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Alkaline lignins from Morinda citrifolia
leaves are potential immunomodulatory,
antitumor, and antimicrobial agents
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Abstract: Morinda citrifolia, commonly known as noni, is a plant belonging to the
Rubiaceae family. This plant has a high biological potential, which has different biological
properties, including antioxidant, antibacterial, antiviral, antifungal, antitumor and
anti-inflammatory. In this work, the immunomodulatory, antitumor and antimicrobial
activities of lignin isolated from Morinda citrifolia leaves were investigated. The results
showed that this lignin was not cytotoxic and that it was able to promote activation
and differentiation of immune cells in addition to inducing the production of anti-
inflammatory cytokines. Furthermore, it was able to inhibit the growth of different tumor
and microbial cells in vitro. This pioneering study on these different activities shows that
the lignin isolated in this study can be used as a raw material to obtain biomedical and

pharmaceutical products.
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INTRODUCTION

Lignin is a macromolecule derived from
phenylpropanoid units called CC, or C, units,
irregularly repeated (Huang et al. 2022). Present
in different lignocellulosic biomasses, its
biosynthesis takes place via the root route from
thereaction of three different precursor cinnamyl
alcohols: coniferyl alcohol, sinapyl alcohol, and
p-coumaryl alcohol, which generate guaicyl
(G), syringyl (S) and p-hydroxybenzyl units (H),
respectively (Huang et al. 2022, Sugiarto et al.
2022). The proportion of these components may
vary between species (Sethupathy et al. 2022).
Knowing the main constituents, functional
groups and chemical bonds present in the
macromolecular structure of lignin is extremely
important for possible applications (Sugiarto et
al. 2022).

Routinely, lignins are obtained on an
industrial scale as a by-product of the paper
industry, along with cellulose, which in turn is
burned for energy production (Zhang et al. 2022).
However, when recovered, they can be used as
raw material to obtain products with high added
value (Agustiany et al. 2022). The literature
has presented several applications for lignins,
among them applications related to biomedical
areas (Sugiarto et al. 2022), such as antioxidant,
antitumor (Araujo et al. 2022), immunostimulant
(Cruz Filho et al. 2019, Nascimento Santos et al.
2020), antiparasitic (Silva et al. 2021), antiviral
(Kimura et al. 2022) among others. And all these
applications are directly related to the chemical
structure (Kimura et al. 2022, Sugiarto et al. 2022).

Therefore, there is a growing interest in
the study and probable applications of lignins
both in natura and their fractionation products
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obtained from different plants and/or processes
(Naim et al. 2022).

Given this diversity of plant species, we
highlight here the species Morinda citrifolia
popularly known as Noni. This species has been
widely used for medicinal purposes (Oladeji et
al. 2022). Even though much is known about the
extracts of this plant, little is known about the
lignins of this species. Pioneering work carried
out in our research group and published by
Silva et al. (2021) addressed the physicochemical
characterization of alkaline lignin obtained from
the leaves of Morinda citrifolia, in addition
to verifying that these can act as a promising
antioxidant and antiparasitic agent.

Therefore, the present work continues
the work proposed by Silva et al (2021) that is,
it addresses in an unprecedented way other
biological applications for lignin from the leaves
of Morinda citrifolia, showing that these can
act as an immunomodulatory, antitumor and
antimicrobial agent.

MATERIALS AND METHODS
Lignin from the leaves of Morinda citrifolia
citrifolia
Morinda citrifolia leaves were collected in the
municipality of Cabo de Santo Agostinho located
in the state of Pernambuco, Brazil (8°29'86.07" S
and 35°06'45.29” W). Botanical authentication
was carried out at the Herbarium Geraldo Mariz,
at the Botany Department of the Biological
Sciences Center of the Federal University of
Pernambuco, where a specimen was deposited
under registration number 74,792. To authorize
the collection and study of the stem, the species
was registered in SisGen (National System of
Genetic Heritage and Associated Traditional
Knowledge), No. A2F0474.

The alkaline lignin evaluated in this study
was isolated from Morinda citrifolia leaves at
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the Laboratory of Chemistry and Therapeutic
Innovation at the Federal University of
Pernambuco (UFPE), Recife, Pernambuco, Brazil,
and published by Silva et al. (2021). Briefly,
the leaves of Morinda citrifolia were dried
and ground, then subjected to an aqueous
extraction, in the proportion (g/L) 1:1, in a 2
L reactor, at 60 °C and 1200 rpm, for 1 h. The
solid obtained in the extraction step was
subjected to an acid treatment with H.PO, (1%)
in an autoclave at 121 °C for 1 h, 1:1 solid: liquid
ratio (g/L). The hydrolyzed acid is filtered and
the resulting solid was subjected to alkaline
delignification with 1% NaOH under the same
conditions as in the acid treatment. After the
end of the reaction, the black liquor containing
the lignin was separated from the resulting solid
by filtration and soon after it was acidified with
H,SO, at pH 2 for 12 h to precipitate the lignin.
Finally, the lignin obtained was dried at 70 °C
for 48 h. Therefore, to carry out the biological
assays, the lignin was previously diluted in 1%
DMSO at a concentration of 200 pg/mL.

In vitro immunomodulatory activity

Animals, ethical considerations, and obtaining
splenocytes

Splenocytes were obtained according to the
methodology proposed by Cruz Filho et al.
(2019). Female Balb/c mice (6 to 8 weeks old
and 5 animals) were maintained under standard
laboratory conditions (20 to 22 °C and 12 h
day and night cycle) with free access to water
and standard diet in Keizo Asami’s vivarium
Laboratory of Immunopathology (LIKA), located
at the Federal University of Pernambuco,
Recife, Pernambuco, Brazil. The animals were
anesthetized with 2% xylazine (10 mg/Kg) and
10% ketamine hydrochloride (115 mg/Kg) and
euthanized by cervical dislocation.
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Spleens were aseptically removed and
placed in culture tubes containing RPMI 1640
medium (Gibco, Invitrogen, Carlsbad, CA) with
fetal bovine serum. Splenocytes were obtained
by separation in Ficoll-Paque™ Plus (GE
Healthcare Life Sciences, Sweden) with density
adjusted to 1.077 g/mL. Cell viability (> 98%) was
assessed by the trypan blue exclusion method.
This study was approved by the Committee on
Ethics in the Use of Animals of the Instituto
Aggeu Magalhaes/Fundacao Oswaldo Cruz,
protocol number 164/2020.

Evaluation of splenocyte viability and
proliferation

Viability assessment against splenocytes (1x 10°
cells/well) was performed according to Cruz Filho
et al. (2019) in different concentrations of lignins
(100 to 312 pg/mL diluted in 1% DMSO) for 24 h in
a CO, oven. After that, the cells were centrifuged,
stained with propidium iodide and annexin V
for 10 min and analyzed in a flow cytometer
(FACS Calibur platform) in 10000 events. Data
were analyzed in Flowing 2.0 software®. Cell
proliferation assays were performed with CFSE
(Carboxyfluorescein succinimidyl ester) under
the same experimental conditions as the
viability assays. All experiments were performed
in quintuplicate.

Determination of cytosolic and mitochondrial
levels of reactive oxygen species, calcium
release, and changes in membrane potential

The experiments were performed according to
Cruz Filho et al. (2019) and Nascimento Santos
et al. (2020) with few modifications. Cytosolic
and mitochondrial levels of reactive oxygen
species (ROS), determination of transmembrane
potential, and cytosolic Ca’ concentrations in
cells (1x 10° cells/well) treated with lignin (12.5
pg/mL) were determined by flow cytometry
using dihydroethidium (DHE) (Merck), MitoSox
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Red (Thermo Fischer Fisher-USA), MitoStatus (BD
Biosciences-USA) and fluo-3AM (Thermo Fisher
Scientific-USA), respectively. All experiments
were performed in quintuplicate.

Immunophenotyping assays

The immunophenotyping assay of lymphocytes
and monocytes was performed according
to Nascimento Santos et al. (2020) with
modifications. Splenocytes were also stimulated
with 12,5 pg/mL lignin. The positive control was
cells only. The system was incubated for 24 h
in RPMI 1640 medium at 5% CO,. The mouse
monoclonal antibodies used were anti-CD4-FITC,
anti-CD8-PE for lymphocytes, anti-CD16-PE for
natural killer cells and anti-CD16/32-PercyP for
monocytes. All results were acquired in a flow
cytometer using the FACS Calibur platform and
the results were analyzed using the Flowing 2.51
® software and the graphs were plotted using
the Prism 6.0 ® software. All experiments were
performed in quintuplicate.

Investigation of cytokine and nitric oxide
production

The investigation of cytokine and nitric oxide
production was performed according to Cruz
Filho et al. (2019) and Nascimento Santos et
al. (2020). From the supernatant obtained in
the cell viability assays, cytokine levels were
determined using the mouse cytokine kit
(CBA). Cytokines evaluated were IL-2, -4, -6, <10,
-17 TNF-a and IFN-y. All data were acquired in
flow cytometry using the FACS Calibur platform
(BD®) and the results were analyzed using the
Flowing 2.51® Software. Nitric oxide released by
the same cells was determined by the Griess
method, using a sodium nitrite standard curve
(312-400 pM). Absorbances were determined in
a microplate spectrophotometer (Multiskan FC,
Thermo Scientific®) at 595 nm. The experiments
were performed in triplicate.
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Cytotoxicity assays against normal and tumor
cell lines

The in vitro cytotoxicity experiments were
performed according to the methodology
proposed by Suleiman & Helal (2022). Cultures
of normal (macrophages (RAW 264.7), fibroblasts
(V79) and vero cells) and tumor (MCF-7 (breast
cancer), T-47D (breast cancer), Jurkat (leukemia/
lymphoma), DU145 (breast cancer) cell lines of
human prostate cancer) and HepG2 (hepatoma))
were cultured in RPMI medium with phenol red
supplemented with 10% FBS and 1% antibiotic,
at a concentration of 1 x 10° cells/well were
treated with lignin (dissolved in DMSO 1%) in
concentrations ranging from 100 to 1.56 pg/mL
for 72 h in a CO, oven and the cytotoxicity was
determined by the MTT assay. After cultivation,
the formazan crystals were solubilized in DMSO
and the absorbance was evaluated in a plate
reader at 540 nm. The 50% growth inhibition
concentration (IC,;) was determined by non-
linear fit. Furthermore, the selectivity index
(S1) was determined, calculated as the ratio of
normal cell IC, to tumor cell IC . The patterns
evaluated against tumor cells were: Doxorubicin,
Amsacrine and Asulacrine evaluated under the
same experimental conditions as lignin. All
experiments were performed in two replicates
for each of three independent experiments.

In vitro hemolytic activity

The hemolytic assay, used to assess in vitro
toxicity, was performed by diluting erythrocytes
from mouse blood in phosphate saline buffer
that received different concentrations of lignin
(100 to 312 pg/mL diluted in 1% DMSO). After
1 h, the release of hemoglobin (hemolysis)
was evaluated by spectrophotometry. A saline
solution was the negative control 0% hemolysis
and triton X was the positive control 100%
hemolysis. All experiments were performed in
triplicate (Araujo et al. 2022).
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In vitro antimicrobial activity

The antimicrobial activity experiments were
carried out according to the methodology
proposed by Suleiman & Helal (2022), Suleiman
et al. (2022) and Suleiman (2020) with few
modifications. For this, bacterial strains
(Acinetobacter baumannii UFPEDA-1024,
Enterococcus faecalis UFPEDA-138, Enterococcus
faecalis UFPEDA-69, Staphylococcus aureus
UFPEDA-709, Pseudomonas aeruginosa
UFPEDA-416, Pseudomonas aeruginosa
UFPEDA-261) and yeast strains (Candida albicans
URM 95, Candida albicans 4664, Candida
albicans UFPEDA-1007, Candida guilliermondii
UFPEDA-6390 and Candida glabrata
UFPEDA-6393). The standardization of the
inoculum (bacteria and yeasts) was performed
following the documents of the Clinical
Laboratory Standards Institute (CLSI), M100 (CLSI
2017) and M60 (CLSI 2018), respectively.

The determination of the minimum
inhibitory concentration (MIC) and minimum
bactericidal or fungicidal concentration (MBC/
MFC). Serial dilutions were performed in DMSO
1% of the lignins and standards (Gentamicin,
Amikacin, Oxacillin and Ampicillin+Sulbactam,
against bacteria and Micafungin for yeasts),
varying the concentration from 1024 to 4 ug/
mL. Assays were performed in 96-well plates
incubated for 24 h at 37 °C (bacteria) and 30 °C
for 48 h (yeasts). The 0.01% resazurin solution
was used as an indicator of bacterial growth.
Cultures were plated on Mueller Hinton (Bacteria)
or Sabourand Agar (Yeast) medium to determine
MBC/MFC. Activity against the microorganism
was considered when the MIC was < 1024 pg/mL.
The experiments were performed in triplicate.

Statistical analysis

Results were expressed as mean +* standard
deviation and were treated with a one-way
ANOVA statistical test for comparison between
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groups and differences assessed by Tukey’'s
post-test (p < 0.05).

RESULTS AND DISCUSSION

Evaluation of in vitro immunomodulatory
activity

Figure 1 shows the viability results by the
propidium iodide and annexin V method (Figure
1a) and cell proliferation (Figure 1b).

The results showed that the evaluated
lignin was not able to promote cell death of
splenocytes, promoting cell viability greater
than 95%, moreover, it was able to promote cell
proliferation in the different concentrations
evaluated. Similar results were obtained by Cruz
Filho et al. (2019), Melo et al. (2020), Nascimento
Santos et al. (2020), and Araljo et al. (2022)
evaluating the effect of different alkaline lignins
against immune cells. As none of the evaluated
lignin concentrations were cytotoxic, we chose
the concentration of 12.5 ug/mL, a concentration
routinely used for the evaluation of cytokines
and nitric oxide promoted by different lignins.
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The concentration of cytokines and nitric oxide
in the supernatant is shown in Table I.

The results showed that lignin induced an
increase in most anti-inflammatory cytokines,
that is, of the Th2 profile, such as IL-4, IL-10, and
IL-6 cytokines, the latter being of a pleiotropic
nature. In addition, an increase in the production
of IL-2 was also observed. Confirmation of the
anti-inflammatory profile promoted by lignin is
in the results of the inhibition of nitric oxide
production by cells treated with lignin at a
concentration of 12.5 ug/mL.

Similar results were obtained by Araujo et al.
(2022), Melo et al. (2020), and Arruda et al. (2022)
also evaluating alkaline lignins. However, Cruz
Filho et al. (2019) and Nascimento Santos et al.
(2020) obtained a pro-inflammatory response for
their evaluated alkaline lignins. The mechanism
of the immunomodulatory activity promoted
by lignins is not fully understood, however, it
is known that the differences in the immune
response promoted by lignins may be associated
with the complex and variable chemical
structure of these macromolecules (Cruz Filho et
al. 2019, Nascimento Santos et al. 2020). This is
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Figure 1. Results of viability promoted by lignin against splenocyte cells evaluated by staining with propidium
iodide and annexin (a) and cell proliferation (b) respectively.
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Table I. Production of cytokines and nitric oxide
stimulated by alkaline lignin from Morinda citrifolia
at a concentration of 12.5 pg /mL for 24 hours of
incubation of splenocytes.

Cytokines (pg/mL) Control Lignin
[L-2 945+ 01 10.59 + 0.5
[L-4 897 +09 10.24 + 0.8
IL-6 1098 + 0.1 12.76 + 0.2
[L-10 1191+ 0.2 13.98 + 0.0
[L-17 6.81+ 0.1 6.84+09
TNF-a 598 £ 0.5 592 + 01
[FN-y 834+ 0.0 8.30 + 01
Nitric oxide (ug/mL) 0.09 0.0 0.03+ 0.0

Mean * Standard deviation.

because different functional groups present in
the structure can be recognized by one or more
receptors present on the cell surface, which can
promote different immune responses in vitro
(Arruda et al. 2021).

In addition to cytotoxins, cytosolic and
mitochondrial levels of reactive oxygen
species (ROS), calcium release, and changes
in membrane potential were determined at a
concentration of 12.5 pg/mL of lignin, and the
results are shown in Figure 2.

The results presented in Figure 2 showed
that lignin (12.5 pg/mL) was able to promote
a non-significant increase in both cytosolic
(Figure 2a) and mitochondrial (Figure 2b) ROS
production and in cytosolic calcium levels
(Figure 2¢). However, a decrease in mitochondrial
membrane potential was observed (Figure
2d). The response to oxidative stress, without
inducing cell death, is an important step when
it comes to the differentiation and activation of
immune cells (Nascimento Santos et al. 2020).
Similar results were obtained by Cruz Filho et al.
(2019), Melo et al. (2020), and Nascimento Santos
et al. (2020) evaluating different alkaline lignins
against immune cells.
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Finally, the immunophenotyping assay
of lymphocytes and monocytes showed that
lignin promoted the proliferation and activation
of CD8+T, with no significant difference in the
activation of CD4+ and C16+T lymphocytes.
Regarding monocytes, there was no stimulus
for differentiation. An increased population of
CD8+T lymphocytes plays an important role in
the immune response against tumors. Therefore,
several antitumor strategies have been
developed usingmolecules capable of promoting
increased expression of CD8+T cells. Similar
results were obtained by Nascimento Santos et
al. (2020) evaluating alkaline lignins obtained
from leaves. Therefore, the results presented
here show that lignins, in addition to not being
cytotoxic, can promote cell proliferation, induce
the production of anti-inflammatory cytokines
and promote the activation of immune cells.

Cytotoxicity assays against normal and tumor
cell lines and in vitro hemolytic activity

Lignins are described in the literature as having
antitumor activity in vitro and this is due to
their phenolic nature. Table Il presents only the
results of cytotoxicity promoted by the lignin
under study against tumor cells. Since it was not
possibleto determine the ICEO(concentration that
inhibits cell growth by 50% against normal cells)
in the evaluated concentrations. Furthermore,
lignins were not hemolytic (~5%).

The results show that lignin presented IC
values for all evaluated cells. Lower IC, values
represent higher inhibition values, so we can
group the results in the following order: Jurkat
> MCF-7 > T47D > DU145 > HepG2. However, when
compared to the evaluated standards, lignin
showed a low inhibition result, that is, higher IC |
values. As the lignins were not cytotoxic against
normal cells, it was not possible to determine
the selectivity index. Therefore, we can say that
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Figure 2. Cytosolic (a) and mitochondrial (b) levels of reactive oxygen species (ROS), calcium release (c) and

mitochondrial membrane potential (AW) (d) respectively.

the lignin under study is cytotoxic only for the
evaluated tumor cells.

Results close to ours were obtained by
Araujo et al. (2022) evaluating alkaline lignins
obtained from the branches and leaves of
Buchenavia viridiflora respectively obtained IC
values for the cells: Jurkat (21.37; 25.76 pg/mL),
MCF-7 (12.63; 24.88 ug/mL), T47D (25.46; 47.74 ug/
mL), DU145 (37.56; 41.65 pg/mL) and HepG2 (>100
pg/mL). Barapatre et al. (2016) evaluating four
fractions of lignin obtained from Acacia nilotica,
found that they had a higher cytotoxic potential
(IC,,: 215 pg/mL) for the breast cancer cell line
(MCF-7), but were ineffective (IC,: 2 100 pg/mL)
against normal primary human hepatic stellate
cells (HHSteCs).
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These findings indicate that the lignin
under study has in vitro antitumor potential,
corroborating the results obtained in
immunomodulatory activity, where it was
possible to verify the production of anti-
inflammatory cytokines and a greater number of
CD8+T lymphocytes in the population, important
cells for inhibiting the growth of tumors.

In vitro antimicrobial activity

Lignins are described as promising antimicrobial
agents (Melo et al. 2020, Araujo et al. 2022). Table
Il presents the results of in vitro antimicrobial
activity promoted by lignin from Morinda
citrifolia leaves against different species of
bacteria and fungi.
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Table Il. In vitro antitumor activity assays promoted by lignins compared to different standards.

Lignin Doxorubicin Amsacrine Asulacrine

Tumor cells IC,, (ug/mL) IC,, (ng/mL) IC,, (ug/mL) IC,, (ug/mL)
MCF-7 27.0 + 0.1 10+03 1301 12 +01
T-47D 32704 1301 12+ 04 15+ 04
Jurkat 194 £0.2 0.7+0.0 14 01 13201
DU145 523 +09 0.76 + 0.0 0.80 = 0.01 1.37+ 01
HepG2 756 0.1 1.54+ 01 0.66 + 0.0 14+ 01

Mean * Standard deviation.

Table lll. Results of in vitro antimicrobial activity promoted by lignin from Morinda citrifolia leaves.

Microorganisms
Bacteria mic
(ng/mL)
Enterococcus faecalis UFPEDA-69 > 1024
Enterococcus faecalis UFPEDA-138 >1024
Staphylococcus aureus UFPEDA-709 512
Acinetobacter baumannii UFPEDA-1024 > 1024
Pseudomonas aeruginosa UFPEDA-261 > 1024
Pseudomonas aeruginosa UFPEDA-416 > 1024
Yeasts mic
(ug/mL)
Candida albicans UFPEDA-1007 > 1024
Candida albicans 95 > 1024
Candida albicans 4664 512
Candida glabrata UFPEDA-6393 512
Candida guilliermondii UFPEDA-6390 > 1024

Lignin Control - antimicrobial

MBC MIC

(ng/mL) (ug/mL)
> 1024 Amikacin 8 (S)
> 1024 Amikacin 8(S)
> 1024 Oxacillin 512 (R)
> 1024 Amp+Sulbac. 16 (1)
> 1024 Amikacin 32(1)
> 1024 Amikacin 8 (S)
MFC MIC

(ng/mL) (ug/mL)
> 1024 Micafungin 0.0625 (S)
> 1024 Micafungin 0.0312 (S)
> 1024 Micafungin 0.0156 (S)
> 1024 Micafungin 0.0156 (S)
> 1024 Micafungin 0.0156 (S)

MIC - Minimum inhibitory concentration; MBC - Minimum bactericidal concentration; MFC — Minimum fungicidal concentration;
R - Resistant; S - Sensitive; | - Intermediate resistance; Amp.+Sulbac - Ampicillin+Sulbactam.

Theresults presented in Table Il showed that
the evaluated lignin was capable of promoting
antimicrobial activity, presenting a minimum
inhibitory concentration of 512 ug/mL for
Staphylococcus aureus UFPEDA-709 (presenting
the same MIC value when compared to the
standard antibiotic) and for Candida albicans
4664 and Candida glabrata UFPEDA-6393. In

addition, none of the evaluated lignins showed
minimal bactericidal or fungicidal concentration.

The mechanism of in vitro antimicrobial
activity promoted by lignins is still not fully
elucidated. However, it is known that lignins that
present greater amounts of phenolic fragments
containing a C-C double bond in the a and B
positions of the side chain and a methyl group
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in the y position promote greater inhibition of
microbial growth when compared to lignins that
present higher levels of phenolic fragments with
functional groups containing oxygen (-OH, —CO,
COOH) in the side chain (Melo et al. 2020, Araujo
et al. 2022).

Araujo et al. (2022) evaluating alkaline
lignins obtained from the branches and leaves
of Buchenavia viridiflora verified that these
were able to promote antimicrobial activity,
presenting a minimum inhibitory concentration
of 512 pyg/mL for the bacteria Enterococcus
faecalis UFPEDA-69, Staphylococcus aureus
UFPEDA-709, Pseudomonas aeruginosa
UFPEDA- 261 and Candida albicans 4664 yeast.
Furthermore, the authors observed that none
of the evaluated lignins showed minimal
bactericidal or fungicidal concentration.

Melo et al. (2020) evaluating the antifungal
activity of a lignin obtained from the leaves
of Caesalpinia pulcherrima showed different
MIC values, among which we can list Candida
parapsilosis (ATC22019) (31.25ug/mL), Candida
krusei (ATC62) (125.00 pg/mL) Candida
guilliermondii (URM62) (31.25 pg/mL), Candida
albicans (URM49) (250 pg/mL), Aspergillus flavus
(500 pug/mL), Aspergillus furmigatus (500 pg/mL)
and two species of Cryptococcus neoformans
that presented 15.62 pg/mL) respectively.
These results show that alkaline lignins can be
potential antimicrobial agents.

CONCLUSION

Through the studies carried out, we can conclude
that Morinda citrifolia lignin is a macromolecule
that presents promising resultsto be applied asan
immunomodulatory, antitumor and antimicrobial
agent in vitro. This dual effect shows that the
evaluated lignin can be used as a raw material to
obtain products with high added value.

ALKALINE LIGNIN AND ITS BIOLOGICAL POTENTIAL

Acknowledgments

The study was funded by Organs Brazilian bodies
Support Foundation for the State of Pernambuco
(Process - FACE-04.03 / 19), Researcher Research Grant -
FACEPE (Process BFP-0038-0) and Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico grant - CNPq
(Process 306865 / 2020-3).

REFERENCES

AGUSTIANY EA ET AL. 2022. Recent developments in lignin
modification and its application in lignin-based green
composites: A review, Polym Compos 43: 4848-4865.
https://doi.org/10.1002/pc.26824.

ARAUJO DMF ET AL. 2022. Biological activities and
physicochemical characterization of alkaline lignins
obtained from branches and leaves of Buchenavia
viridiflora with potential pharmaceutical and biomedical
applications, Int J Biol Macromol 219: 224-245. https://
doi.org/101016/j.ijbiomac.2022.07.225.

ARRUDA MDM ET AL. 2021.Characterization of a lignin
from Crataeva tapia leaves and potential applications
in medicinal and cosmetic formulations. Int J Biol
Macromol 180: 286-298. https://doi.org/10.1016/].
ijbiomac.2021.03.077.

BARAPATRE A, MEENA AS, MEKALA S, DAS A & JHA H. 2016. In
vitro evaluation of antioxidant and cytotoxic activities
of lignin fractions extracted from Acacia nilotica. Int
J Biol Macromol 86: 443-453. https://doi.org/10.1016/].
ijbiomac.2016.01.1009.

CLSI. 2017. Performance Standards for Antimicrobial
Susceptibility Testing, twenty seventh. Clinical and
Laboratory Standards Institute, Wayne, PA. CLSI
supplement M100.

CLSI. 2018. Performance Standards for Antimicrobial
Susceptibility Testing. CLSI supplement M60. Clinical and
Laboratory Standards Institute, Wayne, PA.

CRUZ FILHO 1) ET AL. 2019. Lignins isolated from Prickly pear
cladodes of the species Opuntia ficus-indica (Linnaeus)
Miller and Opuntia cochenillifera (Linnaeus) Miller
induces mice splenocytes activation, proliferation and
cytokines production. Int) Biol Macromol 123: 1331-1339.
https://doi.org/10.1016/}.ijbiomac.2018.09.120.

HUANG C, PENG Z, LI J, LI X, JIANG X & DONG Y. 2022. Unlocking
the role of lignin for preparing the lignin-based wood
adhesive: A review. Ind Crops Prod 187: 115388. https://
doi.org/101016/j.indcrop.2022.115388.

An Acad Bras Cienc (2023) 95(Suppl. 2) 20221026 9 | 10



IRANILDO J. CRUZ FILHO et al.

KIMURA C, OH SW, FUJITA T & WATANABE T. 2022.
Adsorptive Inhibition of Enveloped Viruses and
Nonenveloped Cardioviruses by Antiviral Lignin
Produced from Sugarcane Bagasse via Microwave
Glycerolysis. Biomacromolecules 23: 789-797. https://doi.
org/10.1021/acs.biomac1c01209.

MELO CML ET AL. 2020. Lignin isolated from Caesalpinia
pulcherrima leaves has antioxidant, antifungal and
immunostimulatory activities. Int J Biol Macromol 162:
1725-1733. https://doi.org/101016/j.ijbiomac.2020.08.003.

NAIM MT, LARA-SERRANO M, ROMERO AF, MORALES-DELAROSA
S, CAMPOS-MARTIN JM, MORENO JRA & OCON P. 2022.
Characterization of lignin and lignin-derivatives from
biomass. Application as expander of Lead-acid battery.
Arab J Chem 15: 104127. https://doi.org/10.1016/].
arabjc.2022104127.

NASCIMENTO SANTOS DKD ET AL. 2020. Immunostimulatory
and antioxidant activities of a lignin isolated from
Conocarpus erectus leaves. Int J Biol Macromol 150: 169-
177. https://doi.org/10.1016/].ijbiomac.2020.02.052.

OLADEJI OS, OLUYORI AP & DADA A. O. 2022. Genus Morinda:
An insight to its ethnopharmacology, phytochemistry,
pharmacology and Industrial Applications. Arab J Chem
15: 104024. https://doi.org/101016/j.arabjc.2022.104024.

SETHUPATHY S ET AL. 2022. Lignin valorization: status,
challenges and opportunities. Bioresour Technol 347:
126696. https://doi.org/10.1016/j.biortech.2022126696.

SILVA PR ET AL. 2021. Lignin from Morinda citrifolia
leaves: Physical and chemical characterization, in vitro
evaluation of antioxidant, cytotoxic, antiparasitic and
ultrastructural activities. Int J Biol Macromol 193: 1799-
1812. https://doi.org/101016/].ijbiomac.2021.11.013.

SUGIARTO S, LEOW Y, TAN CL, WANG G & KAI D. 2022. How far is
Lignin from being a biomedical material? Bioact Mater
8: 71-94. https://doi.org/10.1016/j.bioactmat.2021.06.023.

SULEIMAN WB. 2020. In vitro estimation of superfluid
critical extracts of some plants for their antimicrobial
potential, phytochemistry, and GC-MS analyses. Ann Clin
Microbiol Antimicrob 19(1): 1-12. https://doi.org/10.1186/
$12941-020-00371-1.

SULEIMAN WB & HELAL EEH. 2022. Chemical constituents and
potential pleiotropic activities of Foeniculum vulgare
(Fennel) ethanolic extract; in vitro approach. Egypt
J Chem 65(7): 617-626. https://doi.org/10.21608/
EJCHEM.2021.107991.4938.

SULEIMAN WB, SHEHATA RM & YOUNIS AM 2022. In vitro
assessment of multipotential therapeutic importance of
Hericium erinaceus mushroom extracts using different

ALKALINE LIGNIN AND ITS BIOLOGICAL POTENTIAL

solvents. BIOB 9(1): 1-13. https://doi.org/10.1186/
s40643-022-00592-6.

ZHANG W ET AL. 2022. Lignin derived carbon materials:
current status and future trends. Carbon Research 1:
1-39. https://doi.org/101007/s44246-022-00009-1.

How to cite

CRUZ FILHO 1), REIS DP, NASCIMENTO PHB, MARQUES DSC & LIMA MCA.
2023. Alkaline lignins from Morinda citrifolia leaves are potential
immunomodulatory, antitumor, and antimicrobial agents. An Acad Bras
Cienc 95: €20221026. DOI: 10.1590/0001-3765202320221026.

Manuscript received on November 29, 2022;
accepted for publication on June 4, 2023

IRANILDO J. CRUZ FILHO'
https://orcid.org/0000-0002-5466-6567

DANIEL P. REIS'
https://orcid.org/0009-0002-2484-1069

PEDRO HENRIQUE B. NASCIMENTO'
https://orcid.org/0000-0001-7510-0696

DIEGO S.C. MARQUES'
https://orcid.org/0000-0002-5987-1738

MARIA C.A. LIMA'
https://orcid.org/0000-0002-8277-3458

Universidade Federal de Pernambuco (UFPE),
Departamento de Antibioticos, Av. Prof. Moraes Rego,
1235, Cidade Universitaria, 50670-901 Recife, PE, Brasil

Correspondence to: Iranildo José da Cruz Filho
E-mail: iranildoj@gmail.com

Author contributions

Iranildo José da Cruz Filho: Conceptualization, Investigation,
Methodology, Validation, Formal analysis, Writing - Original
Draft, Writing - Review & Editing; Daniel Pereira Reis:
Conceptualization, Methodology, Resources, Review &
Editing, Supervision; Pedro Henrique do Bomfim Nascimento:
Investigation, Validation, Data Curation, Writing - Original
Draft; Diego Santa Clara Marques: Conceptualization, Writing -
Review & Editing, Supervision; Maria do Carmo Alves de Lima:
Conceptualization, Methodology, Formal analysis, Resources,
Writing - Original Draft, Writing - Review & Editing, Supervision,
Project administration.

[@)sy |

An Acad Bras Cienc (2023) 95(Suppl. 2) €20221026 10 | 10



