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Annona muricata (Am) is a plant used in traditional Mexican medicine to treat cancer. It is widely distributed in tropical and

subtropical regions. A. muricata   is known as “graviola”, “soursop”, and “guanabana” in Mexico is called “zapote de

Viejas,” “catucho,” and “cabeza de negro.” 
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1. Introduction

In Mexico, more than 90% of the population uses medicinal plants to treat their diseases, and between 30 and 70% of

cancer patients are willing to use any product obtained from the medicinal plant considering that they perceive these as

effective and safe due to their natural origin . Mexico is a country with a great abundance and diversity of natural

products that may be a potential source for the discovery of compounds with therapeutic applications . It has been

described that about 60% of the drugs approved for cancer have their origin in medicinal plants. There is a large amount

of work linked to the search for medicinal plants that have anti-cancer properties, making the natural resources in Mexico

an important source for obtaining potential agents for the treatment of cancer . A. muricata (Figure 1) has become one

of the best known, commercialized, and widely studied species in recent decades due to its therapeutic potential and

traditional use .

Figure 1. Map of Guerrero state showing Acapulco (Ac) and Tecpan de Galeana (Te) regions where the leaves of A.
muricata were collected.

Their leaves, bark, fruit, seeds, and roots are used for various purposes in traditional medicine for the treatment of cancer,

inflammation, skin diseases, analgesic, flu, asthma, colds, malaria, diarrhea, hypertension, and diabetes, among others

. Several studies of different extracts obtained from A. muricata (fruit, seeds, bark, roots, or leaves) have been reported.

In this context, the isolation of roughly 212 secondary active metabolites including acetogenins, alkaloids, polyphenols,

and flavonoids have been reported . Acetogenins have been identified as one of the major bioactive compounds of A.
muricata with activity on several cancer cell lines . The ethanol extracts obtained from aerial parts from A. muricata
in combination with doxorubicin showed important cytotoxic activity on 4T1 cells and other cancer cell lines 

. Although there is an extensive amount of information about the cytotoxic properties of A. muricata, no

information is available regarding its anti-cancer potential in specifically breast cancer using the extracts of plants

collected in different periods of the year, and regarding the location of the place of recollection and its influences on their

pharmacological and toxic properties. The aim of this study is to evaluate the cytotoxic and antitumor properties using 4T1
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cells, BSL, as well as acute oral toxicity of twelve ethanol extracts of Am collected for a year in Acapulco (Ac) and Tecpan

de Galeana (Te) in Guerrero state, Mexico.

2. Yield of the Extracts Obtained of the Leaves from Annona muricata

The yields of ethanolic extracts obtained of leaves from Annona muricata (Am) are shown in Table 1. The leaves from

Annona muricata (Am) were collected in Acapulco and Tecpan de Galeana, in Guerrero state, Mexico, during the months

of February (Fe), April (Ap), June (Ju), August (Ag), October (Oc), and December (De) of 2017. The results showed that

best yields of the extract were obtained in April from samples collected in Acapulco and Tecpan de Galeana. In general,

the best yields of ethanol extracts were obtained in the samples collected in Tecpan de Galeana, consistent with the

characteristic subtropical zone. In contrast, Acapulco is a tropical zone with higher temperatures and higher relative air

humidity than Tecpan de Galeana.

Table 1. Yield of extracts obtained of leaves from Annona muricata collected in Acapulco and Tecpan de Galeana in

Guerrero, Mexico for one year *.

Zone/Month Extract ID Fresh Weight of Leaves (g) Ethanolic Extract Obtained (g) Yield (%)

Acapulco/February AcFe 500 52.1 10.4

Acapulco/April AcAp 500 62.4 12.5

Acapulco/June AcJu 500 40.1 8.0

Acapulco/August AcAu 500 42.4 8.5

Acapulco/October AcOc 500 48.7 9.7

Acapulco/December AcDe 500 48.0 9.6

Tecpan/February TeFe 500 50.5 10.1

Tecpan/April TeAp 500 73.1 14.6

Tecpan/June TeJu 500 71.3 14.3

Tecpan/August TeAu 500 42.4 8.5

Tecpan/October TeOc 500 65.0 13.0

Tecpan/December TeDe 500 50.0 10.0

* All plant material collection was carried out on 2017.

3. Cytotoxicity Assay

The results of cytotoxic activity against 4T1 (Table 2) show that the best effect was observed with the samples collected in

Acapulco (AcDe, CC  of 79.2 µg mL ) and Tecpan de Galeana (TeDe, CC  of 75.9 µg mL ). Their activity was closer

than doxorubicin (CC  of 62.6 µg mL ), the drug used as a positive control. The remaining extracts showed less activity

(CC  > of 87.5 µg mL ). All extracts exhibited a dose-dependent cytotoxic effect (Figure 2). In general, a major effect

was observable in the samples from Acapulco.

Figure 2. Representative WST-1 assay showing the cytotoxicity activity of AcDe (A) and TeDe (B) in 4T1 type of cancer

cell after 24 h of incubation in vitro.

50
−1

50
−1

50
−1

50
−1



Table 2. Cytotoxic activity of twelve ethanol extracts obtained of the leaves from Annona muricata in CC  (µg mL )

against 4T1 cells.

Treatment CC  (µg mL ) Treatment CC  (µg mL )

AcFe 139.1 ± 2.2 TeFe 128.1 ± 0.4

AcAp 99.9 ± 0.2 TeAp 97.5 ± 0.3

AcJu 87.4 ± 0.5 TeJu 98.7 ± 0.1

AcAg 122.5 ± 0.3 TeAg 126. 3 ± 0.2

AcOc 89.1 ± 0.2 TeOc 133.7 ± 0.4

AcDe 79.2 ± 0.2 TeDe 75.9 ± 0.1

Doxorrubicin 62.6 ± 0.8   62.6 ± 0.8

Data are expressed as mean ± S. E. M. (n = 3); CC : cytotoxic concentration 50.

 

4. Anti-Tumor Activity
The evaluation of the antitumor activity (Table 3) of the ethanol extracts from Am showed that after the oral administration

of the samples, the most active extracts were obtained in December from Acapulco (AcDe, ED  of 10.8 mg kg ) and

Tecpan de Galeana (TeDe, ED  of 12.1 mg kg ). The remaining extracts were less active with ED  > 13.3 mg kg . All

extracts exhibited a dose-dependent antitumor effect (Figure 3). In general, a major effect was observable in the samples

from Acapulco.

Figure 3. In vivo tumor 4T1 tumor bearing mice growth inhibition experiment (n = 6). Control: tumor weight harvested from

untreated group (control), Doxorubicin: pharmacological control. (A) Tumor weight of group treated with different doses of

AcDe; (B) Tumor weight of group treated with different doses of TeDe. Each value represents the mean ± standard error

of the mean. * p < 0.05 vs. Control group.

Table 3. Results of antitumor activity of the ethanol extracts from A. muricata leaves in a breast cancer model with 4T1

cells.

Treatment ED  (mg kg ) Treatment ED  (mg kg )

AcFe 13.3 ± 0.06 TeFe 16.2 ± 0.42

AcAp 20.8 ± 0.49 TeAp 30.3 ± 2.18

AcJu 24.8 ± 0.20 TeJu 16.9 ± 1.06

AcAg 40.6 ± 1.9 TeAg 20.7 ± 0.22

AcOc 15.6 ± 0.32 TeOc 14.4 ± 0.46

AcDe 10.8 ± 0.014 TeDe 12.1 ± 0.19

Doxorrubicin 15.57 ± 0.76   15.57 ± 0.76
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Data are expressed as mean ± S. E. M. (n = 6); ED : effective doses 50.

2.4. Brine Shrimp Lethality Assay

Results (Table 4) show that the most active ethanol extracts in BSLA were the samples of June and August collected in

Acapulco (AcJu, LC  of 1.8 µg mL ) and Tecpan (TeAg, LC  of 2.4 µg mL ), respectively. In general, the extracts

obtained from the leaves of Am collected in Acapulco showed higher lethality than collected in Tecpan. The remaining

extracts showed LC  > 9.7 mg kg . In general, a major effect was observable in the samples from Acapulco.

Table 4. Brine shrimp lethality of the extracts from A. muricata leaves.

Treatment LC  (µg mL ) Treatment LC  (µg mL )

AcFe 44.7 ± 0.89 TeFe 60.5 ± 3.36

AcAp 47.3 ± 0.06 TeAp 40.5 ± 0.29

AcJu 1.8 ± 0.34 TeJu 39.6 ± 1.91

AcAg 9.7 ± 0.80 TeAg 2.4 ± 0.62

AcOc 23.4 ± 1.50 TeOc 36.2 ± 5.39

AcDe 22.9 ± 1.50 TeDe 50.6 ± 0.32

Doxorrubicin >500   >500

Data are expressed as mean LC  ± S. E. M. (n = 3).

5. Acute Oral Toxicity and Therapeutic Index

The acute oral toxicity was evaluated in agreement with OECD guidelines 423 for the use of natural products in human

consumption. The results (Table 5) show that the most toxic samples were those collected in the months of June and

August from Acapulco (AcJu and AcAg) and Tecpan (TeJu and TeAg). In contrast, the samples from AcDe and TeDe

showed less toxicity. In agreement with acute toxicity and the therapeutic index the most secure extracts were AcDe and

TeDe.

Table 5. Acute oral toxicity and therapeutic index of the extracts from A. muricata leaves.

Treatment LD  (mg kg ) TI Treatment LD  (mg kg ) TI 

AcFe 1585 119.2 TeFe 1585 97.8

AcAp 1585 76.2 TeAp 1585 52.5

AcJu 165 6.7 TeJu 232 13.7

AcAg 165 4.1 TeAg 232 11.2

AcOc 1515 97.1 TeOc 1585 110.1

AcDe 1515 140.7 TeDe 1585 131.0

Correlation coefficient > 0.9500; Data are expressed as mean ± S. E. M. (n = 3); LD : Lethal dose 50.  TI: therapeutic

index calculated as LD  (acute oral toxicity)/ED  (antitumor activity).

6. HPLC Analysis of the Ethanol Extracts

Analysis of the ethanol extracts, AcDe and TeDe, was performed using high-performance liquid chromatography with

diode array detection (HPLC-DAD) and standards of flavonol glycosides, rutin, nicotiflorin, and narcissin. The analysis

showed the presence of rutin (32.88 min), nicotiflorin (34.10 min), and narcissin (34.76 min) in AcDe and TeDe (Figure 4).

The identification was made by comparing their retention times, UV spectrum (Figure 5), and thin layer chromatography.

All extracts showed the presence of rutin, nicotiflorin, and narcissin (Figure 6 and Figure 7).
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Figure 4. High-performance liquid chromatography with diode-array detection (HPLC-DAD) analysis at 254 nm of ethanol

extract from A. muricata leaves. TeDe (blue) and AcDe (red); flavonol glycosides standards, rutin (R, green), nicotiflorin

(Ni, gray), and narcissin (Na, magenta).

Figure 5. UV spectrum obtained from HPLC-DAD analysis of rutin (A), nicotiflorin (B), and narcissin (C).



Figure 6. High-performance liquid chromatography with diode-array detection (HPLC-DAD) analysis of ethanol extracts

from A. muricata leaves collected in Acapulco, Mexico.

Figure 7. High-performance liquid chromatography with diode-array detection (HPLC-DAD) analysis of ethanol extracts

from A. muricata leaves collected in Tecpan de Galeana, Mexico.
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