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HIGHLIGHTS
e Vascular system with accessory bundles in the petiole.
¢ Alkaloids, phenols substances, carbohydrates and lipids were located.
¢ Stems and leaves ethanolic extracts with cytotoxic activity.

e Adventitious roots, stems and leaves ethanolic extracts with antibacterial activity.

Abstract: Clusia grandiflora belongs to an important botanical family which is known for its medicinal value,
however there are few reports in literature about the species, highlighting the relevance of this study.
Anatomical studies with leaves and stems were performed using traditional techniques. In this investigation
it was identified particularities of the species such as the presence of vascular system arranged in an opened
arc-shaped with the flexed ends towards the inside of the arch with accessory bundles in the petiole. In
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histochemical studies, performed with different reagents, alkaloids, phenols substances, carbohydrates and
lipids were located. The cytotoxic activity of the extracts was performed by tetrazole salt and showed
promising results for ethanolic extracts of stems (ICso human colon cells of 24.30 ug/ mL) and leaves (ICso
ascites gastric cells of 44.15 ug/ mL), without cell membrane disruption of erythrocytes. The antibacterial
activity was evaluated by tryptic soy agar and minimal inhibitory concentration assays and showed positive
results for Pseudomonas aeruginosa and Escherichia coli, with better result for adventitious roots (32 pg/ mL
and 16 ug/ mL, respectively), stems (64 ug/ mL and 32 ug/ mL, respectively) and leaves (64 ug/ mL and 32
Mg/ mL, respectively) ethanolic extracts. Thus, these studies were able to characterize the species and show
its potential as promising source of active substances.

Keywords: antibacterial activity; cytotoxic activity; histochemical evaluation; plant anatomy.

INTRODUCTION

The family Clusiaceae Lindl. includes 15 genera, 800 species and present wide geographical distribution,
being more recurrent in the tropics [1]. The genus Clusia L. comprises 66% of the species and most of them
exhibit xerophytic anatomical features [1,2], in addition to secondary metabolites with different activities, such
as antinociceptive flavonoids, larvicidal terpenoids and benzophenones with antimicrobial and antitumor
activities [3-6].

Studies with Clusia grandiflora Splitg. showed that the floral resins [7,8] and benzophenones isolated
from the trunk latex [9] presented antimicrobial activity and ethanolic extracts demonstrated antioxidant
potential that could be associated with presence of phenolic compounds [10].

Due to the few reports in literature about C. grandiflora, anatomical, chemical and biological studies are
necessary. Select markers that can serve as control [11] and identify phylogenetic relationships [12] are the
initial step to plant studies, being the anatomical and histochemical studies useful for this purpose. As C.
grandiflora is a tree species, native from Brazil and from a botanical family with biological potential [3-6], it
could be a promising source of substances that can act as a prototype in the pharmaceutical industry.

Cancer is the second cause of death in worldwide [13] and represents a complex disease in which cells
undergo that lead to uncontrolled multiplication. Patients affect by the disease are normally debilitated, with
reduced immunity due to the chemotherapy treatment and often more susceptible to opportunistic infections
[14]. Species of the genus Clusia had already evidenced antitumor activity [4] and the possibility of having a
dual inhibitor to act as an anticancer and antibacterial may be an alternative treatment for the patients with
both diseases [15].

Thus, this work aimed to perform anatomical and histochemical studies in the stems and leaves of C.
grandiflora and evaluate the cytotoxic and antibacterial activity of the hexanic and ethanolic crude extracts of
the adventitious roots, stems, leaves and flowers in order to support the search for new substances and
contribute to the knowledge of the Brazilian flora.

MATERIAL AND METHODS

Plant material

Adventitious roots, stems, leaves and flowers of C. grandiflora were collected near the Rio de Janeiro
Botanical Garden Research Institute, Rio de Janeiro, Brazil. The identification was carried out by the botanist
Adriana Quintella Lobao and a specimen was deposited in the Jardim Botanico do Rio de Janeiro Herbarium
(RB 603161). For the accomplishment of the chemical and biological studies, CGEN authorization was
obtained (CGEN n° 010415/2013-0/ SISGEN A3E1ADO0). For anatomical description and histochemical
analysis, only leaves and stems were used while for the evaluation of biological activity, all parts collected
were used.

Anatomical description

Transverse sections at the middle part of the midrib and intercostal regions of leaf and the middle region
of the petiole and stems were made and fixed in alcohol 70%. The petiole and stem were embedded in
polyethylene glycol (PEG) as proposed by Burger and Richter [16] and leaf blade in historesin (Leica).
Posteriorly, transverse serial sections (3 — 5 um thick) were performed in rotary microtome (RMC Products
MT990) and stained with Astra Blue (Sigma-Aldrich) and Basic Fuchsin (Vetec) [17]. The stained sections
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were made into semi-permanent slides with glycerin 50% for viewing and photography in an optical
microscope (Zeiss Primo Star).

Histochemical analysis

Free-hand section in the fresh stems and leaves were performed in order to identify different chemical
metabolites. Leaves were embedded in historesin (Leica) and sectioned in rotary microtome (RMC Products
MT990) for observation with fluorophores reagents. Materials were prepared using different reagents for the
identification of primary and secondary metabolites as described in Table 1.

Semi-permanent slides were made using the stained sections with glycerin 50% for visualization and
photography in optical microscope (Zeiss Primo Star). Stained sections with fluorophore Auramine O
(Excitation 450-480 nm/ Emission 515 nm) and Calcofluor (Excitation 360-370 nm/ Emission 420 nm) were
visualized and photographed in fluorescence microscopy with LAS AF LITE software (version 2.6.0) (Leica
Microsystems) and laser scan confocal (Leica TCS SPE) coupled to camera CoolSnap attached to an
Olympus 50 BX.

Preparation of the extract

Vegetative and reproductive organs were dried in oven with forced air circulation (Solab SL) at 40°C and
later reduced to small fragments with the use of the blender (Tron). The processed material was submitted
to extraction by static maceration with hexane (VETEC) and ethanol (VETEC). The solvent was removed in
rotary evaporator (Buchi R 114).

Cytotoxic activity against cancer cell lines

The in vitro cytotoxicity of the extracts were tested against tumor cell lines (HCT-116 = human colon,
AGP-01 = malignant gastric ascites, MCF7 = breast-human) and human fibroblast cell line (MRC5 = human
fibroblast) and determined by tetrazole salt (MTT) [3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide] following the methodology proposed by Mosmann [18], with modifications. Cell (5 x 102 cells per
well) were plated in 96-well plate and incubated with 50 pg/ mL of extracts for 72 h and then centrifuged. The
supernatant was aspirated and added to 100 pyL MTT solution 0.5 mg/ mL in Dulbecco's modified Eagle
culture medium (DMEM).

Plates were placed in an oven at 5 % CO- for 3 h and then centrifuged and the supernatant was aspirated.
The precipitate was resuspended in 100 pL of dimethyl sulfoxide (DMSQO) and agitated for 10 min until
complete dissolution of the formazan crystals. Plates were analyzed in a spectrophotometer at a wavelength
of 570 nm. Doxorubicin was used as a positive control and DMSO as a negative control. ICso was calculated
by non-linear regression in the GraphPad Prism 6.0 software. The most active extracts had their
concentration-response curve (0.78125 ug/ mL - 50 pg/ mL) evaluated.

Cell membrane disruption

The test cell membrane disruption was performed in 96-well plates using a 2 % mouse erythrocyte
suspension in NaCl 0.85 % containing CaCl, 10 mM. Erythrocytes were plated together with extracts in
triplicate at a concentration of 200 pg/ mL. Plates were incubated for 1 h under stirring and then centrifuged.
The supernatant was transferred to plate and read in a spectrophotometer at the wavelength of 450 nm.
Triton X-100 (0.5%) and DMSO were used as positive and negative controls, respectively. ICso was calculated
like effective dose that induced lyses in 50% of the Triton X-100.

Antibacterial activity

The sensitivity profile of extracts against Gram-positive (Enterococcus faecalis, Staphylococcus aureus,
Staphylococcus epidermidis and Staphylococcus simulans) and Gram-negative (Serratia marcescens,
Proteus mirabilis, Enterobacter cloacae, Pseudomonas aeruginosa, Escherichia coli and Klebsiella
pneumoniae) bacterial strains was evaluated. After 5 h of growing the bacterial inoculum was adjusted to 0.5
McFarland scale. Plates were homogeneously seeded with the inoculum and the discs containing 5 pL (5
mg/ mL) of each extract, negative control (DMSO) and positive controls (Vancomycin and Ciprofloxacin for
Gram positive and negative strains, respectively) were deposited on the surface. Plates were stored overnight
in an oven at 35 °C. The tests were performed in triplicate and the extracts without bacterial growth had their
inhibition diameter halos measured in millimeters.

Brazilian Archives of Biology and Technology. Vol.63: €20190674, 2020 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

4 Ribeiro, M.M.J.; et al.

The extracts that exhibited activity were submitted to the minimal inhibitory concentration (MIC) test
according to the methodology proposed by the Clinical and Laboratory Standards Institute (CLSI) (2012) [19].
Using 96-well plate the starting concentration of each tested extract was 256 pug/ mL in the first well, following
the serial dilution until 4 ug/ mL. The positive controls were serially diluted from 256 pg/ mL until 0.25ug/ mL.
Plates were stored at 35 °C for approximately 16-20 h in an incubator with ambient air. The MIC was
performed in triplicate and determined to the naked eye in the function of the turbidity present on the plate
after the addition of the blue resazurin dye diluted in sterile distilled water (0.1 mg/ mL). If there are
metabolically active microorganisms, blue resazurin changes its color to pink. The first well that remained
blue was determined as the minimum inhibitory concentration.

RESULTS
Anatomical description

Petiole

In cross section, the petiole of C. grandiflora has circular shape. The epidermis is uniseriate, glabrous
and presents cuticle with flanges (Figure 1A). Cortex is composed by 10-12 annular collenchyma layers with
secretory ducts of probable schizogenic origin (Figure 1A), followed by fundamental parenchyma with thin
walls and varied sizes (Figure 1B). The vascular system is constituted by collateral bundles arranged in an
opened arc-shaped with the flexed ends towards the inside of the arch. The vascular bundles are surrounded
by perivascular fiber groups (Figure 1C). There is also the presence of accessory bundles in the region of
the cortical fundamental parenchyma (Figure 1B). The xylem is composed by protoxylem and metaxylem
elements arranged in radial series (Figure 1D). In the medulla region of the petiole, there are parenchyma
cells of several sizes (Figure 1C).

Leaf blade

The leaves are hypostomatic and the epidermis is glabrous on both sides (Figure 1E and 1F). Transverse
sections show that the epidermis is uniseriate, covered with a thick cuticle that extends between the anticlinal
walls and forms flanges (Figure 1E). The mesophyll is isobilateral (Figure 1E). The hypodermis presents
about two layers of elliptic cells on the adaxial side and one layer of smaller cells on the abaxial side (Figure
1E).

The palisade parenchyma presented 2-3 layers in the adaxial surface and 1-2 layer in the abaxial surface.
The spongy parenchyma has large and abundant intercellular spaces and 10-12 cells layers of several sizes,
where secretory ducts of probable schizogenic origin, idioblasts with druses and vascular bundles are
observed (Figure 1E).
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Figure 1. Leaf anatomy of Clusia grandiflora in cross-sections A-D: Petiole and E-F: Leaf blade A) Epidermis showing
the cuticular flanges and secretory ducts. B) Annular collenchyma and accessory collateral bundles (bracket). C)
Overview of the vascular system with parenchymal cells. D) Metaxylem elements arranged in radial series. E)
Hypodermis, palisade parenchyma and secretory ducts on the spongy parenchyma F) Stomata in the abaxial surface.
co: collenchyma; cu: cuticle; d: secretory ducts; ec: epidermal cells; ep: epidermis; fp: fundamental parenchyma; hy:
hypodermis; pa: parenchyma cells; ph: phloem; sp: spongy parenchyma; pp: palisade parenchyma; vb: vascular bundle;
xy: xylem. Scale: A, D and F = 10 ym; B and C = 100 pym; E = 50 pm.

The edge of leaf (Figure 2A and 2B) present a uniseriate epidermis with elongated cells and a thicker
cuticle in relation to the other leaf parts. Also, cuticle flanges are present and occurs an impregnation of the
inner periclinal walls in the epidermal cells (Figure 2A). The layers underlying, are occupied by cells of the
fundamental parenchyma presenting secretory ducts of probable schizogenic origin and vascular bundle with
perivascular fibers encompassing both of them (Figure 2B).

In the transverse plane, the midrib has a convex-convex shape (Figure 2C), the epidermis is uniseriate
and the cuticle presents flanges and cutinized inner periclinal cell walls (Figure 2D and 2E). Below the
epidermis, parenchyma layers presented several idioblasts with druses (Figure 2F) and secretory ducts also
of probable schizogenic origin (Figure 2G). The vascular system is formed by about 30 free circular bundles
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(Figure 2C). Groups of perivascular fibers occurred along the phloem tissue (Figure 2C and 2H). There are
9-10 accessory bundles arranged in two bands and inserted in the medullar parenchyma (Figure 2C).

Stem

In transverse plane, the stem (Figure 21 and 2J) has primary tissues and early secondary growth.
Uniseriate epidermis is observed with cells of irregular shape covered by thick cuticle (Figure 2I). The cortex
is formed by parenchyma cells layers showing several diameters (Figure 2I). In the vascular region there are
secondary phloem and xylem, followed by the parenchymatous medulla cells in the center of stem (Figure
2J).

Figure 2. Clusia grandiflora in cross-sections. A-B. Edge of leaf, C-H Midrib and I-J. Stem. A) Detail of the leaf edge
showing the cuticle and secretory ducts. B) Vascular bundle of leaf edge. C) Overview of the midrib showing vascular
system, free circular bundles and perivascular fibers (arrow). D - E) Cuticle with flanges and internal periclinal wall
cutinized in adaxial and abaxial view. F) Idioblast with druse (arrow). G) Secretory duct. H) Detail of vascular bundles
and perivascular fibers (arrow). I) Detail of uniseriate epidermis of the stem. J) Secondary xylem and medulla region.
cp: cortical parenchyma; cu: cuticle; d: secretory ducts; ec: epidermal cells; fi: fibers; fp: fundamental parenchyma; me:
medulla; ph: phloem; vr: vascular region; xy: xylem. Scale: A =50 ym; B,D -1 =10 ym; C and J = 100 pym.

Histochemical analysis

Wagner's reagent was positive indicating the presence of alkaloids in epidermal cells and vascular
bundle in all parts of the leaf (Table 1) (Figure 3A).
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Lugol and calcofluor detected storage carbohydrates, such as polysaccharides (starch), and structural
polysaccharides (cellulose). Starch grains were observed in all parts of the leaf and stem, mainly in the
cortical and medullary parenchyma of the petiole, in all central midrib (Figure 3B) and in the spongy
parenchyma of the intercostal region (Table 1). The cellulose was evidenced in the spongy parenchyma and
epidermal cells of the intercostals region, with more emphasis on the latter (Table 1) (Figure 3C).

Lipid substances and their derivatives were evidenced by Sudan Ill, Sudan IV and Auramine O. Sudan
lll and IV stain the leaf and stem, mainly in all leaf cuticle (Figure 3D), idioblasts present in the cortical and
medullar parenchyma of the midrib, in the cortical parenchyma of the petiole, in the fundamental parenchyma
of the edge of leaf and in the cortical parenchyma of the stem (Table 1). The Auramine O fluorophore was
evident in the leaf cuticle (Table 1) (Figure 3E).

Phenol substances were stained with ferric chloride and detected in the palisade parenchyma of the
intercostal region (Figure 3F), in the fundamental parenchyma of the leaf edge, vascular system of the petiole
and in the cortical region of the stem (Table 1).

Tannins and flavonoids were not detected by histochemical tests with chloridric vanillin and aluminum
chloride, respectively (Table 1).

Table 1.Reagents for detection of primary and secondary metabolites and localization of the chemical classes detected
in the leaf blade and in the stems of Clusia grandiflora by histochemical tests.

Chemical class Reagent Petiole Edge Intercostal Midrib Stem
region
Lipophilic substances Sudan 11 [17] + + + + +
Sudan IV [17] + + + + +
Auramine O [20] + + + + n
Flavonoids Aluminum chloride [21] - - - - -
Alkaloids Wagner’'s reagent [22] + + + + -
Tannins Chloridric vanillin [23] - - - - -
Phenols substances Ferric chloride [17] + + + - +
Carbohydrates:

Starch Lugol [17] + + + + +
Cellulose Calcofluor [24] - - + - n

+ present, - absent, n: test not performed.
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Figure 3. Histochemical tests of leaf and stem of Clusia grandiflora. A) Epidermis and vascular bundle stained with
Wagner’s reagent on the leaf edge suggesting the presence of alkaloids. B) Medullar parenchyma of the midrib, next to
the vascular cylinder, stained with Lugol indicating the presence of starch (arrow). C) Leaf blade evidencing the presence
of cellulose in the epidermis stained with calcofluor. D) Cuticle of the petiole stained with Sudan IV indicating the
presence of lipids. E) Leaf edge evidencing the presence of lipids in cuticle when stained with Auramine O. F) Palisade
parenchyma of the intercostal region stained with ferric chloride evidencing the presence of phenolic substances. cu:
cuticle; ec: epidermal cells; fp: fundamental parenchyma; pp: palisade parenchyma; vb: vascular bundle. Scale: A, E
and F =50 ym, B, Cand D =10 pm.

Preparation of the extract

Adventitious roots, stems, leaves and flowers of C. grandiflora were collected, processed and subjected
to successive extraction with hexane and ethanol. Results with extractive yields are shown in Table 2.
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Table 2. Plant part, dry weight (g), solvent (mL), extract weight (g), vield (%) and sample code of the process of
extraction of Clusia grandiflora.

Plant part Dry weight (g) Solvent (mL) Extract weight (g) Yield (%) Sample code
Flowers 31.60 Hexane (100) 0.41 1.30 CGFH
Ethanol (100) 2.49 7.88 CGFEt
Adventitious roots 45.58 Hexane (100) 1.34 2.93 CGRAH
Ethanol (100) 2.16 4.74 CGRAEt
Stems 887.10 Hexane (1000) 7.41 0.84 CGRH
Ethanol (1000) 26.69 3.00 CGREt
Leaves 1126.95 Hexane (1500) 25.15 2.23 CGFoH
Ethanol (1500) 51.28 4.55 CGFoEt

Anticancer and hemolytic activity

In vitro cytotoxicity showed positive results for ethanolic extracts of stem and leaves against the human
colon and gastric ascites, respectively. In addition, the absence of hemolytic activity was verified. Results are
shown in Table 3.

Table 3. ICso values obtained to the cytotoxic and hemolytic assays of the crude extracts of Clusia grandiflora.

Sample code ICso(Mg/mL e pM)*
HCT-116 AGP-01 MCF7 MRC5 Hemolysis
CGFH >50 >50 >50 >50 >200
CGFEt >50 >50 >50 >50 >200
CGRAH >50 >50 >50 >50 >200
CGRAEt >50 >50 >50 >50 >200
CGRH >50 >50 >50 >50 >200
CGREt 24.30(18.54- >50 >50 >50 >200
31.84)
CGFoH >50 >50 >50 >50 >200
CGFoEt >50 44.15(34.79- >50 >50 >200
56.02)
Doxorubicin 0.95 (0.73-1.24) 0.25(0.19-0.33) 0.1 (0.047-0.28) 0.2(0.16-0.25) >200

*the concentration values are in ug/ mL for the extracts and in uM for Doxorubicin. HCT-116: human colon, AGP-01:
gastric ascites; MCF7: breast-human; MRC5: human fibroblast; CGFH: hexanic extract of flowers; CGFEt: ethanolic
extract of flowers; CGRAH: hexanic extract of adventitious roots; CGRAEt: ethanolic extract of adventitious roots;
CGRH: hexanic extract of stem; CGREt: ethanolic extract of stem; CGFoH: hexanic extract of leaves; CGFoEt: ethanolic
extract of leaves.

Antibacterial activity

The extracts showed antibacterial activity in the TSA assay only for the Gram negative strains of
Pseudomonas aeruginosa and Escherichia coli for five of the eight tested extracts, as shown in Table 4.

Table 4.Diameter of the inhibition halos formed as a function of the extracts (5 mg/ mL) of Clusia grandiflora activity
against Pseudomonas aeruginosa and Escherichia coli strains.

Sample code P. aeruginosa E. coli
CGFH - -
CGFEt 6.3 mm 6.6 mm
CGRAH - -

CGRAEt 7.0 mm 7.0 mm
CGRH 7.6 mm 7.8 mm
CGREt 6.6 mm 7.0 mm
CGFoH - -

CGFoEt 7.3 mm 6.2 mm

- without halo formation. CGFH: hexanic extract of flowers; CGFEt: ethanolic extract of flowers; CGRAH: hexanic extract
of adventitious roots; CGRAEt: ethanolic extract of adventitious roots; CGRH: hexanic extract of stems; CGREt:
ethanolic extract of stems; CGFoH: hexanic extract of leaves; CGFoEt: ethanolic extract of leaves.

The extracts that showed activity in the TSA assay had their MIC determined and the results were
expressed in Table 5.
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Table 5.Minimal inhibitory concentrations (MIC) of the active extracts (256 to 0.25 pg/ mL) of Clusia grandiflora against
Pseudomonas aeruginosa and Escherichia coli strains.

Sample code P. aeruginosa E. coli
CGFEt 256 pg/ mL 64 pg/ mL
CGRAEt 32 pg/ mL 16 pg/ mL
CGRH 256 pg/ mL 128 pg/ mL
CGREt 64 ug/ mL 32 pg/ mL
CGFoEt 64 ug/ mL 32 pg/ mL

CGFH: hexanic extract of flowers; CGFEt: ethanolic extract of flowers; CGRAEt: ethanolic extract of adventitious roots;
CGRH: hexanic extract of stems; CGREt: ethanolic extract of stems; CGFoEt: ethanolic extract of leaves.

DISCUSSION

The anatomical and histochemical studies are useful for the practical identification and characterization
of phylogenetic relationships, besides being the first step to identify plant species in the quality control [12,
25-27].

The thick cuticle forming flanges was observed in species of Clusia, including C. hilariana Schltdl.[28,29],
C. obdeltifolia Bittrich [30], C. criuva Cambess. [31] and C. Lanceolata Cambess. [32]. In literature, there are
no studies of ontogeny that prove the schizogenic origin of the secretory ducts in C. grandiflora, although it
has already been indicated [33]. Silva and coauthors [34] describes these schizogenic ducts in C. fluminensis
and C. lanceolata, suggesting that they can also occur in C. grandiflora.

The vascular system of the petiole was already mentioned by Paula [35] in Clusia aff. macropoda
Klotzsch ex Engl., but the accessory bundles were absent, being a unique characteristic of the species.

The hypodermis present in the mesophyll is general in the genus [27] and has already been described
in C. aff. macropoda[35], C. hilariana[28], C. spiritu-sanctensis G. Mariz & B. Weinberg [36] and C. criuva
[2,31].

Solereder [37] cited anatomical aspects of the stem common to the family, such as thin medullary rays.
Characteristics such as the presence of epidermis in structure with secondary growth have also been
observed in C. aff. macropoda[35].

Histochemical studies suggested the presence of alkaloids in C. grandiflora. In C. criuva alkaloids were
also identified in histochemical studies and in the chemical profile [31], but the isolation of this type of
secondary metabolite in Clusia species has still not been described in the literature.

The presence of carbohydrates, the primary metabolite essential for plant survival, was observed. Two
types of polysaccharides were verified, the structural cellulose and the storage starch, which was found in all
parts of the species, corroborating the literature [38].

Phenolic substances were also observed in this histochemical study. They have already been described
in previous studies[10] and could be associated with the antioxidant activity and the presence of
arylpropanoids in the species.

Flavonoids were little evidenced by the methodology used in this work. Although they were identified and
isolated from species of Clusia[3,39,40], in C. grandiflora they were present in low levels, represented by
flavones and flavonols [10].

Regarding the cytotoxic activity against cancer cell lines, the most promising extracts were those
extracted in ethanol. The extract of stems presented a good anticancer activity for the human colon line and
the extract of the leaves for the gastric ascite cell line. The extracts were active only for the tumor cell line
and did not inhibit normal line growth at the tested concentrations. According to the National Cancer Institute
protocol [41], ICs values < 30 pg/ mL should be considered promising for crude extracts of plant origin.

The study performed for the determination of hemolytic activity in mice cells indicated that none of the
samples tested lysed the plasma membrane of the cells at the highest concentration tested. Thus, it was not
the mechanism of action of the extracts and future studies should be realized.

The cytotoxic activity of Clusia has already been described in literature, being benzophenones the
secondary metabolites with the highest action. Nemorosone, present in C. rosea Jacq., was cytotoxic to
different tumor cell lines and with low cytotoxicity in healthy cells [4,42-45]. Biphenyl derivatives present in C.
paralicola G. Mariz also showed cytotoxicity in general tumor cell underlining that form keratin [46]. However,
phenolic compounds could also be involved with this biological activity since it has already been described
in the literature with the anticancer activity [47].
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Five extracts, four of them ethanolic, showed activity against Pseudomonas aeruginosa and Escherichia
coli in TSA. This result is quite promising because it is a crude extract composed of several substances in
small concentrations that may be contributing synergistically and reducing the chances of resistance [48].

Adventitious roots ethanolic extract was the most effective against P. aeruginosa and E. coli. However,
all extracts tested for MIC were within the range accepted by the Clinical and Laboratory Standards Institute
(512 pg/ mL> MIC > 0.25 pg/ mL) [24] and were considered promising.

Previous studies on C. grandiflora have shown that benzophenones have antibacterial activity against
honey pathogens Paenibacillus larvae and Paenibacillus alvei [9] and floral resins showed antimicrobial
activity against Staphylococcus aureus, Bacillus subtilis and Candida albicans in a bioautography test [8].
This assay showed that not only the components of flower resins may exhibit antibacterial activity but also
from other parts of C. grandiflora and compounds with polar features. Naves and coauthors [49] have already
related that leaf aqueous extract from Garcinia brasiliensis Mart. (Clusiaceae), with high content of phenolic
compounds, displayed a great antimicrobial activity.

CONCLUSION

The notable anatomical features of C. grandiflora included the presence of hypodermis, cuticles with
flanges and secretory ducts. In addition, vascular system of the petiole showed accessory bundles, being a
unique characteristic of the species. Histochemical tests demonstrated the presence of alkaloids, starch
grains, lipids and phenols substances. These findings will be useful in the authentication of raw materials of
the species.

The cytotoxic activity was promising for stems and leaves ethanolic extracts against the human colon
and gastric ascites lines, respectively. The extracts presented antibacterial activity against the strains of P.
aeruginosa and E. coli, with all ethanolic extracts being outstanding. The activities evaluated showed the
potential of the species for the isolation of promising compounds with polar features and also contributed to
increase the knowledge of the genus Clusia and, thus, the Brazilian flora.
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