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Abstract: Many biological activities are described for the Clusiaceae family. Clusia
fluminensis, a species from Brazilian flora, is mainly employed for ornamental
purposes. This review aimed to depict the current knowledge of C. fluminensis from
a bioprospecting standpoint. “Clusia fluminensis” search term was applied in Scopus,
Web of Science, PubMed and Bireme databases according to PRISMA-ScR statement.
Selected papers on Phytochemistry or Bioactivity followed hand searching procedures.
Bioactivity preclinical studies considered in vitro or in vivo biological systems, treated
with plant extracts or isolated compounds. The outcomes were compared with standard
or no treatment control groups. Critical appraisal of individual trials considered
completeness in the research fields. Our results showed that 81% of the selected papers
presented high level of completeness, 69% revealed phytochemical parameters and 31%
biological applications of plant extracts and isolated compounds. Polyisoprenylated
benzophenones, terpenoids, sterols and phenolic compounds were identified.
Antiviral, insecticidal and snake antivenom activities were reported. In conclusion, the
phytochemical data reinforce the reported activities. Potential applications in personal
care, nutritional supplementation and pharmaceutical, food, chemical or textile
industries were also identified. Toxicological and phytochemical complementary studies
may be required.

Key words: Clusiaceae, natural products, phytosteroids, polyisoprenylated benzophe-
nones, terpenoids.

INTRODUCTION

The broad diversity, structural elegance and
expected effects of the organic compounds found
in natural products from plants, animals or marine
organismsarelongrecognized.The bioprospecting
potential that relies on such products, when
properly and consciously developed, can
support many biotechnological applications.
Indeed, in a context of a high biodiversity, as
depicted in Brazil, potential opportunities may
be verified in nutrition, cosmetics, agricultural
and pharmaceutical fields. However, despite such
promising scenarios, a huge field of possibilities
remains unexplored, as reflected in the low

number of herbal medicines authorized by the
Brazilian Health Surveillance Agency (ANVISA)
compared to other countries (Carvalho et al.
2018). Efforts are being made to improve this
situation, based on the collaborative work of
ANVISA and society, to support an appropriate
and competitive regulatory framework, aligned
with those established internationally (Carvalho
et al. 2014, 2018).

The tropical Clusiaceae family is composed
of 800 species with very distinct habits
(Anholeti et al. 2017, Gustafsson et al. 2007,
Stevens 2001 onwards), but sharing common
classes of secondary metabolites with well
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described biological and pharmacological
properties. Examples of such metabolites include
polyisoprenylated benzophenones, phenolic
compounds, terpenoids and sterols (Piccinelli
et al. 2005, Marin et al. 2018, Ribeiro et al. 2019).
Such phytochemical studies may corroborate
traditional folk practices, as verified for Clusia
minor employed for the treatment of warts and
sores (Marin et al. 2018); Garcinia lucida for
digestive disorders, infectious diseases, snake
bites and as aphrodisiac (Guedje et al. 2017) and
with Garcinia gardneriana for inflammation,
pain and urinary tract infection management
(Demenciano et al. 2020), among many others.

Clusia fluminensis Planch. & Triana belongs
tothe Clusiaceae Lindley (= Guttiferae Juss.) family,
is endemic in the Brazilian flora and is found in
the states of Rio de Janeiro, Espirito Santo and
Bahia (Mazza et al. 2019). The Clusia genus is
unique with trees performing photosynthesis
based on crassulacean acid metabolism (CAM)
and well adapted to areas of high luminosity
and water scarcity (Littge 2006, Niechayev et al.
2019). The ornamental purpose is described as
the major use of C. fluminensis (Silva & Paiva
2012) and solid residues are generated from plant
pruning, that if not properly managed, can lead to
environmental and health hazards (Aradjo et al.
2018). The accessibility of this residue represents
a sustainable source for screening, chemical
elucidation and biotechnological investigation of
the potentially valuable bioactive ingredients.

Additionally, no reviews were identified
regarding the bioprospecting potential of C.
fluminensis, although a relevant paper on the
anti-inflammatory properties of the Clusiaceae
family in preclinical models was retrieved (de
Melo et al. 2014), without, however, any specific
mention to C. fluminensis.

Inthis scopingreview, the current knowledge
provided by a wider domain uncovered by
phytochemical, in vitro and preclinical trials with
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crude extracts and isolated compounds from C.
fluminensis is depicted. In addition, an overview
of the bioprospecting potential of C. fluminensis
derivatives is also highlighted.

MATERIALS AND METHODS

Search strategy and study selection

This scope review followed the PRISMA extension
for Scoping Reviews, PRISMA-ScR (Tricco et al.
2018). The search term [Clusia fluminensis] was
applied in Scopus, Web of Science, PubMed
and Bireme (Latin American and Caribbean
Center on Health Sciences) bibliographic
electronic databases and concluded on March
2021. No temporal or language restrictions
were specified. Two authors (APAL, GMF)
independently developed the search and
selection procedures and dissonances were
solved by consensus. After excluding duplicate
entries, any studies unrelated to C. fluminensis,
as well as reviews were excluded. Studies that
followed the inclusion criteria of belonging to
the main research fields of Phytochemistry and
Bioactivity were selected. Hand searching was
also used to identify any additional relevant
publications. The experimental preclinical
bioactivity trials considered in vitro or in vivo
biological systems, submitted to treatment with
C. fluminensis extracts or isolated compounds.
For comparison purposes of the biological
outcome, control groups were considered, with
standard or no treatment.

Critical appraisal of individual sources of
evidence

In order to better identify literature gaps, the
critical appraisal of the included studies was
performed. For this purpose, peer-reviewed
papers were scored into moderate or high
levels, based on the completeness according to
the research field. In this context, those studies
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uncovering solely qualitative phytochemical
elucidation or in vitro biological trials were
categorized as moderate level. Phytochemical
studies with structural or quantitative evaluation
and biological studies based on in vivo trials or
any alternative experimental method (Gutiérrez
etal. 2021) were considered as high level records.

Data extraction

All records captured by the searching procedure
were gathered on a Microsoft Excel document.
The selected studies underwent full text reading
and relevant bioactivity or phytochemical
findings were summarized in figures and tables.
Mendeley Desktop software (version 1.8) was
chosen as the reference management package.

BIOPROSPECTING POTENTIAL OF Clusia fluminensis

RESULTS

Selected studies

According to the adopted search procedure
and after superposition exclusion, a total
of seventy-one peer-reviewed papers were
retrieved from the four selected databases
(Figure 1a, b). Fourteen studies remained after
the exclusion and during the data extraction,
two additional eligible ones were identified. In
the end, sixteen works fulfilled the inclusion
criteria of classification in the Phytochemistry
and Bioactivity fields. Amongst the selected
records from 1993 onwards, 69% were related
to qualitative and quantitative phytochemical
aspects of C. fluminensis, the remaining 31%
explored biological applications. High level
studies accounted for 81% of the included
papers (Figure 1c).

Figure 1. Flow diagram of
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0 critical appraisal. The flowchart
E Records identiied 0 a) shows the step§ adopted
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g (n=106) n=70 — =9 superpositions of the captured
u
2 records from four databases
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£ Phytochemistry (n=11) L
Guimardes et al. 2021 1 H
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Phytochemical studies

Previous anatomical and ultrastructural studies
conducted on flowers and leaves of C. fluminensis
revealed secretory structures (Sa-Haiad et
al. 2015, Silva et al. 2019a) and subsequent
histochemical investigation contributed to
a qualitative phytochemical analysis. Resin,
lipids, pectic substances, proteins and phenolic
compounds were reported in the flower
secretory structures (Sa-Haiad et al. 2015). In the
same manner, mucopolysaccharides, phenolic
compounds and lipids were described in the
leaves (Silva et al. 2019a). Another work using
histochemical analysis showed that galled and
non-galled leaves, both in staminate or pistillate
individuals, had no differences in the presence
of triterpenes, steroids, tannins, flavonoids
and quinones, being alkaloids and saponins
absent. The same study also demonstrated
phenolic compounds, flavanones, flavonols,
flavones, xanthones, aurones, chalcones and
leucoanthocianydins in leaves (Guimaraes et al.
2021). Phenolic compounds, steroids (sitosterol
and stigmasterol), triterpenes (a- and B-amyrin,
lupenone, friedelin, epifriedelinol) and calcium
oxalate were also observed in leaf wax (Anholeti
et al. 2017). Additionally, the qualitative analysis
of aqueous extracts of the leaves (EL), stems
(ES), and fruit (EF) demonstrated the presence
of tannins (EL, ES, EF), triterpenes (EL, ES, EF),
flavonoids (EL, ES), coumarins (EL, ES) and
saponins (EL, EF) (da Silva et al. 2019b).
Complementary data in Table | provide
results regarding C. fluminensis identification
and quantification phytochemical profile.
Terpenoids are the main compounds of the
essential oil of flowers (941%) (Nogueira et al.
2001) and fruit latex of C. fluminensis (91.73%)
(Camara et al. 2018), with sesquiterpenes the
most common. Compared to the fruit latex,
the flower essential oil demonstrated a higher
assorted nature of terpenoid compounds, with
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more than fifty different substances described
(Nogueira et al. 2001, Camara et al. 2018). In
agreement, the tetracyclic triterpenoid lanosterol
and its isomers were identified in the hexanic
extracts of fruits (40.6%) and flowers (9.74%)
of C. fluminensis (Anholeti et al. 2015, Meneses
et al. 2015, Duprat et al. 2017). The analysis
of epicuticular waxes of the leaves detected
friedelin (58.37%) and epifriedelinol as the major
pentacyclic triterpenes, with the latter found in
varying amounts (from 24 to approximately 70%),
probably due to environmental conditions or
ontogenetic development (Anholeti et al. 2017).
Likewise, pentacyclic triterpenes (lupenone,
amyrin, friedelin, a and B friedelinol) were the
main constituent found in leaves of C. fluminensis,
with sitosterol, n-octacosanol and tricosane
(Nagem et al. 1993) (Table I).

The presence of the tautomeric pair of
clusianone (54.85%) was reported in the hexanic
extract of flowers (Anholeti et al. 2015) and
was isolated with 90.32% purity by high speed
counter-current chromatography (HSCCC) (Silva
et al. 2012). Additionally, significant amounts
(37%) of this polyisoprenylated benzophenone
was also described in the flower resin (Porto et
al. 2000) (Table I).

Regarding the amounts of phenolic
compounds (Table 1), the leaves of pistillate
individuals of C. fluminensis had a higher content
compared to the staminate forms (16.29 + 0.66 vs
1015 + 0.31 mg/g, respectively), as was similarly
observed for flavonoids (7.54 + 0.09 vs 6.75 +
0.04 mg/g, respectively) (Guimaraes et al. 2021).
Flavonoids were also found in the methanolic
and acetonic extracts of fruits, stems and leaves
of C. fluminensis, ranging from 8 to almost 14%.
The organic extracts of fruits had the highest
flavonoid content (Silva & Paiva 2012). Ascorbic
acid, phenolic acids, carotenoids, fatty acids
derivatives, terpenoids and benzenoids were
also identified in fruits of C. fluminensis (Klump
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Table I. Clusia fluminensis phytochemical profile.

Reference Plant | Solvent u§ed oM Chemical Class®
Organ Extraction
Total phenolics
Guimaraes Leaves Methanol
et al. (2021)
Flavonoids
Sulfuric acid U
005 M Vitamin
Methanol : Acetic| oy oo ic acids ©
Acid
Arils of
Mazza et the fruits
al.(2019) | with |yethanol - Acetic Total phenolic
seeds | acid and alkaline phens
) . acids
or acid hydrolysis
Methanol: H,0 | Flavonoids
Acetone: )
Petroleum ether Carotenoids
Fatty acid
derivative
. Methanolic latex
Camara et Fruit . .
al. 2018) latex collection from Terpenoids
' fresh cut fruits
Benzenoids
: Terpenoids
Anholeti et/ Leaves Chloroform
al. (2017) wax
Steroids
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)

Compound

Ascorbic acid

Protocatechuic acid

p-hydroxybenzoic
acid

p-hydroxycinnamic
acid

Protocatechuic acid

p-hydroxybenzoic
acid

p-hydroxycinnamic
acid

Rhamnetin and
rhamnetin derivative

Zeaxanthin

B-cryptoxanthin
Lutein

Tetradecane

a-copaene
B-caryophyllene
a-humulene
Germacrene D
B-selinene
a-selinene
trans-B-guaiene
Spathulenol
Caryophyllene Oxide
10-epi-y-eudesmol
p-anysaldehyde
Acetophenone
Epifriedelinol
Friedelin
o a- B amyrin
Lupenone
Sitosterol
Stigmasterol
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Identification /

Unit Quantification method™

Content
16.29 + 0.66
(pistillate
individuals)

mg/g
Spectrophotometry (760

1015 + 031 nm)

(staminate
individuals)

7.54 £ 0.09
(pistillate
individuals)
6.75 + 0.04
(staminate
individuals)

mg/g

mg/g
Spectrophotometry (760
nm)

mg/g

HPLC (ion exchange
chromatography) /
ectrophotometry (242.6
nm)

377082 |mg/100 g sp

11514 +£5823 ug/¢g
HPLC-DAD (C18) /

143+ 032 | pg /g | Spectrophotometry (270 -
310 nm)
597+041 | pg/g
55.82+1223 ug/g
1676 +1.06 = ug/ g
49.03+1269 ug/g
HPLC-DAD (C18) /
- Spectrophotometry (270
-310 nm)
823 Mg/ g HPLC UV-VIS /
_ Spectrophotometry (450
B} nm)
7.82 % GC-FID / GC - MS
8.69 %
35.61 %
21 %
8.78 %
1244 %
656 % GC-FID / GC - MS
218 %
6.37 %
345 %
5.54 %
3 %
0.3 £ GC-FID / GC - MS
traces
2398 to 70 %
58.37 % COMS
- - GC-MS
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Table I. Continuation.

) Lanosterol
Terpenoids .
Duprat et . Lanosterol isomers
Fruit Hexane . .
al. (2017) . Palmitic acid
Fatty acids —
Oleic acid
. Polyisoprenylated Clusianone
Aglh((jzlg?s)et Flower Hexane benzophenone tautomeric pair
) Terpenoid Lanosterol
Meneses et Flower Hexane Terpenoids Lanosterol and
al. (2015) P isomers
Oliveira et . .
al. (2014) Fruit Hexane Terpenoid Lanosterol
Fruit -
Acetone
Silva & | Stem -
Paiva Fruit Flavonoids -
(2012) Stem Methanol -
Leaves -
Silva et al. Flower Hexane Polyisoprenylated Clusianone
(2012) benzophenone tautomeric pair
Fresh material Clusianone
Porto et al.. Flower 'methylation with Polyisoprenylated Spiritone
(2001) resin diazpmethane a- benzophenones Weddellianone/
diethyl ether Lanceolatone
Sesquiterpenes
Oxygen-containng
Terpenoids sesquiterpenes
Monoterpenes
Flower | Fresh material Oxygen-containng
Nogueira | petals distillation monoterpenes
et al. (2001) essential|  water with Carboxylic acids | Carboxylic acids
oils  dichloromethane .
Oxygen-containing
) long chain
Long chain hydrocarbons
hydrocarbons )
Long chain
hydrocarbons
Lupenone
Triterpenoids Amyrin
a and- B friedelinol
Friedelin
Nagem et . .
- Steroid Sitosterol
al. (1993) | Leaves
Alcohol of fatty
) n-octacosanol
acid
Long chain .
hydrocarbons fricosane
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40.6
10.73

54.85

9.74

13.93 £ 0.21
912 = 114
10.68 + 0.58
9.82+0.53
8.07 +1.70

6.9 yield

37
10

6.7
64.1
29.4

0.5

01

0.2

01

640
61714
328.57

7142
45714

25714

642.86

%
%

%
%

%
%
%
%
%

%

%
%

%
%
%
%
%

%

%

%

ug/ g
ug/ g
ug/ g
ug/ g
ug/ g

vg /g

vg /g

GC-MS

GC - MS

GC-MS
GC-MS
GC-MS

GC-MS

Colorimetric (415 nm)

GC/MS

RP-HPLC

GC-MS

GC-MS

GC-MS

- unavailable in the reference. * Method of analysis described by (a) Rosa et al. (2007); (b) Mattila & Kumpulainen (2002); (c)
Klump et al. (2001); (d) Rodriguez-Amaya (1999); Pacheco et al. (2014). ** DAD (diode-array detection); FID (Flame lonization
Detector); GC (gas-chromatography); HPLC (High performance liquid chromatography); HSCCC (High-speed counter current

chromatography); MS (Mass-spectrometry); RP (Reverse Phase); UV-VIS (ultraviolet- visible).
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et al. 2001, Rodriguez-Amaya 2001, Mattila &
Kumpulainen 2002, Rosa et al. 2007, Pacheco et al.
2014, Duprat et al. 2017, Camara et al. 2018, Mazza
et al. 2019).

Bioactivity studies

Five studies (31%) described biological
applications of the C. fluminensis extracts and
isolated compounds, lanosterol and clusianone.
An overview of such applications is provided in
Table Il

Anti-viral properties

In vitro antiviral properties against HSV-1
replication and HIV-1-RT enzyme activity were
explored using isolated compounds and nine
organic extracts (hexane, acetone, methanol)
from C. fluminensis (leaves, flowers, fruits,
stems). The experimentally established non-
cytotoxic concentration of 50 pg/ml was selected
for such trials (Meneses et al. 2015) (Table I1).
Four extracts had inhibitory effect on HSV-1
replication with activities close or equal (814
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to 100%) to the control drug acyclovir (100%).
Furthermore, when compared to acyclovir (CC50
= 216 ug/ml), lower cytotoxic profiles were
achieved with methanolic extracts of leaves
(CC,, = 325 pg/ml; 100%) or fruits (CC,, = 304
ug/ml; 81.4%), similarly to the hexanic extract
of fruits (CC,, = 303 pg/ml; 95.5%), but not with
the hexanic extracts of flowers (CC,, = 78 ug/ml;
100%). The isolated compounds lanosterol (CC,,
= 74 UM; 100%) and clusianone (CC,, = 121 pM;
100%) demonstrated a higher cytotoxic profile
compared to acyclovir (CC,, = 960 uM; 100%).
Inhibition of HIV-1-RT activity was verified for
methanolic extracts of leaves (41.75 + 11.19%) or
stems (20.24 + 6.24%), lanosterol (77.31 + 10.74%)
and clusianone (37.6 + 1.73%), but at lower
extents compared to efavirenz (9216 + 2.34%),
the widely prescribed non-nucleoside reverse
transcriptase inhibitor (Kryst et al. 2015). Stems
(hexanic, acetonic), fruits (hexanic, methanolic)
and leaves hexanic extracts of C. fluminensis
did not inhibit HIV-1-RT enzyme (Meneses et al.
2015).

Table II. Overview of the biological activity of Clusia fluminensis extracts and isolated compounds.

Hexane Dichloromethane
Biological Effect
Leaves Flower Fruit Stem Flower
HSV-1
Inhibition v v v v
Anti-viral*
HIV-RT
Inhibition 0 0 0
Aed
e es' v 0
aegypti
D
Insecticidal** sdgrcus v v
peruvianus
0 It
ncoPe us v "
fasciatus
Bothrops v v v v

Snake venom Jdraraca

antidote *** Bothrops

jararacussu

Acetone

Methanol Water Isolated compounds

Fruit Stem Leaves Fruit Stem Leaves Fruit Stem Clusianone Lanosterol

v v v v v v

[ v [} v v v

v 0)

v v

v v

v v v v v VoV v v
v Vo

V (active); @ (inactive); - (not tested); * Meneses et al. (2015); ** Anholeti et al. (2015) and Duprat et al. (2017); *** de Oliveira et al.

(2014) and da Silva et al. (2019b).

HSV-1 (Herpes simplex virus type 1); HIV-RT (Human Immunodeficiency virus transcriptase reverse enzyme).
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Insecticidal activity

The insecticide properties of C. fluminensis
extracts from the flowers and fruits in hexane
and isolated clusianone and lanosterol were
tested against Aedes aegypti mosquitoes and
the hemipterans Dysdercus peruvianus and
Oncopeltus fasciatus (Table I1). Survival rates and
development profiles of these holometabolous
and hemimetabolous insects were assayed
(Anholeti et al. 2015, Duprat et al. 2017).

Only clusianone and the hexanic extract
of flowers showed biocontrol effects (survival
and/or development) against A. aegypti (Table
I1). Compared to the controls, the mosquitoes
treated with the C. fluminensis flowers extract
exhibited significant delays in development
from larvae to pupae and from pupae to adults,
but no effect was recorded for A. aegypti
survival rates. Interestingly, clusianone showed
remarkable effects not only in the delay of
insect development, but also on survival rates.
On the first day of treatment, 20% of larvae died
compared to the controls, with no molting of
the remaining survivors to pupae or adult forms
(Anholeti et al. 2015).

Different survival profiles were presented
by hemipterans depending on the intervention
(Duprat et al. 2017). On the last day of the
experiments, the flower-based preparation led
to ca. 20% reduction in survival rates for both
species. A similar result was observed for the
survival of O. fasciatus treated with the fruit
extract, while in D. peruvianus there was only
ca. 11% survival decrease. Furthermore, while
the isolated compound lanosterol decreased
survival rates close to 30% for both hemipterans,
clusianone recorded a similar 30% survival
decrease of D. peruvianus, and only ca 3% for
O. fasciatus.

Similarly,accordingtothetreatmentselected,
distinct profiles of hemipteran development
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were also observed (Duprat et al. 2017). Both
plant extracts delayed the natural life cycle of
the insects, resulting in an increased proportion
of nymphs and a reduction in adults following
extract-treatment. In contrast, clusianone
did not affect D. peruvianus development
but increased numbers of O. fasciatus adults.
Lanosterol, however, delayed both D. peruvianus
and O. fasciatus development (nymphs and
adult stages), and also resulted in malformed
insects.

Anti-bothropic venom properties

Anti-venom activities of thirteen extracts of C.
fluminensis were explored by in vitro (proteolysis,
hemolysis, clotting) and in vivo (hemorrhage,
edema, myotoxicity and lethality) studies with
Bothrops jararaca or B. jararacussu venom (Table
11). Isolated compounds from C. fluminensis were
tested by the pre-incubation (in vitro; in vivo)
protocols against B. jararaca envenomation.
Pre-incubation, treatment or prevention
protocols were conducted with Swiss mice as the
experimental model using appropriate routes of
administration (de Oliveira et al. 2014, da Silva et
al. 2019b) (Figure 2). Briefly, the pre-incubation
protocols, for both in vitro and in vivo assays
utilize the prior mixture of the plant extracts or
isolated molecules with the snake venoms, for
further biological evaluation. Second, treatment
protocol administers the putative antivenom
following experimental envenomation and then
assesses the outcome. Lastly, the prevention
protocol first pre-administers the antivenom
test candidate, followed by the subsequent
exposure to the snake venom. Since the studies
presented distinct venom:extract ratios (w:w),
the most common were selected (1:1, 1:2, 1:5,
1:10, 1:20 or 1:50), for comparative purposes;
otherwise, the unique venon:plant ratio with a
given antibothropic activity was considered.
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Table Ill. Anti-Bothrops snake venom activity of organic and aqueous extracts of Clusia fluminensis.

g o | B
3 Biological Assay 2
T
Proteolysis Reduction  Bja
(%) Bju
Hemolysis Reduction (%) Bja
= Bja
S Clotting Times (sec) i
§ Bju
a .
& | Hemorrhage Reduction | B0
]
3 (%) Bju
=
o
.5 Bja
< Edema Reduction (%)
a Bju
Miotoxicity Reduction (CK .
)@ Bju
Units)
Bja
Survival Time (min)®
Bju
Bja
Edema Reduction (%)
Bju
Bja
- Survival Time (min)
] )
g Bju
]
e
T
-
] )
£ Bja
=
] .
= | Hemorrhage Reduction
(%)
Bju
s _ Bja
L9
£ 8 Hemorrhage Reduction
[T
i (%)
L .
a Bju

Administration Route
| Venom:plant ratio
(wew)™

NA / 1:20
NA / 1:20

NA / 1:20

NA / 1:20
NA/ 1:5
id. /12,15 0r 1209
id. /1220
s.c. /[ 110

s.c. /[ 110
im. /110

i.p.iv./ 11
iv. /11
p.o. / 110
p.o. / 110
i.p./ 11 or 1109
iv /11
iv. /120
scorid./ 12 or 120
topical
iv. [ 1:20
s.c. [ 120

topical

p.o. /120

p.o. /120

Leaf
Hex MeOH
4k 52
Th 71
84 85
o0

Stem Fruit Flower

H,0 'Hex Acet MeOH H,0  Hex Acet MeOH H,0 Hex CH.CL

2
90 34 78 91 40 19 100 100 100 75 47

58 -] - - 28 | - - - 100 | - | -
50 41 93 99 2 24 32 59 100 4 9

60 73 171 150 89 89 107 100 100 107 96

0 - - - % - - - & - -

58 o0 0] 24 50 100 | @ 100 0] 0]

wo| - - - 00 - - | - | w0 | - -
86 | - | - | - 80 | - | - | - 80 | - | -
7 -1 - - 63 | - | - | - | w0 | -] -
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Data extracted from graphics and tables from de Oliveira et al. (2014) and da Silva et al. (2019b); Grayish background highlights

the in vitro trials; @ (inactive).

*Referred values for control as (a) ca. 1500 CK units and (b) survival times of 120 minutes for organic extracts (de Oliveira et al.
2014) or 60 minutes (da Silva et al. 2019b).
** \lenom:plant ratios (c) 1:2 (organic extracts), 1:5 (fruit aqueous); 1:20 (leaf, stem aqueous). (d) 1:10 (organic extracts), 1:1
(aqueous extracts); (e) 1:2; i.d (organic extracts), 1:20; s.c. (aqueous extracts).

Abbreviations: Bja (Bothrops jararaca); Bju (Botrops jararacussu); Acet (acetone); Hex (hexane); MeOH (methanol); H,0 (water);
p.o. (oral), s.c. (subcutaneous), i.v. (intravenous), i.m. (intramuscular), i.p. (intraperitoneal), i.d. (intradermal).

Anti-proteolytic activity

Both organic and aqueous extracts of C
fluminensis inhibited, to different extents, in vitro
azocasein degradation induced by B. jararaca

venom. The fruit extracts (aqueous, methanolic
and acetonic) had the most prominent anti-
proteolytic activity, followed by extracts of
the stems (methanolic) and leaves (aqueous).
Regarding the isolated compounds, clusianone
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exhibited 46% inhibition at the concentration
of 1:50, while lanosterol (720 pg/ml) showed no
inhibitory effect on proteolysis induced by B.
jararaca venom (de Oliveira et al. 2014). With the
B. jararacussu venom, the aqueous extract of
the fruits recorded the highest inhibition of the
proteolysis (da Silva et al. 2019b).

a) In Vitro Assays

snake . plant __ incubation
venom extract

(venom : plant ratio; w:w)

b) In Vivo Assays

Pre-incubation Protocol

snake , plant
venom  extract

(venom : plant ratio; w:w)

(30 min , 25°C)

Treatment Protocol

30 min.
D\z —

Venom Injection:
s.c. (hemorrhage, edema);
i.m. (miotoxicity); i.v. (lethality)

Prevention Protocol

30 min.
PAD I

+ azocasein

+ human plasma —> Clotting

(300r60min, 25°C) | + rad blood cells —> Hemolysis
and hen’s egg
yolk emulsion

— incubation —

Venom + Antivenom
candidate administration (*)

Antivenom candidate
administration (*)
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Anti-hemolytic activity

In the in vitro indirect hemolytic tests, B.
jararaca venom-induced hemolysis was reduced
by all the plant extracts, with distinct potencies
(de Oliveira et al. 2014, da Silva et al. 2019b).
Aqueous extract of fruits completely inhibited
hemolytic activity, followed by methanolic and

—> Proteolysis

Hemorrhage sc;id)

Edema (s.c)
Myotoxicity (m,)

Lethality v.; ip)

Hemorrhage (iv.; s.. top)

E)’\ Edema (po)

._Lethality (iv.)

D’\a Hemorrhage )

Antivenom candidate Venom injection (*)

(p.0.)
Figure 2. Antibothropic activity of Clusia fluminensis extracts assayed in vitro and in vivo. a)
In vitro assays were performed in which the venoms of Bothrops jararaca or B. jararacussu
were pre-incubated with plant extracts or isolated molecules and then with: (i) azocasein,
(ii) plasma or (iii) a mixture of human red blood cells and hen'’s egg yolk emulsion to
determine, respectively (i) proteolytic inhibition, (ii) clotting time and (iii) antihemolytic
activity. Hemolysis induced by the venom of B. jararacussu was not tested, since this venom
has low hemolytic activity. b) In vivo antibothropic evaluation was performed using pre-
incubation, treatment or prevention protocols using distinct routes of administration (*).
As with the in vitro assays, in the in vivo incubation protocol, venom was pre-incubated
with the plant extracts before injection in mice. For the treatment protocol, the mice
were pre-injected with venom and then treated with each extract. For the prevention
protocol, mice were fed with the extracts before the venom injection. Distinct routes of
administration for snake venoms and plant extracts were as follows: top (topical), p.o.
(oral), s.c. (subcutaneous), i.v. (intravenous), i.m. (intramuscular), i.p. (intraperitoneal),
i.d. (intradermal). Positive control groups received snake venom mixed with saline, and
negative controls received plant extracts alone. Myotoxicity assay was only performed for B.
jararacussu envenomation, due to its marked effect compared to B. jararaca.
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acetonic extracts of the stems. In addition, only
lanosterol (1:20), isolated from the fruit extracts,
exhibited anti-hemolytic properties (65%)
when incubated with B. jararaca venom. The B.
jararacussu venom was not tested due to the
low hemolytic activity reported (da Silva et al.
2019b).

Anti-clotting activity

In vitro clotting effects induced by B. jararaca
venom were attenuated by all C. fluminensis
crude extracts (Table Il1), by different degrees,
except for the aqueous extract of leaves with
clotting times identical to controls (60 seconds).
The highest anti-clotting activities were recorded
foracetonicand methanolic extracts of the stems
(2.8-fold and 2.5-fold increase, respectively).
The fruit (acetonic, methanolic, aqueous) and
flower (hexanic) extracts had similar anticlotting
properties (1.7-fold increase). No anticlotting
properties were identified for clusianone (500
pg/ml) and lanosterol (800 ug/ml) against B.
jararaca venom (de Oliveira et al. 2014, da Silva et
al. 2019b). Regarding the B. jararacussu venom-
induced coagulation, aqueous extracts of leaves,
stems and fruits of C. fluminensis demonstrated
ca.1.3-fold increase on clotting times compared
to the venom-controls (da Silva et al. 2019b).

Antihemorrhagic activity

According to the in vivo pre-incubation protocol
for evaluation of hemorrhagic damages induced
by B. jararaca envenomation, acetonic extract of
fruits showed complete inhibition (100%) at a 1:2
venom:plant ratio (Table Il1). Such activity was
not observed for lanosterol or clusianone nor
for other organic extracts at 1:2 ratio (de Oliveira
et al. 2014). According to this same protocol,
aqueous extract of fruits (1:5) also presented a
remarkable antivenom effect (100%) for both
Bothrops venoms, a similar effect observed for
aqueous extract of stems (1:20) upon incubation
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with B. jararacussu venom (da Silva et al. 2019b).
Aqueous extract of leaves (1:20), as well as
hexanic extract of fruits (1:2) also demonstrated
antihemorrhagic properties by incubation with
B. jararaca venom, but to a lesser extent (ca.
50%) (de Oliveira et al. 2014, da Silva et al. 2019b).

Regarding the treatment protocol,
antihemorrhagic properties were recorded for
aqueous extracts of stems, fruits and leaves
(1:20), upon envenomation, with both Bothrops
spp, regardless of the routes of administration. A
slightly better biological performance occurred
for the aqueous stem extracts, against both
venoms. In addition, a topical preparation
of the aqueous extract of fruits (50 mg/ml)
resulted in ca.50% inhibition of hemorrhage
with both Bothrops envenomations (Table Il1).
No significant anti-hemorrhagic effects were
observed for acetonic and hexanic extracts of
fruits (1:2; i.d.) (de Oliveira et al. 2014). According
to the preventive protocol, a range of 35 to 50%
hemorrhage inhibition resulted for aqueous
extracts of C. fluminensis, except for aqueous
extract of the stems, which were devoid of
any activity against hemorrhage induced by B.
jararaca venom (da Silva et al. 2019b).

Antiedematogenic activity

As demonstrated by in vivo pre-incubation
protocol, aqueous extract of fruits from C.
fluminensis showed the best antiedematogenic
profile (100%) against B. jararacussu
envenomation (Table Ill). Under the same
experimental conditions, aqueous extracts of C.
fluminensisstems,leavesandfruitsdemonstrated
effects close to 80% of edema inhibition after B.
jararaca-induced envenomation. Observing the
treatment protocol, the oral administration of
aqueous extract of stems or fruits was active
upon edematogenic damage induced by both
serpent venoms, reaching from 25 to 40% of
inhibitory effect (da Silva et al. 2019b).
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Antimyotoxic activity

Aqueous extract of stems of C. fluminensis
was effective on reducing creatine kinase (CK)
serum levels after experimentally induced B.
jararacussu envenomation, when compared to
aqueous extracts of fruits and leaves (da Silva
et al. 2019b), as verified by the in vivo incubation
protocol (Table Ill). Antimyotoxic effects were
not evaluated against B. jararaca venom, due to
its low toxicity at muscular level compared to B.
jararacussu (Moura-da-Silva et al. 1991, da Silva
et al. 2019b).

Antilethal activity

According to the incubation protocol, a 6-fold
increase on mice survival times was observed
for aqueous extracts of stems, leaves and
fruits (1:1) after the experimentally induced B.
jararaca envenomation (Table IIl). The same
increase on survival times was noticed for
aqueous extract of fruits for both, incubation
and treatment protocols, for B. jararacussu
poisoning. Such biological effect is compatible
with those achieved by the antibothropic
serum treatment under the same experimental
conditions (da Silva et al. 2019b). Additionally,
under the treatment protocol for B. jararaca
envenomation, aqueous extract of stems (1:1)
demonstrated 3-fold increase on survival times
(da Silva et al. 2019b), while the methanolic and
acetonic extracts of stems (1:10) presented a 7.5-
fold increase (de Oliveira et al. 2014).

DISCUSSION

According to the records captured by this review
and as the best of our knowledge, there are few
studies dealing with the biological activities
of C. fluminensis (Figure 1), most papers (67%)
having been devoted to the phytochemical
aspects of different parts of the plant. The
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remainder describes the antiviral, insecticidal
and antivenom properties of the plant extracts
and isolated compounds (Table ).

HSV-1 viral infections lead mostly to oral
herpes, but genital herpes is also reported.
This is a globally widespread, endemic, highly
prevalent and incurable disease. Current
available antiherpetic treatment relies on
acyclovir or synthetic nucleoside analogs,
presenting untoward side effects, drug resistance
and no effect upon viral latent infection
(Smith et al. 2001, Treml et al. 2020). Anti-HIV
multidrug cocktails for disease control result in
similar issues (Wu et al. 2020). Therefore, novel
therapeutic options from natural origin are a
promising alternative for achieving the maximal
desired effects with minimal collateral damage
to treat viral diseases (Ben-Shabat et al. 2020,
Mohan et al. 2020, Ninfali et al. 2020).

The antiviral role of phenolic compounds,
polyprenylated benzophenones, steroids and
terpenes, found both in C. fluminensis (Table 1)
and also in other members of Clusiaceae family,
has already been described for both DNA and
RNA viruses (Gustafson et al. 1992, Akihisa et al.
2001, Rezanka et al. 2009, Shamsabadipour et
al. 2013, Hisham Shady et al. 2020, Loaiza-Cano
et al. 2020). The results reported for the effects
of C. fluminensis derivates on HSV-1 are very
promising (Meneses et al. 2015). The inhibition
of HSV-1 replication (814 to 100%) was observed
by in vitro tests with Vero cells, despite the
polarity of the solvent extract (hexane, acetone,
methanol), plant organ (leaf, stem, fruit, flower)
orisolated compound (clusianone or lanosterol)
(Meneses et al. 2015). The findings, demonstrated
by a recognized experimental model adopted
by many scientific trials (Treml et al. 2020)
may suggest that, isolated or combined, the
phytochemicals found in C. fluminensis could
exert a multitarget effect upon the HSV-1 viral
cycle and probably at the host response to the

An Acad Bras Cienc (2023) 95(1) €20211605 12 | 25



GISELLE M. FARIA et al.

infection. For example, the phenolic compounds
identified in distinct organs from C. fluminensis
(Table I) and the antioxidant properties
demonstrated for different plant extracts (leaves,
fruits and stems in acetone or methanol) (Silva
& Paiva 2012) could favor the recovery of the
host intracellular redox equilibrium, alleviating
the promoter effect of reactive oxygen species
(ROS) on the replication of such neurotropic
virus (Di Sotto et al. 2018). Additionally, it is also
recognized the role of phenolic compounds on
suppressing key pro-inflammatory signaling
pathways on host cells as those mediated by
toll-like receptors (TLR) (Newton & Dixit 2012,
Pérez-Cano et al. 2014). Apart from the anti-HSV-1
properties, fruits (hexanic and methanolic) and
leaves methanolic extracts, also had lower
cytotoxic profiles (around 1.4-fold decrease)
compared to acyclovir (Meneses et al. 2015). This
suggests an enhanced tolerability performance
of relevance to gaining approval for treatment,
as suggested for herbal extracts with antiviral
application (Ni et al. 2020).

Regarding the inhibitory effect of C.
fluminensis derivatives upon HIV-1 RT activity,
the discrete effects observed for methanolic
extracts of leaves (close to 40%) and stems
(around 20%), with a concomitant absence of
such enzymatic inhibition for the hexanic herbal
fractions, suggest the presence of potential
applied candidates in higher polarity fractions,
such as the polyphenols, tannins, saponins
and terpenoids (Table 1) (Azmir et al. 2013).
Indeed, anti-HIV-1 RT inhibition has already
been described for such phytochemicals, as
confirmed for phenolic compounds isolated
from other herbal sources (Tamayose et al. 2019).
Additionally, recent studies based on molecular
docking also corroborates the relevance of
polyphenolic derivatives as anti-HIV-1 RT
inhibitors, in which structural modifications
related to the water solubility, bioavailability,
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toxicity and efficacy are considered (El Alaoui
et al. 2019). Anti-HIV properties were previously
identified for lanosterol-related molecules
obtained from crude alcoholic fractions of
herbal sources, namely a lanostane-type
triterpene from Polyalthia suberosa (Roxb.)
Thwaites (Annonaceae) (Li et al. 1993) and
protostane triterpenes from Garcinia speciosa
Wall. (= G. celebica L.), a member of Clusiaceae
family (Rukachaisirikul et al. 2003). Such findings
are corroborated by the recognized effects of
triterpenes and steroids upon HSV and HIV
virus (Akihisa et al. 2001, Rezanka et al. 2009,
Shamsabadipour et al. 2013, Hisham Shady et
al. 2020).

In addition, an anti-HIV-1 role is also
suggested for clusianone (37%, HIV-RT inhibition)
(Meneses et al. 2015) possibly by an interference
onthevirusadhesiontoits host cell receptor. The
virus infection is prevented at the initial stages,
as verified by studies with clusianone isolated
from the hexanic extract of fruits of C. torresii
Standl,, in a C8166 human T lymphoblastoid
cell model for HIV-1 infection (Piccinelli et al.
2005). Additionally, a low therapeutic index was
reported for clusianone, since the high activity
at low dosage was accompanied by a prominent
cytotoxic impact (Piccinelli et al. 2005). Such
findings support future prospection of new
derivatives synthesis, emphasizing selectivity
and specificity aimed at a preventive approach
for virus infection (Piccinelli et al. 2005).
Interestingly, lanosterol treatment of infected
cells showed ca. 70% of HIV-RT inhibitory effect,
with a concomitant and complete inhibition on
HSV-1 replication (Meneses et al. 2015). Such
findings reinforce the antiviral potential of
natural tetracyclic triterpenoids, especially for
immunocompromised patients, in which HSV-
1 complications are demonstrated to be more
severe (Meyding-Lamadé & Strank 2012, Duarte
et al. 2019, James et al. 2020). However, the

An Acad Bras Cienc (2023) 95(1) 20211605 13 | 25



GISELLE M. FARIA et al.

issues regarding cytotoxicity profile remains to
be better understood and properly managed,
since a preliminary trial found a 13-fold increase
of lanosterol compared to acyclovir (CC ;= 74puM
versus CC, = 960 pM, respectively) (Meneses
et al. 2015). Inversely, according to the same
trial, the methanolic extract of leaves of C.
fluminensis showed a cytotoxic profile 1.5-times
lower than acyclovir (CC_, =325 pg/mlversus CC,,
=216 pg/ml, respectively), associated to a partial
inactivation of HIV-1RT (ca. 40%) and a complete
inhibition of HSV-1 replication (Meneses et al.
2015). Such findings highlight potential benefits
of this extract for future prospection, considering
an adjuvant approach for immunocompromised
HIV patients.

The control of Aedes aegypti mosquitoes
represents the most important strategy to
manage public health issues related to these
costly widespread viral diseases (Benelli et al.
2016, Silvério et al. 2020). Many efforts have been
made to identify naturally-occurring candidates
for insect vector control (da Silva et al. 2013,
Pavela 2016, Gosset et al. 2017).

ThispresentreviewidentifiesC.fluminensisas
avery attractive source for such biotechnological
development. For example, the hexanic extract
of flowers markedly delayed the development
of different stages of A. aegypti (Anholeti et
al. 2015). Additionally, its main component,
clusianone, exhibited larvicidal effects by the
first day of treatment (20% of reduction), with
no evolution of the remaining survivors to adult
stage (Anholeti et al. 2015). Interestingly, similar
results were not observed for the hexanic
extract of fruits and for its major compound
lanosterol (Anholeti et al. 2015). The insecticidal
role of naturally occurring bezophenones, such
as clusianone, against A. aegypti is reinforced
by a recent study with hexanic extracts and
isolated compounds from Vismia gracilis Hieron
(Hypericaceae), inducing to toxic damage and
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behavioral effects in mosquitoes (Magalhaes et
al. 2022). In addition, larvicidal activity against A.
aegypti was identified for the hexanic extracts
of Hypericum carinatum Griseb (Hypericaceae),
containing as main compounds cariphenones
A and B, that are benzophenones structurally
related to benzopyrans and precocenes (da
Silva et al. 2013). These synthetic larvicidal
compounds have an inhibitory effect upon the
juvenile hormones (JH) of many insects, that
are involved in physiologic processes such
as development and reproduction (Ayoade
et al. 1996, da Silva et al. 2013, Qu et al. 2018).
Indeed, the phytochemical profile of other
C. fluminensis derivatives (Table I) suggest
potential candidates for A. aegypti control.
Firstly, the essential oil of petals (Nogueira et
al. 2001), considering the larvicidal, adulticidal,
repellent and oviposition effects reported for
many essential oils for this purpose (Silvério et
al. 2020). This activity was also demonstrated by
the volatiles from leaves and fruits of Garcinia
gardneriana (Planch. & Triana) Zappi, a member
of Clusiaceae family (Fernandez et al. 2021).
Secondly, the fruit latex, taking into account
the larvicidal effects of B-caryophyllene and
B-caryophyllene oxide (Senthil-Nathan 2020),
which also reinforces a possible activity of the
volatiles from C. fluminensis. Thirdly, leaves
extracts of C. fluminensis, in which pentacyclic
triterpenes (such as epifriedelinol and friedelin),
steroids (such as sitosterol and stigmasterol)
and phenolic compounds (including flavonoids
and flavones) were identified (Sa-Haiad et al.
2015, Silva et al. 2019a, Guimaraes et al. 2021).
Similar phytochemical profile was detected
in extracts of Waltheria viscosissima A.St-Hil.
(Malvaceae), which demonstrated larvicidal
effect on A. aegypti (Ferreira et al. 2019, Senthil-
Nathan 2020).

D. peruvianus and O. fasciatus also emerge
as vectors of economic interest, especially for
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agrobusiness (Georghiou & Mellon 1983, Alves
e Silva et al. 2013). Synthetic compounds that
act as insect growth regulators are employed for
pest control purposes, affecting different stages
of insects development, body size regulation,
reproduction, longevity and behavior (Bellés et
al. 2005, Qu et al. 2018, Hu et al. 2019). However,
the impact in ecosystems, pest resistance and
toxicity to non-target organism are issues
reported for such compounds (Bellés et al.
2005, Hu et al. 2019, Fine & Corby-Harris 2021).
Given this reality, the search for more selective
and eco-friendly agents for pests control gains
substantial relevance.

A differential insecticidal effect of C.
fluminensis extracts and isolated compounds
occurred with the two hemipteran models
(Duprat et al. 2017). Firstly, clusianone recorded
30% survival decrease for D. peruvianus with no
effects in its development, but for O. fasciatus
this reduction was only ca. 3% and was also
accompanied by a promoter effect of malformed
insects (Duprat et al. 2017). Such findings
are in agreement with the action of synthetic
benzophenones on ecdysteroid hormone
pathway in insects (Ozaez et al. 2014, 2016).
Secondly, the hexanic extract of fruits reduced
survival of O. fasciatus by ca. 20% but that of
D. peruvianus by only ca. 11%. These findings
highlight the relevance of the plant secondary
metabolites as toxic, nonspecific and multitarget
candidates on distinct cellular and molecular
pathways related to key physiological process in
insects, including, but notrestricted to, hormonal
imbalance (Ozaez et al. 2014, 2016, Senthil-
Nathan 2020). Indeed, plant extracts enriched
with phenolic compounds demonstrated
toxicity and antifeedant properties to larvae of
holometabolous insects (Oulebsir-Mohandkaci
et al. 2018). Phenolic compounds were found in
different plant organs of C. fluminensis (Silva &
Paiva 2012, Sa-Haiad et al. 2015, Mazza et al. 2019,
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Silva et al. 2019a, Guimaraes et al. 2021), which
are also recognized to exert their toxic role on
insect gut as precursors of tannins, compounds
responsible for increasing the reactive species
of oxygen (ROS) levels, both by autoxidation
or by enzymatic catalysis producing quinone
or semiquinone species (Barbehenn & Peter
Constabel 2011). In addition, sesquiterpenoids
are also described as antifeedant agents,
which also reinforces further evaluation of
essential oil of C. fluminensis for pest control
purposes (Nogueira et al. 2001, Koul 2008).
Importantly, caution should be taken regarding
the extrapolation of these findings, taking into
account a promoter effect of the extract solvent
upon bugs development, remaining the need of
further confirmatory trials.

Snakebite envenoming is a neglected
public health subject that affects tropical and
subtropical developing countries, accounting
for marked social and financial impact due to
deaths, amputations and permanent disabilities
(Chippaux 2017, Magalhaes et al. 2020). In Brazil,
the genus Bothrops (Viperidae) is responsible
for most snake poisoning events (de Moura
et al. 2015). B. jararaca and B. jararacussu are
of particular medical relevance, due to their
occurrence in highly populated regions and bite
severity (Araujo et al. 2017). The heterogeneous
mixture of toxins present in Bothrops venoms
leads to coagulation imbalance (hemorrhages,
thrombocytopenia), local (edema, pain,
erythema, ecchymosis, necrosis) and systemic
effects (nausea, vomiting, hypotension, shock,
neurologic, renal and cardiac abnormalities).
Additionally, myotoxicity, low immunogenicity
and poorly neutralization by the antibothropic
treatment raises as hallmarks of B. jararacussu
envenomation, leading to necrosis and delayed
tissue repair (da Silva et al. 2007, Luna et al.
2011, Bochner et al. 2014, da Silva Aguiar et
al. 2020). Key components of snake venom
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include metalloproteases, serine proteases,
phospholipase A, (PLA), C-type lectins (CTL),
L-amino acid oxidases (LAAQ), 5 -nucleotidases
and hyaluronidase, playing crucial roles in prey
domination (Gutierrez & Lomonte 1989, Saad et
al. 2012, Gutiérrez et al. 2017, Gren et al. 2019).
Specific antiserum therapy is the current
treatment for snakebite envenomation, which
requiresfastadministration,since poorprognosis
is associated with delayed medical assistance.
Additionally, the antivenom fails to treat local
tissular damage (Mise et al. 2018). Therefore,
there is a need for ancillary therapeutic options
to treat local complications of snakebites,
especially in children of rural, indigenous and
riverside population (de Moura et al. 2015, da
Silva Souza et al. 2018, Cristino et al. 2021, Le
Geyt et al. 2021). Traditionally, plant preparations
have been widely described in many countries
as part of common practices in folk medicine,
including management of snakebite accidents.
However, the proper scientific validation of such
popular knowledge is needed, considering the
risks associated to the worsening of clinical
complications of the victims (de Moura et al.
2015, Upasani et al. 2017, da Silva et al. 2019a).
Experimentally, incubation protocol
consists of commonly adopted procedure
for laboratory evaluation of antivenoms. It is
also recognized by regulatory agencies and
employed routinely for quality control purposes
by antidote manufacturers (Gutiérrez et al.
2021). In this protocol, a mixture of the venom
with the neutralizing candidate is previously
prepared for further in vitro or in vivo tests
(Figure 2) (Theakston & Reid 1983, de Moura
et al. 2014). Such assays are very useful for
providing insights into mechanisms of action
and interactions between toxins and potential
antidotes (Sells 2003). Caution, however, is
needed to avoid overestimation of the findings
during data interpretation and extrapolation,

BIOPROSPECTING POTENTIAL OF Clusia fluminensis

since the incubation study design does not
reflect the actual dynamics of envenomation,
or pharmacokinetics parameters defining
the antidote candidate performance (da
Silva et al. 2007, de Moura et al. 2014, 2015, de
Souza et al. 2020). Additional experimental
supporting procedures adopted in snakebites
envenomation are the prevention and treatment
protocols (Figure 2) (de Moura et al. 2014). The
prevention protocol considers the antidote
administration before the contact with the
venom, mimicking popular practices based on
the ingestion of homemade plant preparations
previously to activities in arboreous areas (de
Moura et al. 2014). Additionally, the therapeutic
administration of the antivenom candidate
after the envenomation is related to self-care
procedures of local application of poultices and
ingestion of teas (de Moura et al. 2014, Cristino
et al. 2021).

In this context, and in agreement with
antivenom properties that have been already
described for Clusiaceae species (Castro et al.
1999), similar findings were identified for C.
fluminensis (Table I11). Compared to the plant
extracts, the isolated compounds, showed
discrete neutralizing effects on B. jararaca
envenomation by in vitro incubation protocol,
since 46% of proteolysis and 65% of hemolysis
inhibition occurred, respectively, for clusianone
(1240 pg/ml) and lanosterol (600 pg/ml) (de
Oliveira et al. 2014), however no effects were
detected by in vivo incubation protocol for
hemorrhage and survival values. The highest
biological effects of the extracts may result
from synergism between distinct bioactive
molecules present in a specific extract fraction
or due to other bioactive molecules different
of clusianone or lanosterol (Azmir et al. 2013).
For example, neutralizing properties of snake
venoms have been described for the pentacyclic
triterpene lupeol and also for the steroids
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sitosterol and stigmasterol (Strauch et al. 2013,
dos Santos et al. 2021), compounds previously
identified in C. fluminensis organs (Nagem et al.
1993, Anholeti et al. 2017).

Taking into account the in vitro screening
provided by two original papers, as well as any
related bias (de Oliveira et al. 2014, da Silva et
al. 2019b), it seems feasible that plant extracts
obtained by the use of solvents with higher
polarity had more promising neutralizing effects
against bothropic toxins. This can be verified by
comparing those obtained by extraction with
water, methanol and acetone with those in
which hexane or dichloromethane. Accordingly,
out of thirteen C. fluminensis extracts explored,
six stand out as follows: fruits aqueous, stems
methanolic (both presenting higher rates
of inhibition for proteolysis, hemolysis and
coagulation induced by Bothrops spp.), stems
acetonic (at least two neutralizing properties
with ca. 100% or more against Bothrops spp.),
fruits methanolic or acetonic (100% proteolysis
inhibition against B. jararaca) and aqueous
extracts of leaves (ca. 90% of proteolysis
inhibition for B. jararaca venom) (Table Il1).
Additionally, similar findings were observed for
the in vivo incubation protocol. For example,
higher rates of hemorrhage inhibition after the
poisoning by B. jararaca (fruits aqueous and
acetonic extracts) or B. jararacussu (aqueous
extracts of fruits and stems) were achieved,
and also suggested for the aqueous extracts
of stems, fruits and leaves potential effect
against edema, myotoxicity and increased
survival times after the envenomation by both
or one of the Bothrops species (Table Il1). Such
findings corroborate previous studies regarding
neutralizing effects on snake venoms of polar
plant extracts, in which phenolic compounds
were identified and recognized (Fernandes et al.
2016, Félix-Silva et al. 2017, Sachetto et al. 2018).
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Finally, treatment and prevention protocols
highlight remarkable antitoxin properties of
each aqueous extract, as well as increases in
survival times for acetonic and methanolic
extracts of stems after B. jararaca envenomation.
For example, the aqueous extract of fruits of C.
fluminensis demonstrated a reduction close to
50% for hemorrhage induced by both Bothrops
poisoning, despite the routes of administration
(s.c., iv., topical), as well as around 30% of
edema reduction (p.o.) after both snake species
envenomation. Additionally, a 6-fold increase on
survival times was achieved (360 minutes) when
the latterextractwasgiven (iv.)(Tablelll)justafter
B. jararacussu envenomation, demonstrating a
magnitude of effect comparable to the current
antibothropic serum efficacy. Additionally, this
extract also demonstrated a preventive profile
(p.0.) one hemorrhage induced by both Bothrops
toxins, close to 40% inhibition (Table III).

Similarly, the aqueous extract of stems
in both treatment and prevention protocols,
inhibited hemorrhage by close to 60% with
B. jararaca for the iv. route of administration
and edema by 40% reduction p.o. treatment
for both Bothrops. Although the preventive
protocol (p.o) has only demonstrated to be
effective against the hemorrhage induced by
B. jararacussu envenomation, the magnitude
of 50% of inhibition seems potentially relevant,
being also demonstrated a 3-fold increase on
survival times after B. jararaca envenomation in
the absence of antibothropic serum (Table 111).

Future perspectives

The presence of secondary metabolites with
recognized biological relevance in C. fluminensis
(Table 1) suggests future developments of
biological trials. For example, the detection of
zeaxanthin (823 pg/g, Table 1) in seeds arils of
C. fluminensis, reaching levels 206-fold higher
than those described in corn (Mazza et al. 2019)
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points to a naturally occurring source of an
ingredient with potential applications in skin
care preparations, dietary supplements and
functional foods (Gale et al. 2003, Chew et al. 2014,
Dini & Laneri 2019). Such finding gains especial
relevance when considering that human beings
are not able to synthesize such compound
with recognized photooxidative protection role
(Sandmann 2014, Jia et al. 2017, Renzi-Hammond
et al. 2017). The body of evidences regarding the
presence of saponins in members of Clusiaceae
family (Azebaze et al. 2006, Noudogbessi et al.
2013, Omeh et al. 2014) suggests confirmatory
phytochemical studies in C. fluminensis, having
into account the antioxidant, anti-inflammatory,
antiparasitic, antitumoral, antiviral and
antidiabetic properties of such metabolites
(Cheok et al. 2014, Omeh et al. 2014). Similarly,
future exploratory trials might be considered
regarding malic acid, the product accumulated
by the CAM photosynthetic metabolism (Littge
2006). Such compound consists of a raw material
with wide range of application, such as food
(preservative, flavor enhancer), pharmaceutical
(blood-pressure reducing purposes), cosmetic
(skin care, toothpastes), chemical (metal
cleaning) and textile (acrylic fiber production)
(Bharathiraja et al. 2020).

Other potential activities are suggested for
extracts or isolated molecules for Clusiaceae
family such as anticancer, antimicrobial,
trypanocidal, anticholinesterase anti-
inflammatory and antileishmanial (Acuna et
al. 2009, Cheok et al. 2014, de Melo et al. 2014).
Although anticancer activity was not evaluated
for C. fluminensis plant extracts, the in vitro
cytotoxic profiles of lanosterol and clusianone
from C. fluminensis (13-fold and 8-fold increase
compared to acyclovir, respectively) (Meneses
et al. 2015), could suggest further speculation
of a potential effect of such compounds for
anticancer purposes. Indeed, the anticancer
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role of polyprenylated benzophenones from
Clusiaceae family (Kumar et al. 2013, Taylor et
al. 2019) and clusianone (Simpkins et al. 2012,
Reis et al. 2014) have already been recognized by
preclinical trials, as evaluated for different solid
tumors. Such effects may rely on the pleiotropic
target of polyprenylated benzophenones on
crucial cellular processes that support tumor
progression, as cell growth inhibition, apoptosis
induction, angiogenesis and cell migration
inhibition (Taylor et al. 2019). In the same
manner, the tetracyclic triterpene lanosterol
could also be investigated, having into account
the anticancer properties of its sterecisomer
euphol (Gascoigne & Simes 1955). Indeed,
euphol, referred as a possible chemotaxonomic
marker of Clusiaceae family (Ribeiro et al. 2019),
exerted antitumoral effect upon cell lines from
15 different solid tumors being also identified a
chemo-sensitization with current chemotherapy
for glioblastoma, thus suggesting lower doses
of the chemotherapeutic agent (Silva et al. 2018,
2019b).

The comprehensive chemical
characterization of plant extracts with potential
biotechnological relevance also remains to be
clarified, representing an important step to
define the identity and quality requirements
of such derivatives. In addition, when dry
plant extracts are considered as the final
biotechnological product, parameters related to
the vegetal material processing deserve careful
consideration, to retain the naturally occurring
synergism exerted by the phytochemical mix of
a given plant organ. Importantly, complementary
toxicological evaluation is also desirable. Safety
assessment represents a pivotal step in the
process of accumulation of scientific evidence,
mainly when considering therapeutic, cosmetic
or edible prospection of natural products.

Finally, the chemical clarification of such
natural products can also contribute as basis for

An Acad Bras Cienc (2023) 95(1) 20211605 18 | 25



GISELLE M. FARIA et al.

subsequent synthesis and modification, leading
to new candidate compounds to overcome
issues related to solubility, bioavailability and
stability reported to phytochemicals.

Acknowledgments

The authors thank to Fundacao Carlos Chagas Filho
de Amparo a Pesquisa do Estado do Rio de Janeiro
(FAPERJ, Brazil, grant numbers: E- 26/190.029/2013,
E-26/190.053/2013, E-26/111.470/2013) and to Programa
Institucional de Bolsas de Iniciacdo Cientifica (PIBIC,
Brazil) for supporting the research activities of APAL.
The authors are also grateful for the remarkable
contribution of Dr. Norman Ratcliffe (Swansea University,
Universidade Federal Fluminense) regarding the critical
review for relevant intellectual content and language
editing of this manuscript.

REFERENCES

ACUNA U, JANCOVSKI N & KENNELLY E. 2009. Polyisoprenylated
Benzophenones from Clusiaceae: Potential Drugs and
Lead Compounds. Curr Top Med Chem 9: 1560-1580.

AKIHISAT, OGIHARA J, KATO J, YASUKAWA K, UKIYA M, YAMANOUCHI
S & OISHI K. 2001. Inhibitory effects of triterpenoids and
sterols on human immunodeficiency virus-1 reverse
transcriptase. Lipids 36: 507-512.

ALVES E SILVA TL, VASCONCELLOS LRC, LOPES AH & SOUTO-
PADRON T. 2013. The immune response of hemocytes of
the insect Oncopeltus fasciatus against the flagellate
Phytomonas serpens. PLoS ONE 8: e72076.

ANHOLETI MC, DUPRAT RC, FIGUEIREDO MR, KAPLAN MAC, SANTOS
MG, GONZALEZ MS, RATCLIFFE NA, FEDER D, PAIVA SR & MELLO
CB. 2015. Biocontrol evaluation of extracts and a major
component, clusianone, from Clusia fluminensis Planch.
& Triana against Aedes aegypti. Mem Inst Oswaldo Cruz
110: 629-635.

ANHOLETI MC, SILVA KMM, MORAES MG, SANTOS MG, FIGUEIREDO
MR, KAPLAN MAC, JOFFILY A & PAIVASR. 2017. Leaf anatomy and
epicuticular waxes composition of Clusia fluminensis
Planch. & Triana (Clusiaceae). Arab ) Med Aromat Plants
55: 68-86.

ARAUJO RT, CORREA-NETTO C, BRAZIL-MAS L, SILVEIRA CRF,
FERNANDES | & ZINGALI RB. 2017. Can anti-bothropstoxin-I
antibodies discriminate between Bothrops jararaca and
Bothrops jararacussu venoms? J Venom Anim Toxins Incl
Trop Dis 23:12.

BIOPROSPECTING POTENTIAL OF Clusia fluminensis

ARAUJO YRV, DE GOIS ML, JUNIOR LMC & CARVALHO M. 2018.
Carbon footprint associated with four disposal scenarios
for urban pruning waste. Environ Sci Pollut Res 25:
1863-1868.

AYOADE O, MOROOKA S & TOJO S. 1996. Induction of
macroptery, precocious metamorphosis, and retarded
ovarian growth by topical application of precocene I,
with evidence for its non- systemic allaticidal effects
in the brown planthopper, Nilaparvata lugens. ) Insect
Physiol 42: 529-540.

AZEBAZE AGB, MEYER M, VALENTIN A, NGUEMFO EL, FOMUM ZT
& NKENGFACK AE. 2006. Prenylated xanthone derivatives
with antiplasmodial activity from Allanblackia monticola
Staner L.C. Chem Pharm Bull 54: 111-113.

AZMIR J, ZAIDUL ISM, RAHMAN MM, SHARIF KM, MOHAMED A,
SAHENA F, JAHURUL MHA, GHAFOOR K, NORULAINI NAN &
OMAR AKM. 2013. Techniques for extraction of bioactive
compounds from plant materials: A review. ] Food Eng
117: 426-436.

BARBEHENN RV & PETER CONSTABEL C. 2011. Tannins in plant-
herbivore interactions. Phytochemistry 72: 1551-1565.

BELLES X, MARTIN D & PIULACHS MD. 2005. The mevalonate
pathway and the synthesis of juvenile hormone in
insects. Annu Rev Entomol 50: 181-199.

BENELLI G, JEFFRIES C & WALKER T. 2016. Biological control of
mosquito vectors: past, present, and future. Insects 7: 52.

BEN-SHABAT S, YARMOLINSKY L, PORAT D & DAHAN A. 2020.
Antiviral effect of phytochemicals from medicinal plants:
Applications and drug delivery strategies. Drug Deliv
Transl Res 10: 354-367.

BHARATHIRAJA B, SELVAKUMARI IAE, JAYAMUTHUNAGAI J, KUMAR
RP, VARJANI'S, PANDEY A & GNANSOUNOU E. 2020. Biochemical
conversion of biodiesel by-product into malic acid: A
way towards sustainability. Sci Total Environ 709: 136206.

BOCHNER R, FISZON JT & MACHADO C. 2014. A proﬂle of snake
bites in Brazil, 2001 to 2012. ) Clin Toxicol 4: 1-7.

CAMARA CAGD, MARSAIOLI AJ & BITTRICH V. 2018. Chemical
constituents of apolar fractions from fruit latex of
twelve Clusia species (Clusiaceae). An Acad Bras Cienc
90: 1919-1927.

CARVALHO ACB, LANA TN, PERFEITO JPS & SILVEIRA D. 2018. The
Brazilian market of herbal medicinal products and the
impacts of the new legislation on traditional medicines.
J Ethnopharmacol 212: 29-35.

CARVALHO ACB, RAMALHO LS, DE OLIVEIRA MARQUES RF &
PERFEITO JPS. 2014. Regulation of herbal medicines in
Brazil. ] Ethnopharmacol 158: 503-506.

An Acad Bras Cienc (2023) 95(1) 20211605 19 | 25



GISELLE M. FARIA et al.

CASTRO O, GUTIERREZ JM, BARRIOS M, CASTRO |, ROMERO M &
UMANA E. 1999. Neutralizacion del efecto hemorragico
inducido por veneno de Bothrops asper (Serpentes:
Viperidae) por extractos de plantas tropicales. Rev Biol
Trop 47: 605-616.

CHEOK CY, SALMAN HAK & SULAIMAN R. 2014. Extraction and
quantification of saponins: A review. Food Res Int 59:
16-40.

CHEW EY ET AL. 2014. Secondary analyses of the effects of
lutein/zeaxanthin on age-related macular degeneration
progression AREDS2 report no. 3. JAMA Ophthalmol 132:
142-149.

CHIPPAUX JP. 2017. Snakebite envenomation turns again
into a neglected tropical disease! ] Venom Anim Toxins
Incl Trop Dis 23: 38.

CRISTINO JS ET AL. 2021. A painful journey to antivenom:
The therapeutic itinerary of snakebite patients in the
Brazilian Amazon (The QUALISnake Study). PLoS Negl
Trop Dis 15: €0009245.

DA SILVA AGUIAR W, DA COSTA GALIZIO N, SANT'ANNA SS, SILVEIRA
GPM, DE SOUZA RODRIGUES F, GREGO KF, DE MORAIS-ZANI K &
TANAKA-AZEVEDO AM. 2020. Ontogenetic study of Bothrops
jararacussu venom composition reveals distinct profiles.
Toxicon 186: 67-77.

DA SILVA AM, COLOMBINI M, MOURA-DA-SILVA AM, DE SOUZA RM,
MONTEIRO WM & BERNARDE PS. 2019a. Ethno-knowledge
and attitudes regarding snakebites in the Alto Jurua
region, Western Brazilian Amazonia. Toxicon 171: 66-77.

DA SILVA AR, ANHOLETI MC, PIETROLUONGO M, SANCHEZ EF,
VALVERDE AL, DE PAIVA SR, FIGUEIREDO MR, KAPLAN MAC &
FULY AL. 2019b. Utilization of the plant Clusia fluminensis
Planch. & Triana against some toxic activities of the
venom of Bothrops jararaca and B. jararacussu snake
venom toxic activities. Curr Top Med Chem 19: 1990-2002.

DA SILVA FC, DE BARROS FMC, PROPHIRO JS, DA SILVA OS, PEREIRA
TN, DE LORETO BORDIGNON SA, EIFLER-LIMA VL & POSER GL VON.
2013. Larvicidal activity of lipophilic extract of Hypericum
carinatum (Clusiaceae) against Aedes aegypti (Diptera:
Culicidae) and benzophenones determination. Parasitol
Res 112: 2367-2371.

DA SILVA NM ET AL. 2007. Evaluation of three Brazilian
antivenom ability to antagonize myonecrosis and
hemorrhage induced by Bothrops snake venoms in a
mouse model. Toxicon 50: 196-205.

DA SILVA SOUZA A, SACHETT JAG, ALCANTARA JA, FREIRE M,
ALECRIM MGC, LACERDA M, DE LIMA FERREIRA LC, FAN HW, DE
SOUZA SAMPAIO V & MONTEIRO WM. 2018. Snakebites as
cause of deaths in the Western Brazilian Amazon: Why

BIOPROSPECTING POTENTIAL OF Clusia fluminensis

and who dies? Deaths from snakebites in the Amazon.
Toxicon 145: 15-24.

DE MELO MS, QUINTANS JSS, ARAUJO AAS, DUARTE MC, BONJARDIM
LR, NOGUEIRA PCL, MORAES VRS, DE ARAUJO-JUNIOR JX, RIBEIRO
EAN & QUINTANS-JUNIOR LJ. 2014. A systematic review
for anti-inflammatory property of Clusiaceae family:
a preclinical approach. Evidence-Based Complement
Altern Med 2014: 1-10.

DEMENCIANO SD, LIMA E SILVA MCB, ALEXANDRINO CAF, KATO
JUNIOR WH, FIGUEIREDO PO, GARCEZ WS, CAMPOS RP, GUIMARAES
RC, SARMENTO UC & BOGO D. 2020. Antiproliferative activity
and antioxidant potential of extracts of Garcinia
gardneriana. Molecules 25: 1-20.

DE MOURA VM, BEZERRA ANS, MOURAO RHV, LAMEIRAS JLV,
RAPOSO DA, DE SOUSA RL, BOECHAT AL, DE OLIVEIRA RB,
CHALKIDIS HM & DOS-SANTOS MC. 2014. A comparison of the
ability of Bellucia dichotoma Cogn. (Melastomataceae)
extract to inhibit the local effects of Bothrops atrox
venom when pre-incubated and when used according to
traditional methods. Toxicon 85: 59-68.

DE MOURA VM, DE SOUSA LAF, DOS-SANTOS MC, RAPOSO JDA,
LIMA AE, DE OLIVEIRA RB, SILVA MN & MOURAO RHV. 2015.
Plants used to treat snakebites in Santarém, western
Para, Brazil: an assessment of their effectiveness in
inhibiting hemorrhagic activity induced by Bothrops
jararaca venom. ) Ethnopharmacol 161: 224-232.

DE OLIVEIRA EC, ANHOLETI MC, DOMINGOS TF, FAIOLI CN,
SANCHEZ EF, DE PAIVA SR & FULY AL. 2014. Inhibitory effect of
the plant Clusia fluminensis against biological activities
of Bothrops jararaca snake venom. Nat Prod Commun 9:
1934578X1400900.

DE SOUZA JF, DE OLIVEIRA EC, DA SILVA ACR, DA SILVA VP, KAPLAN
MAC, FIGUEIREDO MR, FLORES ES & FULY AL. 2020. Potential
use of extract of the plant Schwartiza brasiliensis(Choisy)
Bedell ex Gir-Canas against the toxic effects of the
venom of Bothrops jararaca or B. jararacussu. Biomed
Pharmacother 125: 109951.

DINI' I & LANERI S. 2019. Nutricosmetics: A brief overview.
Phyther Res 33: 3054-3063.

DI SOTTO A ET AL. 2018. A polyphenol rich extract from
Solanum melongena L. DR2 peel exhibits antioxidant
properties and anti-herpes simplex virus type 1 activity
in vitro. Molecules 23: 2066.

DOS SANTOS BM, FERREIRA GM, TAVARES MT, DE BONA JC, HIRATA
MH, DE PAULA VF, SATURNINO KC, SOARES AM & MENDES MM.
2021. Antiophidic activity of the secondary metabolite
lupeol isolated from Zanthoxylum monogynum. Toxicon
193: 38-47.

An Acad Bras Cienc (2023) 95(1) 20211605 20 | 25



GISELLE M. FARIA et al.

DUARTE LF, FARIAS MA, ALVAREZ DM, BUENO SM, RIEDEL CA &
GONZALEZ PA. 2019. Herpes simplex virus type 1 infection
of the central nervous system: insights into proposed
interrelationships with neurodegenerative disorders.
Front Cell Neurosci 13: 1-23.

DUPRAT RC ET AL. 2017. Laboratory evaluation of Clusia
fluminensis extracts and their isolated compounds
against Dysdercus peruvianus and Oncopeltus fasciatus.
Rev Bras Farmacogn 27: 59-66.

EL ALAOUI MA, FARTAH SEL, ALAOUI N, FAHIME EMEL &
HABSAOUI A. 2019. Molecular docking analysis of
flavonoid compounds with HIV-1 reverse transcriptase
for the identification of potential effective inhibitors.
Bioinformation 15: 646-656.

FELIX-SILVA J, GOMES JAS, XAVIER-SANTOS JB, PASSOS JGR,
SILVA-JUNIOR AA, TAMBOURGI DV & FERNANDES-PEDROSA
MF. 2017. Inhibition of local effects induced by
Bothrops erythromelas snake venom: assessment
of the effectiveness of Brazilian polyvalent bothropic
antivenom and aqueous leaf extract of jatropha
gossypiifolia. Toxicon 125: 74-83.

FERNANDES JM, FELIX-SILVA J, CUNHA LM, GOMES JADS, SIQUEIRA
EMS, GIMENES LP, LOPES NP, SOARES LAL, FERNANDES-
PEDROSA MF & ZUCOLOTTO SM. 2016. Inhibitory effects of
hydroethanolic leaf extracts of Kalanchoe brasiliensis
and Kalanchoe pinnata (Crassulaceae) against local
effects induced by Bothrops jararaca snake venom. PLoS
ONE 11: e0168658.

FERNANDEZ CMM, LORENZETTI FB, KLEINUBING SA, DE ANDRADE
JP, BORTOLUCCI WC, GONCALVES JE, PIAU JUNIOR R, CORTEZ DAG,
GAZIM ZC & FILHO BPD. 2021. Chemical composition and
insecticidal activity of Garcinia gardneriana (Planchon
& Triana) Zappi (Clusiaceae) essential oil. Bol Latinoam
y Del Caribe Plantas Med y Aromat 20: 503-514.

FERREIRA MDL, FERNANDES DA, NUNES FC, TELES YCF, ROLIM YM,
DA SILVA CM, DE ALBUQUERQUE JBL, AGRA MF & DE SOUZA MFV.
2019. Phytochemical study of Waltheria viscosissima and
evaluation of its larvicidal activity against Aedes aegypti.
Rev Bras Farmacogn 29: 582-590.

FINE JD & CORBY-HARRIS V. 2021. Beyond brood: the
potential impacts of insect growth disruptors on
the long-term health and performance of honey bee
colonies. Apidologie 52: 580-595.

GALE CR, HALL NF, PHILLIPS DIW & MARTYN CN. 2003. Lutein
and zeaxanthin status and risk of age-related macular
degeneration. Investig Ophthalmol Vis Sci 44: 2461-2465.

GASCOIGNE RM & SIMES JJH. 1955. The tetracyclic triterpenes.
Q Rev Chem Soc 9: 328.

BIOPROSPECTING POTENTIAL OF Clusia fluminensis

GEORGHIOU GP & MELLON RB. 1983. Pest Resistancein time
and space. Boston, MA: Springer US, p. 1-46.

GOSSET A, DURRIEU C, ORIAS F, BAYARD R & PERRODIN V.
2017. ldentification and assessment of ecotoxicological
hazards attributable to pollutants in urban wet weather
discharges. Environ Sci Process Impacts 19: 1150-1168.

GREN ECK, KITANO ES, ANDRADE-SILVA D, IWAI LK, REIS MS,
MENEZES MC & SERRANO SMT. 2019. Comparative analysis
of the high molecular mass subproteomes of eight
Bothrops snake venoms. Comp Biochem Physiol Part D
Genomics Proteomics 30: 113-121.

GUEDJE NM, TADJOUTEU F, ONANA JM, NGA EN & NDOYE 0. 2017.
Garcinia lucida Vesque (Clusiaceae): from traditional
uses to pharmacopeic monograph for an emerging local
plant-based drug development. ) Appl Biosci 109: 10594.

GUIMARAES A, VIEIRAR & VIEIRAA. 2021. Structure of leaf galls
in Clusia fluminensis Planch. and Triana (Clusiaceae):
sex-biased development in a dioecious host plant.
Plants 10: 1-19.

GUSTAFSON KR, BLUNT JW, MUNRO MHG, FULLER RW, MCKEE TC,
CARDELLINA JH, MCMAHON B, CRAGG GM & BOYD MR. 1992.
The guttiferones, HIV-inhibitory benzophenones from
Symphonia globulifera, Garcinia livingstonei, Garcinia
ovalifolia and Clusia rosea. Tetrahedron 48: 10093-10102.

GUSTAFSSON MHG, WINTER K & BITTRICH V. 2007. Diversity,
phylogeny and classification of Clusia In: Clusia. Berlin,
Heidelberg: Springer Berlin Heidelberg, p. 95-116.

GUTIERREZ JM, CALVETE JJ, HABIB AG, HARRISON RA, WILLIAMS D)
& WARRELL DA. 2017. Snakebite envenoming. Nat Rev Dis
Prim 3: 17063.

GUTIERREZ JM & LOMONTE B. 1989. Local tissue damage
induced by Bothrops snake venoms. A review. Mem Inst
Butantan 51: 211-223.

GUTIERREZ JM, VARGAS M, SEGURA A, HERRERA M, VILLALTA M,
SOLANO G, SANCHEZ A, HERRERA C & LEON G. 2021. In vitro
tests for assessing the neutralizing ability of snake
antivenoms: toward the 3Rs principles. Front Immunol
11 617429.

HISHAM SHADY N, YOUSSIF KA, SAYED AM, BELBAHRI L, OSZAKO
T, HASSAN HM & ABDELMOHSEN UR. 2020. Sterols and
triterpenes: antiviral potential supported by in-silico
analysis. Plants 10: 41.

HU XL, NIU JJ, MENG Q, CHAI YH, CHU KH & CHAN KM. 2019.
Effects of two juvenile hormone analogue insecticides,
fenoxycarb and methoprene, on Neocaridina davidi.
Environ Pollut 253: 89-99.

An Acad Bras Cienc (2023) 95(1) 20211605 21| 25



GISELLE M. FARIA et al.

JAMES C, HARFOUCHE M, WELTON NJ, TURNER KME, ABU-RADDAD
LJ, GOTTLIEB SL & LOOKER KJ. 2020. Herpes simplex virus:
Global infection prevalence and incidence estimates,
2016. Bull World Health Organ 98: 315-329.

JIA Y-P, SUN L, YU H-S, LIANG L-P, LI W, DING H, SONG X-B &
ZHANG L-). 2017. The pharmacological effects of lutein and
zeaxanthin on visual disorders and cognition diseases.
Molecules 22: 610.

KLUMP SP, ALLRED MC, MACDONALD JL & BALLAM JM. 2001.
Determination of isoflavones in soy and selected foods
containing soy by extraction, saponification, and liquid
chromatography: Collaborative study. ] AOAC Int 84:
1865-1883.

KOUL 0. 2008. Phytochemicals and insect control: an
antifeedant approach. CRC Crit Rev Plant Sci 27: 1-24.

KRYST J, KAWALEC P & PILC A. 2015. Efavirenz-based
regimens in antiretroviral-naive HIV-infected patients:
a systematic review and meta-analysis of randomized
controlled trials. PLoS ONE 10: e0124279.

KUMAR S, SHARMA S & CHATTOPADHYAY SK. 2013. The potential
health benefit of polyisoprenylated benzophenones
from Garcinia and related genera: Ethnobotanical and
therapeutic importance. Fitoterapia 89: 86-125.

LE GEYT J ET AL. 2021. Paediatric snakebite envenoming:
recognition and management of cases. Arch Dis Child
106: 14-19.

LI H, SUN N-J, KASHIWADA Y, SUN L, SNIDER JV, COSENTINO LM
& LEE K-H. 1993. Anti-AIDS agents, 9. Suberosol, a new C31
lanostane-type triterpene and anti-HIV principle from
Polyalthia suberosa. J Nat Prod 56: 1130-1133.

LOAIZA-CANO V, MONSALVE-ESCUDERO LM, FILHO CSMB,
MARTINEZ-GUTIERREZ M & SOUSA DP. 2020. Antiviral role of
phenolic compounds against dengue virus: a review.
Biomolecules 11: 11.

LUNA KPO, DA SILVA MB & PEREIRA VRA. 2011. Clinical and
immunological aspects of envenomations by Bothrops
snakes. J Venom Anim Toxins Incl Trop Dis 17: 130-141.

LUTTGE U. 2006. Photosynthetic flexibility and
ecophysiological plasticity: questions and lessons from
Clusia, the only CAM tree, in the neotropics. New Phytol
171: 7-25.

MAGALHAES NMG, SOUSA JPB, DEMARQUE DP, SALVADOR CEM,
ALBERNAZ LC, ACHEE NL, GRIECO JP & ESPINDOLA LS. 2022.
Combining chemometric and phytochemical tools
to isolate and characterize activity of Vismia gracilis
compounds against Aedes aegypti. Nat Prod Res 36:
2620-2624.

BIOPROSPECTING POTENTIAL OF Clusia fluminensis

MAGALHAES SFV, PEIXOTO HM, DE ALMEIDA GONGALVES SACHETT
J, OLIVEIRA SS, ALVES EC, DOS SANTOS IBIAPINA HN, MONTEIRO
WM & DE OLIVEIRA MRF. 2020. Snakebite envenomation in
the Brazilian Amazon: a cost-of-illness study. Trans R Soc
Trop Med Hyg 114: 642-649.

MARIN RM, GARCIA JCL, GARCIA RMB & ALARCON AB. 2018.
Phytochemical screening and isolation of triterpenes
and sterols from leaves of Clusia minor L. Rev Cuba
Plantas Med 23: 2019-2021.

MATTILA P & KUMPULAINEN J. 2002. Determination of free
and total phenolic acids in plant-derived foods by
HPLC with diode-array detection. J Agric Food Chem 50:
3660-3667.

MAZZA KEL, SANTIAGO MCPA, PACHECO S, NASCIMENTO LSM,
BRAGA ECO, MARTINS VC, CUNHA CP, GODOY RLO & BORGUINI RG.
2019. Determination of bioactive compounds in Clusia
fluminensis Planch. & Triana fruit's arils. Rev Virtual
Quimica 11: 3-17.

MENESES LC, RIBEIRO MS, ANHOLETI MC, FIGUEIREDO MR,
KAPLAN MAC, SANTOS MG, PEREIRA HS, PAIVA SR & PAIXAO ICNP.
2015. Cytotoxicity and antiviral activity of extracts and
compounds isolated from Clusia fluminensis. DST - |
Bras Doencas Sex Transm 27: 73-78.

MEYDING-LAMADE U & STRANK C. 2012. Herpesvirus infections
of the central nervous system in immunocompromised
patients. Ther Adv Neurol Disord 5: 279-296.

MISE YF, LIRA-DA-SILVA RM & CARVALHO FM. 2018. Time to
treatment and severity of snake envenoming in Brazil.
Rev Panam Salud Publica 42: 1-6.

MOHAN S, ELHASSAN TAHA MM, MAKEEN HA, ALHAZMI HA,
BRATTY MAL, SULTANA S, AHSAN W, NAJMI A & KHALID A. 2020.
Bioactive natural antivirals: an updated review of the
available plants and isolated molecules. Molecules 25:
4878.

MOURA-DA-SILVA AM, DESMOND H, LAING G & THEAKSTON RDG.
1991. Isolation and comparison of myotoxins isolated
from venoms of different species of bothrops snakes.
Toxicon 29: 713-723.

NAGEM T), MESQUITA AAL & SILVA R. 1993. Constituints of
Clusia fluminensis. Fitoterapia LXIV: 380-381.

NEWTON K & DIXIT VM. 2012. Signaling in innate immunity
and inflammation. Cold Spring Harb Perspect Biol 4:
a006049.

NIECHAYEV NA, PEREIRAPN &CUSHN\ANJC.2019.Understanding
trait diversity associated with crassulacean acid
metabolism (CAM). Curr Opin Plant Biol 49: 74-85.

An Acad Bras Cienc (2023) 95(1) 20211605 22 | 25



GISELLE M. FARIA et al.

NI'L, ZHOU L, ZHOU M, ZHAO ) & WANG DW. 2020. Combination
of western medicine and Chinese traditional patent
medicine in treating a family case of COVID-19. Front Med
14: 210-214.

NINFALI P, ANTONELLI A, MAGNANI M & SCARPA ES. 2020.
Antiviral properties of flavonoids and delivery strategies.
Nutrients 12: 2534.

NOGUEIRA PCL, BITTRICH V, SHEPHERD GJ, LOPES AV & MARSAIOLI
AJ. 2001. The ecological and taxonomic importance
of flower volatiles of Clusia species (Guttiferae).
Phytochemistry 56: 443-452.

NOUDOGBESSI JPA, NATTA AK, TCHOBO FP, BOGNINOU GS,
BOTHON FTD, BOSSOU AD, FIGUEREDO G, CHALARD P, CHALCHAT
JC & SOHOUNHLOUE DCK. 2013. Phytochemical screening of
Pentadesma butyracea Sabine (Clusiaceae) acclimated
in Benin by GC/MS. ISRN Anal Chem 2013: 1-8.

OMEH YN, ONOJA SO, EZEJA MI, UCHENDU WC, OKORIE E &
RAYMOND M. 2014. Quantitative phytochemical, proximate
analysis and hypolipidemic effect of Garcinia kola. Br )
Med Med Res 4: 5770-5778.

OULEBSIR-MOHANDKACI H, BABA AISSA A, BADAOUI S,
BOUYAHIAOUI H, AIT KAKI S & MOHAMMEDI A. 2018.
Comparative study of the toxicity of phenolic compounds
of coriander (Coriandrum sativum) and false fennel
(Aneth graveolens) on Galleria mellonella (Lepidoptera,
Pyralidae). Euro-Mediterranean J Environ Integr 3: 30.

OZAEZ I, AQUILINO M, MORCILLO G & MARTINEZ-GUITARTE
J-L. 2016. UV filters induce transcriptional changes of
different hormonal receptors in Chironomus riparius
embryos and larvae. Environ Pollut 214: 239-247.

OZAEZ |, MARTINEZ-GUITARTE JL & MORCILLO G. 2014. The UV
filter benzophenone 3 (BP-3) activates hormonal genes
mimicking the action of ecdysone and alters embryo
developmentin the insect Chironomus riparius (Diptera).
Environ Pollut 192: 19-26.

PACHECO S, PEIXOTO FM, BORGUINI RG, NASCIMENTO LSM,
BOBEDA CR, SANTIAGO MCPA & GODOY ROL. 2014. Microscale
extraction method for HPLC carotenoid analysis in
vegetable matrices. Sci Agric 71: 416-419.

PAVELA R. 2016. History, presence and perspective of using
plant extracts as commercial botanical insecticides and
farm products for protection against insects - a review.
Plant Prot Sci 52: 229-241.

PEREZ-CANO FJ, MASSOT-CLADERA M, RODRIGUEZ-LAGUNAS
M) & CASTELL M. 2014. Flavonoids affect host-microbiota
crosstalk through TLR modulation. Antioxidants 3:
649-670.

BIOPROSPECTING POTENTIAL OF Clusia fluminensis

PICCINELLI AL, CUESTA-RUBIO O, CHICA MB, MAHMOOD N, PAGANO
B, PAVONE M, BARONE V & RASTRELLI L. 2005. Structural
revision of clusianone and 7-epi-clusianone and anti-
HIV activity of polyisoprenylated benzophenones.
Tetrahedron 61: 8206-8211.

PORTO ALM, MACHADO SMF, DE OLIVEIRA CMA, BITTRICH V,
AMARAL MDCE & MARSAIOLI AJ. 2000. Polyisoprenylated
benzophenones from Clusia floral resins. Phytochemistry
55: 755-768.

QU Z, BENDENAWG, TOBE SS & HUIJHL. 2018. Juvenile hormone
and sesquiterpenoids in arthropods: biosynthesis,
signaling, and role of MicroRNA. J Steroid Biochem Mol
Biol 184: 69-76.

REIS FHZ, PARDO-ANDREU GL, NUNEZ-FIGUEREDO Y, CUESTA-
RUBIO O, MARIN-PRIDA J, UYEMURA SA, CURTI C & ALBERICI
LC. 2014. Clusianone, a naturally occurring nemorosone
regioisomer, uncouples rat liver mitochondria and
induces HepG2 cell death. Chem Biol Interact 212: 20-29.

RENZI-HAMMOND LM, BOVIER ER, FLETCHER LM, MILLER LS,
MEWBORN CM, LINDBERGH CA, BAXTER JH & HAMMOND BR.
2017. Effects of a lutein and zeaxanthin intervention
on cognitive function: a randomized, double-masked,
placebo-controlled trial of younger healthy adults.
Nutrients 9: 1246.

REZANKA T, SIRISTOVA L & SIGLER K. 2009. Sterols and
triterpenoids with antiviral activity. Antiinfect Agents
Med Chem 8: 193-210.

RIBEIRO PR, FERRAZ CG & CRUZ FG. 2019. New steroid and
other compounds from non-polar extracts of Clusia
burle-marxii and their chemotaxonomic significance.
Biochem Syst Ecol 82: 31-34.

RODRIGUEZ-AMAYA DB. 2001. A guide to carotenoid analysis
in foods OMNI Research, ISLI Human Nutrition Institute,
64 p.

ROSAJSDG, GODOY RLDO, OIANO NETO J, CAMPOS RDS, MATTAVMD,
FREIRE CA, SILVA ASD & SOUZA RSD. 2007. Desenvolvimento
de um método de analise de vitamina C em alimentos
por cromatografa liquida de alta eficiéncia e exclusao
ionica. Ciéncia e Tecnol Aliment 27: 837-846.

RUKACHAISIRIKULYV, PAILEE P, HIRANRAT A, TUCHINDA P, YOOSOOK
C, KASISIT J, TAYLOR WC & REUTRAKUL V. 2003. Anti-HIV-1
protostane triterpenes and digeranylbenzophenone
from trunk bark and stems of Garcinia speciosa. Planta
Med 69: 1141-1146.

SAAD E, BARROS LC, BISCOLA N, PIMENTA DC, BARRAVIERA SRCS,
BARRAVIERA B & FERREIRA RS. 2012. Intraspecific variation
of biological activities in venoms from wild and captive

An Acad Bras Cienc (2023) 95(1) 20211605 23| 25



GISELLE M. FARIA et al.

Bothrops jararaca. ) Toxicol Environ Heal Part A 75:
1081-1090.

SA-HAIAD B, SILVA CP, PAULA RCV, ROCHA JF & MACHADO SR.
2015. Androecia in two Clusia species: Development,
structure and resin secretion. Plant Biol 17: 816-824.

SACHETTO ATA, ROSA JG & SANTORO ML. 2018. Rutin (quercetin-
3-rutinoside) modulates the hemostatic disturbances
and redox imbalance induced by Bothrops jararaca
snake venom in mice. PLoS Negl Trop Dis 12: e0006774.

SANDMANN G. 2014. Carotenoids of biotechnological
importance In: Advances in Biochemical Engineering/
Biotechnology, p. 449-467.

SELLS PG. 2003. Animal experimentation in snake venom
research and in vitro alternatives. Toxicon 42: 115-133.

SENTHIL-NATHAN S. 2020. A review of resistance
mechanisms of synthetic insecticides and botanicals,
phytochemicals, and essential oils as alternative
larvicidal agents against mosquitoes. Front Physiol 10:
1-21.

SHAMSABADIPOUR S, GHANADIAN M, SAEEDI H, RAHIMNEJAD MR,
MOHAMMADI-KAMALABADI M, AYATOLLAHI SM & SALIMZADEH
L. 2013. Triterpenes and steroids from Euphorbia
denticulata Lam. with anti-herpes symplex virus activity.
Iran ) Pharm Res 12: 759-767.

SILVA KMM, LUNA BN, JOFFILY A, PAIVA SR & BARROS CF. 2019a.
Revealing the development of secretory structures in
the leaves of Clusia fluminensis and Clusia lanceolata
(Clusiaceae). Flora 256: 69-78.

SILVA MCA, HERINGER AP, FIGUEIREDO MR & PAIVA SR. 2012.
Separation of clusianone from Clusia fluminensis
Planch. and Triana (Clusiaceae) by high speed counter-
current chromatography (HSCCQ). J Lig Chromatogr Relat
Technol 35: 2313-2321.

SILVA MCA & PAIVA SR. 2012. Antioxidant activity and
flavonoid content of Clusia fluminensis Planch. & Triana.
An Acad Bras Cienc 84: 609-616.

SILVA VAO ET AL. 2019b. Euphol, a tetracyclic triterpene,
from Euphorbia tirucalli induces autophagy and
sensitizes temozolomide cytotoxicity on glioblastoma
cells. Invest New Drugs 37: 223-237.

SILVA VAO, ROSA MN, TANSINI A, OLIVEIRA RJS, MARTINHO O,
LIMA JP, PIANOWSKI LF & REIS RM. 2018. In vitro screening of
cytotoxic activity of euphol from Euphorbia tirucalli on a
large panel of human cancer-derived cell lines. Exp Ther
Med 16: 557-566.

SILVERIO MRS, ESPINDOLA LS, LOPES NP & VIEIRA PC. 2020.
Plant natural products for the control of Aedes aegypti:

BIOPROSPECTING POTENTIAL OF Clusia fluminensis

the main vector of important arboviruses. Molecules 25:
3484,

SIMPKINS NS, HOLTRUP F, RODESCHINI V, TAYLOR JD & WOLF R.
2012. Comparison of the cytotoxic effects of enantiopure
PPAPs, including nemorosone and clusianone. Bioorganic
Med Chem Lett 22: 6144-6147.

SMITH RL, MORRONI J & WILCOX CL. 2001. Lack of effect
of treatment with penciclovir or acyclovir on the
establishment of latent HSV-1 in primary sensory
neurons in culture. Antiviral Res 52: 19-24.

STEVENS 2001 ONWARDS. Angiosperm Phylogeny Website.
Version 14, July 2017. http://www.mobot.org/MOBOT/
research/APweb/.

STRAUCH MA, TOMAZ MA, MONTEIRO-MACHADO M, RICARDO
HD, CONS BL, FERNANDES FFA, EL-KIK CZ, AZEVEDO MS &
MELO PA. 2013. Antiophidic activity of the extract of the
Amazon plant Humirianthera ampla and constituents. |
Ethnopharmacol 145: 50-58.

TAMAYOSE Cl, TORRES PB, ROQUE N & FERREIRA MJP. 2019. HIV-
1 reverse transcriptase inhibitory activity of flavones
and chlorogenic acid derivatives from Moquiniastrum
floribundum (Asteraceae). South African ] Bot 123:
142-146.

TAYLOR WF, YANEZ M, MOGHADAM SE, MORIDI FARIMANI M,
SOROURY S, EBRAHIMI SN, TABEFAM M & JABBARZADEH E. 2019.
7-epi-Clusianone, a multi-targeting natural product with
potential chemotherapeutic, immune-modulating, and
anti-angiogenic properties. Molecules 24: 4415.

THEAKSTON RD & REID HA. 1983. Development of simple
standard assay procedures for the characterization of
snake venom. Bull World Health Organ 61: 949-956.

TREML J, GAZDOVA M, SMEJKAL K, SUDOMOVA M, KUBATKA P &
HASSAN STS. 2020. Natural products-derived chemicals:
Breaking barriers to novel anti-HSV drug development.
Viruses 12: 1-42.

TRICCO AC ET AL. 2018. PRISMA extension for scoping
reviews (PRISMA-ScR): Checklist and explanation. Ann
Intern Med 169: 467-473.

UPASANI SV, BELDAR VG, TATIYA AU, UPASANI MS, SURANA S) &
PATIL DS. 2017. Ethnomedicinal plants used for snakebite
in India: a brief overview. Integr Med Res 6: 114-130.

WU HF, MORRIS-NATSCHKE SL, XU XD, YANG MH, CHENG YY, YU
SS & LEE KH. 2020. Recent advances in natural anti-HIV
triterpenoids and analogs. Med Res Rev 40: 2339-2385.

An Acad Bras Cienc (2023) 95(1) €20211605 24 | 25



GISELLE M. FARIA et al.

How to cite

FARIA GM, LEMOS APA, ANHOLETI MC, PAIVA SR & AMORIM LMF. 2023.
The bioprospecting potential of Clusia fluminensis Planch. & Triana:
a scoping review. An Acad Bras Cienc 95: €20211605. DOI 10.1590/0001-
3765202320211605.

Manuscript received on December 17, 2021;
accepted for publication on April 15, 2022

GISELLE M. FARIA'
https://orcid.org/0000-0002-4287-1651

ANA PATRICIA A. LEMOS'
https://orcid.org/0000-0002-4119-9656

MARIA C. ANHOLETI?
https://orcid.org/0000-0003-1552-9161

SELMA R. PAIVA**
https://orcid.org/0000-0002-8295-7011

LIDIA M.F. AMORIM'
https://orcid.org/0000-0001-7282-9748

'Universidade Federal Fluminense, Instituto de Biologia,
Departamento de Biologia Celular e Molecular, Rua
Prof. Marcos Waldemar de Freitas Reis, Bloco M,

31, Sao Domingos, 24210-201 Niteroi, R), Brazil

Universidade Federal Fluminense, Faculdade de Farmacia,
Departamento de Farmacia e Administragao Farmacéutica, Rua
Dr. Mario Vianna, 523, Santa Rosa, 24241-001 Niteroi, R}, Brazil

BIOPROSPECTING POTENTIAL OF Clusia fluminensis

*Universidade Federal Fluminense, Instituto de
Biologia, Departamento de Biologia Geral, Rua
Prof. Marcos Waldemar de Freitas Reis, Bloco M,
111, Sao Domingos, 24210-201 Niteroi, RJ, Brazil

“Programa de Pos-Graduacao em Ciéncias Aplicadas
a Produtos para Salde, Universidade Federal
Fluminense, Faculdade de Farmacia, Rua Dr. Mario
Vianna, 523, Santa Rosa, 24241-001 Niteroi, RJ, Brazil

Correspondence to: Lidia Amorim
E-mail: amorimlidia@id.uff.br

Author contributions

Giselle M. Faria: search and selection of the papers,
categorization by bibliographic databases, writing of original
draft, data analysis and organization of the results. Ana Patricia
A. Lemos: search and selection of the papers, categorization
by bibliographic databases, figures design. Maria Carolina
Anholeti: reviewing and editing. Selma R. Paiva: reviewing and
editing, project administration, funding acquisition. Lidia M.F.
Amorim: conceptualization, reviewing and editing, data analysis,
supervision, project administration, funding acquisition.

@)y

An Acad Bras Cienc (2023) 95(1) 20211605 25 | 25



