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Abstract

Introduction: Skin melanoma is a malignant neoplasm of melanocytes and is the
deadliest of all skin cancers. It is a highly metastatic neoplasia, for which conventional
therapy is often ineffective. The endocannabinoid system is implicated in proliferation,
differentiation and survival of skin melanocytes. In this study, we collect published data
regarding the role of cannabinoids, cannabinoid 1 (CB1) and cannabinoid 2 (CB2)

receptors in the treatment of skin melanoma.

Methods: PRISMA guidelines were followed for a systematic literature review of
published data accessing the role of cannabinoids on melanoma treatment. A PUBMED
search was conducted, for published studies until January 2020, using the queries:

“Cannabinoid AND Melanoma”, “CB1 AND Melanoma” and “CB2 AND Melanoma”.

Results: Of the 116 articles retrieved, 11 were included in this review.

Conclusion: CB1 and CB2 activation is responsible for inhibiting melanoma cell growth
in vitro, mostly by cell-cycle arrest and induction of apoptosis. Membrane lipid rafts and
GPRS5S5 are also involved in cannabinoid action. Cannabinoids decrease tumor growth and
metastasis in vivo. The endocannabinoid system may be a relevant target of melanoma

treatment.
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Introduction

The Endocannabinoid System in the Skin

The Endocannabinoid System (ECS) in any tissue is composed of several
elements. It includes endocannabinoids, which are cannabinoids produced endogenously
on demand from membrane lipids. These are structurally related to A’-
tetrahydrocannabinol (THC, the main active ingredient of the Cannabis sativa plant) and
exert similar effects to THC [1, 2]. The most studied endocannabinoids are anandamide
(N-arachidonoylethanolamide; AEA) and 2-arachidonoylglycerol (2-AG). The ECS also
includes the enzymes required to synthetize, transport and degrade endocannabinoids.
AEA synthesis is carried out by the enzyme phospholipase D, and 2-AG by diacylglycerol
lipase (DAGL). AEA is mainly degraded by fatty acid amide hydrolase (FAAH), and 2-
AG by monoacylglycerol lipase (MAGL) [1, 2]. Finally, the ECS includes both CB1 and
CB2 receptors, which are the two main G protein-coupled membrane cannabinoid
receptors (GPCRs) responsible for the cellular effects of cannabinoids [1]. CB1 and CB2
receptors are coupled to Gij, proteins [3].

A fully functional ECS comprised of the above elements has already been
described in skin tissue [1, 2, 4]; namely in skin fibroblasts, keratinocytes and
melanocytes [2]. CB1 and CB2 receptors have also been found in cells of dermal
appendages, specifically in hair follicles and sebaceous glands [2, 5]. CB1 and CB2
expression has also been documented in cells of the skins’ immune system, in resident
mast cells and macrophages, as well as in T and B lymphocytes [2].

The ECS is involved in many biological functions. The expression of CBI and

CB2 receptors was first described in the central nervous system and in peripheral immune



cells respectively [1]. ECS has been involved in learning, memory, neuroprotection,
immune response, among others [2]. The ECS has been implicated in well-balanced skin
cell proliferation, differentiation, and survival; mainly by CB1 and CB2 activation [1, 2,
6]. Immune and inflammatory responses initiated in skin tissue are mostly mediated by
the CB2 receptor [2]. Nevertheless, the physiological functions of the ECS in the skin are
also mediated by a series of other membrane and nuclear receptors, such as the Transient
Receptor Potential Vanilloid-1 Channel (TRPV1) and Peroxisome Proliferator Activated
Receptor Gamma (PPARY). The TRPV1 channel is a membrane channel that appears to
be responsible, under physiological conditions, for the same functions above described

for the CB1 and CB2 receptors [1, 2].

Melanoma and the Endocannabinoid System

Skin cancer can be divided in two subtypes, Melanoma and Non-Melanoma Skin
Cancer (NMSC) [7]. Melanoma is a malignant neoplasia originated in melanocytes;
which are found not only in the skin, but also in mucosae, meninges and the eye uvea [8].
More than 90% of cases of melanoma occur in the skin [9]. The vast majority of
melanoma cases are sporadic and related to a single predisposing risk-factor: exposure to
ultraviolet radiation (UVR), either UV-A or UV-B [8, 10]. UVR can arise from exposure
to sunlight, tanning beds and sun lamps, although exposure to sunlight is the main source
[10]. In addition, it appears that severe sunburns in early ages is the most important risk
factor [8]. UVR induces DNA damage and can lead to oncogenes activation and tumor
suppressor genes inactivation [11]. UV-B also stimulates cell proliferation, at least partly
by activation of cell surface receptors for epidermal growth factor (EGF), TNF-a and IL-

1[11].



While NMSC is by far the most common skin cancer, standing as the 5" most
common cancer worldwide in women and men [12]; melanoma is the deadliest of all skin
cancers, albeit only being the 19" most common cancer worldwide [12, 13]. This
difference can be explained by the fact that melanoma is a highly metastatic neoplasia,
often resistant to conventional chemotherapy and radiation therapy, explaining the low
survival rates once metastization occurs (mean survival of 6 to 9 months) [7, 13-15].
According to treatment guidelines from the NCCN (Nacional Comprehensive Cancer
Network), the basis of melanoma treatment is surgery. Wide excision technique is the
gold-standard, even for stage 0 tumors (in sifu melanomas). For unresectable metastatic
tumors (stage IV), there are several immunotherapies and targeted therapies (for BRAF
mutated melanomas) available, but prognosis remains poor [16]. Melanoma still remains
a surgical disease, since the best chance of cure is still the removal of thin, biologically
early tumors [17].

The ECS in healthy skin and melanocytes plays an important role in proliferation,
differentiation and survival; but its role in melanoma is slightly more controversial. /n
vitro studies using human melanoma cell lines suggest that the ECS is involved in the
pathogenesis of melanoma [3, 11, 18]. On the other hand, in vivo studies with mice
suggest that both CB1 and CB2 receptors are not involved in the pathogenesis of
chemically induced melanomas [19].

Despite the conflicting data, research has been focusing on the therapeutic use of
cannabinoid-based drugs or ECS-modulating drugs, in the treatment of melanoma and
other cancers [20]. The use of cannabinoid-based drugs in the palliative treatment of
cancer has already been established. These compounds have been approved for palliative
therapy of cancer-associated symptoms as anorexia, weight lost and pain. They have also

been used for chemotherapy-associated nausea and vomiting [21].
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We therefore searched how targeting the ECS in melanoma can be useful as an

alternative treatment in advanced melanoma.

Methods

This systematic review was conducted according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines [22].

A systematic search in PUBMED for studies published in English until January
2020 on cannabinoids and melanoma was conducted. Articles in the PUBMED online
database were searched using the queries: “Cannabinoid AND Melanoma”, “CB1 AND
Melanoma”, “CB2 AND Melanoma”. Two independent authors identified the articles and
extracted the data. Given the preliminary stage of research in this area, all manuscripts
that directly pertain to the topic were included in this review. Only minimal exclusion
criteria were used, and no restrictions on the design of the study were applied. We
excluded reviews, letters, editorials and case reports. Of the original 116 articles, a total

of 11 were included in this review.

Results

The initial data base search yielded 113 citations, from which 35 duplicate studies
were excluded. When the bibliographies of relevant papers were screened, 3 further
studies were considered relevant. Based on an initial screening of the titles and abstracts
of the remaining 81 articles, 59 were excluded and 22 were selected for full text
examination. Of these 22 publications, 9 did not address any of the outcomes of interest
and 2 were reviews of the existing literature. Those 11 publications were excluded.

Eleven publications met our eligibility criteria and were included in our review.
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A PRISMA flow diagram (Figure 1) demonstrates the procedure followed to
select the papers used in this systematic review. Table 1 summarizes relevant data found

in the included articles.

Discussion

In vitro Results

CB1 and CB2 targeting

Only three studies were found studying CB1 and CB2 receptors simultaneously,
in cultured melanoma cells from human and murine origins [14, 17, 19]. Two of these
found that stimulation of the CB1 and CB2 receptors reduces cell viability [14, 17]. THC
and WIN-55,212-2 (CB1 and CB2 agonists) were able to reduce the number of viable
cells in vitro [14, 17]. THC and WIN-55,212-2 action was selective for melanoma cells
[14, 17].

Blazquez, Carracedo [17] showed that THC and WIN-55,212-2 inhibit cell-cycle
progression in tumor cells by inhibiting the prosurvival protein Akt. Inhibition of Akt
protein decreases phosphorylation of the pRb retinoblastoma protein [17], a regulator of
the G1-S transition in cell-cycle. This increased the number of cells in the G1 phase and
reduced the number of cells in the S phase [17]. Armstrong, Hill [14] later confirmed that
THC exerts its effect by inhibiting the Akt protein. These studies found that, at higher
concentrations, both agonists were able to induce apoptosis in tumorigenic cells [14, 17].

Armstrong, Hill [ 14] further enlightened the cellular mechanism of action of THC.
THC induces apoptosis in melanoma cells by the activation of non-canonical autophagy.

In response to endoplasmic reticulum stress, Tribbles homolog 3 (TRIB3) protein
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inhibited the Akt protein and the mammalian target of rapamycin complex 1 (mTORC1)
[14]. The same author found that THC activates autophagy in melanoma cells through
the autophagy-related 7 (Atg7) protein, which activates the caspase 3 protein, an effector
of the proapoptotic pathway. The knockdown of TRIB3 and Atg7 by small interfering
RNA abrogated the apoptotic effects of THC [14]. Nevertheless, the molecular
mechanisms connecting autophagy to cell death remains poorly understood [23].
Armstrong, Hill [14] also found that THC effects were enhanced when combined with
cannabidiol (CBD), a non-psychoactive cannabinoid [14]. CBD is believed to exert its
proapoptotic effect through the production of reactive oxygen species [24]. This indicates
that the proapoptotic effect is enhanced due to different mechanisms of action [14].
Despite these findings, Glodde, Jakobs [19] couldn’t replicate the results using
THC to inhibit cell growth [19]. The author suggested that the lack of results was due to
a poor expression level of the two receptors. This highlights the important role of both

cannabinoid receptors in the effectiveness of THC activity [19].

CBI1 targeting

Kenessey, Banki [25] targeted the CB1 receptor after identification of the
cannabinoid receptor 1 gene (CNR1) and its mRNA [25]. Selective CB1 activation was
accomplished by the use of the agonist anandamide (AEA), and the selective CB1
agonists Arachidonyl-2-chloroethylamide (ACEA) and 2-methyl-2-fluoro-anandamide
(Met-F-AEA). CBI inactivation was achieved by using the selective antagonist N-
piperidinyl-iodophenyl-dichlorophenyl-methylpyrazole-carboxamide (AM251). All of
these CB1 modulators induced apoptosis in HT168-M1, HT199 and WM35 human
melanoma cell lines. The most potent effect was seen with the use of AM251. At higher

concentrations, all CB1 modulators induced cell necrosis, parallel to apoptosis. AM251
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was also able to arrest cell-cycle at the G2/M transition in the WM983B lineage. CB1
stimulation with AEA also had an antimigratory effect, demonstrated by a migration
assay. This may contribute to an antimetastatic effect in vivo [25]. Notwithstanding,
Kenessey, Banki [25] doesn’t disclaim if the examined melanoma cell lines express the
CB2 receptor. Since AEA is referred in literature as a CB1 and CB2 agonist [26], this
may be a confounding factor.

Carpi, Fogli [27] later confirmed the AM251 antiproliferative effects in melanoma
cells [27]. Here, AM251 reduced melanoma cell viability in a time and concentration-
dependent manner. The involved mechanism was, again, cell-cycle arrest at the G2/M
transition [27]. AM251 was also able to induce apoptosis. This was achieved by
decreasing the expression of antiapoptotic BCL2 and Survivin protein expression and
increasing the expression of the BAX proapoptotic gene. The effects of AM251 were
GPRS55 independent. AM251 action was selective for cancer cells in the implemented
concentrations [27]. Carpi, Fogli [27] also reported that celecoxib (a COX-2 selective
inhibitor) was equally able to induce cell toxicity. Celecoxib effect was independent of
COX-2 inhibition, and none of the other COX-2 seclective and non-selective COX
inhibitors were able to reduce cell viability, alone or in combination with AM251 [27]. It
has been described that celecoxib effect may rely on apoptosis-induction and cell-cycle
arrest at the G2/M transition [28, 29].The toxicity of celecoxib and AM251 was amplified
when both were used simultaneously, illustrating a possible synergic effect.

Adinolfi, Romanini [30] confirmed AEA proapoptotic effect found by Kenessey,
Banki [25]. The authors found no traces of CB2 receptor expression, despite using the
same melanoma cell line as Blazquez, Carracedo [17]. This was attributed to a clonal
difference [30]. Through caspase 3 and caspase 7 activation, AEA induced apoptosis in a

dose-dependent fashion. The effect was partially CB1 dependent. Co-incubation of AEA
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with selective COX-2 and LOX inhibitors (two enzymes capable of AEA oxidation)
reduced AEA cytotoxicity. This suggest that COX-2 and LOX AEA metabolites
contribute to the effects of AEA. COX-2 metabolites of AEA have been suggested to be
prostaglandin E2-ethanolamides, which have cytotoxic activity. Nevertheless, the precise
biological role of these metabolites needs to be further elucidated [30, 31].

Hamtiaux, Masquelier [32] found that inhibiting FAAH, the main enzyme
degrading AEA [1, 2], decreases cell viability. Cell toxicity was achieved by using the
selective FAAH inhibitor URB597 and other two dual FAAH/MAGL inhibitors (MAFP
and CAY10499). AEA and 2-AG also decreased tumoral cell viability, albeit without
mentioning the mechanisms behind this effect [32]. Hamtiaux, Masquelier [32] found no
expression of CB2 receptors in the cultured cells. Adinolfi, Romanini [30] later confirmed
that co-incubation of AEA with URB597 potentiated the cytotoxicity of AEA. However,

in this study, URB597 did not affect cell viability per se [30].

CB2 targeting

Only one study specifically targeted the CB2 receptor [33]. CB2 activation has
been previously cited in literature to be able to improve barrier properties of the
endothelial layer [34], downregulate adhesion molecules [35] and matrix
metalloproteinases [36]. Hasko, Fazakas [33] showed that selective CB2 agonist JWH-
133 was able to reduce the adhesion of human melanoma cells to human brain endothelial
cells. This was accomplished when both lineages were pre-treated with JWH-133 and
treated with the same compound during an adhesion assay. Pre-treatment of primary brain
endothelial cells with JWH-133 also reduced the migration rate of melanoma cells, with
a bigger reduction when both cell types were pre-treated with JWH-133 [33]. CB2

activation is therefore a potential target to prevent melanoma brain metastasis [33].
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Other receptors/mechanisms

Hamtiaux, Masquelier [32] demonstrated that N-palmitoylethanolamine (PEA),
an endogenous mediator associated to the ECS, exerts its effects without binding to the
CB1 and CB2 receptors [32]. This cannabinoid was reported to act as an “entourage”
agent, able to increase AEA antiproliferative effects [37, 38]. Hamtiaux, Masquelier [32]
demonstrated that PEA has a cytotoxic effect on melanoma cells in a dose-dependent
manner [32]. The mechanism behind this effect remains to be explained; since inhibition
of the classical CB1, TRPV1, PPARa, PPARy and GPRS55 receptors did not reduce the
effect of PEA. PEA is degraded in the cells by the FAAH enzyme. URB597 was able to
increase PEA cellular levels, and co-incubation of PEA and URB597 increased cell
apoptosis and necrosis [32].

It was previously mentioned that WIN-55,212-2 (a mixed CB1 and CB2 agonist)
reduced cell viability in a CB dependent manner [14, 17]. Scuderi, Cantarella [39]
suggests a different mechanism for the proapoptotic effect of WIN-55,212-2. The author
claims that WIN-55,212-2 mediates cell death due to a mechanism involving membrane
lipids rafts and activation of the intrinsic caspase pathway, leading to cell apoptosis. The
lipid raft disruptor methyl-beta-cyclodestrin (MCD) was able to partially rescue
melanoma cell lines from apoptotic death [39]. WIN-55,212-2 induced phosphorylation
of the extracellular signal-regulated kinase (ERK) [39], which literature suggests has a
proapoptotic action [40]. Inhibition of CB1 and CB2 receptors was not able to abolish
WIN-55,212-2 cell death induction [39]. In Adinolfi, Romanini [30] study, MCD
treatment was able to rescue AEA treated melanoma cells from death. This demonstrates
the possible role of lipid rafts in cannabinoid action [30, 39].

Adinolfi, Romanini [30] found another mechanism for melanoma cell death.

Direct stimulation of GPR55 (a G-protein-coupled receptor associated with the ECS) by
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a selective agonist (O-1602) was also able to induce dose-dependent cell death [30]. MCD
was also able to fully reverse O-1602-induced cytotoxicity [30]. Again, this indicates a
role of lipid rafts in GPR55 cell death mechanism [30].
N-(Adamantan-1-yl)-4-ethoxy-6-(4-methylpiperazin-1-yl)-1,3,5-triazin-2-amine;
a 1,3,5-triazine derivative and strong CB2 receptor agonist, was able to reduce tumor cell
proliferation in a CB independent receptor pathway [41]. The exact mechanism behind
this effect remains unclear, but neither CB1 nor CB2 receptor antagonists were able to

reverse it [41].

In vivo Results

Murine melanoma models

The benefits of ECS modulation in the treatment of this skin cancer have also been
shown in in vivo studies with murine melanoma models. In these models, melanomas are
induced by the subcutaneous inoculation of tumorous cells. /n vivo stimulation of ECS
receptors by a variety of cannabinoids was able to decrease tumor cell proliferation, tumor

growth and metastasis, and increase overall survival of mice [14, 17, 19, 25, 32, 42].

Blazquez, Carracedo [17] was the first author to demonstrate the benefits of
targeting the ECS in vivo. The author showed the peritumoral administration of WIN-
55,212-2 and JWH-133 was able to reduce the growth of melanoma cells, resulting in
decreased tumor volume [17]. Both cannabinoids were able to induce in vivo apoptosis
of cancerous cells, and decreased tumor vascularization (lower vascular density)
compared to controls. The efficacy of JWH-133 is relevant as it is devoid of psychoactive
side effects. These are mediated by CB1 receptors in the brain [17]. As demonstrated in

vitro, both cannabinoids decreased phosphorylation of the pRb protein. WIN-55,212-2
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action was independent of immune related responses, since the antitumoral effects were
also observed in nude mice [17].

Armstrong, Hill [14] later demonstrated the antitumoral action of THC and CBD
in nude mice. Here, oral treatment with THC or Sativex (a 1:1 mixture of THC with CBD)
decreased tumor cell proliferation, increased autophagy and apoptosis. The obtained
results were compared with mice treated with vehicle solution or temozolomide (a
chemotherapeutic agent) [14]. Glodde, Jakobs [19] also proved that systemic THC
administration was able to reduce tumor growth in immunocompetent mice bearing CB1
and CB2 receptors. THC action was CB receptor-dependent, since tumor growth wasn’t
inhibited in mice lacking CB1 and CB2 receptors [19]. Histological analysis of THC
treated melanomas in Glodde, Jakobs [19] study showed reduced infiltration of CD45+
immune cells (macrophages and neutrophils), believed to have a pro-tumorigenic effect.
THC inhibited the growth of transplanted melanoma by CB receptors modulation and by
tumor microenvironment blocking. This may explain the lack of effect seen in vitro.
Unlike previous experiments, THC did not affect tumor angiogenesis [19].

Simultaneous administration of PEA and URB597 intraperitoneally was also able
to inhibit tumor growth in vivo [32]. Co-treatment with PEA and URB597 reduced tumor
size and weight in comparison to control treated mice. PEA and URB597 induced tumor
necrosis, but no difference was seen in tumor apoptosis and angiogenesis. The lack of
effect on angiogenesis suggests that treatment-induced necrosis is not due to a lack of
oxygen or nutrients supply [32]. Simmerman, Qin [42] more recently demonstrated the
benefit of CBD intraperitoneal injections, demonstrating a decrease in tumor growth rate
in comparison with control mice. CBD treatment prolonged mice lives’ [42]. CBD wasn’t
as effective as cisplatin (a chemotherapeutic agent) in decreasing tumor growth and

increasing survival curves. Nonetheless, CBD treated mice appeared to be have a better

18



life quality in comparison to cisplatin-treated mice. This data suggest CBD has the

potential to be a suitable adjunct for current therapeutic regimens [42].

ECS modulators have also shown antimetastatic properties in vivo [19, 25].

Glodde, Jakobs [19] showed that intraperitoneal WIN-55,212—-2 administration in
immunocompetent and nude mice reduced lung and liver metastasis, after systemic
inoculation of melanoma cells [19]. Kenessey, Banki [25] also demonstrated the
antimetastatic properties of ACEA. In this experiment, a spleen liver metastasis model of
mice with severe combined immunodeficiency and metastatic human melanoma cells was
used [25]. Intraperitoneal administration of ACEA reduced the number of liver
metastasis, after melanoma cell inoculation into the spleen of mice. AEA administration
was not able to inhibit liver colonization. AEA and ACEA were not able to inhibit primary

tumor growth in the spleen, only liver metastasis [25].

Evidences in humans

With respect to the efficiency of cannabinoids in the treatment of melanoma in

humans, no data was found in our research.
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Conclusions

Recent studies have shown how targeting the endocannabinoid system may be
useful in skin melanoma treatment. CB1 and CB2 receptors activation in neoplastic
melanoma cells in vitro plays a pivotal role in growth inhibition. This is mostly
accomplished by the induction of cell-cycle arrest and cell apoptosis. The classical
cannabinoid receptors also play a role in the antimigratory effect induced by
cannabinoids. Membrane lipid rafts and GPR55 receptor activation are also involved in
cannabinoid effect on melanoma cells. Nonetheless, a significant amount of research is
still needed to decipher the underlying cell mechanisms responsible for the antitumoral
effects discussed.

Through the same aforementioned mechanisms, cannabinoids have also been
shown to reduce tumor cell proliferation, tumor growth and to decrease metastasis in vivo.
In spite of these results, there are still no evidences in humans.

In conclusion, the endocannabinoid system may be an interesting target of
melanoma treatment. Unlike other cancers that typically affect an elder population,
melanoma targets a younger demographic, which contributes to the burden of this
pathology. Alternative forms of treatment are needed. More pre-clinical and clinical
studies should be conducted to verify efficiency, security and tolerance of these

compounds.

20



Bibliography

1.

Biro, T., et al., The endocannabinoid system of the skin in health and disease:
novel perspectives and therapeutic opportunities. Trends Pharmacol Sci, 2009.
30(8): p. 411-20.

Rio, C.D., et al., The endocannabinoid system of the skin. A potential approach
for the treatment of skin disorders. Biochem Pharmacol, 2018. 157: p. 122-133.
Hart, S., O.M. Fischer, and A. Ullrich, Cannabinoids induce cancer cell
proliferation via tumor necrosis factor alpha-converting enzyme
(TACE/ADAM17)-mediated transactivation of the epidermal growth factor
receptor. Cancer Res, 2004. 64(6): p. 1943-50.

Mounessa, J.S., et al., The role of cannabinoids in dermatology. J Am Acad
Dermatol, 2017. 77(1): p. 188-190.

Stander, S., et al., Distribution of cannabinoid receptor 1 (CB1) and 2 (CB2) on
sensory nerve fibers and adnexal structures in human skin. J Dermatol Sci,
2005. 38(3): p. 177-88.

Magina, S., et al., Inhibition of basal and ultraviolet B-induced melanogenesis
by cannabinoid CB(1) receptors: a keratinocyte-dependent effect. Arch
Dermatol Res, 2011. 303(3): p. 201-10.

Soliman, E., Cannabinoids as Therapeutics for Non-Melanoma and Melanoma
Skin Cancer. Journal of Dermatology and Clinical Research, 2016. 4.

Kumar, V., A. Abbas, and J. Aster, Robbins & Cotran Pathologic Basis of
Disease. Vol. 9. 2014: Elsevier/Saunders. 1408.

Moreira, J., et al., Melanoma Maligno Cutdneo: Estudo Retrospetivo de Sete

Anos (2006-2012). Acta Médica Portuguesa, 2014. 27(4): p. 480-488.

21



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Cancer.org. Melanoma Skin Cancer Risk Factors | Melanoma Risk Factors.
2019 [cited 2019 September 2019]; Available from:

https://www.cancer.org/cancer/melanoma-skin-cancer/causes-risks-

prevention/risk-factors.html.

Zheng, D., et al., The cannabinoid receptors are required for ultraviolet-induced
inflammation and skin cancer development. Cancer Res, 2008. 68(10): p. 3992-
8.

Fund, W.C.R. Skin cancer statistics. 2019 September 2019]; Available from:

https://www.wcrf.org/dietandcancer/cancer-trends/skin-cancer-statistics.

Domingues, B., et al., Melanoma treatment in review. Immunotargets Ther,
2018. 7: p. 35-49.

Armstrong, J.L., et al., Exploiting cannabinoid-induced cytotoxic autophagy to
drive melanoma cell death. J Invest Dermatol, 2015. 135(6): p. 1629-1637.
Houghton, N.e.a., Focus on melanoma. Cancer Cell, 2002. 2: p. 275-278.
Network, N.C.C. Cutaneous Melanoma (Version 1.2020). 2019; Available from:

https://www.nccn.org/professionals/physician_gls/pdf/cutaneous_melanoma.pdf.

Blazquez, C., et al., Cannabinoid receptors as novel targets for the treatment of
melanoma. FASEB J, 2006. 20(14): p. 2633-5.

Carpi, S., et al., Tumor-promoting effects of cannabinoid receptor type 1 in
human melanoma cells. Toxicol In Vitro, 2017. 40: p. 272-279.

Glodde, N., et al., Differential role of cannabinoids in the pathogenesis of skin
cancer. Life Sci, 2015. 138: p. 35-40.

Ladin, D.A., et al., Preclinical and Clinical Assessment of Cannabinoids as

Anti-Cancer Agents. Front Pharmacol, 2016. 7: p. 361.

22



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Velasco, G., et al., The use of cannabinoids as anticancer agents. Prog
Neuropsychopharmacol Biol Psychiatry, 2016. 64: p. 259-66.

Moher, D, et al., Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med, 2009. 6(7): p. €1000097.

Shen, H.M. and P. Codogno, Autophagic cell death: Loch Ness monster or
endangered species? Autophagy, 2011. 7(5): p. 457-65.

Massi, P., et al., The non-psychoactive cannabidiol triggers caspase activation
and oxidative stress in human glioma cells. Cell Mol Life Sci, 2006. 63(17): p.
2057-66.

Kenessey, L., et al., Revisiting CB1 receptor as drug target in human melanoma.
Pathol Oncol Res, 2012. 18(4): p. 857-66.

Reggio, P.H., Endocannabinoid binding to the cannabinoid receptors: what is
known and what remains unknown. Curr Med Chem, 2010. 17(14): p. 1468-86.
Carpi, S., et al., AM251 induces apoptosis and G2/M cell cycle arrest in A375
human melanoma cells. Anticancer Drugs, 2015. 26(7): p. 754-62.

Grosch, S., et al., Cyclooxygenase-2 (COX-2)-independent anticarcinogenic
effects of selective COX-2 inhibitors. J Natl Cancer Inst, 2006. 98(11): p. 736-
47.

Paunescu, H., et al., Cannabinoid system and cyclooxygenases inhibitors. ] Med
Life, 2011. 4(1): p. 11-20.

Adinolfi, B., et al., Anticancer activity of anandamide in human cutaneous
melanoma cells. Eur J Pharmacol, 2013. 718(1-3): p. 154-9.

Van Dross, R.T., Metabolism of anandamide by COX-2 is necessary for
endocannabinoid-induced cell death in tumorigenic keratinocytes. Mol

Carcinog, 2009. 48(8): p. 724-32.

23



32.

33.

34.

35.

36.

37.

38.

39.

Hamtiaux, L., et al., The association of N-palmitoylethanolamine with the FAAH
inhibitor URB597 impairs melanoma growth through a supra-additive action.
BMC Cancer, 2012. 12: p. 92.

Hasko, J., et al., CB2 receptor activation inhibits melanoma cell transmigration
through the blood-brain barrier. Int J Mol Sci, 2014. 15(5): p. 8063-74.
Ramirez, S.H., et al., Activation of cannabinoid receptor 2 attenuates leukocyte-
endothelial cell interactions and blood-brain barrier dysfunction under
inflammatory conditions. J Neurosci, 2012. 32(12): p. 4004-16.

Zhao, Y., et al., Activation of cannabinoid CB2 receptor ameliorates
atherosclerosis associated with suppression of adhesion molecules. J Cardiovasc
Pharmacol, 2010. 55(3): p. 292-8.

Adhikary, S., et al., Signaling through cannabinoid receptor 2 suppresses
murine dendritic cell migration by inhibiting matrix metalloproteinase 9
expression. Blood, 2012. 120(18): p. 3741-9.

De Petrocellis, L., et al., Effect on cancer cell proliferation of
palmitoylethanolamide, a fatty acid amide interacting with both the cannabinoid
and vanilloid signalling systems. Fundam Clin Pharmacol, 2002. 16(4): p. 297-
302.

Di Marzo, V., et al., Palmitoylethanolamide inhibits the expression of fatty acid
amide hydrolase and enhances the anti-proliferative effect of anandamide in
human breast cancer cells. Biochem J, 2001. 358(Pt 1): p. 249-55.

Scuderi, M.R, et al., The antimitogenic effect of the cannabinoid receptor
agonist WIN55212-2 on human melanoma cells is mediated by the membrane

lipid raft. Cancer Lett, 2011. 310(2): p. 240-9.

24



40.

41.

42.

Osada, S., S. Saji, and K. Osada, Critical role of extracellular signal-regulated
kinase phosphorylation on menadione (vitamin K3) induced growth inhibition.
Cancer, 2001. 91(6): p. 1156-65.

Yrjola, S., et al., Synthesis, in vitro and in vivo evaluation of 1,3,5-triazines as
cannabinoid CB2 receptor agonists. Eur J Pharm Sci, 2015. 67: p. 85-96.
Simmerman, E., et al., Cannabinoids as a Potential New and Novel Treatment
for Melanoma: A Pilot Study in a Murine Model. J Surg Res, 2019. 235: p. 210

215.

25



Figure Legends

Figure 1. Flow diagram of the literature search process.
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Table 1. Main results of published studies on endocannabinoid system and melanoma
treatment. Cannabinoid (CB), Cannabinoid 1 receptor (CB1), Cannabinoid 2 receptor

(CB2), G protein-coupled receptor 55 (GPRS55), Fatty acid amide hydrolase (FAAH).
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review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

e Include keywords

¢ All figures (include relevant captions)

e All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
¢ Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

¢ All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

e A competing interests statement is provided, even if the authors have no competing interests to
declare

¢ Journal policies detailed in this guide have been reviewed

e Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

If the work involves the use of human subjects, the author must ensure that
the work described has been carried out in accordance with The Code of Ethics
of the World Medical Association (Declaration of Helsinki) for experiments involving
humans, http://www.wma.net/en/30publications/10policies/b3/index.html; Uniform Requirements
for manuscripts submitted to Biomedical journals, http://www.icmje.org. For clinical trials we also
require specific mention of the compliance with the regulations of the country(ies) in which the trial
was carried out (such as approval from the Institutional Review Board/the Ethics Committee) and the
registration in international clinical trial databases/registries (e.g. EudraCT, ClinicalTrials.gov, ChiCTR,
ANZCTR, JPRN,see also http://www.who.int/ictrp/network/en/). Authors must include a statement in
the manuscript that an informed consent was obtained. The privacy rights of human subjects must
always be observed.
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All animal experiments should be carried out in accordance with the U.K. Animals (Scientific
Procedures) Act, 1986 and associated guidelines, EU Directive 2010/63/EU for animal experiments,
or the National Institutes of Health guide for the care and use of Laboratory animals (NIH Publications
No. 8023, revised 1978) and the authors should clearly indicate in the manuscript that such
guidelines have been followed. All animal studies need to ensure they comply with the ARRIVE
guidelines. More information can be found at http://www.nc3rs.org.uk/page.asp?id=1357. The
approval for animal studies by the competent Institution is requested. A specific statement for works
including animal or human subjects has to be provided in the Author checklist (see below).

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double-blind) or the
manuscript file (if single-blind). If there are no interests to declare then please state this: 'Declarations
of interest: none'. This summary statement will be ultimately published if the article is accepted.
2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of the
journal's official records. It is important for potential interests to be declared in both places and that
the information matches. More information.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

The concern about the reproducibility of published results is growing in the scientific community.
Pharmacological Research has thus implemented an author checklist in order to help the authors to
increase the overall quality of the articles they publish with us and ensure better transparency and
reproducibility of their results. The author checklist can be downloaded at https://www.elsevier.com/
__data/promis_misc/Author checklist.docx

To have a detailed explanation of the reasons and the rationale behind each item please go to http://
www.ncbi.nlm.nih.gov/pubmed/26523875.

A positive response to items 1-6 is mandatory for the further processing of the research manuscript.
A negative response to the remaining items will not per se preclude the processing of the manuscript.
The relevance of each item will depend on its relative relevance in the context of the manuscript,
an aspect that will be evaluated by the Editor and the Reviewers, alongside the manuscript itself,
to reach a fair decision.

In the checklist there is also a free text area in which we ask for suggestions and advice from the
authors. Pharmacological Research is not a top-down journal and we are building a community of
scientists that helps enhancing the quality of the Journal; hence we will appreciate comments and
feedbacks from the authors on how to improve the checklist in the next months.

The checklist will have to be uploaded at the time of the initial submission of each original article,
effective from the 1st of June 2016. It will not be requested for perspectives or reviews.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).
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Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior
to another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', 'his/her' instead of 'he' or 'his', and by making use of job titles that are free of stereotyping
(e.g. 'chairperson' instead of 'chairman' and 'flight attendant' instead of 'stewardess').

The corresponding author of a manuscript for Pharmacological Research has the duty to ensure that
all the named authors have seen and approved the original and any revised version of the paper and
are in agreement with its content before it is submitted to the Editorial Office. Each author should have
participated sufficiently in the work to take public responsibility for the content. The corresponding
author should also ensure that all those who have contributed to the research are acknowledged
appropriately either as a co-author or in the Acknowledgements. In addition, the corresponding author
has the prime responsibility for ensuring the paper is correctly prepared according to the Guide for
Authors. Submitted manuscripts not complying with the Guide for Authors may be returned to the
authors for possible revision and resubmission.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.
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Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Please visit our Open Access page from the Journal Homepage for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients
and any other individuals in an Elsevier publication. Written consents must be retained by the author
but copies should not be provided to the journal. Only if specifically requested by the journal in
exceptional circumstances (for example if a legal issue arises) the author must provide copies of the
consents or evidence that such consents have been obtained. For more information, please review the
Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. Unless
you have written permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary materials (including
all illustrations and videos) must be removed before submission.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Authors are highly encouraged to include a list of 5-6 potential reviewers for their manuscript, with
complete contact information. Please suggest referees who have presumably an interest in your article
and are likely to have time to read it. Please suggest reviewers who can have an interest in your
article and are likely to have time to read it.

Please make sure that your submission is in strict compliance with the guidelines provided in this
document. The Publisher and Editors regret that they are not able to consider submissions that do
not follow these guidelines.

Please note also that the following immediate rejection criteria apply:

1. Ethnopharmacological papers, namely studies that deal with locally-consumed plants.

2. In vitro antioxidant activity of plant extracts and pure compounds isolated from them.

3. Papers that describe pharmacological activities of plants which are not easily found worldwide,
eg, Chinese herbs.

4. Papers reporting pharmacological activities of novel compounds if no proper controls with known
substances are performed.
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5. Papers describing the pharmacological activities of natural compounds are considered only if they
identify novel mechanisms of action.

Note that ethnopharmacological studies generally do not fall into the scope of this journal. Exceptions
are made for papers addressing the mechanisms of actions or the clinical applications of worldwide-
used natural substances. Clinical studies on commercially-available nutraceuticals are also taken into
consideration.

PREPARATION

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

References

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.

Western blots images

Pharmacological Research requires submission of the whole uncropped images of the original western
blots from which figures have been derived, if the western blot technique has been used. Please
submit as Supplementary Figure. Please note that this is mandatory when western blots are shown.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.The human gene name has to be given with all capital
letters in italics. For example, the human gene name for the epidermal growth factor receptor is
given as EGFR. In contrast the gene name for rats or mice is given in italics with only the first letter
capitalized, e. g., Egfr. Gene nhames can be authenticated at the UniProtKB at www.uniport.org. The
corresponding protein names are not italicized, e.g., EGFR.

Divide the article into clearly defined sections.

Line numbering, page numbering and double spacing text
Please ensure the text of your paper is double-spaced and has consecutive line numbering and page
numbering this is an essential peer review requirement.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.
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Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights are optional yet highly encouraged for this journal, as they increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that capture the
novel results of your research as well as new methods that were used during the study (if any). Please
have a look at the examples here: example Highlights.

AUTHOR INFORMATION PACK 1 Mar 2020 www.elsevier.com/locate/yphrs 13



Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

A graphical abstract is mandatory for this journal. It should summarize the contents of the article in
a concise, pictorial form designed to capture the attention of a wide readership online. Authors must
provide images that clearly represent the work described in the article. Graphical abstracts should be
submitted as a separate file in the online submission system. Image size: please provide an image
with @ minimum of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable
at a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF
or MS Office files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of theirimages
also in accordance with all technical requirements.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

You should enrich your article by providing a list of chemical compounds studied in the article.
This will enhance visibility of your paper. The list of compounds will be used to extract relevant
information from the NCBI PubChem Compound database and display it next to the online version
of the article on ScienceDirect. You can include up to 10 names of chemical compounds in the
article. For each compound, please provide the PubChem CID of the most relevant record as in the
following example: Glutamic acid (PubChem CID:611). The PubChem CIDs can be found via http://
www.ncbi.nlm.nih.gov/pccompound. Please position the list of compounds immediately below the
'Keywords' section. It is strongly recommended to follow the exact text formatting as in the example
below: Chemical compounds studied in this article Ethylene glycol (PubChem CID: 174); Plitidepsin
(PubChem CID: 44152164); Benzalkonium chloride (PubChem CID: 15865)

More information is available at: https://www.elsevier.com/PubChem.

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.
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If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

e Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

¢ Please note that individual figure files larger than 10 MB must be provided in separate source files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e Supply files that are too low in resolution.

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

We encourage authors to adhere to the "guidelines for preparing color figures for everyone
including the colorblind." These are available at https://www.sciencedirect.com/science/article/pii/
S1043661817301664?via%3Dihub

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.
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Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J].C., Russo R.M,,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/pharmacological-research

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
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the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.

Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ...."

List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.

Examples:

Reference to a journal publication:

[1]3J. van der Geer, J.A.]. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci. Commun.
163 (2010) 51-59. https://doi.org/10.1016/j.5¢.2010.00372.

Reference to a journal publication with an article number:

[2] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

[3] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:

[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z.
Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281-304.
Reference to a website:

[5] Cancer Research UK, Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13 March 2003).

Reference to a dataset:

[dataset] [6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1, 2015. https://doi.org/10.17632/
xwjo98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option
in Microsoft Office files as these will appear in the published version.
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This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 600 USD is payable for publication in Data in Brief. Full details can be found on the Data
in Brief website. Please use this template to write your Data in Brief.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE
To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof

corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
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MS Word: in addition to editing text, you can also comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Author Services. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

Additional Information

The corresponding author, at no cost, will be provided with a PDF file of the article via e-mail. The
PDF file is a watermarked version of the published article and includes a cover sheet with the journal
cover image and a disclaimer outlining the terms and conditions of use.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.
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