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Abstract— Ricinus communis L. leaves are a by-product from
the production of castor oil, which are commonly discarded and
could be used as a source of bioactive compounds. Since most of
these bioactives are polyphenols, known for their antioxidant and
anti-inflammatory effects, this research aimed to characterize the
polyphenolic fraction and assess the anti-inflammatory properties in
vitro of R. communis leaves extracts. Two accessions of Mexican R.
communis L. leaves (R1 and R2) were used. A spectrophotometric,
HPLC-DAD, and GC-MS characterization of compounds from the
leaves was conducted, together with their antioxidant capacity by
ABTS and DPPH inhibition. An in vitro model of LPS-treated RAW
264.7 cells was used to evaluate cell viability and nitric oxide
inhibition due to R1 and R2 treatment. Results indicated that R2
contained a higher amount of flavonoids, but lower antioxidant
capacity than R1, suggesting that additional compounds are involved
in the antioxidant capacity. (+)-catechin and rutin were the most
abundant flavonoids in R2. Except for the 50 % v/v treatment, none
of the R1 and R2 concentrations were cytotoxic, and inhibited nitric
oxide production >60 %. The results showed that R. communis L.
leaves extracts could be used to alleviate inflammation in vitro, but
additional experiments regarding safety and anti-inflammatory
assays are needed to fully elucidate their effect.

Keywords—Ricinus communis, polyphenols, metabolomics,
inflammation.

1. INTRODUCTION

Ricinus communis L. refers to African-origin plant species
widely cultivated in Mexico due to its enhanced adaptability to
particularly harsh environmental conditions, such as droughts,
high temperatures, and minerals-poorly soils [1]. Although the
seeds are considered the main agricultural resource of R.
communis to produce castor bean oil and lubricants [2], among
other applications, the leaves are considered to be a source of
several biologically active compounds with potential health
benefits that are yet to be explored [3].

The leaves have been found to be an important source of
polyphenols, mainly hydroxycinnamic acids such as
chlorogenic, p-coumaric, and caffeic acids; hydroxybenzoic
acids like ellagic and gallic acids; and flavonoids, such as (+)-
catechin, rutin, and quercetin [4]. Moreover, authors such as
Vasco-Leal et al. [4] reported valuable amounts of
oligosaccharides (raffinose, stachyose, and verbascose),
antioxidant capacity measured by radicals’ scavenge, and
significant amounts of calcium and potassium (up to 54.99 and
30.30 ppm). However, R. communis leaves contain toxic
components such as ricinin and ricinine, a protein and an

alkaloid, respectively [5], limiting the consumption of R.
communis-derived products [6], but their pharmacological
potential, together with the polyphenolic fraction, could be used
in the treatment of several conditions such as inflammation and
cancer. For instance, R. communis compounds such as
ricinoleic acid exhibit analgesic and anti-inflammatory effects,
and most of the polyphenols reported for R. communis display
anti-inflammatory effects in vitro and in vivo [7].

However, the composition of several plant species
significantly changes in varied geographical locations. As R.
communis is a widely cultivated plant in Mexico, and the leaves
are considered an important by-product, this research aimed to
characterize the polyphenolic composition of R. communis L.
leaves of two representative Mexican accessions and test their
anti-inflammatory properties in an in vitro model.

II. MATERIALS AND METHODS

A. Plant material

Two different R. communis L. accessions were used, based
on representative geographical locations at which the plant was
cultivated, and named R1 and R2. R1 refers to plants grown in
the state of Queretaro (Mexico) (Latitude: 20 ° 43 39.5”” North,
Longitude: 100° 15* 17> West), while R2 are Oaxacan-origin
plants grown in the state of Queretaro (Mexico) (Latitude: 20 °©
40’ North, Longitude; 100°27” East). The plants were harvested
131 days after the first buds appeared in winter. The plants were
deposited at the “Dr. Jerzy Rzedowski” herbarium of the School
of Natural Sciences of the Autonomous University of Queretaro
(RCA20191 and RCA20192, respectively).

B. Polyphenolic fraction extraction, characterization, and
antioxidant capacity

The free-polyphenolic fraction of the leaves was prepared
based on methanolic extraction using the reported method of
Vasco-Leal et al. [4]. Briefly, the leaves were dried in an oven
at 90 °C for 12 h, ground, and screened through a 250 pm sieve,
and 100 mg of the powder was mixed with 10 mL HPLC-grade
methanol in a 50 mL-flask and maintained under constant
stirring for 24 h. The extracts were centrifuged at 3155% gin a
HERMLE Z 326 K centrifuge (Hermle, Wehingen, Germany)
at 4 °C for 10 min, and then immediately protected from light
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and stored at -20 °C for further analysis. For the cell culture
analysis, the solvent was eliminated using a rotatory
concentrator (SpeedVac, Thermo Fisher, Waltham, MA, USA)
and the resulting extracts were re-suspended in water.

For the spectrophotometric  characterization  of
polyphenols, the Folin-Ciocalteu method [8] was used and the
results were expressed as mg gallic acid equivalents/g sample
[calibration curve: y=0.0904x+0.0115, R?>=0.9942], whereas
the total flavonoids [9] [calibration curve: y=0.00662x+0.0978,
R2: 0.9989] and condensed tannins [10] [calibration curve:
y=3.3096x+0.0101, R?>=0.9991] were reported in micrograms
equivalents of rutin/g sample and milligrams equivalents of (+)-
catechin/g sample, respectively.

The individual content of selected polyphenols was
determined using a high-performance liquid chromatography
(HPLC) analysis in an Agilent 1100 HPLC equipment (Agilent
Technologies, Palo Alto, CA, USA) with a Zorbax Eclipse
XDB-C18 column (4.6 x 250 mm, 5 pm granule size) [11]. The
HPLC equipment was coupled to a diode array detector
(Agilent Technologies) The analysis was conducted at a 0.75
mL/min flow rate, 35 £ 0.5 °C of column temperature, and two
solvents (A: 0.1 % v/v aqueous HPLC-grade acetic acid; B: 100
% HPLC-grade acetonitrile) at an isocratic scheme as reported
by Cuellar-Nufiez et al. [11]. HPLC-grade standards of gallic
acid, chlorogenic acid, caffeic acid, ellagic acid, p-Coumaric
acid, sinapic acid, (+)-catechin, rutin, and quercetin were used
to elaborate standard curves to determine the concentration of
each compound.

The antioxidant capacity of the polyphenolic fractions was
tested by the 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic)
acid) (ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH)
inhibition as reported by Nenadis et al. [12] and Fukumoto &
Mazza [13]. A Trolox calibration curve (0-800 puM) was used,
and the results were expressed as antiradical activity (%) as
follows:

bSPositive control — Abssample

A
% ARA = +100% Eq. 1.

AbSPositive control

C. Metabolomic characterization of volatile compounds by
Gas chromatography analysis.

A metabolomic characterization of volatile compounds
from R1 and R2 accessions was conducted subjecting the
samples to gas chromatography analysis coupled to mass
spectrometry and solid-phase microextraction (SPME-GS/MS).
The samples were analyzed and prepared as previously reported
by Luzardo-Ocampo et al. [14].

D. Cell viability’s test.
The anti-inflammatory effect was tested using murine

RAW 264.7 macrophages [TIB-71] acquired from American
Type Culture Collection [15]. The cells were cultivated under

adequate conditions in a humidified 5 %-CO2 atmosphere at 37
°C in an incubator, using Dulbecco’s modified Eagle Medium
(DMEM) supplemented with 10 % fetal bovine serum and 1 %
antibiotics, all of them acquired from Gibco (Sigma-Aldrich,
St. Louis, MO, USA).

Once the cells reached 80 % confluence, the cells were
transferred to 96-wells, treated with lipopolysaccharide (LPS, 1
pg/mL, Sigma-Aldrich) and 10* cells/well were allowed to
growth for 24 h. Then, the medium was replaced by the
methanolic extracts (R1 and R2; 10, 20, 30, 40, and 50 % v/v),
previously prepared as indicated in section II.A., mixed with
volumetric amounts of DMEM. The cells were exposed to the
treatments for 24 h, the medium was eliminated and a 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
solution (0.5 mg/mL, dissolved in DMEM) was added, and the
cells were incubated for 3 h in the incubator. Then, MTT
medium was replaced by dimethyl sulfoxide (DMSO), rested
for 5 min, and read in a spectrophotometer at 570 nm. Cells
without treatment (untreated cells) were used as a negative
control.

E. Nitric oxide test

The nitric oxide test was used to assess nitrites production
in the cell culture as an indirect measurement of inflammation
[16]. For this, 2.5 x 10* cells/well (200 uL) were growth for 24
h using 10 % supplemented-DMEM and LPS. Then, the media
was replaced with R1 and R2 treatments (10, 20, 30, 40, and 50
% v/v) and the cells were incubated for 24 h. After the
incubation, 100 pL of the media was added to a new 96-well
plate and mixed with 100 pL of Griess Reagent prepared as
indicated by the manufacturer [Griess reagent (modified),
Sigma-Aldrich). The solution was incubated for 15 min,
protected from light, and read at 545 nm in a
spectrophotometer. A NaNO: calibration curve was used to
quantify the amount of nitrites, and the inhibition was
calculated based on a positive control (cells with LPS-only
treatment) as follows:

AbsPositive control — Abssample

% Inh. = -100%

Eq. 2.

AbSPositive control

G. In silico interactions

To provide further explanation about the way R. communis’
bioactive compounds exhibit an anti-inflammatory effect, in
silico interactions between representative polyphenols
identified by HPLC-DAD and selected inflammation-
associated protein markers were conducted. Hence, 3D-
structures of selected polyphenols were downloaded from
PubChem Database (https://
https://pubchem.ncbi.nlm.nih.gov/, accessed on May 6", 2024):
gallic acid (PubChem CID: 370), chlorogenic acid (PubChem
CID: 1794427), caffeic acid (PubChem CID: 689043), ellagic
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acid (PubChem CID: 5281855), p-coumaric acid (PubChem
CID: 637542), sinapic acid (PubChem CID: 637775), (+)-
catechin (PubChem CID: 9064), rutin (PubChem CID:
5280805), and quercetin (PubChem CID: 5280343). In
addition, 3D structures of protein involved in the studied anti-
inflammatory effect of this research article, such as inducible
nitric oxide synthase (iNOS) (PDB ID: 3NQS) and the toll-like
receptor 4 (TLR4, PDB ID: 3FXI), two proteins involved in the
nitric oxide production in RAW 264.7 macrophages [17].

F. Statistical Analysis

The results were expressed as the mean + S.D. of three
independent experiments, in triplicates. An Analysis of
Variance (ANOVA) followed by post-hoc Tukey-Kramer’s test
was used to assess significant differences, which were set at
p<0.05. The analysis was conducted in JMP v. 17 software
(SAS, Cary, IN, USA). The half-inhibitory concentrations
(ICso) of the extracts were calculated using biological equations
provided by GraphPad Prism v. 8.1 software (Dotmatics,
Boston, MA, USA).

III. RESULTS

Fig. 1. Shows the spectrophotometric amount of total
phenolic compounds (TPC), total flavonoids (TF), and
condensed tannins (CT), and the antioxidant capacity as well of
R1 and R2 extracts. As shown, R2 contained a significantly
higher (p<0.05) amount of TF than R1, but lower antioxidant

capacity.
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Fig. 1. Spectrophotometric content of total free-phenolic compounds
(TPC, TF), and CT) and antioxidant capacity measured as antiradical activity
(%) of two R. communis L. accessions (R1 and R2). The results are expressed
as the mean + S.D. of three independent experiments by triplicate. The
asterisks indicate significant differences (p<0.05) between the same type of
polyphenols (TPC, TF, or CT) by Tukey-Kramer’s test. ABTS: 2,2’-azino-
bis(3-(ethylbenzothiazoline-6-sulfonic) acid); DPPH: 2,2-diphenyl-1-
picrylhydrazyl; TF: total flavonoids; TPC: total phenolic compounds; CT:
condensed tannins

The identification and quantification of individual phenolic
compounds by HPLC confirmed the spectrophotometric
results, although p-coumaric acid was strongly abundant in R1
(Fig. 2). Of note, (+)-catechin and rutin were the most abundant
flavonoids in R2, showing an overall higher amount of this
polyphenolic class, compared to R1.
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Fig. 2. Individual free phenolic compounds amount by HPLC-DAD of
the two R. communis L. accessions (R1 and R2). The results were expressed
as the average pg equivalents of each compound/g dry weight (DW).

Metabolomic characterization of volatiles showed that R2
samples contains a significantly higher amount of volatiles,
mainly organic acids derivatives.
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Fig. 3. Metabolomic characterization of volatile compounds from R1
and R2 accessions. The results are expressed in Log2 Abundance.
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Except for the higher concentration of the extracts (50 %
v/v) (Fig. 3), none of the treatments was cytotoxic as the cell
viability remained > 80 %. Except for the 20-50 %, the 10 %
treatment stimulated cell growth by presenting viabilities > 100
%. R1 treatments preserved viability to a greater extent than R2.
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Fig. 4. Cell viability of RAW 264.7 cells against R1 and R2 accessions.
The dotted line indicates 80 % viability. The results were expressed as mean +
S.D. of three independent experiments in triplicates. The asterisks indicate
significant differences (p<0.05) between R1 and R2 for each R. communis L.
extract by Tukey-Kramer’s test.

Calculations of the ICso showed similar values between R1
and R2 (Fig. 4), being R2 treatments more lethal for the cells,
confirming results shown in Fig. 3. Both treatments showed a
similar mathematical trend.
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Fig. 5. Half-inhibitory (ICso) calculation of the cell viability for the
RAW 264.7 cells tested against R1 and R2 accessions. Calculations were
performed in GraphPad Prism v. 8.1 software.

The inhibition of nitrites, indirectly indicated as nitric
oxide, indicated that both treatments were effective in inhibiting
this parameter in values > 60 %, but R2 was more effective in
this process.
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Fig. 6. Nitric oxide inhibition (%) of RAW 264.7 cells subjected to R1
and R2 treatments. The results were expressed as mean = S.D. of three
independent experiments in triplicates. The asterisks indicate significant
differences (p<0.05) between R1 and R2 for each R. communis L. extract by
Tukey-Kramer’s test.

The potential in silico interactions between representative
R. communis L. bioactive compounds and molecular targets of
inflammation is presented in Fig. 7. As observed, rutin and
quercetin displayed the lowest binding energies with iNOS and
TLR4, suggesting the more feasible interactions. None of the
other compounds reached these values (data not shown).
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Fig. 7. In silico interactions between the best binding affinities of
phenolic compounds identified from R. communis L. leaves and molecular
targets of inflammation. (A) and (B) show interactions between iNOS and
rutin and quercetin, respectively. (C) and (D) indicate interactions between

TLR4 and rutin and quercetin, respectively.

IV. DiscusSsIioN

Ricinus communis L. leaves are a valuable agricultural by-
product that could be used as a source of biologically active
compounds exhibiting health effects in the alleviation of
chronic non-communicable diseases (NCDs) [1]. As most
NCDs are based on a chronic low-inflammatory state [18],
reduction of the pro-inflammatory cellular level could
significantly alleviate most of these conditions. The high
variety of R. communis plants cultivated worldwide suggests a
significant amount of bioactive compounds based on the plants’
metabolism, and their characterization is essential to assess the
biological richness of compounds, even if the same plant is
evaluated [19]. Hence, the polyphenolic characterization of
Mexican-origin plants is valuable in elucidating biological
properties of local plants, and the revalorization of agricultural
by-products [4].

The two selected Mexican accessions evaluated in this
research mostly differed in their total flavonoids, where R2 was
mostly rich in (+)-catechin and rutin. It has been reported that
these compounds, together with (-)-epicatechin, flavones, and
kaempferol are the most abundant flavonoids in R. communis
leaves [20]. As flavonoids were the only group of polyphenols
that different between R1 and R2, it could be suggested that
these compounds are not solely responsible for the reported
antioxidant capacity, since R1 displayed higher ABTS and
DPPH values. Hence, additional compounds, such as aromatic
compounds [21] might be contributors to the antioxidant
capacity, but additional research in quantifying these
compounds is needed.

Untargeted metabolomic characterization has emerged as a
valuable tool to eclucidate the composition of bioactive
compounds from samples, using well-known chromatographic
procedures [22]. Our results differed slightly from a previous
metabolomic characterization conducted by Vasco-Leal et al.
[4], indicating secondary metabolites change due to different
growing and environmental conditions. It has been reported that
most of volatiles from R. communis leaves are involved in
metabolic mechanisms such as [-alanine, glutathione, and
arginine and proline metabolism, suggesting antioxidant and
detoxification processes that could be valuable in targeting
NCDs [21].

Inflammation is considered one of the key biological
processes to reduce the effect of several NCDs, such as
colorectal cancer, type 2 diabetes, and cardiovascular diseases
[23]. Since several classical anti-inflammatory agents carry
adverse effects [24], novel sources of anti-inflammatory and
natural compounds are needed to provide an alternative to treat
inflammation or at least reduce their effects [25], [26]. Most of
the polyphenols found in R1 and R2 have reported antioxidant
and anti-inflammatory effects in vitro and in vivo through
several mechanisms such as NF-kB inhibition [27]; reduction

of the expression and production of key pro-inflammatory
proteins such as TNF-a, IL-6, and IL-1b ; and targeting several
pro-inflammatory pathways involving NLRP3 activation [28].
The reduction of nitric oxide is an indirect measurement of
inhibition of the canonical inflammation pathway [29], and both
treatments were successful in this mechanism, suggesting the
need for additional research exploring proteomics and
nutrigenomic approaches involving the assayed samples.
However, in silico interactions provided a research pathway
where rutin and quercetin could be used as representative
polyphenolic compounds from the leaves in the amelioration of
specific inflammation targets such as iNOS and TLR, which are
considered critical in the development of inflammation and the
production of nitric oxide. Nonetheless, as R. communis leaves
are rich in toxic compounds, a pharmacological approach might
be explored, and additional experiments are needed to
determine safe concentrations.

V. CONCLUSIONS

Our results suggested that R. communis L. exhibits a
potential anti-inflammatory effect due to their content of
biologically active compounds, mainly flavonoids. The assayed
accessions differed on their polyphenolic composition and
antioxidant capacity, indicating that additional characterization
of the bioactive compounds’ richness of Mexican R. communis
leaves is needed. Additional experiments confirming the anti-
inflammatory potential of the extracts and their safety are
needed to provide a potential pharmacological treatment in
alleviating inflammation.

ACKNOWLEDGMENT

The authors appreciate Laboratorio de Bioquimica
Toxicologica from Universidad Autonoma de Queretaro for
providing technical assistance and resources for this project.

REFERENCES

[1] T.O. Akande, A. A. Odunsi, y E. O. Akinfala, «A review of nutritional
and toxicological implications of castor bean (Ricinus communis L.)
meal in animal feeding systems», Journal of Animal Physiology and
Animal  Nutrition, vol. 100, n.° 2, pp. 201-210, 2016, doi:
10.1111/jpn.12360.

[2] F. A. Perdomo etal, «Physicochemical characterization of seven
Mexican Ricinus communis L. seeds & oil contents», Biomass and
Bioenergy, vol. 48, Pp- 17-24, 2013, doi:
10.1016/j.biombioe.2012.10.020.

[31 S. Mamoucha, N. Tsafantakis, N. Fokialakis, y N. S. Christodoulakis,
«Structural and phytochemical investigation of the leaves of Ricinus
communisy, Australian Journal of Botany, vol. 65, n.° 1, pp. 58-66,
2016, doi: 10.1071/BT16184.

. F. Vasco-Leal, M. L. Cuellar-Nuiez, 1. Luzardo-Ocampo, E. Ventura-
Ramos, G. Loarca-Pifia, y M. E. Rodriguez-Garcia, «Valorization of
Mexican Ricinus communis L. leaves as a source of minerals and
antioxidant compounds», Waste and Biomass Valorization, vol. 12, n.°
4, pp. 2071-2088, abr. 2021, doi: 10.1007/s12649-020-01164-5.

[5] H. Franke, R. Scholl, y A. Aigner, «Ricin and Ricinus communis in
pharmacology and toxicology-from ancient use and “Papyrus Ebers” to
modern perspectives and “poisonous plant of the year 2018”», Naunyn-
Schmiedeberg’s Archives of Pharmacology, vol. 392, 1n.° 10, pp. 1181-
1208, oct. 2019, doi: 10.1007/s00210-019-01691-6.

—
~
flaat
—

22" LACCEI International Multi-Conference for Engineering, Education, and Technology: Sustainable Engineering for a Diverse, Equitable, and Inclusive Future at the Service
of Education, Research, and Industry for a Society 5.0. Hybrid Event, San Jose — COSTA RICA, July 17 - 19, 2024. 5



[6] P. Sehgal, M. Khan, O. Kumar, y R. Vijayaraghavan, «Purification,
characterization and toxicity profile of ricin isoforms from castor
beansy», Food and Chemical Toxicology, vol. 48,n.° 11, pp. 3171-3176,
2010, doi: 10.1016/j.£ct.2010.08.015.

[71 V. Nemudzivhadi y P. Masoko, «In vitro assessment of cytotoxicity,
antioxidant, and anti-inflammatory activities of Ricinus communis
(Euphorbiaceae) leaf extractsy, Evidence-Based Complementary and
Alternative  Medicine, vol. 2014, pp. 1-8, 2014, doi:
10.1155/2014/625961.

[8] V. L. Singleton, R. Orthofer, y R. M. Lamuela-Raventos, «Analysis of
total phenols and other oxidation substrates and antioxidants by means
of folin-ciocalteu reagent», en Methods in Enzymology, vol. 299,
Academic Press - Elsevier, 1999, pp. 152-178. [En linea]. Disponible
en: https://linkinghub.elsevier.com/retrieve/pii/S0076687999990171

[9] U. Sarker y S. Oba, «Nutrients, minerals, pigments, phytochemicals, and
radical scavenging activity in Amaranthus blitum leafy vegetablesy,
Scientific Reports, vol. 10, n.° 1, p. 3868, dic. 2020, doi:
10.1038/s41598-020-59848-w.

S. S. Deshpande y M. Cheryan, «Evaluation of vanillin assay for tannin
analysis of dry beansy, Journal of Food Science, vol. 50, 1n.° 4, pp. 905-
910, jul. 1985, doi: 10.1111/j.1365-2621.1985.tb12977 x.

M. L. Cuellar-Nufiez, I. Luzardo-Ocampo, R. Campos-Vega, M. A.
Gallegos-Corona, E. Gonzalez de Mejia, y G. Loarca-Pifia,
«Physicochemical and nutraceutical properties of moringa (Moringa
oleifera) leaves and their effects in an in vivo AOM/DSS-induced
colorectal carcinogenesis model», Food Research International, vol.
105, n.° C, pp. 159-168, mar. 2018, doi: 10.1016/j.foodres.2017.11.004.

N. Nenadis, L.-F. F. Wang, M. Tsimidou, y H.-Y. Y. Zhang, «Estimation
of scavenging activity of phenolic compounds using the ABTS « +
assay», Journal of Agricultural and Food Chemistry, vol. 52,1n.° 15, pp.
4669-4674, jul. 2004, doi: 10.1021/jf0400056.

L. R. R. Fukumoto y G. Mazza, «Assessing antioxidant and prooxidant

activities of phenolic compounds», Journal of Agricultural and Food

Chemistry, vol. 48, n.° 8, pp. 3597-3604, ago. 2000, doi:
10.1021/jf000220w.

Luzardo-Ocampo et al., «Fermented non-digestible fraction from
combined nixtamalized corn (Zea mays L.)/cooked common bean
(Phaseolus vulgaris L.) chips modulate anti-inflammatory markers on
RAW 264.7 macrophages», Food Chemistry, vol. 259, n.° C, pp. 7-17,
sep. 2018, doi: 10.1016/j.foodchem.2018.03.096.

S. S. Arango-Varela, I. Luzardo-Ocampo, M. E. Maldonado-Celis, y R.
Campos-Vega, «Andean berry (Vaccinium meridionale Swartz) juice in
combination with Aspirin modulated anti-inflammatory markers on
LPS-stimulated RAW 264.7 macrophages», Food Research
International, vol. 137, p. 109541, mnov. 2020, doi:
10.1016/j.foodres.2020.109541.

R. Gonzalez-Barrio, C. A. Edwards, y A. Crozier, «Colonic catabolism of
ellagitannins, ellagic acid, and raspberry anthocyanins: in vivo and in
vitro studies», Drug Metabolism and Disposition, vol. 39, n.° 9, pp.
1680-1688, 2011, doi: 10.1124/dmd.111.039651.

C. Park, H.-J. Cha, H. Lee, G.-Y. Kim, y Y. H. Choi, «The regulation of
the TLR4/NF-kB and Nrf2/HO-1 signaling pathways is involved in the
inhibition of lipopolysaccharide-induced inflammation and oxidative
reactions by morroniside in RAW 264.7 macrophages», Archives of
Biochemistry and Biophysics, vol. 706, p. 108926, jul. 2021, doi:
10.1016/j.abb.2021.108926.

[18] G. S. Hotamisligil, «Inflammation, metaflammation  and
immunometabolic disorders», Nature, vol. 542, n.° 7640, pp. 177-185,
2017, doi: 10.1038/nature21363.

N. Ahmad, Y. Zuo, X. Lu, F. Anwar, y S. Hameed, «Characterization of
free and conjugated phenolic compounds in fruits of selected wild
plantsy, Food Chemistry, vol. 190, pp. 80-89, ene. 2016, doi:
10.1016/j.foodchem.2015.05.077.

S. Ghosh et al., «Acaricidal properties of Ricinus communis leaf extracts
against organophosphate and pyrethroids resistant Rhipicephalus
(Boophilus) microplus», Veterinary Parasitology, vol. 192, n.° 1-3, pp.
259-267,2013, doi: 10.1016/j.vetpar.2012.09.031.

P. A. Main, M. T. Angley, C. E. O’Doherty, P. Thomas, y M. Fenech,
«The potential role of the antioxidant and detoxification properties of
glutathione in autism spectrum disorders: a systematic review and meta-
analysis», Nutrition & Metabolism, vol. 9, n.° 1, p. 35, 2012, doi:
10.1186/1743-7075-9-35.

[10]

[11]

[12]

[13]

[14] 1.

[15]

[16]

[17]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

A. C. Schrimpe-Rutledge, S. G. Codreanu, S. D. Sherrod, y J. A. McLean,
«Untargeted Metabolomics Strategies—Challenges and Emerging
Directionsy, Journal of the American Society for Mass Spectrometry,
vol. 27, n.° 12, pp. 1897-1905, dic. 2016, doi: 10.1007/s13361-016-
1469-y.

C. M. Phillips et al., «Dietary inflammatory index and non-communicable
disease risk: A narrative review», Nutrients, vol. 11,n.° 8, p. 1873, ago.
2019, doi: 10.3390/nul11081873.

S. Bindu, S. Mazumder, y U. Bandyopadhyay, «Non-steroidal anti-
inflammatory drugs (NSAIDs) and organ damage: A current
perspective», Biochemical Pharmacology, vol. 180, p. 114147, oct.
2020, doi: 10.1016/j.bcp.2020.114147.

S. S. Arango-Varela, 1. Luzardo-Ocampo, y M. E. Maldonado-Celis,
«Andean berry (Vaccinium meridionale Swartz) juice, in combination
with Aspirin, displayed antiproliferative and pro-apoptotic mechanisms
in vitro while exhibiting protective effects against AOM-induced
colorectal cancer in vivo», Food Research International, vol. 157, p.
111244, jul. 2022, doi: 10.1016/j.foodres.2022.111244.

S. H. Venkatesha, B. Acharya, y K. D. Moudgil, «Natural products as
source of anti-inflammatory drugs», en Inflammation - From Molecular
and Cellular Mechanisms to the Clinic, Weinheim, Germany: Wiley-
VCH Verlag GmbH & Co. KGaA, 2017, pp. 1661-1690. doi:
10.1002/9783527692156.ch65.

M. S. Hernandez-Zazueta et al., «Bioactive compounds from Octopus
vulgaris ink extracts exerted anti-proliferative and anti-inflammatory
effects in vitro», Food and Chemical Toxicology, vol. 151, p. 112119,
may 2021, doi: 10.1016/j.fct.2021.112119.

I. Luzardo-Ocampo, G. Loarca-Pifa, y E. Gonzalez de Mejia, «Gallic and
butyric acids modulated NLRP3 inflammasome markers in a co-culture
model of intestinal inflammationy, Food and Chemical Toxicology, vol.
146, p. 111835, dic. 2020, doi: 10.1016/j.fct.2020.111835.

G. Cirino, E. Distrutti, y J. Wallace, «Nitric Oxide and Inflammation»,
Inflammation & Allergy-Drug Targets, vol. 5, n.° 2, pp. 115-119, abr.
2006, doi: 10.2174/187152806776383143.

22" LACCEI International Multi-Conference for Engineering, Education, and Technology: Sustainable Engineering for a Diverse, Equitable, and Inclusive Future at the Service

of Education, Research, and Industry for a Society 5.0. Hybrid Event, San Jose — COSTA RICA, July 17 - 19, 2024.

6



