on the N18TG2 membranes
is unaltered by cannabimimetic drugs. Furthermore,
opioid and opiate agents also inhibit this enzyme
in the N18TG2 cells. Therefore it was concluded that
both molecules were using diverse receptors but
the same effector process, since naloxone only
blocked the opioid action [76]. This observation is
supported by the work of Stefano et al. [77]. In
cerebellar granule cells, both cannabinoid and opioid
receptors appear to exist on the same cells and
their respective activation produces similar
biological responses. Given the above remarkable
parallelism between opiate and cannabinoid
signaling cascades and the overall array of phy-
siological systems they affect, including NO release,
we must ask the question why are two such
“redundant” systems required? Again, both types

of compounds have analgesic, anti-inflammation
and immunosuppressive properties [45]. Based on
the above discussion, namely, that both compounds
can release NO by separate processes, we speculate
that the answer may be found in the degree of this
action. Morphine in diverse tissues and animals
appears to be a more potent stimulator of cNOS-
derived NO release than cannabinoids on a same
dose basis [11, 62, 63, 78, 79]. We surmise that
the cannabinoid system is “activated” at times
requiring a milder analgesic, anti-inflammatory or
immunosuppressive action. This hypothesis is
supported by the findings concerning cannabinoid
tolerance and addiction [80]. O’Brien summarizes
that tolerance to cannabinoids disappears rapidly,
and without withdrawal symptoms, and “few
patients seek treatment for marijuana addiction”.
Indeed, this hypothesis can also be used to explain
the presence of the cannabinoid receptor in
invertebrates.

Functions: significance of endocannabinoids 

In other studies, we have demonstrated that
anandamide via NO release can down regulate both
macrophage and endothelial excitation, conse-
quently their interaction as well [45, 81, 82].
Anandamide, when presented acutely, releases
endothelial cNOS, thereby inhibiting macrophage
adherence. Importantly, we demonstrate that
the initial exposure to anandamide uncouples
the ability of these agents to stimulate constitutive
endothelial NO release further, thus enhancing
macrophage adherence. Thus, as with morphine,
anandamide’s actions are biphasic. At first, via NO,
they are inhibitory, however, following this inhibitory
phase the tissues become hyper-excitable, i.e.,

FFiigguurree 11..  In general, it is observed that for an equivalent dose of agent noted above endocannabinoids release
the lowest level of cNOS derived NO whereas morphine and estrogen release about the same. We speculate that
the cannabinoids are more involved in local microenvironment down regulation whereas morphine, as supported
by its long half life, exerts a more global sphere of influence. Estrogen’s involvement in this process probably emerges
from the fact it is involved with growth and development of select tissues, allowing for its stimulated NO to offer
a greater degree of control on these processes, not allowing for abnormal growths to emerge. Thus, it is not only
a local area which manifests this function but equally important is when it is called into action

NO production by various chemical messengers'

2-4 nM background

8-12 nM anandamide

12 to 20 nM
morphine 

12 to 20 nM 
estrogen 
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rebound from inhibition. In this regard, we have
demonstrated that this biphasic phenomenon is
a function of cNOS-derived NO with the use
of NO-donors as well [20, 40, 45, 81-83]. The
physiological significance of this rebound may lie
in the fact that following activity suppression
the various cells are hyperactivated, that is they are
exhibiting enhanced surveillance compensating for
their “down-time” [71-74, 84]. Clearly, then this
biphasic response to anandamide has evolutionary
value, hence its presence in both invertebrates and
vertebrates. 

In other reports we have demonstrated that
estrogen also has the ability to stimulate cNOS-
derived NO [85-87]. This is significant since NO is
also considered an important inhibitory agent that
diminishes immunocyte adhesion and the vascular
endothelium’s capability to adhere immunocytes,
as well as down regulating various immunocytes,
both before and after proinflam-matory events (for
review [88-90]). In this regard, estrogen is acting in
parallel with endogenous morphine and the endo-
cannabinoid anandamide, probably altering similar
processes at different times or circumstances and
at varying levels.

Again, it may appear that we have a redundant
immunovascular down regulating process. However,
we believe that each of these signaling systems
performs this common function, i.e., cNOS-derived
NO release, under different circumstances.

Morphine, given its long latency before increases
in its levels are detected, arises after trau-
ma/inflammation to down regulate these processes
in neural, vascular and immune tissues. Anan-
damide constitutively expressed, by being part
of the always present arachidonate and eicosanoid
signaling processes serves to maintain an
immediate burst in basal NO in vascular tissues
since morphine levels only rise after a latency
period. We surmise that estrogen, since
testosterone or progesterone don’t exert this NO
generating action, provides an extra-degree
of immunocyte and vascular down regulation in
females. This is most probably due to both
the immune and vascular trauma associated with
cyclic reproduction activities, i.e., endometrial
buildup, when a high degree of vascular and
immune activities are occurring. Given the high
degree of proliferative growth capacity during
estrogen peak levels in this cycle, NO may function
to enhance down regulation of the immune system
to allow for these changes. In this regard, it is not
difficult to understand the reports documenting
various cancers with estrogen blocking actions and
conversely reports documenting its anti-cancer
protective actions. The coupling to NO is highly
significant given the various functions it can
mediate from free radical, to anti-bacterial – and
anti-viral as well as a chemical messenger as the
circumstance arises [91-95]. 

FFiigguurree 22..  Many substances of abuse, formerly thought of as being exclusively of plant origin, are now being shown
to be made within animals tissues. In this regard, they may have common signaling processes, using the endogenous
morphine system. In the presence of an error in this opiate system we surmise the external counterpart compounds
are taken as a compensatory process so that basic and normal tissues down regulation of excitability may take
place [64, 65, 68-74, 105-114]
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pain
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Error in system-
insufficiency

Via NO

Via NO

Low dose/
moderation

Act on
endogenous
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Morphine

Cannabinoid

Alcohol

Cocaine

Nicotine

Morphine

Cannabinoid

Alcohol
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Conclusion

Thus, anandamide working via the CB1 receptor
enhances a tissue’s capacity to down regulate itself
as well as its interaction with other tissues, i.e.,
immune-vascular. Again, invertebrates and
vertebrates can benefit from this activity. Even
though invertebrates have an open circulatory
system, many have pulsatile hearts, immune-like
cells and cell-lined organ systems that normally
benefit from open tissue spaces that allow for
the flow of hemolymph and immune cells that
move, enhancing their surveillance capabilities.
Furthermore, NO is both antibacterial and antiviral
(see earlier discussion), thus cNOS- derived NO
bursts, as caused by anandamide, has an
immediate protective value for survival. 

In this regard, as noted earlier anandamide-
derived NO may be involved with an autoregulatory
pathway that would further diminish cellular
excitability requiring less efficacy than that provided
by morphine. Constitutive NOS-derived NO can
depress iNOS – derived NO expression.
Furthermore, cNOS-derived NO can stabilize NF-kB
levels, thereby preventing proinflammatory cytokine
production, again diminishing the capacity for
excitation. Taken together, endocannabinoids may
serve to boost basal cellular, i.e., vascular
endothelial, immunocyte, etc., NO levels thereby
inhibiting or preventing and limiting excitation i.e.,
setting a higher threshold. The need for this action
in all organisms centers on the concept that while
excitatory cascades are required to protect cells,
tissues, organs and organisms, so are down
regulating cascades. These down regulating
cascades may prevent over excitation in an immune
response, as well as prevent a cell from responding
to back ground noise-, that may prove lethal to an
organism. Again, the presence of endocannabinoids
in invertebrates and vertebrates may serve to
demonstrate their significance in this regard. The
fact that plants make THC may serve to indicate
that they too require this activity. It may also
indicate that this system evolved and remained in
evolution because it arose in a common ancestor
to both plants and animals. 

As also noted with morphine, its synthesis does
occur in animal tissues, including man, making both
types of molecules endogenous in nature
[65, 67, 69, 70]. Various stressors may trigger
anandamide synthesis. Thus, it is not hard to
predict, that as with morphine, endocannabinoids
may participate in coping processes. In this regard,
since coping via cognition evolved only recently in
evolution, it is not surprising to surmise
anandamide involvement in this new neural activity
since it represents its’ ability to diminish excitation.
Furthermore, there is a potential for immune cells,
accumulating on vascular tissues, to also influence

the activation state of vascular endothelial cells and
other tissues. Given the enzymes found in
the morphine biosynthesis pathway and that found
with endogenous cannabinoid, these gene products
may be very important in substance abuse and
normal health as well [70, 96-104] Thus,
endocannabinoid signaling is old in regard to signal
system evolvement and new in terms of our study
of its involvement in intercellular signaling and
physiological regulation. In this regard, we cannot
let the stigma of substance abuse limit
the biomedical exploration of these compounds for
medical benefit.

Acknowledgments

We wish to thank Ms. Danielle Benz for
the technical work on the manuscript. 

Re f e r e n c e s
1. Herer J. The Emperor Wears No Clothes: The Authori-

tative Historical Record of Cannabis and the Conspiracy
Against Marijuana. 11th ed. New York, NY: AH HA
Publishing Co. 1998.

2. Stefano GB. Conformational matching: a possible
evolutionary force in the evolvement of signal systems.
In: Stefano GB (eds). CRC Handbook of comparative
opioid and related neuropeptide mechanisms. Boca
Raton: CRC Press 1986; 271-7.

3. Stefano GB. Conformational matching: a possible
evolutionary force in the evolvement of signal systems.
In: Stefano GB (eds). CRC Handbook of comparative
opioid and related neuropeptides mechanisms. Boca
Raton: CRC Press Inc 1986; 271-7.

4. Acosta-Urquidi J, Chase R. The effects of delta9-
tetrahydrocannabinol on action potentials in the mollusc
Aplysia. Can J Physiol Pharmacol 1975; 53: 793-8.

5. McClean DK, Zimmerman AM. Action of delta 9-tetrahy
drocannabinol on cell division and macromolecular
synthesis in division-synchronized protozoa. Pharma-
cology 1976; 14: 307-21.

6. Zimmerman S, Zimmerman AM, Laurence H. Effect
of delta 9-tetrahydrocannabinol on cyclic nucleotides in
synchronously dividing Tetrahymena. Can J Bioch 1981;
59: 489-93.

7. Baczynsky WO, Zimmerman AM. Effects of delta9-
tetrahydrocannabinol, cannabinol, and cannabidiol on
the immune system in miceI. In vivo investigation
of the primary and secondary immune response.
Pharmacology 1983; 26: 1-11.

8. Schuel H, Goldstein E, Mechoulam R, Zimmerman AM,
Zimmerman S. Anandamide (arachidonylethanolamide),
a brain cannabinoid receptor agonist, reduces sperm
fertilizing capacity in sea urchins by inhibiting
the acrosome reaction. Proc Natl Acad Sci USA
1994; 91: 7678-82.

9. Bisogno T, Ventriglia M, Milone A, Mosca M, Cimino G,
Di Marzo V. Occurrence and metabolism of anandamide
and related acyl-ethanolamides in ovaries of the sea
urchin Paracentrotus lividus. Biochim Biophys Acta
1997; 1345: 338-48.

10. Berdyshev EV. Inhibition of sea urchin fertilization by fatty
acid ethanolamides and cannabinoids. Comp Biochem
Physiol C Pharmacol Toxicol Endocrinol 1999; 122: 327-30.



Arch Med Sci 4, December / 2009 9

Endocannabinoid signaling transcends pain

11. Stefano GB, Liu Y, Goligorsky MS. Cannabinoid receptors
are coupled to nitric oxide release in invertebrate
immunocytes, microglia, and human monocytes. J Biol
Chem 1996; 271: 19238-42.

12. Stefano GB, Hartman A, Bilfinger TV, et al. Presence
of the mu3 opiate receptor in endothelial cells: Coupling
to nitric oxide production and vasodilation. J Biol
Chem 1995; 270: 30290-3.

13. Liu Y, Shenouda D, Bilfinger TV, Stefano ML, Magazine
HI, Stefano GB. Morphine stimulates nitric oxide release
from invertebrate microglia. Brain Res 1996; 722: 125-31.

14. Magazine HI, Liu Y, Bilfinger TV, Fricchione GL, Stefano
GB. Morphine-induced conformational changes in
human monocytes, granulocytes, and endothelial cells
and in invertebrate immunocytes and microglia are
mediated by nitric oxide. J Immunol 1996; 156: 4845-50.

15. Stefano GB, Bilfinger TV, Rialas CM, Deutsch DG. 2-
Arachidonyl-glycerol stimulates nitric oxide from human
immune and vascular tissues and invertebrate
immunocytes by cannabinoid receptor 1. Pharmacol
Res 2000; 42: 317-22.

16. Sepe N, De Petrocellis L, Montanaro F, Cimino G, Di
Marzo V. Bioactive long chain N-acylethanolamines in
five species of edible bivalve molluscs. Possible
implications for mollusc physiology and sea food
industry. Biochim Biophys Acta 1998; 1389: 101-11.

17. Stefano GB, Salzet B, Rialas CM, et al. Morphine- and
anandamide- stimulated nitric oxide production inhibits
presynaptic dopamine release. Brain Res 1997; 763: 63-8.

18. Stefano GB, Hall B, Makman MH, Dvorkin B. Opioid
inhibition of dopamine release from nervous tissue
of Mytilus edulis and Octopus bimaculatus.
Science 1981; 213: 928-30.

19. Stefano GB, Salzet B, Salzet M. Identification and
characterization of the leech CNS cannabinoid receptor:
coupling to nitric oxide release. Brain Res 1997; 753:
219-24.

20. Stefano GB, Rialas CM, Deutsch DG, Salzet M.
Anandamide amidase inhibition enhances anandamide-
stimulated nitric oxide release in invertebrate neural
tissues. Brain Res 1998; 793: 341-5.

21. De Petrocellis L, Melck D, Bisogno T, Milone A, Di MV.
Finding of the endocannabinoid signalling system in
Hydra, a very primitive organism: possible role in
the feeding response. Neuroscience 1999; 92: 377-87.

22. Benowitz NL, Jones RT. Cardiovascular effects
of prolonged delta-9-tetrahydrocannabinol ingestion.
Clin Pharmacol Ther 1974; 18: 287-97.

23. Rosenkrantz H. Cannabis, marijuana and cannabinoid
toxicological manifestations in man and animals. In:
O'Brien K, Kalant H (eds). Cannabis and health hazards.
Toronto: Addiction Research Foundation 1983; 91-175.

24. Varga K, Lake K, Martin BR, Kunos G. Novel antagonist
implicates the CB1 cannabinoid receptor in
the hypotensive action of anandamide. Eur J Pharmacol
1995; 278: 279-83.

25. Siqueira SW, Lapa AJ, Ribeiro DV. The triple effect induced
by delta 9-tetrahydrocannabinol on the rat blood
pressure. Eur J Pharmacol 1979; 58: 351-7.

26. Stein EA, Fuller SA, Edgemond WS, Campbell WB.
Physiological and behavioural effects of the endogenous
cannabinoid, arachidonylethanolamide (anandamide),
in the rat. Br J Pharmacol 1996; 119: 107-14.

27. Lake KD, Compton DR, Varga K, Martin BR, Kunos G.
Cannabinoid-induced hypotension and bradycardia in
rats mediated by CB1-like cannabinoid receptors. 
J Pharmacol Exp Therap 1997; 281: 1030-7.

28. Lake KD, Martin BR, Kunos G, Varga K. Cardiovascular
effects of anandamide in anesthetized and conscious
normotensive and hypertensive rats. Hypertension
1997; 29: 1204-10.

29. Deutsch DG, Goligorsky MS, Schmid PC, et al. Production
and physiological actions of anandamide in the
vasculature of the rat kidney. J Clin Investig 1997;
100: 1538-46.

30. Varga K, Lake KD, Huangfu D, Guyenet PG, Kunos G.
Mechanism of the hypotensive action of anandamide
in anesthetized rats. Hypertension 1996; 28: 682-6.

31. Ledent C, Valverde O, Cossu G, et al. Unresponsiveness
to cannabinoids and reduced addictive effects of opiates
in CB1 receptor knockout mice. Science 1999; 283:
401-4.

32. Jarai Z, Wagner JA, Varga K, et al. Cannabinoid-induced
mesenteric vasodilation through an endothelial site
distinct from CB1 or CB2 receptors. Proc Natl Acad Sci
U S A 1999; 96: 14136-41.

33. Sugiura T, Kodaka T, Nakane S, Kishimoto S, Kondo S,
Waku K. Detection of an endogenous cannabimimetic
molecule, 2-arachidonoylglycerol, and cannabinoid CB1
receptor mRNA in human vascular cells: is 2-
arachidonoylglycerol a possible vasomodulator? Biochem
Biophys Res Com 1998; 243: 838-43.

34. Liu J, Gao B, Mirshahi F, et al. Functional CB1 cannabinoid
receptors in vascular endothelial cells. Biochem J 2000;
in press.

35. Van der Kloot W. Anandamide, a naturally occurring
agonist of the cannabinoid receptor, blocks adenylate
cyclase at the frog neuromuscular junction. Brain
Res 1994; 649: 181-4.

36. Mechoulam R, Ben-Shabat S, Hanus L, et al.
Identification of an endogenous 2-monoglyceride,
present in canine gut, that binds to cannabinoid
receptors. Biochem Pharmacol 1995; 50: 83-90.

37. Egi Y, Matsumura Y, Murata S, et al. The effects
of NG-nitro-L-arginine, a nitric oxide synthase inhibitor,
on norepinephrine overflow and antidiuresis induced by
stimulation of renal nerves in anesthetized dogs. 
J Pharmacol Exp Ther 1994; 269: 529-35.

38. Matsuoka H, Nishida H, Nomura G, Van Vliet BN,
Toshima H. Hypertension induced by nitric oxide
synthesis inhibition is renal nerve dependent.
Hypertension 1994; 23: 971-5.

39. Bilfinger TV, Salzet M, Fimiani C, Deutsch DG, Stefano
GB. Pharmacological evidence for anandamide amidase
in human cardiac and vascular tissues. Int J Cardiol
1998; 64: S15-22.

40. Stefano GB, Salzet M, Magazine HI, Bilfinger TV.
Antagonist of LPS and IFN-g induction of iNOS in human
saphenous vein endothelium by morphine and
anandamide by nitric oxide inhibition of adenylate
cyclase. J Cardiovasc Pharmacol 1998; 31: 813-20.

41. Randall MD, Kendall DA. Involvement of a cannabinoid
in endothelium-derived hyperpolarizing factor-mediated
coronary vasorelaxation. Eur J Pharmacol 1997; 335:
205-9.

42. Sawada M, Ichinose M, Stefano GB. Inhibition
of the met-enkephalin induced K+ current in B cluster
neurons of Aplysia by nitric oxide donor. Brain
Res 1996; 740: 124-30.

43. Wagner JA, Varga K, Ellis EF, Rzigalinski BA, Martin BR,
Kunos G. Activation of peripheral CB1 cannabinoid
receptors in haemorrhagic shock. Nature 1997; 390:
518-21.



10 Arch Med Sci 4, December / 2009

George B. Stefano, Richard M. Kream

44. Bilfinger TV, Hartman AR, Liu Y, Magazine HI, Stefano
GB. Cryopreserved veins in myocardial revascularization:
Possible mechanism for their increased failure. Ann
Thoracic Surgery 1997; 63: 1063-9.

45. Stefano GB. Autoimmunovascular regulation: Morphine
and anandamide stimulated nitric oxide release. 
J Neuroimmunol 1998; 83: 70-6.

46. Fimiani C, Magazine HI, Welters I, et al. Antagonism
of LPS and IFN-g induced iNOS expression in human
atrial endothelia by morphine, anandamide and
estrogen. Acta Pharmacol Sinica 2000; 21: P405-9.

47. Graham JP. The cardiovascular actions of cannabinoids.
In: Mechoulam R (eds). Cannabinoids as therapeutic
agents. Boca Raton, FL: CRC Press Inc 1986. 

48. Burnette-Curley D, Cabral GA. Differential inhibition
of RAW264.7 macrophage tumoricidal activity by
delta 9tetrahydrocannabinol. Proc Soc Exp Biol
Med 1995; 210: 64-76.

49. McCoy KL, Gainey D, Cabral GA. Delta-9-tetrahydro
cannabinol modulates antigen processing by
macrophages. J Pharmacol Exp Ther 1995; 273: 1216-23.

50. Zheng ZM, Spector S, Friedman H. Inhibition by delta-9-
tetrahydrocannabinol of tumor necrosis factor alpha
production by mouse and human macrophages. Int 
J Immunopharmacol 1992; 14: 1445-52.

51. Cabral GA, Fischer-Stenger K. Inhibition of macrophage
inducible protein expression by delta-9-tetrahydro-
cannabinol. Life Sci 1994; 54: 1831-44.

52. Shivers SC, Newton C, Friedman H, Klein T. delta-9-
tetrahydrocannabinol (THC) modulates IL-1 bioactivity
in human monocyte/macrophage cell lines. Life
Sci 1994; 54: 1281-9.

53. Tang JL, Lancz G, Spector S, Bullock H. Marijuana and
immunity: tetrahydrocannabinol-mediated inhibition
of growth and phagocytic acitivity of the murine
macrophage cell line, P388D1. Int J Immunopharmacol
1992; 14: 253-62.

54. Friedman M, Cepero ML, Klein T, Friedman H.
Suppressive effect of delta-9-tetrahydrocannabinol in
vitro on phagocytosis by murine macrophages. Proc Soc
Exp Biol Med 1986; 182: 225-8.

55. Lopez-Cepero M, Friedman M, Klein T, Friedman H.
Tetrahydrocannabinol-induced suppression of macrophage
spreading and phagocytic activity in vitro. J Leukocyte
Biol 1986; 39: 679-86.

56. Specter S, Lancz G, Westrich G, Friedman H. Combined
immunosuppressive activities of delta9- tetrahydro
cannabinol and murine retrovirus. In: Friedman H, Specter
S, Klein TW (eds). Advances in experimental medicine and
biology. New York: Plenum Press 1991; 135-41.

57. Specter S, Lancz G, Westrich G, Friedman H. Delta9-
tetrahydrocannabinol augments murine retroviral
induced immunosuppression and infection. Int J Immu-
nopharmacol 1991; 13: 411-7.

58. Specter S, Lancz G, Goodfellow D. Suppression of human
macrophage function in vitro by delta 9-tetrahydro-
cannabinol. J Leukocyte Biology 1991; 50: 423-6.

59. Specter S, Klein TW, Newton C, Mondragon M, Wi-
den R, Friedman H. Marijuana effects on immunity:
suppression of human natural killer cell activity by
delta9-tetrahydrocannabinol. Int J Immunopharmacol
1986; 8: 741-5.

60. Stefano GB, Hartman A, Bilfinger TV, et al. Morphine
stimulates nitric oxide production in endothelial cells by
way of the m3 opiate receptor. Proc Natl Acad Sci
USA 1995. 

61. Stefano GB, Hartman A, Bilfinger TV, et al. Presence
of the mu3 opiate receptor in endothelial cells. Coupling
to nitric oxide production and vasodilation. J Biol Chem
1995; 270: 30290-3.

62. Stefano GB, Scharrer B, Smith EM, et al. Opioid and
opiate immunoregulatory processes. Crit Rev Immunol
1996; 16: 109-44.

63. Stefano GB, Liu Y. Opiate antagonism of opioid actions
on immunocyte activation and nitric oxide release. Anim
Biol 1996; 1: 11-6.

64. Fricchione G, Zhu W, Cadet P, et al. Identification
of endogenous morphine and a mu3-like opiate alkaloid
receptor in human brain tissue taken from a patient
with intractable complex partial epilepsy. Med Sci
Monit 2008; 14: CS45-9.

65. Mantione KJ, Cadet P, Zhu W, et al. Endogenous morphine
signaling via nitric oxide regulates the expression
of CYP2D6 and COMT: autocrine/paracrine feedback
inhibition. Addict Biol 2008; 13: 118-23.

66. Stefano GB, Stefano JM, Esch T. Anticipatory stress
response: a significant commonality in stress, relaxation,
pleasure and love responses. Med Sci Monit 2008; 14:
RA17-21.

67. Stefano GB, Cadet P, Kream RM, Zhu W. The presence
of endogenous morphine signaling in animals.
Neurochem Res 2008; 33: 1933-9.

68. Stefano GB, Kream RM, Mantione KJ, et al. Endogenous
morphine/nitric oxide-coupled regulation of cellular
physiology and gene expression: implications for cancer
biology. Semin Cancer Biol 2008; 18: 199-210.

69. Stefano GB, Kream R. Endogenous opiates, opioids, and
immune function: evolutionary brokerage of defensive
behaviors. Semin Cancer Biol 2008; 18: 190-8.

70. Zhu W, Esch T, Kream RM, Stefano GB. Converging
cellular processes for substances of abuse: endogenous
morphine. Neuro Endocrinol Lett 2008; 29: 63-6.

71. Atmanene C, Laux A, Glattard E, et al. Characterization
of human and bovine phosphatidylethanolamine-binding
protein (PEBP/RKIP) interactions with morphine and
morphine-glucuronides determined by noncovalent mass
spectrometry. Med Sci Monit 2009; 15: BR178-87.

72. Stefano GB, Esch T, Kream RM. Xenobiotic perturbation
of endogenous morphine signaling: paradoxical opiate
hyperalgesia. Med Sci Monit 2009; 15: RA107-10.

73. Stefano GB, Kream RM, Esch T. Revisiting tolerance from
the endogenous morphine perspective. Med Sci
Monit 2009; 15: RA189-98.

74. Stefano GB, Kream RM. Dopamine, morphine, and nitric
oxide: An evolutionary signaling triad. CNS Neurosci
Therap 2009; in press.

75. Munro S, Thomas KL, Abu-Shaar M. Molecular
characterization of a peripheral receptor for can
nabinoids. Nature 1993; 365: 61-5.

76. Devane MA, Spain JW, Coscia CJ, Howlett AC. An
assessment of the role of opioid receptors in
the response to cannabimimetic drugs. J Neurochem
1986; 46: 1929-35.

77. Stefano GB, Scharrer B, Smith EM, et al. Opioid and
opiate immunoregulatory processes. Crit Rev  Immunol
1996; 16: 109-44.

78. Stefano GB, Scharrer B, Fricchione GL. Endogenous
morphine and the physiological significance of tolerance
in amplification brain phenomena. In review, 1996. 

79. Stefano GB, Salzet M. Characterization and coupling
of the leech CNS cannabinoid receptor to nitric oxide
release. J Biol Chem 1996. 



Arch Med Sci 4, December / 2009 11

Endocannabinoid signaling transcends pain

80. O'Brien CP. Drug addiction and drug abuse. In: Hardman
JG and Limbird LE (eds). The pharmacological basis
of therapeutics. New York: McGraw Hill 1996; 557-79.

81. Stefano GB, Salzet M, Bilfinger TV. Long-term exposure
of human blood vessels to HIV gp120, morphine and
anandamide increases endothelial adhesion
of monocytes: Uncoupling of Nitric Oxide. J Cardiovasc
Pharmacol 1998; 31: 862-8.

82. Stefano GB, Salzet M, Rialas C, Mattocks DW, Fimiani C,
Bilfinger TV. Macrophage behavior associated with acute
and chronic exposure to HIV GP120, morphine and
anandamide: Endothelial implications. Int J Cardiol
1998; 64: S3-13.

83. Stefano GB, Salzet M, Magazine HI, Bilfinger TV.
Anandamide or morphine stimulate saphenous vein
endothelium cNOS nitric oxide release which
downregulates LPS and IFN-g iNOS by inhibiting
adenylate cyclase. J Cardiol Pharmacol 1998; 31: 813-20.

84. Magazine HI, Chang J, Goumon Y, Stefano GB. Rebound
from nitric oxide inhibition triggers enhanced monocyte
activation and chemotaxis. J Immunol 2000; 165: 102-7.

85. Prevot V, Croix D, Rialas CM, et al. Estradiol coupling to
endothelial nitric oxide production stimulates GnRH
release from rat median eminence. Endocrinol 1999;
140: 652-9.

86. Prevot V, Croix D, Rialas CM, et al. Estradiol coupling to
endothelial nitric oxide stimulates gonadotropin- releasing
hormone release from rat median eminence via
a membrane receptor. Endocrinology 1999; 140: 652-9.

87. Stefano GB, Prevot V, Beauvillain JC, et al. Estradiol
coupling to human monocyte nitric oxide release is
dependent on intracellular calcium transients: Evidence
for an estrogen surface receptor. J Immunol 1999;
163: 3758-63.

88. Roy JR, Chakraborty S, Chakraborty TR. Estrogen-like
endocrine disrupting chemicals affecting puberty in
humans – a review. Med Sci Monit 2009; 15: RA137-45.

89. Singh MN, Martin-Hirsch PL, Martin FL. The multiple
applications of tamoxifen: an example pointing to SERM
modulation being the aspirin of the 21st century. Med
Sci Monit 2008; 14: RA144-8.

90. Mantione KJ. Estrogen's actions transcend a sole
reproductory function in cell signaling. Med Sci Monit
2008; 14: SC1-3.

91. Pflueger A, Abramowitz D, Calvin AD. Role of oxidative
stress in contrast-induced acute kidney injury in diabetes
mellitus. Med Sci Monit 2009; 15: RA125-36.

92. De GC, Bianchi M, Pascale V, et al. Asymmetric
dimethylarginine (ADMA): an endogenous inhibitor
of nitric oxide synthase and a novel cardiovascular risk
molecule. Med Sci Monit 2009; 15: RA91-101.

93. Tanii H, Higashi T, Nishimura F, Higuchi Y, Saijoh K. Effects
of cruciferous allyl nitrile on phase 2 antioxidant and
detoxification enzymes. Med Sci Monit 2008; 14:
BR189-92.

94. Benz D, Cadet P, Mantione K, Zhu W, Stefano GB. Tonal
nitric oxide and health: A free radical and a scavenger
of free radicals. Med Sci Monit 2002; 8: 1-4.

95. Benz D, Cadet P, Mantione K, Zhu W, Stefano GB. Tonal
nitric oxide and health: Anti-bacterial and -viral actions
and implications for HIV. Med Sci Monit 2002; 8:
RA27-31.

96. Gu Y, Yun L, Tian Y, Hu Z. Association between COMT
gene and Chinese male schizophrenic patients with
violent behavior. Med Sci Monit, 2009; 15: CR484-9.

97. Yokoyama H, Hirose H, Saito I. Two types of unsafe
drinker judged to have metabolic syndrome: typical

metabolic syndrome or alcohol-related syndrome? Med
Sci Monit 2009; 15: H57-64.

98. Yokusoglu M, Sag C, Cincik M, et al. Perindopril, atenolol,
and amlodipine prevent aortic ultrastructural changes
in rats exposed to ethanol. Med Sci Monit 2008; 14:
BR96-102.

99. Naha N, Lee HY, Naser MI, Park TJ, Kim SH, Kim MO.
Ethanol inhibited apoptosis-related RNA binding protein,
Napor-3 gene expression in the prenatal rat brain. Med
Sci Monit 2009; 15: BR6-12.

100. Zhu W. CYP2D6: a key enzyme in morphine synthesis in
animals. Med Sci Monit 2008; 14: SC15-18.

101. Castardeli E, Duarte DR, Minicucci MF, et al. Exposure
time and ventricular remodeling induced by tobacco
smoke exposure in rats. Med Sci Monit 2008; 14: BR62-6.

102. Kopeckova M, Paclt I, Petrasek J, Pacltova D, Malikova M,
Zagatova V. Some ADHD polymorphisms (in genes DAT1,
DRD2, DRD3, DBH, 5-HTT) in case-control study of 100
subjects 6-10 age. Neuro Endocrinol Lett 2008; 29: 246-51.

103. Nikisch G. Involvement and role of antidepressant drugs
of the hypothalamic-pituitary-adrenal axis and glucocor-
ticoid receptor function. Neuro Endocrinol Lett 2009;
30: 11-6.

104. Gavrilovic L, Spasojevic N, Tanic N, Dronjak S. Chronic
isolation of adult rats decreases gene expression
of catecholamine biosynthetic enzymes in adrenal
medulla. Neuro Endocrinol Lett 2008; 29: 1015-20.

105. Stefano GB, Scharrer B. Endogenous morphine and
related opiates, a new class of chemical messengers.
Adv Neuroimmunol 1994; 4: 57-68.

106. Stefano GB, Goumon Y, Bilfinger TV, Welters I, Cadet P.
Basal nitric oxide limits immune, nervous and
cardiovascular excitation: Human endothelia express a mu
opiate receptor. Progress Neurobiology 2000; 60: 513-30.

107. Cadet P, Mantione KJ, Stefano GB. Molecular
identification and functional expression of mu3, a novel
alternatively spliced variant of the human mu opiate
receptor gene. J Immunol 2003; 170: 5118-23.

108. Cadet P, Mantione KJ, Zhu W, Kream RM, Sheehan M,
Stefano GB. A functionally coupled mu3-like opiate
receptor/nitric oxide regulatory pathway in human
multi-lineage progenitor cells. J Immunol 2007;
179: 5839-44.

109. Kream RM, Sheehan M, Cadet P, et al. Persistence
of evolutionary memory: Primordial six-transmembrane
helical domain mu opiate receptors selectively linked to
endogenous morphine signaling. Med Sci Monit 2007;
13: SC5-6.

110. Stefano GB, Bianchi E, Guarna M, et al. Nicotine, alcohol
and cocaine coupling to reward processes via
endogenous morphine signaling: The dopamine-
morphine hypothesis. Med Sci Monit 2007; 13: RA91-102.

111. Stefano GB, Kream RM. Endogenous morphine synthetic
pathway preceded and gave rise to catecholamine
synthesis in evolution (Review). Int J Mol Med 2007;
20: 837-41.

112. Zhu W, Mantione KJ, Kream RM, Cadet P, Stefano GB.
Cholinergic regulation of morphine release from human
white blood cells: evidence for a novel nicotinic receptor
via pharmacological and microarray analysis. Int 
J Immunopathol Pharmacol 2007; 20: 229-37.

113. Kream RM, Stefano GB. Homeopathic ethanol. Med Sci
Monit 2008; 14: SC11-3.

114. Mantione KJ, Kream RM, Stefano GB. Variations in critical
morphine biosynthesis genes and their potential to
influence human health. Neuroendocrinol Lett 2009; in
press.


