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Abstract
Background and Aim: Cancer is one of the leading causes of death, the need for new anticancer herbal drugs is becoming 
more urgent considering the side effects of synthetic drugs. This study aimed to determine the anticancer activity of isolates 
derived from the methanol extract of Annona squamosa Linn. leaves and to identify the compounds that have an active 
effect against HeLa cells.

Materials and Methods: The leaf metabolites of A. squamosa L. were extracted using methanol at room temperature 
(28°C) and were partitioned into n-hexane, chloroform, and n-butanol. The toxicity test of these extracts was conducted 
using a brine shrimp lethality assay. Furthermore, the most toxic extracts were separated and purified using silica gel column 
chromatography to yield four isolate fractions: FA, FB, FC, and FD. The most toxic isolates were tested for anticancer 
against HeLa cells, and their compounds were identified using liquid chromatography-mass spectrometry.

Results: The results showed that the most toxic isolate with an LC50 value of 100.00 ppm had a potency similar to that of 
an anticancer agent with an IC50 value of 70.9021 ppm. Furthermore, the five compounds identified in this isolate include 
(6S, 7aR)-6-hydroxy-4,4,7a-trimethyl-6,7-dihydro-5H-1-benzofuran-2-one or loliolide, cocamidopropyl betaine, N-[3-
(dimethylamino)propyl]dodecanamide or lauramidopropyl dimethylamine, linolenic acid, and 1-dodecyl-2-azepanone or 
laurocapram.

Conclusion: It can be concluded that the leaf isolates of A. squamosa Linn. had shown anticancer activities against cervical 
cancer.

Keywords: Annona squamosa Linn, cervical anticancer activities, HeLa cells.

Introduction

The need for new anticancer drugs is becoming 
more urgent since the ones presently being used are 
expensive and have low selectivity [1]. Globally, can-
cer is one of the leading causes of death, considering 
that the anticancer drugs that have been developed have 
not yet produced satisfactory results without adverse 
side effects [2]. Therefore, the search for new sources 
to produce anticancer compounds is continuously car-
ried out by exploring biological materials (organisms) 
on land and sea [3]. These terrestrial and marine organ-
isms are the oldest materials used to maintain health or 
treat diseases [4]. Although these biological organisms 
have been widely used, scientific data on their efficacy 
is insufficient [5]. At present, biological organisms as a 
source of traditional medicine are an important object of 
study in the development of pharmaceutical science [6]. 
One of the plants that are traditionally used as medicinal 

ingredients is the Annona squamosa Linn. plant [7]. 
This plant is used to prevent and treat heart diseases, flu, 
cough, acute dysentery, diarrhea, cancer, asthma, consti-
pation, diabetes, hypertension, fever, and skin diseases 
and also has anti-inflammatory properties [8-12].

Several studies on the anticancer activities of 
A. squamosa L. plants have been conducted [13-26]. 
However, these studies have not reported any cervi-
cal anticancer activity. Similarly, the two studies on 
the cervical anticancer activities of A. squamosa L. 
conducted by El-Darier and Abdelhady [27] used fruit 
seeds and fruit pulps [28], respectively.

A preliminary study on anticancer agents was 
conducted through a toxicity test using Artemia salina 
L. larvae [29,30]. A  previous study also stated that 
when the level of toxicity (LC50) was <1000  ppm, 
the material can potentially become an anticancer 
agent  [31-33]. Meanwhile, the cervical anticancer 
assay is conducted using HeLa cells because cell lines 
were derived from cells that grow as semi-adherent 
cells. These HeLa cells were derived from human cer-
vical cancer epithelial cells, which were isolated in 
1951 from the uterus of a woman with cervical cancer 
named Henrietta Lacks [34,35].

The objectives of this study were to test the 
anti-cervical cancer activity of the leaf isolates of A. 
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squamosa L. and identify compounds that are toxic to 
cancer cells.
Materials and Methods

Ethical approval
This study was not conducted on living humans 

or animals so, ethical approval was not necessary
Study period and location

A. squamosa L. leaf study was conducted in two 
phases, the first phase from September to December 
2019 to determine the toxicity of the extract only. The 
second phase was conducted from June to October 
2021 where the leaf sample used was the same plant 
as the previous research. The study was conducted 
in the Laboratory of Chemistry, Udayana University, 
Bali, Forensic Laboratory of Indonesian Police, and 
Laboratory of Primates, IPB University Bogor. 
Materials

A. squamosa L. leaves were harvested from 
healthy trees on the 5th to 10th leaves from Buleleng 
and Karangasem regencies, Bali. The leaves of 
A.  squamosa Linn. were identified by I Made 
Sumerta and I Nyoman Sudiatna in the Indonesian 
Institute of Science before being used. Furthermore, 
the chemicals used were methanol, n-hexane, chloro-
form, n-butanol, and other solvents with pro analysis 
quality, produced by Merk, Germany. Brine shrimp 
A. salina eggs were purchased from American 
Technology, while the cell line was purchased 
from the Primate Study Centre, Bogor Agriculture 
University. Moreover, the liquid chromatogra-
phy-mass spectrometry (LC-MS) was conducted 
using an ACQUITY Ultra Performance Liquid 
Chromatography (UPLC)®H-Class System [36].
Sample preparation

Approximately 5  kg of fresh samples were 
cleaned and cut into smaller pieces, which were dried 
to produce 2750  g of clean and dry samples. These 
samples were ground and sieved to produce 2470 g of 
sample powder. 
Water content determination

The determination of water content was con-
ducted using the thermogravimetric method [37]. 
Furthermore, the clean empty porcelain plates were 
dried in an oven at 105°C for 30 min, cooled in a desic-
cator for 15 min and weighed, and were further heated 
to dryness at 105°C. This procedure was repeated 
until the plate weight was constant (W0). A total of 2 g 
of sample powder was put into the plate and weighed 
(W1). The plate which contained the sample was dried 
in an oven at 105°C for 3 h and cooled in a desicca-
tor for 15-30 min. The plates and the contents were 
weighed and dried again for 1  h, cooled in a desic-
cator, and weighed until a constant weight (W2) was 
achieved. Water content was determined using the 
equation below:

( ) 1 2

1 0

W WWater Contents %  100%
W W

−
= ×

−

Extraction of secondary metabolites
The fine and dry samples were extracted by mac-

eration using methanol for 24 h. After 24 h, the extract 
was filtered, and the dregs were further extracted using 
fresh methanol, and the process was repeated 3 times. 
All methanol extracts were collected and evaporated 
using a vacuum rotary evaporator at 40°C to obtain the 
crude extract of methanol [38,39]. The crude metha-
nol extract was tested for toxicity using A. salina 
Leach larvae, followed by a partitioning process. 
Approximately 1 kg of sample powder was extracted 
with 3×2.5 L of methanol to produce 5 L of extract. 
All methanol extracts were evaporated to produce 
104 g of crude methanol extract.  Approximately 50 g 
of crude extract was partitioned, each with 5×100 mL 
n-hexane, chloroform, and n-butanol yielding EH, 
EC, and EB (14.3, 2.57, and 9.05 g, respectively). 
Partition

This crude extract was partitioned into three 
solvents, namely, n-hexane, chloroform, and n-buta-
nol, to obtain the n-hexane extract (EH), chloroform 
extract (EC), and n-butanol extract (EB). These three 
extracts (EH, EC, and EB) were tested for toxicity, and 
the most toxic extracts were separated and purified.
Separation and purification

The most toxic extracts were separated by silica 
gel column chromatography using suitable eluents to 
obtain several fractions which were tested for toxic-
ity. Furthermore, a purity test was conducted on the 
most toxic fraction by thin-layer chromatography 
(TLC) using several eluent systems. When the iso-
lates provided a single spot on the TLC plate with var-
ious eluent systems, it was purely based on the TLC. 
Therefore, an anticancer test was conducted for the 
isolates on the HeLa cells [38,39].
Toxicity test

The medium for larvae hatching was prepared by 
filtering seawater, placed in an aquarium and divided 
into dark and bright parts. A. salina eggs (50  mg) 
were placed or immersed in the dark part and left for 
48 h until mature larvae were hatched and ready for 
testing. Twenty milligrams of methanol extract were 
dissolved into 2 mL of solvent, and the solutions had 
volumes of 500, 50, and 5 μL each. Furthermore, each 
solution was inserted into the test tube, and the solvent 
was evaporated. Dimethyl sulfoxide (nearly 50 μL), 
seawater (1 mL), and 10 larvae were placed into a test 
tube that contained the sample. The solvent was later 
evaporated, and seawater was added to a volume of 
5 mL to obtain extract concentrations of 1000, 100, 
and 10  ppm [40]. A  concentration of 0  ppm (solu-
tion without the addition of the extract) was prepared 
as a control, and the death of A. salina larvae was 
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measured after 24  h [31]. Meanwhile, the standard 
assessment of larval mortality was performed when 
the larvae showed no movement during an observa-
tion period of several seconds [41]. The number of 
live and dead larvae was recorded and the data were 
analyzed to determine the LC50.
Anticancer test

The toxic isolate was assayed for its anticancer 
activity against HeLa cells [42], which were cultured in 
a Roswell Park Memorial Institute 1640 medium. The 
initial number of cells was counted using a microscope. 
The cells were trypsinized, harvested, and centrifuged 
to form two layers, namely, sediment and supernatant. 
Meanwhile, the supernatant was removed and the pre-
cipitate was pelletized, which was followed by the addi-
tion of 1 mL of complete medium, and the number of 
cells was counted using a neubauer counting chamber 
(Hecht Glaswarenfabrik GmbH & Co KG, Germany). 
Subsequently, 2×104 cells were seeded in 100 μL of the 
medium in a 96-well plate and incubated for 1-2 h for the 
cells to adhere. Subsequently, 100 µL extracts of the test 
material were added at various concentrations (1000, 500, 
250, 125, 62.5, 31.25, 15.62, 7.81, 3.91, 1.95, 0.97, 0.48, 
0.24, 0.12, and 0.06 μg/mL) to make a total volume of 200 
µL in each well. The cells were incubated for 24 h at 37°C 
and were observed using the microscope after incubation. 
Furthermore, 3-(4,5-dimethylthiazole-2-yl)-2,5-diphen-
yltetrazolium bromide (MTT; 5 μg/mL) was added to 
each well and incubated for 4  h. Subsequently, a 10% 
stop solution of sodium dodecyl sulfate (SDS) in 0.01 N 
HCl was added to each well and incubated overnight. The 
absorbance at 500 nm was observed using an enzyme-
linked immunosorbent assay plate reader [43].
Compound identification

The most toxic isolates were identified by their 
compounds using LC-MS/MS with the following 
working parameters:
(1)		  Chromatographic Separation LC System: UPLC
(2)		  Column: C18 (1.8 µm 2.1×100 mm) HSS
(3)		  Temperature: 50°C (Column) and 25°C (room)
(4)		�  Mobile phase: Water+5 mM ammonium formic 

acid (A) and acetonitrile+0.05 % formic acid (B)
(5)		�  Flow rate: 0.2 mL/min (step gradient) running 

23 min (see slide moving phase)
(6)		�  Injection volume: 5 µL (filter through 0.2 µm 

syringe filter first)
(7)		�  Mass spectrometry system: Electrospray 

Ionization
(8)		  Mode: Positive mode
(9)		  Mass analysis range: 50-1200 m/z
(10)	 Source temperature: 100°C
(11)		 Desolvation temperature: 350°C
(12)	 Cone gas flow: 0 L/h
(13)	 Desolvation gas flow: 793 L/h
(14)	 Collision energy: 4 volt (1)
(15)	 Ramp collision energy: 25-60 volt (2).

Moreover, the samples were prepared using 
the solid-phase extraction method, which was a 

chromatographic separation of the solid phase. This 
was carried out using the Hydrophilic-Lipophilic-
Balanced stationary phase (the Waters brand), made 
of N-vinyl pyrrolidone for hydrophilic and divinyl 
for lipophilic. Furthermore, methanol was used for 
the mobile phase eluting polar compounds, while 
dichloromethane was used for eluting non-polar com-
pounds. The sample that has been diluted in methanol 
was put into the Water’s Column Package in the form 
of a syringe that contained the stationary phase eluted 
with methanol. The sample was eluted with dichloro-
methane in the same column and accommodated [36]. 
The elution results were inserted into the LC-MS/MS 
tool for analysis. The chromatogram obtained was 
identified using the MassLynx V4.1 program (Waters 
Corp., MA, USA) to determine its mass spectrum.
Results
Water content determination

The measurement of water content in the sam-
ple was performed in the early stages of the study 
on natural materials. Meanwhile, high water content 
makes the sample easily contaminated with fungi and 
prevents solvents from entering the cells. This also 
causes imperfect extraction results. Moreover, the 
water content of the sample powder in this study was 
8.13±0.1%.
Extraction of secondary metabolites

Table-1 shows the results of the methanol crude 
extract toxicity test. Table-2 shows the results of the 
toxicity tests of the three extracts. Based on the data 
in Table-2, the EC was the most toxic extract with an 
LC50 value of 52.48 ppm.
Separation and purification

The EC was separated and purified using silica 
gel column chromatography with an eluent of n-hex-
ane: chloroform (1:4) and gave four fractions (fraction 
A [FA], fraction B [FB], fraction C [FC], and fraction 
D [FD]). These fractions were tested for toxicity, and 

Table-1: Toxicity of the leaf methanol crude extract of 
Annona squamosa.

Sample Mortality LC50 
(ppm)

10 ppm 100 ppm 1000 ppm

Methanol 
extract

17.73±7.51 92.09±7.70 100±0 26.30

EH=n‑hexane extract, EC=Chloroform extract, 
EB=n‑butanol extract

Table-2: Toxicity of EH, EC, and EB.

Extracts Mortality LC50  
(ppm)

10 ppm 100 ppm 1000 ppm

EH 16.69±3.40 48.38±1.07 93.99±0.21 104.71
EC 19.58±0.72 61.91±4.13 94.64±0.17 52.48
EB 3.34±2.89 20.94±3.70 3.34±2.89 323.59

EH=n‑hexane extract, EC=Chloroform extract, 
EB=n‑butanol extract
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the results are shown in Table-3. Based on Table-3, FA 
with an LC50 value of 100.00 ppm was tested for purity 
using the silica gel TLC method with various eluent sys-
tems. The results showed that the FA test has one spot on 
all eluent systems and the FA was declared pure by TLC.
Anticancer activity assay

Anticancer activity against HeLa cells was deter-
mined using the MTT assay colorimetric method to 
measure cell proliferation [40]. The principle of this 
assay is the reduction of yellow tetrazolium salt MTT to 
purple formazan crystals by living mitochondria [44]. 
In this process, MTT is absorbed into live cells and 
reduced by succinate dehydrogenase in the electron 
transport chain of the mitochondria to formazan. The 
formazan crystals produced are dissolved in 10% SDS 
to form a purple solution. The MTT reduction occurs 
only in living cells through the nicotinamide adenine 
dinucleotide hydrogen and nicotinamide adenine 
dinucleotide phosphate cofactor pyridine nucleotides. 
Hence, the amount of formazan formed is proportional 
to the number of live cells [45]. Furthermore, the opti-
cal density (OD) of each well was measured at 595 nm 
using a microplate reader. All tests were conducted in 
triplicate and the average OD value was converted to a 
percentage inhibition. Table-4 shows the results of the 
absorbance observations and percentage growth inhi-
bition of the HeLa cells after being given A. squamosa 
L. isolates (FA).

The regression line equation model y=a+b ln x 
was constructed using the data in Table-4, and the value 
obtained was y=24.5923+5.9624 ln x (R2=0.9370). 
Figure-1 shows the graph of the relationship between 

the sample concentration and percentage growth inhi-
bition for the determination of the IC50 value.

The IC50 toxic isolate from the methanol extract 
of A. squamosa L. was 70.9021  ppm. Based on the 
US National Cancer Institute, cytotoxic compounds 
are classified as (1) very toxic with a IC50 value of 
≤20 µg/mL, (2) moderately cytotoxic or quite active 
when the IC50 value is within 21-200 µg/mL, and (3) 
weak cytotoxic when the IC50 value is within 201-
500 µg/mL or ≥500 µg/mL. They are also classified 
into non-toxic categories [46].
Compound identification

Figure-2 shows the results of the identification 
of A. squamosa L. using the LC-MS/MS instrument, 
which indicated the presence of 16 peaks with simi-
lar retention times (Rt) in low- and high-energy chro-
matograms. Meanwhile, 11 peaks were assumed to be 
noise peaks because the base peaks in the low-  and 
high-energy spectra were not similar. Therefore, only 
five peaks were established, namely, Rt 5.851, 5.851, 
10.329, 13.213, and 15.448 min which were used to 
identify the compounds present in the sample. Based 
on the LC chromatogram, the number of peaks indi-
cated five compounds in the isolate. These compounds 
were identified using mass spectra, and the results are 
shown in Table-5.
Discussion

The water content test was determined based 
on the evaporation process of the water contained 
in the sample by comparing the mass of the evapo-
rated water content with the mass of the whole sam-
ple. Meanwhile, a material achieves optimal stability 
and avoids microbial growth when it has low water 
content [47]. When the solvent cannot be mixed with 
water, the high water content hinders the solvent from 
entering the cell to hamper the extraction process. The 
extraction process occurs quickly in the sample at a 
maximum water content of 10% [47,48]. In this study, 
the water content of the sample was 8.13±0.1%, which 
indicated that the sample is eligible for extraction. 
Methanol was used in the maceration process due to 

Table-3: Toxicity values of FA, FB, FC, and FD.

Fractions Mortality LC50  
(ppm)

10 ppm 100 ppm 1000 ppm

A 17.36±1.20 50.16±6.04 90.30±3.58 100.00
B 10.17±0.30 36.90±1.03 82.22±3.85 204.17
C 22.55±4.24 59.53±8.25 94.53±0.36 316.22
D 4.61±0.12 20.47±0.82 71.79±4.43 407.38

FA=Fraction A, FB=Fraction B, FC=Fraction C, 
FD=Fraction D

Table-4: Toxic isolate (Fraction A) inhibition.

Concentration (ppm) Optical Density % Inhibition

1 2 3 1 2 3 Average

100 0.115 0.114 0.116 59.507 59.859 59.155 59.507±0.352a

50 0.154 0.153 0.153 45.775 46.127 46.127 46.010±0.203b

25 0.167 0.169 0.167 41.197 40.493 41.197 40.962±0.406c

12.5 0.178 0.177 0.177 37.324 37.676 37.676 37.559±0.203d

6.25 0.192 0.194 0.192 32.394 31.690 32.394 32.159±0.406e

3.125 0201 0.200 0.200 29.225 29.577 29.577 29.460±0.203f

1.65 0.202 0.203 0.202 28.873 28.521 28.873 28.756±0.203f

0.78 0.219 0.218 0.219 22.887 23.239 22.887 23.004±0.203g

0.39 0.226 0.225 0.226 20.422 20.775 20.422 20.540±0.204h

0.195 0.239 0.237 0.238 15.845 16.549 18.197 16.864±1.207i

Cell Control 0.284 0.284 0.284 0 0 0 0

a‑iValues followed by the same letters in the same column are not significantly different according to Duncan’s Multiple 
Range Test at p <5%.
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its ability to dissolve almost all organic compounds 
from non-polar to polar, which effectively extracted 
secondary metabolites. This was because methanol 
has polar (-OH) and non-polar groups (-CH3) that 
were close together to attract polar and non-polar 
compounds [49].

Based on the toxicity test, the crude extract of 
methanol, partitioned EC, and isolate A. squamosa L. 
from the separation had LC50 values of 26.30, 52.48, 
and 100.00  ppm, respectively. This showed that the 
toxic compounds in the leaf extract of A. squamosa L. 
were synergistic.

The anticancer activity (IC50) of A. squamosa 
L. leaf isolate against HeLa cells was 70.9021 ppm, 
which belonged to the moderate cytotoxic cate-
gory [46]. This result is lower than that of the study 
of Mehta and Paliwal [28] who obtained an inhibi-
tion of 67.15% (for HeLa cells) at a sample concen-
tration of 100  ppm because the same sample con-
centration gave an inhibition of 59.507%. Similarly, 
when compared with the results of the study by 
El-Darier and Abdelhady [27], the A. squamosa L. 
fruit pulp extract exhibited an anticancer activity 
against HeLa cells with an IC50 value of 38.09 ppm. 
In a previous study by Yajid et al. [50], the fruit pulp 
of A. muricata also exhibited an anticancer activity 

against HeLa cells with an IC50 value of 32.89 ppm. 
Furthermore, Widyanto et al.  [51] showed that the 
anticancer activity of A. muricata fruit juice against 
HeLa cells had an IC50 value of 252.33 ppm. In con-
trast, Suyatmi et al.  [52] stated that the anticancer 
activity of the ethanol extract of A. muricata leaves 
against HeLa cells (cervical) had an LC50 value 
of 97 ppm. A previous study by Artanti et al.  [53] 
showed that the cervical anticancer activity of 
polyketide derivatives from the leaf extract of A. 
muricata was 77.09 ppm.

In the present study, the five compounds iden-
tified were (6S, 7aR)-6-hydroxy-4,4,7a-trimeth-
yl-6,7-dihydro-5H-1-benzofuran-2-one or loli-
olide (Compound 1), cocamidopropyl betaine 
(Compound 2), N-[3-(dimethylamino)propyl]
dodecanamide or lauramidopropyl dimethylamine 
(Compound 3), linolenic acid (Compound 4), and 
1-dodecyl-2-azepanone or laurocapram (Compound 
5). Based on the findings of previous studies, only 
two compounds have anticancer activity, namely, 
Compounds 1 and 4. However, no reports had indi-
cated the other three compounds. This finding is 
consistent with the study by Susanti et al. [54], who 
stated that the methanol extract of harp (Sandoricum 
koetjape) leaves containing loliolide compounds had 
an anticancer activity against P-388 murine leukemia 
cells. Similarly, Grabarczyk et al. [55] stated that loli-
olide compounds extracted from the Opisthobranch 
genus were able to inhibit the growth of human naso-
pharyngeal carcinoma KB (tumor cells of human 
nasopharyngeal carcinoma KB) and P-388 murine 
lymphocytic leukemia tumor cells. Loliolide and 
epi-loliolide compounds have inhibitory activities 
on the growth of human hepatocarcinoma (HepG-2) 
cells [56]. Furthermore, Elsayed et al. [57] stated that 
a mixture of fatty acids containing linolenic acid from 
Egyptian beebread has antibacterial activities against 
Staphylococcus aureus, Escherichia coli, Bacillus 
subtilis, and PC-3 as well as HepG-2 cancer cells. 
The toxicity of γ-linolenic acid to HA-109A mouse 
hematoma cells (rat hematoma HA-109A cell) below 
5 ppm was reported by Hayashi et al. [58].

Table-5: Compounds identified in the isolate of the A fraction of Annona squamosa leaves.

Peak Retention 
time (min)

M+ion 
(m/z)

Molecular 
formula

Compounds name Compounds group

1 5.851 197.1183 C11H16O3 (6S,7aR)‑6‑hydroxy‑4,4,7a‑ 
trimethyl‑6,7‑dihydro‑5H‑1‑benzofuran‑2‑one
or
Loliolide

Monoterpenoids

2 9.894 343.2959 C19H38N2O3 Cocamidopropyl betaine Amine
3 10.329 285.2905 C17H36N2O N‑[3‑(Dimethylamino) propyl] dodecanamide

or
Lauramidopropyl dimethylamine

Amine

4 13.213 279.2313 C18H30O2 Linolenic acid Fatty acid
5 15.448 282.2809 C18H35NO 1‑Dodecyl‑2‑azepanon

or
Laurocapram

Alkaloids
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Figure-1: The curve correlation between sample 
concentration and inhibition. From Figure-1, the equation 
of the graph was y=24.5923+5.9624. ln x, with coefficient 
determination R2=0.9370. The IC50 was calculated using 
the equation below. 50=24.5923+5.9624 ln x ln x= (50–
24.5923)/5.9624=4.2613 x=70.9021
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Conclusion

Based on the findings of this study, the cervical 
anticancer activity of the A. squamosa L. leaf isolate 
positively inhibited the growth of the HeLa cells with 
an IC50 value of 70.9021 ppm. Furthermore, a total of 
five compounds were detected in the isolate, namely, 
(6S, 7aR)-6-hydroxy-4,4,7a-trimethyl-6,7-dihydro-
5H-1-benzofuran-2-one or loliolide, cocamidopropyl 
betaine, N-[3-(dimethylamino)propyl]dodecanamide 
or lauramidopropyl dimethylamine, linolenic acid, 
and 1-dodecyl-2-azepanon or laurocapram.
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