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Abstract. Phytochemical analysis of the leaf extract of Zanthoxylum caribaeum Lam (Family Rutaceae)
collected in the La Garita district, Municipality of Los Patios in Norte de Santander, Colombia, is
reported. Ethanolic extracts by simple maceration were concentrated at reduced pressure. Secondary
metabolites found in preliminary identification demonstrated the presence of of alkaloids, tannins,
carotenoids, anthocyanins, coumarins, cardiotonics, flavonoids, quinones, saponins, sesquiterpen-
lactones, and triterpenoids. Gas chromatography mass spectrometry analysis identified the presence of
ten compounds, with a-trans-farnesene (33.5%) as the main constituent, followed by trans-f-
caryophyllene (28.1%), S-cadinene (9.7%), caryophyllene oxide (8.3%) and y-muurolene (8.1%). Some
of these compounds have been reported with biological properties such as antiparasitic, antimicrobial
or cytotoxic, so Zanthoxylum caribaeum is a promising species in the Department of North Santander
as a source of compounds chemicals with important biological activity.
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1. Introduction

Colombia has a diversity of climates and environmental conditions, which favor the growth and
dispersion of different varieties and species of plants. In the department of Norte de Santander,
characterized by having a tropical dry forest, some botanical classification studies have been carried out.
However, phytochemical studies are relatively scarce. The importance of phytochemical composition
studies lies in being able to determine the presence of secondary metabolites with possible biological
activity [1]. Plant secondary metabolites are chemical compounds produced by the plant cell through
metabolic pathways derived from primary metabolic pathways and have been shown to have different
biological effects. Antibiotic, antifungal and antiviral properties have been described. These metabolites
are classified according to their chemical structure [2].

Among the plant resources available to the Department of Norte de Santander, is the Family
Rutaceae, which comprises about 160 genera and about 1900 species [3]. The Rutaceae family presents
alkaloids and coumarins, secondary metabolites with biological activities such as antitumor, astringent,
analgesic, antiplatelet aggregation, antimicrobial, leishmanicida, cytotoxic, anticoagulant and anti-
malarial [4]. The presence of sesquiterpenes such as (B-caryophyllene, a-caryophyllene, seline-3.7(11)-
diene) in species of the Rutaceae family was evidenced in Raputia heptaphylla [5]. Zanthoxylum
caribaeum Lam, (Rutaceae) known as “zorruno” in Norte de Santander is found as shrubs or deciduous
tree, with thorny stems and brown twigs. Ethanolic extracts from Zanthoxylum species have shown
biological activity against different pests or pathogens; in example against Sitophilus zeamais Mots,
Callosobruchus maculatus F and C. Maculatus [6], acaricidal activity [7, 8], biological activity against
Gram-positive bacteria [9], and allelopathic properties [10]. Z. Monophyllum contains metabolites with
biological activity against fungi affecting humans such as Aspergillus terreus, Aspergillus
flavus, Penicillium digitatum, Penicillium  funiculosum, Penicillium citinum, Paecilomyces and
Candida albicans [11]. Finally, due the phytotoxic potential of Zanthoxylum affine has been suggested
as a possible natural herbicide [12].
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Despite the remarkable use of Z. caribeaum and its wide presence in different regions of Norte de
Santander, there is a lack of studies related to its phytochemical composition and biological activity that
allow in the future the development of medicines or compounds for the control of pathogens that affect
the population or crop plants such as Burkholderia glumae, which causes bacterial panicle blight (BPB)
in rice crops [13]. In this study by phytochemical analysis of Z. caribeaum extracts, it was possible to
determine the presence of compounds such as alkaloids, tannins, saponins and flavonoids among other
secondary metabolites being this tree a valuable source of active natural constituents of interest in the
chemical or pharmaceutical industry. The ethanolic extracts of Z. caribeaum leaves was investigated
against B. Glumae.

2. Materials and methods
2.1. Ethanolic extract of Z. caribeaum

Z. caribaeum Lam (Figure 1) samples with collection number COL:648, were collected at the La
Garita, Norte de Santander, at 520 meters above sea level and an average temperature of 28°C. 100 g of
dried, powder-free, crushed leaves were used and added in 200mL of ethanol (Merck, Germany). The
mixture was left 72h in total darkness on a shaker (MAXQ 4450, Thermo ScientificTM. Marieta, United
States), 35°C and 100rpm. The extract was filtered under vacuum with filter paper (Qual. dia. 125mm,
BOECO, Germany) using a vacuum pump (DOSIVAC, Buenos Aires, Argentina). The ethanolic extract
was concentrated at reduced pressure using a rotary evaporator (IKA®RV10, Wilmington, United
States) at 50rpm, 150mbar and 40°C. The concentrated extract was stored in amber bottles at 4°C for
further analysis.

Figure 1. A) Z. Caribeaum tree in Norte de Santander, Colombia. B) Stem with prickles. C. Z.
caribeaum leaves with crenated edge. D. Young glabrous branches, with or without stingers. D

2.2. Thin layer chromatography (TLC)

To determine the best separation eluent, thin layer chromatography runs of the extract were
performed using different mobile phases: Ethyl hexane-acetate (95:5 v/v), ethyl-propanol acetate (9:1)
and ethyl petroleum-acetate ether (7:3). All chemical reactants were from Merck, Germany the plates
were run with the extract and revealed with ultraviolet light at a wavelength of 254 and 365 nm
respectively to determine by fluorescence the presence of secondary metabolites.

Rev. Chim., 73 (1), 2022, 54-61 52 https://doi.org/10.37358/RC.22.1.8502


https://revistadechimie.ro/
https://doi.org/10.37358/Rev

Revista de Chimie @ @

https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

2.3. Identification of secondary metabolites by gas chromatography-mass spectrometry (GC-MS)

HPLC methanolic extract (80%) from the leaves and bark of Z. caribaeum was analyzed. The
chromatographic analysis was performed on an AT 6890 Series Plus gas chromatograph (Agilent
Technologies, MSD 5973, Santa Clara, United States), operated in full scan mode. The column used in
the analysis was DB-5MS (5%-phenyl-poly (methylsiloxane), 60m x 0.23mm x 0.25um). The injection
was performed in Split mode (30:1) with the SPME device, using the Adams, Wiley and NIST databases

2.4. Antimicrobial activity of Z. Caribaeum Lam extracts

The Kirby-Bauer [14] method was used to evaluate the antimicrobial activity of ethanolic extracts of
leaves and bark of Z. caribaeum against the pathogenic microorganisms Burkholderia glumae. The
antimicrobial activity of the ethanolic extracts of leaves and bark of Z. caribaeum was quantitatively
evaluated for the presence of halos of inhibition and was statistically analyzed. In petri dishes with King
B medium, the sensidiscs (sterilized filter paper) impregnated with 20 uL of the concentrated extract
(T1) and dilutions 1:1 (T2), 1:2 (T3), 1:4 (T4) (concentrated extract: ethanol), positive control (+)
(STARNER (oxolinic acid), Sumitomo Chemical Co. Ltd) and negative control (-) (distilled water) were
placed separately. Petri dishes were incubated at 30°C for 36 h, and the diameters of the resulting
inhibition halos were measured Statistical analysis (ANOVA) and Tukey's multiple comparison tests o
=0.05 were performed with the SPSS program for MAC version 24. Each trial consisting of 6 repetitions
for statistical validation.

3. Results and discussions
3.1. Chromatographic profile by Thin Layer Chromatography (TLC)

TLC profile of the ethanolic extract of Z. Caribaeum leaves was performed using different mobile
phases. The best separation was obtained with petroleum ether: ethyl acetate (7:3). The profiles are
shown in Table 1. Bands with fluorescent yellow and light blue colorations indicate the presence of
flavones, flavonones, isoflavones, certain coumarins and alkaloids; red and fuchsia the presence of
sesquiterpenes and terpenoids [15]. Confirmation of the presence of these metabolites was carried out
with specific phytochemical assays for these metabolites, the results are shown in Table 2

Table 1. Solvent system and ratio for proper separation of secondary

metabolites by Thin Layer Chromatography (TLC)
Solvent system Ratio TLC

Hexane: Ethyl acetate 95:5

Ethyl acetate: Propanol 9:1
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Benzene: Ethyl acetate 7:3

Petroleum ether: Ethyl acetate 7:3

3.2. Phytochemical screening of the plant extract

Phytochemical screening of Z. caribaeum leaves was done from ethanolic extracts. Ethanol is a
solvent with the ability to extract compounds with a wide range of polarities (polar and non-polar), it is
economical and non-toxic. The identification of secondary metabolites was carried out using a modified
protocol based on methodologies and qualitative tests [15], which are summarized in Table 2. The
phytochemical screening of the ethanolic extract of Zanthoxylum caribaeum leaves has a similarity with
the reports of Ordaz and collaborators [16], who detected in this same species alkaloids, phenols such as
coumarins and tannins such as flavonoids in low proportion.

Table 2. Metabolites identified in ethanolic leaf extracts of Zanthoxylum caribaeum.

Presence of the secondary metabolite (+). Absence of the secondary metabolite (-)
Metabolites Reactant Requierement Analysis Result

Valser, Mayer,

Alkaloid Dragendorff and Precipitate
Hager.
FeCls, gelatin- Dark green coloration +
Tannins salt.
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Carotenoids Salkowski Dark blue coloration
NaOH and Slight change in
Anthocyanins diluted HCI coloration due to pH
Leucoanthocyanins HCI 10% Deep red coloration
Fluorescence in
Coumarins KOH and UV contact with the
365 nm reagent
Naphthoquinones/ Borntrager’s test Red layer

anthraquinones

Cardiotonics

Sodium
nitroprusside 5%

Deep red coloration

Flavonoids

Mg + HCI

Reddish coloration

Quinones

Zn + HCI

Yellow coloration

h 4
-
.
-
fe
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Saponins

Agitation

Presence of foam

Sesquiterpenlactones

Hydroxylamine
hydrochloride +

Violet coloration

FeClz
Triterpenoids and/or | Acetic anhydride Formation of blue,
steroids + H2S04 violet, red or green

colors.

Once the best separation condition of the metabolites was obtained, their Rf values were determined
by visualizing them with UV at 302 and 365 nm (Table 3).

Table 3. Chromatographic profile of secondary metabolites of Z caribeaum leaves
by thin layer chromatography wit petroleum ether: ethyl acetate (7:3)

Solvent

Rf

Wave length

TLC

Petroleum ether: ethyl acetate (7:3)

7)0.74
6) 0.52

UV 302 nm

10) 0.92
9) 0.81
8) 0.64
5) 0.42
4)0.26
3)0.20
2)0.14
1) 0.08

UV 365 nm
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TLC test showed the presence of flavonoids with the appearance of reddish bands (RF 0.1 - 0.9) and
celestial bands (RF 0.74), as shown in Table 4. This result was reconfirmed with the phytochemical
screening using the Shinoda’s test, obtaining reddish coloration, being positive for the presence of
flavonoids type dihydroflavonols, precursors of flavonols. These compounds are used by the plant as a
defense mechanism and attraction of pollinators. They also have antioxidant and free radical eliminator
properties [17, 18].

3.3. Gas Chromatography-Mass Spectrometry (GC-MS)

Most of the compounds identified by GC-MS of the foliar extract of Zanthoxylum caribaeum
correspond to of 15-carbon sesquiterpenes, including trans-p-caryophyllene (28.1%), a-humulene (3%),
y-muurolene (8.1%), valencene (3.1%), a-trans-farnesene (33.5%), y-cadinene (2.8%), S-cadinene
(9.7%), calamenene (1.2%), caryophyllene oxide (8.3%), others not identified (2.1%) (Table 5). The
most abundant volatile secondary metabolites found were a-trans-farnesene and trans-p-karyophyllene.
The chemical structures of these compounds are shown in Figure 2.

Hsc. H CHjs o
8 CH3 CHQ
HaC / CHs
H;' HsC '
HQC HSC HzC I CHa
Trans-B-caryophyllene a-humulene y-muurolene
H
A H; HaC . > H/ H,
(é:HéHa CH
3 3 H
Valencene a-trans-farnesene y-cadinene
H,C_ _CH, Q
H
Hs
CH; .
. Calamenene Caryophyllene oxide
(+)- cadinene

Figure 2. Structures of some compounds identified by GC-MS in the leaf extact of
Zanthoxylum caribaeum from Norte de Santander

Bioactivity studies have shown that many sesquiterpenes act as phytoalexins (antibiotics produced
by plants in response to the attack of microorganisms) and as repellent agents of herbivores (Tripathi, et
al., 2009). The results of the analysis of Zanthoxylum caribaeum from Norte de Santander (Table 4) are
different from what was reported for the same plant sampled in the National Park Restringa in Rio de
Janeiro, brazil [7, 9]. In example, they found trans-f-karyophyllene, a-humulene, and y-muurolene in
much lower amounts; the trans-B-karyophyllene, was found in a proportion 6 times higher in the samples
analyzed from Norte de Santander compared to what was reported in Brazil.

Table 4. Major compounds obtained from Zanthoxulum caribaeum
leaf methanolic extract by GC-MS

Tr, (Min) Compound Relative amount, %
36.91 Trans-B-Caryophyllem 281
38.13 a-Muuroleng 3.0
38.64 y-Muurolene 8.1
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39.23 Valencene 3.1
39.32 a-trans-Farnesene 335
39.89 y-Cadinene 2.8
39.98 S-Cadinene 9.7
40.11 Calamenene 1.2
42.07 Caryophyllene oxide 8.3

Differences in chemical composition and relative quantities between plants of the same species from
different localities may be due to geobotanical conditions or soil type [19]. Among the compounds
found, trans-B-karyophyllene (relative amount of 28.1% in Z. caribeaum from Norte de Santander) has
antiparasitic activity against Leismania and has been suggested as an attractive and safe molecule for the
development of drugs against this protiste [20]. Cytotoxic activity of Lippia origanoides essential oil
was also reported with a relative amount of 9.4% trans-p-cariophyllene on HelLa cells [21]. Finally, it
has been reported that caryophyllene oxide, used as a preservative for food, medicines and cosmetics,
has antifungal activity against dermatophytes [22]. The most abundant compound in the leaves of
Zanthoxylum caribaeum from Norte de Santander is a-trans-farnesene with a relative amount of 33.5%
(Table 4). The a-farnesene is found in the coating of apples and other fruits and is responsible for the
characteristic smell of the green apple [23]. Its oxidation by air forms compounds that are harmful to
fruit. Oxidation products injure cell membranes that eventually cause death in the outer cell layers of the
fruit [24]. The effect of antimicrobial activity against different types of bacteria is attributed to a-
farnesene among other compounds [25]. Finally, the essential oil of Ocimum gratissimum leaves with
the compounds y-muurolene and o-farnesene, has antibacterial properties against certain pathogens that
cause gastroenteritis. It is suggested that the oil alters the cytoplasmic membrane of microorganisms
[26].

3.4 Effect of ethanolic extracts of Z. caribaeum leaves against Burkholderia glumae

Regarding the antibacterial activity of the ethanolic extract of Z. caribaeum it was found that the
greatest halo of inhibition against B. Glumae occurs with dilution E (1:4). Dilutions B (1:0), C (1:1), and
D (1:2) showed inhibition halos less than 0.5mm with respect to the positive control with a halo of
10.7mm in diameter (Figure 3).

Inhibition halo (mm)

0.3 0.3 0.5 i |
T T 1 S—— T
A C D E

Figure 3. Antibacterial activity of dilutions of Z. caribaeum leaf extract in ethanol
(extract:ethanol) against Burkholderia glumae. A) Positive control STARNER 0.250mg/mL, B)
Dilution 1:0, C) Dilution 1:1, D) Dilution 1:2, E) 1:4. The treatments present significant
differences P < 0.05 with the Tukey test. n=6. The bars represent the confidence intervals for a = 0.05

The antimicrobial activity was measured in millimeters (mm), determining as weakly active those

extracts that presented 5 to 10 mm in diameter, moderately active those that showed an inhibition of 10
to 20 mm, and highly active those that presented antibacterial activity above 20 mm. Figure 4 shows the
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negative control (water). Significant differences are presented with the dilution of the extract 1:4 (E)
with an inhibition halo of 0.7mm.

0.3 0.3

Inhibition halo (mm)

Figure 4. Antibacterial activity of dilutions of Z. caribaeum leaf extract in ethanol
(extract:ethanol) against Burkholderia glumae. A) Negative control water B) Dilution 1:0,
C) Dilution 1:1, D) Dilution 1:2, E) 1:4. The treatments present significant differences
P < 0.05 with the Tukey test. n=6. The bars represent the confidence intervals for a = 0.05

The results indicate that the ethanolic leaf extract of Z. caribeaum has no significant biological
activity against B. glumae, a Gram-negative bacterium, confirming recently studies in Gram-positive
bacteria pathogenic to man [9].

4. Conclussions

The present study shows the presence of important secondary metabolites in Z. caribeaum plants in
Norte de Santander, Colombia. Although ethanolic leaf extracts have no inhibitory effects on the Gram-
negative bacterium B. glumae, the richness of biologically active compounds present in Z. caribeaum
samples suggest the high potential of this plant as a source of new drugs or compounds of chemical or
pharmaceutical importance.
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