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Highlights

The highest extraction yields were observed for the methanolic and aqueous
Eucalyptus leaves extracts.
Phenolic acids, flavonoids and stilbenes are the most biochemical groups present in

Eucalyptus leaves extracts.
Chemical compounds in the Eucalyptus leaves extracts were detected with HPLC-

DAD and GC-MS before and after derivatization.

Terpenes, phenols, alcohols, sugars, acids, ketones and fatty alcohols represent the
abundant molecules reveled with GC-MS before and after derivatization.
Eucalyptus leaves extracts are endowed of several biological activities with health
promoting benefits (antioxidant, anti-Alzheimer, anti-inflammatory, anti-xanthine
oxidase, cytotoxic effect).
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Abstract

Natural products always have been relevant for the advancement of new pharmacological
products intended to prevent oxidative stress and many diseases since ancient times. Herein,
the chemical composition was investigated via chromatographic analysis of varying polarity
solvents (petroleum ether, ethyl acetate, methanol and distilled water) from Tunisian
Eucalyptus brevifolia FM and Eucalyptus stricklandii M. leaves. In vitro provision of
biological activities through their antioxidant power (ABTS™), ability to inhibit 15-
lipoxygenase (15-LOX), acetylcholinesterase (AChE), xanthine oxidase (XOD), as well as,
cytotoxic potency were undertaken. Chemical profiling showed that the methanolic extracts of
both species were the richest in total phenolic compounds. GC-MS analysis of the two
Eucalyptus species revealed that spathulenol, globulol, epiglobulol, and trans-Z-a-bisabolene-
epoxide were the main volatile compounds detected in the different extracts. In addition, the
derivatization procedure allowed the identification of ethylene glycol, and D-fructofuranose
as very abundant molecules. The HPLC-DAD has enabled the identification of eight new
molecules among them icariin (1.1 mg/g dr), and 5-hydroxy-3’-methoxyflavone (7.5 mg/g dr)
in the E. stricklandii MeOH and EtOAc extracts. Aqueous E. brevifolia extract possessed the
highest anti-AChE with an ICso (10 pg/mL). Whereas, the MeOH E. stricklandii extract
possessed the highest anti 15-LOX with an ICso (9.7 pg/mL), as well as, the most important
percentage of XOD inhibition 51.1%. All extracts revealed an antiproliferative potency
against human cancer cell lines HCT-116, MCF-7 and OVCAR, with an inhibition percentage
up to 96%. Taken together, both Eucalyptus species have a broad range of potential
applications in several fields, such pharmaceutical, medical and food industries as

nutraceutical supplements.

Keywords: Eucalyptus, HPLC, GC-MS derivatization, antioxidant, bioactivity, PCA.



71
72
73
74
75
76
77
78
79
80
81
82
83
84

List of ""Abbreviations"

ABTS™: 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid; ACTHi: acetylthiocholine
iodide; AMDIS: automated mass spectral deconvolution and identification system;
BSTFA:N,O-bis(trimethylsilyl)  trifluoroacetamide; CYHA: cyclohexane; DMEM:
Dulbecco’s Modified Eagle Medium; DMSO: dimethyl sulfoxide; DNS: 3,5-dinitrosalicylic
acid; DTNB: dithio-bis-nitrobenzoate; EtOAc: ethyl acetate; GC-MS: gas chromatography-
mass spectrometry; HCT-116: human colon cancer; HPLC: high performance liquid
chromatography; MCF-7: human breast cancer; MeOH: methanol; MTT: 3-(4,5-dimethyl
thiazol-2-yl) 2,5-diphenyl tetrazolium bromide; NazPOs: sodium phosphate; NDGA:
nordihydroguaiaretic acid; NIST: National Institute of Standards and Technology; OVCAR:
human ovarian cancer; PEth: petroleum ether; THF: tetrahydrofuran; TPC: total phenolics

content.
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1. Introduction

Mainly an Australian genus, Eucalyptus is a monotypic one, which is considered as one of the
world most important medicinal tree and widely planted genera (Elansary et al., 2017). The
essential oil obtained from the Eucalyptus tree is used as an antiseptic, a perfume, an
ingredient in cosmetics, a flavoring agent, and in aromatherapy (Sabo and Knezevic, 2019).
Currently, there are about 900 different Eucalyptus species over the world, of which about
300 containing volatile oils used as medications in traditional medicine (Sharifi-Rad et al.,
2017). In order to overcome the deforestation in the arid areas, Tunisian authorities decided to
implant new species in the 1950s. This rehabilitation program, supervised by the Food and
Agriculture Organization, included mainly the plantation of Eucalyptus species (E. globulus,
E. erythrocorys, E. camaldulensis, etc.) (Elaieb et al., 2020). Thus, these species were very
well adapted to the Tunisian conditions, and now they tend to become invasive wood species,
which need to be economically valued (Ossipov et al., 2020). In the last years, Eucalyptus
trees are increasingly used for their essential oils considered as natural sources of fragrance
compounds for cosmetics and cosmeceuticals (Sharmeen et al., 2021). Furthermore,
Eucalyptus trees are used for several fields. They represent the most important hard wood
forestry crops worldwide and provide a major source of pulp-wood for high quality paper
production (Ben Hassine et al., 2013). In particular, the genus Eucalyptus is known to be a
rich source of bioactive compounds including, hydroxycinnamic acids, flavonoids, condensed
tannins, terpenoids, and phloroglucinol derivatives (Elansary et al., 2017). Eucalyptus
brevifolia, commonly known as snappy white gum, is a northern Australia endemic tree
(Alsharif et al., 2020). The specific epithet “brevifolia” is from the Latin words; brevis
meaning "short" and folium meaning "leat", referring to the relatively short leaves (Von
Mueller, 1859). Eucalyptus stricklandii, a species of small tree, commonly known as
Strickland’s gum, or also yellow flowered gum. It is endemic to Western Australia (Maiden,
1914). Nevertheless, with exception of the previous report on essential oils, there are no
scientific reports have yet been carried out on the phytochemical value, antioxidant and
biological characterization of E. brevifolia and E. stricklandii leaves extracts. The desire to
return to natural ancient remedies has encouraged us to explore potential candidates from vast
treasure of ethno medicinal knowledge. Consequently, the actual work was carried out to
investigate, for the first time, chemical composition (TPC, HPLC-DAD and GC-MS) and
biological activities (antioxidant, anti-AChE, anti-15-LOX, anti-XOD and cytotoxicity) of
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two Eucalyptus species extracts; E. brevifolia F. Muell and E. stricklandii Maiden growing in

Tunisia.

2. Material and Methods

2.1. Chemicals and reagents
All chemicals used were of analytical reagent grade. All reagents were purchased from

Sigma-Aldrich-Fluka (Saint-Quentin, France).

2.2. Plant material

The leaves of E. brevifolia and E. stricklandii were picked from trees growing in the Hajeb
Layoun arboretum, located in Kairouan (center of Tunisia). They were stored at a dry place
for fifteen days. Specimens were identified at the Regional Station of the National Institute of
Research in Farming Studies, Waters and Forests. A voucher specimen (reference 0109) was
deposited at the Department of Biology. Dried leaves were subjected to preparation of the

various extracts.

2.3. Extraction procedure

The sequential extraction with solvents of increasing polarity was used to obtain the different
extracts. Solvents were: petroleum ether (PEth), ethyl acetate (EtOAc), methanol (MeOH) and
distilled water. Ten grams (10 g) of harvested leaves were grounded using a blender type
Moulinex AR 1105(France). The obtained powder of 2 um of diameter were placed in (100
mL) of PEth for 16 h under frequent agitation at ambient pressure and temperature. The
mixture was filtered using Wattman paper (GF/A, circle format of 110 mm of diameter and
1.6 um pore size). The solvent was evaporated using a rotary evaporator (Rotavapor® - Fisher
UK Extranet, R 210/215) under vacuum at 35°C. Then, the firstly extracted powder was
extracted with EtOAc under the same conditions as with PEth. The same procedure was
applied for the following solvents. Extracts were kept in amber vials and stored at 4°C for

further analysis.

2.4. Determination of total phenolics content (TPC)
The TPC of the extracts were estimated using spectrophotometric methods such as Folin-
Ciocalteu procedure. Gallic acid was used as reference and results were expressed as mg of

gallic acid equivalent per g of extract dry residue (GAE mg/g dr).
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2.5. Chromatographic analysis

2.5.1.HPLC analysis
The analysis of various Eucalyptus extracts was performed using analytical HPLC-DAD
(Rahmani et al., 2020). The separation was conducted at ambient temperature, using a
Phermerex RP-C18 column, 25 cm x 4.6 mm and particle size 5 pum, equipped with a 5 pm
C18 guard column. The mobile phases were as follow: (A) acidified water (acetic acid, pH =
2.65) and (B) water/ACN (20:80, v/v, pH = 2.65). The gradient used was 0-35 min, 0.1-30%
B; 35-40 min, 30-50% B; 40-45 min, 50-99.9% B and 45-60 min, 99.9-0.1% B. Twenty pL
(20 pL) of the diluted samples were injected, and the detection was performed at 280 nm,
with a solvent flow rate 1.2 mL/min. Thereafter, the different samples were ultra-sonicated,
the samples were filtered through a Millex HA 0.25 um filter before HPLC-DAD analysis.
The phenolic compounds were identified by comparing the retention time of the unknown

molecules with those of the standards.

2.5.2. GC-MS analysis

A GC coupled to MS (GCT ler Waters), piloted by the software MassLynx was used to
identify the volatile compounds. One microliter (1 pL) of the diluted sample was injected in
the split mode (split ratio 1:10). Inlet pressure was 1 kPa and the carrier gas was helium at an
on-column flow of 1 mL/min. The gas chromatograph was programmed as follows:
isothermal at 60°C for 5 min, temperature gradient 60-270°C at 15°C/min, isothermal at
270°C for 6 min, then a second gradient was applied to 300°C at 50°C/min and finally
isothermal at 300°C for 4.5 min. Total analysis time was 30 min. High-resolution mass
spectrometer was adjusted for an emission current of 663 pA and electron multiplier voltage
70 eV. Trap temperature was 250°C and that of the transfer line was 300°C. Mass scanning
was performed from 40 to 650 amu. The volatile compounds were identified by the
determination of their formula using MassLynx and by comparison with those cited in NIST

11 spectrum library.

2.5.2.1. Derivatization method
In order to identify the non-volatile compounds, the extracts were undergone a derivatization

step, using silylation method. Briefly, 150 pL. Pierce BSTFA + 1% TMCS was added to
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extracts (1 mL, 5 mg/mL) in THF anhydrous, and mixed in a (2 mL) vial. Then, the mixture
was aerated with bubbling using nitrogen and shacked for 30 seconds. The reaction mixture
was maintained at 40°C for 15 min. One microliter (1 pL) of each derivatized solution was

finally injected into the GC-MS and analyzed as described in the previous section.

2.6. Biological activities

2.6.1. Antioxidant activity (ABTS-)
The antioxidant potential was evaluated by the radical cation ABTS (2,2'-azinobis-3-
ethylbenzothiazoline6-sulphonate). 7 mM solution of ABTS at pH 7.4 (5 mM NaH;POs, 5
mM NaHPO4 and 154 mM NaCl) was mixed with 2.5 mM potassium persulfate (final
concentration) and stored in the dark at room temperature for 16 h before use. A dilution with
persulfate buffer of the mixture gave an absorbance of 0.70 + 0.02 units at 734 nm using a
spectrophotometer (Helios, Unicam, Cambridge, UK). Then, 100 pL of each extract was
allowed to react with fresh ABTS solution (900 pL), and the absorbance was read 6 min after
initial mixing. Ascorbic acid was used as a standard. The capacity of free radical scavenging
was expressed by ICsp (ug/mL) values which represents the concentration required to

scavenge 50% of ABTS radicals.

2.6.2. Anti-15-lipoxygenanse assay (15-LOX)

The anti-inflammatory activity of various organic Eucalyptus extracts was performed. All
samples were tested at the concentration of 50 pg/mL in 96-well plates incubated at 25°C for
10 min. Each well contained a total volume of (250 pL) distributed as follows: 150 pL
phosphate buffer (pH 7.4), 20 uLL sample, 60 pL of linoleic acid (3.5 mmol/L) and 20 pL 15-
LOX (soybean 500 U). The absorbance was measured at 234 nm in a microplate reader
(Multiskan Go, Finland). The nordihydroguaiaretic acid (NDGA) was used as standard. The
activity was defined as the percentage of inhibition of the 15-LOX enzyme, using the
following formula: % inhibition =100 x (A blank - A sample)/ A blank.

Where A sample was the absorbance of sample with the test material, and A blank was the

absorbance of sample without the enzyme.

2.6.3. Anti-acetylcholinesterase assay (AChE)
The anti-acetylcholinesterase activity of different extracts was determined by the detection of

the 5-thio-2-nitrobenzoic acid, yellow product, formed after the action of thiocholine on
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DTNB. A volume (25 pL) of each diluted extract (0.5 pg/uL), 50 uL of phosphate buffer (pH
8), 125 pLL of DTNB and 25 pL of the AChE were added in 96-well plates. After 15 min pre-
incubation at 25°C, 25 uL of acetylcholine iodide was added and the absorbance was
measured at 412 nm after 10 min incubation, using a microplate reader. Similarly, the control
was prepared using the same procedure replacing extracts with 5% dimethyl sulfoxide
(DMSO). Positive control was prepared using the same procedure replacing Eucalyptus
extracts by galanthamine. The percentage of inhibition of each sample was calculated using
the following formula: % inhibition = 100 x (A blank - A sample)/ A blank.

Where A sample was the absorbance of sample with the test material, and A blank was the

absorbance of sample without the enzyme.

2.6.4. Anti-xanthine oxidase (XOD) assay

Briefly, 60 puL of sodium phosphate buffer (pH 7.5), 30 puL of xanthine oxidase (0.1 umol/L),
and 50 pL of extract (0.2 mg/mL) were placed in 96- well plates. After 15 min pre-incubation
at 25°C, 60 uL. of xanthine was added and the plate was incubated for 10 min. The control
was prepared using the same procedure replacing the extract with 5% DMSO solution. Then,
the absorbance was measured at 295 nm, using a microplate reader. Allopurinol, a potent anti-
xanthine oxidase was used as a positive control. The percentage of inhibition of each sample
was calculated using the following formula:

% inhibition =100 x (A blank - A sample)/ A blank

Where A sample was the absorbance of the sample with the test material, and A blank was the

absorbance of the sample without the enzyme.

2.6.5. Cytotoxic assay

Extracts were tested for their cytotoxic activity against the following cells lines: human colon
cancer (HCT-116), human breast cancer (MCF-7) and human ovarian cancer (OVCAR).
MCEF-7 cells line was maintained in DMEM growth medium and the two other cells lines
were maintained in RPMI growth medium. Cytotoxic effect was determined using a modified
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide) method. In 96-well
plates, 100 uL of culture medium containing 10* cells/well were placed. After 24 h incubation
at 37°C, 100 pL of culture medium containing eucalyptus organic extracts were added. The
final sample concentration was 50 pg/mL per well. Then, the mixture was incubated at 37°C
for 48 h in an humidified atmosphere, with 5% CO». The mixture was removed and replaced

with 50 pL of 1 mg/mL MTT, after that incubated for 40 min at 37°C. The MTT solution was
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then replaced with 50 pL of DMSO to dissolve the MTT formazan precipitate and the
absorbance was read at 605 nm, using a microplate reader. The cytotoxic effect of different
extracts was estimated in terms of growth inhibition percentage. Tamoxifen (0.2 mg/L) was

used as reference.

2.7.  Statistical Analysis
All measurements were carried out in quadruplicate. Two-way ANOVA was used for the
significance calculation using SPSS 20.1. Statistical differences between the solvents used in
the study were estimated using Tukey's test. The determination of the relationship between
TPC and biological activities was assessed by the coefficient of determination (R?). Principal
component analysis (PCA) was done using XLSTAT (version 2014.5.03) for visualization of

discrimination between the different parameters.
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3. Results and Discussion

3.1. Extraction Yield and total polyphenols content

According to the literature, no study has been previously reported on the effect of solvents on
the extraction yield and TPC of E. stricklandii and E. brevifolia leaves extracts. Both species
leaves powder were extracted using four organic solvents of increasing polarity (PEth,
EtOAc, MeOH and distilled water). The various extracts presented a remarkable difference in
terms of extraction yield. The highest extraction yields were observed for the MeOH and
aqueous extracts, for both species, with a superiority for the E. brevifolia (23 and 15%,
respectively) (Fig. 1). The polar extraction yield (MeOH) was about five-fold and two-fold
greater than the medium polar extracts yields (PEth and EtOAc), for E. stricklandii and E.
brevifolia, respectively. The variability in extraction yield might be explained by the
differences and the biochemical composition of the samples and the polarity of used solvents

(Ben Lataief et al., 2020).

Regarding the TPC, statistically, there was a significant difference between various solvents
used (p < 0.05). However, there was no significant difference between the two species (p >
0.05). While PEth and EtOAc extracts, for both species, exhibited a low TPC, which does not
exceed 100 mg GAE/g dr, the MeOH extracts showed a high level of phenolic compounds.
The E. brevifolia and E. stricklandii showed a TPC of 482 and 305 mg GAE/g dr, respectively
(Fig. 2). In addition, the aqueous extracts, showed a TPC of 59.8 and 216.4 mg GAE/g dr,
with superiority in favor of E. stricklandii. Quantitatively, TPC for the two Eucalyptus leaves
polar extracts (MeOH and aqueous) was greater than that reported in ethanolic extracts of E.
globulus Labill. and Corymbia ficifolia leaves (Dezsi et al., 2015). The authors found a TPC,
which not exceed the amount of 25 mg GAE/g dr. Furthermore, actual results were in the
range with previous work of Nile and Keum (2018) who illustrated that the TPC in E.
globulus Labill. was solvents dependent. They found that the aploar extract (CYHA)
exhibited a low content (100 mg GAE/g dr), while the polar extract (MeOH) reached the
amount of 240 mg GAE/g dr.

3.2. Chromatographic analysis

3.2.1. HPLC analysis

11
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The phytochemical screening was established using HPLC-DAD. For each extract
chromatogram, the retention time of each peak was sequentially compared with those of
standards with known retention time. Overall, eight phenolic compounds were identified and
quantified, by means of their relative retention (Table 1). These compounds were divided into
three classes as follows: (i) phenolic acids (gallic acid, 7-hydroxycoumarin-3-carboxylic acid
and 2.4-dihydroxy-3.6-dimethylbenzoic acid), (ii) flavonoids (3'.5'-dihydroxyflavone, icariin,
3.6.3’-trimethoxyflavone and 5-hydroxy-3’-methoxyflavone) and (iii) stilbenes (pinosylvin
monomethyl ether) (Table 1).

Actual results were consistent with those of Piug et al. (2018), reporting that the phenolic
profile of E. globulus leaves extracts revealed the presence of the same phenolic classes. In
addition, the contents of the identified compounds were ranged from 0.1 to 2.5 mg/g dr for E.
brevifolia and from 0.3 to 7.5 mg/g dr for E. stricklandii. When examining the
chromatograms of both species (Fig. 3; Fig. 4), it was observable that more than one
compound, with low intensity (0 to 75 mV), were detected in the PEth extracts (between 40
and 60 min).

HPLC-DAD analysis of EtOAc extracts showed that E. brevifolia and E. stricklandii
chromatograms were different, in terms of profile and intensity. While the first extract showed
an intensity between 0 and 100 mV, the second one showed a maximum intensity of 600 mV.
Despite the low peaks intensity, the E. brevifolia EtOAc extract exhibited the largest number
of peaks, compared to the E. stricklandii one and the other extracts. Overall, three compounds
were identified, in E. brevifolia EtOAc extract, and four compounds were identified in the E.
stricklandii one. Gallic acid and 3.6.3’-trimethoxyflavone were the common compounds
between the two species. The E. brevifolia EtOAc extract showed the concentrations of 0.1
and 0.2 mg/g dr, respectively, whereas E. stricklandii one showed the concentrations of 0.2
and 0.6 mg/g dr. The other uncommon compounds were pinosylvin monomethyl ether (0.3
mg/g dr) in the E. brevifolia EtOAc extract and 7-hydroxycoumarin-3-carboxylic acid (0.7
mg/g dr) and 5-hydroxy-3’-methoxyflavone (7.5 mg/g dr) in the E. stricklandii one (Fig. 3;
Fig. 4). The last mentioned compound displayed the highest concentration among all the
identified compounds in the different extracts of the two species. In addition, the highest
intensities (mV) were observed in the polar extracts (MeOH and aqueous), with an intensity,
which riched the 2500 mV. The total of six phenolic compounds were identified in the E.
brevifolia and E. stricklandii MeOH extracts, distributed as follows; four compounds in the E.
brevifolia (gallic acid: 0.1 mg/g dr; 7-hydroxycoumarin-3-carboxylic acid: 2.5 mg/g dr;
pinosylvin monomethyl ether: 0.2 mg/g dr and 3.6.3’-trimethoxyflavone: 0.1 mg/g dr). While,

12
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only two compounds were identified in the E. stricklandii extract, which were icariin and 2.4-
dihydroxy-3.6-dimethylbenzoic acid with the contents of 1.1 and 0.4 mg/g dr, respectively
(Table 1; Fig. 3; Fig. 4). Concerning the aqueous extracts, phenolic compounds were
identified only the E. brevifolia species. The two compounds, were gallic acid (0.4 mg/g dr)
and 3'.5'-dihydroxyflavone (0.3 mg/g dr). By comparison with the literature, all the identified
phenolic compounds were found for the first time in E. brevifolia and E. stricklandii leaves

extracts.

3.2.2. GC-MS analysis
The GC-MS analysis of E. brevifolia and E. stricklandii different organic extracts made it
possible to identify eleven and fifteen volatile compounds, respectively, before and after

derivatization (Table 2).

The volatile profile from the different extracts showed the presence of three organic
compound classes: terpenes, phenols and others. More than the 2/3 of the volatile compounds
was found in the PEth extract of E. brevifolia, whereas, no compounds were found in the
same extract of E. stricklandii, as well as, in the aqueous extracts, of both species (Table 2).
The rest of the compounds were distributed as follows: three compounds in the EtOAc
extracts and three in the MeOH ones. Since the majority of compounds were a sesquiterpene,
several studies mentioned their presence in the essential oil of Eucalyptus genus
(Benabdesslem et al., 2020). The most abundant compounds, such as, spathulenol and
eucalyptol, detected in the PEth extract of E. brevifolia were known by their antiproliferative
activity (Ivanov et al., 2021). In order to identify more volatile compounds in the different
extracts, a derivatization reaction was used to generate silylated products with
chromatographic properties and volatility. This step led to the identification of 15 compounds
in the different leaves extracts of both Eucalyptus species (Table 2). None of these
compounds was identified before now in the Eucalyptus genus. The volatile profile of the
different species extracts showed the presence of 5 classes of organic compounds: alcohols,
sugars, acids, ketones and fatty alcohols. The compounds were distributed as follows: twelve
and six compounds in the E. brevifolia and E. stricklandii extracts. The majority of the
identified compounds in the E. brevifolia species were found in the MeOH extract (twelve),
whereas the EtOAc one was the extract, which occupied the majority of molecules for the E.

stricklandii species (four). Only three compounds (ethylene glycol, a-D-xylose and glycerol)
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were in common between the two species extracts. While ethylene glycol was very abundant

in the EtOAc extracts, glycerol was weakly abundant in the MeOH one (Table 2).

3.3. Biological activities
This is the first study that investigated, at the same time, the antioxidant, anti-15-LOX, anti-

AChE, anti-XOD, and cytotoxic activities of E. strciklandii and E. brevifolia leaves extracts.

3.3.1. Antioxidant activity
Figure 5 summarizes the antioxidant activity of the different Eucalyptus leaves extracts. This

activity was expressed in terms of inhibitory concentration (ICsp) in pg/mL.

It should be noted that the PEth extracts of E. brevifolia leaves have not been analyzed.
Regardless the eucalyptus species, MeOH extracts exhibited the best antiradical scavenging
activity. Aqueous extracts gained the second place, followed by EtOAc extracts, then PEth,
with respective ICso values (ug/mL) (3.0, 6.3, 23.3, and 97.5%) for E. stricklandii, and (5.4,
7.2, 46.4 and 99.2%) for and E. brevifolia. Vitamin C was used as standard and showed an
ICs value equal to 2 pg/mL (Fig. 5). Remarkably, the antioxidant power was improved with
the polarity of the extracts. Indeed, the aqueous and MeOH extracts (polar extracts) were
more antioxidant (active), than the PEth and EtOAc extracts (less polar). This variability of
antioxidant activity depending on the solvents polarity could be explained by the ability of the
solvent itself to dissolve the bioactive groups found in a mixture of compounds contained in a
natural raw material (Mendes et al., 2016). Statistically, the antioxidant activity of the
different extracts, for the two species, depends on the solvents polarity. Thus, there was a
significant difference (p < 0.05) between the PEth and EtOAc extracts of the two species,
compared to the other ones (PEth and EtOAc), in terms of antioxidant inhibition (Fig. 5). In
this context, it was noted that antioxidant activity of E. blakelyi leaves MeOH extract has a
higher value than that obtained with the aqueous extract, which is in accordance with the
current study (Boukhalfoun et al., 2020). Concerning aqueous extract, it was cited that E.
robusta extract presented an ABTS™ value of 832.8 mg BHT/g which is lower than the ICso
found in our study (Vuong et al., 2015). Interestingly, since the low ICso value, traduces the
power of antioxidant activity generated by the extract, there was a high negative correlation
between the TPC and their respective antioxidant activity (ABTS) (R? = -0.64). These
findings might be attributed to the richness of the extracts in phenolic acids, flavonoids,

tannins and the synergy between them.
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3.3.2. Anti-AChE activity

From the results illustrated in Table 3, it was inferred that all E. stricklandii and E. brevifolia
leaves extracts exert an inhibitory AChE activity.

The inhibition percentage varies from 41.2 to 97.1%. Among them, MeOH one was the most
efficient. The following classification was provided by the increasing potency of AChE
inhibitory activity for E. brevifolia: Aqueous > MeOH > PEth > EtOAc. Contrariwise, the
potency of E. stricklandii extracts against AChE was as follow: MeOH > PEth > EtOAc >
Aqueous. Results depicted in Table 3 showed that E. brevifolia polar extracts (MeOH and
aqueous) exhibited the highest ICso value equal to 10 and 13 pg/mL, respectively. Mat-Ur-
Rasool et al. (2020) scrutinized the ability of E. globulus MeOH extract to inhibit AChE with
an ICsp value equal to 1.1 mg/mL, while others demonstrated that Eucalyptus galbie MeOH
extract was exempt from cholinesterase activity (Gholam-Hoseinian et al., 2009). Some
reports, suggested a higher correlation between TPC and AChE inhibition activity (Amessis-
Ouchemoukh et al., 2014). Whereas, in this study there was a significant modest correlation
(R? = 0.48) between TPC and anti-AChE activity for both Eucalyptus species (Table 5).
Therefore, this anti-AChE activity may be related to polyphenolic compounds, which were

stipulated as neuroprotective agents (Gonzalez-Burgos et al., 2018).

3.3.3. Anti-15-LOX activity
From table 3, it can be deduced that only the polar extracts (MeOH and aqueous), for both
species, showed an inhibitory activity against 15-LOX. Statistically, there was a significant
difference (p < 0.05) between the mentioned previous solvents. However, PEth and EtOAc
extracts does not show any inhibitory activity for both Eucalyptus species. The highest ICso
values were obtained with the MeOH. As for E. brevifolia, the ICso value was 21.3 ug/mL,
while for E. stricklandii was about 9.7 pg/mL (Table 3). The current results were higher than
the inhibition activity highlighted by the aqueous extract of E. citriodora Kino species, which
showed an ICso equal to 103.56 pg/mL. It was reported that the anti-15-LOX activity was
rather caused by the EtOAc extract of E. citriodora Kino (Hung et al., 2018). Elgorashi and
McGaw (2019) indicated that the polar extracts (EtOH 50% and MeOH) of E. camaladulensis
Dehnh. were studied for their in-vivo pharmacological activities. Their findings elucidated
that E. camaladulensis Dehnh. extract can be considered non-lethal up to a dose of 2000

mg/kg, and these Eucalyptus leaf extract could be safe for use. The question is, what is behind
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this anti-inflammatory power? The high correlation found between TPC and anti-15-LOX
activity (R? = 0.74), suggested the presence of other powerful phenolic compounds able to
inhibit 15-LOX enzyme. Due to their richness in polyphenols, Eucalyptus trees are known to
have a good anti-15-LOX activity by chelating the iron of the active site of the lipoxygenase
and/or by reducing the ferric form of the enzyme to an inactive ferrous form (Hartung et al.,

2019).

3.3.4. Anti-XOD activity

None of previous researches on E. stricklandii and E. brevifolia has investigated its inhibitory
capacity towards the XOD, an enzyme implicated in gout disease, catalyzes the oxidation of
hypoxanthine and xanthine to uric acid (Sung et al., 2021). Statistically, there was a
significant difference (p <0.05) between MeOH extract, compared to the other extracts (PEth,
EtOAc and aqueous extracts). The percentage of inhibition depicted in Table 3, ranged from
6.9 to 51.1% (Table 3). It was demonstrated that all tested extracts exert inhibition potency
toward XOD, except E. brevifolia PEth and aqueous extracts, in addition to E. stricklandii
EtOAc extract. For both species, MeOH extracts gained the first place with an inhibition
percentage equal to 51.1 and 21.9%, respectively, for E. stricklandii and E. brevifolia (Table
3). It was reported that E. deglupta in Puerto Rico showed a high inhibition percentage of
XOD 51%, with an ICso equal to 44.5 pg/mL (Mehta and Nayeem, 2014), since there was a
high correlation between TPC and XOD (R? = 0.66). This considerable XOD activity might
be due to the presence of the phenolic compounds. It was also elucidated that E. gunii Hook.
F. MeOH extract exhibited higher antioxidant activity using XOD test compared to the
essential oil (Mimica-Duki¢ et al., 2012).

3.3.5. Cytotoxic activity

From Table 4, it was depicted that all cancer cell lines were highly inhibited by PEth followed
by EtOAc, aqueous then MeOH extracts.

The highest percentage of inhibition (96.2%), was assigned to E. stricklandii PEth extract
against HCT-116 followed by the same solvent used for E. brevifolia, with an inhibition
percentage equal to 92.5%, which is too close to the tamoxifen standard (99.5%) (Table 4).
HCT-116 was also strongly sensitive to EtOAc of both Eucalyptus species with an inhibition
percentage equal to 89.2 and 75.5%, respectively, for E. stricklandii and E. brevifolia. Among
the eight tested extracts, only the E. stricklandii MeOH was the less powerful against HCT-
116 (2.3%). The cytotoxicity of the different extracts depends on the solvents polarity.
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Statistically, there was a significant difference (p < 0.05) between the four solvents.
Regarding MCF-7 and OVCAR cell lines, they were, also, affected by PEth and EtOAc
extracts of both Eucalyptus species, with an inhibition percentage comprised between 41.2
and 65.1% (Table 4). The previous study showed that flavonoids displayed an anticancer
effect against the OVCAR cells (Tavsan and Kayali, 2019). Moreover, it was cited that the
phenolic compounds identified in E. globulus bark EtOH extracts were responsible for the
antiproliferative potency of the latter plant material against breast cancer cell line MDAMB-
231 (Bhuyan, 2018). These precedent findings are proved by the current work, where there
was a high correlation between the different cell lines (MCF-7, HCT-116, and OVCAR), and
TPC, with R%of 0.87, 0.73, and 0.77, respectively.

3.4. PCA analysis
To better understand the relationship between TPC and the different phenolic compounds
with the biological activities of the two Eucalyptus species (E. brevifolia and E. stricklandii),
PCA analysis was done. The structuring of accessions showed 62.52% of the total variation
(Fig. 6). Axes were retained because they expressed 43.76% (PC1) and 18.77% (PC2).
Simultaneously, the loadings in the PCA loading plot express showed well that the principal
components correlate with the original variables, and also the correlations between the
different activities and TPC or the different phenolic compounds. As shown in Fig. 6, PC1
axis has a strong positive correlation with 15-LOX, XOD, and TPC for a loading of 0.96, 0.87
and 0.84, respectively. This being less pronounced for the compounds, 2.4-dihydroxy-3.6-
dimethylbenzoic acid and icariin (r = 0.75), and for the AChE activity (r = 0.60). Besides,
PCI1 axis showed, also, a good correlation, in the negative side, with more than activity. PC1
was well negatively correlated with the level of cytotoxic activities (OVCAR, HCT-116 and
MCEF-7 cell lines) with r = -0.94, r = -0.89 and r = -0.82, respectively (Table 5). However, it
was less pronounced for the variable, antioxidant activity (r = -0.73). Through this
distribution on PC1, several explanations can be deduced. On the one hand, TPC was closer to
the 15-LOX, XOD and AChE activities, and in a symmetrical position to the antioxidant
activity, expressed in ICso, which suggest that the inhibition of this activity was greatly
enhanced by these compounds. Furthermore, icariin and 2,4-dihydroxy-3.6-dimethylbenzoic
acid were, probably, the most efficient molecules against XOD enzyme. On the other hand,
MCEF-7, HCT-116, and OVCAR, were placed in a symmetrical position compared to the TPC,
which explain that these last, were not the responsible molecules for the mentioned activities.

For the PC2, there was a good positive correlation with the two phenolic compounds gallic
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acid, 3,6,3’-trimethoxyflavone, and 7-hydroxycoumarin-3-carboxylic acid with loading of
0.82, 0.59 and 0.58, respectively. The two other axis (F3 and F4) showed a high positive
correlation with 3',5'-dihydroxyflavone (r = 0.91) and 5-hydroxy-3’-methoxyflavone (r =
0.71) (Table 5). Oval forms shown on Figure 7 grouped the different organic extracts in four
classes: C1 (E. stricklandii EtOAc), C2 (E. brevifolia MeOH and E. brevifolia aqueous), C3
(E. stricklandii PEth, E. brevifolia PEth, and E. brevifolia EtOAc), while C4 contains (E.
stricklandii- aqueous, E. stricklandii MeOH).

If the two plots (biplot) (Fig. 8) were gathering, many suggestions could be made. It was seen
that the high TPC level was related to the E. brevifolia MeOH extract, which exhibited the
highest anti-AChE activity. In addition, the richness of E. stricklandii MeOH extract with
icariin and 2,4-dihydroxy-3.6-dimethylbenzoic acid compounds, could explain its high XOD
activity.

Not only PCA showed the relationship between chemical composition and biological
activities. It was demonstrated that gallic acid plays a role as a strong antioxidant and free
radical scavenging activities, anti-inflammatory power, protects against degenerative disease
(Gao et al., 2019). This interesting chemical compound was present in EtOAc extract of both
eucalyptus species, as well as MeOH and aqueous E. brevifolia extracts. 7-Hydroxycoumarin-
3-carboxylic acid, found in E. brevifolia MeOH extract (ICso = 13 pg/mL) was demonstrated
to be as cholinesterase inhibitors (Alipour et al., 2014).

It was reported, that icariin, which was present in the MeOH E. stricklandii extract, is a
molecule endowed with biological effects to counter many pathophysiological processes of
Alzheimer disease, and possess an impact on oxidative stress and inflammatory cascade
(Angeloni et al., 2019). 2,6-Dihydroxyacetophenone also known as 2-acetylresorcinol
observed after derivatization in PEth and EtOAc E. stricklandii extracts was reported to be
effective against severe diseases such as cancer, osteoporosis, and gastric ulcers (Durairaj,
2005). This is in agreement with our findings since the inhibitory percentage against

HCT116, MCF7 and OVCAR ranges from 96 to 41%.

4. Conclusion

Interestingly, based on the findings discussed for the first time in this report, E. brevifolia and
E. stricklandii various extracts could be used as a readily available source of natural bioactive
molecules. They have displayed an antioxidant, anti-inflammatory, anti-Alzheimer, anti-
xanthine oxidase, and antiproliferative properties. It was demonstrated that each Eucalyptus

extract species was selective for one or different bioactivities, as summarized in the principal
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component analysis biplot. Nevertheless, it was shown that the polarity of solvent extracts has
been involved in the wide range of the biological activities of both E. brevifolia and E.
stricklandii. Moreover, the chemical composition analysis, using HPLC-DAD allowed the
identification of eight phenolic compounds belonging to the phenolic acids, flavonoids and
stilbenes chemical classes. GC-MS analysis provided eleven volatile molecules before
derivatization and fifteen ones after derivatization. The abundancy of these molecules was
solvent-extract dependent. We suggested that the Eucalyptus extracts mode of action was
related to the combination of the existing mixture of biomolecules, and not only to a single
one as, icariin or gallic acid, etc. Therefore, further studies are required to establish the
suitability of the investigated FEucalyptus extracts, connected to health benefits, for

incorporation either as a dietary supplement or as medicine.
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Figure 4: HPLC chromatograms of E. brevifolia leaves extracts. (PEth:
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7-hydroxycoumarin-3-carboxylic acid; (3) 3'.5'-dihydroxyflavone; (6) pinosylvin monomethyl

ether (7) 3.6.3’-trimethoxyflavone.
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Figure 5: HPLC chromatograms of E. stricklandii leaves extracts. (PEth: petroleum ether;
EtOAc: ethyl acetate; MeOH: methanol; Aqueous: distilled water). Peaks: (1) gallic acid; (2)
7-hydroxycoumarin-3-carboxylic acid; (4) 2.4-dihydroxy-3.6-dimethylbenzoic acid; (5)
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618  Table 1: Identified and quantified phenolic compounds in E. brevifolia and E. stricklandii
619  extracts using HPLC-DAD.
Concentration (mg/g dr)
E. brevifolia E. stricklandii
Compounds and
N° hemical struct Rt " References
chemical structure 9 = g o) =
mn = 3 9 S = 3 ) E
A = = g A = = g
S
<
(e} =~ OH
(Singh et
1 Ho oh 3.48 - 0.1 0.1 0.4 - 0.3 - -
du al., 2017)
Gallic acid
(Wahdan et
2 o 19.83 - - 25 - -07 - -
7-hydroxycoumarin-3- al., 2019)
carboxylic acid
OH o
(Mnif and
3 27.73 ) } ) 0.3 ) ) ) )
Aifa, 2015)
3'.5'-dihydroxyflavone
CHy O
OH
HO OH (Filho et al.,
4 CHg 35.21 - - - - - - 0.4 -
2014)
2.4-dihydroxy-3.6-
dimethylbenzoic acid
(;JH
(Yang et
5 41.99 i i i i i i 11 i g
al., 2020)
icariin
H5CO
U
(Vek et al.,
6 47.05 - 03 02 . . . i i 220
OH )

pinosylvin monomethyl
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ether

(Erdenetsog
7 47.89 - 02 ol - - 06 - - tetal,
2020)
3.6.3-
trimethoxyflavone
OH ©
8 49.35 ) ) i i i 75 ] ] (Voirin,
1983)
5-hydroxy-3’-
methoxyflavone

620 Rt: retention time; PEth: petroleum ether; EtOAc: ethyl acetate; MeOH: methanol; Aqueous: distilled water.

621
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622 Table 2: Volatile compounds identified in E. brevifolia and E. stricklandii extracts before and after

623 derivatization.

E. brevifolia E. stricklandii
N Compounds and Rt
chemical structure (min) = 2 as) § = 2 an) §
= =} = =} 3
= =} D = = =} D =
= & 2 & & & = £

Before deravitazion

CHy
1 ; 8.31 ++ - ++ - - - + -
H3C CHgz

Eucalyptol

2 OH 1032+ . . . . . . .

Isoborneol

s

no’’

PN
C A
I

o 13.28 + - - - - - - -
Trans-sesquisabinene
hydrate

HO  CHg

CHa 14.29
4 H,C +++ - - - - - - -

Spathulenol
CHs
c

Hs
5 Ho CHs 14.34

H3C

+++ - - - - ++ - -

Globulol

HaC

CH
H3C H H 3

H
1443 ., ) ) ) ) ) ) )
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Epiglobulol

HyC  CHg
HO.
Hi ™ X
\ 14.46 - +++ - - -
Hy,C” CH,y
Trans-Z-a-bisabolene-
epoxide
HsC
CH,
CH,4
CHy 14.66 —_ } } ) } )
1H-indene. 1-ethylidene
octahydro-7a-methy-cis
"e 1 15.09 + - - - - -
2-methylene-5a-cholestan-
3pB-ol
15.49 + } } } } }
15.84 + } } } } }

Cyclohexene.4-

isopropenyl.1-methoxy-

methoxymethyl

After derivatization

H01
OH 7.56

Ethylene glycol

- +++ ++ - - +++



HO OH
11.30
OH

Glycerol

HO  OH
2_<‘OH 13.45
OH

meso-Erythriol

OH
O
© 14.11
OH OH

Malic acid
OH o}
OH
15.35

OH OH
2,3,4-Trihydroxybutyric

acid

D
(0] OH
)
HaC
CHj
2-Hydroxy-1
(hydroxymethyl)ethyl 2-

15.58

methylpropanoate

OH
Hij/OH
15.64
HO O
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627  Table 3: Biological activities of E. brevifolia and E. stricklandii extracts.

Species Anti-AChE Anti-15-LOX Anti-XOD
Solvents IP (%) at 50 ICso IP (%) at 50 ICso IP (%) at 50
pg/mL (ng/mL) pg/mL (ng/mL) pg/mL
PEth 57.5£1.6 - na - Na
E. brevifolia EtOAc 56.3+3.1 - na - 11.0£3.6
MeOH 96.8+0.0 13.0+1.7 75.60.1 21.3+1.5 21.9+7.4
Aqueous 97.1£0.0 10.0£0.0 45.2+0.1 59.3+1.1 na
PEth 61.5+£3.3 - na - 7.9+1.0
E. stricklandii EtOAc 58.1£2.3 - na - na
MeOH 84.1+0.0 48.7£0.6 100.9+8.5 9.7+0.6 51.1+2.3
Aqueous 41.240.1 - 10.4+0.0 - 6.9+0.0
Galanthamine - 1.0+0.6 - - -
Standards NDGA - - - 2.2+0.1 -
Allopurinol - - - - 60.0+1.3
628 PEth: petroleum ether; EtOAc: ethyl acetate; MeOH: methanol; Aqueous: distilled water; na: not
629 active.
630
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635

Table 4: Cytotoxic activities of E. brevifolia and E. stricklandii organic extracts against human cancer cell lines

(HCT-116. MCF-7 and OVCAR) expressed as percentage inhibition (at 50 ug/mL) means.

Species Solvents HCT-116 (%) MCF-7 (%) OVCAR (%)
PEth 92.5+0.6 65.1£1.7 63.5+6.2
EtOAc 75.5+5.5 48.4+0.9 62.6+15.9
E. brevifolia
MeOH 17.8+0.3 15.6+2.7 35.4+34
Aqueous 26.1+1.5 39.2+£3.9 49.246.5
PEth 96.2+0.4 59.1+1.3 56.9+3.8
EtOAc 89.2+0.6 41.24£2.6 47.0£1.6
E. stricklandii
MeOH 18.0+0.2 24.7+3.1 16.22+1.3
Aqueous 13.7+4.2 20.1+3.9 39.3+6.9
Tamoxifen 99.5+0.0 47.244.3 60.5+4.3

PEth: petroleum ether; EtOAc: ethyl acetate; MeOH: methanol; Aqueous: distilled water.

Tamoxifen (a standard) was tested at 0.2 mg/L.
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Table 5: Correlations between variables and factors.

F1 F2 F3 F4
TPC 0.84 0.21 -0.38 -0.29
AChE 0.60 0.37 0.42 -0.20
XOD 0.87 -0.36 -0.18 0.10
15-LOX 0.96 -0.01 0.14 0.01
MCEF-7 -0.82 -0.37 0.18 0.09
HCT-116 -0.89 -0.12 -0.21 0.15
OVCAR -0.94 -0.00 0.08 -0.27
ABTS* -0.73 -0.54 -0.05 -0.13
C1 -0.13 0.82 0.45 0.26
C2 0.35 0.58 -0.46 -0.40
C3 0.01 0.41 0.91 -0.03
C4 0.75 -0.45 0.04 0.43
Cs 0.75 -0.45 0.04 0.43
Co 0.03 0.21 -0.40 -0.58
C7 -0.28 0.59 -0.50 0.53
C8 -0.27 0.53 -0.36 0.71

C1: gallic acid; C2:7-hydroxycoumarin-3-carboxylic acid; C3: 3'.5'-dihydroxyflavone; C4: 2.4-

dihydroxy-3.6-dimethylbenzoic acid; CS: icariin; C6: pinosylvin monomethyl ether; C7: 3.6.3’-

trimethoxyflavone; C8: 5-hydroxy-3’-methoxyflavone.
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