
Authors

Sérgio Ricardo Teixeira Daltro1, Ivanilson Pimenta Santos1, Paula Ladeia Barros1, Diogo Rodrigo Magalhães Moreira1,

Therezinha Coelho Barbosa Tomassini2, Ivone Maria Ribeiro2, Ricardo Ribeiro dos Santos1, Cássio Santana Meira1,

Milena Botelho Pereira Soares1

Affiliations

1 Instituto Gonçalo Moniz, Fundação Oswaldo Cruz

(FIOCRUZ), Salvador, Bahia, Brazil

2 Laboratório de Química de Produtos Naturais-PN2-

Extração, Isolamento e Purificação, Farmanguinhos,

Fundação Oswaldo Cruz (FIOCRUZ), Rio de Janeiro, RJ,

Brazil

Key words

lymphocyte function, Physalis angulata, Solanaceae,

macrophage activation

received March 30, 2020

accepted after revision July 30, 2020

published online

Bibliography

Planta Med 2020

DOI 10.1055/a-1237-4268

ISSN 0032‑0943

© 2020. Thieme. All rights reserved.

Georg Thieme Verlag KG, Rüdigerstraße 14,

70469 Stuttgart, Germany

Correspondence

PhD. Milena Botelho Pereira Soares

Instituto Gonçalo Moniz, Fundação Oswaldo Cruz

Rua Waldemar Falcão 121 – Candeal, 40296-710

Salvador – Bahia, Brazil

Phone: + 557131762260, Fax: + 557131762272

milena@bahia.fiocruz.br

ABSTRACT

The need for new immunomodulatory drugs is due to the side

effects associated with the prolonged use of the currently

used immunomodulatory drugs. In this context, the present

work aimed to investigate the immunomodulatory effect of

an ethanolic concentrated extract from Physalis angulata. The

cytotoxicity of samples was determined using peritoneal mac-

rophages though the Alamar Blue assay. The immunomodula-

tory activity of the ethanolic extract from P. angulata on acti-

vated macrophages was determined by measurement of

nitrite and cytokine production. The immunosuppressive ef-

fects of the ethanolic extract from P. angulata was evaluated

on lymphocyte proliferation and cytokine production. The ef-

fects of the extract on cell cycle progression and cell death on

lymphocytes were evaluated by flow cytometry. Lastly, the

ethanolic extract from P. angulata was tested in vivo in toxico-

logical tests and in models of peritonitis and delayed-type hy-

persensitivity response. The ethanolic extract from P. angulata

decreased nitrite, interleukin-6, interleukin-12, and TNF-α
production by activated macrophages without affecting the

cell viability. In addition, the ethanolic extract from P. angulata

inhibited lymphoproliferation and the secretion of interleukin-

2, interleukin-6, and IFN-γ, and increased interleukin-4 secre-

tion by activated splenocytes. Flow cytometry analysis in lym-

phocyte cultures showed that treatment with the ethanolic

extract from P. angulata induces cell cycle arrest in the G1

phase followed by cell death by apoptosis. Moreover, mice

treated with the extract from P. angulata at 100 or 200mg/kg

did not show signs of toxicity or alterations in serum compo-

nents. Finally, the ethanolic extract from P. angulata signifi-

cantly reduced neutrophil migration and reduced paw edema

in bovine serum albumin-induced the delayed-type hypersen-

sitivity response model. Our results demonstrate the potential

of the ethanolic extract of P. angulata as an alternative for the

treatment of immune-inflammatory diseases.

In vitro and In Vivo Immunomodulatory Activity of
Physalis angulata Concentrated Ethanolic Extract
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Introduction
Physalis angulata L. (Solanaceae) is an annual herb widely distrib-
uted in tropical and subtropical countries and used in folk medi-
cine to treat several conditions such as asthma, hepatitis, and
Daltro SRT et al. In vitro and… Planta Med | © 2020. Thieme. All rights reserved.
rheumatism [1,2]. Previous phytochemical analysis of P. angulata
extracts demonstrated the presence of a variety of substances
such as flavonoids, alkaloids and especially steroid compounds,
such as physalins and withanolides [3, 4].



ABBREVIATIONS

CC50 50% cytotoxicity concentration

Con A concanavalin A

DTH delayed-type hypersensitivity

EEPA ethanolic extract from Physalis angulata

HTLV-1 human lymphotropic virus type 1

IFN-γ interferon gamma

IL interleukin

LPS lipopolysaccharide

NFκB nuclear factor kappa B

PI propidium iodide

▶ Table 1 Cytotoxic activity of the EEPA on mammalian cells.

Samples MØ CC50 ± SD (µg/mL)

EEPA 6.9 (± 0.7)

Dexamethasonea > 10

Gentian violetb 0.2 (± 0.1)

Cytotoxicity was evaluated on peritoneal macrophages (MØ) exposed
to samples for 72 h by the Alamar Blue method. Values represent the
mean (± standard deviation) of three independents experiments. SD:
standard deviation. a Reference immunosuppressive drug. bReference
cytotoxic drug
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Physalins hold several biological properties, including cytotox-
icity, antioxidant antimicrobial, and antiparasitic activities [5–9].
In particular, physalins are well-known anti-inflammatory and im-
munosuppressant agents [10–13].

More specifically, physalins inhibit the production of several in-
flammatory mediators, such as nitric oxide, TNF-α, IL-6, and IL-12
[10,14,15]. Most of these effects are attributed to the inhibition
of NFκB activation, a transcription factor involved in the regulation
of several proinflammatory genes [12,15]. In addition, physalin F
is also known to have a potent antiproliferative effect on mouse
lymphocytes stimulated with Con A and on peripheral blood
mononuclear cells from patients with HTLV-1-associated myelop-
athy [11,16].

Despite the immunomodulatory potential or these com-
pounds, the purification of physalins is an expensive, time-con-
suming, and low-yielding process [17]. Because of these limita-
tions, the use of a standardized EEPA becomes an attractive and
viable alternative. The standardized ethanolic extract has proven
to be non-mutagenic and is effective against different Leishmania
species [17]. In addition, in a model of acute Chagas disease,
treatment with EEPA decreased blood parasitemia and increased
survival of infected mice [18]. In this context, the present work
aimed to investigate the immunomodulatory effect of EEPA, seek-
ing a new therapeutic alternative useful in the treatment of nu-
merous inflammatory conditions.
Results
First, we determined the nontoxic concentrations of EEPA in peri-
toneal macrophages obtained from BALB/c mice. As shown in
▶ Table 1, EEPA presented a CC50 value of 6.9 µg/mL and did not
display cytotoxicity in concentrations equal to or below 4 µg/mL
(▶ Fig. 1a). Under the same conditions, gentian violet presented
a CC50 value of 0.2 µg/mL. Dexamethasone was not cytotoxic in
the tested concentrations. Based on that, subsequent tests were
done in concentrations not superior to 4 µg/mL.

The immunomodulatory effect of EEPA was initially evaluated
on cultures of peritoneal macrophages by analysis of nitric oxide
production. As expected, macrophage activation with LPS plus
IFN-γ increased the amount of nitrite production (▶ Fig. 1b).
Treatment with EEPA inhibited, in a concentration-dependent
manner, the production of nitrite (p < 0.05). Interesting, the inhib-
itory effect observed in cultures treated with EEPA at concentra-
tions of 4 and 2 µg/mL was equipotent to the effect observed in
cultures of activated macrophages treated with dexamethasone
at 4 µg/mL (▶ Fig. 1b).

For a better characterization of the anti-inflammatory effect of
EEPA on macrophage cultures, inflammatory cytokine levels were
quantified by the ELISA method. Macrophage stimulation using
LPS + IFN-γ induced a remarkable increase in the production of
TNF-α, IL-6, IL-10, and IL-12 (▶ Fig. 1c–f). Treatment with EEPA
significantly reduced (p < 0.05) the levels of TNF-α, IL-6, and IL-
12. Under the same conditions, dexamethasone (4 µg/mL) pro-
moted similar effects. Both EEPA and dexamethasone did not
modulate IL-10 production (▶ Fig. 1e).

To investigate the immunosuppressive activity of EEPA, the anti-
proliferative effect of the extract was first evaluated in cultures of
splenocytes stimulated with Con A. As shown in ▶ Fig. 2a, treat-
ment with EEPA did not affect spleen cell viability. In cultures of
splenocytes activated with Con A, treatment with the extract re-
duced lymphoproliferation in a concentration-dependent manner
(p < 0.05). EEPA, at 4 and 2 µg/mL, had an equipotent effect to
4 µg/mL dexamethasone (▶ Fig. 2b). Additionally, EEPA reduced,
in a concentration-dependent manner, the levels of IL-2, IL-6, and
IFN-γ by activated splenocytes (▶ Fig. 3a, c,e). In contrast, EEPA in-
duced a significant increase in IL-4 levels (▶ Fig. 3b) and did not
modulate IL-10 levels (▶ Fig. 3d), while dexamethasone signifi-
cantly reduced the levels of all cytokines evaluated (▶ Fig. 3).

Flow cytometry analysis was carried out in splenocyte cultures
in order to determine the effect of EEPA on cell cycle progression
and cell death. Treatment with EEPA induced, in a concentration-
dependent manner, cell cycle arrest on the G1 phase, accompa-
nied by an increase in the S phase (▶ Fig. 4a,d). An increase in
the number of cells in the pre-G1 phase was found in the groups
treated with EEPA (▶ Fig. 4a, c). Moreover, cell cycle arrest was ac-
companied by a concentration-dependent increase in Annexin V-
positive cells, a hallmark of apoptosis (▶ Fig. 4b,d).

To evaluate the acute toxicity of EEPA, single oral treatment of
EEPA to BALB/c mice (n = 6/group) at doses of 100 and 200mg/kg
was performed. Mice treated with EEPA did not show signs of tox-
icity, and no mortality was observed. We also measured serum
biochemical components in uninfected mice treated with EEPA
(▶ Table 2). In comparison to untreated mice, treatment with
EEPA did not change serum components.
Daltro SRT et al. In vitro and… Planta Med | © 2020. Thieme. All rights reserved.
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▶ Fig. 1 Effects of EEPA on macrophages in vitro. Mouse peritoneal exudate macrophages stimulated or not with LPS + IFN-γ were cultured in
the absence or presence of the ethanolic concentrated extract from P. angulata (EEPA; 4, 2, 1, or 0.5 µg/mL) or dexamethasone (Dexa; 4 µg/mL).
Cell viability (a) was determined by the Alamar Blue method. Cell-free supernatants were collected after 24 h for nitrite (b), IL-6 (d), IL-10 (e), and
IL-12 (f) quantification, or 4 h for TNF-α quantification (c). −Group of untreated and unstimulated cells. C-Group of untreated cells simulated with
LPS + IFN-γ. Values represent the means ± SEM of nine determinations obtained in three independent experiments. *** P 0.001 compared to
stimulated and untreated cells, ** p < 0.01 compared to stimulated and untreated cells, * p < 0.05 compared to stimulated and untreated cells,
# p < 0.05 compared to unstimulated and untreated cells, and $ p < 0.05 compared to dexamethasone-treated cells.
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▶ Fig. 2 Inhibition of lymphocyte proliferation by EEPA. a Cell viability was determined by PI staining after 72 h of treatment with the ethanolic
concentrated extract from P. angulata (EEPA; 4, 2, or 1 µg/mL). b Effect of EEPA (4, 2, or 1 µg/mL) or dexamethasone (Dexa; 4 µg/mL) on lympho-
proliferation induced by concanavalin A. Proliferation rates were assessed by 3H-thymidine incorporation. −Group of untreated and unstimulated
cells. C- Group of untreated cells but simulated with Con A. Values represent means ± SEM of nine determinations obtained in three independent
experiments. *** P < 0.001 compared to stimulated and untreated cells, # p < 0.05 compared to unstimulated and untreated cells, and $ p < 0.05
compared to dexamethasone-treated cells.
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▶ Fig. 3 Assessment of cytokine production by splenocytes treated with EEPA. Concentrations of IL-2 (a), IL-4 (b), IL-6 (c), IL-10 (d), and IL-12 (e)
were determined in cell-free supernatants from splenocyte cultures treated or not with the ethanolic concentrated extract from P. angulata (EEPA;
4, 2, or 1 µg/mL) or dexamethasone (Dexa; 4 µg/mL) in the presence of concanavalin A (Con A; 5 µg/mL) for 48 h. Cell-free supernatants were then
collected for cytokine measurement by ELISA. −Group of untreated and unstimulated cells. C- Group of untreated cells but simulated with Con A.
Values represent the means ± SEM of nine determinations obtained in three independent experiments. *** P < 0.001 compared to stimulated and
untreated cells, ** p < 0.01 compared to stimulated and untreated cells, * p < 0.05 compared to stimulated and untreated cells, # p < 0.05 com-
pared to unstimulated and untreated cells, and $ p < 0.05 compared to dexamethasone-treated cells.
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Next, the anti-inflammatory effect of EEPA was evaluated in a
mouse model of acute peritonitis induced by carrageenan. In the
vehicle-treated group, pretreatment with EEPA at doses of 100
and 50mg/kg caused a reduction of 88.5 and 72.3% in the num-
ber of neutrophils, respectively, while dexamethasone at 25mg/
kg induced a 99.7% reduction (▶ Fig. 5a).

Finally, we investigated the effects of EEPA in a BSA-induced
DTH reaction model in BALB/c mice. Following sensitization, mice
were treated with EEPA or dexamethasone and the thickness of
the paws was measured before and after challenge. As shown in
▶ Fig. 5b, treatment with 100mg/kg of EEPA, but not 50mg/kg,
caused a significant reduction (p < 0.05) of paw edema. Under the
same conditions, dexamethasone (25mg/kg) also promoted a
significant reduction in paw edema (▶ Fig. 5b).
Discussion
Natural products, such as physalins, which have a broad spectrum
of action, are of interest for pharmacological development [8,10,
19]. Due to the high cost and low yield of the production of pure
physalins, the use of a standardized extract may be an alternative
[17]. In this context, the present work investigated the immuno-
modulatory effect of a standardized ethanolic extract of P. angula-
ta in experimental models in vitro and in vivo. We demonstrated
here the immunomodulatory potential of EEPA, in vitro and in vivo,
in down-modulating both macrophage and lymphocyte func-
tions. Importantly, the preparation was nontoxic, indicating a safe
profile.

Macrophages play numerous roles in immune responses, in-
cluding the production of several inflammatory mediators that
act in the induction and resolution of inflammation [20]. Among
these are proinflammatory molecules, such as IL-6, IL-12, TNF-α,
and nitric oxide, which play important roles in inflammatory
processes [20]. IL-6 is a key cytokine in the production of acute
inflammation proteins [21]. IL-12 acts mainly by inducing an in-
crease in the production of IFN-γ by lymphocytes and inducing a
Th1-type response [22]. TNF-α is considered a “master regulator”
of proinflammatory responses, since it plays a critical role in the
recruitment and activation of macrophages and lymphocytes, as
well as in the production of other inflammatory molecules [23].
Nitric oxide, when produced in excess, promotes vasodilation,
vascular permeability, and edema, classic signs of acute inflam-
mation [24]. The production of these inflammatory mediators
was suppressed by treatment with EEPA in a concentration-de-
pendent manner. The results obtained in in vitro experimental
models corroborate with the potent anti-inflammatory effect of
Daltro SRT et al. In vitro and… Planta Med | © 2020. Thieme. All rights reserved.



▶ Table 2 Assessment of biochemical parameters in sera from BALB/c mice after 24 h of treatment with the EEPA.

Parameters Vehicle EEPA

200mg/kg 100mg/kg

ALK PHOS (U/L) 190.8 (± 20.5) 216.4 (± 14.5) 194.8 (± 23.5)

AST (U/L) 199 (± 42.2) 172.5 (± 52.2) 230 (± 26.9)

ALT (U/L) 38.2 (± 27.9) 39.6 (± 13.7) 46.5 (± 16.1)

AML (U/L) 1359 (± 56.4) 1547 (± 95.1) 1507 (± 100.1)

BUN (mg/dL) 18.6 (± 6.3) 19.3 (± 4.5) 26.3 (± 2.7)

GLU (mg/dL) 223 (± 17.2) 244.5 (± 19.7) 241.3 (± 40.0)

PHOS (mg/dL) 15.7 (± 1.0) 14.9 (± 1.2) 14.4 (± 0.4)

Ca+2 (mg/dL) 9.3 (± 0.6) 9.2 (± 0.7) 9.3 (± 0.4)

CHO (mg/dL) 88.6 (± 5.7) 94 (± 15. 8) 87.8 (± 19)

URIC (mg/dL) 1.2 (± 0.5) 1.1 (± 0.1) 1.1 (± 0.1)

TPRO (mg/dL) 5.2 (± 0.2) 5.2 (± 0.4) 5.3 (± 0.2)

ALB (g/dL) 3.4 (± 0.2) 3.4 (± 0.3) 3.6 (± 0.3)

GLOB (g/dL) 1.6 (± 0.4) 1.7 (± 0.2) 1.7 (± 0.1)

ALB/GLOB 2.3 (± 0.7) 2 (± 0.2) 1.8 (± 0.6)

Animals were treated orally with a single dose of EEPA (200 or 100mg/kg) or vehicle (10%of DMSO in saline) 24 h before biochemical analysis. ALB: albumin,
ALK PHOS: alkaline phosphatase, ALT: alanine aminotransferase, AML: amylase, AST: aspartate aminotransferase, BUN: urea, Ca+2: calcium, CHO: choles-
terol, GLU: glucose, PHOS: phosphorus, GLOB: globulin, TPRO: total proteins, URIC: uric acid
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▶ Fig. 4 Analysis of cell cycle progression and cell death after treatment with EEPA. Splenocytes activated with Con A were treated or not with the
ethanolic concentrated extract from P. angulata (EEPA; 4, 2, or 1 µg/mL) for 24 and 48 h for cell death determination and cell cycle analysis, re-
spectively. a The distribution and percentage of cells in pre-G1, G1, S, and G2/M phases of the cell cycle are indicated. b Representative dot plots
of untreated and treated activated splenocytes with EEPA (4 µg/mL). c ercentage of cells in the G1 phase of the cell cycle. d Percentage of stained
cells for Annexin V after 24 h of treatment with EEPA. Values represent the means ± SEM of nine determinations obtained in three independent
experiments. *** P < 0.001 compared to stimulated and untreated cells, ** p < 0.01 compared to stimulated and untreated cells, and * p < 0.05
compared to stimulated and untreated cells.

Daltro SRT et al. In vitro and… Planta Med | © 2020. Thieme. All rights reserved.

D
ow

nl
oa

de
d 

by
: n

ul
l. 

C
op

yr
ig

ht
ed

 m
at

er
ia

l.



EEPA (mg/kg) EEPA (mg/kg)

50 50

***

#

100 100

***

*

Dexa Dexa

***

**

Vehicle VehicleNaive

***

a b

N
e

u
tr

o
p

h
il

s/
3

0
0

ce
ll

s

E
d

e
m

a
si

ze
(m

m
)

200

150

100

50

0

0.8

0.6

0.4

0.2

0
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EEPA observed in a carrageenan-induced murine model of perito-
nitis.

In agreement with these data, the aqueous extract formulated
from roots of P. angulata also induced a potent anti-inflammatory
effect in a rat model of carrageenan-induced peritonitis, where it
significantly reduced the exudate volume, number of inflamma-
tory cells, and production of nitric oxide and prostaglandin E2
[25]. Some physalins, such as B and F, also have a potent inflam-
matory effect on activated macrophages, inhibiting the produc-
tion of IL-6, IL-12, TNF-α, and nitric oxide [10]. The anti-inflamma-
tory effect of physalins B and F was also demonstrated in a mouse
model of endotoxic shock, where pretreatment with these mole-
cules reduced serum levels of TNF-α and protected the animals
against a lethal dose of LPS [10]. Altogether, these data reinforce
the potential use of P. angulata for the treatment of inflammatory
conditions, considering that extracts and pure substances ob-
tained from this plant act on important inflammatory mediators
produced by activated macrophages.

Although there are several reports about the anti-inflamma-
tory activity of extracts or fractions obtained from P. angulata, lit-
tle is known about the effects of these samples on lymphocyte
function. In the present work, we showed that EEPA is a potent in-
hibitor of lymphocyte proliferation. In fact, the antiproliferative
effect of physalins purified from P. angulata has been previously
reported [11,16,26,27]. In particular, physalin F has potent
antiproliferative effects on different tumor cell lines, including
acute T and B lymphoid leukemia cells lines, PBMC from patients
with HTLV-1-associated myelopathy, and mouse spleen cells stim-
ulated with Con A [1,11,16]. The antiproliferative activity of phys-
alin F and other natural products from P. angulata may be due to
cell cycle alterations followed by cell death by apoptosis [16,27,
28]. Interestingly, in the present study, a similar pathway of cell
death was observed in lymphocytes treated with EEPA. In addi-
tion, EEPA reduced the production of Th1-type cytokines (IL-2,
IL-6, and IFN-γ) and increased a Th2 type cytokine (IL-4). Similar
effects were obtained with physalin B and with withangulatin A
in activated spleen cells [11,29]. Altogether, these data suggest
that the modulation of the Th1/Th2 balance in mouse T lympho-
cytes by natural products from P. angulata might be an important
component of their immunosuppressive effects.

Finally, we observed a reduction of paw edema in a mouse
model of BSA-induced DTH. Previous studies also detected the
potential use of P. angulata for the treatment of inflammatory dis-
eases mediated by T lymphocytes [11]. Physalins B, F, and G dem-
onstrated potent immunosuppressive activity in a mouse model
of acute allogeneic transplant rejection and type II collagen-in-
duced arthritis [11,13]. Moreover, treatment with EEPA did not
modify critical hallmarks of toxicity, such as albumin (ALB) alanine
aminotransferase (ALT), alkaline phosphatase (ALK PHOS), aspar-
tate aminotransferase (AST), and urea (BUN) [30,31].

As a part of an ongoing search for immunomodulatory agents
from natural products, we validated EEPA as a potent and selec-
tive immunomodulatory agent, acting by immunosuppressing
lymphocytes and macrophages, suggesting a strong potential of
the ethanolic extract of P. angulata as an alternative for the treat-
ment of immune-inflammatory diseases.
Materials and Methods

Preparation of the ethanolic extract
of Physalis angulata

P. angulata stems were collected during the drier season (from
June until November) in the city of Belém, Pará, Brazil. Plant iden-
tification was performed by Dr. Lucia Carvalho from the Botanical
Garden of Rio de Janeiro. A voucher specimen (voucher number
15) was deposited in the Herbarium of the Department of Physiol-
ogy from the University Federal of Pará. EEPA was prepared ac-
cording to the methodology previously described [17]. A chemical
profile of the extract, previously characterized, revealed four main
Daltro SRT et al. In vitro and… Planta Med | © 2020. Thieme. All rights reserved.
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compounds: physalins B, D, F, and G. Using HPLC‑UV, it was possi-
ble to find approximately 0.84% of physalin B, 0.90% of physalin
D, 0.37% of physalin F, and 0.36% of physalin G in every 100mg
of EEPA [17].

Drugs

Dexamethasone (Sigma-Aldrich), a synthetic glucocorticoid, was
used as a positive control in immunomodulatory assays. Gentian
violet (Synth) was used as a positive control in the cytotoxicity as-
says. All compounds were dissolved in DMSO (PanReac) and di-
luted in DMEM (Life Technologies, GIBCO‑BRL) for use in the in vi-
tro assays. The final concentration of DMSO was less than 0.1% in
all in vitro experiments and less than 10% in all in vivo experiments.

Animals

Male BALB/c mice (6 to 10 weeks old) were provided by the animal
breeding facility of Gonçalo Moniz Institute and maintained in
sterilized cages under a controlled environment, receiving water
ad libitum and a balanced diet for rodents at the Gonçalo Moniz
Institute (Oswaldo Cruz Foundation, Bahia, Brazil). All animal ex-
periments and procedures were approved (April 7, 2016) by the
institutionʼs committee on the ethical handling of laboratory ani-
mals (approved number: L‑IGM‑018/15).

Cytotoxicity to mammalian cells

Peritoneal exudate macrophages were obtained by washing, with
cold DMEM medium, the peritoneal cavity of BALB/c mice 4–
5 days after injection of 3% thioglycolate (Sigma-Aldrich) in saline
(1.5mL per mice). Cells were plated into 96-well plates at a cell
density of 1 × 105 cells/well in DMEM medium supplemented with
10% FBS (GIBCO) and 50 µg/mL of gentamicin (Life) and incu-
bated for 24 h at 37 °C and 5% CO2. After that time, each sample
was added (10–0.04 µg/mL), in triplicate, and incubated for 72 h.
Then, 20 µL/well of Alamar Blue (Invitrogen) were added to the
plates for 10 h. Colorimetric readings were performed at 570 and
600 nm. Gentian violet was used as a positive control at the same
concentrations. CC50 values were calculated using data from three
independent experiments.

A second set of experiments was performed using peritoneal
macrophages activated with LPS (500 ng/mL; Sigma-Aldrich) and
IFN-γ (5 ng/mL; Sigma-Aldrich). Cells were seeded into 96-well
plates at a cell density of 2 × 105 cells/well in DMEM supplemented
with 10% FBS and 50 µg/mL of gentamicin and incubated for 24 h
at 37 °C and 5% CO2. EEPA (4, 2, 1, or 0.5 µg/mL) was then added
in triplicate and incubated for 24 h, followed by the addition of
20 µL/well of Alamar Blue. After incubation of the plates for 10 h,
the colorimetric readings were performed at 570 and 600 nm.

Finally, cell viability on splenocytes was also evaluated. For this
purpose, splenocytes (5 × 106 cells/well) were seeded in 24-well
plates, in triplicate, in the absence or presence of different con-
centrations of EEPA (4, 2, or 1 µg/mL). After 72 h of incubation,
cells were centrifuged, and the pellet was washed twice with cold
PBS and labeled with PI (2 µg/mL) in the dark at 37 °C for 30min.
The cell preparations were analyzed using a FACS Calibur flow cy-
tometer (Becton Dickinson). A total of 10000 events were ac-
quired and data were analyzed using FlowJo software (Tree Star).
Daltro SRT et al. In vitro and… Planta Med | © 2020. Thieme. All rights reserved.
Macrophage cultures

Peritoneal exudate macrophages were plated in 96-well plates at
2 × 105 cells/well in DMEM medium supplemented with 10% of
FBS and 50 µg/mL of gentamicin for 24 h at 37 °C and 5% CO2.
Cells were then stimulated with LPS (500 ng/mL) and IFN-γ (5 ng/
mL) in the absence or presence of samples at different concentra-
tions (4, 2, 1, and 0.5 µg/mL) and incubated at 37 °C. Cell-free
supernatants were collected at 4 h (for TNF-α measurement) and
24 h (for IL-6, IL-10, IL-12, and nitrite quantifications) and kept at
− 80 °C until use.

Splenocyte cultures

For lymphoproliferation assays, BALB/c splenocyte suspensions
were prepared in DMEM medium supplemented with 10% of FBS
and 50 µg/mL of gentamicin. Splenocytes (1 × 106 cells/well) were
plated in 96-well plates, in triplicate, and stimulated or not with
Con A (2 µg/mL; Sigma-Aldrich). To evaluate the lymphoprolifera-
tion, splenocytes were activated in the absence or presence of
various concentrations of EEPA (4, 2, 1, or 0.5 µg/mL). After 48 h
of incubation, 1 µCi of 3H- thymidine was added to each well, in-
cubated for 18 h and read, as described above. Cell proliferation
was measured as the percent of 3H-thymidine incorporation for
treated cells in comparison to untreated cells. Dexamethasone
was used as a positive control.

Splenocytes from BALB/c mice were also plated into 24-well
plates at a cell density of 5 × 106 cells/well in DMEM medium sup-
plemented with FBS containing or not 5 µg/mL of Con A in the ab-
sence or presence of different concentrations of EEPA (4, 2, and
1 µg/mL). After 24 h, cell-free supernatants were collected and
kept at − 80 °C until use.

Assessment of cytokine and nitric oxide production

Cytokine concentrations in supernatants from peritoneal macro-
phages cultures collected at 4 h (for TNF-α) and 24 h (for IL-6, IL-
10, and IL-12) and from splenocyte cultures (IL-2, IL-4, IL-6, IL-10,
and IFN-γ) were determined by ELISA using DuoSet kits from R&D
Systems, according to the manufacturerʼs instructions. Nitric
oxide production was estimated in macrophage culture superna-
tants harvested at 24 h using the Griess method for nitrite quanti-
fication [32].

Flow cytometry analysis

Splenocytes from BALB/c mice were plated into 24-well plates at a
cell density of 5 × 106 cells/well in DMEM medium supplemented
with 10% FBS containing 5 µg/mL of Con A in the absence or
presence of different concentrations of EEPA (4, 2, and 1 µg/mL)
for 24 and 48 h for cell death determination and cell cycle analysis,
respectively. For cell death determination, cells were centrifuged
and then the pellet was washed twice with cold PBS and labeled
with PI and Annexin V using the Annexin V-FITC apoptosis detec-
tion kit (Sigma-Aldrich) according to the manufacturerʼs instruc-
tions. For cell cycle analysis, cells were stained with a solution of
PBS with PI (2 µg/mL), RNAase (100 µg/mL), and 0.1% of Triton
X‑100 in the dark at 37 °C for 30min. The cell preparations were
analyzed using a FACS Calibur flow cytometer. A total of 10000
events were acquired and data were analyzed using FlowJo soft-
ware.
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Toxicity in mice

Male BALB/c mice (6–8 weeks old; n = 6/group) were orally treat-
ed with EEPA (single administration) at doses of 200 and 100mg/
kg. Animals were monitored for signs of general toxicity, including
behavior and feeding, until 24 h after treatment. Heparinized
blood samples were collected after 24 h of treatment, centrifuged
for 3min to separate out from cells, and then serum components
were analyzed using the Analyst (Hemagen) platform system.

Induction of acute peritonitis in mice

Male BALB/c mice (8–10 weeks of age; n = 6/group) were random-
ized into four groups and treated orally with EEPA (100 or 50mg/
kg), dexamethasone (25mg/kg), or vehicle (10% of DMSO in sa-
line) 24 and 1 h before challenge. Next, animals were challenged
with a 250 µL injection of carrageenan (1mg/mL; intraperitoneal
route). After 4 h, the animals were euthanized, and peritoneal
exudates were harvested by peritoneal lavage using 2.5mL of sa-
line solution. Cells were centrifuged at × 400 g for 10min at 4 °C.
The pellet was resuspended in saline (1mL). Total leukocytes in
peritoneal fluid were determined in a Neubauer chamber after di-
lution in Trypan blue stain. Differential counting of neutrophils
was carried out in rapid panotype-stained cytospin preparations.
A differential count of 300 cells was made in a blinded fashion
and according to standard morphologic criteria.

Delayed-type hypersensitivity assay

Male BALB/c mice (8–12 weeks of age; n = 6/group) were sensi-
tized by injecting 50 µg of crystallized BSA (Sigma-Aldrich) emul-
sified in 20 µL of complete Freundʼs adjuvant (CFA; Sigma-Aldrich)
subcutaneously into each side of the base of tail. Seven days later,
animals were randomized into four groups and treated with EEPA
(100 or 50mg/kg), dexamethasone (25mg/kg), or vehicle (10%
of DMSO in saline) by the oral route 24 and 3 h before challenge.
DTH was elicited by injection of 30 µL of a 2% suspension of heat-
aggregated BSA in saline subcutaneously into the footpad, ac-
cording to a previously reported method [33]. Before challenge
and at 3 h post-challenge, footpad thickness was measured with
a digital caliper and the extent of swelling was calculated by sub-
tracting the thickness of the footpad after challenge from that be-
fore challenge.

Statistical analyses

To determine the CC50 of BALB/c mice macrophages, we used
nonlinear regression. One-way analysis of variance and Newman-
Keuls multiple comparison tests were employed by using Graph
Pad Prism version 5.01 (Graph Pad Software). Differences were
considered significant when the values of p were < 0.05. The data
are representative of at least two or three experiments.
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