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Abstract
Background  Annona crassiflora Mart., popularly known as “Araticum”, is a native tree of the Brazilian Cerrado used in folk 
medicine for treatment of pain and inflammatory diseases. We proposed to analyze analgesic and anti-inflammatory properties 
of the filtrate (F1) and the precipitate (F2) of the hydroalcoholic fraction from the leaves of Annona crassiflora Mart. in mice.
Materials and methods  Swiss mice were submitted to formalin-induced nociception test and tail-flick reflex test, to assess 
antinociceptive properties, and to the rota-rod test, for motor performance analyses. To evaluate anti-inflammatory proper-
ties, F1 and F2 were orally administered 1 h prior to the intrathoracic injection of carrageenan, zymosan, LPS, CXCL8, or 
vehicle in Balb/c mice and neutrophil infiltration was evaluated 4 h after injection.
Results  F1 and F2 reduced the licking time in the second phase of formalin-induced nociception test, but only F2 showed a 
dose-dependent response. Neither F1 nor F2 reduced the latency time in the tail-flick reflex test. In addition, motor perfor-
mance alteration was not observed in F1- or F2-treated mice. F2 treatment significantly inhibited the neutrophilia induced 
by carrageenan, LPS, or CXCL8, but not zymosan.
Conclusions  The experimental data demonstrated that hydroalcoholic fractions of Annona crassiflora Mart. leaves have 
remarkable anti-inflammatory and antinociceptive activities.
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Introduction

Pain is the most commonly reported symptom in medical 
consultations, being associated with a myriad of pathologi-
cal conditions (Van Hecke et al. 2013). In 2012, nearly 40 
million adults (17.6% of all adults) were classified as hav-
ing category 3 or 4 pain in the United States (Nahin 2015). 
In general, pain is usually well controlled through the use 

of relatively safe non-steroidal anti-inflammatory drugs, 
such as aspirin, as well as with the use of analgesic opioids, 
including morphine (Elsesser and Cegla 2017). In spite of 
the efficacy provided by analgesic opioids, these drugs have 
a low therapeutic index and they are usually accompanied by 
side effects, such as respiratory depression and dependency 
(Romanelli 2017). Thus, the development of new pharmaco-
logical approaches with less risk of dependency, improved 
safety, and efficacy could be useful regarding a more safe 
pain management in several diseases. In this context, nat-
ural products appear as a promising source of alternative 
pharmacological tools regarding the treatment of the pain 
(Petrovska 2012).

Annona crassiflora Mart., 1841, popularly known as 
“Araticum”, is a member of the Annonaceae family, found 
in the Brazilian Cerrado, with a widespread use in folk medi-
cine (Ratter et al. 1997). Oral administration of an infusion 
of A. crassiflora Mart. leaves is used in the treatment of 
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inflammatory and painful ailments such as wounds, snake-
bites, diarrheas, malaria, and rheumatism (Cruz 1979; De 
Mesquita et al. 2007; Lorenzi and Matos 2008). In addition, 
in vitro and in vivo studies have indicated that the ethanol 
extract of Annona crassiflora Mart. leaves does not exhibit 
mutagenic or genotoxic potential, suggesting a safe use in 
this regard (Vilar et al. 2008, 2011). Therefore, based on the 
need to develop new treatments with less risk of depend-
ency, more safety and improved efficacy for refractory pain 
to conventional pharmacotherapy and taking into account 
the therapeutic potential of the Annona crassiflora Mart., 
we decided to evaluate the pharmacological effects of 
this natural product in animal models of nociception and 
inflammation.

Materials and methods

Animal

Male Swiss (20–30 g) or Balb/c (18–25 g) mice were used 
throughout the experiments. The animals were obtained 
from the Bioterism Center of the Biological Sciences Insti-
tute of the Federal University of Minas Gerais (CEBIO-
ICB/UFMG) and were housed in a temperature-controlled 
room (23 ± 1 °C) on an automatic 12-h light/dark cycle 
(06:00–18:00 h). All tests were conducted during the light 
phase. Food and water were freely available until the onset 
of the experiments. The animals were euthanized in a CO2 
chamber. All testing procedures were in accordance with the 
ethical guidelines of the International Association for the 
Study of Pain (IASP) (Zimmermann 1983) and the experi-
mental protocol was approved by the “Ethics Committee in 
Animal Experimentation at the Federal University of Minas 
Gerais” in 20/05/2014 (Protocol Number 51/2014).

Drugs and reagents

Formaldehyde, carrageenan λ type IV, zymosan, and lipopol-
ysaccharide (LPS) were purchased from Sigma (St. Louis, 
MO, USA). Interleukin (IL)-8/chemokine C-X-C motif ligand 
(CXCL8) was obtained from Peprotech (Rock Hill, NJ, USA). 
Morphine and dexamethasone were purchased from Merck 
(Germany) and Aché (Brazil), respectively. Indomethacin and 
xylazine were obtained from Sigma (St. Louis, MO, USA). 
Formaldehyde was diluted in sterile aqueous solution of 
sodium chloride (NaCl) 0.9% (sterile saline solution), in the 
ratio 1:50, prepared immediately prior injection. Carrageenan, 
zymosan, LPS, CXCL8, and dexamethasone were diluted in 
phosphate-buffered solution (PBS; 1 mM Na2HPO4, 1.84 mM 
KH2PO4, 0.14 M NaCl, and KCl 2.68 mM; pH 7. 8). Indo-
methacin was solubilized in tween 20:ethanol:sterile saline 

solution at 1:4:45 ratio. Morphine and xylazine were diluted 
in sterile saline solution. Control mice received drug vehicle.

Plant material

Annona crassiflora Mart. was collected by Professor Lúcia 
Pinheiro Santos Pimenta in the town of Itatiaiuçu, Minas 
Gerais state, Brazil. The identification was made by the bota-
nist João Renato Stehmann from the Department of Botany 
at the Federal University of Minas Gerais (UFMG). The 
gathering was held on July 17, 2007. A voucher specimen 
(number 22,988) is deposited in the herbarium of the Bio-
logical Sciences Institute at UFMG.

Obtention of hydroalcoholic fractions upon Annona 
crassiflora Mart. leaves

Filtered and precipitated hydroalcoholic fractions of Annona 
crassiflora Mart. leaves were obtained as described previ-
ously (Lage et al. 2014). Briefly, the extraction of the dried 
and crushed leaves (610.2 g) was performed by percola-
tion with hexane followed by aqueous ethanol 80% (v/v), 
resulting in 13.5 and 268.6 g of hexane and EtOH extracts, 
respectively. Subsequently, a portion (157.5 g) of the EtOH 
extract was dissolved in 1 L of a mixture of methanol/water 
(8:2) and extracted, at room temperature, with chloroform 
(2 × 1000 mL), providing 121.3 g of hydroalcoholic frac-
tion and 13.05 g of the chloroform fraction after solvent 
removal. During the solvent removal, spontaneous precipita-
tion occurred in the hydroalcoholic fraction. The precipitate 
was filtered vacuum (10.92 g). The filtrate and the precipi-
tate from hydroalcoholic fraction were named, respectively, 
F1 and F2.

TLC phytochemical screening and chromatographic 
separation of the chemical constituents from A. 
crassiflora Mart. leaf fractions

The following chemical constituents in the extracts were 
screened: alkaloids, flavonoids, and terpenoids. F1 and F2 
were assessed by thin layer chromatography (TLC). F2 was 
also analyzed by polyamide and cellulose TLC. The screen-
ing was performed on the extracts using specific chemical 
reagents: (1) dragendorff reagent for alkaloid detection; 
(2) difenilboriloxietilamina/polyethylene glycol (NP/PEG) 
reagent to detect the presence of flavonoids; and (3) and 
vanillin/H2SO4 to detect other substances, for example, ter-
penoids (Zweig and Sherma 1972; Wagner and Bladt 1996; 
Cannell 1998). Chromatographic separation was performed 
on reverse phase polyamide column eluted with water, meth-
anol, and ethyl acetate in gradient strength. Four compounds 
were obtained with their purity grade determined by HPLC 
analysis and then submitted to spectroscopic study.



399Anti-inflammatory and antinociceptive properties of the hydroalcoholic fractions from the…

1 3

HPLC analysis

High-performance liquid chromatography (HPLC) analy-
ses were performed on Liquid Chromatography UFLC 
Shimadzu, consisting of LC-6AD binary pumps, a diode 
array SPD-M20A detector, and a CBM-20A integra-
tor. The solubilized samples (20 mL) were injected on a 
semi-preparative reverse phase Supelco SPLC-18 column 
(250 mm × 10 mm × 5 μm). The flow rate was 800 μL/
min, and data acquisition was performed in the range of 
200–800 nm. The eluent used was an isocratic system con-
sisting of acetonitrile–water (70:30).

Spectroscopy analysis

The 1D and 2D NMR spectra were recorded on Bruker 
Avance DPX200 and Avance DRX400 spectrometers in 
CD3OD or DMSO-d6. The spectra were calibrated to the 
solvent signal and the coupling constants (J values) were 
given in Hertz. Electrospray Ionization Mass Spectrome-
try (ESIMS) was performed using a Waters MICROMAS 
Q-TOF. Optical rotations were measured in MeOH on a Per-
kin–Elmer 241 polarimeter.

Formalin‑induced nociception

Formalin solution (formaldehyde 2% in sterile saline solu-
tion [0.9% NaCl]) was injected at a volume of 30 µL/paw 
into the right hind paw plantar surface (intraplantar injection, 
i.pl.) of Swiss mice and, immediately after, the animals were 
individually placed in observation chambers, as previously 
described (Hunskaar et al. 1985). The time (s) spent licking 
the right paw was recorded during two time intervals after 
the formalin injection: 0–5 min (first phase or neurogenic 
pain) and 15–30 min (second phase or inflammatory pain). 
The F1-filtered and F2-precipitated hydroalcoholic fractions 
were solubilized in sterile saline solution with dimethylsul-
phoxide (DMSO) 4%. F1 was administered at 10, 30, 100, 
300, and 1000 mg/kg doses and F2 at 53, 159, and 530 mg/
kg doses per gavage (per os, p.o.) 60 min prior to formalin 
injection. Control group received sterile saline solution with 
4% DMSO at a volume of 10 mL/kg, p.o. Mice were also 
pretreated with morphine subcutaneously (5 mg/kg, s.c.), 
solubilized in sterile saline solution, or with indomethacin 
(10 mg/kg, p.o.), solubilized in tween 20:ethanol:sterile 
saline solution (1:4:45), 30 and 60 min prior to formalin 
injection, respectively. F1 and F2 doses were determined 
as previously described (Ferreira et al. 2006), based on the 
50% inhibitory dose (ID50) obtained from the effects of F1 
treatment for the second phase of the formalin test, using the 
Graph Pad Prism 5.0 software to plot the log dose–response 
curve for the maximum effect percentage versus the F1 
doses. ID50 was calculated by the graphic interpolation of 

this dose–effect curve. To maintain proportionality between 
F1 and F2 doses, since F2 was originated from F1, the ref-
erence dose (RD) of the F2-precipitated fraction was cal-
culated by multiplying of ID50 obtained from the second 
phase effects of F1 to the formalin test (587 mg/kg) by the 
percentage yield of F2 in the obtaining process (9%). To the 
formalin-induced nociception test, the doses of F2 used were 
the equivalent of 1, 3, or 10 times the RD value (53, 159, and 
530 mg/kg, respectively).

Tail‑flick nociceptive reflex

Based on published data (D’Amour and Smith 1941), a con-
stant focused heat was delivered to the Swiss mouse tail. 
The tail-flick reflex latency was evaluated immediately prior 
(baseline), 30, 60, and 120 min after the treatment of animals 
with vehicle (sterile saline solution in 4% DMSO, 10 mL/
kg, p.o.), F1 (587 mg/kg, p.o.), F2 (53 mg/kg, p.o.), or mor-
phine (5 mg/kg, s.c.). Three measurements were performed 
per animal and the average of these values was considered 
the final measurement. A cut-off time of 9 s was maintained 
throughout the experiment.

Motor performance test

Motor performance was evaluated by time spent walking 
on a rotating rod (16 rpm) trials (Rota-rod, Ugo Basile mod 
7600) during 2 min (cut-off time), as previously described 
(Dunham and Miya 1957). Swiss male mice underwent three 
training sessions 24 h prior testing. Motor performance was 
analyzed immediately prior (basal), 30, 60, and 120 min 
after treatment with vehicle (sterile saline solution in 4% 
DMSO, 10 mL/kg, p.o.), F1 (587 mg/kg, p.o.), F2 (53 mg/
kg, p.o.), or xylazine (2 mg/kg, s.c.).

Leukocyte migration into the thoracic cavity

Balb/c male mice were pretreated with F1 (587 mg/kg, p.o.), 
F2 (0.053, 0.53, 5.3, 53, 159 and 530 mg/kg, p.o.), vehicle 
(sterile saline solution in 4% DMSO, 10 mL/kg, p.o.), or 
dexamethasone intraperitoneally (0.5 mg/kg, i.p.) 1 h prior 
intrathoracic (i.t.) injection of vehicle (phosphate buffered 
solution [PBS], 100 µL), carrageenan (200 µg/100 µL), 
zymosan (200 µg/100 µL), LPS (250 ng/100 µL), or CXCL8 
(60 ng/100 µL). Doses and volumes of inflammatory agents 
were according to literature data (Ferreira et al. 2012; Henr-
iques et al. 2017). Animals were sacrificed in a CO2 chamber 
4 h after inflammatory stimuli i.t. injection and the cells 
in the thoracic cavity were harvested after i.t. injection of 
2 mL of PBS. Total cell counts were performed in a modified 
Neubauer chamber using Turk’s stain and differential cell 
counts were performed on cytospin preparations stained with 
May–Grunwald and Giemsa using the standard morphologic 
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criteria to identify cell types, as previously described (Klein 
et al. 2001). The results were presented as the number of 
cells per cavity.

Statistical analysis

The results were analyzed using the Graph Pad Prism 5.0 
and expressed as mean ± SEM. Statistically significant dif-
ferences among groups were calculated by the application of 

analysis of variance (ANOVA) followed by the Bonferroni’s 
post test, with the level of significance set at p < 0.05.

Results

Phytochemical constituents present in F1‑filtered 
and F2‑precipitated hydroalcoholic fractions from A. 
crassiflora Mart. leaves following RP–HPLC–DAD 
analysis

The phytochemical screening showed the presence of 
alkaloids in the F1-filtered, but not in the F2-precipitated, 
hydroalcoholic fractions from A. crassiflora Mart. leaves. On 
the other hand, both fractions present flavonoids (Table 1). 
F1 fraction was submitted to RP–HPLC–DAD analysis and 
four compounds were characterized by their retention time 
and UV spectra after comparison with authentic samples. 
Figure 1 presents the chromatogram obtained at 254 nm and 
the UV spectra of the assigned peaks. Compounds 1, 2, and 3 
were identified as the flavonoids (−)-epicatechin, quercetin-
3-O-β-d-glucopyranosyl (1 → 6)-O-α-L-arabinoside and 
quercetin-3-O-β-l-arabinopiranoside. Compound 4 was 
identified as the noraporphine alkaloid norstephalagine and 

Table 1   Classes of natural products characterized in filtered (F1) and 
precipitated (F2) hydroalcoholic fractions from Annona crassiflora 
Mart. leaves

+, Positive; −, Negative; NP/PEG, diphenylboriloxietilamine/polyeth-
ylene glycol

Chemical reagent Natural prod-
uct tested

F1 F2

Alkaloids Dragendorff + −
Flavonoids NP/PEG + +
Other compounds Vanillin/H2SO4 + +
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Fig. 1   HPLC chromatogram of filtered hydroalcoholic fraction (F1) 
from Annona crassiflora Mart. Leaves at 254  nm and the UV–Vis 
absorbance spectra of the assigned peaks. Peaks: 1, (−)-epicatechin; 

2, quercetin-3-O-β-d-glucopyranosil (1  →  6)-O-α-l-arabinoside; 3, 
quercetin-3-O-β-l-arabinopiranoside; 4, norstephalagine
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it is described for the first time in this species (Fig. 1). TLC 
analysis of F1 and F2 fractions permitted to identify 2 as the 
main compound in F2 by comparison with standard isolated 
from the F1 fraction. The four compounds were isolated and 
unambiguously characterized by 1D and 2D-NMR, ESI–MS, 
UV/Vis spectroscopy, and optical rotation analysis.

Effects of F1‑filtered and F2‑precipitated 
hydroalcoholic fractions from A. crassiflora Mart. 
leaves in nociceptive tests in Swiss mice

In the first phase of the formalin-induced nociception test, 
neither F1-filtered nor F2-precipitated, from hydroalcoholic 
fraction, reduced the paw licking time when compared to the 
vehicle (Fig. 2a, c). However, in the second phase, F1-fil-
tered (1000 mg/kg, p.o.) and F2-precipitated (53, 159, and 
530 mg/kg) fractions induced a significant reduction of paw 
licking time when compared to the saline group, as indo-
methacin. The morphine, in turn, induced antinociception 
in both phases (Fig. 2b, d).

The pretreatment with F1 (587 mg/kg) or F2 (53 mg/kg) 
did not induce significant changes in the latency of the tail 
withdrawal in the tail-flick nociceptive reflex test, differently 
of the morphine pretreatment which significantly increased 
the latency of tail withdrawal (Fig. 3). In the rota-rod test, 
F1 (587 mg/kg) or F2 (53 mg/kg) fraction treated animals 
did not show significant changes in motor performance, 
differently of xylazine pretreatment, which significantly 
reduced the permanence time of the animals on the rotating 
rod (Fig. 4).

Effects of F1‑filtered and F2‑precipitated 
hydroalcoholic fractions from A. crassiflora 
Mart. leaves on carrageenan‑, zymosan‑, LPS‑, 
or CXCL8‑induced neutrophil recruitment 
in the pleural cavity of Balb/c mice

F1-filtered and F2-precipitated fractions inhibited the leu-
kocyte recruitment to the pleural cavity. F1 inhibited car-
rageenan-induced neutrophil recruitment (Veh 1 + Veh 
2, 0.00 ± 0.00; Veh 1 + Cg, 1.95 ± 0.23; Dexa + Cg, 
0.24 ± 0.01; F1 587 mg/kg + Cg, 0.43 ± 0.01; F2 53 mg/
kg + Cg, 0.63 ± 0.10; F2 159 mg/kg + Cg, 0.75 ± 0.07; 

Fig. 2   Effects of filtered (F1) and precipitated (F2) hydroalcoholic 
fractions from Annona crassiflora Mart. leaves in the first (a, c) and 
the second (b, d) phases of formalin-induced nociception test in 
mice. 1 h after F1 or F2 oral administration, formalin was intraplantar 
injected into the right hind paw and the licking time (s) measured on 
the first and second stages. Each column represents the mean ± SEM 
(6 mice/group). Asterisk indicates significant differences compared 
to vehicle (Veh, 4% DMSO in sterile saline solution, p.o.) group 
(p < 0.05, ANOVA + Bonferroni’s test). I (Indomethacin, 10 mg/kg, 
p.o.); M (Morphine, 5 mg/kg, s.c.)

▸
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F2 530 mg/kg + Cg, 0.26 ± 0.07 neutrophils × 105/cavity, 
Fig. 5a). In addition, different doses of F2 also inhibited the 
recruitment of neutrophils in response to carrageenan intra-
pleural injection (Veh 1 + Veh 2, 0.02 ± 0.01; Veh 1 + Cg, 
8.70 ± 0.86; F2 0.053 mg/kg + Cg, 9.60 ± 0.32; F2 0.53 mg/
kg + Cg, 5.54 ± 0.42; F2 5.3 mg/kg + Cg, 4.45 ± 0.35; 
F2 53.0 mg/kg + Cg, 2.26 ± 0.25 neutrophils × 105/cavity; 
Fig. 5b). Interestingly, F2 did not inhibit the recruitment of 
neutrophils into the thoracic cavity induced by the zymosan 
(Veh 1 + Veh 2, 0.04 ± 0.01; Veh 1 + Zym, 11.55 ± 0.34; 
Dexa  +  Zym, 6.27  ±  0.47;F2 0.053  mg/kg  +  Zym, 
11.85 ± 0.59; F2 0.53 mg/kg + Zym, 12.68 ± 0.58; F2 
5.3 mg/kg + Zym, 13.66 ± 0.64; F2 53.0 mg/kg + Zym, 
13.24 ± 0.59 neutrophils × 105/cavity; Fig. 6). Indeed, the 
mononuclear cells and leukocyte total number were also 

not reduced by F2-pretreatment against zymosan (data not 
shown). The F2-precipitated fraction pretreatment also sig-
nificantly inhibited the lipopolysaccharide (LPS)-induced 
neutrophil recruitment (Veh 1 + Veh 2, 0.02 ± 0.01; Veh 
1 + LPS, 1.18 ± 0.24; Dexa + LPS, 0.20 ± 0.30; F2 53 mg/
kg + LPS, 0.47 ± 0.06 neutrophils × 105/cavity, Fig. 7a). 
Although the number of mononuclear cells was not altered 
significantly, the leukocyte total number was also reduced 
by F2-precipitated fraction pretreatment against LPS 
(Table 2). F2-precipitated fraction, orally administered, also 
reduced the CXCL8-induced neutrophilia (Veh 1 + Veh 2, 
0.01 ± 0.01; Veh 1 + CXCL8, 4.26 ± 0.33; Dexa + CXCL8, 
0.68 ± 0.04; F2 53 mg/kg + CXCL8, 0.88 ± 0.08 neutro-
phils × 105/cavity, Fig. 7a), besides that the total number of 
leukocytes and mononuclear cells were reduced significantly 

Fig. 3   Effects of filtered (F1) and precipitated (F2) hydroalcoholic 
fractions from Annona crassiflora Mart. leaves in the tail-flick reflex 
test in mice. 0, 30, 60, and 120 min after F1 or F2 oral administration, 
tail-flick reflex latency was measured (s). Each column represents the 

mean  ±  SEM (6 mice/group). Asterisk indicates significant differ-
ences compared to vehicle (Veh, 4% DMSO in sterile saline solution, 
p.o.) group (p  <  0.05, ANOVA  +  Bonferroni’s test). M (morphine, 
5 mg/kg, s.c.); F1 (587 mg/kg, p.o.); F2 (53 mg/kg, p.o.)

Fig. 4   Effects of filtered (F1) and precipitated (F2) hydroalcoholic 
fractions from Annona crassiflora Mart. leaves in the rota-rod test in 
mice. 0, 30, 60 and 120 min after F1 or F2 oral administration, the 
permanence time on the rotating rod was measured (s). Each column 
represents the mean  ±  SEM (6 mice/group). Asterisk indicates sig-

nificant differences compared to vehicle (Veh, 4% DMSO in sterile 
saline solution, p.o.) group (p < 0.05, ANOVA + Bonferroni’s test). 
Xyl (Xylazine; 2  mg/kg, s.c); F1 (587  mg/kg, p.o.); F2 (53  mg/kg, 
p.o.)
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after treatment with F2-precipitated fraction or dexametha-
sone (Table 3).

Discussion

The Brazilian flora has a great biological diversity with 
a large number of plant species with medicinal potential. 
Like the Cerrado biome, there are more than 600 medicinal 
species (Neto and De Morais 2003), among which we can 
mention the Annona crassiflora Mart. Earlier studies have 
reported the antimalarial activity in vivo of flavonoids and 
alkaloids enriched fractions from Annona crassiflora Mart. 
leaf extract against P. berghei infected mice model (Pimenta 
et al. 2014), although the authors were not able to identify 
any compounds in those fractions. In the present work, we 

observed antinociceptive and anti-inflammatory effects of 
filtered (F1) and precipitated (F2) hydroalcoholic fractions 
from Annona crassiflora Mart. leaves. Phytochemical studies 
demonstrated that both F1 and F2 are enriched in flavonoids. 
Four pure compounds were isolated and identified in the 
crude fractions by HPLC–DAD analysis: (−)-epicatechin, 
two quercetin glycosides and one noraporphine alkaloid. 
Flavonoids have been described in this species (Lage et al. 
2014). However, this is the first report of norstephalagine 
in Annona crassiflora Mart. leaves. Once flavonoids and 
alkaloids are substances with therapeutic effects, including 
anti-inflammatory and analgesic activities (Di Carlo et al. 
1999; Barbosa-Filho et al. 2006; Shoaib et al. 2016), our 
results support prospective assays regarding the potential 
anti-inflammatory activity from Annona crassiflora Mart. 
leaves constituents.

Fig. 5   Effects of filtered (F1) 
and precipitated (F2) hydroal-
coholic fractions from Annona 
crassiflora Mart. leaves on 
neutrophil recruitment induced 
by intrathoracic injection of 
carrageenan (200 µg/cavity). 
Each column represents the 
mean ± SEM (6 mice/group). 
Asterisk and hash symbol 
indicates significant differences 
compared to Veh 1/Veh 2 (4% 
DMSO/PBS) and Veh 1/Car-
rageenan groups, respectively 
(p < 0.05, ANOVA + Bonferro-
ni’s test). Dexa (dexamethasone, 
0.5 mg/kg, intrathoracic)
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The formalin-induced nociception test is a method com-
monly employed as acute pain model, characterized by the 
presence of a distinct biphasic nociceptive response. The 
initial phase (first phase) corresponds to a direct activation 
by formalin of primary afferent sensory neurons (C fibers) 
with the involvement of compounds as substance P and brad-
ykinin (Shibata et al. 1989). The late phase (second phase) is 
characterized by an inflammatory reaction in the periphery 
and central sensitization in the spinal dorsal horn (Tjølsen 
et al. 1992; Mcnamara et al. 2007), involving several hyper-
algesic and inflammatory mediators such as histamine, sero-
tonin, bradykinin, and prostaglandin (Shibata et al. 1989). 
Pharmacologically, the first phase is sensitive to centrally 
acting opioids, such as morphine, while the second phase 
is inhibited by steroidal or non-steroidal anti-inflammatory 
drugs such as indomethacin, besides opioids with periph-
eral action (Hunskaar and Hole 1987; Oluyomi et al. 1992; 
Corrêa and Calixto 1993). Oral administration of F1-filtered 
or F2-precipitated hydroalcoholic fractions from A. crassi-
flora Mart. leaves induced significant antinociception only 
in the second phase of the test, corresponding to inflamma-
tory pain. Therefore, we suggest the antinociceptive effect 
may be due to an anti-inflammatory action by inhibiting the 
synthesis or action of inflammatory mediators.

To evaluate a possible central antinociceptive effect, both 
F1-filtered and F2-precipitated fractions were conducted to 
the tail-flick reflex test in which the animal removes the 
tail of a gradually heated resistance through a reflex spinal 
integration and pharmacologically sensitive centrally acting 
opioids (Le Bars et al. 2001). F1-filtered and F2-precipi-
tated fraction treatment, unlike morphine, were not able to 

increase the response latency to thermal stimulus, suggesting 
that activation of central opioid receptors is not involved in 
the antinociceptive effects of F1 or F2 fractions.

Motor performance alterations may be erroneously 
evaluated as analgesic action (false-positive result), since 
most of the experimental models used in pain evaluation 
require motor skills (Millan 1999, 2002). Supportively, in 
the rota-rod test, no F1- or F2-induced motor alteration was 
observed, validating the results from formalin-induced noci-
ception and tail-flick tests.

The intrathoracic injection of inflammatory stimuli in 
mice is an acute inflammation model well established use-
ful to evaluate important hallmarks of inflammation, such as 
the formation of exudates, protein extravasation or migration 
of leukocytes into inflamed tissues (Ackerman et al. 1980). 
The intrathoracic administration of carrageenan induces 
an inflammatory process characterized by the formation of 
exudate with releasing of lipid mediators such as prosta-
glandins and leukotrienes (Raychaudhuri et al. 1997; Yuhki 
et al. 2004), besides of pro-inflammatory cytokines, such as 
tumor necrosis factor (TNF)α, IL-1, IL-6, and the chemokine 
CXCL8 (Frode et al. 2001). These mediators promote the 
recruitment of neutrophils and mononuclear cells from the 
blood vessels (Kolaczkowska and Kubes 2013). Consist-
ent with the results in the second phase of formalin test, 
both F1-filtered and F2-precipitated fractions significantly 
reduced the neutrophil recruitment into the thoracic cavity 
induced by carrageenan. Furthermore, our data showed that 
the F2-precipitated fraction partially inhibited carrageenan-
induced neutrophil recruitment in a dose-dependent manner, 
in addition to abolish LPS-induced neutrophil migration. 

Fig. 6   Effects of the precipitated hydroalcoholic fraction (F2) from 
Annona crassiflora Mart. leaves on neutrophil recruitment induced by 
zymosan (200 µg/cavity). Each column represents the mean ± SEM 
(6 mice/group). Asterisk indicates significant differences compared 
to vehicle (Veh, 4% DMSO in sterile saline solution, p.o.) group 

(p  <  0.05, ANOVA  +  Bonferroni’s test). Asterisk and hash sym-
bol indicates significant differences compared to Veh 1/Veh 2 (4% 
DMSO/PBS) and Veh 1/Zymosan groups, respectively (p  <  0.05, 
ANOVA  +  Bonferroni’s test). Dexa (dexamethasone, 0.5  mg/kg, 
intrathoracic)
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Recently, it was demonstrated that the methanolic extract 
of Annona crassiflora Mart. leaves was also able to attenu-
ate the carrageenan-induced pleurisy process (Rocha et al. 
2016). However, different isolated compounds were con-
sidered as majorities, suggesting distinct anti-inflammatory 

mechanisms between hydroalcoholic fraction and metha-
nolic extract. Given the more potent anti-inflammatory 
action of F2 than F1 and once compound 2 was taken as 
the main compound found in F2, we hypothesized that this 
compound may have a relevant action in this process. In 
addition, our research group previously suggested that com-
pound 2 has antinociceptive properties at the peripheral level 
(Oliveira et al. 2017).

Different from carrageenan and LPS challenging, the 
pretreatment of mice with F2-precipitated fraction did not 
reduce the influx of leukocytes into the pleural cavity of the 
animals challenged with zymosan. Zymosan is a glucan pre-
sent on the cell wall of fungi, such as Saccharomyces cerevi-
siae (Voluiskaia et al. 1959), which promotes the activation 
of the complement system commited to the innate immune 
response, leading to the release of inflammatory mediators 
involved in distinct pathways of those evoked by carrageenan 
and others inflammatory stimuli (Imai et al. 1991). We spec-
ulate that inhibitory effects of the F2-precipitated fraction 
on the neutrophil recruitment are not due to a blockade on 
the complement activation. Interestingly, although both LPS 
and zymosan activate the complement system (Mizuno et al. 
2009), there are differences between their mechanisms of 
activation. These stimuli interact with toll-like receptors 
(TLR), promoting the activation of the nuclear factor kappa 
B (NF-κB) inducing the underlying transcription of several 
genes related to the acute inflammatory response, zymosan-
induced inflammation is primordially TLR-2 dependent, 
while LPS-induced inflammation is more dependent of 
TLR-4 activation (Chow et al. 1999; Raetz and Whitfield 
2002; Underhill 2004; Ikeda et al. 2008). Based on this, we 
speculate that F2-precipitated fraction inhibits downstream 
signaling mediated by TLR-4, but not TLR-2 to regulate 
neutrophil recruitment in the experimental pleurisy. More 
experiments are necessary to clarify the underlying mecha-
nisms involved in this inhibitory action on TLR-4 in com-
parison with zymosan.

In addition, because carrageenan and LPS promote the 
releasing of the chemokine CXCL8 chemoattractant for 

Fig. 7   Effects of the precipitated hydroalcoholic fraction (F2) from 
Annona crassiflora Mart. Leaves on neutrophil recruitment induced 
by intrathoracic injection of LPS 250 ng/cavity (a) or CXCL8 60 ng/
cavity (b). Each column represents the mean ± SEM (6 mice/group). 
Asterisk and hash symbol indicates significant differences compared 
to Veh 1/Veh 2 (4% DMSO/PBS) and Veh 1/LPS or CXCL8 groups, 
respectively (p  <  0.05, ANOVA  +  Bonferroni’s test). Dexa (dexa-
methasone, 0.5 mg/kg, intrathoracic)

Table 2   Total and differential 
count (× 105 cells/cavity) in 
response to LPS intrathoracic 
injection in mice

Precipitated hydroalcoholic fraction of Annona crassiflora Mart. leaves (F2, 53 mg/kg, p.o.) was admin-
istered 1  h prior and dexamethasone (Dexa, 0.5  mg/kg, i.t.) 30  min prior the lipopolysaccharide (LPS) 
administration (60 ng/100 µL, i.t.). The migration of leukocytes was assessed 4 h later
#  p < 0.05 compared with the vehicle 1 (4% DMSO in saline) and LPS-treated group; 6 mice/group. Vehi-
cle 2 = saline

Vehicle 2 LPS

Vehicle 1 Vehicle 1 Dexa F2

Mean SEM Mean SEM Mean SEM Mean SEM

Total 2.44 0.12 3.00 0.21 1.83# 0.08 2.60# 0.17
Neutrophils 0.02 0.01 1.18 0.24 0.20# 0.03 0.47# 0.06
Mononuclear cells 2.42 0.11 1.82 0.15 1.62 0.11 2.02 0.12
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neutrophils, and the F2-precipitated fraction was able to inhibit 
the neutrophil migration induced by both of these stimuli, we 
decided to investigate the effect of F2-precipitated treatment 
on CXCL8-induced neutrophil recruitment to the pleural cav-
ity. F2-precipitated oral pretreatment abolished leukocyte 
recruitment in CXCL8-treated mice. CXCL8 induces neu-
trophil recruitment directly, acting on CXCR8 receptors on 
the neutrophil surface, or indirectly, through the releasing of 
other neutrophil chemo attractants such as leukotriene (LT)B4 
(Kobayashi 2008). Phytocompounds can block the pathways 
of lipoxygenase and cyclooxygenase, inhibiting the production 
of inflammatory mediators, including LTB4 (Landolfi et al. 
1984), and phytocompounds, such as flavonoids, are compo-
nents of F2-precipitated hydroalcoholic fraction of Annona 
crassiflora Mart. leaves as demonstrated in the phytochemical 
screening performed, and we hypothesized that these chemi-
cal constituents may act on the pathways of lipoxygenase and 
cyclooxygenase, inhibiting the production of inflammatory 
mediators, including LTB4.

In summary, we demonstrate anti-inflammatory and antino-
ciceptive effects present in filtered and precipitated hydroal-
coholic fractions obtained from A. crassiflora Mart. leaves, 
exhibiting a potential contribution in the treatment of painful 
inflammatory diseases, where leukocyte accumulation is cru-
cial to the pathophysiology.
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