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ARTICLE INFO  ABSTRACT 
 
 

Annona crassiflora Mart. is a species of the cerrado biome in the family Annonaceae. It is a 
vegetable with therapeutic potential. However, it should be emphasized that its toxicity when 
consumed in large doses remains unknown, and clinical studies are strongly suggested for this 
purpose. The objective of this study was to verify the toxicological effect of leaf and seed extracts 
of Annona crassiflora Mart. (Annonaceae) in mice. The plant was collected in were collected in 
cerrado areas in Montes Claros, Minas Gerais, Brazil. Healthy leaves and seeds were selected and 
dried in a forced air circulating dryer at 40ºC for 72 h. Ethanolic extract (EE) was obtained by 
maceration of the dried leaves in absolute ethanol. The extracts were filtered and subsequently 
dehydrated at 40ºC for 48 h. The chromatographic profile was performed using an HPLC system. 
To evaluate the toxicological effects, 18 Swiss mice, were divided into three groups, composed of 
three males and three females each as follows: 22 μL PBS (C), 22 μL leaf extract (LE), 22 μL 
seed extract (SE) that were administered by means of gavage at cumulative doses for four days at 
the following concentrations: day one, 12.5mg/kg; day two, 25.0mg/kg; day three 50mg/kg and 
the fourth day, 100mg/kg. To assess the toxicological effects, physical aspects, behavior, and 
body weight of animals were monitored daily. On the fifth day the mice were euthanized and 
peripheral blood and target tissues were collected. ALT plasma level was measured. Liver, spleen, 
heart, and kidney samples were collected, formalin-fisxed, paraffin-embedded, and submited to 
histopathological analysis. Statistical analysis was performed using Student t tests and ANOVA. 
The Bonferroni test was applied as post hoc. Valeus of p < 0.05 were considered as statistically 
significant. Our findings showed that A. crassiflora Mart. extract is rich in flavonoids and 
flavones. No clinical signs or symptoms that had suggested toxicity were observed in all animals. 
However LE and SE animals showed decreased body weight, increased size and wight for liver 
and spleen organs. Moreover, ALT levels were increased in experimental animals. Histological 
analysis showed morphological findings of discrete hyperemia in liver and spleen tissues of 
animals treated with SE. In conclusion, the present study evidenced potential toxic effects of 
A.crassiflora Mart. leaf and seed extract notably in liver and spleen organs. More prospective 
studies are needed to better understand the cytotoxic effects of A. crassiflora. 
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INTRODUCTION 
 
Annona crassiflora Mart., commonly known as panã, 
araticum-do-cerrado, articum, marolo, pinha-do-cerrado, 
among others, is a species in the Annonaceae family (LUZIA e 
JORGE, 2013). In Brazil it is widely distributed in the Cerrado 
biome, and commonly used in the manufacture of candies, ice 
creams and liquors. However, the greater relevance of this 
species is due to its use on traditional medicine (Almeida et 
al., 2008). This species have been target of studies aimed to 
elucidate its medicinal potential, specially to identify the 
secondary compounds produced by this species, such as: 
alkaloids, with antimicrobial and leishmanicidal activity, 
phenolic with antioxidant and hypoglycemic characteristics 
(Barbalho et al., 2012), and acetogenins that are potent and 
selective with cytotoxic and antimicrobial properties (Biba et 
al., 2014). The acetogenins also present antimutagenic and 
antiparasitic (Vilar et al., 2008) anti-HIV, antidiabetic, 
antitumor, wound healing, insecticide and antifungal activities 
(Chen et al., 2012, Gupta et al., 2005). A few in vivo studies 
that evaluated the A. crassiflora therapeutic effects, reported 
abnormal clinical signs in animals treated with the alcoholic 
extract, such as anxiety and restlessness (ROESLER et al., 
2007), loss of body weight of approximately 28% as compared 
to the untreated group (Roesler, 2011). Lambs that received 
seeds extract for anthelmintic treatment presented diarrhea and 
severe lesions followed by death, while the control group did 
not display any similar symptom (Oliveira et al., 2011). 
Toxicological studies are of paramount importance for the 
development of new drugs and evaluation of potential 
therapeutic molecules (Parasuraman, 2011). Medicinal plants 
deserve special attention as they can be therapeutically 
efficient but toxic to organs and tissues (Chanda, et al., 2015). 
The toxicological studies were incremented in 1920 by the 
introduction of animals that allow the determination of lethal 
doses/concentrations and also to evaluate the toxic effects in 
several levels (from cells to whole body homeostasis) 
(Parasuraman, 2011). Considering that studies reported 
abnormal clinical signs in vivo and that few studies aimed to 
investigate the toxicological effect of the A. crassiflora extract, 
it is important to conduct toxicological tests in order to 
guarantee safety regarding its therapeutic indication. The 
objective of this study was to verify potential toxicologyeffects 
of leaf and seed alcoholic extracts of A. crassiflora Mart. 
(Annonaceae) in mice. 
 

MATERIAL AND METHODS 
 
Study area: The research was conducted in Montes Claros 
City, North of Minas Gerais, Brazil. The area of collection 
consisted of Cerrado vegetation, with tropical climate 
characterized by dry summer according to the Koppen 
classification (Alvares et al., 2013). The region is marked by a 
dry season from May to September and a rainy period in 
January and February. 
 
Plant material and extract preparation: Healthy-appearing 
A. crassiflora leaves and seeds were selected and dried to 
constant weight in a forced air circulating drier at 40 º C for 72 
h. Dried leaves were ground in a Wiley mill and stored in 
paper bags, without light. Voucher specimen 1492 was 
submitted to the Montes Claros Herbarium (HMCMG) of 
Universidade Estadual de Montes Claros (UNIMONTES). 

Ethanolic extract (EE) was obtained by maceration of the dried 
leaves in absolute ethanol, in amber-colored glass containers, 
kept in darkness for seven days. Extracts were filtered through 
a gauze funnel and subsequently dehydrated at 40 º C for 48 h, 
to obtain a residue with constant weight, and stored in paper 
bags in darkness (Morais-Costa et al., 2015; 2016). 
 
Extract characterization: A Waters Alliance 2695 HPLC 
system composed of a quaternary pump, an auto-sampler, a 
photodiode array detector (DAD) 2996, and a Waters 
Empower Pro data handling system (Waters Corporation, 
Milford, Connecticut, USA) was used for the extract 
characterization. The analyses were performed on a 
LiChrospher 100 RP-18 column (250 × 4 mm 5 m; Merck, 
Darmstadt, Germany) combined with a LiChrospher 100 RP-
18 guard column (4 × 4 mm, 5 m; Merck) at 40 º C. Water 
(A) and acetonitrile (B) were used as eluents, both containing 
0.1% (v/v) H3PO4 at a flow rate of 1.0 mL min-1 as follows: 0 
min, 95% A and 5% B and 60 min, 5% A, 95% B, followed by 
10 min of isocratic elution. Solvents used were of HPLC grade 
(Merck, Germany) and were degassed by sonication before 
use. The chromatograms were obtained at 210 nm, and the UV 
spectra were recorded on-line from 190 to 400 nm. The dried 
extracts were dissolved in methanol (HPLC-grade), ultrapure 
water, or hydroethanolic solutions, according to their 
solubility, to concentrations of 10 mg mL-1. After 
centrifugation at 8400 × g for 10 min, 10 L of the sample 
solutions were automatically injected into the apparatus.  
 
In vivo experiments: 18 swiss male mice aged 10 weeks old 
were used (9 female and 9 male). All animals were healthy 
with about 28 ± 4 grams of body weight. The animals were 
obtained from the Biological Sciences Institute (ICB) animal 
facility of Universidade Federal de Minas Gerais (UFMG). 
They were kept at the Unimontes animal facility for adaptation 
period with the following conditions: 22 ± 2ºC, 60 ± 5% 
relative humidity, 12h light/dark cycles and low sound level 
<40 dB, with free access to filtered water and balanced food 
(Purina-Labina®). All procedures were performed in 
accordance with the principles of animal experimentation 
approved in the 275/2013 protocol of the Ethics Committee on 
the use of animals (CEUA) of the Federal University of Minas 
Gerais, Brazil.  
 
Toxicity analysis: The A. crassiflora toxicity test was adapted 
from Walum (1998) to determine the maximum tolerated dose 
(MTD) for adult mice. The mice were divided into three 
groups (n=3 male and n=3 female each). Phosphate Buffered 
Saline Solution (PBS) was administered to the control group 
(C) and the leaf extract (LE) and the seed extract (SE) of A. 
crassiflora were administered to the respective groups. 
Extracts administration was performed by cumulative doses 
through gavage for four days. On day one, leaf and seed 
extracts were administered at 12.5 mg/kg body weight, on day 
two 25.0 mg/kg body weight, on day three and four the 
extracts were respectively administered at 50.0 mg/kg and 
100.0 mg/kg body weight. To evaluate the toxicological effect, 
clinical and body weight behavior were analyzed daily. After 
four days of treatment (five day), the blood collection by made 
by decapitation (Andrade et al., 2014), followed by euthanasia 
with liver, spleen, kidney and heart removal. The biological 
material was submitted to macroscopic and microscopic 
evaluation.  
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Biochemical analysis: In to concerts the functional activity of 
the liver of animals, blood samples were collected and alanine 
aminotransferase (ALT) levels were assessed. 
 
Histopathologic Analysis : In order to verify histological 
alterations, liver, heart, kidney and spleen samples were 
infiltrated and placed in paraffin using bounding forms. After 
the paraffin block solidification the samples were submitted to 
histological sections of 5 μm thickness using a histological 
microtome (model CUT5062, Slee Technik GmbH, Mainz, 
Germany). The histological sections were adhered on a glass 
slide and kept in an oven at 37 ° C for 2h. The slides were 
submitted to histological staining with hematoxylin and eosin 
(H&E) and Masson trichrome (TM).  
 
Statistical Analysis: All data were transferred to Graph Pad 
Prism software. Student’s t-test and One-way ANOVA testes 
were applied. Bonferroni test was applied as post hoc. p< 0.05 
was considered as statistically significant. 
 

RESULTS AND DISCUSSION 
 
Extract characteristics: The A. crassiflora leaves ethanolic 
extracts evidenced two majority peaks (TR=6.484 and 
TR=7.704 min) and presented UV spectrum characteristics that 
suggest presence of flavonoid and flavone compounds, 
respectively and A. crassiflora seeds ethanolic extracts 
displayed two majority peaks (TR = 15.591 and TR = 47.061). 
The characteristics presented by the UV spectrum suggest 
presence of a flavonoid compound (Figures 1A and 1B).  
 

 
 

Figure 1. HPLC chromatographic profile of the A. crassiflora 
extracts. (A) Peaks 1 and 2 and their respective retention time 

represent the flavonoid UV spectrum characteristics of the leaves 
extracts. (B) Peak 1 indicates flavonoids and peak 2 indicates 

flavones and their respective retention time are presented for the 
seeds extracts 

 
Flavonoids and flavones are classified in the same compound 
subgroups due to their chemical structure (Kozlowska and 
Szostak-Węgierek, 2014). However, the flavones are widely 
found in other vegetative organs, such as leaves (Panche et al., 
2016). Scientific evidence indicate that these substances 
develop an important beneficial role on the diseases 

prevention, however, it should be emphasized that their 
toxicity when consumed in large doses remains unknown, 
being strongly suggested the conduction of clinical and 
epidemiological trials for this purpose (Kozlowska and 
Szostak-Węgierek, 2014). The flavonoids and flavones are 
described in the literature for their currently use in therapeutic 
products and are widely consumed in the diet by the 
population (Niiveldt, et al., 2001). However, studies regarding 
their toxicity are also described in the literature (Wang, et al., 
2007; Santos, et al., 2009; Galati and O’Brien, 2004). A few 
studies already described potential malefic effects of 
flavonoids, such as pro-oxidant activity, interaction with 
enzymes that metabolize drugs, cell cycle regulation and were 
already described to participate in liver failure, contact 
dermatitis, and hemolytic anemia, among others (Galati and 
O’Brien, 2004).  
 
Toxicity test in mice  
 
No clinical signs of toxicity regarding the animals behavior or 
mortality rate were observed during the four days of extracts 
administration. However, the mice treated with seeds extract 
presented decreased body weight (Figure 2) and the blood 
exam of these animals revealed increased ALT levels for male 
and female (Figure 3).  
 

 
 

Figure 2. Body weight over the 4-day experimental period for 
male and female mice treated with A. crassiflora seeds and leaves 

extracts. C: Control; LE: Leaves extract; SE: Seeds extract 
 

 
 

Figure 3. Effects of A. crassiflora leaves and seeds extracts on 
ALT levels. * Reference value for male 65 U/L – 58 U/L and 
female 26 U/L – 60 U/L. ALT: Alanine Aminotransferase. C: 

Control; LE: Leaves extract; SE: Seeds extract 
 

The increased ALT levels observed after the extracts 
administration reflects liver injury as already established in the 
literature (Amacher, 1998). ALT is a very specific marker for 
liver injury, which is increased after ischemic or toxic injuries.  
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The literature already reports as guideline the pharmacological 
history evaluation when the exams report increased ALT 
levels, as it is common the increase in ALT levels after herbal 
products or medications consumption (Giannini, et al., 2005). 
Based on the literature, the increased ALT levels observed in 
the treated animals may correlate with liver injury caused by 
A. crassiflora ethanolic extract, although other liver markers 
should be used in the clinical practice in order to evaluate 
more carefully the potential injury. Macroscopically the organs 
did not present any relevant alterations (Figure 4A), however 
the liver and spleen of mice treated with the extracts, 
particularly seeds extract, appear to have undergone a slight 
increase as compared to the control group, in both males and 
females (Figure 4B e C). The decreased weight observed in the 
animals and, increase liver and spleen weight  after extracts 
administration, which might correlate with increase 
inflammation caused by the extracts consumption. 
Inflammation is commonly associated to edema, as it induces 
vasodilatation and also alters protein metabolism (Mercier et 
al., 2002). The organs weight measurements evidenced 
increased liver and spleen weights in animals treated with both 
extracts, being more evident in animals treated with seeds 
extracts.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
No weight alterations were observed for the heart and kidneys 
as compared to control (Figure 4D e E). No morpho-
pathological alterations (necrosis, inflammatory infiltration, 
edema) were observed in the analyzed tissues. However, 
vascular hyperemia in the kidney and liver of treated animals 
was observed as compared to control tissues. No differences 
were observed between male and female mice samples (Figure 
5).   
 
Another interesting finding observed in the present study was 
the vascular hyperemia observed in the liver and kidney of 
treated animals as compared to control. Vascular hyperemia is 
the increased blood flow in a specific tissue or organ after a 
given stimuli (Bliss, 1998), such as oxygen deprivation and 
metabolites accumulation. Interestingly, Heiss et al. 2003 
described that flavonoids exert important vascular effects via 
increased nitric oxide synthase (NOS) activity that one of the 
main regulators of vascular response (Heiss, et al., 2003). 
Once A. crassiflora extracts are rich in flavonoids, the vascular 
hyperemia observed might be associated to this 
compound.This might be correlated with the pro-inflammatory 
actions sometimes exerted by flavonoids (Damas, et al., 1985).  
 

 
 

Figure 4. Macroscopic evaluation of the liver and spleen from male and female mice treated with seeds and leaves A. crassiflora ethanolic 
extracts and organs weight. A) Spleen and liver images from male and female mice treated with leaves and seeds extracts and control 
group. B) Liver weight (g/BW), C) Spleen weight (g/BW), D) Heart weight (g/BW), E) Spleen weight (g/BW). C: Control; LE: Leaves 

extract; SE: Seeds extract 

22829                       Otávio Cardoso-Filho, Effects of leaf and seed alcoholic extracts from of annona crassiflora mart. (annonaceae) in mice 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Conclusion 
 

In summary, the present study indicates that the A. crassiflora 
seeds and leaves ethanolic extracts exert important hemotoxic 
effects in mice, which might be taken in consideration before 
the therapeutic use of this species extracts. Future studies 
aimed to observe the long-term effects of these extracts and 
more specific toxicity tests are needed. Additionally, analysis 
capable to isolate the main compounds present in the A. 
crassiflora are needed.  
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