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Objectives: Talaromyces purpurogenus is a fungus species widely found in the marine environment. When
in a hostile environment, it produces a series of secondary metabolites with important biotechnological
potential, such as meroterpenoids. In our previous report, we demonstrated that the culture broth ethyl
acetate extract from T. purpurogenus reduced the cellular infiltration of lymphoid organs and circulating
levels of TNF-a. To elucidate this anti-inflammatory effect, this work aimed to study T. purpurogenus iso-
lated from a marine-polluted environment regarding the chemical composition of its culture broth and
mycelial ethyl acetate extract (CBEAE and MEAE respectively), as well as its action on pro-
inflammatory markers in LPS-stimulated RAW 264.7 cells and carrageenan-induced mice paw edema.
Methods: Chemical characterization was performed by HPLC-DAD-UV. Cytotoxicity in vitro and endo-
toxin quantification in extracts were preformed prior the experiments. In vitro inhibitory effect of T. pur-
purogenus extracts were evaluated by cytokines and nitrite quantification in cell supernatant of RAW
264.7 cells. The effect of T. purpurogenus in murine acute inflammation model of carrageenan-induced
paw edema was verified by thickness kinetic and histology evaluation.
Results: The CBEAE demonstrated a richer chemical composition than MEAE, presenting nine meroter-
penoid compounds, while MEAE displayed only two meroterpenoid and one phenolic compound.
Cytotoxicity in RAW 264.7 macrophages was not observed at any concentration treatment for both
extracts. Endotoxin quantification also demonstrated absence of endotoxins in both extracts. At
500 lg/mL, the CBEAE and MEAE extracts inhibited nitrite (p = 0.0450 and p = 0.0497), TNF-a
(p = 0.0076 and p = 0.0001) and IL-1b (p = 0.0042 and p = 0.0031), but only CBEAE inhibited IL-6 levels
in LPS-stimulated cells (p = 0.0234). CBEAE, but not MEAE, also inhibited nitrite (p = 0.0353) and IL-1b
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(p = 0.0386) in non-stimulated cells. In addition, CBEAE at 250 and 500 mg/kg inhibited edema thickness
and mast cells (p = 0.0303 and p = 0.0130) in k-carrageenan-induced mice paw edema.
Conclusions: Talaromyces purpurogenus isolated from marine-polluted environment inhibited pro-
inflammatory markers in LPS-stimulated RAW 264.7 cells and in murine model of paw edema. The
promising anti-inflammatory activity in vitro and in vivo, especially the culture broth ethyl acetate
extract, demonstrates its potential for further studies to elucidate its mechanism of action.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Inflammation is a biological response to several harmful stimuli
that protect the host from infection and tumorigenesis. It occurs by
activating humoral and cellular cascades, increasing pro-
inflammatory cytokines and leukocytes in circulating blood
(Mueller et al., 2010; Sacdalan and Lucero, 2021). An excessive or
prolonged inflammatory response results in numerous severe
acute or chronic diseases. There is strong evidence that the chronic
systemic inflammatory response results in classic features of can-
cer cachexia, including the preferential loss of lean muscle mass
as well as the systemic inflammatory response syndrome, acute
lung injury, inflammatory bowel diseases and rheumatoid arthritis
(Kraft et al., 2015; Dolan et al., 2017).

There are several biochemical mediators that modulates the
inflammatory process, such as cytokines, chemokines, and reactive
oxygen or nitrogen species. Tumor necrosis factor alpha (TNF-a),
interleukin (IL)-1b, and IL-6 are pro-inflammatory cytokines lar-
gely produced in acute phase of inflammation. Nitric oxide is other
important pro-inflammatory mediator, and its secretion occurs by
various stimuli such as the bacterial cell wall component
(lipopolysaccharides, LPS) in RAW 264.7 macrophages (Tilg and
Moschen, 2008). The balance of pro-inflammatory marker is crucial
for a proper inflammatory response and it is the aim of several
search of new compounds with anti-inflammatory activity. Various
studies point out that secondary metabolites of plants or fungi
exert anti-inflammatory effects by inhibiting pro-inflammatory
markers, which can act as chemopreventive substances (Oliveira
et al., 2019; Teles et al., 2020).

There is a need for drugs that modulate the immune system,
playing a role as anti-inflammatory and immunosuppressant
agents directed to pro-inflammatory factors or their receptors by
inhibiting or controlling inflammatory cascades. The identification
of active substances with pro or anti-inflammatory potential is
useful for the development of therapeutic drugs for inflammatory
diseases (Mo et al., 2013; El-Shitany et al., 2015).

Studies carried out in the marine environment prove its poten-
tial as a rich source of active metabolites with pharmacological
potential. Fungi isolated from this environment can produce a mul-
titude of substances. An example is strains of Talaromyces purpuro-
genus, first identified as Penicillium purpurogenum, that appear with
a vast diversity and as a rich source of metabolites of different
chemical classes. Described by Stoll (1903–1904) and isolated in
a culture contaminant of Aspergillus oryzae, T. purpurogenus pre-
sents dark colonies with mycelium varying from pinkish to yellow
and yellow red, and over culture time produces its characteristic
red pigments on potato agar. Benjamin (1955) introduced the
Talaromyces nomenclature, in which 40 species from Penicillium
subg. Biverticillium were relocated and combined into Talaromyces
genus (Samson et al., 2011; Yilmaz et al., 2012).

Metabolites of T. purpurogenus have wide structural diversity
with varied biological and pharmacological properties, such as
antimicrobial, anti-tumor and anti-inflammatory activities (Etoh
et al., 2013; Shaaban et al., 2016; Wang et al., 2016; Li et al.,
2017; Jin et al., 2018; Wang et al., 2020). It was also reported the
2

anti-inflammatory effects of a mutant strain of P. purpurogenum
but the activity was above the cytotoxic dose (Etoh et al., 2013).
Meroterpenoids of P. purpurogenum MHZ 111, a mutant strain
resistant to antibiotics, showed inhibitory effect on NO production
by macrophages stimulated with LPS demonstrating its anti-
inflammatory potential (Sun et al., 2016; Sun et al., 2017).

In our previous report using T. purpurogenus strain isolated from
polluted marine environment, the Jansen lagoon in the state of
Maranhão, Brazil, we demonstrated that the culture broth ethyl
acetate extract from T. purpurogenus reduced the cellular infiltra-
tion of lymphoid organs and circulating levels of TNF-a (Teles
et al., 2020). To elucidate this anti-inflammatory effect using
proper models, we aimed in this study to evaluate the effect of
ethyl acetate extracts from T. purpurogenus culture broth and
mycelium, isolated from the marine environment, on inflamma-
tory makers in LPS-stimulated RAW 264.7 cells in vitro, and
in vivo in murine model of carrageenan-induced acute paw edema.
2. Materials and Methods

2.1. Culture of T. purpurogenus and obtaining ethyl acetate extracts

Talaromyces purpurogenus MA52 was cultured on Potato Dex-
trose Agar (PDA) at 28 �C for 7 days until complete growth. After
this period, superficial agar circles containing mycelium were sub-
sequently grown in BDA broth for fermentation at 28 �C for 21 days
on a rotary shaker (Quimis, São Paulo, Brazil) at 150 rpm. The cul-
ture gave rise to the culture broth ethyl acetate extract (CBEAE)
already described elsewhere (Teles et al., 2020) and the mycelial
ethyl acetate extract (MEAE) in which the mycelial biomass, after
total removal of the culture medium by vacuum filtration, was
stored in a flask containing 250 mL of 70% ethanol and kept under
constant agitation at 115 rpm for 24 h. The obtained extract was
filtered and concentrated under reduced pressure until total
removal of ethanol. To the remaining aqueous part, ethyl acetate
was added in the proportion 1:3, which after separation in a sepa-
ratory funnel and elimination of the solvent in a rotary evaporator
and lyophilization, led to the MEAE used during our research. To
perform the biological tests, the CBEAE and MEAE were solubilized
in 500 lL dimethyl sulfoxide (DMSO) (Sigma-Aldrich, St Louis, MO,
USA) at 100� the final concentration for the in vitro tests, and the
final test concentrations was diluted in Dulbecco Modified Eagle
Medium (DMEM; Sigma-Aldrich, St Louis, MO, USA). The culture
medium showed less than 0.5% DMSO in in vitro tests. For in vivo
assay, the dilution extracts were prepared immediately before
use by dilution in PBS.
2.2. High-performance liquid chromatograph coupled to diode-array
UV–Vis detector (HPLC-DAD-UV)

High-performance liquid chromatograph coupled with a diode-
array UV–Vis detector (HPLC-DAD-UV) analysis performed out
using a Shimadzu Nexera XR� liquid chromatograph (Shimadzu,
Kyoto, Japan) coupled to a UV detector with an SPDM20A diode
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array. A CBM20A controller, a DGU20A degasser, an LC20AD binary
pump, a CTO20A oven, and an SILA20A auto-injector are also com-
ponents of the system. The chromatographic separation of samples
was achieved on a reversed-phase HPLC column (Shimpack CLC-
ODS, Thermo, Waltham, MA, United States, 250 mm � 4.6 mm i.
d. � 5 lm particle size). The column temperature was maintained
at 50 �C, the injection volume was 10.0 lL, and a 1.0 mL/min flow
rate was applied using a linear gradient of 0.0% (w/w) solvent B
(methanol, HPLC grade, Tedia, Rio de Janeiro, Brazil) in ultrapure
water (solvent A). The optimized gradients employed for the
extracts consisted of 0–20% B in A over 0–8.5 min, subsequently
rising to 100% of B in 68.5 min, and finally staying at this concen-
tration up to 90 min. Compounds were analyzed at 254 nm. Data
were acquired and processed with Shimadzu LabSolutions Soft-
ware Version 5.3 (Shimadzu, Kyoto, Japan).

2.3. Quantification of endotoxins

The endotoxin quantification in CBEAE and MEAE extracts dilu-
tions at 100, 250 and 500 lg/mL in DMEM culture medium (Sigma-
Aldrich, St Louis, MO, USA) was performed following the references
of the Pierce TM LAL Chromogenic Endotoxin Quantitation Kit
(Thermo Scientific, Carlsbad, CA, USA).

2.4. Cell culture

In vitro tests were carried out with murine macrophages RAW
264.7 cell line (ATCC� TIB-71TM) cultured in DMEM supplemented
with 10% fetal bovine serum (FBS) (Gibco, Gaithersburg, MD,
USA), penicillin (100 U/mL) and streptomycin (100 lg/mL)
(Sigma-Aldrich, St Louis, MO, USA) at 37 �C and 5% CO2 in 75 cm2

cell culture flasks.

2.5. Cytotoxicity assay

The cytotoxic assay was performed in 96-well plates. A volume
of 100 lL per well of culture cell suspension at 2 � 106 cells/mL
were incubated overnight at 37 �C and 5 % CO2. Then, the medium
was completely removed, and cells were treated with 100 lL of
one of T. purpurogenus extracts at 100, 250 and 500 lg/mL, LPS
(Sigma-Aldrich, St Louis, MO, USA) at 10 lg/mL, or dexamethasone
(Sigma-Aldrich, St Louis, MO, USA) at 100 lM. Cells treated with
DMSO 1% in DMEM and wells only with medium were maintained
as controls and blanks, respectively. After 48 h, cell viability was
obtained using the colorimetric MTT [3-(4,5-dimethylthiazol-2-y
l)-2,5-diphenyl tetrazolium bromide (Sigma-Aldrich, St Louis,
MO, USA) assay with modifications. In brief, 10 lL of MTT at
5 mg/mL was added to each well and kept at 37 �C and 5% CO2.
After 2 h, the supernatant was completely removed, 100 lL of
DMSO was added to solubilize the formazan crystals with the aid
of a plate shaker for 15 min. The absorbance was determined in
a spectrophotometer EZ Read 400 (Biochrom, Cambridge, UK) at
a wavelength of 570 nm. Cytotoxicity was demonstrated as a per-
centage corresponding to viability calculated as described else-
where (Teles et al., 2021).

2.6. Treatment of RAW 264.7 macrophages LPS-stimulated with T.
purpurogenus

The amount of 500 lL of RAW 264.7 macrophages suspension at
2 � 106 cells/mL were cultured in 24-well plates overnight and
after, the medium was completely removed with non-adherent
cells. The adherent cells were treated with 1 mL of CBEAE or MEAE
(100, 250 and 500 lg/mL), dexamethasone (100 lM) or DMSO 1%
(control) for one hour, and then stimulated, or not, with LPS (10 lg/
mL). The dilution of compounds used in the treatments were made
3

in DMEM medium. After 48 h, the cell supernatant was collected
for nitrite and cytokines quantification.

2.7. Quantification of nitrite and cytokines

Nitrite quantification used the Griess method (Green et al.,
1982) with some modifications. In 96-well plates, 50 lL of cell
supernatant was mixed to 50 lL of Griess reagent (25 lL of sul-
fanilamide 1% in 2.5% H3PO4 solution and 25 lL of N-(1-
naphthyl) ethylenediamine 0.1% solution) for 10 min protected
from light. After, the absorbance was determined with the spec-
trophotometer EZ Read 400 at a wavelength of 570 nm. Nitrite
levels were obtained from a standard curve with known NaNO2

(Sigma-Aldrich, St Louis, MO, USA) concentrations (100 to
3.1 lM) prepared by serial dilution 1:2 (Almeida-Souza et al.,
2020). The quantification of cytokine levels TNF-a, IL-1b and IL-6
was performed by Enzyme-Linked Immunosorbent Assay (ELISA)
using the kits BD OptEIATM (BD Bioscience, East Rutherford, NJ,
USA) following the manufacturer’s specifications.

2.8. Animals and ethical statement

Female BALB/c mice from six to eight weeks-old from the Insti-
tute of Science and Technology in Biomodels (ICTB/FIOCRUZ) were
maintained under pathogen-free environments, controlled tem-
perature, and food and water ad libitum. All the protocols with ani-
mals followed the National Council for the Control of Animal
Experimentation (CONCEA) recommendations and were previously
approved by the Ethics Commission for the Use of Animals of the
Oswaldo Cruz Institute, license number CEUA/IOC—L053/2016.

2.9. Treatment of mice paw edema induced by k-carrageenan with T.
purpurogenus

Paw edema induced by k-carrageenan was carried out as
described elsewhere (Oliveira et al., 2019). Mice were separated
into six groups of five animals. Four groups were pre-treated with
125, 250 or 500 mg/kg of CBEAE by gavage, or with 5 mg/kg of dex-
amethasone in PBS via intramuscular route. The other two groups
were pre-treated with PBS by gavage. After one hour, 25 lL of k-
carrageenan 1% was injected into the left hind footpad. One group
was inoculated with PBS and pre-treated with PBS and maintained
as control. The footpad inflammation was measured after 1, 2, 3
and 4 h of k-carrageenan inoculation using a Schnelltaster dial
gauge caliper (Kröplin GmbH, Hessen, Germany). The difference
in millimeters between the inoculated footpad and the contralat-
eral footpad at the same evaluation time was used to obtain the
edema thickness. Four hours after k-carrageenan inoculation the
animals were euthanized with 250 lL intraperitoneal injection of
a 1:1 mixture of ketamine (100 mg/mL; Syntec, BRA) and xylazine
(20 mg/mL; Syntec, BRA). Footpad fragments were collected for
histological processing.

2.10. Histology analysis

For histology evaluation, skin fragments from footpad were
fixed in 10% buffered formalin and routinely processed for paraffin
embedding. Tissue sections in paraffin were cut at 5 lm thick and
stained with Toluidine blue 1% for the quantification of mast cells.
The histology slides were analyzed with the aid of a light micro-
scopy by a researcher with expertise, blinded to the experimental
groups. Mast cells counting were performed under a light micro-
scope and representative areas in five fields were selected
(Oliveira et al., 2019). Images were obtained with Leica DM500
coupled with Leica ICC50 HD using the software Leica Application
Suite EZ (Leica Microsystems GmbH, Wetzlar, Germany).



Table 1
Retention time, relative composition, and UV data of meroterpenoids and polyphe-
nolic compound of Talaromyces purpurogenus extracts.

Peak Rt (min) Area % UV (kmax, nm)

CBEAE MEAE

1 2.46 5.66 – 258
2 3.10 5.88 16.61 275
3 3.37 31.92 18.05 259
4 4.36 8.96 – 264
5 8.87 25.14 – 272
6 20.75 7.24 – 269
7 23.92 5.14 – 276
8 27.06 5.88 – 270
9 29.07 – 65.33 256, 355
10 53.91 4.13 – 278

Rt: retention time; CBEAE: culture broth ethyl acetate extract; MEAE: mycelial ethyl
acetate extracts of T. purpurogenus.
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2.11. Statistical analysis

The data was represented as mean ± standard error of mean and
plotted in graphs or organized in tables. Statistical analyses were
carried out by Kruskal-Wallis followed by Dunn’s multiple compar-
isons tests (p < 0.05) or by analysis of variance (two-way ANOVA)
followed by Bonferroni’s multiple comparisons test (p < 0.05) using
GraphPad Prism 7.00 software package (GraphPad Software, San
Diego, CA, USA).

3. Results

3.1. T. purpurogenus extracts profile by HPLC-DAD-UV

The extracts profiles from T. purpurogenus were determined by
HPLC-DAD-UV analyses. The obtained chromatograms at 254 nm
are presented at Fig. 1. CBEAE showed 9 peaks (Fig. 1a), all of them
presenting UV kmax in the range of 258–282 nm, suggesting the
presence of meroterpenoid compounds while MEAE showed 3
main peaks (Fig. 1b). Their retention times and areas are showed
at Table 1. Peaks 2 and 3 were common to both extracts, but peak
9 (Rt = 29.07 min), exclusively found at MEAE, showed character-
istic bands different from the other ones, presenting absorption
with maximum of 355 nm (band I) and 256 (band II), suggesting
the presence of polyphenolic compound (Supplementary material
Fig. S1).

3.2. T. purpurogenus extracts displayed absence of endotoxin and
cytotoxicity

The endotoxin quantification carried out in T. purpurogenus
extracts showed endotoxin absence in all the three dilutions used
in further cells treatment. Both extracts also not displayed cytotox-
icity in cells submitted to the same conditions of treatment and/or
stimulation experiments, with all of them presenting not statisti-
Fig. 1. HPLC-DAD-UV chromatograms of Talaromyces purpurogenus extracts at 254 nm: (A
acetate extracts (MEAE) showing 3 main peaks.

4

cally significant difference in the percentage of viable cells when
compared to untreated and/or unstimulated cells (Fig. 2).
3.3. T. purpurogenus reduced levels of nitrite and pro-inflammatory
cytokines in RAW 264.7 cells

The effect of T. purpurogenus extracts was investigated in RAW
264.7 macrophages stimulated or not with LPS. In cells not stimu-
lated with LPS, CBEAE displayed low levels of nitrite at 250 and
500 lg/mL (p = 0.0388 and p = 0.0353, respectively; Fig. 3a), IL-
1b at 500 lg/mL (p = 0.0386; Fig. 3e), and not altered IL-6 levels
at any concentration when compared to untreated and non-
stimulated cells. In LPS-stimulated cells, both extracts presented
low levels of nitrite and cytokines. CBEAE exhibited low nitrite
levels at 500 lg/mL (p = 0.0450; Fig. 3a), TNF-a at 250 and
500 lg/mL (p = 0.0132 and p = 0.0076, respectively; Fig. 3c), IL-
1b at 250 and 500 lg/mL (p = 0.0013 and p = 0.0042, respectively;
) culture broth ethyl acetate extract (CBEAE) showing 9 peaks and (B) mycelial ethyl



Fig. 2. Talaromyces purpurogenus in vitro toxicity in RAW 264.7 macrophages. Viability after 48 h of cells stimulated or non-stimulated with LPS at 10 lg/mL and treated with
culture broth ethyl acetate extract (CBEAE) (A) or mycelial ethyl acetate extract (MEAE) (B) of T. purpurogenus. Data represents the mean ± standard error of mean of the
experiment carried out at least in quintuplicate.
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Fig. 3e), and IL-6 at 500 lg/mL (p = 0.0234; Fig. 3g). The levels of IL-
1b in LPS-stimulated cells treated with CBEAE at 250 and 500 lg/
mL (83.33 ± 16.57 and 75.00 ± 11.55 pg/mL, respectively) was sim-
ilar to that observed in LPS-stimulated cells treated with dexam-
ethasone (85.75 ± 15.32 pg/mL). On the other hand, the TNF-a
levels of CBEAE presented a lower mean at 250 and 500 lg/mL
(208.3 ± 58.84 and 150.00 ± 46.77 pg/mL, respectively) than that
observed in LPS-stimulated cells treated with dexamethasone
(249.5 ± 18.44 pg/mL), although its statistically similar. MEAE pre-
sented similar reduction pattern than CBEAE in nitrite at 500 lg/
mL (p = 0.0497; Fig. 3b), TNF-a at 250 and 500 lg/mL
(p = 0.0028 and p = 0.0001, respectively; Fig. 3d), and IL-1b levels
at 250 and 500 lg/mL (p = 0.0017 and p = 0.0031, respectively;
Fig. 3f), but not in IL-6 in LPS-stimulated cells. Although MEAE
induced a reduction concentration-dependent in IL-6 levels of
16.22% and 41.13% in cells treated with 250 and 500 lg/mL respec-
tively, it was not statistically significant when compared to LPS-
stimulated and untreated cells (Fig. 3h).
3.4. T. purpurogenus inhibited k-carrageenan-induced paw edema

The CBEAE obtained from T. purpurogenus was used to treat
mice with k-carrageenan-induced paw edema. Edema thickness,
edema histology and mast cells count of paw edema were used
to evaluate the treatment effect (Fig. 4A). Edema thickness showed
that CBEAE treatment had a dose-dependent action, with an
increase in inhibition effect of edema growth as the treatment
doses increase. Thereby, four hours after edema induction, 500
and 250 mg/kg showed the highest inhibition edema, and although
125 mg/kg dose treatment inhibited edema thickness in 24.69%,
this inhibition was not statistically significant. The effect of CBEAE
treatment at 500 mg/kg was similar to the inhibition induced by
dexamethasone treatment at 4 h. CBEAE treatment at 500 mg/kg
also showed edema thickness inhibition at three hours after edema
induction, demonstrating its potent edema inhibition effect
(Fig. 4B and Table 2). The histology analysis of paw edema showed
that treatment with 250 and 500 mg/kg presented less inflamma-
tory cells than control group (Fig. 5A). Mast cells quantification
exhibited similar result, with 250 and 500 mg/kg displaying less
mast cells (12.6 ± 3.04, p = 0.0303; and 8.8 ± 2.53, p = 0.0130
respectively) than group with k-carrageenan edema treated with
PBS (24.6 ± 3.67; Fig. 5B).
4. Discussion

The analysis by HPLC-DAD-UV of both T. purpurogenus extracts
allowed to point out a significant difference in its chemical compo-
sition. The CBEAE was characterized by the predominant presence
5

of 9 meroterpenoidal compounds, while MEAE, in addition to
meroterpenoids, also presented one poliphenolic compound.
Meroterpenoidal compounds, which are formed by the mixed
terpenoid-polyketide biosynthetic pathway, such as macrophorin
A, purpurogemutantidine, and purpurogemutantin (Fang et al.,
2012; He et al., 2017; Tang et al., 2017), are commonly found at
the extracellular extract of this fungus. We previously identified
the meroterpenoid compounds purpurogemutantin, purpuroge-
mutantidin macrophorin A, berkeleyacetal C and rubratoxin B in
CBEAE (Teles et al., 2020), confirming its rich chemical composition
compared to MEAE.

The compounds previously identified in T. purpurogenus have
shown interesting anticancer activity. Berkeleyacetal C (Etoh
et al., 2013) and rubratoxin B (Wang et al., 2007; Nagashima,
2015) showed anti-inflammatory and anticancer activity in vitro.
Pigments obtained from P. purpurogenum, rich in polyphenolic
compounds and quinone, showed maximum inhibition of lipid per-
oxidation (30.15%), hydroxyl radical (74.92%) and NO radical scav-
enging activity (43.23%) at 20 mg/mL of pigment concentration
(Padmapriya and Murugesan, 2016). Another study indicated the
presence of flavone derived compound, talaroflavone, and other
polyphenolic compound as bioactive metabolite of P. purpuro-
genum (Shaaban et al., 2016).

Before all the experiments, it was performed the quantification
of endotoxins. Their presence it would be an indication of a possi-
ble contamination of CBEAE and MEAE. The endotoxin quantifica-
tion carried out in T. purpurogenus extracts showed endotoxin
absence in all the three dilutions used in further cells treatment.
Endotoxin contamination, specially LPS, might result in repeated
stimuli exposure which can lead to a state of tolerance that repro-
grams the inflammatory response, resulting in reduced inflamma-
tory cytokine production in vitro and in vivo (Seeley and Ghosh,
2017). Thus, the results obtained in the posterior experiments
did not suffer contaminant interference and express the action
only of the compounds present in the extracts.

Both extracts also not displayed cytotoxicity in murine macro-
phages RAW 264.7 cells submitted to the same conditions of treat-
ment and/or stimulation experiments, with all of them presenting
not statistically significant difference in the percentage of viable
cells when compared to untreated and/or unstimulated cells. The
maintenance of the amount of cells in all treatments makes it pos-
sible to ensure that changes in the quantification of pro-
inflammatory markers occur due to the direct action of the treat-
ment in the cells, rather than to changes in the amount of cells.

The MEAE not changed nitrite or cytokine levels in the treat-
ment concentrations used in non-stimulated cells. These results
are important because the cells used in the treatments are macro-
phages that can trigger an inflammatory response, secreting sev-
eral pro-inflammatory mediators and chemokines, such as NO,



Fig. 3. Quantification of pro-inflammatory markers in RAW 264.7 macrophages treated with Talaromyces purpurogenus. Nitrite (A-B) and cytokine levels (C–H) in
supernatants of cells culture stimulated or non-stimulated with LPS at 10 lg/mL and treated for 48 h with culture broth ethyl acetate extract (CBEAE) or mycelial ethyl
acetate extract (MEAE) of T. purpurogenus, or dexamethasone (Dexa) at 100 lM. Data represent the mean ± standard error of mean of experiment carried out at least in
triplicate. **p < 0.01, ***p < 0.001, ****p < 0.0001 when compared with untreated and unstimulated cells and #p < 0.05, ##p < 0.01, ###p < 0.001 when compared with
untreated and LPS-stimulated cells by Kruskal-Wallis and Dunn’s multiple comparisons tests.

Amanda Mara Teles, Gabriel Silva Xavier, Wendel Fragoso de Freitas Moreira et al. Journal of King Saud University – Science 34 (2022) 102021
TNF-a, IL-6, IL-1b, MIP-1a and MCP-1, in which activation has been
associated with the pathogenesis of acute and chronic inflamma-
tory disorders (Li et al., 2017). The inhibition in non-stimulated
cells reassure the lack of contamination, indicating an inhibitory
effect of CBEAE even in normal situations.

In our experiments, NO was indirectly measured by nitrite
quantification on cell culture supernatant. NO is an inflammatory
mediator synthesized mainly by NO synthase enzymes using its
isomorphic iNOS (NOS inducible), which can be induced by LPS,
TNF-a, IL-1b in macrophages during the inflammatory response.
6

Substances that produce anti-inflammatory activity by various sig-
naling pathways can be found by quantifying NO (Farlik et al.,
2010). Our results verified the reduction of nitrite quantification
in RAW 264.7 cells treated with both CBEAE and MEAE, showed
an inhibitory effect on NO production, as well as on the production
of cytokines IL-6 and IL-1b.

The IL-1b when in low concentrations induce a local inflamma-
tory response that ends up provoking a protective immune
response (Apte and Voronov, 2002) The reduction of IL-6 by
extracts is of fundamental relevance as IL-6 was found in increased



Fig. 4. Paw edema thickness of BALB/c mice inoculated with of k-carrageenan and treated with Talaromyces purpurogenus. (A) Overview of in vivo study design. (B) Lesion
kinetic of animals inoculated in footpad with 25 lL of k-carrageenan 1 % and treated with 100 lL culture broth ethyl acetate extract (CBEAE) of T. purpurogenus at 125, 250 or
500 mg/kg by gavage or with dexamethasone at 5 mg/kg via the intramuscular route. The data represent an experiment carried out in quintuplicate. * p < 0.05, ** p < 0.01, ***
p < 0.001, **** p < 0.0001, when compared with PBS group by analysis of variance (two-way ANOVA) and Bonferroni’s multiple comparisons tests.

Table 2
Thickness (mm) and inhibition (%) of edema induced by k-carrageenan 1% in footpad of BALB/c mice treated by gavage with 100 lL of culture broth ethyl acetate extract (CBEAE)
of Talaromyces purpurogenus.

Treatment k-Carragenan Dose
(mg/kg)

Edema thickness after treatment (% Edema Inhibition)

1 h 2 h 3 h 4 h

PBS – – 0.025 ± 0.050 0.025 ± 0.050 0.025 ± 0.050 – 1

+ – 0.275 ± 0.050 0.400 ± 0.082 0.500 ± 0.082 0.575 ± 0.050

CBEAE + 125 0.233 ± 0.058 0.333 ± 0.115 0.433 ± 0.058 (13.40) 0.433 ± 0.115 (24.69)
+ 250 0.233 ± 0.115 0.267 ± 0.058 0.333 ± 0.058 (33.40) 0.333 ± 0.058 (42.60)***
+ 500 0.233 ± 0.058 0.267 ± 0.058 0.267 ± 0.058 (46.60)** 0.233 ± 0.058 (59.47)****

Dexa + 5 0.175 ± 0.050 0.225 ± 0.096 (43.75)* 0.225 ± 0.050 (55.00)**** 0.200 ± 0.000 (65.21)****

Data represents the mean ± standard error of mean of experiment performed at least in triplicate. 1No edema was observed in this group at this evaluation time. * p < 0.05, **
p < 0.01, *** p < 0.01 and **** p < 0.0001 when compared to group with edema induced by k-carrageenan treated with PBS by analysis of variance (two-way ANOVA) and
Bonferroni’s multiple comparisons test. +: k-carrageenan inoculation; –: PBS administration.

Fig. 5. Mast cells of BALB/c mice footpad inoculated with k-carrageenan 1 % and treated with culture broth ethyl acetate extract (CBEAE) of Talaromyces purpurogenus. (A)
Histology of mast cells (arrows) and (B) mast cells counting. Animals were treated with 100 lL of CBEAE at 125, 250 or 500 mg/kg by gavage or with dexamethasone at 5 mg/
kg via the intramuscular route. Data represent the mean ± standard error of mean of experiment carried out at least in triplicate. #p < 0.01 compared with the group without
stimulation or treatment; *p < 0.05, **p < 0.01 when compared with the k-carrageenan-stimulated and untreated group after Kruskal-Wallis and Dunn’s multiple comparisons
tests. Toluidine blue 1%. 40X magnification.
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levels in cancer patients and biopsies (Kai et al., 2005). The extract
acting on the reduction of cytokines is in fact contributing to the
inhibition of the development of a neoplasm.

Comparing the chemical composition of CBEAE with MEAE, the
results obtained by in vitro experiments can be justified by the
7

richer meroterpenoid composition observed in CBEAE than that
in MEAE. Thus, we decided to continue the further experiments
only with CBEAE. The use of CBEAE also is an advantage from the
point of view of biotechnology, since the fungus can continue to
be cultivated producing more metabolites that would be
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externalized to the culture broth medium. It was performed the
in vivo inflammation model of carrageenan-induced mouse paw
edema, a model of classic acute inflammation that is susceptible
to the anti-inflammatory effects of drugs as well as the extract
under study. The model shows us an acceptable response because
carrageenan induces several reactions in humans very similar to
acute inflammation, such as local telangiectasia, increased vascular
permeability, plasma leakage and rapid edema (Dai et al., 2019).

The edema settles down due to vascular phenomena that gener-
ate vasodilatation, leading to deregulation of the osmotic balance
and exudate effusion. The vasodilatation allows leukocyte extrava-
sation by diapedesis, and cellular migration by chemotaxis to the
inflammatory site (Kumar et al., 2011; Almeida-Souza et al.,
2016). One of the cells that participate actively in cell migration
is mast cells, therefore we quantified mast cells in paw edema of
animals treated with CBEAE. Histologically, it was verified that in
the highest doses there were fewer inflammatory cells, the same
being observed in the quantification of mast cells when compared
to the group with k-carrageenan edema treated with PBS.

Mast cells are located in the mucosa and connective tissues,
where they decrease inflammation after the release of pro-
inflammatory molecules, such as histamine, proteases, proteogly-
cans, chymosins, arachidonic acid, growth factors and TNF-a
(Popovici et al., 2014). Mast cells have a fundamental protective
role in wound healing, thus acting directly on anti-inflammatory
activity and defense against pathogens (Stone et al., 2010). The
inhibition of mast cells by compounds as flavonoids showed an
anti-inflammatory reaction (Weng et al., 2012), and mast cell cel-
lularity in inflamed tissues reflects a good or bad prognosis and
efficacy of anti-inflammatory drugs (Popovici et al., 2014). Our
results demonstrate that the decrease in its cellularity is an impor-
tant sign of the anti-inflammatory action of the CBEAE.
5. Conclusion

The two extracts obtained from T. purpurogenus demonstrated
the presence of meroterpenoids. The CBEAE revealed to have a
richer chemical composition than MEAE, presenting nine meroter-
penoid compounds, while MEAE displayed only two meroter-
penoid and one phenolic compound. Both extracts inhibited
nitrite and IL-1b, but only CBEAE inhibited IL-6 production in
LPS-stimulated cells. The in vitro inhibition activity in LPS-
stimulated cells may be related to the presence of meroterpenoids
observed in CBEAE. CBEAE also inhibited edema thickness and
mast cells in k-carrageenan-induced mice paw edema. The CBEAE
from T. purpurogenus isolated from marine-polluted environment
demonstrated a meroterpenoid-rich chemical composition, and a
promising anti-inflammatory activity observed in acute inflamma-
tion in vivomodel and in vitro LPS-stimulated cells model. The inhi-
bitory effect on pro-inflammatory marker demonstrated the
potential of T. purpurogenus for further studies to elucidate its
mechanism of action.
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