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Abstract: We evaluated the effect of the total macerate (TM) and seed oil (SO) of mature Carica
candamarcensis fruits, on the release of Matrix metalloproteinase 9 (MMP9) and the phosphorylation of
MAPK in neutrophils. The antioxidant capacity of these extracts was evaluated by ABTS assay.
Neutrophils stimulated with different dilutions of TM or SO were analyzed for cytotoxicity, MMP9
release, and MAPK phosphorylation, using trypan blue exclusion assays, zymography, and
immunoblotting, respectively. Both extracts show antioxidant activity, being higher in TM; none
presented cytotoxic effect. The 5% and 2.5% dilutions of TM significantly reduced MMP9 release, and
all decreased MAPK phosphorylation. SO significantly increased the release of MMP9 and MAPK
phosphorylation, the effect being greater when they were prestimulated with lipopolysaccharide. TM may
have anti-inflammatory potential, while SO could have a priming effect that needs to be confirmed.

Keywords: Carica candamarcensis; Vegetable extracts; Neutrophils, Matrix metalloproteinase 9, MAPK

Resumen: Evaluamos el efecto del macerado total (MT) y aceite de semillas (AV) de frutos maduros de
Carica candamarcensis, en la liberacion de Matriz metaloproteinasa 9 (MMP9) y la fosforilacion de
MAPK en neutréfilos. La capacidad antioxidante de estos extractos se evalud por ensayo ABTS. En
neutréfilos estimulados con diferentes diluciones de MT o AV se analizd la citotoxicidad, liberacion de
MMP9 y fosforilacion de MAPK, mediante ensayos de exclusion con azul de tripano, zimografia e
inmunotransferencia, respectivamente. Ambos extractos muestran actividad antioxidante, siendo mayor
en MT; ninguno present6 efecto citotéxico. Las diluciones 5% y 2,5% de MT redujeron
significativamente la liberacion de MMP9, y todas disminuyeron la fosforilacion de MAPK. ElI AV
incremento significativamente la liberacion de MMP9 vy la fosforilacion de MAPK, el efecto fue mayor
cuando se preestimularon con lipopolisacarido. EI MT puede tener potencial antiinflamatorio, mientras
que el AV podria tener un efecto “priming” que necesita ser corroborado.

Palabras clave: Carica candamarcensis; Extractos vegetales; Neutrofilos, Matriz metaloproteinasa 9,
MAPK
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ABBREVIATIONS

ABTS+: 2.2-Azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid)

ACD: Trisodium Citrate 13.2g/L, Citric Acid 4.8¢/L
and Dextrose 14.7g/L, 1.0mL tubes

ANOVA: Analysis of variance

AU: Arbitrary Units

COX2:Cyclooxygenase 2

HBSS: Hank’s equilibrated solution

HUVEC: Umbilical cord entothelial cells

IL: Interleukin

LPS: Lipopolysaccharide

MAPK: Mitogen-Activated Protein Kinases
MMP9: Matrix Metalloproteinase 9

PAF: Platelet aggregation factor

PMN: Polymorphonuclear cells

PVDF: polyvinylidene fluoride

RA: Rheumatoid Arthritis

ROS: Reactive oxygen species

SEM: Standard error of the mean

SO: Seed oil

TEAC: Trolox equivalent antioxidant capacity
TM: total maceration extract

TNFa: Tumor necrosis factor alpha

INTRODUCTION
Neutrophils, or polymorphonuclear cells (PMN),
belong to the immune system, constitute the first
defense line, and are the most abundant white blood
cells in humans (Borregaard, 2010). They contribute
to the development of the inflammatory response and
are the effector cells of the adaptive immunity (Futosi
et al., 2013). Diverse stimuli induce neutrophil
activation, triggering various responses such as
chemotaxis, degranulation, as well as reactive oxygen
species (ROS) and cytokine release, all these
processes being regulated by complex signaling
pathways. Nevertheless, a defective activation of
these cells causes tissue damage and inflammatory
degenerative diseases (Futosi et al., 2013; Cowland
& Borregaard, 2016; Németh et al., 2020).
Neutrophils secrete a gelatinase known as
Matrix Metalloproteinase 9 (MMP9) to move from
the capillary endothelium to the damage site. MMP9
is a 92 kDa proenzyme that is responsible for
degrading proteins of the extracellular matrix such as
laminin and elastin. Furthermore, MMP9 modulates
mediators of inflammation  (cytokines and
chemokines) and contributes to tissue remodeling by
promoting the formation of new blood vessels
(Mécsai et al., 2015; Cowland & Borregaard, 2016).
Sometimes, the exacerbated release of MMP9 can
cause tissue damage during the inflammatory
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response, which is why it has been associated with
diverse diseases such as aneurysm, thrombosis,
arthritis, and atherosclerosis. Likewise, it favors
angiogenesis and, consequently, the formation of
tumors due to uncontrolled cellular growth. Thus, it is
important to study the regulation of MMP9 release
during inflammatory processes (Héger et al., 2010;
Mdcsai, 2013; Nauseef & Borregaard, 2014).
However, in healthy people, some stimuli may exert a
“priming” effect that prepares the neutrophil to
generate a faster and more effective response, which
is demonstrated by the release of MMP9 granules and
activation of some signaling pathways, among others
(El-Benna et al., 2016; Liew & Kubes, 2019).

MAPK (Mitogen-Activated Protein Kinases)
pathways are widely studied in neutrophils because
they play an important role in signaling transduction
mechanisms that regulate degranulation, survival, and
apoptosis, among others. This is the reason why
MAPK proteins are potential therapeutic targets in
the treatment of different diseases caused by
inflammatory processes where neutrophils are
involved (Chu et al., 2018; Németh et al., 2020).

Recently, the study of natural therapeutic
alternatives for the treatment of diseases related to the
inflammatory process control has received great
attention, making use of the properties of vegetable
extracts to regulate pathological processe (Figueira et
al., 2016). Carica candamarcensis Hook, (sin.
Vasconcella pubescens or V. candamarcensis),
commonly known as “chilacuan” or “papayuela de la
montafa”, is native to the Andean region and is
distributed from Panam@ to northern Chile. This plant
is characterized by the production of latex with a high
Papain content, which is a proteolytic enzyme with
applications in the pharmaceutical industry. Also, C.
candamarcensis has traditionally been used by local
communities as a medicinal alternative to curing
tonsillitis, gastritis, and flu. Normally, the fruit of the
plant is consumed directly or in homemade
preparations (Tonaco et al., 2018; Letelier et al.,
2020).

Different studies carried out with C.
candamarcensis have shown in vitro bactericidal
activity without having noticeable mutagenic,
genotoxic or cytotoxic effects on eukaryotic cells
(Mena-Huertas et al., 2011). Mello et al. (2008),
revealed that enzymes from the P1G10 proteolytic
fraction of the fruit exert a protective and
reconstructive role in gastric tissue, which is
mediated by an increase in mucus content and a
stimulation of mitosis to recover gastric ulcer lesions.
Alburquerque et al. (2020), found that the same
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fraction has an anti-inflammatory effect, and Lemos
et al. (2018), showed that it is able to inhibit
metastasis in melanoma and helps to modulate the
expression of proteins related to cell proliferation,
migration, and differentiation.

Plants have been used for therapeutic,
cosmetic, and nutritional purposes since ancient
times. Recently, the number of studies on
composition and characterization of the biological
properties of several herbaceous plant species has
increased, and they have demonstrated the rationality
of their use as a therapeutic alternative to treating
several health problems and disorders (Fabricant &
Farnsworth, 2001). Several reports have presented
promising results regarding the treatment of
inflammatory diseases with vegetable extracts, using
neutrophils responses as study models (Bedouhene et
al., 2017; Kteczek et al., 2019; Schepetkin et al.,
2019; Chniguir et al., 2019a; Chniguir et al., 2019a;
Khajah et al., 2020). Even though several potential
biological activities of this plant have been
characterized, the effect of C. candamarcensis fruits
on the regulation of neutrophil responses during
inflammatory processes is not very well understood
currently. Therefore, the objective of this study is to
assess the effect of total maceration and seed oil
extracted from ripe fruits of C. candamarcensis on
MMP9 release and MAPK phosphorylation in
neutrophils isolated from human peripheral blood,
which ~ were  previously  stimulated  with
Lipopolysaccharide  (LPS)  (Escherichia  coli
055:B5).

MATERIALS AND METHODS

Collection of biological material

Ripe fruits of C. candamarcensis were collected
applying a random sampling method in the village of
El Encano, which is located 27 km from the city of
San Juan de Pasto in the Department of Narifio. The
town is located at 2820 masl and its coordinates are:
1°10.365> North Latitude and 77°08.496° West
Latitude (Morillo et al., 2015). The classification of
the plant was validated by an expert from the PSO
Herbarium of the University of Narifio. A total of 20
ripe and free from pathogen fruits were selected from
different individuals of wild species. Fruits were kept
in hermetic bags and were transferred to laboratory
refrigerators, where they were externally washed with
a 2% sodium hypochlorite solution (NaClO). Then,
they were kept at -20°C in hermetic clean plastic
bags.
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Preparation of extracts from C. candamarcensis
Hook fruits

In order to obtain the total maceration (TM), 100 g of
C. candamarcensis ripe fruits were crushed and
macerated, followed by a 10 min centrifugation at
1000 x g in 50 mL Falcon tubes. The aqueous
supernatant was collected and filtered through a 0.45
pum polyvinylidene fluoride (PDVF) membranes
(Santa Cruz Biotechology, INC).

The seed oil from C. candamarsencis ripe
fruits was extracted through the supercritical fluid
method using the protocol by Dorado et al. (2017).
Extracts were kept in sterile 1.5 ml amber Eppendorf
tubes at -20°C until being used.

Innocuity was assessed by seeding 10 pL of
extracts on nutrient agar using a disposable calibrated
inoculation loop (Biologix Group LTD) and
incubating plates at 37°C for 24 h. unseeded agar
plates were used as controls.

Isolation of neutrophils from human peripheral
blood

Neutrophils were purified from peripheral blood
withdrawn from clinically healthy adult volunteer
donors according to guidelines approved by the
research ethics committee of the University of
Narifio. Blood was collected in Trisodium Citrate
13.2 g/L, Citric Acid 4.8 g/L and Dextrose 14.7g/L,
1.0 mL tubes (ACD), and neutrophils were purified in
Percoll’s discontinuous centrifugation gradients
(Hidalgo et al.,, 2015). Then, neutrophils were
suspended in Hank’s equilibrated solution (HBSS)
(5.33 mM KClI, 0.441 mM KH;PO4, 138 mM NacCl,
0.34 mM Na;HPO, and 5.56 mM D-glucosa). Purity
and viability were greater than 95% as determined by
May-Grunwald Giemsa staining and trypan blue
exclusion assay, respectively.

Cytotoxicity test of extracts

5x10° neutrophils were suspended in 500 uL HBSS
Ca** medium and were incubated at 37°C with
various working dilutions of extracts, as follows: (i)
5%, 2.5% or 1.25% of total macerate (TM); and (ii)
2%, 1% or 0.5% of seed oil (SO), taking into account
their solubility in the HBSS Ca*? and using 10%
H20, as a positive control. After a 5 min incubation
period, initial viability was measured through the
trypan blue (0.4%) exclusion method (Sigma-
Aldrich), according to the protocol by Cakmak et al.
(2004). Neutrophils were incubated, and the same
procedure was repeated each hour for a total of 3
hours.
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Assessment of extract antioxidant activity

A discoloration test was carried out with the cationic
radical 2.2-Azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS+), following the method
suggested by Kleczek et al. (2019). This method is
based on the capacity of ABTS+ to capture long-lived
anions. Initially, a cationic radical stock solution was
prepared dissolving 50 mg ABTS+ (Sigma-Aldrich)
in 50 ml deionized water. Subsequently, 2.45
potassium persulfate (K»S:0s) were added and the
reaction was kept in darkness for 48 hour at 37°C.
From this solution, working solutions with an
absorbance of 0.750 + 0.050 nm at 754 nm
wavelength were prepared for all assays (Chao et al.,
2014; Nowak et al., 2018).

Assessment of MMP9 activity

1x108 neutrophils growing in 500 pL HBSS Ca*2
medium were used as negative controls, whereas LPS
(E. coli O55:B5 5 pg/mL) was added to the cells used
as positive controls (Milara et al., 2019). Various
dilutions of total maceration (TM: 5%, 2.5%, and
1.25%) or seed vegetable oil (SO: 2%, 1%, and 0.5%)
were added to the assays. All samples and controls
were incubated at 37°C for 15 minutes. Different
dilutions of SO were used according to their
solubility in the medium. After incubation, cells were
centrifuged at 600 x g for 6 minutes and supernatants
were analyzed for gelatinase activity by zymography
(Manosalva et al., 2020).

An assay similar to the ones described above
was conducted in order to determine a possible
priming effect. Specifically, after a 5 minutes of
incubation in the medium, PMNs were treated for 15
minutes with the different working concentrations
(TM or SO) under conditions similar to the previous
test, then with LPS (5 pg/mL) for 5 minutes.

Gel electrophoresis of the substrate was
performed as described by Mena et al. (2016).
Briefly, 10 pL supernatant was loaded into 10%
polyacrylamide gels 0.75 mm thickness that
contained 0.28% gelatin. Gels were first processed at
200 V for 1 h within a Bio-Rad Mini Protean Il (Bio-
Rad Laboratories, Richmond, CA) and subsequently
washed twice in 2.5% Triton X-100 in distilled water
on a shaker at room temperature for 30 minutes.
Then, gels were incubated in reaction buffer (100
mM Tris at pH 7.5 and 10 mM CaCly) at 37°C
overnight. Gels where stained with 0.5% Coomassie
Brilliant Blue R-250 in acetic acid:methanol:water
(1:3:6). Colorless areas in which the gelatin was
degraded are evidence of enzymatic activity.
Gelatinolytic bands were compared to a recombinant
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MMP9 standard (Sigma Aldrich, USA) and a
standard molecular mass marker (Fermentas
International Inc., Canada) (Mena et al., 2016). In
order to quantify MMP9 activity, gels were digitized
and the intensity of the bands was measured using
Image J 1.35s.

Assessment of MAPK phosphorylation through
immunoblot

Neutrophils (5x108) were incubated for 10 minutes in
medium containing different dilutions of the (TM:
5%, 2.5%, and 1.25%) or seed vegetable oil (SO: 2%,
1%, and 0.5%), using LPS (5 pg/mL) as positive
control. Neutrophils growing only in HBSS + Ca*?
during 10 minutes at 37°C were used as negative
control.

To evaluate a possible priming effect, a test
similar to the previous one was carried out, initially
incubating the neutrophils with the different working
dilutions of TM and SO for 10 minutes, and
subsequently stimulating them with LPS (5 pg/mL)
for 5 minutes.

Total proteins were extracted according to the
protocol by Hidalgo et al. (2015), but, in the case of
TM stimulated neutrophils it was necessary to use
twice the concentration of protease inhibitors and
PMFS. Protein extracts were quantified using the
Bradford method and 100 g total proteins were
analyzed by 10% SDS-PAGE. Immunoblotting was
performed according to a protocol previously
described by Mena et al. (2016). Primary antibodies
against phospho-p38 MAPK [Phospho-p38 MAPK
(Thr180/Tyr182) (3D7) Rabbit mAb Cell Signaling,
Beverly, MA, EE. UU] and phospho-ERK1/2
[Phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204)
Rabbit mAb Cell Signaling, Beverly, MA, USA]
were used according to the manufacturers’
instructions.

Anti-rabbit HRP-conjugated antibody [Anti-
rabbit 1gG HRP-linked Cell Signaling, Beverly, MA,
USA] was used as secondary antibody and bands
were visualized using a chemiluminescence system
(Perkin-Elmer, USA). Membranes were stripped and
reblotted with either anti-actin antibody [Beta-actin
(D6A8) Rabbit mAb Cell Signaling, Beverly, MA,
USA] or anti-total ERK1/2 antibody [p44/42 MAPK
(Erk1/2). Antibody #9102 Cell Signaling] and the re-
probed signal was detected as previously described.
The intensity of each band was quantified by the
ImagelJ Software and was normalized to B-actin for p-
p38 MAPK, whereas p-ERK1/2 was normalized to
total ERK1/2.
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Data Analysis

Each test was conducted in triplicate (N=3) (results
obtained from different blood donors). Five assays
were carried out in cases where the standard
deviation was very large (N=5). Data were processed
through one-way analysis of variance (ANOVA) and
Dunett’s mean comparison test using GraphPad
Prism v8.0 (GraphPad Software Inc. CA, USA) with
a 5% significance level and are presented in the
graphs as mean £ SEM.

Ethical Considerations

This research study was developed in accordance
with all the ethical and bioethical provisions required
for scientific research at the international level by the
Declaration of Helsinki and resolution number 8430
of 1993 of the Colombian Ministry of Health. It was
approved by the research ethics committee of the
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University of Narifio and considered risk-free (V1IS-
CEI-004). The participation of the donors was
voluntary and they signed an informed consent.

The plant material was collected in
accordance with the guidelines established in Decree
3016 of December 2013 of the Ministry of the
Environment and Development of Colombia, and
resolution 126 of February 23, 2015 of Corponarifio
(Regional Autonomous Corporation of Narifio).

RESULTS

Cytotoxicity and antioxidant activity

Neither the concentrations of the analyzed extracts
nor 5 pg/ull LPS showed evident cytotoxicity during
the three hour incubation period. In all cases, viability
greater than 80% was maintained and there were
statistically significant differences with respect to the
10% H,0; positive control (Figure No. 1).

A B
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Figure No. 1

Survival of human neutrophils treated with extracts of C. candamarcensis. (A) Total maceration. (B) Vegetable

seed oil. Results were obtained from three independent assays. One-way ANOVA was performed. The Dunnet test

demonstrates significant differences between treatments and 10% H,0O- positive control at 60, 120 and 180 minutes
(*p<0.05, **p<0.01, ***p<0.001).

The ABTS+ analysis of the evaluated extracts
demonstrates a low antiradical activity, reaching an
antioxidant activity equivalent to 0.6975 pMol/mL
and 0.3875 uMol/mL of Trolox equivalent
antioxidant capacity (TEAC) for total maceration and
seed oil of C. candamarcensis, respectively (Figure
No. 2).

MMP9 release regulation capacity
The LPS working concentration for the zymography

analysis was initially established because various
authors have shown different values, including 1
pg/mL (Tang et al., 2016), 5 pg/mL (Milara et al.,
2019) and 10 pg/mL (Trentini et al., 2014). Thus, the
5 pg/mL LPS working concentration was selected
since samples displayed highly significant differences
in the Dunnet test (p=0.0034) with respect to the
HBSS Ca*? control (Figure No. 3A).
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Figure No. 2

Antioxidant activity of extracts prepared from ripe fruits of C. candamarcensis
Antioxidant activity is presented as units equivalent to Trolox UMoITEAC/mL. TM (Total Maceration), SO (Seed
Oil). n=3. Statistical analysis was performed with One-way ANOVA and Bonferroni post-test, ***p<0.0001.

The TM from ripe fruits triggers a significant
decrease in the MMP9 release compared to the
Likewise,

positive control (LPS).

with 5% and 2.5% TM extracts and then stimulated
with LPS with respect to positive control (cells
treated with LPS only) (Figures No. 3B and No. 3C).

there is a

significant reduction when neutrophils are pre-treated
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Figure No. 3

Total maceration (TM) of ripe fruits of C. candamarcensis reduces MMP9 release from neutrophils isolated
from human peripheral blood. 1x10° neutrophils were grown in 500 uL. HBSS Ca*? and stimulated during 15 min
at 37°C with different concentrations of TM extracted from C. candamarcensis. (A) Concentration curve of E. coli
055:B5 (1, 5 and 10pg/mL) LPS to stimulate MMP9 release. (B) Effect of different concentrations of TM from
ripe fruits on MMP9 release. (C) Effect on the release of MMP9 from neutrophils initially stimulated with different
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concentrations of TM from ripe fruits for 15 min and later for 5 min with 5 pg/mL LPS. Bars represent arithmetic
mean + SEM, n=3 to 5. One-way variance analysis and subsequent Dunnet test were performed using HBSS Ca*?
as control for (A) and LPS for (B and C). *p<0.05, **p<0.01, ***p<0.001. The upper image of each panel is
representative of the zymography results obtained in one of the experiments. AU=Arbitrary Units

Neutrophils stimulated with different SO
dilutions showed a significant increment in MMP9
release compared to the negative control (HBSS
Ca*?), and this increase is similar to that generated by

significantly higher when neutrophils were first
incubated with SO and later with LPS in comparison
to the positive control (LPS only) (Figure No. 4A and
No. 4B).

positive control (LPS). MMP9 release is also
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Figure No. 4
Effect of vegetable oil extracted from fruit seeds (SO) of C. candamarcensis on MMP9 release
1x108 neutrophils growing in 500 uL. HBSS Ca*2 were stimulated for 15 min at 37°C with different SO

concentrations obtained from C. candamarcensis Hook. (A) Effect of different concentrations of SO collected from
ripe fruits on MMP9 release. (B) Effect on the release of MMP9 from neutrophils initially stimulated with different

concentrations of SO from ripe fruits for 15 min and later for 5 min with 5 pg/mL LPS. Each bar represents
arithmetic meanz SEM, n=3 to 5. One-way variance analysis followed by Dunnet test were carried out using HBSS
Ca*2 and LPS as controls for (A) and (B), respectively. *p<0.05, **p<0.01, ***p<0.001. The upper image of each

panel is representative of the zymography results obtained in one of the experiments. AU=Arbitrary Units

MAPK phosphorylation seen in the negative control (HBSS Ca*?).
The ERK1/2 and p38(MAPK)phosphorylation Nevertheless, there is a significant increase in protein

analyses of neutrophils stimulated with TM working
concentrations shows that both proteins have low
phosphorylation levels, which are similar to those

phosphorylation when cells were incubated with SO
compared to negative control (HBSS Ca*?) (Figure
No. 5).
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Figure No. 5

Effect of fruit extracts of C. candamarcensis on ERK1/2 and p38 (MAPK) phosphorylation
4x10° neutrophils were seeded in 500 uL. HBSS Ca*2. Then, they were stimulated for 15 min at 37°C with different
concentrations of MT or SO obtained from fruits of C. candamarcensis Hook. Effect of different concentrations of
TM from ripe fruits on the phosphorylation of ERK1/2 (A) and p38 (B). Effect of differ-ent concentrations of SO
from seeds of ripe fruits on the phosphorylation of ERK1/2 (C) and p38 (D). Each bar represents arithmetic mean +
SEM, n =3. One-way variance analysis followed by Dunnet test were car-ried out using HBSS Ca*? as control.
*p<0.05, **p<0.01, ***p<0.001. The upper image of each panel is representative of the immunoblot results
obtained in one of the experiments

Cells behaved differently when they were
first subjected to a five minutes’ pre-incubation with
either oil or aqueous extracts followed by LPS
stimulation. For instance, the TM+LPS treatment
elicited a statistically significant reduction in the
phosphorylated forms of ERK1/2 and p38 with

respect to the treatment with LPS only. On the other
hand, cells incubated with SO+LPS exhibited a
statistically significant increase in the phosphorylated
levels of ERK1/2 and p38 MAPK compared to cells
treated with LPS only (Figure No. 6).
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Figure No. 6

Effect of pre-stimulation with fruit extracts of C. candamarcensis followed by LPS treatment on ERK1/2 and
p38 (MAPK) phosphorylation. 4x108 neutrophils growing in HBSS Ca*? were stimulated for 10 min with different
concentrations of TM or SO extracted from fruits and seeds of C. candamarcensis Hook respectively, and
subsequently with S5pug/mL LPS for 5 min at 37°C. Effect of different concentrations of TM from ripe fruits + LPS
on the phosphorylation of ERK1/2 (A) and p38 (B). Effect of different con-centrations of SO from seeds of ripe
fruits + LPS on the phosphorylation of ERK1/2 (C) and p38 (D). Each bar represents arithmetic mean + SEM, n =3.
One-way variance analysis followed by Dunnet test were car-ried out using 5 pg/mL LPS as positive control.
*p<0.05, **p<0.01, ***p<0.001. The upper image of each panel is representative of the immunoblot results
obtained in one of the experiments.

DISCUSSION

C. candamarcensis is a plant native to the Andes that
is characterized by its therapeutic properties, which is
why it is used traditionally to treat burns, flu,
gastritis, among other pathologies (Vidal et al.,
2009). In addition, studies carried out by Mena-
Huertas et al. (2011), Ralph et al. (2014), and Tonaco
et al. (2018), suggest that this plant has a therapeutic
potential. Previous evidence by Ralph et al. (2014),
also revealed an anti-inflammatory potential of the
P1G10 fraction of the latex of C. candamarcensis in
murine models. They demonstrated that these extracts
are able to reduce the expression of pro-inflammatory
mediators such as interleukin 1 (IL1) and
cyclooxygenase 2 (COX2) when mice are infected

with enteric Salmonella.

Likewise, Araujo e Silva et al. (2014),
revealed a decrease in the production of pro-
inflammatory mediator prostaglandin E2 in Wistar
rats subjected to gastric lesions (Araujo e Silva et al.,
2014). Similar results were obtained in this study,
which indicate that total maceration of ripe fruits of
the plant not only does not show cytotoxicity, but it
also has high antioxidant activity and significantly
reduces MMP9 release and ERK1/2 and p38
phosphorylation with respect to LPS positive control.
Also, the TM extracts reduce the effect induced by
LPS on MMP9 release and MAPK phosphorylation,
which demonstrates a potential anti-inflammatory
capacity.
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Several studies demonstrate that leaves of C.
papaya, another member of the Caricaceae family,
have phenolic compounds (caffeic acid) and
flavonoids  (micricetin)  with  antioxidant and
antimicrobial properties (Hernandez-Varela et al.,
2013; Jagtap et al., 2019), and that the presence of
polyphenols in the fruit is associated with their
antioxidant properties and anti-inflammatory activity
(Dorado et al., 2017). Particularly, the aqueous
extract of fruits of C. candamarcensis has
hydrocarbon compounds (heicosan) and
monoterpenes (linalool) that have antimicrobial
properties as well as sesquiterpenes (famesol) that
have been shown to have anti-inflammatory
properties (Mena-Huertas et al., 2005; Dorado et al.,
2017). Carrasco & Zelada (2008), studied C.
candamarcensis fruits and demonstrated that 167
mg/100 g of fruit is composed of phenolic
compounds with a vitamin C content equivalent to
31.41 mg/100 g of fruit and a small amount of
carotenoids (0.71 mg/100 g fruit). All these
compounds may be associated with the antioxidant
activity found in this study.

Similar to our results obtained with TM of C.
candamarcensis, there is evidence that natural
substances with antioxidant capacity are able to
reduce MMP9 (Granica et al., 2015; Kim-Park et al.,
2016; Chniguir et al., 2019b) release and ERK1/2
phosphorylation (Chniguir et al.,, 2019a) in
neutrophils as well as p38 MAPK phosphorylation in
umbilical cord entothelial cells (HUVEC) and thus
are characterized as having anti-inflammatory
potential (Ma et al., 2015). Yang et al. (2018), carried
out a study with resveratrol to treat rheumatoid
arthritis (RA), demonstrating that this anti-oxidant
compound decreases both phosphorylation of the p38
MAPK and the inflammatory process. Bedouhene et
al. (2017), showed that polyphenols with antioxidant
capacity from Olea europaea (olive) fruits have the
capacity to reduce p38 and ERKL1/2 MAPK
phosphorylation, degranulation, and chemotaxis of
neutrophils isolated from human peripheral blood.
All these findings support the results of our study
showing that the antioxidant activity of TM can be
associated with a decline in p38 and ERK1/2 MAPK
phosphorylation.

Salacia impressifolia (Miers) extracts have
potential apoptotic and anti-metastatic activity in
melanoma cells due to a reduction in MAPK
phosphorylation and MMP9 release (Aranha et al.,
2021). The role of p38 and ERK1/2 pathways in the
regulation of the release of MMP9 granules has been
demonstrated (Futosi et al., 2013; Mécsai, 2013). TM

Biological activity of Carica candamarcensis fruit extracts on neutrophils

is a complex mixture of pulp and peel of ripe fruits of
C. candamarcensis. The synergic activity of its
compounds demonstrates an adequate antioxidant
activity that may be associated with the ability to
decrease phosphorylation of the MAPK pathways
and, consequently, to reduce MMP9 release in
neutrophils. These responses can help to reduce the
effects of chronic inflammatory processes associated
with various pathologies such as cancer(Yang et al.,
2018).

Vegetable oil derived from the seeds (SO) of
C. candamarcensis has a different effect from the one
observed with TM. Although this extract does not
display a cytotoxic effect and has a TROLOX
equivalent antioxidant activity lower than that of TM,
an increase in both MMP9 release as well as p38 and
ERK1/2 phosphorylation can be seen with respect to
the negative control (HBSS Ca*?) . In addition, these
effects are significantly higher when a subsequent
stimulus with LPS (5 pg/mL) is performed,
suggesting a possible priming (pre-activation) effect
in neutrophils (Miralda et al., 2017). Neutrophils
have been described as being in a resting state before
going into a fully activated state. However, a priming
state implies that there must be some intermediate
activation states before complete activation (Deniset
& Kubes, 2016; Vogt et al., 2018).

The role of plant extracts on the priming
effect is still unknown since their function have been
evidenced mainly by the stimulation of some agents
such as TNFo (Tumor necrosis factor alpha) and PAF
(Platelet aggregation factor) in human neutrophils
(EI-Benna et al., 2016). Neutrophils in priming and
activated stages show a significantly improved
bactericidal capacity that is associated with their
increase in degranulation, ROS, and longevity.
However, this enhancement also confers the ability to
cause significant indirect tissue injury (Vogt et al.,
2018).

The wvegetable oil extracted from C.
candamarcensis seeds was characterized by Masson
et al. (2012), who found that it contains a high
percentage of oleic acid (71%), followed by linoleic
(13.16%), palmitic (9.53%), stearic (3.46%), and
linolenic (0.7%) acids. Although the anti-
inflammatory properties of oleic acid (omega 9 acid)
have been demonstrated, there is also evidence
indicating its potential participation in the
enhancement of both MAPK phosphorylation and
MMP9 release (Hidalgo et al., 2011; Matoba et al.,
2018; Marcial-Medina et al., 2019). In addition, it has
been reported that this seed vegetable oil has
compounds such as linoleic (Mena et al., 2016;
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Manosalva et al., 2020), stearic and palmitic acids
(Tull et al., 2009; Rodrigues et al., 2016) with
potential pro-inflammatory activity, which may be
associated with MAPK phosphorylation and MMP9
release.

The CMS2MS2 fraction of the latex of C.
candamarcensis fruits has validated function in
incrementing proliferation of fibroblasts that depends
on ERK phosphorylation (Tonaco et al., 2018). The
complex mixture and conjugated activity of these
components may be inducing an increase in MMP9
release and p38 and ERK1/2 phosphorylation
observed with SO of C. candamarcensis seeds, and
may generate a potential priming effect in
neutrophils. These responses may be important for
the progress of cells from a basal state (where
response capacities of neutrophils are limited) to an
improved pre-activation and alertness state that helps
neutrophils to respond more effectively to stimuli and
activate a subset of functions including degranulation
and production of NET’s and ROS (Deniset &
Kubes, 2016; Miralda et al., 2017; Liew & Kubes,
2019).

Natural products have been used as sources
of biological active ingredients and even new drugs,
hence the importance of studying plant extracts in
depth, checking the potential of fractions or
formulations obtained from different components
from the same source (Schepetkin et al., 2019;
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