
Vol.:(0123456789)1 3

Inflammopharmacology (2021) 29:423–438 
https://doi.org/10.1007/s10787-019-00645-x

ORIGINAL ARTICLE

Effect of the metanolic extract from the leaves of Garcinia humilis Vahl 
(Clusiaceae) on acute inflammation

Roberta Nunes1 · Milena Fronza Broering1 · Renata De Faveri2 · Fernanda Capitanio Goldoni2 · 
Luisa Nathália Bolda Mariano1 · Pamela Cecília Müller Mafessoli3 · Franco Delle Monache1 · Valdir Cechinel Filho1 · 
Rivaldo Niero1 · José Roberto Santin1 · Nara Lins Meira Quintão1 

Received: 19 June 2019 / Accepted: 9 September 2019 / Published online: 24 September 2019 
© Springer Nature Switzerland AG 2019

Abstract
Garcinia humilis is popularly used to treat digestive, intestinal and inflammatory illness. We investigated the in vivo and 
in vitro effects of the methanol extract of G. humilis leaves (MEGh) on inflammatory cells behavior (migration and chemical 
mediators release) and hypersensitivity. Anti-inflammatory activity was investigated using carrageenan-induced inflammation 
in the subcutaneous tissue of male Swiss mice treated orally with MEGh (0.1–30 mg/kg). Leucocyte migration, chemical 
mediators secretion (TNF, IL-1β, IL-6 and CXCL1) and protein exudation were quantified in the exudate. The adhesion mol-
ecules expression (CD62L and CD18), chemical mediators and chemotaxis was evaluated using neutrophils or macrophages 
RAW.264.7 previously treated with the extract (1–100 µg/mL) and activated with LPS. The anti-inflammatory activity of 
the isolated compounds friedelin, canophyllol, amentoflavone and 3-desmethyl-2-geranyl-4-prenylbellidypholine xanthone 
(10 μM) was evaluated in macrophages nitric oxide (NO) and TNF release. MEGh, given orally (30 mg/kg), significantly 
reduced neutrophil migration and decreased TNF, IL-1β and CXCL1 levels, without interfering with protein exudation and 
IL-6. In vitro, the extract significantly reduced IL-1β and IL-6 levels but did not alter TNF and CXCL1. The MEGh also 
reduced the expression of CD62L and CD18 and consequently neutrophil chemotaxis. The compounds friedelin, amentof-
lavone and 3-demethyl-2-geranyl-4-prenylbellidypholine xanthone decreased the secretion of NO and TNF by RAW264.7. 
The MEGh effects were extended to the pain-like behaviour induced by carrageenan in the mice hindpaw. MEGh presented 
important anti-inflammatory effects probably due to its activity on neutrophil migration and on important chemical mediator 
release, scientifically reinforcing its use as medicinal plant.
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Introduction

Inflammation is a pathophysiological response caused by 
infection or tissue damage, which consists of cellular and 
molecular events to eliminate the causative stimulus and 
return to homeostasis. In response to injury, leukocytes, 

primarily neutrophils, are recruited to the inflammatory 
focus. These cells release pro-inflammatory mediators, such 
as cytokines and chemokines, which attract other inflamma-
tory cells and assemble effector functions to destroy patho-
gens (Savill et al. 2002; Pantarelli and Welch 2018).

Extravasation of leukocytes to the damaged tissue 
requires adhesion of these cells to the capillary endothe-
lium. This process is mediated by the sequential expression 
of glycoprotein receptors, termed adhesion molecules, which 
are expressed in leukocytes and in endothelial cells. The first 
class of adhesion molecules involved in this process belongs 
to the selectins family (P, E and L-selectin), responsible for 
the leukocytes rolling on the surface of the endothelium. 
Endothelial cells express two types of selectins, called 
P-selectin (CD62P) and E-selectin (CD62E). A third selec-
tin, termed L-selectin (CD62L), is expressed on the surface 
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of leukocytes. This glycoprotein serves for the binding of 
leukocytes to endothelial cells that are activated by inflam-
matory mediators during inflammation. After activation, 
L-selectin is cleaved into inactive fragments by membrane 
metalloproteases, such as ADAM17 (Uchimura and Rosen 
2006; Geng et al. 1990; Smith 2007; Ley et al. 2007; Freire 
and Van Dyke 2013).

Leukocyte arrest is mediated by the activation of G 
protein-coupled receptors (GPCRs) by inflammatory 
chemokine’s, which mediate the activation of integrins, 
another class of adhesion molecules. The most impor-
tant subfamily in neutrophils is the β2-integrin family. 
β2-integrin is expressed on the surface of leukocytes and 
binds to glycoproteins expressed on the endothelial surface, 
including ICAM-1 or VCAM-1. This binding allows the 
reduction of the leukocyte rolling speed, firm adhesion of 
the leukocytes to the endothelium, as well as alteration of 
the cells compliance, and then transmigration to the focus 
of the lesion (Ghandour et al. 2007; Williams et al. 2011; 
Herter and Zarbock 2013).

During the inflammatory process, the presence of pain is 
also common, which is resulted basically from the interac-
tion between damaged tissue and peripheral sensory neu-
rons through the activity of inflammatory mediators, such 
as cytokines and chemokines, which are known for sensitiz-
ing the nociceptive response (Patapoutian et al. 2009; Grace 
et al. 2014).

Garcinia humilis, popularly known as “achachairu” 
comes from the region of Santa Cruz-Bolivia, but very well 
adapted in the southern region of Brazil. In Brazil, the G. 
humilis is little known and sometimes confused by the lay 
public with fruits of other species, such as bacuripari and 
bacurizinho. In folk medicine, fruits and leaves are used as 
healing, digestive and laxative and in treatment of rheuma-
tism, gastric ulcer and inflammation (Dal Molin et al. 2012; 
Marques et al. 2012).

Data from the literature demonstrate the great potential 
of the Garcinia genus, highlighting the anti-inflammatory 
activity (Martins et al. 2008), antiproliferative (Cao et al. 
2007) and antimalarial (Konziase 2015). Despite the popular 
use, the species G. humilis has few studies, the methanolic 
extract of the seeds of G. achachairu (now called G. humilis) 
from which a new phenolic compound called Guttiferona A 
was extracted, was active against pain in models induced by 
formalin, capsaicin, glutamate and carrageenan (Dal Molin 
et al. 2012). In addition, it presented gastroprotective effects 
against some ulcer models in mice (Niero et al. 2012). The 
methanolic extract of the seeds also has xanthones with a 
gastroprotective effect (Mariano et al. 2016a, b) and anti-
proliferative effect against breast, prostate and kidney cancer 
cell lines (Mariano et al. 2016a, b).

Acute inflammation is associated with several patholo-
gies and if not properly treated can progress to chronic state 

leading to loss of function. Although extracts of G. humilis 
and some of its isolated compounds have been subjected 
to some pharmacological studies, there is no report in the 
literature of the effects of the extract of G. humilis’ leaves on 
acute inflammation and inflammatory pain. Thus, the present 
work aimed to investigate the anti-inflammatory and antino-
ciceptive activity of the extract obtained from G. humilis’ 
leaves using in vivo and in vitro methodologies, aiming to 
confirm the ethnopharmacological use of this herbal product 
to treat inflammatory and painful processes.

Materials and methods

Drugs and reagents

Indomethacin, Morphine (Dimorf®), Lipopolysaccharide 
from E. coli (Sigma), Carrageenan-λ (Sigma), Ketamine 
and xilazyne (Vitrocell, Campinhas, SP, Brazil), Filter 
(TPP Spritzen-Syringe-Filter 0.22 μm), Phosphate buffered 
saline (PBS) Sodium Chloride (NaCl), May-Grünwald Dye 
(New Prov, Brazil), Giemsa Dye (New Prov), Formaldehyde 
(Quemis), DMEM (Dulbecco’s Modified Eagle Medium), 
Oyster Glycogen (Sigma Aldrich), Bradford), Tetrazolium 
thiazolyl bromide (Sigma-Aldrich), Agarose (Invitrogen ™), 
Hank’s Balanced Salt solution (HBSS) (Sigma Aldrich, St. 
Louis, MO, USA), Anti-CD62L and anti-CD18 monoclonal 
antibodies (BD Pharmingen™), anti-CD62L-phycoerythrin 
(PE), anti-CD18-fluorescein-isothiocyanate (FITC), Fibro-
blast L929 murine NCTC lineage, Mouse antibody TNF, 
IL-1β, IL-6 and CXCL1/KC (R&D Systems - DuoSet®).

Chromatographic conditions and apparatus

Column silica gel (E. Merck; 70–230 mesh) and flash silica 
gel (E. Merck; 230–400 mesh) were used for open column 
chromatography. The purity of the isolated compounds was 
examined by thin layer chromatography (TLC) using Merck 
silica gel pre-coated aluminum plates (thickness = 200 µm) 
on different solvent systems with increasing of polarities. 
Plates were visualized under UV at 254 and 366 nm and 
by spraying with anisaldehyde sulphuric or FeCl3 reagents. 
1H NMR spectra were recorded on a Bruker AV-300 at 
300 MHz, while the 13C NMR were recorded on a 75 MHz 
spectrometer in CDCl3 or CD3OD. Chemical shifts (δ) and 
coupling constants were expressed in ppm Hz, respectively. 
All the reagents and solvents used were of analytical grade.

Plant material

G. humilis leaves was collected in Camboriú City, SC, Bra-
zil (Latitude 27°04′24.7′′S and longitude 48°42′45.1′′W) in 
August 2010 and identified by Dr. Oscar B. Iza (University 
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of Vale do Itajaí). The material was collected on private 
which does not require specific permissions and does not 
involve endangered or protected species. A voucher speci-
men was deposited at the Barbosa Rodrigues Herbarium 
(Itajaí-SC) under number HBR 52,637.

Extraction and isolation

The extraction and isolation were carried out as described 
by Mariano et al. (2016a, b) with minor modifications. 
Briefly, air-dried powdered leaves (1.5 kg), were extracted 
with methanol (3L) at room temperature for seven days. The 
extracted portion was concentrated under reduced pressure 
in a rotatory evaporator, yield a dark-brown residue (135 g; 
8.62%). All the extract was suspended in a methanol:water 
(65:35) mixture (500 mL) and subjected to liquid–liquid 
partition using solvents of increasing polarity: dichlo-
romethane and ethyl acetate (300 mL; 4 × each), yielding 
(25.12 g; 20%) and (22.68 g;18.1%), respectively. Part of 
the soluble dichloromethane fraction (10 g) was subjected 
to open column chromatography (OCC) and eluted with 
dichloromethane:methanol (100:0 0:100) in increasing order 
of polarity to afford 168 fractions. Ethyl acetate fraction was 
subjected to a similar chromatographic method as mentioned 
above, furnishing 132 factions.

HPLC–UV analysis

A Shimadzu LC-10AD LC system (Shimadzu, Tokyo, 
Japan) consisting of a binary pump and a Shimadzu SPD-
M10A photodiode array detector were used. Injections (20 
μL) were carried out on a Phenomenex® (Torrance, Cali-
fornia, USA) Luna C18, 5 μm (250 × 4.6 mm) column at 
30 °C with detection at 300 nm, adapting the methodol-
ogy previously developed (Dutra et al. 2014). The mobile 
phase, at 1.0 mL/min, consisted of methanol (A) and pH 
3.0 water acidified with phosphoric acid 0.5% (B) accord-
ing to the following gradient (A:B v/v): 40:60 (0–40 min); 
100 (40–45 min); 60:40 (45–50 min keeping until 50 min). 
Methanol extract was dissolved in 1:1 v/v of methanol:water 
pH 3.0 with phosphoric acid and a diluted to 2.5 mg mL−1 
solution.

Animals

Male Swiss mice (20–30 g) were obtained from the Central 
Animal House from Universidade do Vale do Itajaí (UNI-
VALI). The animals were kept in enriched environment with 
controlled temperature (22 ± 1 °C), humidity (40–60%) in 
cycles of 12 light/12 h dark, with food and water provide 
ad libitum. The animals were acclimated for a period of 
5 days before the experiments. During experimental proce-
dures, animals were anaesthetized with ketamine (150 mg/

kg, i. p.) and xylazine (15 mg/kg i. p.) to avoid any stress 
condition. All procedures were performed according to the 
Brazilian Society of Science of Laboratory Animals guide-
lines for the proper care and use of experimental animals. 
All experiments were approved by local ethics committee 
(protocol CEUA #061/17).

In vivo leukocyte migration: air pouch model

The air pouches were produced on the back of the mice 
according to the procedure described by Sedwick (1986) and 
Jain and Parmar (2011). Initially, 3 mL of sterile air were 
inflated into the dorsal subcutaneous tissue of previously 
anesthetized mice using a filter (TPP Spritzen-Syringe-
Filter 0.22 µm). Three days later, further 3 mL of sterile air 
were inflated. Six days after the first injection, the animals 
were orally pre-treated with G. humilis extract (0.1, 1, 10 or 
30 mg/kg) diluted in PBS, indomethacin (30 mg/kg, positive 
control) diluted in PBS or phosphate-buffered saline (PBS, 
negative control). One hour after the treatments, a solution 
of carrageenan (1%; 3 mL/cavity) was injected directly into 
the air pouch. Naïve animals received only PBS and anesthe-
sia for collection of exudate washing, without pharmacologi-
cal treatments. Four hours later, a small incision was made 
in the air pouch. The inflammatory infiltrate was collected 
washing the cavity with 2 mL of sterile PBS. The sample 
was centrifuged at 600g for 10 min at 4 °C. Cells were 
counted using Neubauer chamber (Fig. 1). Differential cell 
counting was performed manufacturing slides stained with 
Giemsa dye following the manufacturer’s recommendation. 
Hundred cells per slide were counted to obtain the absolute 
number and then the relative number of migrated polymor-
phonuclear cells was calculated. Results were expressed as 
total number of cells/mL. The exudate was submitted to the 
ELISA protocol for cytokines quantification and the pro-
tein concentration was measured in a spectrophotometer at 
590 nm using the Bradford reagent and bovine albumin was 
used as standard (Bradford 1976).

The air pouch lining tissue was collected for histologi-
cal analysis and preserved in formaldehyde solution until 
the blades were made. The preparation consisted of inser-
tion of the tissue fragment into a cassette. The sample then 
underwent a dehydration process for 1 h first in 70% alcohol, 
followed by 96% alcohol and finally absolute alcohol. Subse-
quently, the sample was placed in xylol and then in paraffin 
bath. After this process, the cassette with the sample was 
placed in the equipment called a microtome where serial cuts 
were made between 3 or 4 microns and the tape produced in 
this process was placed in a water bath with a temperature 
of approximately 56 °C. After stretching the tape in the bath, 
the required number of fragments were removed and these 
were placed on the slide. Xylol, hematoxylin and eosin were 
used for the staining of the slides. The stained samples were 
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covered with a cover slip and the microscopic evaluation 
was performed under an optical microscope on the 4, 10 
and 40 × objectives.

In vitro anti‑inflammatory effects

LPS‑stimulated neutrophil

Neutrophils were obtained from Swiss male mice 4 h after i. 
p. injection of 3 mL of PBS solution containing sterile oyster 
glycogen 1%. After this period, the animals were anesthe-
tized with ketamine (150 mg/kg i. p.) and xylazine (15 mg/
kg i. p.), and the cells were collected by rinsing the abdomi-
nal cavity with 3 mL of sterile PBS. The number of viable 
cells (98%) was counted in Neubauer chamber using a light 
microscope (Olympus) by the Trypan blue exclusion test.

The cells were incubated with DMEM medium in the 
presence or absence of LPS (5 µg/mL) and treated simulta-
neously with G. humilis (0.1, 1, 10 or 100 µg/mL) diluted 
in DMEM medium for 18 h. Control cells were treated only 
with DMEM. Then, 10 µL of neutrophil suspension from 
each well were mixed with 10 µL of 0.4% trypan blue solu-
tion. The sample (10 µL) was placed in Neubauer chamber, 
and 200 cells were counted to calculate the percentage of 
viable cells. The supernatant was then collected and kept 
frozen (− 80 °C) until analysis of cytokine and NO levels.

In vitro chemotaxis assay

The assay was performed using the methodology described 
by Nelson et al. (1975) and modified by Heit and Kubes 
(2003). Neutrophils obtained as previously described were 
used for the assay. Agarose gel was prepared in the following 
proportions: agarose (1.2%), HBSS (50%), and DMEM sup-
plemented with 20% FBS (50%). 3 mL of gel per well were 
placed in 6-well plates. After solidification, wells of 3.5 mm 
of diameter were made in line in the gel, at 2.4 mm between 

each well. fMLP was used as chemotactic agent at the con-
centration of 0.1 µM. Cells were treated with G. humilis 
extract (0.1, 1, 10 or 100 µg/mL) diluted in DMEM medium 
and then placed in the wells of both extremities at concen-
tration of 1 × 107 cells/mL. After 4 h into the cell incubator 
at 37 °C and 5% CO2, the number of cells that migrated 
towards the central well containing fMLP was counted.

Expression of adhesion molecules

The effect of G. humilis extract on expression of CD62L and 
CD18 by neutrophils was investigated by flow cytometry. 
Neutrophils were incubated in the absence or presence of 
G. humilis (1, 10 or 30 µg/mL) diluted in DMEM medium 
and simultaneously stimulated with LPS (5 µg/mL; for 1 h). 
Subsequently, cells were washed with cold PBS and incu-
bated with monoclonal antibody anti-CD62L conjugated 
with FITC, or anti-CD18 conjugated with PE at 4 °C during 
20 min in the dark. Cells were fixed by adding paraphor-
maldehyde solution (2%). Cells were analyzed on Accuri 
C6 flow Cytometer (Immunocytometry System, BD Bio-
science), and data from 10.000 events were obtained. The 
results were expressed as mean fluorescence intensity (MFI).

LPS‑stimulated macrophages

The murine RAW 264.7 macrophage cell line was purchased 
from the Bank of Cells from Rio de Janeiro (BCRJ, Rio 
de Janeiro, RJ, Brazil) and maintained in DMEM supple-
mented with 10% FBS, 100 μg/L streptomycin and 100 IU/
mL penicillin at 37 °C in a 5% CO2 atmosphere. The cell 
viability was evaluated by MTT method. The mitochondrial-
dependent reduction of MTT to formazan was used to meas-
ure cell respiration as an indicator of cell viability. Briefly, 
RAW 264.7 cells were seeded in 96-well plates at the den-
sity of 1 × 105 cells/well together with DMEM. After 24 h 
of incubation, the adhered cells were treated with friedelin, 

Fig. 1   Timeline of the procedure for the development of the air pouches. The experiment was realised in seven days. After the treatment, the 
inflammation was induced using carrageenan 1% and 4 h later the biological material was collected and analysed
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canophyllol, amentoflavone or 3-desmethyl-2-geranyl-4-pre-
nylbellidypholine xanthone (10 μM) diluted in DMEM. 
Twenty-four hours later, after changing the medium, MTT 
was added to a final concentration of 0.5 mg/mL, and the 
cells were incubated for 4 h at 37 °C and 5% CO2. The 
medium was then removed and the precipitate was solubi-
lized in DMSO.

In another set of experiment, the RAW 264.7 cells were 
seeded at a density of 1 × 105 cells well in 96 well plates 
and incubated for 24 h at 37 °C and 5% CO2. Then the 
aged media in each well were aspirated and replaced with 
fresh FBS-free DMEM media. The cells were treated with 
the extract G. humilis (10 µg/mL), friedelin, canophyllol, 
amentoflavone or 3-desmethyl-2-geranyl-4-prenylbel-
lidypholine xanthone (10 μM) prepared in FBS-free DMEM. 
After 1 h treatment, cells were stimulated with 1 μg/mL of 
LPS for 24 h. After 24 h the supernatant was removed to 
NO2

− and TNF levels evaluation.

Cytokines and NO2
− analysis

Samples of exudate collected from mice submitted to the 
air-pouch model and the supernatant obtained from the cell 
cultures were submitted to biochemical analysis (100 μl) to 
quantify IL-1β, TNF, IL-6 and CLXCL1 by ELISA assay 
following manufacturer’s instruction (R&D System).

Nitrite level in the culture supernatant was used as the 
measurement of NO production by neutrophils and mac-
rophages. Samples (100 µL) were incubated for 10 min with 
100 µL of Griess reagent (1% sulfanilamide, 0.1% naphthy-
lethylenediamine dihydrochloride in 5% phosphoric acid). 
The absorbance was determined at 540 nm using a multi-
well plate reader (SPECTROstar Nano - BMG Labtech). 
The amount of nitrite was calculated from sodium nitrite 
(NaNO2) standard curve and the results were reported as µM 
of NO2

− (Grisham et al. 1996).

Inflammatory hypersensitivity induced 
by carrageenan

For the induction of inflammatory pain, the mice received an 
i. pl. injection of 50 µL of carrageenan (300 µg/paw) on the 
plantar surface of the right hind paw. Initially, the animals 
were pretreated with G. humilis (1, 10 or 30 mg/kg) or indo-
methacin (5 mg/kg), 1 h prior to induction of hypersensitiv-
ity. The animals were then i.pl. injected with carrageenan 
and were evaluated for mechanical hypersensitivity using 
the von Frey monofilament at the intervals of 1, 3. 4, and 
6 h after carrageenan injection (Quintão et al. 2005; Cobos 
et al. 2012). All substances, including carrageenan, extract 
and indomethacin were diluted in PBS solution.

Locomotor activity assessment

To exclude possible nonspecific effects, mice treated with G. 
humilis (30 mg/kg, p. o.) or morphine (5 mg/kg, s. c.) were 
submitted to the open-field test 1 h after the treatments. The 
open-field apparatus consists of a transparent glass-circular 
arena, 60 cm in diameter and 50 cm in height, with the floor 
divided into 12 quadrants by intersecting lines drawn on 
its surface. The number of squares crosses with all paws 
(“crossings”) was counted in a 6 min session. The control 
mice received vehicle (Quintão et al. 2005).

Statistical analysis

The results obtained in the experiments were expressed as 
mean ± standard error of the mean (S. E. M.), except the 
DI50 values (doses of the drug that produced the response 
in 50% in relation to the control group), which are presented 
as the geometric mean accompanied by confidence limits 
at the 95% level. Inhibition percentages were quoted as the 
mean ± standard error of the mean of the difference (in per-
centage) between the areas under the curves obtained for 
each individual experiment relative to the corresponding 
control group. Data analysis was performed using the mul-
tiple-comparison variance (ANOVA) and, when necessary, 
the Tukey–Kramer or Dunett test was used as a post-test. 
All analyses were performed using the GraphPad PRISM® 
program (GraphPad Software, San Diego, CA, USA).

Results

Phytochemical profile and HPLC–UV analysis

Based on OCC procedures and TLC profiles, is was obtained 
four compounds: friedelin (1), canophyllol (2) and 3-deme-
thyl-2-geranyl-4-prenylbellidypholine xanthone (3) obtained 
from dichloromethane soluble fraction and amentoflavone 
(4) obtained from ethyl acetate soluble fraction. All sub-
stances were identified by NMR direct comparison data with 
those reported previously (Almeida et al. 2011; Nozaki et al. 
1986; Ricaldez et al. 2000; Torrico et al. 2008; Mariano 
et al. 2016a, b) (Fig. 2).

The benzophenone Guttiferone A was previously isolated 
from the G. humilis’ seed and, besides its biological effects, 
such as gastroprotection (Niero et al. 2012) and anti-hyper-
sensitivity (Dal Molin et al. 2012), it also caused important 
genotoxic effects in several tissues (Terrazas et al. 2013). 
As observed in Fig. 3b, the extract obtained by G. humilis’ 
leaves does not present Gutiferone A (Fig. 3a), represented 
by the peak appearing in the retention time 47 min (Fig. 3a).
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G. humilis inhibits in vivo neutrophil migration

The effects of different doses of G. humilis on neutrophil 
migration (in vivo) were evaluated in the dorsal subcutane-
ous tissue of Swiss mice during the action of carrageenan. 
The data presented in Fig. 4a demonstrates that G. humilis, 

at doses of 1, 10 or 30 mg/kg was able to reduce the migra-
tion of leukocytes to the air pouch when compared to the 
control group, with inhibition percentage of 93.10 ± 1.78% 
in the highest used dose (30 mg/kg). The ID50 value was 
9.07 (6.19–13.29) mg/kg. Indomethacin, a drug used as posi-
tive control, also reduced cell migration, with inhibition of 

Fig. 2   Molecular structures of 
the phyto-constituents presented 
in the extract of the G. humilis 
leaves, friedelin (1) canophyllol 
(2), 3-demethyl-2-geranyl-
4-prenylbellidypholine xanthone 
(3) and amentoflavone (4)

Fig. 3   HPLC–UV analysis of the methanol extract obtained from G. humilis leaves (a) demonstrating the absence of the compound Gutiferone A 
demonstrated in the (b) chromatographic profile presented below, with peak in 47 min of retention time
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89.8 ± 5.02%. Differential analysis of cells migrated to the 
air pouch demonstrated that the treatment with G. humilis at 
doses of ten or 30 mg/kg, as well as indomethacin, reduced 
the migration of leukocytes, specifically polymorphonuclear 
cells to the focus of the inflammation (Fig. 4b).

In order to verify the concentration of proteins in the 
extravascular space the concentration of total proteins in the 
lavage infiltrate was measured by Bradford method. The data 
obtained show that G. humilis did not alter protein concen-
tration in the exudate of the air pouch (Fig. 4c).

The histological analysis (Fig. 5) of air pouch lining tis-
sue demonstrated reduction of leukocytes to the inflamma-
tory tissue, as well as reduction of edema when compared 
to the control group.

In vivo G. humilis reduces TNF, IL‑1β and CXCL1 
levels, but not IL‑6

During the inflammatory process cytokines and inflam-
matory chemokines such as TNF, IL-1β, IL-6 and CXCL1 
contribute for the extension of the inflammatory process. In 
order to verify the secretion of these inflammatory media-
tors, the cytokine dosage was performed by the ELISA 

immunoassay. Treatment of animals with G. humilis (30 mg/
kg) was able to decrease the levels of TNF, IL-1β and 
CXCL1 (Fig. 6a, b, d) when compared to the control group, 
but without interference in IL-6 level (Fig. 6c).

G. humilis acts on the neutrophil secretion 
of cytokines and NO

To exclude possible cytotoxic effects of G. humilis extract, 
cell viability assays by the Trypan Blue technique and tetra-
zolium salt reduction (MTT) were performed. The extract 
of G. humilis did not produce cytotoxic effects on neutro-
phils and fibroblasts (data not shown). The interaction of 
neutrophils with resident cells, local inflammatory media-
tors and/or extracellular matrix lead to the production of 
several other mediators, including cytokines, degrading 
enzymes and reactive oxygen species, which can amplify 
the inflammatory response and damage the surrounding tis-
sue. The treatment of neutrophils with G. humilis was able 
to decrease the levels of IL-1β (Fig. 7b), IL-6 (Fig. 7c) and 
NO2

− (Fig. 7e), but did not interfere with the TNF (Fig. 7a) 
or CXCL1 (Fig. 7d) levels.

Fig. 4   Air pouches were induced in the dorsal subcutaneous tissue 
of Swiss mice. The animals were treated orally one hour before the 
injection of 2 mL of carrageenan (1%). The lavage of the inflamma-
tory infiltrate was collected 4 h after the injection of carrageenan into 
the air pouch. The determination of the (a) total number of exudate 
cells was performed on a Neubauer chamber and the (b) differen-
tial value was performed on smears stained by the May-Grunwald 

Giemsa method. (c) The protein concentration was measured in a 
spectrophotometer at 590 nm using the Bradford reagent and bovine 
albumin was used as standard. Values express the mean ± S.E.M. of 
tests performed with the inflammatory exudate obtained from six ani-
mals per group. *p < 0.05 and ***p < 0.001 vs control group signifi-
cantly different from naïve group #p < 0.001 (one-way ANOVA fol-
lowed by Tukey’s post hoc test)
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In vitro G. humilis reduce neutrophil chemotaxis 
and adhesion molecule expression

The assays for the evaluation of the anti-inflammatory 
activity in vivo evidenced the decrease in the migration of 
inflammatory cells. Considering that the process of neutro-
phil migration from the blood vessel to the damaged tissue 
requires the action of adhesion molecules, we evaluated the 
expression of L-selectin (CD62L) and β2-integrin (CD18) 
on the surface of neutrophils stimulated with LPS.

The obtained results showed that treatment with G. 
humiluis increased the percentage of neutrophils positive 
for L-selectin (CD62L) (Fig. 8b). However, they reduced 
the expression of β2-integrin (CD18) in neutrophils 

(Fig. 8c), demonstrating that the treatment with G. humilis 
was able to affect the expression of adhesion molecules, 
especially β2-integrin in neutrophils.

In addition to the action of the adhesion molecules for 
cell migration, the presence of a chemotactic agent is nec-
essary to attract the displacement of the neutrophil. To 
evaluate the direct action of G. humilis on the neutrophil 
locomotion properties, an in vitro chemotaxis induced by 
fMLP was performed.

Figure  8 demonstrated that the neutrophils signifi-
cantly responded to chemotactic agent, moving towards 
the fMLP. On the other hand, the neutrophils treated with 
G. humilis presented significant reduction in chemotaxis 
against fMLP, reducing cell migration (Fig. 8a).

Fig. 5   The air pouch liner was 
fixed in 10% formaldehyde for 
histological evaluation. The 
microscopic evaluation was 
performed under an optical 
microscope on the 4, 10 and 40 
×. Dotted black arrows indicate 
the thickness of the connec-
tive tissue. Red arrows indicate 
the presence of inflammatory 
infiltrate. Keys indicate adema 
in the connective tissue (color 
figure online)
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G. humilis and compounds isolated acts 
on the macrophages secretion of NO

To investigate the anti-inflammatory effects of G. humilis 
(10 µg/mL) and compounds friedelin, canophyllol, amentof-
lavone and 3-desmethyl-2-geranyl-4-prenylbellidypholine xan-
thone (10 μM), NO production was determined in the presence 
of the compounds in LPS-induced RAW 264.7 cells. When 
LPS was incubated with macrophages, the nitrite generation 
increased from the basal level after 24 h incubation (Fig. 9a 
and b). LPS-induced nitrite generation was significantly atten-
uated by G. humilis (10 µg/mL), friedelin (C1), amentoflavone 
(C3) and 3-desmethyl-2-geranyl-4-prenylbellidypholine xan-
thone (C4) at 10 μM (Fig. 9a and b). Regarding TNF secretion, 
only the 3-desmethyl-2-geranyl-4-prenylbellidypholine xan-
thone compound decreased levels of this cytokine (Fig. 9d). 
Is important to emphasize that G. humilis and all compounds 
did not cause cell cytotoxicity at 10 µg/mL and 10 uM (data 
not shown).

G. humilis reduced inflammatory hypersensitivity 
induced by carrageenan

Other important inflammation cardinal sign is the hyper-
sensitivity (pain). To establish the most effective dose of 
G. humilis and its time of action, the model of mechanical 
hypersensitivity induced by carrageenan was performed. 
The results presented in Fig. 10 demonstrate that all tested 
doses of G. humilis were capable of reducing the mechani-
cal hypersensitivity when compared to the control group, 
frequency of response (Fig.  10a, b) had an inhibition 
percentage of 54.62 ± 5.5% and the mechanical thresh-
old is an inhibition of 35.10 ± 3.87% in the highest used 
dose (30 mg/kg) Indomethacin, a drug used as a positive 
control, also reduced the carrageenan-induced sensitiza-
tion, with inhibition of 74.78 ± 5.95% on the frequency 
response and 56.3 ± 8.23% on the mechanical threshold.

Fig. 6   Air pouch were induced in the dorsal subcutaneous tissue 
of Swiss mice. The animals were treated orally one hour before the 
injection of 2  mL of carrageenan. The lavage of the inflammatory 
infiltrate was collected 4 h after the injection of carrageenan into the 
air pouch. The levels of a TNF b IL-1β c IL-6 and d CXCL1 were 
determined by the ELISA method according to the manufacture’s 

standards. Values express the mean ± S.E.M. of tests performed 
with the inflammatory exudate obtained from 6 animals per group. 
*p < 0.05, **p < 0.01 and ****p < 0.0001, vs control group signifi-
cantly different from naïve group #p < 0.001 (one way ANOVA fal-
lowed by Tukey’s post hoc test)



432	 R. Nunes et al.

1 3

G. humilis does not alter the locomotor activity 
of the animals

In order to verify a possible sedative or muscle relaxant 
effect of G. humilis, the open field test was performed. The 
results showed that the highest dose of G. humilis (30 mg/
kg) was not able to affect the locomotor activity of the 
animals (125.5 ± 17.6 number of crossings) when com-
pared with the control group (138.4 ± 10.8). On the other 
hand, the mice treated with morphine presented significant 
increase in the locomotor activity (187.8 ± 28.6).

Discussion

The results obtained in this study demonstrate that the 
in vivo and in vitro treatment with G. humilis leaf extract 
exerts effects on the neutrophil function, diminishing the 
migration of cells to the inflammatory focus, followed by 
the reduction of inflammatory mediators.

It is important to emphasize that although previous stud-
ies indicate that the compound Guttiferone A obtained from 
the seeds of G. humilis, when administered orally, produces 
genotoxic effects in leukocytes, liver, bone marrow and 

Fig. 7   Neutrophils were obtained from the peritoneal cavity of Swiss 
mice (1% oyster glycogen). Neutrophils (1 × 106) were incubated in 
the presence or absence of LPS (5  µg/mL) along with G. humilis 
(0.1, 1, 10 or 100 µg/mL). The levels of a TNF, b IL-1β, c IL-6 and 
d CLXL1 were determined by the ELISA method according to the 
manufacture’s standards. The quantification of nitrite was performed 

by Griess reaction (e). The values express the mean ± S.E.M. of tests 
performed with cell obtained from 8 animals in per group. *p < 0.05 
**p < 0.01 and ***p < 0.001 vs LPS group significantly different from 
basal group. #p < 0.001 (one way ANOVA followed by Tukey’s post 
hoc test)
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testicular and cerebral cells. The extract obtained from the 
leaves of G. humilis used in this study does not have this 
compound, assuring its use (Terrazas et al. 2013).

The effects of G. humilis on acute inflammation were 
evaluated through the induction of inflammatory process by 
carrageenan injection using the air pouch model. The results 
obtained showed that the treatment with the extract of G. 
humilis reduced, in a dose-dependent manner, the number 
of migrated leukocytes to the air pouch. These results cor-
roborate with studies already published for others species of 
Garcinia genus. Among them, G. kola (Olaleye et al. 2000), 
G. hambury (Pathong et al. 2007), G. mangostana (Chen 
et al. 2008), G. brasiliensis (Martins et al. 2008) and G. 
morella (Choudhury et al. 2018) demonstrated a pronounced 
anti-inflammatory effect in the carrageenan-induced paw 
edema model.

Based on the total leukocyte analysis, the differential 
analysis of the air pouch-migrated cells showed that the 
reduction of leukocytes is mainly marked by the decrease 
of polymorphonuclear cells (mainly neutrophils,) migration. 

From the air pouch lining tissue, histological analyses were 
performed to verify the reduction of cell migration, as well 
as the decrease of the connective tissue edema in compari-
son to the control group. It is known that edema formation 
is mediated mainly by increased vascular permeability, leu-
kocyte migration and protein production/exudation (Gordon 
et al. 2005). Although the extract of G. humilis decreased 
cell migration, the extract was not able to block the exuda-
tion of proteins, because the process of vasodilation still 
happens, allowing the extravasation of proteins.

The inflammatory process is characterized by the high 
production and release of inflammatory cytokines and 
chemokines, among which TNF, IL-1β, IL-6 and CXCL1 
play a prominent role. The results obtained show that the 
animals treated with extract of G. humilis had significant 
decrease of TNF, IL-1β and CXCL1, but not IL-6. TNF and 
IL-1β induce the production/secretion of other cytokines and 
chemokines, expression of adhesion molecules, angiogen-
esis and mediation of systemic inflammatory effects, such as 
fever, hypotension, and promotion of neutrophilia. CXCL1 is 

Fig. 8   For the chemotaxis assay (a), neutrophil cell suspension 
(1 × 107) was incubated with different concentrations of G. humilis (1, 
10 or 100 µg/mL) for 15 min and placed in front of the fMLP (1 µM) 
on an agarose plate. Cells were counted using inverted microscopy at 
20 × magnification. Quantification was made from the margin of the 
peripheral perforations towards the chemotactic agent (central per-
foration). For evaluation of the neutrophil adhesion molecules were 
obtained from the peritoneal cavity of Swiss mice (1% oyster glyco-
gen). Neutrophils (1 × 106) were incubated in the presence or absence 

of LPS (5 µg/mL) along with G. humilis (0.1, 1, 10 or 100 µg/mL). 
Quantification of adhesion molecule expression was assessed by 
labeling with (b) CD62L and (c) CD18 detection antibodies by 
the flow cytometry method. Values express the mean ± S.E.M of 
tests performed with cells obtained from eight animals per group. 
***p < 0.001 and ****p < 0.0001 vs LPS group significantly different 
from basal group #p < 0.001 (one way ANOVA followed by Turkey’s 
post hoc test)
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an important chemokine to attract polymorphonuclear cells 
to the inflammatory site. The reduction of TNF, IL-1β and 
CXCL1 directly implies in the progression of the inflam-
matory process, resulting in decrease of cell migration and 
production/secretion of inflammatory cytokines, contribut-
ing to the recovery of homeostasis (Tincani et al. 2007; Silva 
et al. 2017). IL-6 is released, in addition to neutrophils, by 
keratinocytes, fibroblasts and endothelial cells. This wide 
release by several cells justifies their increased levels in the 
in vivo model since in addition to inflammatory cells, other 
resident cells also release IL-6 (Sproston and Ashworth 
2018). Although IL-6 is considered a pro-inflammatory 
cytokine, evidence also indicates that, under certain condi-
tions, IL-6 has anti-inflammatory properties (Barton 1997; 
Xing et al. 1998).

To complete the in vivo findings, in vitro assays were 
also performed to evaluate the anti-inflammatory activity 
of the extract. Then, tests were performed using neutro-
phils recruited from mice and macrophages. For the in vitro 
assays, LPS was used to stimulate the inflammatory pro-
cess. LPS is capable of triggering important inflammatory 
response from the activation of toll-like receptors (TLRs) 

that are expressed on the neutrophil cell membrane. After 
specific activation of the TRL4 by LPS, activation of inflam-
matory pathways, especially that of NF-κB, occurs, trigger-
ing the gene expression of iNOS, TNF, IL-1β, IL-6 and 
other inflammatory mediators. In addition, LPS is capable of 
inducing adhesion molecules expression, which are respon-
sible for cell migration (Tucureanu et al. 2017; Naegelen 
et al. 2015).

In this context, the expression of the major adhesion mol-
ecules involved in cell migration, L-selectin and β2-integrin, 
was analyzed. Data obtained by flow cytometry showed that 
treatment with the extract of G. humilis alters the expression 
of CD62L. CD62L is exclusively expressed on the leukocyte 
membrane and mediates the rolling behavior of neutrophils 
in the vessel wall. This adhesion molecule becomes highly 
expressed in the cell membrane when hemodynamic changes 
occur by actions of inflammatory mediators. After the acti-
vation process, CD62L is cleaved by membrane metallo-
proteases, allowing the activation of CD18 (Uchimura and 
Rosen 2006). The obtained data demonstrate that the extract 
of G. humilis reduced the percentage of neutrophils positive 
for CD18. CD18 binds to different components of the cell 

Fig. 9   The murine macrophages strain RAW.264.7 was obtained from 
the Cell Bank of Rio de Janeiro (BCRJ, Rio de Janeiro, RJ, Brazil) 
and incubated in the absence of LPS (1  μg/mL) together with G. 
humilis (10 μg/mL) or friedelin (C1), canophyllol (C2), 3-desmethyl-
2-geranyl-4-prenylbellidifoline xanthone (C3) and amentoflavone 
(C4) (10  µM) (a to d). Nitrite quantification was performed by the 

Griess reaction (a and b). Quantification of TNF was determined 
by the ELISA method according to the manufacturer’s standards  (c 
and d). Values express the mean ± S.E.M. of assays performed with 
50.000 cells/well. *p < 0.1, **p < 0.01 and ****p < 0.0001, against 
the LPS group significantly different from baseline group #p < 0.001 
(one-way ANOVA followed by Tukey’s post hoc test)
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membrane and adhesion molecules of the immunoglobulin 
superfamily (ICAM1 and 2, VCAM-1 and PECAM-1) pre-
sent in the endothelium. The expression of this molecule in 
the quiescent endothelium is low, however, during an inflam-
matory process it increases, providing the firm adhesion of 
the leukocytes in the vascular endothelium for its subsequent 
migration to the affected site (Herter and Zarbock 2013). 
Thus, it is possible to infer that the decrease in cell migra-
tion may, in part, could be related to the observed changes in 
the expression of the adhesion molecules. The hypothesis is 
that the extract of G. humilis keeps the leukocytes in rolling 
behavior on the vessel wall, but it prevents the firm adhe-
sion of these leukocytes in the vascular endothelium for later 
transmigration to the inflamed tissue.

During the transmigration process, leukocytes have 
become skilled in responding to chemotactic substances, 
such as fMLP. The fMLP interacts with the FPR1 receptor 
in neutrophils, promoting the recruitment of these cells, a 
process known as chemotaxis (Mcdonald et al. 2010; Zhang 
et al. 2010). The evaluation of chemotaxis was done by aga-
rose migration technique, where it was observed that the 

cells treated with the leaves extract of G. humilis decreased 
the cellular migration towards the fMLP. The decrease in 
response to this agent hinders cell migration and prevents 
inflammatory cells from accumulating at the site of the 
lesion (Mcdonald et al. 2010).

To verify if the cytokines and chemokines reduction 
observed in in vivo protocol were due to a decrease in 
neutrophils migration, neutrophils collected directly from 
mice’s peritoneum were treated with the extract and then 
challenged with LPS. The results obtained in vitro show 
that the G. humilis extract decreases IL-1β and IL-6, with-
out interfering with the secretion of TNF and CXCL1. The 
decrease in IL-1β levels in vitro corroborates with the data 
obtained in vivo. IL-1β is one of the most important markers 
of inflammation, able to induce inflammatory response asso-
ciated with acute infection. Decreased levels of this cytokine 
are important for the decreased cell migration and impair-
ment of inflammatory-cytokine release. IL-6 is secreted by 
several cells, including neutrophils. The obtained results 
evidenced that the extract of G. humilis acts in the reduc-
tion of neutrophils, which corroborates with the decreased 

Fig. 10   Mechanical hypersensitivity of mice previously treated with 
G. humilis (1, 10 or 30  mg/kg, p.o.), indomethacin (5  mg/kg, p.o.) 
or vehicle and injected 1 h later with carrageenan (300 µg/paw, i.pl.). 
The results are presented qualitatively by the (a and b) response fre-
quency obtained with the von Frey filament of 0.6  g and quantita-
tively by the (c and d) mechanical withdrawal threshold (g). b and 

d represent the area under curve (AUC) of the respective line graph. 
Values express the mean ± S.E.M. of tests performed with six ani-
mals in each group. Significantly different from Control group, where 
**p < 0.01, ***p < 0.001 and ****p < 0.0001, # differs significantly 
from basal threshold
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levels of IL-6 secreted by the neutrophils treated with the 
extract. TNF is a ubiquitous cell signaling protein produced 
primarily by macrophages, as well as other cells, such as 
leukocytes, dendritic cells, smooth muscle cells, fibroblasts, 
endothelial and epithelial cells (Bartekova et al. 2018). 
Knowing that TNF secretion by neutrophils was not inhib-
ited by treatment with the extract of G. humilis, it is likely 
that the extract, in addition to acting on neutrophils, also 
acts on macrophages, and therefore, TNF levels presented 
decrease in vivo, but not in vitro. The same can be proposed 
for CXCL1 levels. It is known that resident macrophages 
are responsible for the production of CXCL1. The results 
obtained show that the in vivo treatment with extract of 
G. humilis decreases the levels of CXCL1, but the same 
is not observed in the in vitro tests, where the treatment 
of neutrophils with G. humilis does not decrease the lev-
els of CXCL1, once again, the action of the extract also 
on macrophages. During the inflammatory process, there 
is an excessive stimulation of NADPH oxidase activity by 
cytokines and other agents, leading to iNOS expression. 
INOS synthesizes NO that has a multifaceted role in inflam-
matory reactions, ranging from increased vasodilation and 
edema formation through the regulation of leukocyte activity 
to the modulation of sensory nerve endings and tissue cyto-
toxicity (Tripathi et al. 2007). Treatment of neutrophils with 
G. humilis extract was able to reduce NO levels. This data 
corroborates with results obtained in the study by Chen et al. 
(2008), which demonstrates the performance of G. mango-
stana in the reduction of NO through the reduction of iNOS 
expression.

To verify the activity of G. humilis on macrophages and 
to analyze which specific compounds are related to the 
anti-inflammatory activity, the compounds friedelin, cano-
phyillol, amentoflavone and 3-desmethyl-2-geranyl-4-pre-
nylbellidifoline xanthone were evaluated in macrophages 
stimulated with LPS. All compounds except canophyllol 
were able to decrease NO secretion. A study by Li et al. 
(2019) used LPS-stimulated RAW 264.7 macrophages and 
treated with amentoflavone (50 μM). In this study, amentof-
lavone was able to decrease NO secretion and the EtOAc 
fraction containing amentoflavone was able to reduce the 
secretion of IL-6 and PGE2 but did not decrease TNF levels. 
Collaborating with these data, Oh et al. (2013) also describes 
amentoflavone (100 and 200 μM) as an important inhibitor 
of NO and PGE2 secretion, as well as decreasing the mRNA 
expression of pro-inflammatory genes such as iNOS, TNF, 
COX-2 and IL-1β. Both studies corroborate, in part, the 
results obtained in the present study, suggesting amentofla-
vone as an important compound for the anti-inflammatory 
potential of G. humilis. In contrast to the friedelin com-
pound, although the levels of nitric oxide have decreased, the 
literature only demonstrates its anti-inflammatory, analgesic 

and antipyretic potential in vivo models (Paulrayer et al. 
2011).

The compound that showed better anti-inflammatory 
profile was 3-desmethyl-2-geranyl-4-prenylbellidypholine 
xanthone, once it was able to decrease NO and TNF levels. 
In fact, literature data demonstrate that this class of com-
pounds presents important biological activities, among them 
the anti-inflammatory effect, mainly reducing the COX-2 
and NF-κB activity (Tian-Yong et al. 2019; Ren et al. 2019).

During the inflammatory process, the symptom that 
causes the most discomfort and disability to individuals is 
pain. Knowing this, the effect of the extract of G. humilis on 
the mechanical threshold of paw withdrawal in the model of 
hypersensitivity induced by carrageenan in mice was evalu-
ated. Treatment with G. humilis reduced the frequency of 
response and increased the mechanical threshold of carra-
geenan-stimulated animals. The genus Garcinia, besides 
possessing anti-inflammatory activity, also has important 
antinociceptive activity, G. gardneriana (Cechinel Filho 
et al. 2000), G. hanburyi (Panthong et al. 2007), G. kola 
(Olaleye et al. 2000) and G. mangostana (Chen et al. 2008), 
have been described as potent antinociceptive effect.

The pronociceptive action of neutrophils has already 
been studied by several authors, Levine et al. (1984) have 
shown that the hypersensitization induced by LTB4, C5a 
and fMLP depended on the migration of neutrophils and 
Cunha et al. (2008) also demonstrated that neutrophils are 
involved in the genesis of inflammatory hypersensitivity, 
especially carrageenan-induced hypersensitivity. Consider-
ing that activated neutrophils produce and release inflam-
matory cytokines, such as TNF, IL-1β and IL-6, and these 
can act on receptors present in the peripheral nociceptors 
and lead to the triggering of the painful process, the reduc-
tion of TNF, IL-1β and CXCL1 shown in air pouch model, 
exhibited by in vivo treatment with extract of G. humilis, 
contributes to the reduction of the nociceptive sensitivity 
triggered by mechanical stimuli.

Taken together, the data herein obtained allow us to con-
clude that the treatment with the extract of G. humilis inhib-
its some neutrophilic functions, blocking the secretion and 
migration pathways of neutrophils, besides exerting antino-
ciceptive effects in relation to inflammatory pain, suggesting 
its therapeutic application in acute inflammatory reactions.
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