
doi.org/10.36721/PJPS.2021.34.2.REG.599-606.1 
 

Pak. J. Pharm. Sci., Vol.34, No.2, March 2021, pp.599-606 599 
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growth by down-regulating matrix metalloproteinase-2 (MMP-2) 
expression 
 
 

Izabela Natalia Faria Gomes1, Ana Gabriela Silva1, Gustavo Fernando de Frazao Lima1, 
Tamara Ribeiro Longatti1, Lucas Fernandes Do Carmo2, Jose Augusto Ferreira Perez Villar2, 
Arali Aparecida Da Costa Araujo3, Ralph Gruppi Tome4,  
Helio Batista Dos Santos4 and Rosy Iara Maciel De Azambuja Ribeiro1* 

1Experimental Pathology Laboratory - Federal University of Sao Joao del Rei - Centro-Oeste D. Lindu Campus (UFSJ/CCO) 
-400, Sebastiao Goncalves Coelho, Chanadour, Divinopolis MG, Brazil  
2Laboratory of Organic Synthesis and Nano Structures, Federal University of Sao Joao del Rei –  
Centro-Oeste D. Lindu Campus (UFSJ/CCO) -400, Sebastiao Goncalves Coelho, Chanadour, Divinopolis MG, Brazil  
3University of the State of Minas Gerais (UEMG), Rua Vereador Geraldo Moises da Silva s/nº - Campus Universitario,  
Setor Universitario, Ituiutaba, MG, Brazil  
4Tissue Processing Laboratory, Federal University of Sao Joao del Rei - Centro-Oeste D. Lindu Campus (UFSJ/CCO) -400,  
Sebastiao Gonçalves Coelho, Chanadour, Divinopolis MG, Brazil  
 
 

Abstract: Annonacea species have been reported to possess antitumor properties.  However, the in vitro and in vivo 
antitumor activities of Xylopia aromatica (Annonacea) have not yet been elucidated. This study aimed to investigate the 
effects of Xylopia aromatica leaves hexane fraction (XaHF) on Ehrlich ascites carcinoma cells lines (EAC), both in vitro 
and in vivo. In vitro assays revealed a significant cytotoxic effect with the two lower XaHF concentrations (62.5 and 
32.3mg/mL). EAC (2.5x106 cells) were inoculated in the right flank of Swiss mice, and the animals were treated 
intraperitoneally with 32.3mg kg−1 of XaHF daily, for 20 days. Our findings indicate that XaHF suppressed the growth of 
EAC in vivo, with a significant decrease (46%) in tumor volume. There was also a decrease in the necrosis area (71%), 
inflammatory infiltrate, and MMP-2 expression. High-Performance Liquid Chromatography with Diode Array Detector 
(HPLC- DAD) identified secondary metabolites possibly related to phenolic acids, flavonoids, and alkaloids. Thus, the 
results confirmed the antitumoral activity that may be related to the presence of the identified metabolites in XaHF 
extract 
 
Keywords: Ehrlich tumor, matrix metalloproteinase, secondary metabolites, medicinal plants, antitumoral activity. 

INTRODUCTION 
 
Cancer mortality corresponds to the second cause of 
deaths by disease worldwide, and 19 million new cases 
are expected until 2025 (Adusumilli et al., 2017). Despite 
this high incidence, major pathways involved in the 
progression of the disease are not yet fully understood 
(Jin and Mu, 2015). Cytotoxic chemotherapies are the 
principal modalities of treatment for cancer patients, and 
indeed can increase their survival, if diagnosed at early 
stages (Gamucci et al., 2017). Despite the relative 
effectiveness of such approach, discovery and 
development of new chemotherapeutics drugs with less 
side effects, selective cytotoxicity and low resistance are 
priority (Calderon et al., 2009). 
 
Some chemotherapeutic agents used in clinical practice 
for cancer treatment are from natural origin, that include 
vinblastin, etoposide, topotecan, irinotecan, and taxol 
(Newman et al., 2002). The anticancer activity of these 
compounds is related to their high phytochemical 

diversity, all of them being secondary metabolites, such as 
alkaloids, acetogenins, and flavonoids (Seca and Pinto, 
2018). Moreover, the antitumor properties of these 
compounds are related with different mechanisms, such as 
induction of apoptosis, cell cycle arrest, inhibition of 
DNA repair enzymes and Reactive Oxygen Species 
(ROS) generation (Alam, Hossain et al., 2016, Cragg and 
Pezzuto, 2016).  
 
Brazil is the largest reservoir of plant-related genetic 
resources in biosphere, with more than 45,000 known 
species, corresponding to approximately 20%-22% 
worldwide (Dutra, Campos et al., 2016). Xylopia 
aromatica is a species belongs to Annonaceae family 
distributed throughout Brazilian Cerrado. Its leaves, bark, 
fruits and seeds have been demonstrated some therapeutic 
applications as anti-parasitic, anti-inflammatory, 
hypoglycemic, sedative, and hypotensive (Caxton-Martins 
2 and 2006, Islam, Nasrin et al., 2013, MISHRA, 2013). 
Recently, the ethanolic bark extract of X. aromatica have 
demonstrated in vitro cytotoxic properties in several 
tumor types (breast, prostate, colon, leukemia and mouse 
mammary cancer cell lines)(Taylor, Arsenak et al., 2013). *Corresponding author: e-mail: rosy@ufsj.edu.br 
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However, more studies are needed to elucidate the 
molecular basis for its therapeutic antitumor potential. 
 
In this study, we investigated the anticancer activity of X. 
aromatica leaves hexane fraction (XaHF) in Ehrlich 
ascites carcinoma cell line (EAC), a transplantable murine 
mammary adenocarcinoma model that induces solid and 
ascitic tumors in mice, in vitro and in vivo. In addition, 
the meanly compounds in XaHF was chemically 
characterized by HPLC-DAD.  
 
MATERIALS AND METHODS 
 
Plant samples 
Xylopia aromatica leaves were collected on Cerrado area 
(S 18º 58' 08" and W 49º 27' 54”), identified by Dr. Arali 
Aparecida Costa Araújo and deposited in the Herbarium 
of the Botany Department of Federal University of Minas 
Gerais (BHCB: 143397), (SisGen register - A421DA3). 
 
Chemicals, cell culture reagents and antibodies 
DMEM culture medium, Dimethyl sulfoxide, Trypan-
blue, L-glutamine, ethanol, hexane, penicillin G and 
streptomycin were purchased from Sigma Aldrich (St. 
Louis, Missouri, USA). Fetal bovine serum was 
purchased from Becton Dickinson (BD) (Bedford, MA, 
USA). Antibodies were purchased from Cell Signaling 
Technology (Danvers, Massachusetts, USA). 
 
XaHF extraction  
The extracts were obtained as previously described by our 
group (Silva-Oliveira et al., 2016). Briefly, X. aromatica 
leaves were washed, cut and dried for 5 days at room 
temperature. After drying, samples were submitted to 
extraction with aqueous ethanol (70%V.V-1) in 
plant/solvent proportion of 1:5, for 5 days.  The crude 
extract (CE) obtained was filtrated, frozen and 
lyophilized. Dried CE was re-solubilized in aqueous 
ethanol (70%V.V-1) and subjected to extraction in a 
separation funnel with hexane. The obtained fraction was 
lyophilized, and the dry extract obtained was identified as 
XaHF. The XaHF was initially dissolved in dimethyl 
sulfoxide (DMSO) at concentration of 50 mg/mL and 
stored at -20°C. 
 
Chromatographic profile by High-Performance Liquid 
Chromatography with Diode Array Detector (HPLC- 
DAD) 
Liquid chromatography was performed using the liquid 
chromatographer Shimadzu (model SPD-M20A Diode 
Array Detector, Shimadzu, Kyoto, Japan), Bomb: model 
LC-20 AD, automatic injector: SIL-20AHT, 
Communicator: Model CBM-20ª, column: Shim-pack UP 
- ODS C18 (5µm) 150 x 4.6 mm, software Lab Solution 
with flux0.8mL/min with detection at 350 nm. XaHF was 
diluted in pure methanol to obtain a standard solution 
with 1mg.mL-1. This standard was centrifuged for 10 

minutes at room temperature and filtered in a 0.45µm-
pore filter before injection. The standard injection volume 
was 45 µL, following the running time gradient method 
(table 1). The chromatogram was digitally recorded. 
 
The qualitative profile of chemical constituents present in 
the XaHF was obtained by comparison of retetion 
times or UV spectrum. The standards used were gallic 
acid, chlorogenic acid, catechin, quercetin, rutin, and 
boldine (fig. 1). 
 
Cell culture 
EAC primary cultures were established from an 
intraperitoneally inoculated female Swiss mouse as 
previously described (de Carvalho Maroni et al., 2012, 
Mishra et al., 2018). Seven days after inoculation, 3.0mL 
of ascites liquid were collected, and viable cells were 
counted using a Neubauer haemocytometer (Bright-line -
0.025mm2; L-Optik,) using Trypan blue positive cells as 
an exclusion method. Cells were re-suspended and seeded 
in a 24-well plate (1x105 cells/well). Serial dilutions were 
used as treatment, ranging from 1000µg/mL to 
32.2µg/mL of XaHF diluted in culture medium (DMEM 
10%, containing 100 mg.mL-1 streptomycin, 100U.mL-1 
penicillin G and 2mM L-glutamine). Cells were counted 
every 6h during 24h, using Trypan blue method. The 
experiment was performed in triplicate. 
 

In vivo assays guidelines and ethical statement 
Female Swiss mice, aged 2-3 months, weighing about 30g 
were obtained from Federal University of São Joao del 
Rei (UFSJ). For acclimation and experiments, animals 
were maintained properly caged, allocated in the animal 
house at UFSJ - Campus Centro-Oeste, with constant 
12:12 light/dark cycle and free access to food and fresh 
water. All animal procedures were conducted in 
accordance with the “International Guidelines for Animal 
Experiment”, adopted by UFSJ and were approved by the 
“Ethics Committee for Animal Experiments” of the 
Institution (protocol UFSJ 27/2013). All other applicable 
international, national, and/or institutional guidelines for 
the care and use of animals were also observed. 
 
In vivo assays  
Seven- day-old Erlich carcinoma cells was collected from 
a female mouse using a syringe (1mL). Viable tumor cells 
were counted in a Neubauer haemocytometer by the 
trypan blue exclusion method (Meireles et al., 2016, 
Mishra et al., 2018) 
 
To verify in vivo effects of XaHF on Ehrlich tumor 
growth, 2.5x106 EAC suspended in PBS (pH 7.2) were 
inoculated in the right flank of 10 animals, divided in two 
groups (n=5): vehicle control (NaCl 0.9% m.V-1 + DMSO 
1%V.V-1) and XaHF treatment (32.3mg.kg-1), both 
administered intraperitoneally. Tumor sizes were 
measured with manual pachymeter daily for 20 days to 
estimate tumor growth curves. 
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Histological analysis 
After 20 days of treatment, mice were euthanized and 
tumor collected, fixed in 10% neutral buffered formalin, 
dehydrated in an ascending concentration series of 
aqueous ethanol, cleared 3 times using xylene and 
embedded in paraffin.  Sections of 4,0μm were obtained  
from specimens and stained with hematoxylin and eosin 
(H&E). 
 
Morphometric evaluation was carried out using an optical 
microscope with 40x magnification, and 10 fields per 
slide were examined. Representative images were 

captured with a digital camera (Zeiss microscope, Carl 
Zeiss, Germany) and analyzed using the Axion Vision 4.8 
software (Carl Zeiss, Germany). Quantification of the 
inflammatory infiltrate was qualitatively performed and 
was classified as weak, moderate or strong according to 
the relative number of leukocytes. The percentage of 
necrosis area was calculated using the Axion Vision 4.8 
software (Oliveira et al., 2018). 
 
Immunohistochemical analysis (IHC) of 
Metalloproetinase-2 (MMP-2), Tissue inhibitor of 
metalloproteinases 2 (TIMP-2), and Proliferative cell 

 
Table 1: Gradient program used to analyse the chromatographic profile of XaHF. 
 

Time (min) Mobile phase A (ultra-pure water + 0,1% formic acid (%) Mobile phase B (acetonitrile) (%) 
0.01 95 5 

10.00 70 30 
15.00 10 90 
25.00 95 5 

 

 

Fig. 1: Profile chromatographic standards by HPLC-DAD in the region of 200-800nm (C), Mobile phase ACN:. H2O 
+ 0.1% c. Formic (90:10), flow 0.8mL/min. 
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nuclear antigen (PCNA) 
IHC analyses were performed using 4,0µm sections. 
Inactivation of endogenous peroxidase was performed 
treating sections with methanol + H2O2 3%V.V-1 for 15 
min at room temperature, followed by incubation with 
anti-MMP-2 (1:100, ab76003, Abcam), anti-TIMP-2 
(1:100, AF971, BD Systems) and anti-PCNA (1:100, sc-
56, Santa Cruz Biotechnology) antibodies overnight, at 
4°C. In order to prevent nonspecific binding and permeate 
the tissue, samples were incubated with blocking buffer 
for 45 min, followed by incubation with DAKO kit LINK 
and HRP-streptavidin. 3,3'-diaminobenzidine (DAB) 
chromogen (Sigma) was used to visualize the peroxidase 
activity. Sections were counterstained with hematoxylin. 
Primary antibodies were absent in negative controls. 
Quantification of staining was performed using Zeiss 
software to compare groups (Carl Zeiss, Germany). The 
immunostained were identified by a strong color using 
Adobe Photoshop CC 2018 (Oliveira et al., 2018). 

STATISTICAL ANALYSIS  
 
Groups were compared using Student´s t test, using 
GraphPad Prism version 5. Statistical significance was 
assumed for p<0.05. 
 
RESULTS 
 
Compounds Chemical characterization   
Standards of gallic acid, chlorogenic acid, catechin, rutin, 
quercetin and boldine were eluted for peak comparisons 
with the liquid-liquid fractionation chromatogram of 
XaHF. The spectral patterns are shown in fig. 1. The 
obtained spectra were compared with those available in 
databases, and the main peaks revealed the presence of 
phenolic acids, flavonoids, and alkaloids on XaHF 
phytochemical composition (fig. 2). 

 
Fig. 2: Profile chromatogram of the XaHF (hexanic fraction) of the leaves of Xylopia aromatica. Analysis by HPLC-
DAD detector at 270 nm UV spectrum peaks. 
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Fig. 3: The EAC was treated with a serial dilution 
(1000µg/mL to 32.2µg/mL) of XaHF. The cell counting 
was performed four times, every 6 hours after treatment 
application, using a Trypan blue dye. The procedure was 
performed in triplicate. 
  

XaHF chromatogram presented six peaks, with retention 
times between 10 and 15 min. The UV spectral bands 
revealed compounds related to phenolic acids (263 nm), 
flavonoids (255 and 354 nm), and alkaloids (282 and 302 
nm).  
 
In vitro cytoxic effects of XaHF on EAC 
In vitro treatment of EAC with XaHF revealed a 
significant cytotoxic effect of the fraction, with the two 
lowest concentrations (62.5 and 32.3mg/mL) being the 
most efficient in reducing viable cells (fig. 3). 

In vivo effects of XaHF on Ehrlich’s tumor growth, 
necrosis and inflammatory infiltrate 
Treatment with XaHF was associated with a significant 
decrease (46%) in tumor volume compared to control (fig. 
4; p=0.0017). Histopathological examination of sections 
revealed typical malignant features, including cellular 
infiltrate in adjacent muscular tissue and necrotic areas. 
Cells showed mitotic activity, pleomorphism, and 
hyperchromatism (fig. 5a, b). XaHF-treated (5b) group 
showed significant reduced inflammatory infiltrate when 
compared to control (5a). Necrotic areas (5c, d) were also 
reduced (71%) in XaHF treated group in comparison with 
control (5e). 

 
Fig. 4: Tumor size after 20 days of treatment with the 
XaHF (hexanic partition, 32.3mg kg−1) in mice inoculated 
with Ehrlich tumor. *Shows statistical difference between 
groups. 

 
Fig. 5: Necrotic Area (a, b) and infiltrate inflammatory (c, d, e) from mice treated with hexanic fraction.  Necrotic Area: 
(a) Control; (b) Lower necrosis area in the XaHF group (hexanic fraction; 32.2 mg kg-1 ); (c) Necrotic area percentage. 
Inflamatory infiltrate (*): (d) Control; (e) Weaker inflammatory infiltrate in the XaHF group (hexanic fraction; 32.2 mg 
kg-1 ) The XaHF promoted smaller areas of necrosis then control (p< 0.05). In this picture is possible to see the 
connective tissue high infiltrated by leukocytes (*). T= tumor area N= necrotic area. Photos were captured at 20x 
magnification. 
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MMP-2, TIMP-2 and PCNA expression in Ehrlich 
Tumor 
Immunohistochemical analyses of the expression levels of 
MMP-2 revealed reduced immunostaining in tumor 
samples of animals treated with the XaHF (6b), compared 
to control group (6a) (p=0.0220). Statistically significant 
differences in immunostaining were not observed for 
TIMP-2 (6c and d) and PCNA (6e and f) (fig. 6).  
 
DISCUSSION 
 
In this work, in order to better understand the role of 
XaHF as a promising chemotherapeutical, the 
antiproliferative activity of this fraction against EAC was 
assessed both in vitro and in vivo. XaHF treatment 
decreased the cell viability after 24 hours of exposure and 
also reduced tumor volume, inflammatory infiltrate, 
necrosis area and MMP-2 expression in vivo. 
 
Besides, analysis of XaFH chromatographic profiles 
revealed the presence of phenolic acids, flavonoids, and 
alkaloids as phytochemical constituents. These secondary 
metabolites are characterized by diverse biological 
activities, such as antioxidants, cardioprevention, 
hepatoprotection, anti-inflammatory and antiviral effects, 
in addition to antitumor activity (Formagio et al., 2015, 
Kumar and Pandey, 2013, Lucio et al., 2015). This work 
presents strong evidence of the anticancer effects of 
XaHF upon EAC tumor model. 
 
The anticancer effects of the secondary metabolites found 
in XaHF are described as involving diverse mechanisms, 
such as inhibition of protective enzymes, stimulation of 
apoptosis, inhibition of cell proliferation and 
angiogenesis. (Batra and Sharma, 2013, Ghasemzadeh 
and Jaafar, 2013, Moudi et al., 2013). These compounds 
are also known for their protective role in carcinogens, by 
interaction with phase I metabolizing enzymes such as 
cytochrome P450 (Salminen et al., 2011). In several 
species of Xylopia, alkaloids have already been identified 
in leaves, bark, and fruits (Moreira et al., 2013, Silva, 
Reis et al., 2015). Xylopia aromatica leaves also contain 
essentials oils mainly composed of sabene, β-pinene, 
myrcene, limonene, ocimene, germacrene D and B, 
bicyclogermacrene, espatulenol, globulol (Lago, de Avila 
et al., 2003). This is the first study that characterized the 
composition of secondary metabolites on XaHF. 
 
Chandrashekar et al. (2012) showed that baicalein, a 
flavonoid present on Scutellaria baicalensis Georgi, has 
antitumoral activity, decreasing expression levels of 
MMP-2 and MMP-9, leading to reduced in vitro cell 
invasiveness.  The in vivo findings presented herein 
showed an inhibitory effect on tumor development. XaHF 
treatment reduced tumor size, necrotic areas and 
inflammatory infiltrate. Additionally, expression levels of 
MMP-2 were lower in the treated tumors. These effects 

could be attributed to flavonoids, but also to alkaloids and 
phenolic acids found (Kim et al., 2018, Santos et al., 
2018).  
 
Alkaloids are highly diverse nitrogenated compounds 
present in Metaphyta kingdom, and their antitumor 
activity is attributed to multiple mechanisms, such as 
inhibition of topoisomerases, cell cycle arrest, activation 
of apoptosis, and inhibition of adhesion junctions (Isah, 
2016, Liu, Liu et al., 2013). In addition, studies have also 
shown that some alkaloids inhibited metastasis by 
downregulation of the EMT- related protein (Zhang et al., 
2018; Santos et al., 2018). 
 
Phenolic acids and flavonoids are the most abundant 
polyphenols that occur in plants (Falcone Ferreyra et al., 
2012). Phenolic compounds, including quercetin-type 
flavonoids, were also identified in leaves and fruits and 
the presence of these may be associated with factors 
favoring some pharmacological activities (Ezuruike and 
Prieto, 2014).  In fact, there is evidence for the anticancer 
activity of these compounds. Studies reported the 
downregulation of several oncogenes (PI3K and AKT), 
cell proliferation factors (CDK and ERK½) and 
transcriptional factors (NRF2 and STATs) associated with 
treatments with phenolic compounds, along with 
antiangiogenic effects linked to inhibition of VEGF and 
MIC-1 (Anantharaju et al., 2016, Batra and Sharma, 
2013). 
 
The present study shows, for the first time, the anticancer 
activity of XaFH against EAC both in vitro and in vivo. 
Taken together our results demonstrated that XaHF 
reduce the cell viability of EAC in vitro. Moreover, XaFH 
has an antitumor and antimetastatic potential against EAC 
also in vivo with MMP-2 expression decreased. This 
effect can be attributed to the alkaloids, phenolic acids, 
and flavonoids present its the fraction. These results 
provide evidences for further studies of X. aromatica as 
antineoplasic agent.   
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