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HIGHLIGHTS
e Secondary metabolites modulating the action of fibrinogenolytic proteases.

e Protecting DNA molecules from enzymatic degradation.

¢ Inhibiting hemorrhagic proteases.

Abstract: The genus Eucalyptus present high content of essential oil (EO). This study evaluated the
pharmacological properties of Eucalyptus grandis (EG) and Eucalyptus microcorys (EM) EOs. The major
component in both EOs was 1,8-Cineole. Both essential oils prevented thrombus dissolution and reduced
clotting, hemolysis, and genotoxicity induced by snake venoms. 50% (EM) and 73% (EG) were the greatest
inhibitions obtained in the thrombolytic assay - thrombolysis induced by B. moojeni venom. Increases in
clotting time were also observed, with values considered significant between 10-27 seconds. Lysis values
50% lower than the negative control were observed in both EOs. The EOs also protected fibrinogenolysis
induced by snake venom. EM EO was more effective in reducing venom-induced DNA fragmentation in the
comet assay, with arbitrary unit values 66.15% lower than the positive control. These oils present wide
application potential considering the pharmacological properties observed in this study.

Keywords: 1,8-cineole; snake venom proteases; Comet assay; chemical characterization; enzyme
inhibitors; hemostasis.
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INTRODUCTION

Eucalyptus (genus) are the world’s most widely planted hardwood trees. Their outstanding diversity,
adaptability, and growth have made them a global renewable resource of fiber and energy. Eucalyptus also
shows the highest gene diversity for specialized metabolites such as terpenes. Eucalyptus leaves present
high essential oil (EO) content (up to 33%), which can have up to 48 different compounds. Almost all EO
present the terpene 1,8-Cineole, known as eucalyptol, as their major constituent. Myrtaceae EOs are rich in
p-Cymene, carvacrol, cuminaldehyde, and linalool, which are often cited as responsible for the great
antioxidant property observed. Besides that, these EOs are related to antimicrobial, anti-inflammatory,
antitumor, and enzymatic modulating properties [1].

The several classes of enzymes present in snake venoms (proteases and phospholipases) possess high
homology with mammal’s equivalent enzymes. Therefore, they can be used as adequate tools to simulate
hemostatic, inflammation, genotoxic, and cytotoxic effects. Eucalyptus microcorys (EM) is one of the least
exploited Eucalyptus species in terms of its phytochemical content and biological activity [2,3]. On the other
hand, Eucalyptus grandis (EG) has extensive research on its biological effects. In the present work, the
chemical composition of EG and EM were characterized. In addition, their essential oils were evaluated
against the biological effects induced by snake venoms (hemostasis and genotoxicity on human leukocytes).

MATERIAL AND METHODS

Plant material and venoms

EG and EM leaves were collected at the campus of the Federal University of Lavras - UFLA (Latitude
21° 13' S, Longitude 44° 58' W, and an average altitude of 915 m) in September 2016 (in days without
precipitation and during the morning). The species were identified by the botanist Manuel Losada Gavilanes,
and the exsiccates were deposited at UFLA’s Herbarium. The extraction of the essential oils was performed
at the Organic Chemistry Laboratory—Essential Oils, Department of Chemistry — UFLA (coordinated by Dr
Maria das Gracgas Cardoso), with a modified Clevenger apparatus using the hydrodistillation technique
(£98°C for 2 hours), according to Camargo and collaborators [4]. The essential oils were stored at 4°C and
diluted in DMSO: PBS (1:1).

The essential oils chemical characterization was carried out at UFLA's Chemical Analysis and
Prospecting Center (CAPQ) using gas chromatography-mass spectrometry (GC/MS) and gas
chromatography with flame ionization detection (GC/FID). The essential oils compounds were identified using
a Shimadzu GC-17 A device with a mass-selective detection (model QP 5050 A). The following were the
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experimental conditions used: DB-5 fused-silica capillary column (5% phenyl-95% dimethylpolysiloxane; 30
m x 0.25 mm id x 0.25 ym film); helium as carrier gas at a flow rate of 1.18 mL min; initial temperature at
60 °C and then increases of 3 °C/min up to 240 °C and 10 °C/min up to 300 °C, which remains for 7 minutes;
the injector and detector temperatures were 220 °C and 240 °C, respectively; 0.1 pyL of sample diluted in
hexane (1:100) and a mixture of hydrocarbons (C9-C26) were injected; the impact energy was 70 eV.

The quantification of the compounds was performed using gas chromatography (Shimadzu GC — 17A)
with flame ionization detection (GC/FID). The experimental parameters were the same used in the
characterization with GC/MS analysis, with the detector temperature at 300 °C, and the concentration of each
component was obtained by normalization of areas (%). The compounds were identified comparing the
retention rates and respecting the homologous series of alkanes [nC8- nC18] [5], extrapolating to C19 and
C20) to the indexes of two data available on the equipment - NIST107 and NIST2. Therefore, it was possible
to compare the spectra obtained from the samples with those already existing in the literature. The integration
of peak areas defined the percentage of oil constituents without using correction factors. The values shown
correspond to the average value of two injections. The used venoms were purchased from the serpentarium
Bioagents (Batatais-SP). They were weighed (10 mg), dissolved in 1 mL of phosphate-buffered saline (PBS),
and adjusted to pH 7.4. The venoms were previously evaluated to define the minimum doses that induce the
activity required in each test.

This study received the authorization to access the genetic patrimony (CGEN — Brazil) under the process
numbers AAA3244 (Eucalyptus) and ABA4AB3 (Bothrops moojeni and Lachesis muta venoms).

Thrombolytic, Fibrinogenolytic, Clotting, and Hemolysis tests

Blood samples from healthy volunteers were collected without anticoagulant in BD Vacutainer® for the
thrombolytic test [6]. 100 pL blood were distributed in each well of the microplate. After clotting, different
volumes of essential oils were added to 30 puL of snake venom (Bothrops moojeni or Lachesis muta), which
were incubated for 10 minutes at 37°C. Afterwards, these samples were placed on the thrombi and left inside
a cell culture chamber for 24 hours at 37°C. Controls containing only venoms or essential oils were also
tested. The liquid released from the thrombi were aspirated and quantified.

For the hemolysis test, a 10 mL blood sample was collected in a heparin tube, homogenized, and
centrifuged at 700 g for 5 minutes. Afterwards, PBS (2 mM NaH2PO,4, 3mM Na,PO,4, 154 mM NaCl, pH 7.4)
was added to the same volume of erythrocytes and centrifuged under the same conditions.

Erythrocytes were washed 3 times with PBS and then diluted to a hematocrit of 2%. The negative control
was performed with PBS (quantify mechanical hemolysis), and the positive control with distilled water
(quantify total hemolysis). After incubating erythrocytes at 2% with different volumes of oils (37 °C for 1 hour),
centrifugation was carried out at 1500 g for 5 minutes. Absorbance was recorded at 412 nm in a
spectrophotometer to calculate the hemolysis activity [7].

Fibrinogenolytic activities were evaluated according to Miranda and collaborators [8]. The first is the
fragmentation profile analysis of fibrinogen molecules in polyacrylamide gel electrophoresis under reducing
conditions (SDS-PAGE). The other is the clotting test, which is performed with citrated human plasma. In
this test, the difference of 10 seconds between the controls and each treatment was considered significant
(prothrombin activation occurs between 10 to 14 seconds).

This study was approved by the UFLA Committee of Ethics in Research with Humans (registered under
the number 2.376.107).

Comet assay

This assay was performed to assess DNA damage in human leukocytes. 3 or 6 pL of EOs were added
to blood aliquots and remained at 37 °C for 3 hours in a cell culture chamber. A cell suspension of
approximately 106 cells mL* was used to obtain up to 10,000 leukocyte nucleoids per slide. Blood from three
volunteers was used in independent experiments in which 300 nucleoids per treatment were evaluated and
classified, totalizing 900 nucleoids per treatment.

One percent (1%) low melting point (LMP) agarose (75 L aliquots), stabilized at 40°C, was used to
include the leukocytes previously treated (25 uL aliquots) and fix these cells into slides previously covered
with 1.5% normal melting point (NMP) agarose. Slides were coverslipped and stored at 4°C for 10 minutes,
and then immersed in freshly prepared lysis solution (0.25 M NaCl, 100 mM EDTA, 1% Triton X-100, 5%
DMSO, pH 10) for two hours. Afterwards, they were kept inside the electrophoresis solution (1 mM EDTA,
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30 mM NaOH, pH 13) for 20 minutes at 4°C and submitted to the electrophoresis run (25V, 300mA, 35
minutes).

After the run, the slides remained in a neutralization solution (0.4M Tris-HCI, pH 7.4) for 30 minutes. DNA
molecules contained in the slides were then precipitated with absolute ethanol. Staining was performed with
a propidium iodide solution at 2 pug.uL? (40uL/slide). 100 ug.uL? of doxorubicin was used as positive control.
The procedures described above were carried out in dark conditions since light irradiation causes lymphocyte
death by apoptosis.

Comet patterns were analyzed by visual scores and classified by fragmentation levels [9]. The analyzed
cells were classified by DNA injury extent in 5 classes: class 0= without damage (damage < 5%); class 1=
low damage level (5-20 %); class 2= medium damage level (20-40 %); class 3= high damage level (40-85 %);
and class 4= totally damaged (damage > 85%). The average frequency of damage was calculated from the
sum of the percentages of nucleoids with damages 1, 2, 3, and 4. In order to perform comparative analysis,
data were calculated in arbitrary units (AU). The arbitrary units (0-400, which 0 = no damage and 400 =
100% damage) were calculated using the equation (1 x number of nucleoids grouped in class 1) + (2 x
number of nucleoids in class 2) + (3 x number of nucleoids in class 3) + (4 x number of nucleoids in class 4).

Statistics

One-way analysis of variance (ANOVA) was carried out using the R Core Team (2013) software, and
the significance of the means was determined by the Scott-Knott test (P<0.05). Analyses were carried out in
triplicates and in three parallel measurements, in which were obtained the means + SD.

RESULTS AND DISCUSSION

EOs characterization

The constituents identified in the characterization of Eucalyptus EOs are presented in Table 1. In both
Eucalyptus species evaluated, the compound in higher quantity in the EOs was 1,8-cineole, known as
eucalyptol. This compound represented 55.24% of EG essential oil and 57.14% of EM oil. p-Cymene was
identified in centesimal amounts in the essential oil of EM (0.56%).

Thrombolytic, Fibrinogenolytic, Clotting, and Hemolysis tests

The action of Eucalyptus EOs on thrombi and their effects on thrombolysis induced by snake venoms
are presented in Figure 1.

The essential oils did not cause thrombi dissolution under the evaluated conditions (data not shown).
Thrombolytic activity induced by Bothrops moojeni venom was intensified at the highest volumes of EOs,
with a more pronounced thrombolytic effect at concentrations 0.6 and 1.2 pL for EG and 1.2 yL of EM EOs.
However, at 0.1 uL of E. grandis and 0.05 L of E. microcorys essential oils, the action of enzymes (mainly
proteases) upon thrombi decreased (Figure 1A). This effect was more heterogeneous for Lachesis muta
muta venom, with no relation between the EOs volumes evaluated and the percentage of inhibition observed.
All doses tested decreased the venom-induced thrombolytic activity, but 0.1 uL of EG EO and 1.2 yL of EM
EO were the most efficient doses for enzymatic inhibition (Figure 1B).

Clotting activity induced by B. moojeni and L. muta venoms was inhibited by EG and EM EOs. A longer
coagulation time was observed after the incubation of 1.2 uL of EG with L. muta (clotting time increased from
63s to 90s). The partial inhibitory effect may be related to the volumes of essential oils used (chosen based
on the limitations of the method to the use of compositions of low polarity), their incubation time with the
venom, and variations in the composition of venoms and oils (Table 2).

The essential oils in the evaluated conditions exerted partial protection on the fibrinogenolysis induced
by B. moojeni and L. muta venoms. A reduction in the a and B chain fragmentation, and consequent reduction
on the intensity of bands corresponding to fibrinopeptides, was observed when comparing the electrophoresis
profiles obtained for the controls containing snake venoms added to fibrinogen and only fibrinogen (data not
shown). Both EOs were tested for hemolysis. During the assay, a small hemolysis may arise from
manipulation of the samples (mechanical hemolysis). In this study, both EOs were considered as non-
hemolytic. In fact, they were able to reduce even the mechanical hemolysis when compared to PBS. This
protection may be related to EO compounds that interact with the erythrocyte’s membrane, increasing its
stability and resistance.
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Comet assay

The genotoxicity analysis is presented in Table 3 and Figure 2. E. grandis EO showed similar effects to
the positive controls in all tested doses. Conversely, this does not occur with any EM doses since this EO
caused DNA damage (Table 3). The difference in the behavior of these two EOs can be explained by a much
larger quantity of p-Cymene in EG and a-Pinene in EM.

The composition of plant essential oils is subject to environmental variations. For example, Soyingbe
and collaborators [10] have described an EG EO composed of a-Pinene (29.6%), p-Cymene (19.8%), and
1,8-Cineole (12.8%) as major constituents. In another work, Santadino and collaborators [11] identified a-
Pinene (48.8%), 1.8-Cineole (18.8%), and limonene (2.2%) as major components of EG EO. In the present
work, the samples analyzed had 4.32 times and 2.9 times more eucalyptol (1,8-Cineole) than the ones in
Soyingbe and collaborators and Santadino and collaborators studies, respectively. Besides, no limonene was
found in our assessment. The only aromatic compound was p-cymene, and all of them are monoterpenes,
also known as C10 compounds. Regarding the clotting time, similar results were observed by Miranda and
collaborators [8] when evaluating the performance of the essential oils from the Asteraceae family plants. In
their study, all EOs evaluated increased the time to form clots when compared to the same venoms tested in
our study. Both studies tested the same concentrations of venom (10 pg) and essential oils.

In the present study, an EO dosage 24 times smaller than the one evaluated by Miranda and
collaborators [8]. was tested to obtain partial or gradual enzymatic inhibition. The inhibitory effect was
observed for all EO dosages evaluated except for 1.2 puL of EG. The partial inhibitory effect may be related
to the volumes of essential oils used (chosen based on the solubility limitation of low polarity compounds),
incubation time with the venoms, and variable venom composition.

B. moojeni and L. muta venoms have different constitutions and, consequently, have different
mechanisms of action. However, all of them act on the coagulation cascade inducing coagulation in the
absence of calcium, mainly due to proteases. Eucalyptus EOs were able to modulate the enzymatic activity
and change the snake venom performance when evaluated in vitro. These findings suggest possible
modulatory interactions between the terpenes present in the essential oils and the proteases present in the
venoms.

Considering the variable coagulation times obtained with the different EOs and venoms, it was not
possible to detect an inhibition pattern. Several terpenes may have been responsible for specific interactions
with each toxin present in the snake venoms evaluated. Possible mechanisms of inhibition may include
chelation of ionic cofactors by oil components, binding of terpenes to catalytic sites present in enzymes, and
the interaction of oil components with hydrophobic amino acids in toxin structures. These interactions may
alter the three-dimensional structure of proteins, which affect their solubility and, therefore, interfere with their
catalytic activity [12,13]. Miranda and collaborators attribute the enzymatic inhibition observed in their work
to the sesquiterpenoid content (19.0%) in Hedychium coronarium EO. However, this mechanism does not
occur with the Eucalyptus EOs of our study since they do not have sesquiterpene components.

Transient receptor potential channels (TRP channels) are a group of ion channels located mostly on the
plasma membrane of numerous animal cell types. These channels mediate a variety of sensations, such as
pain. Caceres and collaborators clarify that 1,8-Cineole modifies inflammatory enzymes through TRP
channels that lead cells to produce less inflammatory cytokines (IL-1B, TNF-a, and IL-6). Eucalyptol also
exhibited strong analgesic effects through interactions with membrane receptors [3]. Sharma and
collaborators [14] suggest that geraniol disrupts cell membrane integrity by interfering with ergosterol
biosynthesis and significantly inhibits PM-ATPase, a type of Proton-ATPase. The authors tested this
monoterpene on yeasts, which caused membrane lysis and, therefore, fungicidal action. They also reported
that lysis occurs only in doses equal or 5 times higher than the Minimum Inhibitory Concentration (MIC: 30
to 130 ug.mL™).

Silva and collaborators [15] tested Casearia sylvestris EOs on seven different types of red blood cells
and observed hemolysis in all of them at doses between 0.6 and 600 yg.mL™*. However, in their work, the
EOs were dissolved in Ethanol: DMSO, which could also have influenced hemolysis results.

The results of the studies previously mentioned demonstrate that doses below 150 ug.mL*, depending
on the EO components, can induce pharmacological activities without the undesirable effect called hemolysis.
Dérsam and collaborators [16] reported that isolated eucalyptol is a weakly genotoxic compound, inducing
oxidative damage in DNA from proficient cells in repair mechanisms without causing cell cycle arrest and
death. In our study, however, it is shown that the EO, mostly composed by eucalyptol, can cause severe
damage to lymphocyte DNA and its behavior is quite similar to doxorubicin (100 pug) (p< 0.05).
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Some plant species have a well-described and characterized EO antioxidant activity. This activity is one
of the mechanisms that contributes to antiproliferative properties [17]. Saleh and collaborators suggest that
the growth control mechanisms of tumor cells in the presence of EO occur by apoptosis triggered by
mitochondrial death. This mechanism was described for leukemic HL-60 cells after the addition of Artemia
vulgaris L. EO [17]. In their study, the authors suggested that the major components of the isolated EOs
would be responsible for apoptosis induction. These components are caryophyllene, a-zingiberene, borneol,
and a-curcumene. Except for borneol, all the others are sesquiterpenes.

Similarly, aerial parts of Salvia bracteata Banks and Salvia rubifolia Boiss had their essential oils
extracted and subjected to the comet assay on human melanoma cells [5]. This research described that
Salvia rubifolia essential oil presented a higher concentration of sesquiterpene hydrocarbons (41.4%). This
EO was also more active than the essential oil of Salvia bracteata in reducing cell vitality, altering cell
membrane integrity, and inducing genomic DNA fragmentation. Therefore, the results on melanoma cells
suggest that the essential oils' anticancer activity may be related to active sesquiterpenes acting in synergism.
The results from these authors had a solid scientific background since a-humulene is active against A-549,
DLD-1, and LNCaP cell lines [18], and caryophyllene and a-caryophyllene exhibited antiproliferative activity
against K562 cell [19].

Figures and Tables

Table 1. Chemical components of the essential oils extracted from E.grandis and E.microcorys leaves.

Essential oil Compound % RI
E. grandis a-Pinene 6.1 933
p-Cymene 28.1 1024
1,8-Cineole 55.2 1032
(Eucalyptol)
y-Terpinene 5.8 1058
a-terpinylacetate 4.5 1346
E. microcorys a-Pinene 254 933
Camphene 1.3 943
p-Cymene 0.5 1033
1,8-Cineole 57.1 1032
(Eucalyptol)
a-Fenchol 1.2 1121
Trans- 6.7 1142
Pinocarveol
Pinocarvone 2.4 1163
Isoborneol 2.7 1174
a-Terpineol 2.3 1197

RI: retention index.

Table 2. Effect of E. grandis and E. microcorys essential oils on clotting time of human citrated plasma induced by
Bothrops moojeni and Lachesis muta venoms.

Clotting time (s)
Samples —
B. moojeni venom L. mutavenom
Control 62.33 +2.51 63.00 + 3.0
Essential oil (uL)
0.05 726 +3.22 776062
0.1 71.6+3.02 70.3+x152
E.grandis 0.3 56.3 + 1.5P 69.3+252
0.6 74.0+1.02 86.6+152
1.2 62.6+3.2* 90.0+202
0.05 76.6 + 2.12 70.3+0.62
0.1 76.0+x202 78.0+262
E.microcorys 0.3 74.33 £1.22 73.6+15¢2
0.6 65.6+1.2* 76.3+152
1.2 786152 746 +232

Data represent the means and standard derivation of triplicates. For each treatment of essential oil plus each venom
analyzed, the means followed by letters "a" (in anti-clotting action) or "b" (pro-clotting action) differ significantly from the
control at 5% probability by Scott-Knott Test. * Do not differ significantly from the control at 5% probability by Scott-Knott
Test.
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Table 3. Effect of EO from E. grandis and E. microcorys on DNA from human blood leukocytes.

Samples Amount Damage frequency (%) Arbitrary units (£ SD)

C() - 7.0 28.3 £ 8.022

(+)CD: Doxorubicin 100ug 80.8 323.3+2.4b

(+) CL: L. muta venom 50pg 70.5 282.7 + 33.8°
3L 59.8 239.0+1°

E.grandis (EO) 6uL 60.0 240.7 + 10.4°

quL 66.0 264.0+9.0°

3L 23.9 95.67 £21.4¢

E.microcorys (EO) 6uL 31.6 126.3+14.2¢

9uL 33.0 132.0+1.0¢

(+)CD: Positive Control = Doxorubicin; (+) CL: Positive Control = Lachesis muta venom, (-) Negative Control (PBS); EO:
Essential oil. A+ SD: Average of arbitrary units corresponding to triplicates obtained in three independent assays*
Standard Deviation. Each letter = differs significantly (p <0.05) by the Scott-Knott Test.
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Figure 1. Activity on human blood thrombi. (A) Effect of essential oils on the thrombolytic activity induced by Bothrops
moojeni venom (30ug). (B) Effect of essential oils on the thrombolytic activity induced by Lachesis muta venom (30ug).
(-)Negative control: PBS. (+) Positive control: venom. Data represent the average of triplicates evaluated for Eucalyptus
grandis and E. microcorys EOs at different volumes in three independent experiments. Each letter = differs significantly
(p <0.05) by the Scott-Knott Test.
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CONCLUSION

The findings in the present study suggest that the inhibitory activity is due to the monoterpene

compounds present in both essential oils analyzed. The doses used may cause inhibition of the coagulation
cascade enzymes, which increases the coagulation time and formation of the fibrin net, hinders the
thrombolytic effect, and protects against hemolysis. In the tested doses of 0.05 and 1.2 pL, EG essential oil
exerts a genotoxic action similar to doxorubicin. Meanwhile, EM EO is less genotoxic than the positive
controls evaluated.
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