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ARTICLE INFO ABSTRACT

The objective of the present study was to perform a systematic review (SR) composed of preclinical and clinical
studies which investigated the toxicological and pharmacologic effects of farnesol [Molecular formula: C;5H2¢0;
IUPAC: (3,7,11-Trimethyl-2,6,10-dodecatrien-1-ol]. This SR was performed according to PRISMA guidelines.
Literature research was performed using PubMed, MEDLINE, Scopus and Web of Science databases using the
descriptor combinations: “farnesol and pharmacological effect” and “farnesol and toxicology”. The inclusion
criteria used were original articles from preclinical and clinical studies investigating the pharmacological and
toxicological effects of farnesol, published between January 1960 and December 2017 which were written in
English, Portuguese and Spanish. Primary research identified 414 articles, from which 76 articles were selected
for final analysis following the inclusion criteria. After grouping, 51.32 and 22.37% of the articles investigated
the antimicrobial and antitumor effect, respectively. Methodological biases have been observed both in pre-
clinical studies with non-human animals and in clinical trials, mainly in group allocation and blinding. This SR is
the first study developed to compile the studies concerning the pharmacological and toxicological effects of
farnesol. This study concludes that farnesol possesses different pharmacological and toxicological features,
which permit its use as an active or a coadjuvant drug.
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1. Introduction Fig. 1D). Farnesol is also commercially available as a mixture of isomers

(CAS 4602-84-0).

Farnesol [Molecular formula: C;sH60; IUPAC: 3,7,11-Trimethyl-
2,6,10-dodecatrien-1-ol], an alcohol found in essential oils, is a natural
terpene formed by 15 carbons made in plant cells by farnesyl pyr-
ophosphate dephosphorylation (Khan and Sultana, 2011). The name
Farnesol was given for being first identified in Vachellia farnesiana (L.)
Wight & Arn flowers, known as “acacia farnese”, the “ol” suffix was
added because it is chemically an alcohol (Trimble, 1885). All four
geometrical isomers of farnesol have been found in nature and are
commercially available: trans,trans-Farnesol (CAS 106-28-5, Fig. 1A), 2-
trans,6-cis-Farnesol (CAS 3879-60-5, Figure 1B), 2-cis,6-trans-Farnesol
(CAS 3790-71-4, Fig. 1C) and cis,cis-Farnesol (CAS 16106-95-9,

* Corresponding author.
** Corresponding author.
*** Corresponding author.

Farnesol presents itself as an uncolored liquid oil with a sweet, soft
and delicate smell. This substance has a wide application in the cos-
metic and perfumery industries (Lapczynski et al., 2008), it is used to
improve sweet flower-based perfume scents and as an antibacterial
cosmetic (Buchbauer and Ilic, 2013). In the food industry, farnesol has
been used as a flavoring agent, and has been identified in more than 30
essential oils and other flora products used in food production. Ex-
emples of these products include: apricot, citrus peel oils, grapefruit
juice, strawberry jam, ginger, clove bud, hop oil, cardamom, ginger,
thyme, beer, whiskey, basil, papaya, anise seed and German chamomile
(Burdock, 2010; Oser, 1965).
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Fig. 1. Structural representation of the different farnesol geometric isomers.

Terpenes are compounds with natural occurrence, frequently found
in essential oils, with monoterpenes and sesquiterpenes found at greater
quantities (La Cruz et al., 2014; Lapczynski et al., 2008). Substances
belonging to this secondary metabolite class are used as aromatizers,
cosmetic fragrances and perfumes, alimentary adjuvant (de Siqueira
et al., 2014) and as active principles or drug excipients (Oliveira et al.,
2014).

The growing interest in studying terpenes is associated with their
clinical application potential, thus terpenes show different biological
properties, which can be useful in different disease treatments which
affect organic systems, such as: anti-fungal, anti-bacterial, anti-viral,
anti-tumor, anti-parasitic, hypoglycemic, anti-inflammatory and an-
algesic effects (Paduch et al., 2007).

In view of the terpenes therapeutic potential, especially sesqui-
terpene compounds, and the scarce existence of studies evaluating the
therapeutic and toxic effects of farnesol, the objective of this study was
to perform a SR comprised of pre-clinical and clinical studies which
investigated the pharmacological and toxicological effects of this sub-
stance. The research was lead based on the following guiding question:
What are the pharmacological and toxicological properties of farnesol?

2. Methods
2.1. Search strategy

This SR was executed according to PRISMA guidelines (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) (Moher
et al., 2009).

The article search was performed from September to December
2017 at PubMed (of the US National Library of Medicine National
Institutes of Health), MEDLINE (of the Virtual Health Library), SciVerse
Scopus and Web of Science electronic databases, using the descriptor
combinations: “farnesol and pharmacological effect” and “farnesol and
toxicology”. The descriptor combinations mentioned above led to the
following searches: ("farnesol"[MeSH Terms] OR "farnesol"[All Fields])
AND ("pharmacology"[MeSH Terms] OR "pharmacology"[All Fields] OR
"pharmacological"[All Fields]) AND effect[All Fields]; ("farnesol"[MeSH
Terms] OR "farnesol"[All Fields]) AND toxicological[All Fields]; TW:
(farnesol AND pharmacological effect) AND (instance:"regional"); TW:
(farnesol AND toxicological) AND (instance:"regional").

The inclusion criteria used were original articles from preclinical
and clinical studies investigating the pharmacological and toxicological
effects of farnesol, published between January 1960 to December 2017,
written in English, Portuguese and Spanish.

2.2. Study selection

Two independent researchers carried out the search and selection of
articles (G.A.D. and D.S.B.). Article screening was performed evaluating
the title and abstract using an eligibility criteria evaluation sheet.
Afterwards, the selected publications underwent a complete reading,
this being an essential step to confirm the inclusion criteria. Eventual
disagreements were solved through consensus of both researchers. The
resulting articles were carefully revised with the objective of identifying
those studies within the inclusion criteria and to extract data.

2.3. Study methodologic quality/bias risk evaluation

The methodological quality and study bias risk were evaluated
using the SYRCLE's RoB (Hooijmans et al., 2014) tool for preclinical
studies — in vivo and ex-vivo — with non-human animals; while the
criteria set out by the Cochrane Collaboration's (Higgins et al., 2011)
were used to evaluate clinical studies. This analysis was not carried out
for pre-clinical in vitro studies as a validated tool for this purpose does
not exist.

The SYRCLE's RoB tool, made based on the Cochrane Collaboration's
criteria, is adapted to evaluate the methodologic quality and bias risk of
experimental studies with non-human animals. This tool is composed of
10 inputs based on six bias types: selection bias, performance bias,
detection bias, friction bias, bias notification and other bias (Hooijmans
et al., 2014). The Cochrane Collaboration's tool considers the follow
study items: random sequence generation, allocation, blindness, in-
complete outcome data and funding source bias (Higgins et al., 2011).
The studies were classified as “low risk of bias”, “high risk of bias” and
as “unclear risk of bias”.

2.4. Extraction and data analysis

Two independent researchers carried out the extraction and data
analysis (G.A.D. and D.S.B.) using a selection criteria list, which had its
accuracy verified and analyzed by both researchers.

The data extraction process and description synthesis obeyed the
PICOT acronym (P-population, I-intervention, C-control, O-outcome, T-
Type of study). Extracted items included information relating to the
study type, specie, strain and/or cell lineage used, type and origin of
geometric isomers study aims, dose and/or tested concentration, ad-
ministering route, main results and conclusion, as described on litera-
ture. However, the statistical grouping (metanalysis) was not possible
due to methodological heterogeneity between the studies.
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Fig. 2. Search parameters and selection results.

3. Results and discussion

This review searched for studies evaluating the pharmacological
and toxicological effects of farnesol. A Primary research identified 414
articles: 390 with the descriptor “farnesol and pharmacological effect”
and 24 with the descriptor “farnesol and toxicology”. 27 articles were
acquired from MEDLINE, 326 from PUBMED, 40 from SCOPUS and 21
from Web of Science. After screening, 102 articles fulfilled the inclusion
criteria: 5 from MEDLINE, 83 from PUBMED, 8 from SCOPUS and 6
from Web of Science. From the total included by the inclusion criteria,
articles indexed in two or more database were considered once,
whereby 9 were excluded from the total, thus 76 articles were selected
for the final analysis (Fig. 2). Regarding the study types, 75 were pre-
clinical while 2 were of clinical nature, with some containing both
approaches. Preclinical studies had more in vitro assays (n = 56) than in
vivo (n = 25) and ex vivo (n = 3) assays (Fig. 2).

The selected studies were separated and gathered into five cate-
gories according to the farnesol effect: 1) Antimicrobial effect; 2)
Antitumor effect; 3) Nervous and cardiovascular system effects; 4)
Metabolic and hepatic effects and 5) Other pharmacological and tox-
icological effects. When grouped, 51.32% (n = 39) of publications in-
vestigated the antimicrobial effect of farnesol, 22.37% (n = 17) the
antitumor effect, 13.16% (n = 10) the nervous and cardiovascular
system effects, 5.26% (n = 4) the metabolic and hepatic system effects
and 7.86% (n = 6) evaluated other pharmacological and toxicological
effects such as anti-inflammatory and antioxidant activity. Among the
studies included in this SR, 56 studies administered farnesol directly in
the action site (in situ), 17 used the oral route (po.), 6 used the in-
traperitoneal route (i.p.) and 4 administered the product topically,
using different doses and/or concentrations.

In the literature, farnesol is reported to be a safe substance and
endowed with biological and pharmacological properties that may be
useful in the treatment of various diseases. In vitro studies have de-
monstrated that farnesol shows a toxic potential inducing apoptotosis in

different types of cell lines (Au-Yeung et al., 2008; Lee et al., 2015; Park
et al., 2014; Wiseman et al., 2007). However, this substance has shown
a selectivity in promoting cytotoxic effects in cells with malformations
(Adany et al., 1994). Regarding the toxicity of farnesol in vivo, studies
have shown that, when it is administered orally in rats or mice, it ex-
hibited a mean lethal dose (LD50) =5000 mg/kg (Hoffmann-LaRoche,
1967; BASF, 1978, 1981; Moreno, 1974; Sterner and Stiglic, 1976).

In the study carried out by Oliveira-Jtnior et al. (2013), evaluating
the neurotoxic activity of farnesol in mice, the authors observed that at
doses of 50 and 100 mg/kg this substance showed no toxic effects, since
no lesions were found in the regions evaluated (hippocampus and
striatum). On the other hand, studies have demonstrated the potential
of farnesol protecting different vital organs that usually suffer from the
damages caused by toxic subtances. There are important examples of
the protective effects promoted by farnesol including: cardioprotection
(Ferdinandy et al, 1998; Sziics et al.,, 2013), neuroprotection
(Santhanasabapathy and Sudhandiran, 2015), hepatoprotection
(Vinholes et al., 2014).

3.1. Antimicrobial effect

More than 50% of the articles included in this SR investigated the
antimicrobial effect — antibacterial, antifungal and antiprotozoal ac-
tivity — of farnesol in isolation and/or associated to commercially
available antibacterial and antifungal drugs. It was observed that most
of the studies included in this category do not specify the type of far-
nesol isomer used in the research (Table 1).

In the antiprotozoal evaluation, only the study carried out by
Rodrigues Goulart et al. (2004) has investigated the farnesol (isomers
unspecified) effect on parasites (Plasmodium falciparum clones). In this
study, the authors observed the dolichol biosynthesis inhibitory action
mediated by farnesol (isomers unspecified) in the trophozoite and
schizont stages of these parasites with an mean inhibitory concentration
(ICs0) of 60uM, resulting in a decrease of isoprenyl precursor
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incorporation into proteins (Rodrigues Goulart et al., 2004).

There is a predominance of studies regarding farnesol's antibacterial
activity, which evaluate its effect against Gram-positive bacterial
strains. Staphylococcus genus species was the most commonly used in
the articles included in this SR. This predominance may be justified by
farnesol's natural origin, since the literature cites Gram-negative bac-
teria as being more resistant to natural products (Veras et al., 2017).
Holley and Patel (2005) and Oladimeji et al. (2004) affirmed that this
resistance is due to the capacity of the membrane present in these
bacteria to form a complex wrap capable of protecting them against
natural antibacterial action. This information corroborates with the
data obtained by Kaneko et al. (2011), where the authors evaluated the
farnesol (isomers unspecified) effect against different Gram-positive
bacterial strains (Staphylococcus aureus, Staphylococcus epidermidis,
Staphylococcus warneri, Staphylococcus xylosus, Enterococcus faecalis and
Enterococcus faecium) and Gram-negative strains (Escherichia coli and
Pseudomonas aeruginosa), observing that farnesol was effective in-
hibiting the growth of Gram-positive bacteria, however, it was not ef-
fective against Gram-negative bacteria.

On the other hand, studies have also demonstrated that different
isomers of farnesol (such as: trans-Farnesol and trans,trans-Farnesol) is
capable of inhibiting Gram-negative bacterial growth (Castelo-Branco
et al., 2016; Abdel-Rhman et al., 2015; Goncalves et al., 2011) and that
the trans,trans-Farnesol promotes a reduction of virulence factors (for
example: hemosilin) (Abdel-Rhman et al., 2015). According to Castelo-
Branco et al. (2016), in addition to farnesol (isomers unspecified) an-
tibacterial activity against mature Burkholderia pseudomallei biofilms,
farnesol also promoted a synergistic effect when associated to anti-
biotics commonly used to treat infections derived from these pathogens
(amoxicillin, ceftazidime, doxycycline and sulfamethoxazole-trimetho-
prim). The authors suggest that this synergism may be due to the
polymeric biofilm inhibition coused by farnesol, in the extracellular
matrix.

As for the farnesol effect against Gram-positive bacteria, its different
isomers has antibacterial action against many different bacteria and
other forms included in this classification, as an example, biofilms
(Fernandes et al., 2016; Horev et al., 2015; Mogen et al., 2015; Gomes
et al., 2011a; Unnanuntana et al., 2009), planktonic forms (Horev et al.,
2015), clinical isolates (Akiyama et al., 2002) and antibiotic-resistant
bacteria (Bhattacharyya et al., 2014; Kuroda et al., 2007).

Studies have demonstrated that farnesol (isomers unspecified)
causes damage to bacterial cell walls as part of the mechanism of action
involved in its antibacterial activity against Gram-positive bacteria
(Cerca et al., 2012; Gomes et al., 2011a; Kuroda et al., 2007). This
action is due to lipid loss, which is essential for membrane biosynthesis.
This damage is responsible to promote cellular content release and in-
creasing bacterial susceptibility to antibiotic action (Kaneko et al.,
2011; Kuroda et al., 2007). Kaneko et al. (2011) proposes that the lipid
loss may be coused due to the mevalonate pathway inhibition induced
by farnesol (isomers unspecified), through the HMG-CoA reductases (3-
hidroxy-3-methyl-glutaryl-coenzyme A reductase, class I and II), using a
mechanism different from statins. Additionally, farnesol (isomers un-
specified) reduces some virulence factors associated with bacterial re-
sistance, such as staphyloxanthin and protein A suppression as well as
reduction in f-Lactamases enzymatic action (Kuroda et al., 2007).

The studies included in this SR used more species from the Candida
genus, predomintly Candida albicans, when evaluating the farnesol ef-
fect against fungal cells. Various authors demonstrated that farnesol in
isolation and/or in association with antifungal drugs is capable of
suppressing the growth of and deterring C. albicans infections
(Fernandes et al., 2016; Katragkou et al., 2015; Décanis et al., 2009;
Hisajima et al., 2008; Saidi et al., 2006; Jabra-Rizk et al., 2006a;
Ramage et al., 2002). It is worth mentioning that regarding the farnesol
action on C. albicans strains, only Fernandes et al. (2016) have specified
the isomer type (trans,trans-Farnesol) used in their study.

In a study carried out by Fernandes et al. (2016), the authors
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demonstrated that trans,trans-Farnesol at concentrations greater than
12.5mM have an antimicrobial effect similar to chlorhexidine gluco-
nate. Katragkou et al. (2015) observed the farnesol (isomers un-
specified) effect when combined with antifungals drugs as fluconazole,
amphotericin B and micafungin demostrate a synergistic effect, which is
more significant when associated with micafungin. Jabra-Rizk et al.
(2006) demonstrated that concentrations at 30-50 pM farnesol (isomers
unspecified) promote a synergistic effect when associated to flucona-
zole.

When evaluated in isolation at a concentration of 300 uM, farnesol
(isomers unspecified) is capable of inhibiting the germination and ad-
herence of C. albicans yeast resulting in scarce or inexistent biofilms
(Saidi et al., 2006; Jabra-Rizk et al., 2006a; Ramage et al., 2002). In-
terestigly Ramage et al. (2002), proposed that this effect may be due to
lower levels of HWP1 (hifal wall protein 1) and mRNA (messenger ri-
bonucleic acid) in C. albicans cells caused by farnesol treatment.

Hisajima et al. (2008), when investigating farnesol (isomers un-
specified) effects against oral candidiasis in mice, observed that in doses
ranging from 1.125 to 9 uM farnesol was capable to protect against oral
candidiasis, this being a dose-dependent effect. The histological results
showed that this substance suppressed C. albicans mycelial growth at
the tongue's surface. Décanis et al. (2009) when evaluating the sy-
nergistic interaction between epithelial cells and farnesol against C.
albicans, observed that epithelial protection would be mediated by an
increase in TLR-2, IL-6 and hBD2 promoted by farnesol (isomers un-
specified). On the other hand, results from Navarathana et al. (2007a
and 2007b) showed that trans,trans-Farnesol or farnesol mixed isomers
increases susceptibility to systemic candidiasis in already infected mice,
with farnesol potentially being a virulence factor for this fungus.

Brilhante et al. (2013) and Rossignol et al. (2007) stated that
trans, trans-Farnesol or farnesol mixed isomers affects the steroidal dis-
tribution in Coccidioides posadasii and Candida parapsilosis strains, re-
spectively. However, Rossignol et al. (2007), demonstrated that
trans, trans-Farnesol affects the expression of several genes linked to the
metabolism of phospholipids and amino acids such as GRP2 and ADH?7.

Other pathways involved in the antifungal action of the different
farnesol isomers are dependent of caspase (Liu et al., 2010) and of
mitochondrial ROS (reactive oxygen species) generation (Semighini
et al., 2006; Machida et al., 1998). As a result, from the oxidative stress,
fungal cells increase the number of condensed nuclei and undergo an
apoptotic process (Semighini et al., 2006) which can cause total cyto-
plasmic degeneration (Derengowski et al., 2009). Machida et al. (1998)
evaluated the mechanism of action responsible for the farnesol (isomers
unspecified) inhibitory effect, with concentrations ranging from 6.25 to
200 pM against Saccharomyces cerevisiae and demonstrated that the ROS
level increase is dose-dependent.

3.2. Antitumor effect

From the 17 articles included in this category, 11 of them did not
specify the type of farnesol isomer used. 5 of them investigated the
antitumor effect of trans,trans-Farnesol and 1 investigated the effect of
trans-Farnesol.

The results obtained has been shown that different isomers of far-
nesol are endowe with chemotherapeutic properities, effective against
different tumor, such as leukemia, breast cancer, prostate cancer, dif-
ferent types of carcinomas, adenocarcinomas and tumor changes in-
duced by different chemical agents (Table 2). This corroborates with
data found by Rougereau and Rougereau-Person (2004) who filed a
patent concerning the use of terpene compounds associated with
pharmaceutical vehicles as useful agents in different cancer preventions
and treatments, with farnesol being among them. Additionally, ses-
quiterpene compounds are cited because of their toxic action against
cancerous human cells (Ghantous et al., 2010; Zhang et al., 2005; Lee
et al., 1971, 1977).

In the literature, trans,trans-Farnesol has a selective toxicity that
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induce apoptosis of defective cells. This selectivity was first verified in
the study carried out by Adany et al. (1994), whose goal was to com-
pare the trans,trans-Farnesol effect (at concentrations from 0 to 45 pM)
against different neoplastic cell lines and cells from normal tissues.
With the results obtained, the authors observed that this substance was
more effective inhibiting the growth and inducing apoptosis in neo-
plastic cells when compared to non-tumor cells. It was also observed
that concentrations =10 uM inhibited more significantly tumor cells.
When tested at a concentration of 45 pM, farnesol provoked mortality
in nearly all malignant cells after 48 h of incubation.

The mechanism of action through which farnesol promotes its an-
titumor effect is due to different signaling pathways. Lee et al. (2015)
observed that in multiple human myeloma cells (U266), farnesol (iso-
mers unspecified) promotes a genotoxic effect blocking the activation of
the induced and constitutive signal transducer and transcription acti-
vator 3 (STAT3), response mediated by the inhibition of Janus-like ki-
nase (JAK1 and JAK2) and c-Src kinases activation. STAT proteins,
especially STAT3, possess important roles on the survival and pro-
liferation of many tumor types, such as leukemia, lymphoma, solid
tumours and multiple myelomas (Ahn et al., 2008; Buettner et al.,
2002). This pathway may be activated by interleukins (e.g. IL-6) and
growth factors (e.g. EGF). After activation, STAT3 undergoes a homo-
dimerization process and induced phosphorylation, this phosphoryla-
tion is mediated by the activation of JAK and c-Src kinases (Ren and
Schaefer, 2002; Schreiner et al., 2002). As a consequence, nuclear
translocation, DNA binding and subsequent gene transcription occurs
(Ihle, 1996). STAT3 activation may result in the expression of numerous
gene products required for tumor cell survival (eg, survivin, Bel-x1, Bcl-
2), proliferation, metastasis and angiogenesis (Aggarwal et al., 2006).
Therefore, substances which act by inhibiting STAT3 activation have
the potential to act as preventative agents and in the treatment of
cancers (Yu and Jove, 2004).

In addition to the mechanisms described, farnesol (isomers un-
specified) induces U266 cell apoptosis through caspase-3 activation
(Lee et al., 2015). This data corroborates with Lee et al. (2015) study,
which evaluated the anti-carcinogenic effect of farnesol in human colon
cancer cells. In this study the authors showed that farnesol can induce
cancerous cell apoptosis (HT-29 and HCT-116) through caspase-3 ac-
tivation, which leads to the cleavage of the PARP [Poly (ADP-ribose)
polymerase cleavage] enzyme and reduction of BclxL and survivin
protein expression.

When it comes to leukemic cell lines, one of the action mechanisms
mediating the cytotoxic effect is induced by the trans,trans-Farnesol
action on phospholipase C (PLC) dependent signal transduction
(Voziyan et al., 1995), since CEM-C1 acute leukemic cells treated with
20uM of farnesol causes a reduction in the incorporation rate of
radioactively labeled diacylglycerol — DAG (a physiological activator of
PKC - protein kinase C) and cellular phosphocholine - both products
generated by phosphatidylcholine (PC) degradation - which indicates
PLC inhibition.

Voziyan et al. (1993), when investigating the mechanism of action
of PC biosynthesis inhibition caused by farnesol (20 uM) using the same
leukemic cells line as the one mentioned above, the authors observed
that trans, trans-Farnesol did not promote CTP (choline-phosphate cyti-
dylyltransferase) and DAG enzymatic activity alteration. However,
farnesol was capable of inhibiting [3H]choline incorporation into cell
lipid membrane, reducing radioactive label incorporation in PC and
promoting a reduction in CPT enzyme activity, thus inhibiting PC
biosynthesis. As a consequence of the aforementioned mechanisms of
action, leukemic cells suffer from decreased cell viability and apoptotic
DNA fragmentation in the internucleosome ligand regions (Voziyan
et al., 1995; Haug et al., 1994). Joo et al. (2015) demonstrated another
pathway involved in leukemic cell apoptosis induction by trans,trans-
Farnesol involving the activation of the apoptosome through the PERK-
elF2aATF3/4 cascade intrinsic pathway, in a manner independent of
MAPKs-induced activation.
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Farnesol (isomers unspecified) has shown to be efficient protecting
against genotoxic damages induced by different chemical agents
[CdCl,, benzo(a)pyrene, DMBA, TPA, Fe-NTA and azoxymethane] due
to its antioxidant action (Chaudhary et al., 2009; Jahangir and Sultana,
2008; Jahangir et al., 2005, 2006), its interference in gene transcrip-
tional signal transduction (Chaudhary et al., 2009), and by modifying
the metabolism of some compounds as decreasing NADPH-cytochrome
P450 reductase and mycosomic epoxide hydrolase enzyme activities
(Qamar et al., 2012) as well as by the increase in glutathione S-trans-
ferase enzyme activity (Qamar et al., 2012; Jahangir and Sultana, 2008;
Jahangir et al., 2006).

3.3. Nervous and cardiovascular system effects

There are few studies investigating farnesol action on the nervous
system. From the articles included in this SR, three studies evaluating
the effect of farnesol on the nervous system demonstrated that farnesol
(isomers unspecified) possesses analgesic due to possible interactions
with Karp channels and 5-hydroxytryptamine receptors (5-HT3) (Silva
et al., 2017), anxiolytic, sedative, depressant (Shahnouri et al., 2016)
and neuroprotective properties (Santhanasabapathy and Sudhandiran,
2015) (Table 3). From the studies investigating the action of farnesol in
the CNS, only Santhanasabapathy and Sudhandiran (2015) specifies the
type of isomer used (trans-Farnesol).

Shahnouri et al. (2016) associated the anxiolytic effect promoted by
farnesol (isomers unspecified) to a reduction in cortisol plasmatic levels
due to the administration of farnesol (isomers unspecified). As for the
neuroprotective effect, Santhanasabapathy and Sudhandiran (2015)
claimed that trans-Farnesol regulates the intrinsic apoptotic cascade
leading to the protection against oxidative damage promoted by lipo-
polysaccharides.

The effects observed by Silva et al. (2017) and Santhanasabapathy
and Sudhandiran (2015) corroborate with the study carried out by
Oliveira-Junior et al. (2013), which aimed to evaluate farnesol anti-
nociceptive and neurotoxic activity in mice, where the authors ob-
served that farnesol (50, 100 and 200 mg/kg doses, i.p.) effectively
reduced the pain stimulus and that farnesol at 50 and 100 mg/kg
concentrations did not cause brain injury in the evaluated brain regions
(hippocampus and striatum).

In the cardiovascular system, farnesol (isomers unspecified) and
trans,trans-Farnesol possesses cardioprotective effect and promotes
cardiovascular actions leading to a decrease in blood pressure, such as:
negative inotropism in the left atrium, change in Ca*? conductance in
the vascular cell membrane and vasodilation (Table 3).

Regarding the mechanisms of action responsible for farnesol cardi-
ovascular effects, when evaluating its cardioprotective effect in rats
with ischemic heart lesions Sziics et al. (2013) observed that farnesol
(isomers unspecified) decreases the size of the infarcted area, probably
by its interaction with the mevalonate pathway which promotes an
increase in proteins by geranylgeranylation. However, in Ferdinandy
et al. (1998) study, the authors noted that farnesol (isomers un-
specified) restores cardiac preconditioning in rats with hypercholes-
terolemia and does not affect the severity of heart ischemia in rats with
a high cholesterol diet. With regards to the vasoactive effects of farnesol
(isomers unspecified) and trans, trans-Farnesol, studies have shown that
this substance acts blocking L-type Ca™?2 channels (Luft et al., 1999;
Roullet et al., 1996, 1997), with this inhibitory action being in-
dependent of Ca*? channel G proteins and being present only in cells
expressing the a; subunit (Luft et al., 1999).

3.4. Metabolic and hepatic effects

From the 4 articles included in this classification, 2 evaluated the
effect of farnesol on the hepatic system and 2 evaluated its metabolic
effects (Table 4). Regarding the type of farnesol isomer investigated,
only the Spicakova et al. (2017) study does not specify the type of
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Table 4 (continued)

Main results and conclusion (as described in the

literature)

Dose/Concentration (route of

administration)

Aims

Farnesol geometric
isomers/origin (as
described in the

literature)

Type of study (species, cell strain and/or

cell line)

Reference

500 mg/kg (po.) in the in vivo this response included include the impaired on

To evaluate the effect of trans,trans-Farnesol on serum
triglyceride levels as well as to verify the possible

In vivo and in vitro preclinical study (male
Sprague-Dawley rats and Clone-9 rat

hepatocytes cells)

Duncan and

oxidation the fatty acids present in hepatocytes,

assays and 10, 20 and 30 uM (in

situ) in the in vitro assays

Archer

which is a result of the PPARa activation and the

mechanisms of action responsible for these effects

(2008)

upregulation of gens envoved in the f-mitochondrial
oxidation, as well as the downregulation in the
synthesis of fatty acids resulting from decreased

levels of mRNA.

IU - Isomers unspecified.
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isomer. In other studies the authors investigated the metabolic or he-
patic effects of trans,trans-Farnesol.

In Spicakova et al. (2017) study, three sesquiterpenes (farnesol,
trans-nerolidol and cis-nerolidol) were evaluated regarding their in-
hibition of the cytochrome P450 family enzymes (CYPs, CBR1, NQO1,
AKRs, GSTs, UGTs and SULTSs). The results showed that both farnesol
and other sesquiterpenes inhibited enzyme activity of the CYPs sub-
family (CYP1A, CYP2 and CYP3A) at the concentration of 100 uM
CYP3A4 is one of the major enzymes involved in drug metabolism,
suggesting that the sesquiterpenes evaluated in this study may interact
and influence metabolism when given in combination with other drugs.

Another effect of farnesol and other sesquiterpene compounds on
the hepatic system is hepatoprotection. Vinholes et al. (2014) observed
the that trans,trans-Farnesol and other sesquiterpene compounds at the
concentration of 1 mM effectively promoted hepatoprotection against
lipid peroxidation, it was observed that from all the sesquiterpenes
evaluated, trans,trans-Farnesol more efficiently promoted a reduction in
malonaldehyde levels (MDA).

As for metabolic effects, studies have demonstrated a reduction in
serum triglyceride concentration (Goto et al., 2011; Duncan and Archer,
2008), prevention of hyperglycemia and hepatic steatosis in obese an-
imals with a high fat diet (Goto et al., 2011) mediated by trans,trans-
Farnesol. Both studies suggest that the effect of trans,trans-Farnesol
improving metabolic abnormalities is due to an upregulation of PPARa
mRNA expression, an increase in target-genes involved with the oxi-
dation of fatty acids (Goto et al., 2011; Duncan and Archer, 2008) and
of genes involved with S-mitochondrial oxidation. Additionally, Goto
et al. (2011) noted that trans,trans-Farnesol increases mRNA expression
in farnesoid X receptor (FXR) target-genes and decreases the expression
of protein 1c genes, which bind to steroids and fatty acid synthase re-
sponse elements.

3.5. Other pharmacological and toxicological effects

A total of 6 articles were included in this category, which evaluated
the following pharmacological and/or toxicological properties of far-
nesol: anti-inflammatory, antioxidant, cell growth and differentiation
effect in the epidermis, excipient action to improve drug transdermal
absorption and mechanisms of action related to apoptotic effects
(Table 5). As far as the type of isomer of the farnesol investigated is
concerned, only the study of Hanley et al. (2000) specifies the type of
isomer, and in their research the authors verified the mechanisms of
action responsible for the effect of trans,trans-Farnesol on cell growth
and differentiation in the epidermis.

According to Qamar and Sultana (2008), which aimed to evaluate
the protective effect of farnesol against damage induced by in-
tratracheal administration of CSE, the farnesol (isomers unspecified)
treatment in rats at 50 and 100 mg/kg doses effectively protected the
animal's lungs against damage caused by CSE. The authors observed
that farnesol (isomers unspecified) in bronchoalveolar lavage fluids
resulted in a reduction of lactate dehydrogenase levels, total cell count
and in malondialdehyde levels. Additionally, treatment with farnesol
reduced pulmonary edema, increased glutathione levels, decreased
membrane cytotoxicity and lipid peroxidation. These results were
convalidated with histopathological findings, which demonstrated a
reduction in cellular infiltration, edema and an intact alveolar archi-
tecture.

Lateef et al. (2013) also investigated the protective effect of farnesol
(isomers unspecified) at 50 and 100 mg/kg doses (po.) in rats exposed
to CSE. The results obtained showed that farnesol (isomers unspecified)
possesses a protective effect against CSE-induced stratification in nuclei
from testes and prostate cells, with this effect being possibly due to the
antioxidant activity of farnesol (isomers unspecified) by decreasing the
enzymatic activities of xanthine oxidase and lipid peroxidation.

Khan and Sultana (2011) evaluated the protective effect of farnesol
(isomers unspecified) against tissue damage induced by 1,2-
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Luft et al. (1999)

Ferdmandy et al. (1998)

Roullet et al. (1997b)

Roullet et al. (1996)

Low risk of bias

Unclear risk of bias

%

High risk of bias

Fig. 3. Methodological quality summary for preclinical trials: review of authors judgments about each methodological quality item for each study included (P1 - Was
the allocation sequence adequately generated and applied?; P2 - Were the groups similar at baseline or were they adjusted for confounders in the analysis?; P3 - Was
the allocation to the different groups adequately concealed during?; P4 - Were the animals randomly housed during the experiment?; P5 - Were the caregivers and/or
investigators blinded from knowledge which intervention each animal received during the experiment?; P6 - Were animals selected at random for outcome as-
sessment?; P7 - Was the outcome assessor blinded?; P8 - Were incomplete outcome data adequately addressed?; P9 - Are reports of the study free of selective outcome
reporting?; P10 - Was the study apparently free of other problems that could result in high risk of bias?).

dimethylhydrazine (DMH) and observed that the treatment of rats with
farnesol (50 and 100 mg/kg doses, po. - isomers unspecified) sup-
pressed DMH-induced damage due to its anti-inflammatory activity and
its protection against oxidative damage through a reduction in lipid
peroxidation and enzymatic activities (superoxide dismutase, catalase,
gutatya peroxidase, glutathione reductase, glutathione-S-transferase
and quinone reductase). In addition to protecting tissues from CSE and
DMH-induced inflammatory damage, farnesol (500 mg/kg, i.p. - iso-
mers unspecified) was shown to be capable of preventing inflammation
induced by alendronate/muramyl dipeptide which promotes an in-
flammatory disorder similar to mevalonate kinase deficiency (Marcuzzi
et al., 2008).

When evaluating cellular growth and epidermis differentiation,
Lagace and Ridgway (2005) noted that farnesol (isomers unspecified)
promotes an apoptotic effect through a caspase cleavage dependent
pathway and nuclear CCTa export, which corroborates with other
studies that evaluated the farnesol apoptotic effect in different cell
types (Lee et al., 2015; Liu et al., 2010; Au-Yeung et al., 2008).

As for the use of farnesol (isomers unspecified) as an excipient to
improve transdermal drug absorption, Nokhodchi et al. (2007) in-
vestigated the effect of different types of terpenes (carvone, limonene
oxide, menton, farnesol and nerolidol) on diclofenac sodium trans-
dermal absorption and found that from all the terpenes evaluated far-
nesol was the second most effective substance at increasing the per-
meability coefficient of this drug. In pharmaceutical industries terpenic
compounds are already used for this purpose and as active
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phytopharmaceutical principles (Oliveira et al., 2014), where this use is
probably derived from the lipophilic characteristics of these compounds
(Nokhodchi et al., 2007).

3.6. Methodological quality/bias risks

Methodological quality and bias risk evaluation is an essential SR
step (Hooijmans et al., 2014; Higgins et al., 2011), since to get con-
fident results it is important that a research projected is well planned,
efficiently executed, correctly analyzed and one in which the data are
interpreted and presented in a correct and comprehensible way (Festing
and Altman, 2002).

As showed in Fig. 3, only the pre-clinical study with non-human
animals, made by Rao et al. (2002), were classified with low bias risk.
In Fig. 4, 50% of studies do not describes an allocative sequence
properly generated and applied, and in 92.82% of articles was not clear
if happened allocation hiding. Besides, 85.71% of the studies do not
make clear if the results evaluation were blind made. However, 100% of
the studies showed low bias risk concerning selective/biased results and
90% of the selected studies were free from other bias problems, as
contamination by grouping drug and influence of funders and errors of
analysis unit.

In this review, from the 28 preclinical studies with non-human an-
imals, 26 do not clearly state if blinding during group allocation oc-
curred. Bebarta et al. (2003) state that studies without adequate allo-
cation and blinded evaluations are more likely to report errors in
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80% 100%

High risk of bias

60%

Low risk of bias Unclear risk of bias

Fig. 4. Methodological quality graph for preclinical studies: review of authors
judgments about each methodological quality item presented as percentages
across all studies included. (P1 - Was the allocation sequence adequately gen-
erated and applied?; P2 - Were the groups similar at baseline or were they
adjusted for confounders in the analysis?; P3 - Was the allocation to the dif-
ferent groups adequately concealed during?; P4 - Were the animals randomly
housed during the experiment?; P5 - Were the caregivers and/or investigators
blinded from knowledge which intervention each animal received during the
experiment?; P6 - Were animals selected at random for outcome assessment?;
P7 - Was the outcome assessor blinded?; P8 - Were incomplete outcome data
adequately addressed?; P9 - Are reports of the study free of selective outcome
reporting?; P10 - Was the study apparently free of other problems that could
result in high risk of bias?).

P1

P6

Shintre et al. (2006)
Katsuyama et al. (2005)

Low risk of bias Unclear risk of bias High risk of bias

Fig. 5. Methodological quality summary for clinical trials: review of authors
judgments about each methodological quality item for each study included. [P1
- Random sequence generation; P2 - Allocation concealment; P3 - Incompleate
outcome data; P4 - Source of funding bias; P5 - Blinding (participant); P6 -
Blinding (outcome assessor)].

treatment effects than studies which adopt these methodologies.

As for the clinical studies, only Katsuyama et al. (2005) clearly state
that random sequence generation, concealment of allocation, partici-
pant and evaluator blindness and no financial bias occurred. Moreover,
only in the study carried out by Shintre et al. (2006) had the un-
completed results properly judged (Figs. 5 and 6). Studies have argued

Random sequence generation
Allocation concealment
Incompleate outcome data
Source of funding bias
Blinding (participant)

Blinding (outcome assessor)
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that a lack of randomization, blinding, sample size calculations, in-
adequate sample size calculations and statistical analysis as the causes
of bias and false positive results (Tsilidis et al., 2013; Sena et al., 2007).

3.7. Outcomes and limitations

This SR has shown that different isomers of farnesol possesses dif-
ferent pharmacological and toxicological properties, permitting its use
as an active or coadjuvant drug. It was observed that from the articles
included in this SR, a minority informed the type of farnesol isomer that
was investigated; which becomes a major limitation for the develop-
ment of future experimental trials. Besides, it is known that the type of
geometric isomer, source of isolation and method of compound pre-
paration directly influence the pharmacological and/or toxicological
activity.

A predominance for studies reporting the antimicrobial effect and
action mechanism of farnesol against different microorganisms (bac-
teria, fungi and protozoa) occurred; and that farnesol possesses a broad
spectrum of activity, which is useful for inhibiting the growth of mi-
croorganisms or increasing their susceptibility to the action of anti-
microbial drugs.

For its action as an antitumor agent, farnesol demonstrated great
pharmacological potential in the prevention and treatment of different
types of cancers, showing selective toxicity by inducing apoptosis of
damaged cells.

In the nervous system, farnesol promotes neuroprotective and be-
havioral effects that may be useful in the treatment of central nervous
system disorders such as anxiety, insomnia, neurodegenerative disease
and pain.

In the cardiovascular system, farnesol acts as cardioprotective and
hypotensive agent, with the latter owing to its negative ionotropic ac-
tion on cardiac muscle and its vasodilatory effect due to L-type Ca*?2
channel inhibition.

In the hepatic system, farnesol protects hepatocytes from steatosis
and oxidative damage due to lipid peroxidation and inhibits the me-
tabolic activity of enzymes belonging to the cytochrome P450 family.
As for its metabolic effect, studies have demonstrated that farnesol re-
duces triglyceride concentration and prevents glycemic level increase.

For other pharmacological and toxicological properties, antioxidant
and anti-inflammatory properties have been shown to be responsible
for the cytoprotective action observed, further reinforcing the use of
this substance as a useful agent in different disease treatments, espe-
cially for those caused by free radical action and inflammatory pro-
cesses.

Despite the large number of preclinical studies that report the
pharmacological and toxicological effects of farnesol, demonstrating

0% 20%

Low risk of bias

Unclear risk of bias

80% 100%

High risk of bias

40% 60%

Fig. 6. Methodological quality graph for clinical studies: review of authors judgments about each methodological quality item presented as percentages across all

studies included.
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the broad action spectrum of this substance, there is a lack of clinical
trials evaluating its efficacy and safety. One of the possible reasons for
this lack of clinical trials with farnesol may be due to the fact that re-
view articles have not been found in the literature that compile the
studies that investigated the pharmacological and toxicological poten-
tial of this substance. This demonstrates and reinforces the importance
of the development of this SR, which is the first study developed for this
purpose.

Methodological biases have been observed both in pre-clinical stu-
dies with non-human animals and in clinical trials, mainly in group
allocation and blinding. This result requires special attention, since
studies presenting rich methodological bias do not give us reliable re-
sults. A major challenge faced during the conduction of this SR was the
lack of a validity scale that allowed the classification of bias risks in vitro
preclinical studies. In addition, due to the methodological hetero-
geneity of the studies included in this SR, it was not possible to perform
the meta-analysis, being this factor a negative point, since the clustering
statistic would allow outcomes with greater scientific support.
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