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Abstract

Cancer is a complex pathophysiological condition that produces an important number of death around the world.
At present, there are different ways to treat cancer: chemotherapy, radiotherapy and surgery. Cancer chemotherapy
used today in many cases is effective, but it is very toxic too. The endocannabinoid system is implicated in a variety
of physiological and pathological processes, including cancer. Many studies have shown, since 1975, that both phy-
tocannabinoids A9-tetrahydrocannabinol (THC) and cannabidiol (CBD) offer an antioneoplastic activity. Latter, oth-
er researchers have displayed that endocannabinoids as anandamide (ANA) and 2-arachidonoylglycerol (2-AG) also
present the same potential activity. Phytocannabinoids and endocannabinoids act through CB1 and CB2 receptors to
produce that effect. However, THC -the main phytocannabinoid presenting anticancer action- as well as anandamide
employed in pharmacological doses, produce important phycotropic effects, but these cannabinoid compounds do
not produce major adverse reactions like conventional antineoplastic drugs. On this basis, scientists have to develop
analogs or derivatives of cannabinoids/endocannabinoids that cannot induce psychotropic effects. It is important to
study more deeply chronopharmacological aspects of cannabinoids/endocannabinoids in cancer therapy, although
some is known today.
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ancer therapy is a complex process. It can be physical
C(radiotherapy) or chemical (chemotherapy), as well as
psychological. Chemotherapy has only been partially suc-
cessful due to its highly toxic nature, although .many lives
have been able to be saved using these drugs, but not
without severe side effects. For several years scientists have
been performing a considerable amount of studies in order
to try to understand the roles of the endocannabinoid sys-

tem (ECS) and its concern in physiological and pathophysi-
ological processes. On the other hand, there are many
research groups in the world working on the new phar-
macological tools for cancer treatment. Cannabinoids and
endocannabinoids constitute one of the newest subject of
interest on this topic, since A°>-THC was shown to present
an interesting antineoplastic action ? and the following
finding of the same activity of endocannabinoids.! One
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of the most attractive issues of cannabinoids and endo-
cannabinoids in cancer treatment is their selective action
on neoplastic cells. But they cannot be accepted because
of their psychotropic effects. Later in the chapter, we will
speak about some chronobiological aspects of endocan-
nabinoid system.”™ These concerns perhaps help us to un-
derstand possible chronopharmacological considerations
to future new treatments based on these compounds.
There have been great efforts in the world to get new mol-
ecules acting cleanly and selectively on neoplastic cells. En-
docannabinoids compounds have been shown their high
selectivity on these pathological cells. So, there are impor-
tant advances in the design, synthesis and pharmacologi-
cal evaluation of some derivate or analogs of cannabinoids
and endocannabinoids looking for obtain new compounds
with the same antineoplastic activity of those natural sub-
stances, but without their psychological effects.”

The history of endocannabinoid system

Cannabis sativa has at least 400 chemical compounds; more
or less 60 of them are classified as cannabinoids. A%>-THC is
the most important of them, because of its psychotropic
and medicinal properties. This substance was extracted
and characterized at the past century, and later cloned its
cellular target, the first cannabinoid receptor found: CB1
receptor.®! In 1993, Munro et al. informed about the exis-
tence of other cannabinoid receptor, named CB2 receptor
I These are G-protein coupled receptors, whose natural
ligands are called endocanabinoids. So, Devane et al. in-
formed about a new derivate of arachidonic acid, which
was named anandamide. At the beginning, it was found in
brain of pigs.® Today we know that anandamide is present
in every tissue.

In 1995, scientists from Hebrew University of Jerusalem
announced the discovery of the 2-arachidonoylglycerol
(2-AG) another important endocannabinoid.” Besides
the anandamide and 2-AG, other endocannabinoids were
found later in animal tissues.

Physiology and biochemistry of endocannabinoid system

The biosynthesis of anandamide (ANA) is similar to that of
other N-acylethanolamines (NAEs). It can take three differ-
ent ways 1%

1. N-acylphosphatidylethanolamines (NAPEs): produced
from phospholipids by the action of N-acyltransferase,
NAT- are intermediates in the biosynthesis of N-acyle-
thanolamines. NAEs are released from NAPEs by the
action of a specific NAPE-phospholipase D (NAPE-PLD).
Because the anandamide is a NAE (N-arachidonoyleth-
anolamine), its biosynthesis passes through a selective
NAPE-PLD.

Nifo et al., Cannabinoids/Endocannabinoids / doi: 10.14744/ejmo0.2019.46574

2. Another pathway to the biosynthesis of NAEs involves
the phospholipase C-mediated cleavage of NAPE. This
new route produces pNAE (phospho N-acylethanol-
amine), which is cleaved by a phosphatase to release
NAE and inorganic phosphate.

3. An alternative route to produce NAEs consists of a se-
quential hydrolysis of the O-acyl groups into glycero-
phospho-NAEs (GP-NAEs). Next, phosphodiesterase
cleaves GP-NAE to free NAE. These reactions are cata-
lyzed by serine hydrolase and a/B-hydrolase 4. Finally,
COX-2 catalyses the anandamide conversion to PGF2a.!""

In the Figure 1 it is resume the befores ways of biosynthesis.

Biosynthesis of 2-arachionoylglycerol (2-AG)

Biosynthesis of 2-arachionoylglycerol occurs from 2-ara-
chidonoyl-containing diacylglycerols (DAGs) using either
sn-1-specific diacylglycerol lipase (DAGL) {3 or a. DAGL-a has
a critical role in the biosynthesis of 2-AG in brain, whereas
DAGL-(3 acts mostly at peripheral level. The DAG precusors
come from hydrolysis of membrane phospholipids. Next,
COX-2 catalyses the anadamide transformation to PGE2.['"

The actions of cannabinoids and endocannabinoids result
from the interactions between the cannabinoid receptors
(CB1 and CB2), the natural ligands and the set of enzymes
releasing and degrading those compounds. The previous
is known as Endocannabinoid System. This system covers
a broad range of physiological functions in the reproduc-
tive, central nervous, cardiovascular systems and energy
metabolism; in a similar way, the ECS is involved in a
growing number of pathophysiological conditions ' '? as
immunomodaulation, food intake, inflammation, multiple
sclerosis, analgesia, epilepsy, addictive, cancer, behavior
and others.'* 1
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Figure 1. Different routes of biosynthesis of anandamide.l™



Cannabinoid receptors

Cannabinoid receptors are united to G, proteins. So, they
regulate the activity of adenylate cyclase, protein kinases
and voltage-activated Ca** channels, for the CB1 receptors.
Both cannabinoids receptors have a selectivity of distribu-
tion in the body. CB1 receptors are mostly located in the
CNS. A detailed distribution of this receptor has been pro-
posed in the human brain and in the animal brain, too. The
cerebral cortex and hippocampus are especially rich in CB1
cannabinoid binding sites. This explains, for example, why
cannabinoids express their effects on cognition and mem-
ory; these regions may also mediate the effects of cannabi-
noids in the perception of time, sound, color and taste. The
presence of CB1 receptors in the basal ganglia and cerebel-
lum can explain the effects of cannabis on motor activity
and postural control. On the other hand, some sites that are
sparsely populated with cannabinoid binding sites include
those in which cannabinoids can act to produce hypother-
mia (hypothalamus) or antinociception (spinal cord). How-
ever, a few areas of periphery contain CB1 receptors: pros-
tate, ovaries, heart, spleen, uterus, and presynaptic nervous
ending. The principal intracellular mechanisms in which
the CB1 receptors are implicated include the inhibition of
adenilate cyclase, the regulation of ionic channels and the
activation of MAP kinases.'” The activation of cannabinoid
receptors produce the increasing of potassium conduc-
tance and inhibition of calcium channels. The effects on
both types of channels maybe the base of the inhibition of
neurotransmitters release.

CB2 receptors are located mostly in the periphery: amygda-
la, immune system and the spleen are rich in those canna-
binoid binding sites. The inmunesupressors effects of mari-
juana are explained by the presence of these receptors in the
immune system.l> ¢ Also, vanilloid receptors (TRPV1) show
partly overlapping medicinal cannabinoid actions.

Cancer is a fatal disease that could be conveniently con-
trolled by cannabinoids and endocannabinoids or their de-
rivatives or analogues through these receptors.

Ligands of endocannabinoid system

In 1992 Devane reported the isolation and characteriza-
tion of a new substance found in the brain of pigs; this
substance was named anandamide.® This chemical com-
pound was found in almost every tissue of the animals’
bodies, human body, and some plants. Another important
endocannabinoid is 2-arachidonoylglycerol (2-AG), which
presents a higher affinity to CB1 receptors. Also there are
other endogenous cannabinoids less studied until today.
These are N-arachidonoyltaurine, noladin, N-arachidonoyl-
dopamine and virodhamine.'” But there are other “atypi-
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cal” endocannabinoids as palmitoyloethanolamide (PAE)
and oleoylethanolamide (OEA), that exihibit lower affinity
with cannabinoids receptors, and elicit their cannabinoid-
like activities by either inhibition of endocannabinoid ca-
tabolism, or reducing cellular uptake of anandamide.

The endocannabinoids are derivatives of chain polyunsatu-
rated acids and exhibit different selectivity for the receptors
as well as other binding sites. At present, there are endocan-
nabinoid analogues, such as (R)-Met-anandamide and Met-
fluor-anandamide. Thus, other synthetic agonists of canna-
binoid receptors exist to help to understand the ECS.

In the Figure 2 it is drew the chemical structure of the mains
endocannabinoids.

Enzymes involved in the metabolism of
endocannabinoids

As we can suppose, there are a complex set of enzymes
acting in the anabolic and catabolic processes of endocan-
nabinods. So, let’s review in a short manner those enzymes
acting in the synthesis and degradation of endocannabi-
noids. We have to remember that endocannabinoids are
produced “on demand”; therefore, the organism must be
able to release enzymes if necessary. They can be pharma-
cologically targeted to modify the concentration of those
endogenous compounds, according to needs in a patho-
logical situation. We can classified this set of enzymes in
two general groups:

Anabolic enzymes

They intervene in the biosynthesis of N-acylethanolamines
like anandamide.

+  NAPE-Phospholipase D: It catalyses the anandamide re-
lease from N-acylphosphatidylethanolamine.
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Figure 2. Structures of endocannabinoids.
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+  Phospholipase C: It helps to cleavage NAPE to release
NAE’s, as anandamide.

+ N-acyltransferase (N-AT): It helps to transfer an acyl
group to form NAE's It is situated on intracellular mem-
branes, as well as the NAPE-PLD.

- Diacylglycerol lipase (DAGL): It helps to release 2-arachi-
donoylglycerol (2-AG).

Catabolic enzymes

They intervene in degradation of NAE's and acylglycerols:

- Fatty acid amide hydrolase (FAAH): It catalyses the
anandamide hydrolysis and inactivation of cannabinoid
receptors. It is also placed in intracellular membranes,
although it is mostly on neurons postsynaptic to CB1
receptors.!'®

« The sn-1-selective diacylglycerol lipase: It has two iso-
zymes, DAGL-a and DAGL-f, which catalyze the hydro-
lysis of diacylglycerols to 2-acylglycerols. It has been
shown that these enzymes possess the amino acid resi-
dues Ser443 and Asp495, which are necessary to cata-
lytic activity of DAGLs.!"

«  Monoacylglycerol lipasa (MAGL): It catalyzes the hydro-
lysis of 2-AG to glycerol and arachidonic acid.?® This en-
zyme is located on presynaptic neurons.

There are a few newer enzymes of the ECS system: a,
B-hydrolase domain containing 4 (ABHD-4), which is a
lysophospholipase selective for NAPE's and hydrolyses
substrates with saturated, monounsaturated and polyun-
saturated acyl chains; a,f-Hydrolase domain containing 6
(ABHD-6) and a,3-hydrolase domain containing 12 (ABHD
-12), which hydrolyses the 2-AG.['®

Pharmacology of endocannabinoid system

ECS is composed of three types of entities: endocannabi-
noids or endogenous cannabinoids, cannabinoid recep-
tors and the synthetic and hydrolytic enzymes endocan-
nabinoids’ Thus, a broad range of indications could benefit
from this system, because of can be targeted by new drugs
designed as derivatives or analogs of the ethanolamides of
fatty acids or other endogenous compounds of that sys-
tem. They act as antagonists or agonists of cannabinoid re-
ceptors and in the inhibition the degrading enzymes of the
endocannabinoids and transporters of these endogenous
ligands.

We can think about several diseases to be treated in a fu-
ture targeting the ECS.?"% These pathologies include can-
cer, cardiovascular disease, inflammation, sexual diseases,
psychiatric disorders, pain, eating disorders, to name just
a few.
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We will discuss briefly the effects that involvement of ECS
in some pathological conditions:

Cardiovascular effects

Endocannabinoids, cannabinoinoids and synthetic ana-
logs perform effects on cardiovascular system. They act
on the myocardium and vasculature 2% because their re-
ceptors are in the vascular and myocardium tissues. They
can also modulating autonomic outflow through central
and peripheral nervous system 24; CB2 are implicated on
ischemic events of the heart, in addition CB1 are involved
in activation mediates negative inotropism of the heart.?”!
It is believed that this effect of CB1 receptors can explain
the hypotensive action of the anandamide. The activation
of CB1 receptors inhibits norepinephrine release present
in sympathetic nerve terminals, which also contributes
to bradycardic effects. Otherwise, in animal models have
showed that endocannabinoids are implicated in the con-
trol of atherosclerosis, for this reason is being studied for
treating to this pathology.*

Inflammation and pain

Cannabinoids are effective against acute pain.?" Anan-
damide has been postulated to present an antihyperalge-
sic activity.”® Williams et al. said that endocannabinoids
can stimulate the production of endogenous opioids, and
ainterplay between both systems for giving higher analge-
sic effect.?”-21 ECS is implicated in the analgesic activity of
acetaminophen 2 or ibuprofen.28

Diseases of central nervous system

There are many of CB1 receptors in the CNS; for this reason,
ECS is involved in many CNS disorders. The main areas in
where we found these receptors are in the cortex, hippo-
campus, basal ganglia and cerebellum, whereby are impli-
cated in many diseases, which affecting mood, movement,
anxiety disorders, learning, and memory. So, ECS acts an
important role in several disorders of the CNS, such as in
neurotoxicity in where ECS offers neuroprotective action in
acute neural injury and in chronic neurodegenerative dis-
orders .Also many studies establish that endocannabinoids
protect neurons against glucose deprivation and hypoxia.
291 1t is showed that cannabinoids and endocannabinoids
can be neuroprotective in cerebral ischemia. Multiple
sclerosis in the past since ancient Rome, India and China
used cannabis for relieving muscle cramps.®® THC and the
non-psychotropic cannabinoid, dexanabinol, reduce CNS
inflammation and improve neurological outcomes.?" In
multiple studies, the administration of cannabinoids or en-
docannabinoids reduce tremor.*? In addition, the control



of movement disorders is known because there are high
expression of CB1 receptors in areas involved in movement
control.B3 At the same places, endocannabinoids can be in
great concentration, if necessary. At different areas of the
basal ganglia, the endocannabinoids interact with several
neutransmitters.’® For this reason, these authors postulate
that endocannabinoids interact with many conditions of
movement such as Parkinson’s disease, Alzheimer’ disease,
epilepsy, amiothrophic lateral sclerosis, etc.

Chronobiology of endocannabinoids

The body has circadian regulators, like suprachiasmatic nu-
cleus which regulate the interactions between the physi-
ological processes and the external environment. These
last named synchronizers, are the noise, the sunlight, cor-
poral temperature and other. The nadirs of epinephrine or
cortisol, for example, occur around 10 pm to 4 am (circa-
dian rhythms). Breathing is a permanent process occurring
in periods of less than 22 hours (ultradian rhythms); and
the menstrual cycle occurs about every 28 days (infradian
rhythms). These are only a few examples of rhythmic pat-
ternsin the organisms. Also, the pathological events usually
appear at specific times of the day. The episodes of asthma
attacks appear with predominance in the night, because of
elevated histamine and others mediator levels occur be-
tween midnight and early morning. Equally, heart attacks
are present principally in the morning because clotting fac-
tors and other platelet agreeability are higher at this time.

Some physicians have treated cancer according to biologi-
cal rhythms of disease cells and healthy cells, and found a
better response in light of this condition than when che-
motherapy is applied in another time, including fewer
side effects. Endocanabinoids presents evidence to work
based on biological rhythms. Both endogenous and exog-
enous cannabinoids affect many physiological processes
that show biological rhythms. Hillard et al.” proposed
that the ECS acts as a bridge between circadian regula-
tors and physiological processes that they affect. Other
authors have reported the evidence that exist variations
in endocannabinoid tissue content, CB receptors % and
their enzymes.’® 4 Experiments made in Sprague-Dawley
rats showed significant diurnal variations in anandamide
and 2-AG contents in CSF, striatum, hippocampus, hypo-
talamus, prefrontal cortex, pons and nucleus accumbens.
136:37.41 [t has been found that anandamide concentration is
higher during the asset phase of the rats (darkness), in the
nucleus prefrontal cortex, accumbens, hippocampus and
striatum. But in the inactive phase the anandamide was
found in higher concentrations in CSF and hypotalamus
during the inactive phase than in the active phase. Valenti
et al. found that FAAH activity could underlie the changes

81

in anandamide content in hippocampus and striatum. The
2-AG content was higher when anandamide concentra-
tions were lower. So, the activities of both DGL and MAGL
are higher during the inactive phase than active phase.®
There is evidence that the population of CB1 receptor var-
ies in a circadian manner. In both pons B8 and hippocam-
pus B3 the population of CB1 receptor is higher in the in-
active than in the active phase. Hillard et al. demonstrated
that circulating anandamide concentration rise during the
sleep, determining its contents in plasma at 22:00 hours at
day 1 and at 7:30 and 17:30 hours at day 2 in a pilot study in
which subjects remained in bed with light out from 22:30
atday 1to 7:00 hours at day 2. They found, besides, that the
concentrations of anandamide at 22:00 and at 17:30 hours
were similar, but the concentrations at 22:00 and 7:30 re-
vealed significant differences. The 2-AG, however, showed
no important differences in the experiment.™ These re-
sults about the chronobiology of anandamide permits to
conclude that this endocannabinoid has a clear circadian
rhythm and, of course, that its physiological action prob-
ably is higher during the rest time, although it is produced
mostly “on demand”. On the other hand, Other studies have
explored the action of ECS in the control of the sleep/wake
cycle, maintaining it and/or promoting it.*”!

Treatment of cancer today

At present, cancer is one of the most important public is-
sues in the world. It is the second leading cause of death in
America and Europe and one of the major cause of death
worldwide. In this article, we don’t want to make a review
about cancer in general; however, we tried to show in sum-
mary the main treatments that at present have been used
in the world for several cancer types.

Targets therapy

For the management of cancer is necessary that different
therapeutic disciplines to work together to do the best
option of treatment. The most effective treatment will de-
pend of the disease, the stage of the disease and the pa-
tient. The oldest management includes radiation, surgery
and chemotherapy.

Pharmacotherapy

Cytotoxic agents still form the basis for the management of
cancer; thus, the cancer therapy lies on the principle that
the cancer cells are more likely to be replicating than nor-
mal cells. For this reason, the pharmacotherapy's target is
to stop the cell division process of sick cells. The most repre-
sentative groups of pharmacos used in cancer therapy are:
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Alkylating drugs

Six main types of drugs are currently used in neoplastic
diseases: nitrogen mustards, ethyleneimines, alkylsulfo-
nates, platinum complexes, nitrosoureas and triazenes;
their mechanism of action is subtantiado on the alkylation
of DNA through the formation of carbon ion intermediates,
which form covalent bonds with several nucleophilic mol-
ecules of the purine and pyrimidine bases of DNA, causing
damage to the DNA of the cell that leads to cell death. The
main problem that entails this mechanism of action is the
lack of selectivity for the malignance cells. For this reason,
the adverse effects like toxicity of mucous membranes,
toxicity of bone marrow, neurotoxicity and toxicity of other
organs appear because these drugs have predilection for
damage of cells of high proliferation.“

Natural products

This group has a lot of pharmacos with very different chem-
ical structures. Some examples of this are:

Analogs of camptotecin: they are potent antineoplastic
agents whose site of action is topoisomerase | which is re-
sponsible for decreasing the torsional force in the super-
helical DNA; this causes accumulation of DNA breaks and
its subsequent cell death in the S phase of the cell cycle.
Drugs as topotecan and irinotecan are in this group. The
most common adverse effects in this group are neutrope-
nia, thrombocytopenia, nausea, diarrhea and mucositis.

Agents that damage microtubles: In this group we found
vinca alkaloids which are specific drugs of the cell cycle,
explained by the ability to specifically bind beta tubulin
and block its ability to bind to alpha tobulin in the mi-
crotubules, stopping cell division in metaphase. The most
representatives pharmacos of this group are vincristine
and vinblastine. The lack of selectivity for malignance
cells is the same problem that produce myelosupression,
neurotoxicity and intestinal disorders.*" Other groups
with this same mechanism of action are taxanos, stramus-
tine and epotilones.*?

Podophyllotoxins: like anthracyclines, they form a ternary
complex with topoisomerase Il and DNA and they cause
the DNA rupture. In this group, the main representatives
are etoposide and teniposide.”*® The main side effects are
bone marrow suppression, fever, easy bruising or bleeding
and unusual fatigue.

Antibiotics: Here there are some pharmacos like dactino-
mycin whose mechanism of action is justified on the ability
to disrupt the DNA chain, altering its funtionality. Also in
this group are anthracyclines “4 and anthracenediones **,
these compounds are intercalated with DNA and directly
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alter the transcription and replication. The principal repre-
sentatives are doxorubicin, epirubicin and valrubicin. The
most common toxic manifestations in this group are an-
orexia, nausea and vomiting.

Enzymes: The L-asparaginase bases its effect on the princi-
ple that every tissues in the body have adequate amounts
of asparagine synthase for getting the necessary amino
acids from plasma. But in the case of lymphocytic leuke-
mias do not exist quantities adequates of this enzime. The
L-asparaginase catalyzes the hydrolysis of circulating as-
paragine to transform it into ammonia and aspartic acid,
deprives cancer cells of asparagine and so they die.*® The
most common adverse effects in this group are hypersensi-
tivity reactions including urticaria and anaphylaxis.

Glucocorticoids: They acts by binding to specific receptors
that translocate to the nucleus and cause a state antiprolif-
erative and they produce apoptotic response in certain cells.
By their effects to suppress lymphocyte mitosis, glucocorti-
coids are used in the treatment of malignant lymphoma and
acute leukemia.*” Side effects include glucose intolerance,
immunosuppression, osteoporosis, and psychosis."?

Progestins: They are used as second-line hormone therapy
for endometrial carcinoma previously treated with radiation
therapy and surgery and they can be used in hormone-de-
pendent mammary cancers. They are also used to stimulate
appetite and restore feelings of well-being in patients with
advanced stages of cancer and acquired immunodeficiency
sindrome.”*® The most commonly used drug is medroxypro-
gesterone. Main side effects include abdominal pain, absent,
missed, or irregular menstrual periods, chills, hives or welts,
itching, redness, swelling, puffiness skin rash, swelling of the
eyelids or around the eyes, tongue, lips, or face.

Estrogens and androgens: Such drugs are useful in pros-
tate and breast cancer.*? Paradoxically, antiestrogens have
also been effective in breast cancer positive for hormone
receptors. In this step, the selective modulators of estrogen
receptor as tamoxifen act like competitive inhibitor of es-
tradiol binding to estrogen receptors. Thus, in prostate can-
cer antiandrogens like cyproterone, flutamide and bicalu-
tamide inhibit ligand binding and, as a consequence, cause
translocation of the androgen receptor from the cytoplasm
and nucleus. Because of the above, the pharmacological
and surgical castration (subalbuginous orchiectomy) are
used in patients with prostate cancer to continue avoiding
the androgenic function with the chemical suppression of
pituitary gonadotropin-releasing hormone agonists. Main
side effects are reduction or absence of sexual desire, erec-
tile dysfunction (impotence), reduction of the size of the
testicles and penis, hot flashes, breast pain and breast tis-
sue growth. ko



Aromatase Inhibitors: They antagonize the function of the
enzyme aromatase types | and Il, which convert androgens
to estrogens used for hormone receptor positive breast
cancer. The most representative drugs are formestano and
anastrozole. Side effects include osteoporosis, osteoarthri-
tis and hypercholesterolemia.

Other pharmacos: In this group there are some drugs
working through different mechanisms of action like mi-
tomycin. It inhibits DNA synthesis and binding crossed in
such nucleic acid at the N-6 position of the adenine and
at O-6 and N-7 positions of guanine. Another pharmaco is
hydroxyurea whose mechanism of action is through the
inhibition of the enzyme diphosphate of ribonucleoside
reductase, which catalyzes the reductive conversion from
ribonucleotides to deoxyribonucleotides, step limiting the
rate in the DNA biosynthesis. Different agents belong this
group and act avoiding cancerous transformation block-
ingdifferentiation. It is not known if this blockade is com-
plete or partial.>%

Antimetabolites:

Folic acid analogs: Folic acid is a very important factor for
methylation reactions in the synthesis of purine and py-
rimidine bases, which later will form nucleic acids. Purine
ribonucleotides and thymidine monophosphate are active
metabolites in nucleic acids synthesis. For this reason, if fo-
licacid is absent, DNA replication is inhibited. Antineoplas-
tic drugs as methotrexate function inhibiting dihydrofolate
reductase and thus prevent the reduction of dihydrofolic
acid to tetrahydrofolic acid. The most representative drugs
of this group are methotrexate, pralatrexate and peme-
trexed.B The main adverse effects in this group are hem-
orrhage, myelosuppression, infection, cirrhosis, alopecia,
teratogeny, abortion and nephrotoxicity.

Purine analogs: Perhaps, the function of this group is based
on the inh ibition of the reaction of glutamine and phos-
phoribosyl pyrophosphate to form ribosyl-5-phosphate and
the conversion of inosine-5'-monophosphate to adenine
and guanine. The most representative drugs of this group
are 6-mercaptopurine, 6-thioguanine. On the other hand,
another pyrimidine analog is pentostatin wich inhibits the
enzyme adenosine deaminase, unlike the cladribine that is
purine analog resistant to adenosine deaminase. Nelarabine
is a single nucleoside guanine which is used in human be-
ings. Its basic mechanism of action closely resembles that of
other purine nucleosides, because of it is incorporated to the
DNA chain and its synthesis ends. It shows selective toxicity
by T lymphocytes and the cancers of these cells.

Pyrimidine analogs: They encompass diverse drugs that in-
hibit the function of RNA and DNA. Fluoropyrimidines and
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some purine analogues inhibit the synthesis of essential
DNA precursors. Others, such as the nucleoside analogues
of cytidine and adenosine, are incorporated into DNA and
block their greater elongation and function. The most
representative pharmacos are 5-fluorouracil, floxuridine,
cytosine arabinoside and 5-azacitidine.®? The most com-
mon side effects are metallic taste in mouth during infu-
sion, nausea and possible occasional vomiting, diarrhea,
poor appetite, mouth sores, sensitivity to light (photopho-
bia), watery eyes, taste changes, discoloration along vein
through which the medication is consumed.

Receptor inhibitors of epidermal growth factor

This receptor is essential for the growth and differentiation
of epithelial cells through intracellular domain tyrosine
protein kinase. In epithelial cancers, there is excessive ex-
pression of this receptor, for this reason the drugs erlotinib
and gefitinib are important drugs in these types of cancer
because they inhibit the growth receptor dependent of ty-
rosine kinase and antagonize its enzymatic function.*® The
side effects related to this group include acneiform rash,
nail changes, headache and diarrhea.

Inhibitors of tyrosine kinase protein

Protein kinases are critical in signal transduction pathways
that regulate cellular growth and adaptation, which are
classified into three categories: kinases that phosphory-
late serine and threonine residues, kinases that specifically
phosphorylate tyrosine residues and kinases with activity
in the three residues. The drugs here we found are imatinib,
dasatinib and nilotinib.®¥ The most common toxic manifes-
tations in this group are diarrhea, nausea, pleural effusion
and hepatotoxicity.

Inhibitors of angiogenesis

Neoplastic cells secrete angiogenic factors that induce the
formation of new blood vessels for ensuring blood flow.
Among these factors we can find growth factor, vascular
endothelial growth factor (VEGF), platelet derivative and
transforming factor of growth p. Today, three small mol-
ecules (pazopanib, sorafenib and sunitinib) are in use. They
inhibit the function of vascular endothelial growth factor
receptor (VEGFR2) kinase, a member of the VEGFR family,
or bevacizumab, which is an antibody directed to VEGF-A.
B3 The main adverse effects in this group are the possibility
of vascular injury, hemorrhage, hypertension, proteinuria
and arterial thromboembolic events.”2

Modifiers of the answer biological

Monoclonal Antibodies: The murine antibodies are mono-
clonal antibodies that react against unique or highly ex-



84

pressed antigens on pharmacological targets and a few of
these monoclonal antibodies possess antitumor activity
and induce an immune response against the murine anti-
bodies, and are usually replaced by important portions of
human IgG molecules. Available drugs include trastuzum-
ab, bevacizumab, rituximab, Cetuximab, alemtuzumab and
panitumumab, which can destroy the cell employing many
ways as complement dependent cytotoxicity, antibody-
dependent cellular cytotoxicity and direct induction of
apoptosis by antigen binding.*® The most common toxic
manifestations in this group are limited to fever, chills, pain
pharyngeal, urticaria and mild hypotension.

Interleukin-2: It is a 133 aminoacids glycoprotein encoded
by a gene on chromosome 4q26-27. It is produced by natu-
ral killer cells and by activated T lymphocytes. It acts in fa-
vor of proliferation of activated T lymphocytes and increas-
es the destruction by the natural cytolytic lymphocytes.®”
The predominant toxic effects is the leakage of intravascu-
lar fluid toward the extravascular space, tissues and lungs
causing hypotension, edema, difficulty breathing, confu-
sion, tachycardia, oliguric renal disease, electrolyte disor-
ders, thrombocytopenia and neutropenia.’“

Radioimmunoassay

They supply directed radionuclides to tumor cells. *'l is
used by its easy availability, low cost and because it easily
conjugates with monoclonal antibodies. Gamma rays emit-
ted by 'l can be used for studies and some treatments,
but protein conjugates with iodine have the problem of
releasing *'l and ®'I-tyrosine into the blood, and thus so it
represents a health risk for people who are in contact with
the patient.

Gene therapy

It is about the transfer of genetic material into a cell to
change the cellular phenotype permanently or transiently.
Gene transfer may be performed in vivo or in vitro. This is
still in study.®®

Vaccines for cancer

Active immunotherapy appears as an adjunct to conven-
tional cancer treatments. Vaccines are an efficacious sys-
tem for overcoming related immunosuppression; they
should be combined with complementary immunothera-
pies to induce robust and sustained antitumor responses.
However, these are under study.

Radiation therapy

It involves the administration of ionizing radiation to pa-
tients with cancer, for the purpose of palliation, comple-
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ment to the surgical treatment and cure. This therapy is
used in tumors of colorectum, bladder, head and neck.
Also, radiation therapy can be supplied after surgery to
control it or to eradicate residual disease.

Surgery

It performancies an important role in the prevention, er-
radicative treatment, progressive and palliative treatment
of patients. It is important the role of surgery since the be-
ginning of the lesions with high risk of malignancy. In the
second instance, they erradicate the affected organ and
metastasis of the same and in advanced stages it focuses
on performing paliative interventions that alleviate the
symthomatology of patients as in colon cancer in which co-
lostomies are performed to prevent intestinal obstructions
that affect the patient's wellbeing.

In the Table 1 it is mentioned the mains pharmacological
groups used in cancer and theirs structures

Pharmacotherapy

Cannabinoids and endocannabinoids
pharmacology in cancer

As we said previously, since 1975 it is known that cannabis
presents an interesting profile of antineoplastic activities
in many types of cancer cells. These properties are due
mostly to A°-THC and cannabidiol. The synergistic action
of both mentioned compounds has been studied princi-
pally in glioblastoma.®%% On the other hand, it has been
demonstrated that endocannabinoid signalling is en-
hanced in some human cells malignancies compared with
corresponding healthy tissues "2, and in neoplastic cells
with high invasiveness.’®® ECS has an emerging modulat-
ing activity on nuclear factors and proteins that regulate
cell differentiation, survival and proliferation.'*” There-
fore, it is possible to suppose that ECS can be involved in
the control of fundamental homeostatic processes and
in neoplastic transformation. Natural cannabinoids and
endocannabinoids as well as synthetic CB1 agonists and
other molecules presenting indirect agonist cannabinoid
activity, such as endocannabinoid-degradation inhibi-
tors and endocannabinoid-transport, have been shown
to constrain tumor growth and the progression of several
kinds of cancer. These include, among others, lymphoid
tumors, leukemia; thyroid, breast, prostate and skin can-
cer; glioma and glioblastoma multiform.® Next we will
discuss some aspects of the action of endocannabinoids
in cancer: mechanisms of action, side effects, possible cri-
teria of chronophamacology and the risk of developing
cancer by cannabinoids.
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Group Main uses Examples
Alkylating drugs
(—CI
Cl
N
T o™
. o Hodgkin's disease Cyclophosphamide
Nitrogen mustards, Ethyleneimines, Multiple myeloma
Alkylsulfonates, Platinum Complexes, Cln, NH,

Nitrosoureas and Triazenes Malignant melanoma

Acute and Chronic Lymphocytic Leukemia

Natural products

Lung and breast cancers Acute lymphoblastic

Analogs of camptotecin, Agents that leukemia in children
damage microtubles, Epipodophotoxins,
Antibiotics, Enzymes, Glucocorticoids,
Progestins, Estrogens and androgens,

Aromatase Inhibitors,

Ovarian Cancers
Colon cancer

Antimetabolites

Mesothelioma

Follic acid analogs: Purines analogs and

Pyrimidine analogs Myelodysplasia

T-cell leukemia, lymphoma

Modifiers of the answer biological

Hepatocellular cancer, renal cancer

Monoclonal Antibodies Breast cancer
Interleukin-2 Multiple myeloma
Radioimmunoassay Myelodysplasia

Acute promyelocytic leukemia

Mechanisms of action

Cannabinoids may induce growth arrest and cell death, as
well as stop migration by linking to CB receptors of tumor
cells. Some researchers have postulated that cannabinoids
and endocannabinoids act interfering with immune sys-
tem or inhibiting the angiogenesis process. It is believed

Acute lymphocytic leukemia
Gastric, anal and pulmonary cancers

Pt Cisplatin
¢ SNH,

0
NN NN

=N H .
0 Carmustine

OH
V4 ‘,

“H N’
p e g
/ BmOZe
(0

[} NTX o
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Vincristine

3
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__Irinotecan

Methotrexate .,
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<

Pancreatic, ovarian, lung cancers RN g
w Nelarabine

OH

(o}

i JE/F
P
5-fluorouracil

Interleukin-2

that the inhibition of proliferation may occur through ad-
enylyl cyclase and cAMP/protein kinase A ¢, cell cycle ar-
rest that induces the kinase inhibitor p27¢?, the decreasing
of epidermal growth factor receptor (EGF-R) expression or
lower activity of EGF-R tyrosine kinase; low levels of nerve
growth factor (NGF) and prolactin and vascular endo-
thelial growth factor tyrosine kinase receptors (VEGF-R
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Table 1. Cont.
Group Main uses Examples
Inhibitors of tyrosine kinase protein
; SO
PR
L
PN
Chronic myelogenous leukemia; Stromal tumors ) Imatinib
Imatinib, Dasatinib and Nilotinib Gastrointestinal syndrome by

Hypereosinophilia

Inhibitors of angiogénesis

Bevacizumab
Pazopanib, Sorafenib and Sunitinib

Acute lymphocytic leukemia; Glioblastoma,
tumor of Wilms, rhabdomyosarcomas; Hodgkin's
disease; Non-Hodgkin's lymphom

Sorafenib

tyrosine kinase) Cell cycle arrest that induces the kinase
inhibitor p27%?, the decreasing of epidermal growth factor
receptor (EGF-R) expression or lower activity of EGF-R ty-
rosine kinase; low levels of nerve growth factor (NGF) and
prolactin and vascular endothelial growth factor tyrosine
kinase receptors (VEGF-R tyrosine kinase).®”! Anandamide
stops the proliferative effects of human thyroid carcinoma,
cholangiocarcinoma, breast cancer, non-melanoma skin
cancer and hepatocellular carcinoma. This endocannabi-
noid suspends breast cancer cell proliferation through the
inhibition of brca 1 gen, because of this action helps to the
down regulation of prolactin receptor.? It is known that
very low concentration of anandamide (micromolar lev-
els) may arrest prostate cancer cells proliferation by block-
ing G1 step 8 |t has shown that the anandamide analog
R(+)-methanandamide acts through CB2 receptor and so
can be able to induce apoptosis in prostate cancer and to
decrease the endothelial growth factor receptor (EGFR)
expression. The same occurs to androgen-stimulated LN-
CaP cells. It has been observed that these inhibitions also
happen by down-regulated EGF-R levels, mediated by CB1
receptors.®® Nithipatikom et al. showed that some types
of cancer cells produced 2-Arachidonoyl glycerol (2-AG) at
high concentrations, and the inhibition of diacylglycerol

lipase decreased the production of 2-AG in these cells. On
the other hand, when this diacylglycerol lipase inhibitor
was applied, the invasion of PC3, DU145 and LNCaP cells
increased. Other studies have showed that cannabinoid
agonists can produce decrease in LNCaP cells prolifera-
tion, as well as androgen receptor expression, VEGF-R and
levels of PSA, a marker prostate cancer. As scientists have
demonstrated, cannabinoids and endocannabinoids can
attack several stages of the cell cycle, interfering with the
regulation of that cycle. Cannabinoids and endocannabi-
noids produce an up-regulation of p21 waf, a loss of Cdk2
activity and a reduced active complex cyclin E/Cdk2 ki-
nase, which allows them act in the S phase of the cell cycle.
The activation of Chk1 and Cdc25A proteolysis, as well as
inhibition of Cdk2 phosphorylation on Thr 14/Tyr15, lead
to S phase arrest. Because of cannabinoids/endocannabi-
noids block the G2/M by producing down-regulation of
Cdc2, they can inhibit the breast cancer cell proliferation.
The activation of ERK1/2, the inhibition of cyclin D and
the induction of P27/KIP1 can block the GO/G1 phase of
the cell cycle. In short, cannabinoids/endocannabinoids
are effective in the control of cancer progression by their
action on the expression of any proteins as cyclin D1, cy-
clin D2 and cyclin E, and of some genes as cdk2, cdk4 and



cdké; in the same way, by the activation of Chk1, and Cd-
c25A proteolysis.®® In short, cannabinoids/endocannabi-
noids are effective in the control of cancer progression
by their action on the expression of any proteins as cy-
clin D1, cyclin D2 and cyclin E, and of some genes as cdk2,
cdk4 and cdké; in the same way, by the activation of Chk1,
and Cdc25A proteolysis (85). On the other hand, cannabi-
noids/endocannabinoids exert their pro-apoptotic effect
through several ways: stimulated synthesis of ceramide,
prolonged activation of Raf1, inhibition of akt and of RAS-
MAPK/ERK and PI3K/AKT. The down regulation of Raf1/
MAPK, as well as translocation of BAD to mitochondria,
also can produce the pro-apoptotic effect. So, in colorectal
cancer cells, apoptosis was induced by CB1 receptors ac-
tivation through inhibition of RAS-MAPK and phosphati-
dyl inositol 3-kinase-protein kinase B pathways. These and
other are targets to control the advance of cancer. But their
activation/deactivation is mediated mostly by CB1 recep-
tors; sometimes that effect is mediated by CB2 o TRPV1 re-
ceptors, FAAH, COX-2, EGF-R. MMP’s (metaloproteinases of
matrix) are a family of enzymes that acts in tumor invasion.
The inhibition pof angiogenesis induced by cannabinoids/
endocannabinoids is related to VEGF. Another important
aspect of the cannabinoid and endocannabinoid antitu-
mor action is their selectivity. It has been demonstrated
that both the plant compounds, such as A°>-THC and can-
nabidiol, and endocannabinoids, such as anandamide and
2-AG, should selectively affect tumor cells, while they might
inclusive protect the equivalent healthy cells.®® The apop-
tosis of glioma cells is mediated by ceramide generation.
This protective action of cannabinoids is mediated by CB1
receptor and PI3K-AKT survival pathway.”” Cannabinoids
attenuate, nevertheless, ceramide-induced apoptosis of
normal astrocytes, which can be interpreted as the ability
of cannabinoids to distinguish between normal and sick
cells. In summary, although we have discussed briefly only
few mechanisms through which cannabionoids and endo-
cannabinoids can produce their antineoplastic effects, we
can confirm that there are a plethora of mechanisms of ac-
tion to control the progression of cancer.”

Side effects

The more known adverse reaction of cannabinoids is the
psychoactive effects. These are apparent as depressing
and stimulatory effects, and they can be expressed as eu-
phoria, drowsiness, dizziness and motor discoordination,
temporal and spatial disorientation and confusion and
difficulties in concentration. These adverse effects maybe
pronounced in recreational consumers, but are unlikely in
a controlled clinical setting. When tetrahydrocannabinol
(THC-dronabinol) and the synthetic cannabinoid nabilone
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are administrated as antiemetic drugs, they are usually in-
nocuous. The tolerance developed by cannabinoids used
therapeutically has not been substantiated. The addictive
profile of cannabinoids is very poor. Irritability, insomnia,
restless and sudden sensation of heat -which together
form the withdrawal syndrome- have been observed oc-
casionally in chronic users. Similarly, when cannabinoids
have been used in a chronic way in animal models, no
signs of withdrawal appear, even at high doses.” In-
dividuals who receive dronabinol in long-term surveys
have shown no signs of dependence.’ The explanation
of the low-addictive power of A°-THC could be that can-
nabinoids are stored in adipose tissue and excreted at a
low rate, which maintains levels of the drug during a long
period of time. The side effects of cannabinoids are not
only on CNS. Because of ubiquitous distribution of canna-
binoid receptors in the body can be able to affect almost
all functions. So, cannabinoids may develop tachycardia,
bronchodilation, muscle relaxation and decreased mo-
tility. The Spanish Ministry of Health approved six years
ago a phase I/ll clinical trial aimed at investigating the ef-
fect of local administration of A°>-THC as a single agent,
on the growth of recurrent glioblastoma multiforme. This
study was developed without any traditional antineoplas-
tic drug. The safety profile of A°>-THC, together with the
great anticancer potential of this compound, will permit
to improve future trials to employ cannabinoids in the
treatment of different types of cancer.”" From these con-
siderations, we can establish some conclusions: first, that
because endocannabinoids have demonstrated the same
effects of plant cannabinoids, and they display a fair safety
profile, the ECS is an important target to treat cancer in
a near future; second, cannabinoids and endocannabi-
noids present a safer action than traditional antineoplas-
tic drugs used today; third, although the most important
problem of cannabinoids is its psychoactive potential, it is
really low and does not lead to dependence.

Chronopharmacology

As we discussed previously, endocannabinoids are pro-
duced according to biological rhythms, anandamide be-
ing produced mostly in the inactive phase and 2-AG in the
active phase. Because cannabinoids and endocannabi-
noids present a selective action against tumor cells, they
could be administered at any hour of the day. Currently,
however, studies are needed to establish the best hour of
the day to practice the antineoplastic treatment. It would
be important, for example, to study whether a specific
type of cancer alters the formation of cannabinoid recep-
tors, because of the pathological condition can modify
the behavior of the organism.™
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Cannabinoids and endocannabinoids as
potential inducing cancer

We have considered the antiproliferative effects of canna-
binoids and endocannabinoids through different mecha-
nisms. However, However, some authors have reported
that cannabinoids can present pro-proliferative and anti-
apoptotic effects in different cancer cell lines al submicro-
molar doses."" The antiproliferative and pro-apoptotic ac-
tion of these compounds is reached at micromolar range.
The immunossupressive action of cannabinoid agonists
through the activation of CB2 receptor in the immune
system has an increasing risk of tumor growth due to a
repression of the natural antitumor immune response.
Thus, those tumors whose cells express low levels of CB2
receptors are more prone to immunosuppression and en-
hanced tumor growth.!"®

Table 2. Some side effects from Cancer's drugs (40)
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In the Table 2 it is resumed the mains side effects of cancer’
drugs.

Conclusions

Cancer is a great cause of death and its conventional treat-
ment is often effective, but generally it is also very toxic.
Researchers in the world have found that cannabinoids or
endocannabinoids derivatives or analogs posses an impor-
tant potential to cancer treatment in the future, since they
exhibit high specificity of action on cancer cells, and best
fair profile of side effects in comparison to traditional anti-
neoplastic drugs used today. However, the principal prob-
lem with cannabinoids and endocannabinoids is their psy-
choactive potential and their ability to trigger some form
of cancer; this last consideration is known that can occur at
submicromolar doses. It is important to study more deeply
the synchronization between chronobiology of endocan-

Treatments Main side effects

Alkylating Drugs

Analogs Of Camptotecin

Agents That Damage Microtubles
Podophyllotoxins

Antibiotics

Mucous membranes, toxicity of bone marrow, neurotoxicity and toxicity of other organs appear
because these drugs have predilection for damage of cells of high proliferation.

Neutropenia, thrombocytopenia, nausea, diarrhea and mucositis.
Myelosupression, neurotoxicity and intestinal disorders.

Bone marrow suppression, fever, easy bruising or bleeding and unusual fatigue.

Enzymes

Glucocorticoids

Progestins

Estrogens and androgens
Aromatase Inhibitors
Folic acid analogs

Purine analogs
Pyrimidine analogs

Receptor inhibitors of epidermal
growth factor

Inhibitors of tyrosine kinase
protein

Inhibitors of angiogenesis

Monoclonal Antibodies
Interleukin-2

Cannabinoids

Anorexia, nausea and vomiting.
Hypersensitivity reactions including urticaria and anaphylaxis.
Glucose intolerance, immunosuppression, osteoporosis, and psychosis.

Abdominal pain, absent, missed, or irregular menstrual periods, chills, hives or welts, itching, redness,
swelling, puffiness, or skin rash, or swelling of the eyelids or around the eyes, or lips, face and tongue.

Reduction or absence of sexual desire, erectile dysfunction (impotence), reduction of the size of the
testicles and penis, hot flashes, breast pain and breast tissue growth.

Osteoporosis, osteoarthritis and hypercholesterolemia.

Hemorrhage, myelosuppression, infection, cirrhosis, alopecia, teratogeny, abortion and
nephrotoxicity.

Selective toxicity by T lymphocytes and the cancers of these cells.

Nausea, diarrhea, , mouth sores, poor appetite, sensitivity to light (photophobia), watery eyes, taste
changes, metallic taste in mouth during cosume, vomiting discoloration along vein through which
the medication is given

Acneiform rash, nail changes, headache and diarrhea.

Diarrhea, nausea, pleural effusion and hepatotoxicity

Vascular injury, hemorrhage, hypertension, proteinuria and arterial thromboembolic events.
Fever, chills, pain pharyngeal, urticaria and mild hypotension

Hypotension, edema, difficulty breathing, confusion, tachycardia, oliguric renal disease, electrolyte
disorders, thrombocytopenia and neutropenia.

Psychoactive effects, tachycardia, bronchodilation, muscle relaxation, decreased motility and
neoplastic effects




nabinoids and the biological rhythms of the pathology, to
get a best outline for the treatment.
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