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Evaluacién in vitro de la actividad antioxidante e
hipoglucemiante de extractos de hojas de Ambrosia
arborescens, Buddleja incana, Aloysia citrodora y Prunus
serotina

Irvin Tubona'b*, Erick Cunalatac, Goering Octavio Zambrano-Cérdenasd,
Jessica Paola Arcos—Logroﬁod, Gabriela Vaca®®

ABSTRACT

Background: Diabetes mellitus is a chronic disease affecting many people in the world. The
main symptom of diabetes is high blood glucose levels (hyperglycemia), which triggers an
imbalance in the body, producing secondary pathologies associated with oxidative stress
generated by this metabolic disorder. Objective: This research evaluated the antioxidant
and hypoglycemic capacity of Ambrosia arborescens, Buddleja incana, Aloysia citrodora, and
Prunus serotina ethanolic and aqueous leaf extracts. Methods: The phytochemical profile of
each plant species was characterized through qualitative tests to determine the presence or
absence of metabolites such as alkaloids, phenols, triterpenes, and flavonoids. Quantitative
determinations of total phenols and flavonoid content were also conducted. The free radical
scavenging assay with 2,2-diphenyl-1picrylhydrazil (DPPH) evaluated the antioxidant capacity.
The hypoglycemic capacity was performed by quantifying the inhibition capacity of a-amylase
and a-glucosidase enzymes. Results: All extracts showed a high concentration of phenols and
flavonoids. Likewise, all extracts exhibited enzymatic inhibition at different concentrations,
with 500 pg/mL showing the highest inhibitory effect. Additionally, the ethanolic extract of A.
arborescens demonstrated the most excellent hypoglycemic capacity among all the extracts
analyzed. Conclusion: The results of this study can serve as a basis for future research focused
on utilizing medicinal plants to develop pharmaceutical formulations as an alternative treatment
for hyperglycemia associated with diabetes.

Keywords: Diabetes mellitus, phytochemical screening, metabolites, antioxidants,
hypoglycemic, a-amylase.

RESUMEN

Antecedentes: La diabetes mellitus es una enfermedad crénica que afecta a gran parte de
la poblacién mundial. El principal sintoma de la diabetes son los niveles elevados de glucosa
en sangre (hiperglucemia), los cuales generan un desequilibrio en el organismo y producen
patologias secundarias asociadas al estrés oxidativo derivado de este trastorno metabdlico.
Objetivo: Esta investigacion evalué la capacidad antioxidante e hipoglucemiante de los
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extractos etandlicos y acuosos de hojas de Ambrosia arborescens, Buddleja incana, Aloysia citrodoray Prunus serotina. Métodos:
El perfil fitoquimico de cada especie vegetal se caracterizé mediante pruebas cualitativas para determinar la presencia o ausencia
de metabolitos como alcaloides, fenoles, triterpenos y flavonoides. Asimismo, se realizaron determinaciones cuantitativas del
contenido de fenoles y flavonoides totales. La capacidad antioxidante se evalué mediante el ensayo de captura del radical
libre 2,2-difenil-1-picrilhidrazil (DPPH). La capacidad hipoglucemiante se determiné cuantificando la inhibicién de las enzimas
a-amilasa y a-glucosidasa. Resultados: Todos los extractos mostraron una alta concentracion de fenoles y flavonoides. Del
mismo modo, todos los extractos presentaron inhibicion enzimatica a diferentes concentraciones, siendo 500 pg/mL la que
evidencié el mayor efecto inhibitorio. Adicionalmente, el extracto etandlico de A. arborescens demostré la mayor capacidad
hipoglucemiante entre todos los analizados. Conclusién: Los resultados de este estudio pueden servir como base para futuras
investigaciones orientadas al uso de plantas medicinales en la formulacién de productos farmacéuticos como tratamiento

alternativo para la hiperglucemia causada por la diabetes.

Palabras clave: Diabetes mellitus, tamizaje fitoquimico, metabolitos, antioxidantes, hipoglucemiante, a-amilasa.

INTRODUCTION

Diabetes mellitus (DM) is a metabolic disorder
characterized by elevated blood glucose levels. In
recent years, the number of people with DM has
increased steadily. In 2019, it was reported that 9.3%
(463 million) of the world's population had DM, and
it is expected that by 2045, this figure will rise to
10.9% (700 million) (1).

It has been evidenced that abnormal glucose levels
in the body caused by DM generate a metabolic
imbalance responsible for the overproduction of
ROS. This induces cellular damage in the structure
of tissues (macromolecules, lipids, and proteins) and
increases the complications encompassed by this
disease (2). The organism's oxidative environment
reduces patients' insulin sensitivity, producing
resistance to this hormone and altering glucose
tolerance at the cellular level (3).

Under normal conditions, the pancreatic islets of 8
cells synthesize insulin and store it in response to
blood glucose levels (4). When blood glucose levels
rise, there is a greater demand for insulin release.
This increased demand can lead to the deterioration
of pancreatic 8 cells and the development of insulin
resistance. This process is exacerbated by oxidative
stress in adipose tissues and skeletal muscles, which
impairs glucose absorption (5).

Antioxidants are the primary defense mechanism
used to neutralize ROS. However, in hyperglycemic
conditions, the organism cannot counteract them
in their entirety due to their high generation,
resulting in a more significant interaction between
ROS, macromolecules, and proteins, as well as
glucose molecules. This leads to reactions of these
compounds through oxidation and glycation,
resulting in lipid peroxidation and the formation
of advanced glycation products via the Maillard
reaction, which can cause DNA damage and
structural alterations in proteins (6).

On the other hand, plants have been used since
ancient times in herbal medicine as a traditional
therapeutic resource for the treatment of different
diseases that affect health due to their high
availability, reduced cost, and ancestral experience
over time. They are an outstanding alternative
to current pharmaceutical formulations (7). This
practice is more frequently performed in rural
areas due to the existing complications in accessing
modern medicine (8).

Traditional medicine can be considered a viable
option for the treatment and prevention of diabetes.
It helps avoid the side effects associated with
synthetic drugs produced by the pharmaceutical
industry (9). Additionally, traditional medicine can
be used alongside other medications to reduce
the required doses and enhance their therapeutic
effects. In some cases, it may even serve as a
complete substitute for these medications due to its
biological activity and the interactions it produces
in metabolic processes (10). The main mechanisms
used by plants for the treatment of diabetes are
based on the improvement of intestinal flora,
inhibition of a-amylase and a-glucosidase enzymatic
activity, regulation of insulin levels and reduction of
oxidative stress (11).

Ambrosia arborescens Mill (Asteraceae),
known as “Marco”; Buddleja incana Ruiz & Pav
(Scrophulariaceae), known as “Quishuar”; Aloysia
citrodora Palaul (Verbenaceae), known as “Cedrén”;
and Prunus serotina Ehrh (Rosaceae), known
as “Capuli”, although they are not endemic to
Ecuador, have shown remarkable adaptability to
the country’s climatic conditions. This adaptability
has facilitated their widespread use, especially
among indigenous communities, and more recently
in urban areas, thanks to their simple cultivation
process. In Ecuadorian traditional medicine, leaf
infusions are used to reduce fever, treat malaria, and
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alleviate digestive and respiratory disorders. These
infusions are also incorporated into therapeutic
baths designed to relieve inflammation and pain.
In addition, macerated leaves have long been
applied directly to the skin to promote the healing
of ulcers and superficial wounds. Although some
reports mention their use in managing diabetes,
this particular application remains anecdotal and
lacks robust scientific validation (12). Thus, the
current research aims to evaluate the traditional
and empirical knowledge of the extracts from these
four medicinal plants' leaves on the inhibition of
a-amylase and a-glucosidase enzymes.

MATERIALS AND METHODS

Chemicals and reagents.

All the reagents used in this research were of the
highest purity available from Sigma Aldrich (St.
Louis, MO, USA).

Collection of plant material

Leaves of the different plants were collected in
different locations in the city of Pelileo and Ambato
(A. arborescens: 1°15'13.8"S 78°34'55.5"W,; B.
incana: 1°22'27.4"S 78°34'27.1"W, A. citrodora:
1°20"12.3"S 78°30'54.5"W; P. serotina: 1°15'13.8"S
78°34'55.5"W), after obtaining authorization for
non-commercial collection from the Ministry of
Environment, Water and Ecological Transition (No.
MAATE-ARSFC-2022-2801).

The plant material was identified by Jorge Caraqui
from the herbarium of the Escuela Superior
Politécnica de Chimborazo (No-ESPOCH-HERB-035)
and subsequently stored at the Research and
Development Directorate Operating Unit (UODIDE)
of the Faculty of Food Science and Engineering and
Biotechnology.

Preparation of plant material

The leaves were disinfected with a 10% sodium
hypochlorite solution and washed with abundant
water to eliminate excess chlorine. It was then dried
in a convection dehydrator (TROCKEN) at 40 °C
for 24 to 48 hours. The dried material was crushed
using a blender until a fine powder was obtained
and stored in Ziplock bags (12).

Extract preparation

The infusion method was used to prepare the
aqueous extract. For this, the leaves and distilled

water were placed in a beaker in a 1:10 ratio (w/v).
Then, it was taken for 10 min at 90 °C in a heating
plate with magnetic stirring and waited to cool before
being filtered. Finally, the solvent was removed by
vacuum rotary evaporator (BUCHI) (60°C at 40 mbar
with 100 RPM). The resulting product was stored in
sterile plastic tubes under refrigeration until use (13).

The ethanolic extract was obtained using the
maceration method. The leaves and 70% ethanol
were placed in a glass container in a 1:10 ratio (w/v)
and left to stand in the absence of light for 8 days,
shaking occasionally to distribute the plant material
in the solvent. After this time, the product was
filtered. Finally, the solvent was removed by vacuum
rotary evaporator (BUCHI) (40°C at 200 mbar with
100 RPM). The resulting product was stored in sterile
plastic tubes under refrigeration until use (12).

Phytochemical Screening:

Identification of the chemical content (phenolics,
flavonoids, saponins, triterpenoids/steroids) in the
extracts was carried out following the procedure of
Harborne (1987) (14). Identification of phenolics was
carried out using 5% (w/v) FeCl, reagent, flavonoids
using magnesium powder and concentrated
hydrochloric acid, saponins using the foam test in
water, and triterpenoids/steroids using Salkowski
(chloroform and concentrated sulfuric acid) and
Liebermann Burchard reagents (chloroform,
concentrated sulfuric acid, and anhydrous acetic
acid). Identification of alkaloids was carried out with
Dragendorff.

Quantification of total phenols and flavonoid
content

¢ Total phenols

The modified Folin-Ciocalteu method assay was
followed to quantify the total phenolic compound
content. For this, 10 pL of the extract in a 1:50
dilution was placed in a 96-well plate, to which 130
uL of distilled water was added, and 10 pL of the
Folin-Ciocalteu reagent. It was left to react for 6
min to add 100 pL of a 7% (w/v) sodium carbonate
solution. The reaction was incubated at room
temperature for 90 min in the absence of light, and
finally, the absorbance of each sample was measured
at a wavelength of 750 nm (Multiskan Microplate
Spectrophotometer - THERMO). A standard curve
was prepared with serial solutions of standard gallic
acid ranging from 10 to 100 mg/L for calibration. The
content of total phenols was expressed as milligram
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equivalents of gallic acid per gram of sample dry
weight (mg GAE/g dry wt) (15).

o Total flavonoids

The aluminum chloride method was followed to
determine the total flavonoid content. For this
purpose, 60 pL of the extract in a 1:10 solution
was mixed with 120 uL of a 2% (w/v) aluminum
chloride solution, and the mixture was incubated
at room temperature for 60 min. Subsequently,
the absorbance was measured at a wavelength of
420 nm (Multiskan Microplate Spectrophotometer
- THERMO). A quercetin (QE) standard curve was
prepared with serial solutions ranging from 10 to
100 mg/L for calibration. The total flavonoid content
was expressed as milligram quercetin equivalent per
gram dry weight of the sample (mg QE/g dry wt) (16).

Analysis of Antioxidant Capacity

The DPPH technique described by Bobo et al.
(2015) (17) with certain modifications, it was utilized
to assess the antioxidant capacity of the extracts.

A stock solution of DPPH (150 uM) was prepared
by dissolving 0.0059 g of the reagent with 100 mL
of a diluent methanol-water solution in an 80:20
ratio. Subsequently, the solution was covered
against light exposure and shaken for 30-40 min.
Additionally, a stock solution of Trolox (500 pM)
was made by dissolving 0.0125 g of reagent in
100 mL of methanol-water diluent solution in a
50:50 ratio and finally shaken to homogenize the
components. Based on the Trolox stock solution,
reagent concentrations of 50, 100, 200, 300,
400, and 500 pM were prepared to generate a
calibration curve.

The percentage inhibition was calculated according
to the following equation (1):

%Inhibition DPPH = {1 —(HH %100 1

c b

Where A_ corresponds to the absorbance of the
sample at 515 nm, A, to the absorbance of the
blank at 515 nm, and A_to the absorbance of the
control at 515 nm.

Evaluation of hypoglycemic capacity

To evaluate the hypoglycemic capacity of the plant
extracts, the a-amylase and a-glucosidase inhibition
assays were utilized, following the methodology of
Coronado et al. (2021) (18), with specific modifications
outlined below.

Enzymatic a-amylase assay

A volume of 50 pL of each extract made at different
concentrations was mixed with 50 pL of a-amylase
enzyme solution (5 U/mL), which was previously
dissolved in 0.1 M phosphate-buffered saline (PBS)
(pH 6.9). The mixture was incubated in a thermoblock
at 37 °C for 60 min, and then 50 pL of a starch
solution (0.5% (w/v)) dissolved in 0.1 M phosphate-
buffered saline (pH 6.9) was added to incubate
again at 37 °C for 5 min. After the time elapsed,
the reaction was stopped by adding 50 pL of DNS
reagent (3,5-dinitrosalicylic acid 96 mM), incubated
in a thermoblock at 100 °C for 5 min, and allowed to
cool for 5 min at room temperature. Subsequently,
the absorbance was read at 540 nm using a UV-
visible spectrophotometer. The final absorbance of
the sample was obtained by subtracting the blank
reading from that of the corresponding sample, and
the percentage of enzyme inhibition generated was
calculated according to equation (2):

%Inhibicion=

4.4, %100 (2)
Y

m

Where A_ corresponds to the absorbance of the
control at 540 nm and A _ to the absorbance of
the sample at 540 nm.

Enzymatic a-glucosidase assay

A volume of 50 pL of each extract at different
concentrations (100 - 500 pg/mL) was placed in a
sterile microtube with 50 pL of potassium phosphate
buffer (0.1 mol/L and pH 6.9), which contained the
a-glucosidase solution (0.5 U/ml). The mixture was
incubated for 30 min at 37 °C. Then 50 pL of 5 mmol/L
PNPG (p-nitrophenyl-a-D-glucopyranoside) solution
contained in potassium phosphate buffer (0.1 mol/L
and pH 6.9) was added and incubated again at 37
°C for 5 min. Finally, 50 pL of 0.2 mol/L sodium
carbonate was added and incubated at 37°C for 5
minutes. Subsequently, absorbance was measured
at 405 nm in a UV-visible spectrophotometer. 50 pL
of potassium phosphate buffer was used instead
of the extract as a control, and the percentage
inhibition produced was calculated according to the
following Equation (3):

%Inhibicion= Ac; A 100 3)

m

Where A_will correspond to the absorbance of the
control at 405 nm and y A to the absorbance of
the sample at 405 nm.
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Data analysis

For the statistical analysis of the activity of
ethanolic and aqueous extracts, ANOVA (analysis
of variance) and a Tukey comparison test (p<0.05)
with a confidence level of 95% were performed using
GraphPad Prism version 9.

RESULTS

Extract yield

In the comparative evaluation of extraction methods,
variations in yield were evident among the studied

Table 1. Extraction yield of infusion and ethanolic extracts.

species (Table 1), with maximum yield in the
maceration extract of P. serotina.

Phytochemical analysis

The phytochemical analysis of eight plant extracts
(four prepared by infusion and four by maceration)
revealed the presence of various groups of
secondary metabolites (Table 2). Alkaloids and
saponins were found in high concentrations in nearly
all the extracts. In contrast, the presence of phenols,
triterpenes/steroids, and flavonoids showed no
significant variation between the extracts, as each
group demonstrated only a minimal presence.

EXTRACT YIELD

Plant Extract type Percentage
A. arborescens  Maceration 10.3
Infusion 125
B. incana Maceration 11.1
Infusion 10.6
A. citrodora Maceration 15.5
Infusion 18.3
P. serotina Maceration 17.2
Infusion 16.6

Table 2. Qualitative phytochemical analysis of secondary metabolites found in ethanolic and infusion extracts.

Phytochemical
Plant Extract type
Alkaloids Phenols Triterpenes/steroids Flavonoids Saponins
A. arborescens Maceration ++ + + + o+
Infusion ++ + + + T+
B. incana Maceration ++ + + + S+
Infusion + + + + _
A. citrodora Maceration +++ + + + 4+
Infusion + + + + R
P. serotina Maceration ++ + + + _
Infusion + + + + -

Note: -: absence; +: presence; ++: moderate presence; +++: abundant presence.

Determination of total phenolic and flavonoid
content

The analysis highlighted the presence of phenols
and flavonoids across all the plants, with P.
serotina shining as the standout performer in both
categories. Its infusion extract boasts a remarkable

total phenol content of 156.543 + 7.610 mg GAE/g
dry wt, showcasing its potential. Meanwhile, the
ethanolic extract showed a commendable flavonoid
content of 41,217 = 1.816 mg QE/g dry wt (Table 3).

Journal Vitae | https://revistas.udea.edu.co/index.php/vitae

Volume 32| Number 03| Article 360310


https://revistas.udea.edu.co/index.php/vitae

Irvin Tubon, Erick Cunalata, Goering Octavio Zambrano-Cérdenas, Jessica Paola Arcos-Logrofo, Gabriela Vaca

Table 3. Total phenolic and flavonoid content of ethanolic and infusion extracts.

Total phenolic content Total flavonoid content

Plant Extract type

(mg GAE/g dry wt) (mg EQ/g dry wt)

A. arborescens Maceration 27.703 = 6.735° 18.991 = 0.606*
Infusion 26.605 + 7.501% 10.260 £ 0.315*
B. incana Maceration 78.888 + 8.523° 21.077 + 1.034°
Infusion 54.197 + 3.867° 13.518 + 0.206""
A. citrodora Maceration 40.987 + 4.128° 26.271 + 0.997¢
Infusion 54.814 + 2.000°" 20.615 + 1.785¢
P. serotina Maceration 82.160 + 4.192° 41.217 £ 1.816°
Infusion 156.543 + 7.610° 25.625 + 0.368"

Note: Data shows the mean * SD of 6 replicates. Different letters (a, b, ¢, d) indicate significant differences. p < 0.05 ANOVA post hoc Tukey's test for percent inhibition.

Statistical analyses were performed between ethanolic (Letter without asterisk) and aqueous extracts (*) separately.

Antioxidant activity

Similarly, as in the case of phenols and total

flavonoids, it was possible to verify a high antioxidant

activity in each of the extracts, particularly in B.
incana. Thus, the ethanolic extract demonstrated

an antioxidant activity of 84.619% =+ 1.034, while
the infusion extract showed an activity of 81.521%
+ 1.017 (Table 4).

Table 4: Antioxidant activity (percentage) of ethanolic and infusion extracts.

Plant

Extraction method A. arborescens

B. incana

A. citrodora P. serotina

% DPPH radical inhibition

Maceration 79.915 + 0446°

Infusion 77.408 + 0.523

84.619 + 1.034
81.521 + 1.017*

70.957 £0.712°  80.028 + 1.409°

65.408 + 1.090°  77.464 + 0.738%

Note: Data shows the mean = SD of 6 replicates. Different letters (a, b, ¢, d) indicate significant differences. p< 0,05 ANOVA post hoc Tukey's test for percent inhibition.
Statistical analyses were performed between ethanolic (Letter without asterisk) and aqueous extracts (*) separately.

Hypoglycemic Capacity

The a-amylase and a-glucosidase inhibition assays
were conducted to evaluate the hypoglycemic
potential of the plant extracts at concentrations
ranging from 100 to 500 pg/mL. For a-amylase, the
results indicated that the extracts exhibited a dose-
dependent response, showing greater hypoglycemic
activity at the highest concentration of 500 pg/mL

(Table 5). Among the various extracts tested, A.
arborescens demonstrated the highest inhibitory
capacity (p <0,05), with an aqueous extract showing
41.196%1.457% inhibition and an ethanolic extract
displaying 48.956+1.674% inhibition at the 500 pg/
mL concentration (Figure 1).
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Table 5: a-amylase hypoglycemic capacity (percentage) of ethanolic and aqueous extracts.

Plant

Extraction method

Concentration extracts

100 pg/ml 200 pg/ml 300 pg/ml 400 pg/ml 500 pg/ml
A. arborescens  Maceration 12.942+2.984° 19.107+3.645° 23.787+3.513° 34.017+5.204° 48.956+1.6742
Infusion 22.034+2.899"" 27.988+2.137%"  29.637+2.232%"  32.830+2.556%"  41.196+1.457%*
B. incana Maceration 9.586+4.416° 19.397+4.978° 22.535+2.593° 29.454+3.574° 41.040+2.770°
Infusion 19.728+4.117% 22.076+3.038°"  25.956+3.819°"  27.826+0.390°  35.531+4.537°*
A. citrodora Maceration 10.129+1.253° 13.630+3.797° 16.040£2.116° 26.719+4.698° 33.695+2.690°
Infusion 10.763+4.952°" 12.432+2.739 16.227+2.487°  20.967+2.068° 26.946+2.005*
P. serotina Maceration 4.378+1.667° 9.434+2 414° 12.195+4.219° 16.769+2.927° 23.620+3.622¢
Infusion 5.794+2.036"" 7.892+3.747 8.859+1.876< 12.638+1.559¢ 19.359+1.283%

Note: Data show the mean * SD of 6 replicates of a-amylase hypoglycemic capacity. Different letters (a, b, ¢, d) indicate significant differences p < 0.05, ANOVA post
hoc Tukey's test for percent hypoglycemic capacity. Statistical analyses were performed between ethanolic (Letter without asterisk) and aqueous extracts (*) separately.

Figure 1. a-amylase hypoglycemic capacity in percentage

of ethanolic and aqueous extracts at 500 pg/ml.

In the case of a-glucosidase, verifying a lower
hypoglycemic capacity than that exhibited by the
extracts in the quantification of a-amylase was
possible. However, although the extracts showed
a dose dependence, not all concentrations were
significant, but a greater hypoglycemic capacity was
observed at a concentration of 500 pg/ml (Table 6).
Likewise, the ethanolic extracts showed a higher

(Figure 2).

Table 6: a-glucosidase hypoglycemic capacity of ethanolic and aqueous extracts.

hypoglycemic activity than the infusion extracts

Plant

Extraction method

Concentration

100 pg/ml

200 pg/ml

300 pg/ml

400 pg/ml

500 pg/ml

A. arborescens

B. incana

A. citrodora

P. serotina

Maceration
Infusion
Maceration
Infusion
Maceration
Infusion
Maceration

Infusion

12.942+2.984°
12.348+2.674%
10.129+1.253a
9.215£3.102*
9.586+4.416°

7.589+2.431ab’

4.378+1.667°
4.876+1.987°

15.762+3.214°
18.542+3.128*
13.489+2.876°
15.876+2.764%
10.953+1.745a°
12.439+1.982%"
8.672+2.193°
9.215%2.347""

19.874+3.215°
22.763+3.412%
17.562+2.843°
18.529+2.874
14.739+1.987°°
13.684+2.135"
11.428+2.156°
7.958+1.743<

29.674+3.512°
27.543+3.218"
25.389+2.974°
23.876%2.765"
21.846+2.315%
18.492+2.134¢
15.752+1.893°
11.759+1.987¢

39.874+4.215°
32.764+3.412%*
35.562+3.843°

28.539+2.874°*
28.739+2.987°¢
23.684+2.135*
22.428+2.156°
17.958+1.743*

Note: Data show the mean * SD of 6 replicates of a a-glucosidase hypoglycemic capacity. Different letters (a, b, ¢, d) indicate significant differences, p < 0,05, ANOVA
post hoc Tukey's test for percent hypoglycemic capacity. Statistical analyses were performed between ethanolic (Letter without asterisk) and aqueous extracts (*) separately.
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Figure 2: a-glucosidase hypoglycemic capacity in percentage of
ethanolic and aqueous extracts at 500 pg/ml.

DISCUSSION

The present research was based on determining the
hypoglycemic capacity of Ambrosia arborescens
(Asteraceae), known as “Marco”; Buddleja incana
(Scrophulariaceae), known as “Quishuar”; Aloysia
citrodora (Verbenaceae), known as “Cedrén”; and
Prunus serotina (Rosaceae), known as “Capuli”.
These four plants present in the Ecuadorian Andean
zone are empirically used for treating diabetes (19).

Firstly, regarding the extracts yield, for A.
arborescens, agitation during maceration favored
a slightly higher yield than previously reported,
reaching 12.5% with infusion (20). Similarly, B. incana
presented yields close to 11%, consistent with earlier
studies (21), while A. citrodora exhibited the highest
values (15.5-18.3%), although differences with other
authors suggest the influence of environmental
and physiological factors (22). In P. serotina, the
extraction yield was around 17%, aligning with
findings from related species and confirming the
importance of the extraction technique (23).

Overall, the results highlight that yield variability
is strongly influenced by the solvent, extraction
method, and operational conditions. As noted
in prior studies, factors such as solvent polarity,
temperature, exposure time, and concentration play
a decisive role in metabolite solubilization (24,25). In
this context, the higher yields obtained with aqueous
infusions may be attributed to the strong polarity
of water and the thermal conditions applied, which
favor the recovery of bioactive compounds (26).

On the other hand, the determination of bioactive
compounds allowed the identification of several
secondary metabolites in each of the extracts made
(ethanolic and aqueous). Thus, a large amount of
alkaloids and saponins was observed in almost
all the extracts, and only a minimal presence of

phenols, flavonoids, and triterpenes (Table 2).
These results are similar to those found by several
authors, who agree that this group of metabolites
possesses diverse biological activities, including
antimicrobial, antitumor, antiviral, antioxidant, and
hepatoprotective capacities (27,28).

A high concentration of phenols and flavonoids was
verified in both ethanolic and aqueous extracts, with
variations in concentration depending on the plant.
In particular, the ethanolic extracts of A. arborescens
and B. incana showed a higher concentration of
these compounds. On the other hand, in A. citrodora
and P. serotina, the highest concentrations varied
between ethanolic and aqueous extracts (Table 3).

However, among the four species analyzed, P.
serotina showed the highest content of phenols
and flavonoids. For the most part, the results of
this investigation coincide with those reported by
other authors (28—-30). However, in some cases, such
as A. arborescens and B. incana, a lower phenol
and flavonoid content was obtained compared to
previous studies (31-33). This variation could be
attributed to the extraction method used and the
geographical conditions in which the plant material
was collected (34).

The relationship between oxidative stress and
diabetes is a complex interaction that significantly
affects the pathophysiology and progression of
diabetes mellitus. Oxidative stress is due to an
imbalance between the production of reactive
oxygen species (ROS) and the body’s antioxidant
defenses, contributing to cellular damage and
exacerbating diabetes-related complications (35).
This imbalance is particularly pronounced in diabetes
due to hyperglycemia and hyperlipidemia, which
increase ROS production through various metabolic
pathways (36). On the other hand, a-amylase and
a-glucosidase are critical enzymes involved in
carbohydrate metabolism, and their inhibition is an
important strategy to control diabetes, particularly
type Il diabetes (37).

This relationship is reflected in the results obtained,
where the extracts with the highest antioxidant
capacity were ethanolic extracts, which also showed
a remarkable hypoglycemic activity, especially in A.
arborescens and B. incana. Although several authors
have pointed out the ability of plant extracts to
reduce enzyme activity, the hypoglycemic activity
of the extracts analyzed has not been explicitly
reported, but only at the level of their family or
botanical genus in general (38-41)
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Although the results provide a scientific basis for
using the four medicinal plants studied as possible
hypoglycemic agents, the present study has several
limitations. Among them are the lack of specific
identification of secondary metabolites and the
absence of studies on their behavior in experimental
animal models. This prevents, for the moment,
the determination of pharmaceutical forms that
optimize their absorption and metabolism. However,
this represents the first research to generate a
scientific basis for using these extracts as a possible
enzymatic inhibitor and coadjuvant in the treatment
of diabetes.

CONCLUSION

The presentinvestigation has allowed us to determine
that the extracts of Ambrosia arborescens, Buddleja
incana, Aloysia citrodora, and Prunus serotina
showed high content of phenols and flavonoids,
highlighting the ethanolic ones for their higher
antioxidant activity and inhibition of a-amylase
and a-glucosidase, especially at 500 pg/mL. These
results demonstrate their potential as sources of
bioactive compounds with therapeutic applications,
while also facilitating the generation of scientific
knowledge on the traditional use of these medicinal
plants in Ecuador.
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