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ABSTRACT

Kalanchoe pinnata, Lantana camara L., and Melia azedarach L. are common plants in Cumana, Venezuela,
and are traditionally used by locals to treat infections. This research aimed to evaluate the phytochemical
profile and antibacterial and cytotoxic activities of the ethanolic leaf extracts from these plants. Specimens
were collected and identified. Using qualitative colorimetric and precipitation tests, the profile of secondary
metabolites in the ethanolic extract of the leaves of each plant was determined. These metabolites were
confirmed by FT-IR and UV-visible spectroscopies. Antimicrobial and cytotoxic activities were evaluated
using the disk diffusion method and the Artemia salina model, respectively. All three extracts contain
coumarins and polyphenols. K. pinnata and Lantana camara L. contain unsaturated sterols, but alkaloids and
saponins were only detected in L. camara. None of the extracts exhibited antibacterial activity at the
concentrations tested. However, according to the Clarkson Toxicity Index, all extracts showed medium toxic
activity (LCso: 100-500 pg mL-1) against A. salina nauplii, with LC50 values of 245.20, 261.27, and 151.40
pg'mL™! for K. pinnata, L. camara, and M. azedarach, respectively. These results demonstrate that the plants
studied are a potential source of polar compounds with biologically active properties.

Keywords: Kalanchoe pinnata, Lantana camara, Melia azedarach, metabolites, Venezuelan plants, biologi-
cal activity.

INTRODUCTION

Plants have the capacity to manufacture a great variety of organic products of low molecular weight from
simple inorganic precursors, among them phenolic compounds, terpenes, and alkaloids. This capacity for
synthesis has been essential for their reproduction, colonization of diverse environments, establishment of
symbiotic relationships, and, especially, their survival. Commonly, these compounds are referred to as
secondary or specialized metabolites, phytochemicals, or natural products.'

Secondary metabolites have been of great interest due to their multiple biological activities: specialized
metabolites are essential for the treatment of various infections and diseases. Today, they are the basis of a
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significant number of drugs.>** In addition, secondary metabolites also have industrially remarkable uses, as
many of them are valuable for the production of insecticides, cosmetics, food products, and nutraceuticals,
among others.>%

The gap in the study of secondary metabolites in new plants lies in the need to discover, characterize, and
understand the functions of thousands of compounds that remain unknown for various applications. Although
many are known, thousands of secondary metabolites with ecological functions and potential applications
remain underexplored, particularly in newly described or understudied species. Furthermore, there remains a
need to develop efficient, sustainable methods for producing these compounds at an industrial scale, as tradi-
tional cultivation can be limited or inefficient. Likewise, research on how environmental factors and biotic
stress activate or inhibit the production of these metabolites in unstudied plants, and how to manipulate these
responses, is insufficient. A better understanding of the complex plant-microorganism-herbivore interactions
at the molecular level, which is key to designing more ecological pest control strategies, is also important. For
all these reasons, the description of the secondary metabolites present in plants is vital, and this work contrib-
utes to this for the species mentioned.

In this sense, the Sucre state is located in the mountain range of the eastern coast of Venezuela, with an area
of 11,800 km?. It is bordered on the north by the Caribbean Sea, on the south by the states of Monagas and
Anzoategui, on the east by the Gulf of Paria, open to the Atlantic Ocean, and on the west by the Gulf of
Cariaco. Its geographic location contributes to a highly varied relief, predominantly mountainous, with flora
characteristic of the state of Sucre.”8

Within the flora of Sucre State, in eastern Venezuela, there are abundant Kalanchoe pinnata, Lantana camara,
and Melia azedarach, which, belonging to different families, are used by local inhabitants for the same purpose.
They use their ethnobotanical knowledge to cure ailments associated with several bacterial diseases and cancer.
Studies on K. pinnata demonstrate antifungal °, antibacterial, and antioxidant!® activity in its leaves, and it
selectively inhibits cell proliferation in colon cancer!!. Similarly, there is evidence of the bioactivity of L.

1'? and medicinall3 actions in the treatment of wounds and ulcers. M.

camara, highlighting its insecticida
azedarach is also considered a natural insecticide!* and has broad-spectrum antibacterial properties against
pathogenic bacteria'>.

The objective of this study was to determine whether metabolites present in ethanolic extracts of leaves from
three plants (Kalanchoe pinnata, Lantana camara, and Melia azedarach), collected in Sucre, Venezuela, exhibit
antibacterial activity against Gram-positive and Gram-negative strains and cytotoxicity toward Artemia salina.

The results obtained provide useful information on the potential therapeutic properties of these species.

MATERIAL AND METHODS

Plant material and the obtention of extracts

Specimens of Lantana camara L., Melia azedarach L., and Kalanchoe pinnata were sampled in the city of
Cumana (Longitude: W64°10'57.22", Latitude: N10°27'14. 29"), Sucre state, Venezuela. The plants were
identified at the Isidro Ramon Bermudez Romero herbarium (HIRBR) of the Biology Department of the Uni-
versidad de Oriente, Nucleo de Sucre (UDO-NS). Then, plant samples were transferred to the Laboratory of
Natural Products and Lipids (EC-310) of the Chemistry Department at UDO-NS. The leaves of each species,
free of any visible disease, were washed under a constant flow of common water and then distilled water, cut
into small pieces, and dried on blotting paper, at room temperature, in the shade.

The dried plants were weighed and pulverized separately in an electric mill. The extracts were obtained by
solid-liquid extraction (maceration) in ethanol 95%, using a solvent-to-solid ratio of 10 mL/1 g, until the
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solvent was exhausted of color. The solution obtained from each plant extract was filtered and evaporated to
dryness under reduced pressure in a Heidolph rotary evaporator at 50 °C. The recovered solvent was used
again in the extraction process. Finally, the extracts were transferred to vials of known weight, placed in a
desiccator at room temperature until use. For reference of each extract in this work, the following identifiers
are used: KE: leaves of K. pinnata, LE: leaves of L. camara, ME: leaves of M. azedarach.

Phytochemical analysis of the crude extracts
To detect secondary metabolites in the plant extracts, specific chemical tests were performed according to the
phytochemical analysis methodology.'®!”

Alkaloids

A portion of the extract (2.5mg) was dissolved in 10% HCI, then shaken with chloroform, and the phases were
separated. The aqueous phase was alkalinized with a dilute NaOH solution and partitioned again with
chloroform. The three phases were analyzed separately with Dragendorff's reagent for weakly basic alkaloids,
basic alkaloids, and quaternary ammonium salts, respectively. A red-orange coloration was considered a
positive result for the possible presence of alkaloids.

Anthraquinones

The extract (1mg) was treated with 0.5 mol L-1 KOH, then acidified with acetic acid and subsequently ex-
tracted with benzene. The organic layer was separated and alkalinized with NH4OH; a red coloration indicated
the possible presence of anthraquinones.

Cumarins

In a test tube, 1 mg of the extract was dissolved in ethanol, covered with filter paper soaked in a dilute NaOH
solution, and then placed in a water bath at 100°C for several minutes. Subsequently, when the filter paper
was removed and observed under UV light, a yellow fluorescence indicated the possible presence of couma-
rins.

Unsaturated sterols and pentacyclic triterpenes

The extract (1 mg) was dissolved in chloroform, and a few drops of Liebermann-Burchard reagent were added.
A blue to green coloration in the solution indicated the presence of sterols, while a red to violet coloration is
considered positive for triterpenes, and yellow to orange colorations indicate the possible presence of sterols
and triterpenes.

Flavonoids

1 g of the crude extract was defatted with petroleum ether, filtered and the residue was separated for analysis,
using the following method: in a test tube the residue was mixed with 2 mL of concentrated HCI and magne-
sium shavings, considering the result positive for flavonoids, when a red coloration was produced when the
reaction was left to stand for 10-20 minutes.

Cyanogenic and cardiotonic glycosides

The extract was dissolved in chloroform (1 mg mL-1) in a test tube, and the mixture was heated in a bath at
50-70°C. The vapors were brought into contact with filter paper impregnated with a 1% solution of picric acid
in 10% sodium carbonate. The cyanogenic compounds appear as a red stain on the paper.
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Cardiotonic glycosides were detected by reaction with a freshly prepared 1:1 mixture of 3,5-dinitrobenzoic
acid (2%) and KOH (0.5 mol - L-1); if present, a blue or violet coloration occurred.

Methylene ketones

The crude extract (Img) was dissolved in distilled water, and then a few drops of Baljet's reagent (1:1 mixture
of 1 g picric acid in 25 mL ethanol and 2 g NaOH in 25 mL water) were added. A red coloration indicated the
possible presence of the metabolite.

Tannins and polyphenols

A portion of the extract was dissolved in distilled water (Img mL-1), and phenolic compounds were detected
by the brown color they produced in the presence of a 1% ferric chloride solution, resulting in a dark brown
or black color, which was considered a positive result. Tannins were identified by treating the extract with a
1% gelatin solution in 1% NaCl; the formation of a white precipitate indicated the possible presence of the
compound.

Saponins

The presence of saponins was indicated by the formation of a persistent foam for 10 minutes, when a small
portion of the extract (0.5mg mL-1) was shaken vigorously with distilled water. Additionally, saponins were
detected using the red blood cell hemolysis test, in which a concentrated extract solution was prepared and

then mixed with 3.5 mL of human blood in a test tube. The tubes were centrifuged at 1500 rpm for 5 min.

Spectroscopic analysis

The presence of secondary metabolites in the ethanolic extracts was confirmed by conventional spectroscopic
techniques, such as Fourier transform infrared spectroscopy (FT-IR) and ultraviolet-visible spectroscopy (UV-
vis).

For the analysis of the extracts by FT-IR, a white tablet with KBr was used, and then the dried samples were
mixed with KBr powder and crushed in an agate mortar to homogenize the mixture, the tablets were compacted
in a press to obtain a translucent disc, which was placed in a Perkin-Elmer Frontier instrument, where the
spectra were obtained in a wavenumber range of 400 to 4000cm™, accumulating 24 scans, with a resolution
of 2cm!. The assignment criteria were based on the analysis of molecular vibrations (peaks) in each spectrum
to assign functional groups.

The extracts (0.1mg mL"! in ethanol) were analyzed by UV-Vis spectroscopy using a JENWAY model 6405
spectrophotometer to determine the chromophores present, according to the criteria for qualitative analysis of
absorption peaks. The solvent was used as a blank, and the spectral range was 200-450 nm.

Evaluation of the biological activity of crude extracts

Antibacterial activity

The antibacterial activity was determined using four certified strains, two of them Gram-positive: Staphylo-
coccus aureus ATCC 25923 and Enterococcus faecalis ATCC 29212, and two Gram-negative: Pseudomonas
aeruginosa ATCC 27853 and Escherichia coli ATCC 25922. All strains used in this study were donated by
the Bacteriology Laboratory of the Antonio Patricio Alcald University Hospital (HUAPA). To perform this
bioassay, the agar diffusion technique was used. Sterile filter paper 5 mm diameter discs (Whatman No. 3)
were impregnated with 10 pL of a 30, 40, and 60 mg-mL-1 solution of the extract. Commercial Vancomycin
for Gram-positive strains and commercial Ofloxacin for Gram-negative strains were used as positive controls,
and ethanol was used as the negative control. The discs were placed in a Petri dish containing Miiller-Hinton
agar, previously inoculated with a standardized bacterial suspension (McFarland 0.5). Subsequently, the plates
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were pre-incubated at 5 °C for 24 hours, followed by incubation at 37 °C for 24 hours. Each assay was per-
formed in triplicate, and antibacterial activity was determined by measuring the diameter (mm) of the bacterial
growth inhibition halo around the impregnated disc.'®

Cytotoxic activity against Artemia salina

To perform this assay, A. salina cysts were initially placed in bifiltered seawater, contained in a 1 L Erlemeyer
flask, with continuous aeration and artificial light for 24 hours, to obtain the crustacean nauplii. On the other
hand, a stock solution of 10. 000 pg-mL-1 of the extract in 0.5 mL of dimethyl sulfoxide (DMSO) and 4.5 mL
of bifiltered seawater, from this, solutions with concentrations of 1000; 100; 10; 1; successive dilutions pre-
pared 0.1 and 0.01 pg-mL-1; the process was repeated by preparing a stock solution without the extract, which
served as a negative control, and solutions of Vimblastine sulfate were used as a positive control; each dilution
was performed in triplicate. Subsequently, 10 nauplii of A. salina hatched 24 hours in advance were added to
each solution. The quantification of nauplii mortality was carried out after 24 hours, and the final analysis of
cytotoxic activity was performed using the Binomial statistical methods designed to determine the mean lethal
concentration (LCso)."

RESULTS

Ethanol is a solvent commonly used in the extraction of plant materials for medicinal purposes, and it is
effective at extracting various bioactive compounds, many of which exhibit antimicrobial, antioxidant, and
anticancer activity, as demonstrated by reports in the scientific literature. Even previous research on the plants
selected for this study used ethanol. 120,

Extraction yield
After plant collection, identification, and processing, ethanolic leaf extracts were obtained. The extraction
yields were 27.61%, 10.45%, and 17.16% for KE, LE, and ME, respectively (Table 1).

Extract Dried material (g) Crude extract (g) % Extraction yield Extract's color
KE 9.9311 2.7422 27.61 Brown
LE 30.5268 3.1920 10.45 Green
ME 12.1918 2.0919 17.16 Greenish brown

Table 1. Ethanolic extraction yield from the leaves of K. pinnata (KE), L. camara (LE), and M. azedarach (ME).

Phytochemical analysis of the extracts

Coumarins, polyphenols, and unsaturated sterols were detected in the ethanolic extract of K. pinnata leaves
(KE extract). The ethanolic extract of L. camara (LE extract) showed variability in its metabolite profile in
phytochemical studies. Alkaloids, coumarins, polyphenols, saponins, and unsaturated sterols were detected in
this extract. Finally, coumarins and polyphenols were identified in the leaf extract of M. azedarach (ME
extract) (Table 2).

Test Metabolite Extract
KE LE ME
Dragendorff Alkaloids - + -
Borntrager Antraquinones - - -
Fluorescence Coumarins + + +
Ferric chloride Polyphenols + + +
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Mg shavings / HCI
Baljet's reagent
Gelatin in 1% NaCl
Foam
Hemolysis
3,5-dinitrobenzoic acid / KOH
Picric acid / Na,CO;
Liebermann-Burchard
Liebermann-Burchard

Flavonoids
Methylketones
Tannins
Saponins
Saponins
Cardiotonic Glycosides
Cyanogenic Glycosides
Unsaturated Sterols
Pentacyclic Triterpenes

(+): metabolite detected; (-): metabolite not detected

Table 2. Phytochemical analysis performed on ethanolic extracts of the leaves of Lantana camara L., Melia azedarach L. and

Kalanchoe pinnata.

Spectroscopic analysis

UV-vis spectra showed several adsorption maxima in the region between 200 nm and 400 nm. For the KE
extract, the most relevant peaks were observed at 230 nm, 265 nm, and 350 nm. In the ME extract, peaks were
observed at 225 nm, 270 nm, and 360 nm. Finally, in the ME extract, absorption maxima were identified at

230 nm, 290 nm, and 335 nm (Figure 1).
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Figure 1. UV-vis spectra. (a) Ethanolic extract KE from K. pinnata, (b) Ethanolic extract ME from M. azedarach, and (c)

Ethanolic extract from L. camara.

Fourier Transform Infrared Spectroscopy (FT-IR) was used to identify the functional groups of the active
components by detecting specific molecular vibrations via their infrared absorption peaks. The obtained FT-

IR spectra are shown in Figure 2.
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Figure 2. Infrared spectra of the ethanolic extract of K. pinnata (a), M. azedarach (b), and L. camara (c).

Comparing the signals in each spectrum with the average theoretical values (FT-IR21, 22; UV-vis23) enabled
the establishment of specific relationships among the functional groups of the metabolites identified in the
species studied, thereby confirming their presence in the extracts (Table 3).

https://bionaturajournal.com/

Metabolite = Theoretical FT-  Theoreti- K. pin- K. pinnata M. aze- M. azeda- L.ca- L.camara
class IR assignment cal UV- nata UV-Vis darach = rach UV-  mara UV-Vis
(ecm™) Vis (nm) FT-IR Amax FT-IR  VisAmax FT-IR JAmax (nm)
(cm™) (nm) (cm™) (nm) (cm™)
Alkaloids C—H (1400-1550); = 300-400 ND ND ND ND 1545, 335
C=N (1500-2000); 1600,
C—N (~1000); N— 1073,
H (3500-3100) 3395
Coumarins C-C (1300-1550); = 260-300 1402, 265, 350 1384, 270, 1545, 290
C=0 (1500-2000); 1560, 1590, 360* 1600,
C=0 (1650-1750) 1702 1623 1719
Polyphenols O-H (3500-3200); 220-250 3403, 230 3400, 225 3395, 230
C-0 (~1000) 1065 1000 1073
Saponins O-H (3500-3200); ND ND ND ND ND 3395, ND
C-0 (1000-1300) 1164
Unsatura- = C=C (1680-1600) ND 1675 ND ND ND 1600 ND

ted sterols
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Saturated C—H (3000-2800) ND 2928 ND ND ND 2929 ND
hydrocar-

bons

* 360 nm reportado como banda débil/indefinida (nota al pie).

Table 3. Functional-group identification by metabolite class in ethanolic leaf extracts of Kalanchoe pinnata, Melia azeda-
rach, and Lantana camara based on theoretical FT-IR/UV-Vis signals and experimental bands (FT-IR, cm™; UV-Vis, Amax

in nm). ND: not detected.

Evaluation of the biological activity of crude extracts
The results of the antibacterial activity at different concentrations (Table 4) and the toxic activity (Table 5)
against A. salina of the extracts from the three plant species tested are presented below.

Extracts Antibiotics
Microorganism KE; LE; ME;, KE LE: ME: KE; LE; MEs; VAN OFL
mm inhibition halo diameter
E. faecalis ATCC NI NI NI NI NI NI NI NI NI 33 -

29212
S. aureus ATCC 25923 NI NI NI NI NI NI NI NI NI 30 -
E. coli ATCC 25922 NI NI NI NI NI NI NI NI NI - 55
P. auriginosa ATCC NI NI NI NI NI NI NI NI NI - 23
27853

NI: did not inhibit, VAN: Vancomycin, an antibiotic used as positive control for Gram-positive bacteria, and OFL: Ofloxacin, an
antibiotic used as positive control for Gram-negative bacteria. 1: 30 mg-mL-1, 2: 40 mg-mL-1, 3: 60 mg-mL-1

Table 4. Antibacterial activity of ethanolic extracts of K. pinnata, L. camara, and M. azedarach leaves at different concen-

trations.
Plant species Toxicity assay: Ethanolic maceration
Method % Mortality ~ LCso(ngmL- Confidence limit Clarkson's toxicity
1y
K. pinnata 25.0 245.20 Medium toxicity
L. camara Binomial 26.7 261.27 95% Medium toxicity
M. azedarach 233 151.40 Medium toxicity

Table 5. Mortality percentage, median lethal concentration, and Clarkson's toxicity of plant extracts against the

crustacean Artemia salina.

DISCUSSION

Plant material and its extracts

Of the three ethanolic extracts obtained, K. pinnata has the highest mass yield (Table 1), indicating that this
plant synthesizes a greater number of polar, alcohol-soluble compounds than the other two species under
study. The color that characterizes each extract suggests that the structure of some of its constituents has
chromophore groups, capable of absorbing energy in the UV-Visible region. *
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Phytochemical analysis of the extracts

Phytochemical profiling is the analysis, using chemical reactions that target specific functional groups, that
enables the identification of secondary metabolites present in a plant. The study of the phytochemical profile
enables evaluation of a plant's therapeutic potential, as many phytochemicals possess medicinal properties and
serve as targets for the development of new drugs or supplements.

Likewise, knowledge of a plant's phytochemical profile enables the definition of quality standards for herbal

drugs. In biological research, understanding a plant's phytochemical composition helps elucidate its responses
to biotic and abiotic stressors and its adaptation to the environment. In addition, knowledge of a plant's phy-
tochemical profile enables the selection of extraction protocols for the isolation of pure secondary metabolites

and their subsequent structural characterization.

To initiate an active synthesis of secondary metabolites, plants must be exposed to adverse conditions such as
consumption by herbivores (arthropods and vertebrates), attack by microorganisms (viruses, bacteria and
fungi), competition for soil space and light and nutrients between different plant species, and exposure to
sunlight or other abiotic stresses, which explains why a plant prefers to synthesize or not certain metabolites
as a function.?®> Alkaloids, polyphenols, coumarins, saponins, and unsaturated sterols were detected in the
ethanolic extracts (Table 2).

Alkaloids are organic bases with a large structural variety.?® Previous research reports the presence of alkaloids
in extracts of M. azedarach using Dragendorff's reagent, for such metabolites in fruits, flowers, stem, and bark
that confer insecticidal properties to M. azedarach known as paraisin and azadirachtin.?® However, the etha-
nolic extract of this species did not show the presence of alkaloids.

But a positive result was obtained for the extract of L. camara, coinciding with recent reports of tests per-

formed on this plant in Brazil, which showed positivity for alkaloids.?’

On the other hand, phenols were detected in the three extracts tested (Table 2); in this sense, it is known that
plants synthesize a great variety of secondary products containing a phenol group; these substances are called
phenolic compounds or polyphenols, and all of them are derived from phenol,?® supporting the results obtained
in the tests performed on the extracts under study.

Regarding coumarins, all three extracts tested positive. These compounds, a-pyrones, are widely distributed
in the plant kingdom and occur in seeds, leaves, and roots. This result coincides with those reported by Ramos
and collaborators, who qualitatively detected coumarin in an extract of M. azedarach,14 and by Navarrete,
who reported this metabolite from the extraction of a L. camara specimen.?” The presence of coumarins in
these plants, and their possible association with phenols such as hydrous cimarins, may be related to the bio-
logical activity of the extracts, since reports of coumarins as antioxidants profile them as efficient substances
against chronic degenerative diseases, heart disease, and other ailments such as diabetes and even tumor dis-
eases.>”

Sterols also gave positive results in two of the extracts tested. These metabolites are widely distributed in the
animal and plant kingdoms; they occur in free form (also called steroid aglycones), as esters, or as glycosides.
A large number and diversity of substances with the steroid nucleus are found in nature. Most natural sterols
or unsaturated sterols have a side chain of 8 to 10 carbon atoms and a double bond at C-5 in the case of the
cholesterol molecule.’!

Moreno et al. reported the presence of sterols in the extracts of K. pinnata, and likewise, Amaya, in his study
of M. azedarach, determined the presence of sterols in the plant, ¥ results that coincide with those reported
in this research, in which their possible presence was detected in the extract obtained by maceration of the
leaves of K. pinnata.

Spectroscopic analysis
The intense coloration that characterized each extract suggests that the structure of some of its constituent
metabolites possesses chromophore groups capable of absorbing energy in the UV-visible region.
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For this reason, this technique was used to identify secondary metabolites containing n-bonds, o-bonds, lone
pairs of electrons, aromatic rings, and other chromophores across the electromagnetic spectrum from 200 to
750 nm. In the UV spectrum of the L. camara extract obtained by maceration in ethanol (Figure 1¢), maximum
absorption bands corresponding to electronic transitions of the chromophore groups present in the extract are
observed. The signal at 230 nm corresponds to electronic transitions, indicating the presence of polyphenols
and confirming the preliminary chemical analysis results. On the other hand, the signal at 290 nm is attributed
to electronic transitions of the C=0 chromophore in the coumarins and is corroborated by the signal at 335
nm, which is a radical band characteristic of atoms with unshared electron pairs.*

Similarly, in the UV spectra for K. pinnata and M. azedarach (Figure 1a and 1b, respectively), characteristic
signals belonging to the metabolites identified in their extracts were identified, highlighting the fact that in K.
pinnata, the band defined at 350 nm corresponds to the positive result of alkaloid in its extract, since the
structures containing the quinoline skeleton present an excellent chromophore, in the region between 300 to
400 nm.>> Whereas, in M. azedarach, which has the extract with the least variability of metabolites, this band
is practically imperceptible, and only the one at 225 (polyphenols) and 270 nm (C=O of coumarins) is appre-
ciated.

Similarly, in the UV spectra for K. pinnata and M. azedarach (Figure la and 1b, respectively), characteristic
signals belonging to the metabolites identified in their extracts were identified, highlighting the fact that in K.
pinnata, the band defined at 350 nm corresponds to the positive result of alkaloid in its extract, since the
structures containing the quinoline skeleton present an excellent chromophore, in the region between 300 to
400 nm.**> Whereas, in M. azedarach, which has the extract with the least variability of metabolites, this band
is practically imperceptible, and only the one at 225 (polyphenols) and 270 nm (C=0 of coumarins) is appre-

ciated.

FT-IR spectroscopy is an analytical technique used to identify functional groups in secondary metabolites.
This technique is widely used in the investigation of plant chemical composition. FT-IR spectroscopy has
experienced rapid development thanks to its low noise level, high analytical speed, high repeatability, easy
operation, and low cost.??

Likewise, bands attributable to phenolic compounds were observed in the infrared spectrum of the LE extract
(Figure 2c). The band at approximately 3395 cm™! corresponds to the stretching of the O-H bond of alcohols,
phenols, or carbohydrates associated with saponins, although this zone also corresponds to the N-H tension of
alkaloidal compounds. In contrast, the band at 2929 cm™ is a characteristic signal of C-H bond vibration,
corresponding to alkane-type systems or saturated hydrocarbons, which are normally present in sterols as side
chains of 8 to 10 carbon atoms. 2! A broad band with small peaks at 1545 cm™ (C-H and C-C stretching) and
1600 cm™ (C=N, C=0 and C=C vibration zone) is also seen. The signal at 1164 cm™' indicates the presence
of C-O bonds of sugar units (carbohydrates) mentioned in association with saponins detected in the prelimi-
nary chemical analysis. On the other hand, a band at 1073 cm™ is attributed to the C-O bond stretching vibra-
tion of primary alcohols and phenols respectively, corresponding also to C-N single bond vibration; on the
other hand, the band at 1719 cm™ concerns the C=0 bond indicating the presence of coumarins and the band
emitted at 817 cm™ can be attributed to the bending of the C-H bond corresponding to a poly substituted
aromatic ring.

In the infrared spectrum of the KE extract (Figure 2a), the signals corresponding to the main functional groups
found are observed, such as polyphenols evidenced by a broad and intense band ~3403 cm™! that is related to
the O-H stretching of alcohols and phenols and, as in L. camara, the band at 2928 cm™! is characteristic of C-
H bond vibration corresponding to alkane or saturated hydrocarbon type systems, normally present in sterols,
as a side chain of 8 to 10 carbon atoms.?* The signal at 1402 cm™ is attributed to C-C bond bending. Similarly,
the band at 1065 cm™ corresponds to C-O stretching of phenols or sterols since they possess at least one -OH
group. On the other hand, the signals found at 1702 cm™ and 1560 cm™ correspond to the stretching and
vibration of the C=0 double bond of carbonyl groups, suggesting the presence of coumarins; while the signal
observed at 776 cm™! may indicate C-H bending out of the plane corresponding to a p-disubstituted aromatic
ring.
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Finally, in the phytochemical analysis of the ME leaf extract, only the possible presence of coumarins and
polyphenols was detected, finding in the IR spectrum (Figure 2¢) a broad and intense band between 3500 and
3100 cm™ where the O-H bond corresponding to alcohols and phenols is reflected; taking into account the
signal manifested at 1384 cm™! that alludes to the C=0O bond, indicative of the presence of coumarins in the
extract, and it can also be observed that the band at 1623 cm™! corresponding to the stretching of the C=C bond
indicates the presence of an instauration.

Evaluation of the biological activity of crude extracts

Antibacterial activity

Antibacterial activity is one of the most significant bioassays in the pharmacological study of a substance.
Due to the continuous growth of bacterial resistance caused by the indiscriminate use of common antibiotics,
bacterial resistance is a natural biological phenomenon, where a drug inhibits bacteria, but is not destroyed by
it, this has resulted in a problem for the treatment of infectious diseases;® therefore, research is currently being
carried out in the search for new compounds with bactericidal properties.

Gram-negative bacteria are generally more resistant to antiseptics and disinfectants than Gram-positive bac-
teria. The outer membrane of Gram-negative bacteria acts as a barrier that limits the entry of several types of
chemically unrelated antibacterial agents. Hydrophilic molecules of low molar mass pass easily through
porins, whereas hydrophobic molecules diffuse through the membrane bilayer. Gram-positive bacteria have
only a cell membrane with a broad outer peptidoglycan layer. These characteristics of each bacterial structure
largely define their permeability to antibiotic agents and the transport of molecules across barriers, being im-
portant factors to consider in the case of Gram-negative bacteria.’’

According to the antibiogram results, the extracts showed no antibacterial activity against the strains tested.
This lack of activity could be due to the medium's low diffusion capacity. It should also be noted that these
are crude extracts containing multiple components, probably at low concentrations, insufficient to produce a
bactericidal effect.’” A study of the hydroalcoholic extract of K. pinnata showed significant biological activ-
ity;*® however, in this investigation, extracts of the same plant did not exhibit any activity against the bacteria
tested.

Lethal activity against Artemia salina

The brine shrimp lethality assay combines practicality, cost-effectiveness, and simplicity into a single method
for assessing the toxicity of plant extracts. These biological effects of natural compounds often correlate
strongly with cytotoxic and antitumor activities. ***° The desired biological reaction typically results from the
combination of bioactive plant components rather than from a single component. Therefore, a medicinal plant
extract often exhibits cytotoxic effects against brine shrimp larvae with a concentration-dependent activity
profile 41, and the compounds responsible for the extract's toxicity may be antitumor agents.*?

The Artemia salina lethality values were defined according to Clarkson's toxicity . After 24 hours of expo-
sure to the control medium, all nauplii in the negative control group survived. In contrast, the positive control
has an LC50 of 13.45 pg - mL-1, indicating high toxicity. Regarding the terms in Table 5, these are directly
related to the LCso and are inversely proportional, since, an extract or substance is potentially useful as highly
toxic when its LCs is < 100 pg'mL-1 (as accepted by the Clarkson Toxicity Index), and is considered very
active; at concentrations between 100 ug'-mL-1 and 500 pg-mL-1 it is considered medium toxic, with LCso
between 500 pg-mL-1and 1000 pg-mL-1 it is considered low toxic, and with LCso > 1000 ug-mL-1 it would
non-toxic, it would not be active; therefore, the higher the LCso, the lower the acute toxicity.*

The concentrations of KE, LE, and ME extracts showed moderate toxic activity (LC50: 100-500 pg mL-1)
against A. salina nauplii, with LC50 values of 245.20, 261.27, and 151.40 ung-mL™", respectively. Variation in
toxicity is attributable to differences among plant species and varieties, resulting in qualitative and quantitative
differences in the phytochemical content of primary and secondary metabolites in the extract.** However, the
observed biological effect is within the same classification of medium toxicity; this may be due to the common
metabolites in the three extracts: coumarins and polyphenols.
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The result obtained for the extract of K. pinnata (LCso 245.20 pg-mL-1) is more representative than that re-
ported in 2020, where the extract of this plant was evaluated, indicating an LC50 of 635 pgemL-1, which is
less active and higher than the value obtained in this research.* Similarly, in a 2021 study on the essential oil
of L. camara leaves, results report high toxicity, with LC50 values of 15.52 pg-mL-1 against nauplii and 10.67
ng'mL-1 against T47-D breast cancer cells.*®

Another study on the fruits of M. azedarach reported moderate cytotoxicity, with an LC50 of 147.813 pg-mL-
1. It is important to note that it is already known that the fruits of this plant contain tetranortriterpenoids. Based
on these studies and the assay results, the cytotoxic potential of the plant extracts is evident.

Therefore, the biological activity observed in this research is closely related to the presence of the detected
secondary metabolite families, which may act in complementary or synergistic ways when positive results are
obtained, or counteract their effects (antagonistic effect) when negative results are obtained.

Preliminary studies indicate that the detected phytochemical compounds are important for various applica-
tions, including coumarins used in medical treatments for their photoreactive properties. They are also used

as an insecticide, in addition to the other biological activities, such as the toxic effect on Artemia salina.*®

In addition, some alkaloids are recognized for their antibacterial properties; likewise, phenolic compounds
exhibit antioxidant effects and have highly antiseptic and bactericidal activity. Sterols are important in phyto-
therapy because they can lower cholesterol by reducing intestinal absorption. Finally, saponins with surfactant
and hemolytic properties, both attributed to their structural characteristics of amphipathic nature, can also
exert a wide range of biological and pharmacological activity, including insecticidal, antiprotozoal, anti-in-
flammatory, leishmanicidal, antitrichomonas, antiplatelet, broncholytic, hypocholesterolemic, as well as cy-
totoxic activity against various neoplasms.>’

CONCLUSIONS

The phytochemical profile and antibacterial and cytotoxic activities of the ethanolic extracts from the leaves
of these plants were evaluated. Preliminary chemical analysis of each ethanolic extract from the leaves of K.
pinnata, L. camara, and M. azedarach showed the possible presence of sterols, coumarins, alkaloids,
polyphenols, and saponins. The cytotoxicity test against A. salina nauplii showed that the ethanolic extracts
of K. pinnata, L. camara, and M. azedarach leaves exhibited cytotoxicity, with LC50 values of 245.20, 261.27,
and 151.40 pg-mL-1, respectively. Bioassays and chemical analyses indicate that the plants studied are
potential sources of polar compounds with biologically active properties, which can be exploited in future
research.
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