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Abstract: Chronic inflammation and oxidative stress play significant roles in the development of various
diseases like diabetes, cancer, and cardiovascular diseases. This study aimed to explore the potential
therapeutic benefits of Annona crassiflora (Araticum-do-Cerrado) leaves, specifically focusing on their anti-
inflammatory, antioxidant, and anti-glycation properties. To achieve this, a hydroethanolic extract of the
plant’s leaves (EHAC) was prepared and subjected to phytochemical analysis and in vitro tests to evaluate its
effects. The tests included assessing its impact on fibroblast cytotoxicity, anti-inflammatory capabilities
(phagocytosis and macrophage spreading), antioxidant activity (DPPH and lipid peroxidation), and anti-
glycation activity. The results indicated that EHAC contains high levels of phenolic compounds, including
rutin and quercetin. The extract demonstrated strong anti-inflammatory activity by significantly inhibiting
phagocytosis and macrophage spreading. Furthermore, it exhibited high antioxidant capacity by inhibiting
lipid peroxidation and scavenging free radicals. Additionally, it showed notable anti-glycation activity by
completely inhibiting the formation of AGEs at the tested concentrations. The cell viability remained above
95% at concentrations up to 800 pg/mL. In conclusion, EHAC has significant therapeutic potential, and further
research is warranted for its development as a phytotherapeutic, with the aim of preserving the biodiversity of
the Brazilian Cerrado.

Keywords: Araticum-do-Cerrado; secondary metabolites; inflammation

1. Introduction

The production of free radicals is a physiological process that continuously occurs in human
body cells and contributes to important biological functions [1]. Different processes and metabolic
pathways regulate their production, and they act as mediators in both extra- and intracellular
signaling. However, excessive production of free radicals can cause oxidative damage. Oxidative
stress is characterized by the intracellular accumulation of reactive oxygen and nitrogen compounds,
which are referred to as reactive oxygen species (ROS) and reactive nitrogen species (RNS). These
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species normally occur in cells due to an imbalance in the redox system caused by the excessive
accumulation of reactive species, mainly ROS, and the depletion of antioxidants (AOX), or both [2].

Redox imbalance plays a role in the development and progression of various diseases, including
cardiovascular complications (such as atherosclerosis and hypertension), cystic fibrosis, cancer, type
2 diabetes, nephropathies, schizophrenia, Parkinson's disease, and Alzheimer's disease [3]. These
conditions are characterized by chronic inflammation and oxidative stress, which are essential factors
in their development. When cells are exposed to ROS and their redox status is altered, it triggers the
transcription of inflammatory genes and transcription factors regulated by redox-sensitive
mechanisms [4].

Recently, it has been discovered that oxidative stress also contributes to the creation of advanced
glycation end products (AGEs) [5]. It is known that the formation of AGEs happens more quickly in
a hyperglycemic environment. Hence, oxidative stress, ROS, and AGEs are strongly linked to
diabetes mellitus and its complications. As a result, research into natural products' antioxidant and
anti-glycation properties is becoming increasingly promising, as they are believed to have fewer
adverse effects [6].

In the search for treatments to prevent or treat the damage caused by oxidative stress and
inflammation in chronic diseases, secondary metabolites - bioactive compounds produced by plants
and marine organisms - have shown great promise. These compounds exhibit various biological
activities and have a wide range of applications. Secondary metabolites have been used as
biopesticides, herbicides, cosmetics, and food additives and have significantly contributed to
improving human health [7]. They have also been utilized in developing pharmaceutical products,
with around 50% of all drugs currently in clinical trials being plant-derived [8].

Recent studies have shown that these metabolites can act through multiple mechanisms. These
mechanisms include the inhibition of ROS, modulation of inflammatory pathways such as NF-kB,
and suppression of the formation of AGEs. These processes play a central role in the progression of
diseases like diabetes and atherosclerosis. Therefore, these compounds offer new possibilities for
therapies for challenging chronic diseases [9, 10, 11].

The Araticum-do-Cerrado (Annona crassiflora), also known as marolo and cabeca-de-negro, is a
plant from the Brazilian Cerrado. It is notable for its antioxidant and anti-inflammatory activities.
Various parts of the plant, such as the pulp, bark, fruit, leaves, seeds, stem, and root, contain different
bioactive compounds, including phenolics, alkaloids, annonaceous acetogenins, carotenoids, tocols,
and phytosterols [12]. In traditional medicine, Annona crassiflora is used topically to treat scalp
parasites and an oral infusion made from its leaves is used to treat inflammatory and painful
conditions resulting from wounds, snake bites, diarrhea, malaria, and rheumatism [13]. Furthermore,
in vivo and in vitro toxicological studies with the ethanolic extract of this species' leaves confirmed the
absence of mutation or genotoxicity [14,15].

The phytochemical compounds found in extracts and fractions of araticum fruits have been
found to play a role in various biological activities, including antioxidant, anti-inflammatory, anti-
Alzheimer, anticancer, antidiabetic, anti-obesity, antidyslipidemic, antinociceptive, hepatoprotective,
wound healing, as well as antibacterial and insecticidal actions [16]. Therefore, due to the presence
of various bioactive compounds in this species and their associations with biological properties, it is
important to consider the therapeutic potential of Annona crassiflora leaves [12]. Further studies
should be conducted to confirm these potential biological effects in humans and to ensure consumer
safety and well-being.

The Brazilian Cerrado has a rich biodiversity with significant therapeutic potential. However,
the species A. crassiflora, characteristic of this biome, is being uncontrolledly extracted due to its
prevalence in areas favored by agro-pastoral activities, leading to its lack of preservation [17]. Thus,
the present study aims to develop a new herbal treatment for diseases related to oxidative stress and
inflammation. The study conducted a preliminary analysis of the hydroethanolic extract of Annona
crassiflora leaves (EHAC) and evaluated its phytochemical, toxicological, and pharmacological
profile, including its cytotoxicity and pharmacological activities, including anti-inflammatory,
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antioxidant, and anti-glycation properties. These studies aim to promote sustainable development
and the preservation of the Cerrado, a critical Brazilian biome.

2. Materials and Methods

2.1. Plant Material

The leaves of A. crassiflora M. were collected in Assis, Sdo Paulo, Brazil (latitude: 22°39'42" S,
longitude: 50°24'44" W, altitude: 546 m), where the species occurs natively. This collection was made
in collaboration with researchers from the Sao Paulo State Forest Institute, located in Assis, SP. The
identification and deposition of the specimens were carried out at the herbarium of the Assis
Ecological Station. The collected material was cleaned and then dried in a circulating air oven at
approximately 40°C. Finally, the leaves were ground in a knife mill.

2.2. Preparation of the Extract

The hydroalcoholic extract of Annona crassiflora (EHAC) was prepared using a ratio of 10 grams
of dried leaf material per 100 milliliters of a 70% ethyl alcohol solution in distilled water. The mixture
was agitated for 90 minutes and then left to undergo static maceration in the absence of light for 7
days. After this process, the extract was filtered and transferred to a rotary evaporator to completely
remove the solvent. Finally, it was placed in a drying oven at 40 °C until a constant weight was
achieved.

2.3. Phytochemical Characterization by Spectrophotometry

The extract was analyzed at the concentrations diluted in water: 100, 200, 400, and 800 pg/mL.
For statistical purposes, all tests were performed in quadruplicate.

2.3.1. Quantitative Determination of Total Phenols

The Folin-Ciocalteau method was carried out according to the procedure outlined by Khodaie
et al. to determine the total phenolic compounds, using gallic acid as the reference standard. For each
extracted sample (0.5 mL at various concentrations), 5 mL of distilled water and 0.25 mL of the Folin-
Ciocalteau reagent (which includes molybdate, tungstate, and phosphoric acid) were added. Then,
after 3 minutes, 1 mL of a saturated 10% Na.CO, solution was added, and the mixture was then
allowed to stand for 1 hour. The absorbance was measured at a wavelength of 725 nm using a UV-
Vis spectrophotometer.

2.3.2. Quantitative Determination of Flavonoids

The dosage of flavonoids in the extracts was determined using a modified version of the
methodology by Zhishen et al. [19]. A 0.5 mL aliquot of the extract solution at varying concentrations
was mixed with 1.5 mL of absolute ethanol and 0.1 mL of 10% AICls. Following this, 0.1 mL of
CH3COONa was added, and the total volume was brought to 5.0 mL by adding 2.8 mL of distilled
water. The mixtures were then homogenized and stored in the dark for 30 minutes. Finally, the
absorbance was measured at 425 nm, using quercetin as a comparison standard.

2.3.3. Phytochemical Characterization by High-Performance Liquid Chromatography (HPLC)

The phytochemical characterization of the EHAC was performed by high-performance liquid
chromatography (HPLC) according to the method developed by Luo et al. with modifications [20].
The analyses were performed on a Luna® C18 reverse-phase column (Phenomenex, 250 x 4.6 mm, 5
pm) at 35 °C. The mobile phase consisted of solvent (A) aqueous 0.1% formic acid and solvent (B)
0.1% formic acid in acetonitrile. Solvent gradient program: 0-3 min (80% A), 3-6 min (80-65% A), 6-11
min (65% A), 11-14 min (65-30% A), 14-19 min (30% A), 19-21 min (30-80% A), 21-24 min (80% A). The
flow rate was 1 mL min~. The detector was set to 254 nm. The experiments were conducted using an
online JASCO system with a diode array detector (JASCO, Easton, MD, USA). The peaks were
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determined by comparison with authentic flavonoid standards (Sigma-Aldrich). The flavonoids (10
mM) were dissolved in DMSO and diluted in water to 0.01 mM. The injection volume was 20 uL.

2.4. Evaluation of In Vitro Cytotoxicity by MTT [3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide]

The assay was performed according to the protocol described by Tsuboy et al. [21], which
consisted of three stages: first, normal murine fibroblasts (NIH/3T3 lineage) were cultured in
adherent cell-treated culture flasks with Sigma's DMEM® high glucose culture medium and
incubated in an incubator at 37 °C, 5% COz. Next, trypsin was added to the fibroblast culture and
centrifuged, using phenol-free supplemented RPMI 1640 culture medium to dissolve the formed cell
pellet. The cell suspension was counted in a Neubauer chamber and diluted to obtain a concentration
of 3300 cells per mL. After that, 100 microliters of the cell suspension were distributed in two 96-well
ELISA plates for adherent cultures; additionally, 10 microliters of the extracts combined at different
concentrations were also distributed. Finally, after 24 hours, the supernatant from each well of one of
the plates was removed, and 10 microliters of MTT solution (CAS 298-93-1; Sigma Aldrich - 5g of
MTT; 1 mL of PBS) was added and incubated for 4 hours. After this period, the supernatant was again
removed, and 50 microliters of sterile DMSO were added to each well to solubilize the formazan
crystals, followed by another 10 minutes of incubation under the previous conditions. After this time,
homogenization was performed, and the reading was taken in an ELISA spectrophotometer at a
wavelength of 540 nm. Finally, the same procedure was performed for the second plate after 48 hours
of incubation. The cell viability index was calculated using the equation from Huang et al. [22]:

Equation 1. Percentage of cell viability
absA—absB (1)

Survival rate (%) =
(A)) absCN—abs

In this equation:

absA is the average absorbance value of the sample.

absB is the average absorbance value of the blank.

absCN is the average absorbance value of the negative control.

2.5. Anti-Inflammatory Activity

For the anti-inflammatory assay, 100, 200, 400, and 800 pig/mL concentrations were used. The
negative control consisted of only cells; the positive control was dexamethasone at 100 pg/mL.

2.5.1. Phagocytosis

The analysis was conducted according to Della Libera et al. and Azedo et al, with minor
modifications [23, 24]. After the macrophage adhered to the coverslip in each well of the plates (each
well containing 6 x 10 cells), the wells were washed with PBS. Then 130 pL of DMEM® high glucose
medium, 40 pL of the doses of the extract mentioned in 3.6, and 30 pL of Zymosan solution (2 x 107
particles per mg) were added. Three wells were maintained with only the adhered macrophages
without stimulation. The plate was incubated for 2 hours in a 5% CO, incubator at 36 °C.
Subsequently, the wells were washed three times with PBS, and the macrophages were fixed in 2.5%
glutaraldehyde. After that, the coverslips were stained with Wright's stain to make permanent slides.
Once the slides were prepared, they were read under an optical microscope at 400x magnification,
counting 100 cells. This test was performed in triplicate. To calculate the inhibition of phagocytosis,
Equation 2 was used:

Equation 2. Percentage of phagocytosis inhibition.

o—E:

Phagocytosis inhibition(%) = EE— x 100 (2)
Where:
Eo is the average number of cells that phagocytosed particles in the control group.

Er is the average number of cells phagocytosed particles in the treated groups.

d0i:10.20944/preprints202411.0501.v1
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2.5.2. Spreading

The method described by Sampaio, Curi, and Cury [25] was employed for the macrophage
spreading. This experiment was conducted in triplicate. After the adhesion of the macrophages on
the slides, 10 pL of the EHAC concentrations were added along with the DMEM® high glucose
medium, with three slides containing only the adhered macrophages without stimulation. The slides
were incubated for 1 hour in the incubator. Subsequently, the slides were washed, and the
macrophages were fixed with 2.5% glutaraldehyde; the slides were stained with Wright's stain to
prepare permanent slides. Once the slides were ready, they were examined under an optical
microscope at 400x magnification, counting 100 cells. To calculate the inhibition of spreading,
Equation 3 was used:

Equation 3. Percentage of spreading inhibition.

Spreading inhibition (%) = E"E;(]Et x 100 (3)

Where:

Eo is the average number of spread cells in the control group.

Er is the average number of spread cells in the treated groups.

2.6. Antioxidant Activity

Four concentrations of EHAC were used: 100, 200, 400, and 800 pg/mL. The negative control
consisted solely of the solvent (water), while the positive control used was Quercetin at 300 pg/mL.

2.6.1. Inhibition of Lipoperoxidation

4.0 mL of egg yolk homogenate (10% w/v) in 0.1 M phosphate buffer (pH 7.4) was sonicated and
then homogenized with 0.4 mL of the extract at various concentrations. Lipid peroxidation was
induced by the addition of 0.4 mL of FeSO, solution (0.17 M). The reactions were conducted for 30
minutes at 37 °C. After cooling, the samples (2 mL) were centrifuged with 2 mL of 15% trichloroacetic
acid (TCA) at 1200 g for 10 minutes. An aliquot of 2 mL of the supernatant was mixed with 2 mL of
thiobarbituric acid (TBA) (0.67%) and heated at 95 °C for 60 minutes. Finally, the final solution was
cooled with ice water. Once it reached room temperature, absorbance was measured using a
spectrophotometer at 532 nm [26]. The results were expressed as a percentage of lipid peroxidation
inhibition and were calculated according to Equation 4:

Equation 4. Percentage of Lipoperoxidation Inhibition.

2D 100 (4)

Lipoperoxidation Inhibition (%) = ——

Where:
absA is the average absorbance value of the sample.
absCN is the average absorbance value of the negative control.

2.6.2. DPPH (2,2-diphenyl-1-picrylhydrazyl Radical Scavenging)

Based on the treatments mentioned in section 2.5, in triplicate and a dark environment, an
aliquot of 0.1 mL from each dilution of the extract was transferred to test tubes containing 3.9 mL of
DPPH radical (0.06 mM) and homogenized using a tube shaker. A control solution (control of
methanol, acetone, and water) was used, consisting of 0.1 mL with 3.9 mL of DPPH radical and
homogenized. Afterward, the absorbance of the samples was measured using a spectrophotometer
at 517 nm [27]. The antioxidant activity was calculated using Equation 5:

Equation 5. Percentage of Antioxidant Activity.
absCN—absA

Antioxidant Activity (%) = o X100 (5)
Where:
absA is the average absorbance value of the sample.

absCN is the average absorbance value of the negative control.
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2.7. Antiglycation Activity

Four concentrations of EHAC (100, 200, 400, and 800 pg/mL) were used. Only the solvent (water)
was utilized as a negative control, and Quercetin at 200 ug/mL was employed as a positive control.

2.7.1. Bovine Serum Albumin (BSA)/Glucose System

The glycation of proteins by glucose was assessed using the method of Starowicz and Zielinski
with adaptations [28]. In a total reaction volume of 2.5 mL for glycation, 0.5 mL of the different
dilutions of the extracts in absolute alcohol at the concentrations defined in section 2.7 were included,
along with 20 mg/mL of BSA, 500 mM of glucose, 0.02% (w/v) sodium azide, and phosphate buffer
(100 mM, pH 7.4). After incubation at 37 °C for three weeks, the amount of formed fluorescent AGEs
was determined using a fluorescence spectrometer, with an excitation wavelength of 330 nm and an
emission wavelength of 410 nm. The percentage of inhibition of AGEs formation was calculated using
Equation 6:

Equation 6. Percentage of Glycation Inhibition

Glycation Inhibition (%) = 1 — % x 100  (6)

Where:

flA is the mean fluorescence intensity of the sample with glucose.

fIB is the mean fluorescence intensity of the sample without glucose.

fIC is the mean fluorescence intensity of the control with glucose.

fICB is the mean fluorescence intensity of the control without glucose.

2.7.2. BSA/MGO System

In the MGO-mediated protein glycation (methylglyoxal, an intracellular glycating agent),
dilutions of the extract solutions in absolute alcohol at the concentrations previously defined in item
2.7 were incubated with 20 mg/mL of BSA, 1 M MGO, and 0.02% (w/v) sodium azide in phosphate
buffer (10 mM, pH 7.4) at 37°C for one week. The total formation of fluorescent AGEs was determined
by the percentage of inhibition of AGEs formation for each extract dilution and calculated using
Equation 6.

2.8. Statistical Analysis

Statistical analyses were performed using the BioEstat 5.0 software. For all tests, the significance
level was set at 5%. The data were subjected to one-way ANOVA, with treatment as the independent
factor. When appropriate, multiple comparisons were made using Tukey’s test.

3. Results

3.1. Phytochemical Characterization
Table 1 presents the phytochemical results obtained from the spectrophotometric analyses of

EHAC, expressed in grams of standard equivalents per 100 grams of dry extract.

Table 1. Mean + SD of secondary metabolites present in the hydroalcoholic extract of Annona
crassiflora leaves. GAE - gallic acid equivalent in g/100 g of dry extract; QE - quercetin equivalent in

g/100 g of dry extract.
Secondary Metabolites Quantity
Total phenols 23.08 £ 1.58 EAG
Flavonoids 2.27 +0.08 EAQ

Subsequently, the presence of eight flavonoids was investigated in the EHAC. Thus, Figure 1A
shows the retention times of the eight flavonoid standards used in the study, while Figure 1B displays
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the chromatographic profile of the EHAC. Based on the analysis of the graph, a significant presence
of rutin and quercetin was identified in the EHAC.

A) — 1: Quercetin
— 2:Rutin
— Naringenin
500000 A — 3: Morina
2 400000 6 ——  Myricetin
Z 2 1 4: Kaempferol
‘dq—'é 300000 5 — 5: Isorhamnetin
‘E 200000 — 6: Fisetin
% 7: Chrysin
/2 100000+ —— 8: Catechin

0 5 10 15 20 25
Retention time (minutes)

B)
2
150000 1
2 100000-
wn)
=
8
=
~  50000-
0 ’%‘ T T T 1
0 5 10 15 20 25

Time (minutes)

Figure 1. A) Retention times of the eight flavonoid standards used in this study, which are: quercetin
(1); rutin (2); morina (3); kaempferol (4); isorhamnetin (5); fisetin (6); chrysin (7) and catechin (8). B)
Fingerprint of the EHAC obtained by high-performance liquid chromatography according to the
conditions presented in the methodology. 1 — Quercetin; 2 — Rutin.

3.2. Cell Viability

The results of the assay evaluating the viability of fibroblast cells treated with various
concentrations of EHAC are presented in Figure 3. This figure clearly shows that only the positive
control (Tween 80 at 2%) and EHAC at 1600 pg/mL exhibited a significant difference (p < 0.05)
compared to the negative control. At 100, 200, 400, 800, and 1600 pg/mL concentrations, EHAC
demonstrated the following percentages of cell viability: 95.49%, 100%, 100%, 100%, and 60.46%,
respectively. The cytotoxic concentration of 50% (IC50) for EHAC was determined to be 2300 ug/mL,
which indicates the concentration at which the extract can cause 50% lysis or death of fibroblast cells.
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Figure 3. Mean + SD of percentage values referring to the cell viability rate in NIH 3T3 fibroblasts at
the evaluation time of 24 hours after the following treatments: saline solution - negative control (NC);
Tween 80 at 2% - positive control (PC); hydroalcoholic extract of Annona crassiflora (EHAC) at
concentrations of 100, 200, 400, 800, and 1600 ug/mL. The asterisk (*) indicates a significant difference
(p<0.05) compared to the PC group.

3.3. Anti-Inflammatory Activity

Figure 4A illustrates the evaluation of the anti-inflammatory activity of EHAC at concentrations
of 100, 200, 400, and 800 pg/mL. These concentrations resulted in 55.76%, 72.33%, 88.99%, and 92.33%
inhibition of phagocytosis, respectively. Figure 4B indicates that the inhibition of spreading was
56.77%, 65%, 79.76%, and 88.55% at the same respective concentrations. This demonstrates a
progressive anti-inflammatory effect of the treatments. It is also important to note that in both tests,
dexamethasone (the positive control) and all concentrations of EHAC showed significant differences

from the negative control (p < 0.05).

() ) ®)
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2 — :
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] — 5] __
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Figure 4. Mean percentage + standard deviation (% inhibition of phagocytosis (A) and % inhibition
of spreading) after the following treatments: saline solution - negative control (NC); dexamethasone
100 pg/mL; hydroalcoholic extract of Annona crassiflora (EHAC) at concentrations of 100, 200, 400, and
800 pg/mL. One-way ANOVA followed by Tukey's post-hoc test. The asterisk (*) indicates a
significant difference (p<0.05) from the NC.
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3.4. Antioxidant Activity

The lipid peroxidation inhibition test indicates that the positive control displayed 90.91%
antioxidant activity (Figure 5A). In contrast, EHAC at concentrations of 100, 200, 400, and 800 pig/mL
showed antioxidant activities of 93.82%, 94.73%, 98.81%, and 99.23%, respectively. In Figure 5B,
EHAC demonstrated complete scavenging of DPPH radicals at all tested concentrations, achieving
100% antioxidant activity.

() (B) | .
1 * , 100*4 I

2 1001 — 1 ]

2 &

PO -

ERN I

k31 ) c |

< 1 .S 50

_E 50 g

: £

E 1 R
04 T T T T OA T T T T

NC PC 100 200 400 800 NC PC 100 200 400 800
pg/mL pg/mL

Figure 5. Mean + SD of the percentage values for antioxidant activity through DPPH (A) and
percentage inhibition of lipid peroxidation (B) after the following treatments: quercetin 300 ug/mL —
positive control (PC); hydroalcoholic extract of Annona crassiflora (EHAC) at concentrations of 100,
200, 400, and 800 pg/mL. One-way ANOVA followed by Tukey's post-hoc test. The asterisk (*)
indicates a significant difference (p < 0.05) from the negative control (NC).

3.5. Antiglycant Activity

The results from both systems (Figure 6) indicate that EHAC exhibited 100% antiglycant activity
at all analyzed concentrations, demonstrating efficacy comparable to or exceeding that of the positive
control (quercetin at 300 pg/mL). Additionally, all treatments showed significant differences
compared to the negative control (p < 0.05).

(A) (B) . *
: * : 100j 1 1 [
T SO —— ]
:
5 2 5l
T 50- § ]
% S
4
X
0 T T T T 04 T T T T
NC PC 100 200 400 800 NC PC 100 200 400 800
ug/mL pg/mL

Figure 6. Mean + SD values for antiglycant activity (%) evaluated through the BSA/GLUCOSE (A)
and BSA/MGO (B) systems after the following treatments: quercetin 300 pg/mL — positive control
(PC); hydroalcoholic extract of Annona crassiflora (EHAC) at concentrations of 100, 200, 400, and 800
pg/mL. One-way ANOVA followed by Tukey's post-hoc test. The asterisk (*) indicates a significant
difference (p < 0.05) from the NC.
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4. Discussion

The phytochemical analysis of EHAC using spectrophotometry revealed a high concentration of
phenolic compounds and flavonoids, which is consistent with previous research. Avila et al.
conducted a study on the chemopreventive effects of Annona crassiflora against pre-neoplastic
lesions induced by the carcinogen 1,2-dimethylhydrazine (DMH) in the colon of Wistar rats. They
correlated these effects with the antioxidant activity of Annona crassiflora and the levels of phenolic
compounds and bioactive amines. Their findings showed a high total phenolic content of 9.16 mg
GAE/g, with chlorogenic acid (1.86 pg/g) and epicatechin (0.99 ug/g) as the predominant compounds,
as well as a total flavonoid content of 7.26 mg CE/g [29]. Ramos et al. evaluated the bioaccessibility
of bioactive compounds in different parts of the araticum fruit (peel, pulp, and seeds) and found
varying total phenolic content: 480.81 to 1007.62 mg GAE/100 g for pulp, 837.53 to 1926.56 mg
GAE/100 g for peel, and 358.28 to 1186.07 mg GAE/100 g for seeds [30]. Additionally, Arruda et al.
discovered a high amount of total phenolic compounds in araticum pulp, measuring 2.62 g GAE/100
g, and a total flavonoid content of 1.79 g CE/100 g. They noted that flavonoids accounted for about
68% of the total phenolic content [31]. The analysis of EHAC by HPLC revealed a significant presence
of the flavonoids rutin and quercetin. The presence of quercetin in Annona crassiflora was first
identified by Lage et al. when analyzing the hydroalcoholic fraction of the leaves using high-
performance liquid chromatography with a diode array detector. The flavonoids quercetin and rutin
were also identified by Ferraz et al. when analyzing the aqueous extract of Annona crassiflora leaves
by HPLC coupled with mass spectrometry [32,33].

The MTT assay results indicated that EHAC significantly reduced cell viability only at a
concentration of 1600 pug/mL. Additionally, Silva et al. reported that extracts from different parts of
Annona crassiflora may have cytotoxic activities, but establishing a safety profile for its use depends
on the dose and the type of cells being analyzed [34, 35].

In order to evaluate the anti-inflammatory activity in vitro, we conducted phagocytosis and
spreading tests to analyze the macrophage response to stimulation with EHAC. Macrophages
originate from hematopoietic stem cells and are the most specialized cells in the immune system.
When located in tissues, they are referred to as macrophages and perform phagocytic functions as
part of the first line of defense in innate immunity [36]. The phagocytosis assay uses a potent
macrophage activator, zymosan, which is found in the cell wall of Saccharomyces cerevisiae yeast. In
this in vitro test, zymosan particles induce phagocytosis, a process that leads to the release of
lysosomal enzymes, reactive oxygen species, arachidonic acid, and TNF-a [37]. Spreading, on the
other hand, is generally described as a frustrated attempt at phagocytosis. However, since there is no
substance or microorganism to be phagocytosed, spreading is merely a manifestation of a responsive
cell that can adhere to the surface and extend microvilli [23]. The data obtained from the two tests
conducted to analyze anti-inflammatory activity using EHAC, particularly at a concentration of 800
pg/mL, demonstrated effective results that were comparable to those obtained with dexamethasone.
Similarly, the findings reported by da Costa Oliveira et al. [38] indicated that in an in vivo evaluation,
the hydroalcoholic fraction of Annona crassiflora leaves, when administered orally to mice, exhibited
significant anti-inflammatory activity.

By correlating the data obtained from phagocytosis and spreading tests with phytochemical
information, it can be suggested that the anti-inflammatory activity of EHAC is linked to the presence
of quercetin in this plant. Quercetin has been shown to inhibit the activity of myeloid cells, including
macrophages. Generally, this flavonoid promotes the negative regulation of macrophages, thereby
reducing the release of pro-inflammatory cytokines [39]. Moreover, the anti-inflammatory effects of
quercetin were confirmed by Li et al. [40], who reported its regulatory capacity in hepatic
macrophages of mice. Additionally, a study conducted by Tsai et al. [41] demonstrated that RAW 264
macrophages treated with quercetin had their activity modulated, leading to a reduction in
inflammatory responses and a decrease in the expression of pro-inflammatory cytokines and nitric
oxide production. The in vitro anti-inflammatory effects of rutin have also been observed in
macrophages and neutrophils, where this flavonoid significantly decreased the expression of pro-
inflammatory cytokines [42].

d0i:10.20944/preprints202411.0501.v1
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The first test conducted in analyzing the in vitro antioxidant capacity of EHAC was the inhibition
of lipid peroxidation. Lipid peroxidation can cause significant damage to cell membranes, affecting
their structure and impairing fluidity and permeability. When lipid peroxidation occurs, toxic
products like malondialdehyde (MDA) are formed, which can disrupt biological functions and
potentially promote cardiovascular diseases, inflammatory processes, and cancer. In the tests for lipid
peroxidation inhibition and DPPH scavenging, the results obtained with EHAC demonstrated
effective antioxidant activity, comparable to that of quercetin, which was used as a standard. These
findings are consistent with those reported by Silva et al., who utilized a 70% hydroethanolic extract
of Annona crassiflora leaves. Their study showed notably high antioxidant activity percentages across
all analyzed concentrations, with the 400 pg/mL concentration scavenging approximately 100% of
the DPPH radicals in vitro.

Quercetin is known for its significant antioxidant properties, as it can neutralize free radicals
[45]. Given the high concentration of quercetin in EHAC, it is likely that this flavonoid contributes to
the extract's antioxidant activity. Supporting this idea, an in vivo study showed that quercetin can
help reduce oxidative stress in individuals with diabetes mellitus [46]. Additionally, Moretti et al.
explored its antioxidant effects through tests on lipid peroxidation inhibition [47]. Another flavonoid
present in EHAC is rutin, which has also been recognized for its potent antioxidant capabilities. Silva
et al. conducted a literature review detailing various studies that demonstrate how rutin can
significantly reduce DPPH and ABTS (2,2"-azinobis-3-ethylbenzothiazoline-6-sulfonic acid) radicals.
Furthermore, research on rutin revealed its effectiveness in significantly reducing oxidative lesions
[44].

In both evaluated systems, EHAC demonstrated maximum inhibition of glycation at all
concentrations. Glycated proteins, which are byproducts of inflammation, form through a non-
enzymatic reaction between reducing sugars and amino groups in proteins [48]. One of the most
damaging products of this process is advanced glycation end-products, which have significant
negative effects on the body [49]. This type of non-enzymatic reaction leads to the accumulation of
glycation products, a buildup that is associated with various pathological conditions, including
diabetes mellitus [50]. While there are no existing reports on the antiglycation activity of Annona
crassiflora leaves, Batista [38] analyzed the ethanolic extract of the fruit peel of this plant. The study
found that the extract effectively inhibited protein glycation in both BSA-fructose and BSA-
methylglyoxal models, achieving exceptional results in inhibiting glycation in the BSA-fructose case.

5. Conclusions

The study shows that EHAC contains a high concentration of phenolic compounds, particularly
the flavonoids quercetin and rutin. The cytotoxicity test revealed that cell viability remained above
95% at 800 pg/mL concentrations. Additionally, the extract demonstrated effective anti-
inflammatory, antioxidant, and anti-glycating activities. Therefore, it can be concluded:

(1) EHAC shows promise as an extract for creating a new plant-based therapeutic treatment for
diseases associated with oxidative stress and inflammation. As a result, additional studies will
be carried out to verify these effects in living organisms.

(2) The development of a phytotherapeutic product based on EHAC, by adding value to a plant
species from the Cerrado, may contribute to sustainable development and the preservation of
this important Brazilian biome, which is currently facing intensive deforestation.
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