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Abstract: Bidens pilosa L. has been used in different parts of the world mainly to treat diseases as-
sociated with immune response disorders, such as autoimmunity, cancer, allergies, and infectious
diseases. The medicinal properties of this plant are attributed to its chemical components. Neverthe-
less, there is little conclusive evidence that describes the immunomodulatory activity of this plant. In
this review, a systematic search was carried out in the PubMed-NLM, EBSCO Host and BVS databases
focused on the pre-clinical scientific evidence of the immunomodulatory properties of B. pilosa. A
total of 314 articles were found and only 23 were selected. The results show that the compounds
or extracts of Bidens modulate the immune cells. This activity was associated with the presence of
phenolic compounds and flavonoids that control proliferation, oxidative stress, phagocytosis, and the
production of cytokines of different cells. Most of the scientific information analyzed in this paper
supports the potential use of B. pilosa mainly as an anti-inflammatory, antioxidant, antitumoral, an-
tidiabetic, and antimicrobial immune response modulator. It is necessary that this biological activity
be corroborated through the design of specialized clinical trials that demonstrate the effectiveness
in the treatment of autoimmune diseases, chronic inflammation, and infectious diseases. Until now
there has only been one clinical trial in phase I and II associated with the anti-inflammatory activity
of Bidens in mucositis.

Keywords: Bidens pilosa L.; immunomodulation; phytochemistry; traditional medicine; phytotherapy

1. Introduction

Bidens pilosa L. is a plant belonging to the Asteraceae family; the genus Bidens (Figure 1)
includes about 280 species. It is commonly known as: chipaca, amor seco, masaquía sillcao,
cadillo, picao preto, cuamba, Spanish needles, beggar’s ticks, devil’s needles, cobbler’s
pegs, broom stick, pitchforks, and farmers’ friends [1–6]. Although considered native to
South America, B. pilosa is distributed in pantropical areas, such as Colombia, Brazil, Peru,
Uganda, Kenya, China, Australia, and Hawaii [7]. The traditional use of this plant has been
recorded throughout the Americas, Africa, Asia, and Oceania [2–8].

Furthermore, its medicinal properties have been used in treating more than 40 illnesses,
such as asthma, pharyngitis, diabetes, gastritis, infectious diseases, cancer, and also for the
management of wounds and inflammation [2,9–11]. This is mainly due its diverse chemical
composition.

Approximately 201 metabolites have been described, such as flavonoids, terpenes,
phenylpropanoids, aromatic, aliphatic compounds, and porphyrins [2–5]. In the group
of flavonoids and polyynes, such as centaureidin, centaurein, luteolin, and cytopiloin

Pharmaceutics 2023, 15, 1491. https://doi.org/10.3390/pharmaceutics15051491 https://www.mdpi.com/journal/pharmaceutics

https://doi.org/10.3390/pharmaceutics15051491
https://doi.org/10.3390/pharmaceutics15051491
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/pharmaceutics
https://www.mdpi.com
https://orcid.org/0000-0001-7843-8852
https://orcid.org/0000-0002-9608-4426
https://orcid.org/0000-0002-7277-1838
https://orcid.org/0000-0003-2449-1986
https://orcid.org/0000-0002-1211-1010
https://doi.org/10.3390/pharmaceutics15051491
https://www.mdpi.com/journal/pharmaceutics
https://www.mdpi.com/article/10.3390/pharmaceutics15051491?type=check_update&version=1


Pharmaceutics 2023, 15, 1491 2 of 31

(Cp), it has been documented that these have antiallergic, antioxidant, antiproliferative,
immunosuppressive, and anti-inflammatory properties [2,5,7,12–14].

Many current treatments for chronic inflammatory diseases, such as autoimmune con-
ditions and cancer, cause unwanted side effects and, in many cases, are ineffective [15–17].
Therefore, in recent years, the research focused on developing therapeutic strategies based
on immunomodulation has gained great importance [18–20], especially those inspired by
the use of products of natural origin that can modulate the increase or decrease in the
immune response.
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2. Materials and Methods

The literature search was conducted in the National Library of Medicine (PubMed-
NLM), EBSCO Host, and Virtual Health Library (VHL) databases, using different descrip-
tors in health sciences (DeCS) and medical subject headings (MeSH) terms previously
determined as “Bidens pilosa” or “Bidens” combined with the terms described in Table 1.

A total of 1078 publications were found. During the selection process, publications
about experimental models, published between 2010 and 2020 and that were in English
were included. With these criteria, 547 results were obtained. Duplicate articles were
discarded using the Zotero software, yielding 314 individual articles. Titles and abstracts
were then screened. Studies that did not discuss the obtaining of extracts or compounds
from the plant or its chemical composition or biological effects related to activity on the
immune system in different experimental models were excluded. In this way, 20 articles
were selected, but 3 articles published prior to 2010 were added due to the relevance of the
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scientific evidence they reported and the frequency of references to them in recent works.
Finally, 23 articles were included for the review.

Table 1. Terms used in the search.

Item 1 Item 2 Item 3

Bidens pilosa OR * bidens AND *

Immunomodulation
Inflammation

Anti-inflammatory agents
Antitumor agents

Antioxidant effects
Infections

* OR/AND are the Boolean operators used to search the different databases.

3. Results
3.1. B. pilosa Extracts Have Anti-Inflammatory Properties Associated with Antioxidant and/or
Analgesic Effects

The immune system response is unbalanced in some diseases, a clear example being
autoimmune conditions, chronic inflammation, cancer, chronic kidney disease, cirrhosis,
and neurodegenerative disorders. These diseases have a high prevalence, cause disability,
and have a high mortality rate worldwide [22–24]. Although there are different medicines
for managing these conditions, different medicinal plants are currently under investigation
in search of new phytomedicines or polymolecular medications for the management of
symptoms or regulation of the immune response with fewer adverse effects.

In traditional medicine, B. pilosa has been used mainly to treat different inflammation-
associated symptoms and diseases. However, scientific evidence supports its traditional
use and suggests new effects associated with its anti-inflammatory properties (Table 2).

An in vivo study evaluated the analgesic and anti-inflammatory properties of the
ethyl acetate fraction (EtOAc) of an extract obtained from the leaves of B. pilosa in models
of chemical and thermal nociception in mice and Wistar rats [25]. Oral administration of
this fraction at doses of 50, 100, and 200 mg/kg showed a significant antinociceptive effect
in four different models. EtOAc inhibited the number of contortions recorded during a
period of 15 minutes (min) induced by acetic acid and delayed the reaction time on the hot
plate model in a dose-dependent manner to 12.40 ± 0.36 seconds (s), 18.40 ± 0.22 s, and
20.80 ± 0.33 s, respectively. The time spent licking the paw following capsaicin injection
was significantly and dose dependently reduced by EtOAc at 54.00 ± 0.55 s, 49.80 ± 0.58 s,
and 45.40 ± 0.51 s, respectively. In the carrageenan- and dextran-induced visible paw
edema model, the treatment with B. pilosa at 200 mg/kg antagonized the formation of
edema. A fraction had a similar effect to the experimental control of acetylsalicylic acid.
Therefore, B. pilosa could be inhibiting the neurogenic pain via peripheral mechanisms
in a similar way to acetylsalicylic acid through the inhibition of cyclooxygenase (COX)
enzyme activity and the inhibition of the release of other endogenous pain mediators. In
addition, the reduced inflammation and oedema observed were probably associated with
the flavonoids, quercetin 3,3′-dimethyl ether 7-O-β-D-glucopyranoside (Quercetin) and
iso-okanin 7-O-β-D-glycopyranoside identified in this fraction; these compounds have been
recognized for their anti-inflammatory and antinociceptive properties [25].

Quercetin is an important bioflavonoid found in more than twenty plants. Its anti-
inflammatory, antioxidant, antihypertensive, vasodilator, anti-obesity,
anti-hypercholesterolemic, and anti-atherosclerotic effects are well-known [26]. The pres-
ence of this flavonoid in B. pilosa confirms the anti-inflammatory properties reported in the
plant and suggests new pharmacological uses associated with its quercetin content.

In another in vivo study, De Ávila et al. evaluated the effect of a glycolic extract of
B. pilosa (Ecobidens®) in a poloxamer-based mucoadhesive formulation, in a murine model
of 5-fluorouracil (5-FU)-induced intestinal mucositis [27]. 5-FU is a chemotherapeutic
commonly used for the treatment of cancer. Its use induces a reduction in intestinal cell
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proliferation associated with an increasing rate of apoptosis, which in turn leads to a
loss of intestinal arrangement and function, mainly through villus shortening and crypt
destruction. Oral administration of the B. pilosa formulation for 6 days, mainly at a dose
of 100 mg/kg, restored the proliferative activity of intestinal cells as evidenced by a high
level of the Ki-67 antigen (Ki-67) (a marker of increased cell proliferation) in the intestinal
villi and crypts. Additionally, the B. pilosa formulation also downregulated the expression
of apoptotic markers, such as Bcl-2-like protein 4 (Bax) and phosphoprotein p53 (p53) in
intestinal cells, protecting them from death. Likewise, the plant extract regulated lipid
peroxidation and inflammatory infiltration in the intestinal tissue by reducing the activity of
the myeloperoxidase (MPO), an enzyme released by neutrophils during the inflammatory
process, which favors cellular stress and the production of malondialdehyde (MDA), the
latter being a stress marker in intestinal mucositis [27].

This research group subsequently reported similar findings when a mucoadhesive
formulation containing Ecobidens® and curcuminoids from Curcuma longa L. was evaluated
in the same model of intestinal inflammation [28], in search of an effective treatment for
the intestinal mucositis caused as a side effect of chemotherapy in patients with cancer.
Considering that both plants exert separate anti-inflammatory and immunomodulatory
effects, the authors tested the efficacy of a combined plant formulation. The orally ad-
ministered formulation (125 mg/kg of B. pilosa + 15 mg/kg of Curcuminoids) for 6 days
showed a protective effect on the intestinal epithelium when exerting anti-inflammatory
and antioxidant activities. These effects were associated with an increased expression of
Ki-67 and Bcl-2 proteins in intestinal villi and crypts, in addition to increased IL-10 levels,
reduced Bax expression, and decreased MPO and MDA activities in the intestinal tissue.
These results indicated that the combined mucoadhesive formulation had a remarkable
capacity to downregulate the apoptosis rate and restore the proliferative activity of the
intestinal cells, and effectively reduce the 5-FU-induced intestinal injury [28].

This combined plant formulation, subsequently named FITOPROT, was also eval-
uated by the same group in an in vitro study on human keratinocyte cell line (HaCaT)
exposed to 5-FU [29] during 24 hours (h). Similar to the results observed in animal models,
FITOPROT showed antioxidant and anti-inflammatory effects by significantly reducing the
production of reactive oxygen species (ROS). In addition, it avoided mitochondrial changes
by preventing the release of mitochondrial cytochrome C to the cytoplasm and restored the
cell proliferative activity, as evidenced by the Ki-67 expression. In addition, the plant for-
mulation regulated the 5-FU-induced oxidative stress through a mechanism involving the
nuclear factor erythroid 2-related factor 2 (Nrf2). Additionally, HaCaT cells pre-treated or
treated with FITOPROT showed normal expression of inflammation-related proteins, such
as tumor necrosis factor receptor 1 (TNFR1) and the nuclear factor-κB (NF-κB), and reduced
levels of pro-inflammatory cytokines, such as tumor necrosis factor (TNF), interleukin-1β
(IL-1β), IL-6, and IL-8 [29].

The combination of active metabolites of medicinal plants is of great importance
because additive or synergistic interactions can enhance their biological activity in inflam-
matory diseases. It is also essential to note that many of these diseases are not regulated
by a single molecular target but often have a multifactorial causality [30,31]. Resistance to
treatment is less likely to occur when active compounds derived from different plants are
used in combination than when they are used individually [32,33], because they can act
on multiple molecular targets in different cells of the immune system associated with the
development of diseases. Considering the results obtained with FITOPROT, it would be
interesting to evaluate whether its therapeutic scope could be extended to other illnesses
with similar inflammatory issues, such as Crohn’s disease and ulcerative colitis, whose pro-
gression is accompanied by chronic intestinal inflammation and relates to an exacerbated
production of Th1 and/or Th2 cytokines [34,35].

Another B. pilosa extract that has been studied for its anti-inflammatory properties
is the aqueous extract obtained from the infusion of the whole plant, excluding the root.
This extract was tested in a model of Wistar rats treated with carbon tetrachloride (CCl4).
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Degradation of CCl4 generates unstable free radicals such as trichloromethyl (CCl3), which
induces depletion of the antioxidant status, deoxyribonucleic acid (DNA) damage, liver in-
flammation, kidney damage, and damage to other organs, such as the heart, brain, testicles,
and lungs, due to excessive production of free radicals [36–38]. CCl4 was administered
intraperitoneally (1 mL of solution per kilogram of body weight) twice a week for 10 weeks,
and the treatment with the aqueous extract was administered orally by gavage in 0.5 mL
of B. pilosa/100 g daily and/or topically by daily bathing in the tea. Animals were tri-
chotomized with a trichotomy device throughout the back (cervical to lumbar regions) and
abdomen for better absorption of the extract. B. pilosa effectively protected against the toxic
effects of CCl4, due to the biochemical parameters becoming normalized, there was no
hepatic inflammation, and the degree of inflammation in the intestinal mucosa decreased in
the animals. Combined use (oral and topical) exerted a better protective effect [39]. Another
study also described the anti-inflammatory effects of the aqueous extract obtained from the
B. pilosa leaves in a rat model of androgen deficiency-related dry eye disease. This condition
is characterized by unstable tear production, inflammation of the ocular surface epithelium
and lacrimal glands, and secretory dysfunction of the glands lacrimal and secretory dys-
function in which pro-inflammatory signaling pathways, such as mitogen-activated protein
kinase (MAPK) and NF-κB, are activated, favoring the pathophysiology [40,41]. This study
showed that ocular inflammation resulted from an imbalance between inflammatory and
anti-inflammatory responses. The aqueous extract of B. pilosa, orally administered once
a day for 4 weeks, significantly decreased the expression of pro-inflammatory mediators,
such as IL-1β, Fas ligand (FasL), and TNF-α in the long-term and reduced lymphocyte
infiltration, alleviating lacrimal gland inflammation, and improving tear secretion and tear
film stability [42].

It will be essential to characterize the most abundant compounds in the aqueous
extracts of B. pilosa and elucidate their anti-inflammatory properties. This characteristic is
usually attributed to apolar secondary metabolites rather than polar primary metabolites,
most likely present in plant aqueous extracts. No studies on the immunomodulatory
activity of primary metabolites of B. pilosa were found in the literature reviewed for the
present work. Therefore, further investigations are needed to establish which polar metabo-
lites might be associated with the anti-inflammatory activity reported in the inflammation
models mentioned above.

B. pilosa is a plant enriched in fatty acids, which have been associated with anti-
inflammatory effects through the modulation of oxidative stress and the gene expression
of inflammatory mediators. An investigation tested the anti-inflammatory properties
of a fatty acid-enriched supercritical fluid (SCF) from B. pilosa in the model of TBNS-
induced inflammatory bowel disease in rats and Swiss mice [43]. This extract, orally
administered at 25, 50, or 100 mg/kg at 96, 72, 48, 24, and 2 h before intestinal inflammation
induction, showed anti-inflammatory effects associated with increased IL-10 synthesis,
reduced oxidative stress, and reduction in the pro-inflammatory cytokines IL-1β, IL-6,
and TNF-α. Furthermore, the beneficial effects of B. pilosa were closely related to the
downregulation of heparanase signaling, 70-kDa heat shock proteins (Hsp70), MAPKs,
NF-κB, and a significant increase in mucin 3 and 4 gene expression [43]. These results
show that SCF has a promising preventive effect, through the regulation of these pathways
associated with the progression of inflammation, favoring the integrity of the epithelium
and intestinal mucosa.

According to this study, results from our research group (article in preparation) showed
that fatty acids and terpenes would be involved in the decreased production of inflamma-
tory cytokines by human peripheral mononuclear cells (PBMCs) and in the polarization of
human macrophages to the anti-inflammatory profile.

In 2020, Abiodun et al. reported the effect of B. pilosa in the model of 2,4,6 trinitroben-
zene sulfonic acid (TNBS)-induced colitis in Wistar rats. They found that a methanolic
extract obtained from the whole plant, administered orally for 9 days (2 days pretreat-
ment prior to colitis induction, followed by 7 days of treatment post-colitis induction)
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at 200 and 400 mg/kg, significantly reduced inflammation-associated colon injury. This
anti-inflammatory effect would be closely related to the antioxidant activity exerted by
the components of the methanolic extract since the results showed a reduced level of lipid
peroxidation in the colon. It is known that lipid peroxidation alters the integrity of the
intestinal mucosal barrier and activates the synthesis of proinflammatory cytokines, such
as IL-6 and IL-8 [44,45].

A study by Pereira et al. evaluated the activity of a methanolic extract of B. pilosa leaves
and of a polyacetylene compound (2-O-β-D-glucosyltrideca-11E-en-3,5,7,9-tetrayn-1,2-diol)
isolated from this extract in two in vitro models: human PBMCs stimulated by phyto-
hemagglutinin (PHA) or by 12-O-Tetradecanoylphorbol-13-acetate (TPA) plus ionomycin,
and murine lymphocytes stimulated by concanavalin A (ConA). The extract was tested in
an in vivo model of murine zymosan-induced arthritis, which was administered intraperi-
toneally at a concentration of 10 mg extract from day 2 to day 6 after zymosan injection. The
extract and the isolated compound showed anti-inflammatory effects and antiproliferative
activity. Although the extract inhibited the proliferative response in the in vitro models,
the isolated compound was 10-fold more potent for blocking proliferation (IC50 = 1.25 to
2.5 µg/mL). Additionally, a correlation was found between the antiproliferative activity of
the extract and the anti-inflammatory effects observed in the mouse model [10].

Interestingly, these studies demonstrated that the immunomodulatory properties of
the methanolic extract of B. pilosa were not limited only to the intestinal inflammation
model, as they appeared to have a potential effect on other autoimmune diseases such as
arthritis. However, further preclinical studies with polyacetylenes are needed to determine
their activity in these diseases.

3.2. The Methanolic Extract, the Essential Oil, and the Cp Obtained from B. pilosa Modulate the
Activation of the Immune System and Induce a Protective Effect against Infectious Diseases

Although the discovery of antimicrobials has been one of the most outstanding mile-
stones in modern medicine, the rise of antimicrobial resistance has generated a public
health problem [46]. For this reason, multiple investigations have focused on the search for
new immunomodulatory medicines that can trigger the immune response to generate or
induce host protection against microorganisms.

The studies summarized in Table 3 show some extracts and compounds obtained
from B. pilosa with potential antimicrobial properties; in some cases, they have been able to
modulate the immune response in the context of infectious diseases.

One of the components of B. pilosa that has been widely studied is Cp. This poly-
acetylenic constituent is usually obtained in the methanolic extract of the whole plant and
has an antimicrobial effect against L. monocytogenes in a model in vivo. Mice received an
intraperitoneal injection of Cp (1.5, 3.125, 6.25, 12.5, and 25 µg/kg) three times per week
for 2 weeks. After 24 h, mice were intraperitoneally injected with Listeria. Cp increased
the survival rate in a dose-dependent manner. Likewise, mice’s liver and spleen showed
lowered counts of bacterial colony-forming units (CFU) and less severe lesions [47].

These authors also reported that in an in vitro model of Candida parapsilosis infection,
Cp enhanced the protein kinase C (PKC)-dependent phagocytic activity and induced the
intracellular death of yeast through phagosomal acidification and lysosomal enzymatic
activity of RAW264.7 macrophages. In a murine model, mice received an intraperitoneal
injection of Cp (5, 12.5, and 25 µg/kg) three times per week for 2 weeks. The treatment
decreased the spread of Candida dissemination, and reduced hepatic and splenic lesions in
infected mice [48].
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Table 2. Scientific evidence on the anti-inflammatory, antioxidant, and analgesic effects of B. pilosa.

Part of the Plant Extract Type Experimental
Model Type Biological Effect Metabolites Isolated

or Identified Study Conclusions Reference

Leaves Ethyl acetate fraction

Chemical and
thermal models of
nociception in Mus
musculus mice and

Wistar rats
In vivo

Anti-inflammatory and
analgesic

Quercetin
3,3′—dimethyl ether 7-O-

β-D-glucopyranoside
Iso-okanin 7-O-β-D-
(2”,4”,6”-triacetyl)-
glycopyranoside

Neurogenic pain inhibition
Pain relief through peripheral

mechanisms
Oedema inhibition

[25]

Not specified

Ecobidens®

(Glycolic extract in a
poloxamer-based liquid

formulation)

5-FU-induced
intestinal mucositis
in male Swiss mice

In vivo

Anti-inflammatory,
antioxidant, and

intestinal protector
-

Restoration of proliferative activity of
intestinal cells
↑ Ki-67 levels

Modulation of the expression of Bax and
p53

Regulation of lipid peroxidation and
inflammatory infiltration

↓MPO y MDA

[27]

Not specified

Ecobidens®) in
mucoadhesive

formulation with
curcuminoids

5-FU-induced
intestinal mucositis
in male Swiss mice

In vivo

Anti-inflammatory,
antioxidant, and

intestinal protector
-

↑ Ki-67 and Bcl-2 expression
↓ Pro-apoptotic regulator Bax, activity of

MPO and MDA
↑ IL-10 levels

[28]

Not specified

FITOPROT (Formulation
of glycolytic extract B.
pilosa, poloxamer, and

curcuminoids)

HaCaT cell line
exposed to 5-FU

In vitro

Anti-inflammatory and
antioxidant -

↓ ROS, membrane potential, and
cytochrome C release

Maintenance of cell proliferative capacity
↓ Oxidative stress due to Nrf2

involvement
Normal expression of TNF-R1 and NF-κB

↓ Production of TNF, IL1β,
IL-6, and IL-8

[29]

Whole except root Aqueous (infusion)
Wistar rats

treated with CCl4
In vivo

Anti-inflammatory -

Protective effect on liver, intestine, and
kidney injury

↓ Hepatic and intestinal inflammation
Renal tubular regeneration

↓ Intestinal mucosa inflammation in
exposed animals

[39]
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Table 2. Cont.

Part of the Plant Extract Type Experimental
Model Type Biological Effect Metabolites Isolated

or Identified Study Conclusions Reference

Dry leaves Aqueous extract

Dry eye model in
healthy female

Wistar rats
In vivo

Anti-inflammatory -

↓ IL-1β, FasL and TNF-α.
↓ Leukocyte infiltration and

inflammatory response in the lacrimal
glands

[42]

Aerial SCF

TNBS-induced
intestinal

inflammation in
male Wistar rats
and male Swiss

mice
In vivo

Anti-inflammatory and
antioxidant Fatty acids

↑ IL-10 production
↓ Level of IL-1β, IL-6, and TNF-α

↓ Oxidative stress
↑Mucin production

↓ Heparanase, Hsp70, MAPK3, and
NF-κB signaling

Blocking of MAPK signaling pathways

[43]

Whole Methanolic extract

TNBS-induced
colitis

in Wistar rats
In vivo

Anti-inflammatory and
antioxidant -

↓ Leukocytes’ infiltration and TNF-α
production

Inhibition of oxidative stress and
pro-inflammatory cytokines

[44]

Dry leaves Methanolic extract

Human PBMCs,
murine

lymphocytes, and
B10.ArSg SnJ mice

with
Zymosan-induced

arthritis
In vitro/vivo

Antiproliferative, and
anti- inflammatory

Polyacetylene
2-O-β-D-glucosyltrideca-

11E-en-3,5,7,9-tetrayn-
1,2-diol

↓ Proliferation of human lymphocytes
(Extract)

↓ Peripheral node swelling at the site of
injury induced by zymosan

↓Murine lymphocyte proliferation
(Isolated Compound)

[10]

Abbreviations: (5-FU) Fluorouracil 5-FU; (Bax) BCL-2-like protein 4; (CCl4) Carbon tetrachloride; (FasL) Fas ligand; (HaCaT) Human epidermal keratinocyte; (Hsp70) 70-kDa heat
shock protein; (IL) Interleukin; (Ki-67) Ki-67 antigen; (MAPK) Mitogen-activated protein kinase; (MDA) Malondialdehyde; (MPO) Myeloperoxidase; (NF-κB) Nuclear factor-κB; (Nrf2)
Nuclear factor erythroid 2-related factor 2; (p53) Phosphoprotein p53; (PBMCs) Peripheral blood mononuclear cells; (ROS) Reactive oxygen species; (SCF) supercritical fluid; (TNBS) 2,4,6
trinitrobenzene sulfonic acid; (TNF) Tumor necrosis factor; (TNFR1) Tumor necrosis factor receptor 1; ↑ Increase; ↓ Decrease.
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On the other hand, resistance to antiparasitic agents is also raising concerns in the
poultry industry, especially in the case of avian coccidiosis. This infection causes a high
mortality rate, reduced growth, and increased treatment costs [49–52]. An alternative
strategy to conventional anticoccidial agents is the use of plant-derived compounds [52].
Lohmann female chicks were fed daily during 21 days with a diet containing B. pilosa
powder at the dose of 0.05% (0.5 g B. pilosa/kg diet), 0.01% (0.1 g B. pilosa/kg diet) or
0.002% (0.02 g B. pilosa/kg diet), or with Cp at 500 ppb, 100 ppb, or 20 ppb. B. pilosa
significantly suppressed E. tenella infection as evidenced by the reduction in mortality rate,
oocyst excretion, and gut pathological severity in chickens. Cp directly interfered with the
intracellular life cycle of the protozoan, as demonstrated in Madin-Darby bovine kidney
cell (MDBK) cultures. Additionally, Cp reduced the occurrence of periocular dehydration
and cecal hemorrhage in a dose-dependent manner and decreased the mortality of infected
chickens [52]. This work also demonstrated that a methanolic extract of B. pilosa enhanced
immunity through the increased expression of interferon-gamma (IFN-γ) in T cells isolated
from chicken cecal tonsils, which are important components of host immunity against
coccidiosis. However, further studies are required to evaluate whether Cp is responsible
for this effect [52,53].

Although these in vivo studies of Cp are noteworthy, further research is required to
determine whether this component would have the same immunomodulatory effect on
human cells against pathogens such as Listeria and Candida. Future research will also estab-
lish whether Cp or other polyacetylenic components might have a protective role against
public health-relevant human infections caused by Cryptosporidium spp., Cyclospora spp., or
Cystoisospora spp.

An in vitro study carried out by Liu et al. evaluated the antibacterial effect of several
monofloral honeys produced by Apis mellifera from the nectar of B. pilosa, Dimocarpus longan,
Litchi chinensis, Citrus maxima, and Aglaia formosana. The disk-diffusion method showed
that the sensitivity to each honey sample differed among bacteria tested. However, all
honeys exhibited antimicrobial activity against Gram-positive (S. aureus, S. intermedius B,
S. xylosus) and Gram-negative (C. koseri, hemolytic E. coli, and S. choleraesuis) bacteria; the
diameters of the respective growth inhibition zones in the presence of honey from B. pilosa
were 3.37 ± 0.04, 3.80 ± 0.13, 3.90 ± 0.07, 2.70 ± 0.13, 3.17 ± 0.04, and 2.50 ± 0.07 [54].

Similarly, Shandukani et al. compared the antimicrobial activity of extracts obtained
with hexane, dichloromethane, ethyl acetate, acetone, and methanol of B. pilosa and
Dichrostachys cinerea. They observed that the phenolic compounds of B. pilosa had an-
timicrobial activity against bacteria associated with diarrhea. The minimum inhibitory
concentration (MIC), defined as the lowest concentration of the crude plant extract that
inhibits bacterial growth after the incubation period, showed that the antibacterial activity
of the medicinal plant extracts varied according to the bacteria tested and the type of
solvent used for the extraction. For example, the dichloromethane extracts of both plant
species displayed high antibacterial activity against all the bacteria tested (Klebsiella pneu-
moniae, commercial probiotics, E. coli, Salmonella typhimurium, Shigella boydii, and Vibrio
parahaemolyticus) with an average MIC of 0.56 mg/mL. The lower antibacterial effects,
particularly in the case of B. pilosa, were related to non-polar solvents, which also agree
with a predominant antioxidant activity and a high phenolic content [55].

On the other hand, a report described that the essential oil of B. pilosa made the
bacterial cell membrane more permeable upon interacting with its lipids. The oil caused
the death of clinically relevant periodontopathic bacteria, such as A. actinomycetemcomitans
and P. gingivalis, as evidenced by the bacterial growth inhibition determined by CFU
counting [56,57].

Since new therapies for periodontitis are based on active compounds that reduce
the microbial biofilm and modulate inflammation to reduce tissue destruction, a subse-
quent study evaluated some vegetable essential oils (Ocimum gratissimum, Cymbopogon
nardus, Zanthoxylum chalybeum, and B. pilosa) on human gingival fibroblasts [58–60]. IL-
1β-pretreated fibroblast, exposed to oils produced different levels of prostaglandin E2
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(PGE2). Interestingly, B. pilosa (20 µg/mL) and C. nardus (30 µg/mL) oils enhanced the
PGE2 synthesis, whereas the O. gratissimum oil diminished it. The effects of Bidens and C.
nardus oils could be associated with their content of phenolic compounds, aromatic amines,
and other antioxidant components [58–61].

It is important to highlight two interesting aspects of B. pilosa-derived metabolites;
first, they modulate the antimicrobial immune response and second, they have direct
antimicrobial activity on microorganisms. The combination of both features broadens the
therapeutic spectrum of B. pilosa for treating infectious diseases.

Other aspects of B. pilosa phytocompounds that deserve further evaluation are the
synergy with conventional antimicrobial agents and the capacity to counteract antimicrobial
resistance mechanisms, as has been described for other natural compounds derived from
Hydrastis canadensis L., Berberine, and Vitellaria paradoxa [62–67].

A comprehensive understanding of all these aspects of B. pilosa would provide an
overview of the multiple targets of extracts or complex mixtures derived from the plant. In
addition, it would further support the need for clinical studies to promote the design of
effective phytomedicines to treat infectious diseases.

3.3. Extracts of B. pilosa Have Antiproliferative and Antitumor Effects in Different Experimental
Models through the Induction of Apoptosis

Different pathways, or hallmarks used by tumor cells to survive, have been discovered
throughout tumorigenesis and cancer development. These involve selective growth and
proliferative advantage, altered stress response favoring overall survival, vascularization,
invasion and metastasis, metabolic rewiring, an abetting microenvironment, and immune
modulation [68]. The characterization of these hallmarks has opened new avenues for
therapeutic approaches and the search for new medicines for the management of cancer.

For instance, concerning antiproliferative activity, new therapies have been developed
with chemotherapeutic agents and compounds of natural origin aimed at inducing cancer
cell death by apoptosis in an immunogenic context that also activates the patient’s immune
response against tumor cells [69]. Some of the articles here reviewed have reported the
traditional use of hydroalcoholic solutions of B. pilosa for treating tumors in countries such
as Cuba [70–72]. Likewise, in vitro studies have shown that polyacetylenic, flavonoid, and
terpene compounds exerted cytotoxic and chemopreventive effects on different cancer
models, as shown in Table 4 [72,73].

Kviecinski et al. evaluated the antitumor activity of two extracts obtained from the
aerial part of B. pilosa, namely a hydroethanolic crude extract (HCE) and a SCF. Both
preparations showed concentration-dependent cytotoxic activity on human breast carci-
noma cells (MCF-7), with a half maximal inhibitory concentration (IC50) of 811 µg/mL and
437 µg/mL, respectively, with SCF being more cytotoxic. Additionally, the antitumor activ-
ity of both extracts was evaluated against Ehrlich ascites carcinoma (EAC) in BALB/c mice.
An intraperitoneal dose of 100 mg/kg (per day for 9 days) of either extract significantly
reduced the ratio of non-viable/viable tumor cells, body weight, and volume of ascites
fluid retained by mice [74]. The authors emphasized that SCF led to a more significant
reduction in the ascites fluid volume and induced a greater tumor growth inhibition. These
results resembled the effect of traditional chemotherapeutic agents such as doxorubicin.
However, the overall conclusion was that HCE and SCF increased mice’s mean survival
time and life expectancy, highlighting their antitumor potential [74].
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Table 3. Scientific evidence on the immunomodulatory properties of B. pilosa L. that favor an antimicrobial immune response.

Part of the Plant Extract Type Experimental
Model Type Biological Effect Metabolites Isolated or

Identified Study Conclusions References

Whole Methanolic extract

Listeria
monocytogenes

C57BL/6J mice
infection
In vivo

Antimicrobial
Immunomodulator Cp

Higher resistance to infection by
intracellular pathogens

↓ CFU count and severity of lesions in
infected mice

[47]

Whole Methanolic extract

Candida parapsilosis
infection in

RAW264.7 cell line
and

BALB/c mice
In vivo/vitro

Antimicrobial
Immunomodulator Cp

Enhanced PKC-dependent phagocytosis
activity and intracellular death

(RAW264.7)
↑ Resistance to infection in a

macrophage-dependent manner (mice).
Restriction of Candida dissemination

(mice)
Alleviation of liver and splenic lesions

(mice)
↑ Phagolysosomal fusion, phagosomal
acidification, and lysosomal enzymatic

activity of macrophages.

[48]

Whole Methanolic extract and
fractionation

Eimeria tenella
infection in

Lohmann chickens
MDKB cells

In vivo/vitro

Anticoccidial and
immunomodulator

(Cp)
2-β-D-

glucopyranosyloxy-1-
hydroxytrideca-5,7,9,11-

tetrayne
2-β-D-

glucopyranosyloxy-1-
hydroxy-5(E)-tridecene-

7,9,11-triyne
3-β-D-

glucopyranosyloxy-1-
hydroxy-6(E)-

tetradecene-8,10,12-
triyne

Anticoccidial effects only evident with
the extract and Cp

↓Mortality in infected chickens (both)
↓ Invasion of sporozoites, interfering

with the life cycle of the parasite (Both)
↓ Excretion of oocysts in fecal matter

↓ Intestinal injury (both)
↑ IFN-γ production in LT cells (Extract)

[52]
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Table 3. Cont.

Part of the Plant Extract Type Experimental
Model Type Biological Effect Metabolites Isolated or

Identified Study Conclusions References

Flowers Monofloral honeys from
the nectar of B. pilosa

Bacteria growth
inhibition by

agar disk-
diffusion method

In vitro

Antibacterial Polyphenols and
flavonoids

Inhibition of the growth of
S. aureus, S. intermedius B,

S. xylosus, C. koseri,
hemolytic E. coli, and

S. cholearasuis

[54]

Leaves

Hexane
Dichloromethane

Ethyl acetate
Acetone

Methanol

MIC
In vitro Antibacterial Group of phenolic

compounds

Bacterial (Klebsiella pneumoniae,
commercial probiotics, E. coli, Salmonella
typhimurium, Shigella boydii, and Vibrio

parahaemolyticus) growth inhibition by the
dichloromethane fraction

[55]

Not specified Essential oil
Human gingival

fibroblasts
In vitro

Antimicrobial and
Pro-inflammatory - ↑ PGE-2 secretion in synergy with IL-1β

No inhibition of IL-6 and IL-8 synthesis [56,58]

Abbreviations: (CFU) Colony forming unit; (Cp) Cytopyloine; (IL) Interleukin; (IFN-γ) Interferon-gamma; (MDBK) Madin-Darby Bovine Kidney Cells; (MIC) Minimum Inhibitory
Concentration; (PGE2) Prostaglandin E2; (PKC) Protein kinase C; ↑ Increase; ↓ Decrease.
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Table 4. Scientific evidence on the antitumor properties of B. pilosa L.

Part of the Plant Extract Type Experimental
Model Type Biological Effect Metabolites Isolated

or Identified Study Conclusions Reference

Aerial
Ethanol extract: water

(9:1) fractionated
SCF

MCF-7 cell line
EAC in BALB/c mice

In vitro/vivo

Antitumor and
Antiproliferative Polyacetylenes

Cytotoxic activity in a
concentration-dependent manner

↓ Body weight, ascites fluid volume, and
tumor cells

↑ Non-viable/viable tumor cells ratio
↑ Inhibition of tumor growth

↑Mean survival time and life expectancy of
mice

[74]

Aerial Petroleum ether

Cell lines:
HepG2
A549

CNE-2
B16

A549-xenograft
murine model.

In vitro/In vivo

Antitumor and
Antiproliferative

Triterpenes
Aliphatic hydrocarbon

Antiproliferative activity on tumor cell lines
Tumor growth (A549) inhibition in mice

↓ Bcl-2 protein expression
↑ Bax and caspase-3 expression

[75]

Whole plant
Ethanolic crude extract
fractionated with ethyl
acetate and n-butanol

Jurkat cells
(clon E6-1, TIB 152)

In vitro
Antitumoral

Cp
2-β-D-

glucopyranosyloxy-1-
hydroxytrideca-5,7,9,11-

tetrayne

↑ Expression of the GDIR2, GSTO1, HBB,
PDIA3, ADA, SERA, PARK7, IDHC, LTOR3,

LMNB1, GSTP1, and VDAC2 proteins
↓ RM39, MCCB, TXNL1, C3orf60, BID,

PRDX3, PPID, GLRX3, and NDUA5 protein
expression

[76]

Flowers Monofloral honeys from
the nectar of B. pilosa

WiDr cell line
MTT

In vitro

No anti-inflammatory
effect

No cytotoxic effect

Polyphenols and
flavonoids

No cytotoxic effect
No inhibition of IL-8 synthesis [54]

Abbreviations: (A549) Adenocarcinomic human alveolar basal epithelial cells; (ADA) Adenosine deaminase; (B16) murine melanoma; (Bax) BCL-2-like protein 4; (BID) BH3 interacting
domain death agonist; (C3orf60) Chromosome 3 open reading frame 60; (Cp) Cytopyloine; (CNE-2) nasopharyngeal carcinoma; (EAC) Ehrlich ascites carcinoma; (GDIR2) Rho
GDP-dissociation inhibitor 2; (GLRX3) Thioredoxin-like protein 2; (GSTO1) Glutathione transferase omega 1; (GSTP1) Glutathione S-transferase P; (HBB) Hemoglobin beta chain;
(HepG2) Liver hepatocellular carcinoma; (IDHC) Cytoplasmic NADP-dependent isocitrate dehydrogenase; (LMNB1) LMNB1 protein; (LTOR3) Mitogen-activated protein kinase, kinase
1 interacting protein 1; (MCCB) Methylcrotonoyl-CoA carboxylase beta chain; (MCF-7) Human breast carcinoma cells; (MTT) (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) (NDUA5) NADH-ubiquinone oxidoreductase 13 kDa-B subunit; (PARK7) Protein deglycase DJ-1; (PDIA3) Protein disulfide isomerase A3; (PPID) 40 kDa peptidyl-prolyl
cis-trans isomerase; (PRDX3)Thioredoxin-dependent peroxide reductase; (RM39) Mitochondrial 39S ribosomal protein L39; (SCF) Supercritical fluid; (SERA) D-3-phosphoglycerate
dehydrogenase; (TXNL1) Thioredoxin-like protein 1; (VDAC2) Anion-selective channel protein 2; (WiDr) Human colon carcinoma cell line; ↑ Increase; ↓ Decrease.
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A study by Shen et al. evaluated in vitro the cytotoxic activity of a petroleum ether
extract (triterpene enriched) of B. pilosa on the following tumor cell lines, HepG2 (hepa-
tocellular carcinoma), CNE-2 (nasopharyngeal carcinoma), B16 (murine melanoma), and
A549 (adenocarcinomic human alveolar basal epithelial cells). The petroleum ether extract
showed cytotoxic activity against all four human cancer cell lines, especially the A549 one
(IC50 = 49.11 ± 2.72 µg/mL) [75]. Likewise, the in vivo antitumor effect of the B. pilosa
extract was examined in the A549-xenograft murine model. The extract, administered orally
at doses of 90, 180, and 360 mg/kg during 14 days, inhibited the xenograft growth in nude
BALB/c mice; the respective inhibition rates were 24.76%, 35.85%, and 53.07%. Moreover,
as demonstrated by Western blotting, the extract downregulated Bcl-2 and upregulated
Bax and caspase-3 protein expression; that is, the extract triggered cell death through the
mitochondria-mediated apoptosis pathway. These findings suggested that B. pilosa extract
could be considered a potential chemotherapeutic compound against lung cancer that
merits to be studied in the future [75].

In our laboratory, B. pilosa extracts and fractions of different polarities have shown a
low cytotoxic activity on immune cells such as PBMCs and human macrophages (article in
preparation). This observation suggests that the low polarity extracts tested might have
selective cytotoxic activity on HepG2, CNE-2, B16, and A549 cell lines.

In another study, Jurkat leukemic cells were pretreated with Cp isolated from the
butanolic fraction of B. pilosa to evaluate the changes in their proteomic profile. Cp up-
regulated the expression of 12 proteins involved in signal transduction, detoxification,
metabolism, energy pathways, and channel transport [76]. Some of the proteins upregu-
lated in the presence of Cp were Rho GDP-dissociation inhibitor 2 (GDIR2), glutathione
transferase omega 1 (GSTO1), hemoglobin beta chain (HBB), protein disulfide isomerase A3
(PDIA3), adenosine deaminase (ADA), D-3-phosphoglycerate dehydrogenase (SERA), DJ-1
protein (PARK7), cytoplasmic NADP-dependent isocitrate dehydrogenase (IDHC), mitogen-
activated protein kinase kinase 1-interacting protein 1 (LTOR3), LMNB1 protein (LMNB1),
glutathione S-transferase P (GSTP1), and anion-selective channel protein 2 (VDAC2). On
the other hand, Cp downregulated the expression of the following nine proteins in Jurkat
cells: mitochondrial 39S ribosomal protein L39 (RM39), methylcrotonoyl-CoA carboxylase
beta chain (MCCB), thioredoxin-like protein 1 (TXNL1), chromosome 3 open reading frame
60 (C3orf60), BH3 interacting domain death agonist (BID), thioredoxin-dependent peroxide
reductase, mitochondrial precursor (PRDX3), 40 kDa peptidyl-prolyl cis-trans isomerase
(PPID), thioredoxin-like protein 2 (GLRX3), and NADH-ubiquinone oxidoreductase 13
kDa-B subunit (NDUA5) [76]. Additionally, the mitochondrial membrane potential of the
Cp-pretreated Jurkat cells was evaluated. Results showed that Cp induced cell apoptosis
in a dose-dependent manner (10, 20, and 30 µg/mL) and confirmed that mitochondrial
dysfunction and the ensuing cell apoptosis were related to the up- and downregulation of
the proteins mentioned above [76].

The study by Liu et al., previously mentioned, also tested in vitro the cytotoxic effect of
monofloral honeys produced from the nectar of several plants (B. pilosa, Dimocarpus longan,
Litchi chinensis, Citrus maxima, and Aglaia formosana) on the human colon carcinoma cell
line (WiDr). The MTT assay (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
showed that none of the honey samples (200 to 1000 µg/mL) exhibited cytotoxic activity.
Furthermore, the anti-inflammatory potential of the honeys was evaluated in terms of the
levels of IL-8 synthesized by honey-treated WiDr cells; all honeys largely inhibited IL-8
production, except the honey produced from B. pilosa [54].

Some pre-clinical studies have demonstrated the antitumor effect of B. pilosa. However,
it will be essential to carry out additional studies on cytotoxic activity linked to the release
of tumor-associated antigens (TAAs) and danger-associated molecular patterns (DAMPs),
which constitute a new field of interest in cancer immunotherapy.

Additionally, it is unknown whether B. pilosa might have other molecular targets, e.g.,
targets in the tumor microenvironment that could be modulated, or whether the plant
components could synergize with conventional treatments or counteract the drug resistance



Pharmaceutics 2023, 15, 1491 15 of 31

mechanisms of tumor cells. A comprehensive evaluation of these aspects is essential to
developing new immunotherapeutic phytomedicines to treat cancer effectively.

3.4. Extracts of the Aerial Part of B. pilosa and Honey Produced from the Plant’s Flowers Have
Antioxidant Properties Which Reduce the Harmful Effects Associated with Oxidative Stress, as
Demonstrated in Cellular and Animal Models

Oxidative stress is elicited by an imbalance between the production and accumu-
lation of ROS in cells and tissues, which leads to the oxidation of proteins, lipids, and
DNA and their subsequent dysfunction [77,78]. In particular, mitochondrial oxidative
stress associated with hydrogen peroxide (H2O2) production has been linked to the de-
velopment of chronic inflammation, cancer progression [79], diabetes mellitus [80–82],
and atherosclerosis [83,84], due to the activation of redox-sensitive transcription factors
such as hypoxia-inducible factor 1 alpha (HIF-1α) and NF-κB [85–87], the production of
pro-inflammatory cytokines, and the activation of inflammasomes, which favors tissue
injury by necrotic and apoptotic processes [88–90]

In this context, it has been established that natural compounds such as polyphenols
could be helpful as anti-inflammatory agents, given their antioxidant properties and capac-
ity to inhibit enzymes involved in the eicosanoid synthesis [91]. B. pilosa has been reported
to have polyphenols and additional flavonoids, which could also exert antioxidant and
protective effects against the damage generated by free radicals, as described in Table 5.

Kviecinski et al. evaluated the antioxidant and hepatoprotective activity of the B.
pilosa HCE and different fractions obtained in chloroform, methanol, and EtOAc from
the aerial part of the plant [92]. First, the in vitro free-radical scavenging activity was
evaluated by the DPPH (2-diphenyl-1-picryl-hydrazyl-hydrate) radical scavenger method
and the capacity to protect against lipid peroxidation. Results were expressed in terms
of IC50 of phytoproduct required to inhibit the generation rate of radicals or lipid perox-
idation by 50%. The HCE and the EtOAc fraction had the highest antioxidant activity
(IC50 = 14.2–98.0 µg/mL and 4.3–32.3 µg/mL, respectively).

Subsequently, in vivo assays demonstrated that the pretreatment during 10 days of
BALB/c mice with B. pilosa extracts (HCE or EtOAc fraction at 15 mg/kg), prevented the
increase in lipid peroxidation and protein carbonylation in the liver upon exposure to CCl4
(hepatotoxic xenobiotic agent). Additionally, the ferric ion-reducing antioxidant power
(FRAP) was totally recovered in the presence of EtOAc (to the level of normal experimental
controls) whereas CCl4 decreased it [92].

These experiments also showed that the HCE and the EtOAc fraction were able to
prevent the CCl4-induced depletion of reduced glutathione (GSH) and diminish the sera
levels of enzymes associated with liver damage, such as aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and lactate dehydrogenase (LDH). Additionally, the EtOAc
fraction prevented the fragmentation of DNA in mice hepatocytes. The authors attributed
these results to the high content of flavonoids, such as quercetin, identified in the EtOAc
fraction [92].

On the other hand, the study by Liu et al., previously mentioned, also evaluated the
antioxidant potential of extracts of monofloral honeys produced from the nectar of B. pilosa,
Dimocarpus longan, Litchi chinensis, Citrus maxima, and Aglaia formosana (see the antimicrobial
and antitumoral section). B. pilosa honey showed a DPPH radical scavenging activity of
84.9% and an inhibitory effect on hydroxyl radical formation of 80 to 90%, higher than
those of the other honeys tested. It also displayed a greater reducing power (equivalent to
7.00 ± 0.05 mg/mL of dibutyl hydroxytoluene used as reference). However, B. pilosa honey
had little inhibitory effect on the formation of superoxide radicals, which was significantly
lower (51.0%) than the other honeys. The authors attributed the antioxidant effects of
honey from B. pilosa to its high content of proteins (1.68± 0.03 mg/g), phenolic compounds
(822 ± 0.03 mg/g), and flavonoids (124 ± 0.89 mg) [54].

It has been described that during the early development stages of B. pilosa, its leaves
have a high content of antioxidant agents, such as phenolic compounds, carbohydrates,
ascorbic acid, and carotenoids, which through the elimination of ROS excess protect the
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plant cells from photo-oxidative damage [93–95]. This feature would explain the capacity
of B. pilosa to adapt to hostile and stressful environments and its medicinal potential [96].

Consequently, a study was conducted to compare the antioxidant potential of African
green leafy vegetables, such as Amaranthus hybridus L. and B. pilosa versus exotic leafy green
vegetables such as Lactuca sativa L., Brassica oleracea, and B. oleracea var. capitata during
their vegetative development. For this purpose, several parameters were evaluated: the
plant component content, the total antioxidant capacity by FRAP and DPPH methods, and
the activity of superoxide dismutase (SOD), catalase (CAT), and peroxidase (POD) [96].
CAT, SOD, and POD activity increased significantly during the early vegetative stages
of B. pilosa (81.1 ± 1.6, 162.8 ± 2.70, and 49.8 ± 0.86 U/mg/min, respectively) and in A.
hybridus L. (84.7 ± 0.62, 151.5 ± 1.89, and 45.1 ± 1.30 U/mg/min, respectively). In contrast,
enzyme activity in exotic vegetables only increased at more mature stages of development.
However, the authors emphasized that the DPPH test results did not vary significantly
among the plants studied. Moreover, the FRAP test data showed similar increasing trends
during the development stages of all the vegetables analyzed [96].

In addition to describing the antibacterial activity of dichloromethane extracts of B.
pilosa and Dichrostachys cinerea (see antimicrobial section), Shandukani et al. also investi-
gated the antioxidant effect of vegetable’s phenolic compounds. The ethyl acetate, acetone,
and methanol extracts from both plants showed a high antioxidant activity. However, the
antioxidant activity of B. pilosa was greater in the ethyl acetate extract; meanwhile, for D.
cinerea, the antioxidant activity increased with the extract polarity [55]. These results were
consistent with the total phenolic content determined. Therefore, a positive association
existed between the total phenolic content and the antioxidant activity observed. Further-
more, the cytotoxicity studies on the muscle cell line (C2C12) showed that none of the crude
extracts derived from those plants displayed significant toxicity; only a slight decrease in
cell viability was observed at high concentrations (1000 µg/mL) [55].

A more recent study analyzed the effect of boiling and in vitro-simulated human
digestion on the stability and bioactivity of phenolic compounds present in methanolic
extracts from B. pilosa and Spinacia oleracea leaves [97]. Phenolic content, radical scavenging
activity, redox potential, and cellular antioxidant activity on mouse fibroblast (L929) and
human colon adenocarcinoma cell line (Caco-2) were evaluated. Boiling favored a higher
yield of phenolic compounds. In contrast, the phenolic content and the in vitro antioxidant
activity were reduced in both extracts after duodenal digestion. In addition, compared
with S. oleracea, B. pilosa extract better protected Caco-2 cells, low-density lipoprotein
(LDL), and plasmid DNA against oxidative damage. However, this antioxidant activity
was reduced after in vitro digestion, but enough activity remained to protect cells from
oxidative damage [97].

The antioxidant properties of B. pilosa, mainly attributed to the presence of polyphenols
and flavonoids, are of relevance. This characteristic is one of the mechanisms through
which the extracts and components derived from the plant exert anti-inflammatory activity.
However, more in vivo studies with animal models are required to understand better
the properties of the plant [98]. Additionally, it would be interesting to simultaneously
evaluate the antioxidant and anti-inflammatory properties of B. pilosa, as has been reported
for Cassia species and Andrographis paniculata [99,100]. The antioxidant activity of B. pilosa
components could help to prevent the development of degenerative diseases associated
with high levels of oxidative stress and ageing, such as atherosclerosis, cancer, cognitive
impairment, cardiovascular conditions, and Alzheimer’s and Parkinson’s diseases [101].
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Table 5. Scientific evidence on the antioxidant properties of B. pilosa L.

Part of the
Plant Extract Type Experimental Model Type Biological Effect Metabolites Isolated or

Identified Study Conclusions Reference

Aerial

HCE
Chloroform fraction

EtOAc
Methanolic fraction

DPPH
CCl4-induced hepatotoxicity

in male BALB/c mice
In vivo/vitro

Antioxidant
Quercetin 3,3′-dimethyl

ether 7-O-β-D-
glycopyranoside

↓ Generation of hydroxyl radicals in vitro,
especially EtOAc.

↓ Lipid peroxidation and protein
carbonylation in the liver (EtOAc as HCE).

Total recovery of FRAP (EtOAc).
Prevention of GSH depletion (EtOAc as

HCE).
↓ Serum AST, ALT, and LDH (EtOAc as HCE)

Prevention of hepatocyte DNA
fragmentation (EtOAc)

[92]

Flowers Monofloral honeys from
the nectar of B. pilosa

DPPH
Measurement of antioxidant

capacity
In vitro

Antioxidant Polyphenols and
flavonoids

↑ Radical scavenging activity
↓ Hydroxyl radical formation

↑ Reducing power
[54]

Leaves Aqueous

Characterization of the
chemical composition

Measurement of antioxidant
enzyme activity

In vitro

Antioxidant
Phenolic compounds,

carbohydrates, ascorbic
acid, and carotenoids

High content of compounds during early
vegetative growth stage

↑ Enzymatic activity of SOD, CAT, and POD
during early vegetative growth stages

Increasing FRAP in the developmental stages

[96]

Leaves

Hexane
Dichloromethane

Ethyl acetate
Acetone

Methanol

Antioxidant activity by
DPPH

C2C12 cell line
In vitro

Antioxidant Group of phenolic
compounds

High antioxidant activity (ethyl acetate,
acetone, and methanolic fractions)

No cytotoxic effect
[55]

Leaves Methanolic extract

Measurement of
antioxidant/radical
scavenger activity

L929 cell line
Caco-2 cells

In vitro

Antioxidant Phenolic compounds

↑ Antioxidant activity
↑ Capture of radicals

Protection of Caco-2 cells, LDL, and plasmid
DNA against oxidative damage

[97]

Abbreviations: (ALT) Alanine aminotransferase; (AST) Aspartate aminotransferase; (C2C12) muscle cell line; (Caco-2) Human colon adenocarcinoma; (CAT) Catalase; (CCl4) Carbon
tetrachloride; (DNA) Deoxyribonucleic acid (DPPH) 2, 2-diphenyl-1-picrylhydrazyl; (EtOAc) Ethyl acetate fraction; (FRAP) Ferric reducing/antioxidant power; (GSH) Reduced
glutathione; (HCE) Hydroethanolic crude extract; (L929) mouse fibroblast; (LDH) Lactate dehydrogenase; (LDL) Low-density lipoprotein; (POD) Peroxidase, (SOD) Super oxide
dismutase; ↑ Increase; ↓ Decrease.



Pharmaceutics 2023, 15, 1491 18 of 31

3.5. Whole Plant Extracts of B. pilosa Exert an Anti-Diabetic Effect by Modulating the Adaptive
Immune Response in Murine Models of Type 1 Diabetes Mellitus

Type 1 Diabetes Mellitus (T1DM) is a chronic autoimmune disease characterized by
insulin deficiency and consequent hyperglycemia. This illness results from a complex
interaction between environmental factors, the genome, the microbiome, the metabolism,
and the immune system of each individual [102,103]. Therefore, the development of new
therapies has considered the use of immunomodulators, either individually or in combina-
tion, to prevent or reverse the immunological issues observed in T1DM [104]; for instance,
anti-CD3 antibodies are combined with traditional pharmacological immunosuppressants
such as rapamycin [105]. Studies summarized in Table 6 show that extracts or compounds
derived from B. pilosa are traditionally used as antidiabetic phytomedicines that act as
modulators of the immune response.

A study conducted in non-obese diabetic mice (NOD) showed that a butanol fraction
(ButF) of B. pilosa, administered intraperitoneally at a dose of 10 mg/kg three times per
week, could maintain the normal morphology of the pancreatic islets, as evidenced in
hematoxylin and eosin staining. The ButF inhibited the β-cell death and the pancreatic
tissue infiltration by leukocytes. These data suggested that the plant extract ameliorated the
Th1-mediated autoimmune diabetes in NOD mice [106]. To assess whether ButF treatment
induced a generalized suppression of adaptive immunity, the authors sensitized BALB/c
mice with ovalbumin (OVA), a T-cell-dependent antigen. The ButF extract increased the
levels of IgE and Th2 cytokines in serum, the levels of IgE and IL-5 in bronchoalveolar
lavage, and the infiltration of the respiratory tract by eosinophils and mast cells. Addition-
ally, human CD4+ T cells cultured in vitro under Th1 (PHA, IL-12 and anti-IL-4) or Th2
(PHA, IL-4 and anti-IL-12) polarizing conditions were exposed to the ButF extract. The
extract altered the cell differentiation, namely, it inhibited the Th1 but favored the Th2
polarization by activating the transcription factor GATA-3 [106,107].

The subsequent research of these authors evaluated the antiproliferative activity of Cp
obtained from the whole plant. Cp significantly suppressed the proliferation of NOD mice
splenic CD4+ T cells induced by IL-2/Concavalin A or anti-CD3 antibodies (p < 0.05 vs.
control) in a dose-dependent manner (2, 5, and 10 µg/mL) [108]. Moreover, Cp suppressed
the differentiation of NOD, the differentiation to Th2. Additionally, NOD mice treated
with Cp at a dose of 25 µg/kg three times per week, showed decreased serum IFN-γ
and increased IL-4 levels. None of the Cp-treated mice developed diabetes suggesting
that Cp inhibited the CD4+ T-cell infiltration of the pancreatic islets and promoted an
anti-inflammatory response that preserved the integrity of this organ. Interestingly, the
authors noted that Cp did not alter the number of LB or CD8+ T cells in the pancreatic
lymph nodes but did reduce the number of CD4+ T cells [108].

All these data suggest that Cp acts as a modulator of CD4+ T cells rather than as an
immunosuppressive agent. This feature represents an advantage over conventional treat-
ments that generate adverse effects associated with overall immunosuppression increasing
the risk of microbial infection, tumorigenesis, and toxicity [108–110].
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Table 6. Scientific evidence on the antidiabetic properties of B. pilosa.

Part of the Plant Extract Type Experimental
Model Type Biological Effect Metabolites Isolated or

Identified Study Conclusions Reference

Whole
plant Butanol fraction

NOD mice
Human CD4+

Th0 cells
Jurkat cells

In vivo/vitro

Antidiabetic

Polyacetylenes:
2-β-D-

glucopyranosyloxy-1-
hydroxy-5(E)-tridecene-

7,9,11-triyne
3-β-D-

glucopyranosyloxy-1-
hydroxy-6(E)-

tetradecene-8,10,12-
triyne

↓ Severity and development of
autoimmune diabetes

Maintenance of normal morphology of
pancreatic islets

↓ Beta-cell death and leukocyte
infiltration (mice)

↓ Th1 cytokine synthesis
↑ Th2 cytokine synthesis
↓ Th1 cell differentiation
↑ Th2 cell differentiation

↑ GATA-3 but not T-bet transcription
↑ Airway inflammation in

OVA-challenged mice

[106]

Whole
plant

Methanolic extract and
fractionation with

ethyl acetate

EL-4
Primary T cells
Primary β cells

NOD mice
NOD-SCID mice

In vivo/vitro

Antidiabetic
Antiproliferative

Immunomodulator

Cp:
2-

β-D-glucopyranosyloxy-
1-hydroxytrideca-
5,7,9,11-tetrayne

Effective prevention of diabetes
development

↓ Proliferation of CD4+ T cells
↓ Differentiation of Th0 to Th1 cells

↓ Serum IFN-γ
↑ Differentiation of Th0 to Th2 cells

↑ Serum IL-4
↑ GATA-3 but not T-bet transcription

↑ FasL transcription in pancreatic islet cells
↑ Long-term phagocytic cells

No effect of decreased T-cell proliferation
on OVA response

[108]

Abbreviations: (Cp) Cytopyloine; (EL-4) Mouse T-cell line, (FasL) Fas ligand; (IFN-γ) Interferon-gamma; (IL) Interleukin; (NOD) Non-obese diabetic mice; (OVA) Ovalbumin; ↑ Increase;
↓ Decrease.



Pharmaceutics 2023, 15, 1491 20 of 31

4. Discussion

Compounds of natural origin with immunomodulatory properties are currently used
as therapeutic agents in treating autoimmune diseases, inflammatory disorders, and can-
cer [111]. The scientific evidence compiled in this review shows that in different disease
contexts, and depending on the extract or compound used, B. pilosa promotes anti- or
pro-inflammatory responses through different mechanisms of action (Figure 2).
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and the molecules that are modulated by the products and compounds derived from this plant are
shown (horizontal boxes). Created with BioRender.com.

In the case of anti-inflammatory therapies, some ongoing clinical trials are focused on
mucositis. These studies have tested a B. pilosa-derived pharmaceutical product combined
with curcuminoids (FITOPROT) and shown its anti-inflammatory and antioxidant effects
on cellular and animal models of intestinal mucositis [27,28].

Phase I clinical trials to evaluate toxicity and side effects of FITOPROT have shown
that no participant experienced toxicity or systemic or local effects in patients when used
topically as a mouthwash at different doses (10 mg/mL of curcuminoids plus 20% v/v of B.
pilosa L. or 20 mg/mL of curcuminoids plus 40% v/v of B. pilosa) three times daily, for ten
consecutive days. The laboratory and clinical parameters were in normal conditions. Side
effects observed were low intensity and temporary mucosa/dental surface pigmentation
(n = 7) and tooth sensitivity (n = 4). No cellular genotoxic effects were observed, nor were
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altered levels of MPO, MDA, nitric oxide, or production of pro-inflammatory cytokines
found. Therefore, it was shown that the use of the FITOPROT product is safe at these
proven doses. [112].

Additionally, Phase II clinical trials were developed to evaluate the effectiveness of
FITOPROT, focused on treating chemo-radiotherapy-induced mucositis in patients with
head and neck cancer. It was determined that the administration of FITOPROT could
effectively reduce the severity of the lesions, as evidenced by the lower synthesis of pro-
inflammatory IL-8 [113].

It has also been determined that the SCF of B. pilosa is effective in modulating ox-
idative stress and immune responses in an animal model of intestinal inflammation by
counteracting the GSH depletion and significantly reducing the synthesis of TNF-α and
the NF-κB expression. This effect has been associated with long-chain fatty acids such as
linolenic acid [43]. Additional studies have shown that linolenic acid also regulates the
immune response due to its protective effect against oxidative stress and inflammation, by
restoring GSH levels, and decreasing TNF-α synthesis, colonic iNOS expression, and NF-κB
activation. This last effect is fundamental in reducing the production of proinflammatory
cytokines and transcription factors [114,115].

It is also known that this SCF (fatty acid enriched) of B. pilosa has an antiproliferative
effect on the breast cancer MCF-7 cells and in vivo antitumor effect in the EAC model. This
latter effect has been related to the presence of polyacetylenic components [74].

Although the cellular and molecular mechanisms by which SCF of B. pilosa behaves as
a cytotoxic agent are unknown, it has been described that Cp, a polyacetylenic component,
is cytotoxic for Jurkat cells due to its activity at the mitochondrial level and the ability to
induce apoptosis [76]. This apoptotic effect on tumor cells could result in immunogenic cell
death (ICD), characterized by the release of DAMPs such as calreticulin, heat shock proteins
(HSPs), and adenosine triphosphate (ATP) [116], which in turn trigger the activation of the
antitumor immune response.

Although no scientific evidence supports that Cp induces immunogenic death, it
will be crucial to characterize the type of death induced in tumor cells and the type of
subsequent modulation of the antitumor immune response [117,118].

It has also been reported that Cp can effectively diminish the metastasis of mouse
breast cancer 4T1 cells by decreasing the differentiation and function of myeloid-derived
suppressor cells (MDSC) [119]. These cells cause immunosuppression and promote cancer
progression by attenuating T-cell activity through the production of arginase 1 (ARG1),
inducible nitric oxide synthase (iNOS), transforming growth factor beta (TGFβ), IL10, cy-
clooxygenase 2 (COX-2), indoleamine 2,3-dioxygenase (IDO), vascular endothelial growth
factor (VEGF), and ROS. Currently, the eradication of MDSCs from the tumor microenvi-
ronment or their reprogramming into pro-inflammatory cells is one of the most studied
anti-tumor immunomodulatory strategies and represents a new approach to immunother-
apy [120–122].

In this regard, natural compounds such as curcumin, obtained from Curcuma longa,
are able to modulate MDSCs favoring the antitumor immune response against the 4T1
cells. Curcumin reduces the proportion of intratumoral MDSCs by 18.7% and 13.3%
depending on the dose tested (25 and 50 mg/kg, respectively). Parallel to the reduction
in MDSC, curcumin can reprogram the MDSCs towards the pro-inflammatory M1 type
and concomitantly decrease the immunosuppressive M2 type MDSCs, thus favoring the
cytotoxic T-cell response against the tumor [122].

Another interesting aspect of B. pilosa polyacetylenes is their capacity to attenuate or
potentiate the immune response depending on the context in which their immunomodu-
latory effect is evaluated. On the one hand, Cp acts as an antidiabetic agent in the T1DM
model (NOD mice) by reducing the Th1 inflammatory response [106,108]. Cp can modulate
T-cell differentiation; specifically, it upregulates the transcription factor GATA-3 and down-
regulates T-bet; consequently, the production of Th1 and Th2 cytokines is modified. This
anti-inflammatory effect has also been observed in Cp isolated from Bidens pilosa Linn. var.
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Radiata, which inhibits the differentiation of Th0 to Th1 cells, decreases the synthesis of IFN-
γ in mouse splenocytes, and favors the differentiation towards Th2, thanks to the synthesis
of IL-4. This control of inflammation leads to protection of pancreatic tissue and reduced de-
struction of pancreatic β-cells [123]. On the other hand, Cp enhances the immune response
generating an antimicrobial protective effect. For instance, in infection models of Listeria
monocytogenes, Candida parapsilosis, and Eimeria tenella, Cp can improve the phagocytic
activity of macrophages and enhance the production of IFN-γ by T cells [47,48,52].

Despite the lack of additional articles on the pro-inflammatory effect of Cp, it is known
that other compounds, such as the flavonoids centaurein and centaureidin from B. pilosa var.
Radiata, also stimulate IFN-γ production by activating the nuclear factor of activated T cells
(NFAT) and NF-κB enhancers in Jurkat cells [124]. This mechanism could be associated
with the protection of mice against Listeria monocytogenes infection and the treatment with
centaurein [125].

5. Conclusions

There is a large amount of scientific evidence showing that extracts and isolated com-
ponents of B. pilosa have immunomodulatory properties. The anti-inflammatory activity of
the plant relates to different chemical components with a broad spectrum of polarity and
structural diversity, such as fatty acids and phenolic components. For example, terpenes
and quercetin that modulate pain and inflammation are attractive to the therapeutic field
for managing autoimmunity, whose pathophysiology is linked to an exacerbated immune
response (Table 7). Other studies have described that polyacetylenic components such as
Cp could have a dual effect on the immune response by acting as anti- or pro-inflammatory
agents, depending on the disease context in which they are studied. For instance, in the
T1DM context, Cp can attenuate the proinflammatory Th1 response and favors the Th2
regulatory response. In contrast, in infectious diseases, Cp induces an antimicrobial im-
mune response by promoting phagocytic activity, phagolysosomal fusion, phagosomal
acidification, and lysosomal enzymatic activity of infected macrophages; thus, Cp could
be an alternative strategy for the management of infections, especially those that do not
respond to conventional medicines. Additionally, Cp could also exert immunomodulatory
effects potentially useful in the field of antitumor therapy, although this is not entirely
clear. The mechanisms by which Cp generate cytotoxicity, induce immunogenic cancer cell
death, and modulate the activation of the immune system cells involved in the antitumor
response remain to be investigated. The knowledge achieved at the pre-clinical level about
the anti-inflammatory properties of B. pilosa is a fundamental support for the design of
new phytomedicines focused on treating diseases in which there is an imbalance of the
immune response.
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Table 7. Active components identified or isolated from B. pilosa L. associated with its immunomodulatory properties. (Structures taken from Bartolome 2013).

Compound Type Chemical Structure Immunomodulatory Property

2-β-D-Glucopyranosyloxy-1-hydroxytrideca-5,7,9,11-
tetrayne Polyyne
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Table 7. Cont.

Compound Type Chemical Structure Immunomodulatory Property
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Table 7. Cont.

Compound Type Chemical Structure Immunomodulatory Property

Quercetin-3-O-robinobioside Flavonoid

Pharmaceutics 2023, 15, x FOR PEER REVIEW 29 of 36 
 

 

2-O-D-glucosyltrideca-11E-en-
3,5,7,9-tetrayn-1,2-diol Polyyne 

 

Anti-inflammatory 

Quercetin 3,3′-dimethyl ether 7-O-
β-D-glucopyranoside 

Flavonoid 

 

Anti-inflammatory$Antioxidant 

Iso-okanin 7-O-β-D-(2″,4″,6″-
triacetyl)- glycopyranoside Flavonoid 

$ 

Anti-inflammatory 

Quercetin-3-O-robinobioside Flavonoid 

 

Antioxidant Antioxidant

Rutin Flavonoid

Pharmaceutics 2023, 15, x FOR PEER REVIEW 30 of 36 
 

 

Rutin Flavonoid 

 

Antioxidant 

Quercetin-3-O-glucoside Flavonoid 

 

Antioxidant 

 

Antioxidant

Quercetin-3-O-glucoside Flavonoid

Pharmaceutics 2023, 15, x FOR PEER REVIEW 30 of 36 
 

 

Rutin Flavonoid 

 

Antioxidant 

Quercetin-3-O-glucoside Flavonoid 

 

Antioxidant 

 

Antioxidant



Pharmaceutics 2023, 15, 1491 26 of 31

Author Contributions: X.M.R.-M.: Methodology, Writing—Original Draft, Writing—Review and
Editing; L.A.C.B.: Methodology, Validation; A.M.: Writing—Original Draft; L.M.P.: Writing—Original
Draft; G.M.C.: Writing—Original Draft; S.P.S.G.: Supervision, Writing—Original Draft,
Writing—Review and Editing. All authors have read and agreed to the published version of
the manuscript.

Funding: This review was financed by Pontificia Universidad Javeriana; the Ministry of Science,
Technology and Innovation; the Ministry of National Education; the Ministry of Industry, Commerce
and Tourism; and ICETEX; 2nd Call Scientific Ecosystem—Scientific Colombia 792-2017, Program
“Generation of alternatives therapeutics in cancer from plants through translational research and
development processes, articulated in environmentally and economically sustainable value systems”
(Contract number FP44842-221-2018), and Juan N. Corpas University Foundation.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The authors thank the Juan N. Corpas University Foundation and all people
who are part of this project under construction. They also thank Martha Mesa for their English
Language review and correction.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

(5-FU) Fluorouracil 5-FU; (A549) adenocarcinomic human alveolar basal epithelial
cells; (ADA) Adenosine deaminase; (ALT) Alanine transaminase; (ARG1) arginase 1; (AST)
Aspartate transaminase; (ATP) Adenosine triphosphate; (B16) murine melanoma; (Bax)
BCL-2-like protein 4; (BID) BH3 interacting domain death agonist; (ButF) butanol fraction;
(C2C12) muscle cell line; (C3orf60) Chromosome 3 open reading frame 60; (Caco-2) Human
colon adenocarnima; (CAT) Catalase; (CCl 3) trichloromethyl; (CCl 4) Carbon tetrachloride;
(CFU) Colony forming unit; (CNE-2) nasopharyngeal carcinoma cell line; (ConA) Con-
canavalin A; (COX) cyclooxygenase; (COX-2) cyclooxygenase 2; (Cp) cytopiloyne; (DAMPs)
Damage-associated molecular patterns; (DeCS) Descriptors in health sciences; (DNA)
deoxyribonucleic acid; (DPPH) 2,2-diphenyl-1-picrylhydrazyl; (EAC) Ehrlich Ascites Carci-
noma; (EL-4) a mouse T cell line; (EtOAc) Ethyl acetate fraction; (FasL) Fas ligand; (FRAP)
ferric reducing/antioxidant power;; (GDIR2) Rho GDP-dissociation inhibitor 2; (GLRX3)
Thioredoxin-like protein 2; (GSH) reduced glutathione; (GSTO1) Glutathione transferase
omega 1; (GSTP1) Glutathione S-transferase P; (H2O2) hydrogen peroxide; (HaCaT) Hu-
man epidermal keratinocyte; (HBB) Hemoglobin beta chain; (HCE) Hydroethanolic crude
extract; (HepG2) liver hepatocellular carcinoma; (HIF-1α) Hypoxia-inducible factor 1 alpha;
(h) Hours; (HSPs) Heat Shock Proteins; (Hsp70) 70-kDa heat shock proteins; (IC50) half
maximal inhibitory concentration; (ICD) Immunogenic cell death; (IDHC) Cytoplasmic
NADP-dependent isocitrate dehydrogenase; (IDO) Indoleamine 2,3-dioxygenase; (IFN-γ)
Interferon-gamma; (IL) interleukin; (iNOS) inducible nitric oxide; (Ki-67) Ki-67 antigen;
(L929) mouse fibroblast; (LDH) Lactate dehydrogenase; (LDL) low-density lipoprotein;
(LMNB1) LMNB1 protein; (LTOR3) Mitogen-activated protein kinase kinase 1 interacting
protein 1; (MAPK) Mitogen-activated protein kinase; (MCCB) Methylcrotonoyl-CoA car-
boxylase beta chain; (MCF-7) human breast carcinoma cells; (MDA) Malondialdehyde;
(MDBK) Madin-Darby Bovine Kidney Cells; (MDSC) Myeloid Derived Suppressor Cells;
(MeSH) Medical subject headings; (MIC) Minimum Inhibition Concentration; (Min) min-
utes; (MPO) Myeloperoxidase; (MTT) (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) (NDUA5) NADH-ubiquinone oxidoreductase 13 kDa-B subunit; (NF-κB) nuclear
factor-κB; (NFAT) Nuclear factor of activated T cells; (NOD) non-obese diabetic mice; (Nrf2)
Nuclear factor erythroid 2-related factor 2; (OVA) ovalbumin; (p53) phosphoprotein p53;
(PARK7) Protein deglycase DJ-1; (PBMCs) peripheral blood mononuclear cells; (PDIA3) Pro-
tein disulfide isomerase A3; (PGE2) Prostaglandin E2; (PHA) phytohemagglutinin; (PKC)
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Protein kinase C; (POD) Peroxidase; (PPID) 40 kDa peptidyl-prolyl cis-trans isomerase;
(PRDX3) Thioredoxin-dependent peroxide reductase, mitochondrial precursor; (Pubmed-
NLM) National Library Medicine; (Quercetin) 7-O-β-D-glucopyranoside; (RM39) Mitochon-
drial 39S ribosomal protein L39; (ROS) Reactive oxygen species; (s) Seconds; (SCF) super-
critical fluid; (SERA) D-3-phosphoglycerate dehydrogenase; (SOD) Super oxide dismutase;
(T1DM) Type 1 Diabetes Mellitus; (TAAs) tumor-associated antigens; (TGFβ) transforming
growth factor beta; (TNBS) 2,4,6 trinitrobenzene sulfonic acid; (TNF) Tumor necrosis factor;
(TNFR1) Tumor necrosis factor receptor 1; (TPA) 12-O-Tetradecanoylphorbol-13-acetate;
(TXNL1) Thioredoxin-like protein 1; (VDAC2) Anion-selective channel protein 2; (VEGF)
Vascular Endothelial Growth Factor; (VHL) Virtual Health Library; (WiDr) human colon
carcinoma cell line.
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