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ABSTRACT 
 

Anona squamosa Linn leaves methanol extract was tested for anticancer activity, and the active components were 

identified in this study. The brine shrimp lethality test (BSLT) was used to measure the chemicals toxicity of the A. 

squamosa leaves extracted at room temperature using methanol. An anticancer test on HeLa cells was also carried out 

using this hazardous extract. The identification of the active compounds was carried out by Gas chromatography-mass 

spectrometry. At an LC50 value of 26.30ppm the extract was toxic, while at 35.65, it showed anticancer activity. 

Furthermore, 15 compounds which were responsible for this anticancer activity were identified. They include: ethyl-

diethylene glycol, 3,7-Dimethyl-6-octenal, 6-Octen-1-ol, 3,7-dimethyl-, 2,6-Octadien-1-ol, 3,7-dimethyl, 1-Methoxy-

4- (1-propenyl) benzene, 2,6-Octadien-1-ol, 3,7-dimethyl-, acetate or Geranyl acetate, methyl-dodecanoic acid, 

methyl-tetradecanoic acid, methyl-hexadecanoic acid, n-Hexadecanoic acid, 7-Acethyl-6-ethyl-1,1,4,4-

tetramethyltetralyn, methyl-9-Octadecenoic acid, 9,12-Octamethyl-decadienoic acid, 9,12-Octadecadienoic acid, and 

bis (2-ethylhexyl)-1,2-Benzenedicarboxylic acid. According to this study, A. squamosa leaves can be employed as a 

natural anticancer agent for cervical cancer.  
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INTRODUCTION 

 

Cancer is a large group of diseases that can start in 

almost any organ or tissue of the body when abnormal 

cells grow uncontrollably, go beyond their usual 

boundaries to invade adjoining parts of the body and/or 

spread to other organs (WHO 2022). It is found 

in animals as well as humans. Cancers in animals present 

a large, underutilized reservoir of biomedical information 

with critical implication for human oncology and 

medicine in general (Kattner et al. 2021). Uterine cervical 

cancer is common in human but also found in animals 

(Larmour et al. 2015). 

Currently, anticancer drugs are very expensive and 

have low selectivity, therefore, the need for new products 

is increasingly becoming urgent (Huang et al. 2017). The 

exploration of terrestrial and marine biological materials 

and creatures is still being performed in quest of novel 

sources of anticancer chemicals (Cragg and Newman 

2013), which are the oldest means of treating diseases 

(Dias et al. 2012). However, though these materials have 

been widely used, there is still very little scientific data 

showing the efficacy of many organisms. Thus, they are 

still a very important aspect of research, as direct raw 

materials and active ingredients with respect to the 

development of pharmaceutical science and modern 

medicine (Atanasov et al. 2015).  

Cancer is a malignant disease that is much dreaded by 

the public. Therefore, many kinds of medical therapy, 

such as chemotherapy or radiation and surgery, have been 

employed to treat the disease. Nonetheless, the success 

rate is still very low (Sharma et al. 2010), and these 

therapeutic procedures have side effects, in addition to 

being very costly (Siddiqui and Rajkumar 2012). Due to 

this, the exploration of compounds with anticancer 

activity is still going on.  
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Modern research uses bio-ingredients which provide 

a variety of new alternative drugs against cancer that have 

no side effects at low cost (Wang et al. 2012). One of the 

plants as a medicinal ingredient is Annona squamosa Linn 

(Zahid et al. 2018), and this plant has been used for the 

prevention of heart disease, asthma, constipation, flu, 

cough and cancer. Furthermore, it has been used for the 

treatment of acute dysentery, diarrhea, diabetes, 

hypertension, skin problems, fever and cancer. Finally, 

this plant has been employed as an anti-inflammatory 

agent (Bhattacharya and Chakraverty 2016; Ma et al. 

2017; Singh et al. 2019).  

A number of studies on the anticancer activity of A. 

squamosa have already been published (Pardhasaradhi et 

al. 2004; Pandey and Barve 2011; Biba et al. 2014; Wang 

et al. 2014; Veerakumar et al. 2016; Oo and Khine 2017; 

Sandeep and Mittal 2017; Vanitha et al. 2017; Zahid et al. 

2018; Al-Ghazzawi 2019). However, no report has been 

made on its cervical anticancer activity with respect to the 

inhibition of the growth of HeLa cells.  

A preliminary test for anticancer substances was 

carried out on the methanol extract of A. Squamosa 

leaves, by a toxicity test with Artemia salina L. larvae. 

Meanwhile, when a test material's toxicity (LC50) is less 

than 1000 ppm, that material can be anticancer agent 

(Meyer et al. 1982). The results showed that the extract 

was toxic to A. salina larvae with a LC50 value of 35.48 

ppm. Therefore, it has the potential to be used as an 

anticancer agent and is feasible for further research. Due 

to their semi-attached characteristic, HeLa cells were used 

in the cervical cancer anticancer test from human cervical 

cancer epithelial cells. In 1951, Henrietta Lacks, a woman 

with cervical cancer, had cells from her uterus removed 

and sent for testing. This study aims to investigate the 

anticancer activity of the methanol extract of Annona 

squamosa Linn leaves and identify the responsible 

compounds. 

 
MATERIALS AND METHODS 

 

Ethical issues  

Not applicable. This research did not involve live 

humans or animals. 

 

Materials  

A. squamosa leaves were obtained from Karangasem 

Regency, Bali, Indonesia, from April 1st to 6th, 2020.  

The HeLa cell line was procured from the Primate 

Study Center at Bogor Agriculture University Indonesia. 

The A. salina L eggs and methanol p.a. (Merck) were 

obtained from American Technology Singapore.  

 

Sample preparation 

Fresh A. squamosa leaves were cleaned with water, 

and then they were cut into small pieces and left to dry 

without direct sunlight for seven days. The dry samples 

were then mashed using a blander and sieved to a fineness 

level with a 100-mesh screen, before the water content 

was determined. 

 

Determination of Water Content 

The water content of the extract was ascertained 

using the thermogravimetric method (AOAC 1995). 

Herein, the clean empty porcelain plates were dried at 

105ºC for 30 minutes, and then cooled in a desiccator for 

15 minutes before being weighed. Furthermore, they were 

heated again at 105ºC and dried. This process was 

repeated until it reached constant weight (W0). Each plate 

was loaded with 2g of sample powder, weighed (W1), 

dried for three hours at 105ºC, and then cooled in a 

desiccator for 15-30 minutes before being analyzed. 

Additionally, the plates and their contents were weighed, 

dried for another hour, then cooled and weighed once 

more. The process was repeated until getting their 

constant weight (W2). The water content was then 

obtained by the following equation: 

 

Water Contents =  
W1 − W2

W1 − W0

× 100% 

 

Extraction 

1000g of the A. squamosa powder was macerated 

using methanol through the following process, and the 

extracted waste was filtered out again every 24 hours. 

Extracts were collected and evaporated with a vacuum 

rotary evaporator until getting crude extract, and the 

process was repeated up to five times (Swantara et al. 

2018; Swantara et al. 2019). 

 

Toxicity Test 

Toxicity test procedure followed Swantara et al. 

(2022). Filtered seawater was used as a medium for 

hatching larvae. The aquarium containing seawater consist 

of two parts (dark & light). 50mg of A. salina eggs were 

placed in the dark and waited until they hatched (48 

hours) and matured until they were ready to be used as 

toxicity test materials. Next, 20mg crude extract was 

dissolved in 2mL methanol and put into a test tube as 

much as 500, 50, and 5µL respectively, then the methanol 

was evaporated. 

Each test tube containing the extract was inserted 

DMSO (50µL), seawater (1mL), and 10 larvae of A. 

salina successively, then seawater was added to a volume 

of 5mL. The mixture produced final concentrations of 

1000, 100, and 10ppm, respectively. As a control (0ppm), 

the mixture was used without the addition of extract. Total 

dead larvae were counted after 24 hours of incubation. 

According to Carballo et al. (2002), if the larvae do not 

move during observation, then the larvae are declared 

dead, then the LC50 value is determined. 

 

Anticancer Test 

Anticancer activity of toxic extracts against HeLa 

cells was carried out using Roswell Park Memorial 

Institute 1640 media (McCauley et al. 2013). Before the 

test was carried out, the number of initial cells was 

calculated first. 

Two layers were formed by centrifuging the HeLa 

cells that had been trypsinized. The precipitate was 

pelleted after the supernatant was discarded. Then the 

complete medium was added, and the number of cells 

counted. A total of 2x104 cells was grown in 100μL of 

media in each well of the 96 microwell plates and 

incubated for 1 to 2 hours. A total of 100mL of crude 

extract with various concentrations from 1000 to 

0.06g/mL (Dira et al., 2022) was added, the volume of 
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each well was made 200μL. The cells were again 

incubated for 24 hours at 37°C. MTT of 5g/mL was added 

to each well and incubated again for 4 hours. 10% SDS in 

0.01N HCl as a stopping solution was added and 

incubated again for 1 night. The absorbance was observed 

at 500nm with an enzyme-linked immunosorbent assay 

plate reader. 

 

Compounds identification  

Potential compounds 

The compounds were identified as anticancer and 

were then separated and identified by Gas 

Chromatography and Mass Spectrometry, using GC-MS 

QP2010 Ultra Shimadzu®, Japan. The obtained mass 

spectrum was compared with the standard programmed 

into the device (Byju et al. 2014; Ganesh and 

Mohankumar 2017; Swantara et al. 2020). 

 

Anticancer activity 

The activity of extract on HeLa cells was measured 

using the MTT test by measuring cell proliferation. The 

test principle was the yellow tetrazolium salt decreased by 

the mitochondria to purple formazan crystals (Mosmann 

1983). Living cells absorb the salt, while succinate 

dehydrogenase reduces the salt via mitochondrial 

electrons to formazan crystals. When the crystals are 

dissolved in 10% SDS, the solution turned purple. Total 

formazan formation was proportional to the total living 

cells (Doyle and Griffiths 2000). The optical density (OD) 

of each well was measured at a wavelength of 595nm, all 

tests were repeated three times. The average OD value 

obtained was transformed into the percentage of 

inhibition. 

 

RESULTS 
 

Sample preparation 

From 3kg of fresh A. squamosa leaves produced 

1570g of clean and dry samples. About 1500g of the dry 

sample were then mashed with a blander and sieved to 

fineness level with a 100-mesh screen, resulting in 1325g 

of sample powder. 

 

Water content 

Water content determination of A. squamosa leaf 

powder was carried out using 2g of the powder and the 

following data: 

Container weight = 104.42g (W0) 

Container + sample weight (before drying) = 106.42g 

(W1) 

Weight of container + sample (after drying) = 106.26g 

(W2) 

Water Contents =  
W1 − W2

W1 − W0

× 100% 

Water Contents =
106.42 −  106.26 

106.42  −  104.42 
× 100% 

Water Contents =
0.16 

2.00 
× 100% 

Water Contents = 0.08 × 100% 

Water Contents = 8%   
 

Extraction 

The extraction process of 1000g of sample dry 

powder using 5L of methanol after being evaporated 

produced 113.85g of crude extract which was blackish 

green in color. 

 

Toxicity 

The methanol extract above was tested for its toxicity 

against A. salina larvae, and the results of larval mortality 

observations are presented in Table 1. 

 

Anticancer Activity 

Optical density data and inhibition of the extract are 

shown in Table 2. 

Based on the data in Table 2, a correlation can be 

made between the concentration of extract and the % 

inhibition for the calculation of IC50.  Meanwhile, LC50 

value is the concentration of a sample that is capable of 

inhibiting cells by 50%. The results are presented in Table 

3 and Fig. 1. 
 

Table 1: Toxicity of Annona squamosa leaf extract 

Concentrations 

(ppm) 

Average number of larvae Accumulation 
Mortality (%) 

LC50 (ppm) 

Live Dead Live Dead 

1000 0.0 10.0 0.0 21.0 100 26.30 

100 1.0 9.0 1.0 11.0 92 

10 8.0 2.0 9.0 2 18 

 
Table 2: Absorbance and inhibition data of Annona squamosa leaf extract 

Concentrations 

(ppm) 

OD % Inhibition 

1 2 3 1 2 3 Mean SD 

100 0.104 0.108 0.104 63.636 59.701 63.636 62.325 2.2718 

50 0117 0.120 0.132 58.042 56.343 53.846 56.077 2.1105 

25 0.156 0.146 0.166 45.455 45.522 41.958 44.312 2.0386 

12.5 0.165 0.156 0.158 42.308 41.791 44.755 42.951 1.5835 

6.25 0.180 0.167 0.185 37.063 37.687 35.315 36.688 1.2296 

3.125 0.179 0.170 0.185 37.413 36.567 35.315 36.431 1.0555 

1.65 0.184 0.169 0.185 35.664 36.940 35.315 35.973 0.8557 

0.78 0.212 0.194 0.211 25.874 27.612 26.224 26.570 0.9192 

0.39 0.286 0.201 0.209 26.224 25.000 26.923 26.049 0.9734 

0.195 0.251 0.233 0.253 12.238 13.060 11.538 12.279 0.7614 

cell control 0.286 0.268 0.286 0 0 0 0 0 

 



Int J Vet Sci, 2023, 12(3): 295-301. 
 

 298 

 
 

Fig. 1: Relationship between concentration and % inhibition. 

 
Table 3: Data on the relationship between concentration and % 

inhibition (Duncan's test) 

Concentrations (ppm) % Inhibition±SD 

100 62.325±2.2718a 

50 56.077±2.1105b 

25 44.312±2.0386c 

12.5 42.951±1.5835c 

6.25 36.688±1.2296d 

3.125 36.431±1.0555d 

1.65 35.973±0.8557d 

0.78 26.570±0.9192e 

0.39 26.049±0.9734e 

0.195 12.279±0.7614f 

cell control 0g 

*Numbers followed by the same letter show no significant 

difference based on the Duncan Multiple Range Test at the 5% 

level. 

 

From Table 3, it can be seen that the regression line 

equation model y = a + b ln x, was made. Therefore, the 

regression line equation was: y = 27.8997+6.1843 ln x 

(R2=0.9359).  

The IC50 sample (Fig. 1) can be calculated using the 

regression equation, namely: 

y = a + b ln x.  50 = 27.8997 + 6.1843 ln x. ln x = (50 

- 27.8997) / 6.1843 = 3.5736. x = 35.65. Therefore, the 

IC50 value was 35.65ppm. This means that the methanol 

extract of A. squamosa leaves at an IC50 value of 

35.65ppm has cervical anticancer activity. Moreover, this 

activity was categorized as active (Machana et al. 2012). 

 

Identification of compounds 

The gas chromatogram of compounds in the extract 

which had anticancer properties is presented in Fig. 2. 
Based on the gas chromatogram above, there are 15 

peaks which indicate that there are 15 compounds in the 
extract. Mass spectra were used to identify these 
compounds, and the findings may be found in Table 4. 

 

DISCUSSION 

 

The sample water content before extraction was 8%, 

and this met the requirement of dry samples based on the 

Ministry of Health of the Republic of Indonesia (1985), 

which is, water content should be less than 10%.  

The result of the toxicity observation (LC50) of the 

extract was 26.30ppm including cytotoxic (toxic to cells). 

Therefore, this result is better than that obtained in the 

research by Kauser et al. (2017), which found that the 

LC50 values of A. squamosa seed and leaf extract were 

300 and 70ppm, respectively. Meanwhile, Ristiati et al. 

(2019) found that the toxicity (LC50) of the seed extract of 

this plant against Anopheles spp. Larvae was 26.372ppm. 

Finally, Wahyuni et al. (2017) reported that the toxicity 

(LC50) of the ethanol extract of A. squamosa seed against 

Aedes aegypti Larva was 109.43ppm. 

The anticancer activity (IC50) of the extract was 

35.65ppm, and this is in line with the results of research 

by Fadholly et al. (2019), which indicated the activity 

(IC50) of this leaf extract against colon cancer cells 

(WiDr) was 292.39µg/mL. Meanwhile, Sumithra et al. 

(2014) reported that the anticancer activity (IC50) of A. 

squamosa flower extract against breast cancer cells 

(MCF-7) was 6.87µg/mL. Makbruri et al. (2019) reported 

the anticancer activity of the leaves' methanol extract 

against T47D cells with an IC50 of 174.25µg/mL, while 

Veerakumar et al. (2016) stated that the seed ethanol 

extract had the highest anticancer activity against breast 

cancer cells (MCF-7) at 10µg/mL IC50 value. 

Several compounds were found in the anticancer 

extracts (Table 4), and they include the acid and ester 

groups: n-Hexadecanoic acid, 9,12-Octadecadienoic acid, 

methyl-dodecanoic acid, methyl-tetradecanoic acid, 

methyl-hexadecanoic acid, 7-Acethyl- 6-ethyl-1,1,4,4-

tetramethyltetralyn, methyl-9-Octadecenoic acid, methyl-

9,12-Octadecadienoic acid, and bis (2-ethylhexyl)-1,2-

Benzenedicarboxylic acid. Phenyl derivatives oleic acid 

can hinder the cancer cells, MCF-7 and HT-29 

development, with 48ppm IC50 value, while the n-butyl 

derivative of oleic acid inhibits these cancer cells 

developments with 82 and 77ppm IC50 values 

respectively (Dailey et al. 2011). In addition, the 

anticancer activity of ω-6 unsaturated fatty acids has been 

reported by Xu and Qian (2014).  

The compounds isolated from Cladophora fracta, 

were oleic, palmitic, gamma linoleate, and linoleic acid, 

and they had strong antiproliferative activity (Karan and 

Erenler, 2018). Meanwhile, the Palmitic, (Z) -9-

octadecenoic, and octadecenoic acid isolated from 

Protaetia brevitarsis larvae showed anticancer activity 

(Yoo et al. 2007). Terpenoid compounds were also found 

in the anticancer extract, and they include: 2,6-Octadien-

1-ol, 3,7-dimethyl-, acetate or (Geranyl acetate). The 

above results are in line with those from the research by 

Joy and Remani (2008), which showed that A. squamosa 

fruit extract which was cytotoxic contained two quarane-

type terpenes, namely (-)-ent-kaur-16-en-19-oic acid and 

16α, 17 -dihydroxy-ent-kauran-19-oic acid. 

The methanol extract of A. squamosa leaf had a 

beneficial effect on the proliferation of HeLa cells, with 

an IC50 of 35.65ppm for cervical cancer. Ethyl-diethylene 

glycol, 3,7-Dimethyl-6-octenal, 6-Octen-1-ol, 3,7-

dimethyl-, 2,6-Octadien-1-ol, 3,7-dimethyl, 1-Methoxy-4- 

(1-propenyl) benzene, 2,6-Octadien-1-ol, 3,7-dimethyl-, 

acetate or Geranyl acetat), methyl-dodecanoic acid, 

methyl-tetradecanoic acid, methyl-hexadecanoic acid, n-

Hexadecanoic acid, 7-Acethyl-6-ethyl-1,1,4,4-

tetramethyltetralyn, methyl-9-Octadecenoic acid, 9,12-

Octamethyl-decadienoic acid, 9,12-Octadecadienoic acid, 

and bis (2-ethylhexyl)-1,2-Benzenedicarboxylic acid were 

detected. 
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Fig. 2: The gas chromatogram of extract of Annona squamosa leaves. 

 

Table 4: Compounds identified in the methanol extract of Annona squamosa leaves 

Peak Retention time 

(min) 

Molecular 

weight 

Molecular 

formula 

Compounds name 

1 5.960 134 C6H14O3 Diethylene glycol mono ethyl ester 

2 7.450 154 C10H18O 3,7-Dimethyl-6-octenal 

3 8.440 156 C10H20O 6-Octen-1-ol,3,7-dimethyl- 

4 9.095 154 C10H18O 2,6-Octadien-1-ol,3,7-dimethyl 

5 10.420 148 C10H12O 1-Methoxy-4-(1-propenyl) benzene 

6 10.825 196 C12H20O2 2,6-Octadien-1-ol,3,7-dimethyl-, acetate or (Geranyl acetate) 

7 12.000 214 C13H26O2 Dodecanoic acid, methyl ester 

8 14.270 242 C15H30O2 Tetradecanoic acid, methyl ester 

9 16.115 270 C17H34O2 Hexadecanoic acid, methyl ester 

10 16.750 256 C16H32O2 n-Hexadecanoic acid 

11 17.040 258 C18H26O 7-Acethyl-6-ethyl-1,1,4,4-tetramethyltetralyn 

12 18.170 296 C19H36O2 9-Octadecenoic acid, methyl ester 

13 18.340 294 C19H34O2 9,12-Octadecadienoic acid, methyl ester 

14 18.940 280 C18H32O2 9,12-Octadecadienoic acid 

15 23.065 390 C24H38O4 1,2-Benzenedicarboxylic acid,bis(2-ethylhexyl) ester 

 

Conclusion  

 The methanol extract of A. squamosa leaf had a 

beneficial effect on the proliferation of HeLa cells, with 

an IC50 of 35.65ppm for cervical cancer. Ethyl-diethylene 

glycol, 3,7-Dimethyl-6-octenal, 6-Octen-1-ol, 3,7-

dimethyl-, 2,6-Octadien-1-ol, 3,7-dimethyl, 1-Methoxy-4- 

(1-propenyl) benzene, 2,6-Octadien-1-ol, 3,7-dimethyl-, 

acetate or Geranyl acetat), methyl-dodecanoic acid, 

methyl-tetradecanoic acid, methyl-hexadecanoic acid, n-

Hexadecanoic acid, 7-Acethyl-6-ethyl-1,1,4,4-

tetramethyltetralyn, methyl-9-Octadecenoic acid, 9,12-

Octamethyl-decadienoic acid, 9,12-Octadecadienoic acid, 

and bis (2-ethylhexyl)-1,2-Benzenedicarboxylic acid were 

detected. 
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