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Antioxidant and cytotoxicity screenings of ethyl acetate 
extract from Annona muricata leaves and its fractions

Abstract

Leaves of Annona muricata have medicinal potential which has gained attention from 
researchers around the world. This study has an objective to screen the antioxidant 
and cytotoxicity of ethyl acetate extract from A. muricata leaves and its fraction. The 
fine powder of A. muricata was macerated in methanol and further partitioned using 
two different solvents, namely n‑hexane and ethyl acetate. In this article, we reported 
the screening results for ethyl acetate extract. Fractionation was then performed on 
the extract by means of column chromatography by gradient elution resulting in five 
combined fractions. Brine shrimp lethality test and 1‑diphenyl‑2‑pycrilhidrazil (DPPH) 
assays were employed to evaluate the cytotoxicity and antioxidant of the extract, 
respectively. Characterization using gas chromatography‑mass spectroscopy (GC‑MS) 
was then conducted. The cytotoxicity of the samples was indicated by median lethal 
concentration50 values ranging from 28.84 to 1023.3 ppm. As for the antioxidant 
activity,  the DPPH median  inhibitory  concentration50 values ranged from 4.12 to 
180.66 ppm. GC‑MS analysis on the most bioactive fraction revealed the predominating 
phytochemical contents of neophytadiene, palmitic acid, and phytol. In conclusion, the 
fraction of ethyl acetate extract from A. muricata leaves could potentially act as a strong 
antioxidant and moderate cytotoxic agent.
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INTRODUCTION

The fruit Anona muricata, also known as soursop, 
is a delicacy in several countries and regions. As 
research on medicinal products receiving worldwide 
attention,[1-4] A. muricata has been suggested to possess 
a variety of medicinal potentials such as anticancer, 

antioxidant, anti-inflammatory, antimicrobial, analgesic, 
antidepressant, and immunostimulant.[5,6] Cytotoxicity 
of the n-hexane and methanol extracts from this plant 
has been reported to be lethal, with median lethal 
concentrations (LC50s) of 84 and 1 ppm, respectively.[7] In the 
same previous study, 1-diphenyl-2-pycrilhidrazil (DPPH) 
ant ioxidant  assay revealed median inhibi tory 
concentrations (IC50s) of ranged from 8 to 40 ppm 
depending on the fractions.[7] Other than being cytotoxic 
and antiproliferative, as suggested by a review article,[8] 
leaf extract of A. muricata was also recognized for its 
potential against various cell cancers.[9] With such 
potential, it is worth to explore A. muricata as an alternative 
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modalities to fight against the growing cancer prevalence, 
especially in Indonesia.[10]

The anticancer potential of A. muricata was indicated by 
its phytochemical profile containing alkaloids, essential 
oils, and acetogenins.[6,11] Acetogenins were found 
to have specific toxicity against cancer cells without 
affecting normal cells.[12] The leaf of A. muricata contained 
annonaceous acetogenin – a toxic bioactive substance.[13] 
There were in vitro studies suggesting that the ethyl acetate 
extracts from A. muricata leaves were active against various 
cancer cell lines including HeLa (IC50 = 5.91 ppm),[14] 
HepG-2 (IC50 = 44.55),[15] and MCF-7 (IC50 <30 ppm).[16] 
Taken altogether, exploring potential natural products from 
A. muricata, especially its leaf part, is interesting. Hence, this 
research sought to screen the bioactivities (antioxidant along 
with cytotoxicity) of ethyl acetate extract from A. muricata 
leaves and its fractions which were underreported. The 
phytochemical identification using a semiquantitative 
method, gas chromatography-mass spectroscopy (GC-MS), 
was also carried out on a fraction with the highest 
bioactivities.

METHODS

Leaf specimen
Leaves of A. muricata were collected from Montasik, 
Aceh Besar, Indonesia, and cut into small pieces (1–2 cm). 
Thereafter, the leaves were cleaned, air-dried (room 
temperature; no direct sunlight) for 2 weeks, and 
subsequently crushed into a fine powder (40 mesh). The 
specimen was collected multiple times with no variation 
on the quality was observed.

Maceration
The leaf fine powder (538 g) was macerated using 
methanol (20 L) for 3 h × 24 h in a 30-L sealed glass container. 
The maceration was carried out at room temperature. 
Thereafter, the filtrate was filtered, combined, and then 
concentrated with a rotary evaporator. The resultant extract 
was partitioned by employing n-hexane (25 L) as well as 
ethyl acetate (2 L), sequentially, with 2–3 times repetition.

Qualitative phytochemical screening
Screening of phytocompounds contained in the extracts 
was performed qualitatively by means of observation of 
bulk changing in the extract following the treatment. The 
protocol for this screening has been reported previously.[17]

Determination of total phenolic content
First, dissolving the extract (100 mg) was carried out in 
10 mL distilled water to retrieve a solution with 10 mg/mL 
extract concentration. Afterward, 1 mL of the solution was 
drawn and subsequently added to another 10 mL distilled 
water for dilution. The diluted extract (0.2 mL) was drawn 
and added to a test tube containing distilled water and 

Folin–Ciocalteu reagent with volumes of 15.8 mL and 1 mL, 
respectively. After the mixture became homogenous, it was 
left still for 8 min before the addition of Na2CO3 (10%; 3 mL). 
It was left still for another 2 h at room temperature. The 
measurement of absorbance on a UV-Vis spectrophotometer 
was carried out at 765 nm.

Determination of total flavonoid content
Dissolving the extract (25 mg) in methanol (25 mL) was 
carried out first before another dilution with methanol until 
the concentration was 50 mg/mL. The diluted extract (1 mL) 
was added with methanol (3 mL), AlCl3 (0.2 mL), potassium 
acetate 1 M (0.2 mL), along with distilled water (5.6 mL). 
UV-Vis absorbance was performed on the mixture at 
400 nm.

Isolation of the ethyl acetate extract
The isolation was carried out using gravity column 
chromatography with silica G60 (0.2–0.5 mm) as the 
stationary phase. Gradient elution from nonpolar to polar 
was used. The eluate was collected using a 50 mL test tube, 
where thin layer chromatography was performed to guide 
the combination of the fraction from each test tube.

Brine shrimp lethality test
A. muricata extract solutions were prepared by dissolving 
the solid extract (50 mg) in 25 mL saline water and 3 drops of 
DMSO 5% so that the total concentration was 2000 ppm. The 
extract was dissolved into 50–1000 ppm. Negative control 
was prepared by mixing DMSO 5% (3 drops) and saline 
water (5 mL). Thereafter, 48-h newly hatched Artemia salina 
larvae (n = 10) were inserted to each test tube containing 
extracts or negative control. The incubation at room 
temperature was carried out under the lamp light (15 Watt) 
for 24 h. The mortality count was performed in each tube, 
where the whole assay was carried out in triplicate.

1‑Diphenyl‑2‑pycrilhidrazil assay
Free radical scavenging activity of the A. muricata ethyl 
acetate (AMEA) extract and its fraction was investigated 
by means of DPPH assay following the guideline published 
previously.[18,19] DPPH powder (7.9 mg) was firstly dissolved 
in methanol so that the total volume reached 50 mL. Each 
of the extract and its fraction was dissolved separately 
in methanol to retrieve 500 ppm concentration before 
varied into 6.25, 12.5, 25, 50, and 100 ppm. Thereafter, 
the two solutions were mixed (4 mL extract: 1 mL DPPH) 
and incubated (37°C; 30 min). The positive control was 
ascorbic acid tested under a concentration range of 
3–15 ppm. UV-Vis absorbance at 517 nm was measured on 
a spectrophotometer.

Gas chromatography‑mass spectroscopy
A fraction with the most optimal bioactivity was 
characterized by Thermo Scientific GC-MS. The nonpolar 
column was used as the stationary phase, while he was 
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utilized as the mobile phase. The temperature was set at 
250°C during the analysis (68.54 min).

RESULTS AND DISCUSSION

Yield and antioxidant capacity of ethyl acetate extract
Yields of A. muricata crude extracts obtained by using 
methanol, n-hexane, and ethyl acetate were 20.94, 20.14, 
and 7.89% w/w, respectively. In this report, we focused on 
the ethyl acetate extract. The qualitative analysis revealed 
that the ethyl acetate extract was positive for flavonoids, 
steroids, terpenoids, phenolics, and saponins. Contrarily, 
a previous study witnessed the alkaloids (among other 
phytocompounds) in the ethyl acetate extract.[8] This is 
indicative that the alkaloids in the extract of the present 
study were present, but in low concentrations which were 
not sufficient for qualitative detection. As suggested by 
a previous study, qualitative screening is useful in the 
exploration of bioactive extracts.[5,20] For example, tannins 
might act as antioxidants (both primary and secondary) and 
antimicrobial agents.[5,20,21] Further, we found that the ethyl 
acetate extract had total phenolic content (TPC) as well as 
total flavonoid content (TFC) of 241.3 mg GAE/g dry extract 
and 51.08 mg QE/g dry extract, respectively. As comparisons, 
the values indicating the TPC and TFC of the leaf extract of 
A. muricata in this present study are relatively higher, or at 
least similar, with those reported previously such as ethyl 
acetate extracts from Phyllanthus emblica stem barks, Limonia 
acidissima fruits, as well as Annona squamosa stem barks.[17,19,21]

Ethyl acetate isolates
Isolation was carried out on the crude extract by means of 
column chromatography, where the weight and apparent 
color of each fraction are presented in Table 1. In total, 
there were 97 fractions obtained from the isolation, and 
they were then grouped based on the similarity of stain 
patterns of the thin layer chromatography. The grouping 
yielded 5 collective fractions which were labeled as AMEA 
1–5, respectively. The range of weight obtained from the 
isolation was from 0.15 g (50.29%, AMEA 5) to 1.71 (4.41%, 
AMEA 1). The fractions appeared in dark green (AMEA 1 
and 2), brown (AMEA 3 and 5), and yellow colors (AMEA 4).

Brine shrimp lethality test‑based cytotoxicity of the 
ethyl acetate extract and its fractions
The cytotoxicity based on brine shrimp lethality test assay 
was performed on the ethyl acetate extract of A. muricata 
and its fractions (AMEA 1–5), where the results are 
presented in Table 2. The crude extract had moderate 
cytotoxicity with LC50 of 28.84 µg/mL. The value was 
increased following the isolation with a range of 147.91 
(AMEA 2)–1023.3 µg/mL (AMEA 1). Other than AMEA 1, all 
fractions were cytotoxic by using < 1000 µg/mL cut-off value. 
The elevation of LC50 suggests that the fractions have weaker 
toxicity as compared to their crude extract. A possible 
explanation for this finding is the intermolecule interactions 

that could exert synergism and consequently – higher 
cytotoxicity.[22,23]

1‑diphenyl‑2‑pycrilhidrazil‑based antioxidant activity 
of the ethyl acetate extract along with its fractions
The DPPH antioxidant activities of the ethyl acetate extract 
along with its fraction are presented in Table 3. Compounds 
with OH moieties or conjugated double bonds in the 
extract may scavenge the free radical by donating the 
electron.[24,25] The crude extract has antioxidant potential 
with IC50 = 15.19 µg/mL against DPPH. The activity 
was further increased following the isolation, observed 
in AMEA 2 and 5 with IC50 of 11.4 and 4.12 µg/mL, 
respectively. Moreover, AMEA 5 and ascorbic acid (positive 
control) have similar IC50 against DPPH suggesting 
strong antioxidant potential of this fraction. The fraction 
had dramatically stronger antioxidant activities when 
compared to previously reported studies on A. muricata 
leaves (IC50 = 140–20 µg/mL).[11,16]

Phytochemical profile of Annona muricata ethyl acetate 2
The chromatogram of the GC-MS analysis on fraction AMEA 
2 is presented in Figure 1. The chromatogram suggests that 
many compounds remained in the AMEA 2, though has 
underwent purification by column chromatography. The 
identified phytocompounds with a similarity index of 
over 95% are presented in Table 2. Neophytadiene and 
palmitic acid were found predominating the fraction with 

Table 1: Results from the qualitative 
phytochemical screening of fraction groups 
obtained from the Annona Muricata leaf extract
Fraction Test 

tube
Weight 

(g)
Yield 
(%)

Apparent 
color

AMEA 1 1–15 1.71 50.29 Dark green
AMEA 2 16–50 0.77 22.65 Dark green
AMEA 3 51–75 0.24 7.06 Brown
AMEA 4 76–95 0.28 8.24 Yellow
AMEA 5 96–97 0.15 4.41 Brown
Total extract weight=3.4 g. AMEA: A. muricata ethyl acetate

Table 2: Brine shrimp lethality test cytotoxicity 
and 1‑diphenyl‑2‑pycrilhidrazil antioxidant of 
the ethyl acetate extract from Annona muricata 
leaves and its fractions
Sample BSLT, LC50 (µg/mL) DPPH, IC50 (µg/mL)
AMEA 28.84 15.19
AMEA 1 1023.3 180.66
AMEA 2 147.91 11.4
AMEA 3 489.77 42.48
AMEA 4 288.40 59.03
AMEA 5 257.03 4.12
Ascorbic acid NA 4.12a

AMEA: A. muricata ethyl acetate of Annona muricata leaves, NA: Not applicable, 
DPPH: 1-diphenyl-2-pycrilhidrazil, BSLT: Brine shrimp lethality test, 
LC: Lethal concentration, IC: Inhibitory concentration
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the relative abundance of 12.16% and 11.53%, respectively. 
Three peaks were shown close similarity (>75%) with phytol. 
This profile, where the phytocompounds are both polar 
and nonpolar, indicates the wide range of compounds 
present in the extract. Neophytadiene and palmitic acid 
are known to possess antioxidant activities because of their 
conjugated double bonds. Anti-inflammatory activities were 
also witnessed in the two compounds in a previous study. 
Phytol may act as an antioxidant by donating the electron 
to free radicals through its OH moieties, while palmitic acid 
utilizes its conjugated double bond.

CONCLUSIONS

The ethyl acetate extract from A. muricata leaves had 
considerably high antioxidant capacity and activity, along 
with high cytotoxicity. The fractions had lower cytotoxicity but 
higher DPPH scavenging activity. Some potential cytotoxic 
and antioxidant compounds, such as neophytadiene, palmitic 
acid, and phytol, were found in the fraction with the optimum 
cytotoxicity and antioxidant activity. We recommend the 
isolation of pure compounds for future studies.

Acknowledgment
The authors would like to appreciate the assistance from 
Universitas Syiah Kuala during the research and writing 
of this article.

Financial support and sponsorship
This research was funded by the Head of Lembaga Penelitian 
dan Pengabdian Kepada Masyarakat – Universitas Syiah 
Kuala and the Dean of Faculty of Mathematics and Natural 
Sciences – Universitas Syiah Kuala with grant number: 103/
UN11.2.1/PT.01.03/PNBP/2023.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Ginting B, Chiari W, Duta TF, Hudaa S, Purnama A, Harapan H, 
et al. COVID-19 pandemic sheds a new research spotlight on 
antiviral potential of essential oils – A bibliometric study. Heliyon 
2023;9:e17703.

2. Iqhrammullah M, Rizki DR, Purnama A, Duta TF, Harapan H, 
Idroes R, et al. Antiviral molecular targets of essential oils against 
SARS-CoV-2: A systematic review. Sci Pharm 2023;91:15.

3. Duta TF, Rizki DR, Purnama A, Rademaker M, Wollina U, Acharya Y, 
et al. Essential oils for COVID-19 management: A systematic review 
of randomized controlled trials. Narra×2023;1:e55.

4. Onuigbo MC, Ukegbu CY, Uzoigwe KC. Antibacterial activity 
of Chrysophyllum albidium seed oil extract on pathogenic 
Staphylococcus aureus. Narra×2023;1:e77.

5. Harahap D, Niaci S, Mardina V, Zaura B, Qanita I, Purnama A, 
et al. Antibacterial activities of seven ethnomedicinal plants from 
family Annonaceae. J Adv Pharm Technol Res 2022;13:148-53.

6. Zubaidi SN, Mohd Nani H, Ahmad Kamal MS, Abdul Qayyum T, 

Table 3: Identified phytocompounds contained in Annona muricata ethyl acetate with similarity index>75%
Compounds Retention (min) Area (%) Similarity (%)
Cyclopentane, 1‑ethyl‑3‑methyl‑, trans‑ 4.08 1.40 79.4
4‑((1E)‑3‑Hydroxy‑1‑propenyl)‑2‑methoxyphenol 28.12 2.74 86.6
Neophytadiene 30.16 12.16 92.2
Phytol 30.67 1.30 83.8
Phytol 31.04 6.09 89.2
Geranyl‑a‑terpinene 31.79 3.12 78.5
Cyclopropanebutanoic acid, 2‑[[2‑[[2‑[(2pentylcyclopropyl) 
Methyl] Cyclopropyl] methyl] cyclopropyl] methyl]‑, Methyl ester

31.96 2.38 81.3

6,9,12,15‑Docosatetraenoic acid, Methyl ester 32.17 1.65 79.3
Palmitic acid 32.59 11.53 88.9
1,6,10,14‑Hexadecatetraen‑3‑ol, 3,7,11,15‑Tetramethyl‑, (E, E)‑ 33.07 1.69 78.5
Phytol 35.48 3.03 78.4
[1,1'‑Bicyclopropyl]‑2‑Octanoic acid, 2'‑ hexyl, Methyl ester 36.33 1.06 77.6
Ethyl iso‑allocholate 48.38 1.20 76.5
Ethyl iso‑allocholate 48.51 1.34 76.6

Figure 1: Chromatogram of Annona muricata ethyl acetate 2



Ginting, et al.: Antioxidant activity and cytotoxicity of Annona muricata leaves

74 Journal of  Advanced Pharmaceutical Technology & Research | Volume 15 | Issue 2 | April‑June 2024

Maarof S, Afzan A, et al. Annona muricata: Comprehensive review 
on the ethnomedicinal, phytochemistry, and pharmacological 
aspects focusing on antidiabetic properties. Life (Basel) 
2023;13:353.

7. Krisanti EA, Harumanti AI, Mulia K. Annona muricata leaves 
ethanolic extract in water, n-hexane, and methanol fractions: 
Cytotoxicity assay, antioxidant activity, flavonoid content, 
polyphenol content, and acetogenin content. AIP Conf Proc 
2021;2344:1.

8. Kamal N, Rashid L, Azman M, Hafizi R, Khair M. Antioxidant 
activity and toxicity of Annona muricata leaves extract. Asian J 
Pharmacogn 2021;4:5-12.

9. Rani DM, Wongso H, Purwoko RY, Winarto NB, Shalas AF, 
Triatmoko B, et al. Anti-cancer bioprospecting on medicinal plants 
from Indonesia: A review. Phytochemistry 2023;216:113881.

10. Iqhrammullah M, Refin RY, Rasmi RI, Andika FF, Hajjah H, 
Marlina M, et al. Cancer in Indonesia: A bibliometric surveillance. 
Narra X 2023;1:e86.

11. Nguyen MT, Nguyen VT, Minh LV, Trieu LH, Cang MH, Bui LB, 
et al. Determination of the phytochemical screening, total 
polyphenols, flavonoids content, and antioxidant activity of 
soursop leaves (Annona muricata Linn.). IOP Conf Ser Mater Sci 
Eng 2020;736:062011.

12. Jacobo Herrera N, Pérez Plasencia C, Castro Torres VA, Martínez 
Vázquez M, González Esquinca AR, Zentella Dehesa A. Selective 
acetogenins and their potential as anticancer agents. Front 
Pharmacol 2019;10:783.

13. Mutakin M, Fauziati R, Fadhilah FN, Zuhrotun A, Amalia R, 
Hadisaputri YE. Pharmacological activities of soursop (Annona 
muricata Lin.). Molecules 2022;27:1201.

14. Qorina F, Arsianti A, Fithrotunnisa Q, Tejaputri N, Azizah NN, 
Putrianingsih R. Cytotoxicity of soursop leaves (Annona muricata) 
against cervical HeLa cancer cells. Pharmacogn J 2020;12:20-4.

15. Hemalatha G, Sivakumari K, Rajesh S, Shyamala Devi K. 
Phytochemical profiling, anticancer and apoptotic activity 
of graviola (Annona muricata) fruit extract against human 
hepatocellular carcinoma (HepG-2) cells. Int J Zool Appl Biosci 
2020;5:32-47.

16. Hasmila I, Natsir H, Soekamto N. Phytochemical analysis and 
antioxidant activity of soursop leaf extract (Annona muricata Linn.). 
J Phys Conf Ser 2019;1341 032027.

17. Yusnaini R, Nasution R, Saidi N, Arabia T, Idroes R, Ikhsan I, 
et al. Ethanolic extract from Limonia acidissima L. fruit attenuates 
serum uric acid level via URAT1 in potassium oxonate-induced 
hyperuricemic rats. Pharmaceuticals (Basel) 2023;16:419.

18. Ginting B, Mustanir M, Nurdin N, Maulidna M, Murniana M, 
Safrina S. Evaluation of antioxidant and anticancer activity of 
Myristica fragrans Houtt. bark. Pharmacogn J 2021;13:780-6.

19. Umri RJ, Maulana I, Ginting B. Antioxidant and cytotoxic activity 
of ethyl asetat extracts of cocoa pod husk (Theobroma cacao L). IOP 
Confer Ser Earth Environ Sci 2019;364:012026.

20. Indriaty I, Ginting B, Hasballah K, Djufri D. A comparative study 
of total tannin contents and antimicrobial activities in methanol 
extracts of Rhizophoraceae species. Heca J Appl Sci 2023;1:62-70.

21. Quranayati Q, Iqhrammullah M, Saidi N, Nurliana N, Idroes R, 
Nasution R. Extracts from Phyllanthus emblica L stem barks 
ameliorate blood glucose level and pancreatic and hepatic 
injuries in streptozotocin-induced diabetic rats. Arab J Chem 
2023:16:105082.

22. Hasballah K, Sarong M, Rusly R, Fitria H, Maida DR, 
Iqhrammullah M. Antiproliferative activity of triterpenoid and 
steroid compounds from ethyl acetate extract of Calotropis gigantea 
root bark against P388 murine leukemia cell lines. Sci Pharm 
2021:89:21.

23. Quranayati Q, Iqhrammullah M, Saidi N, Nurliana N, Idroes R, 
Nasution R. Cytotoxicity and phytochemical profiles of Phyllanthus 
emblica stem barks with in silico drug-likeliness: Focusing on 
antidiabetic potentials. J Adv Pharm Technol Res 2022;13:281-5.

24. Ali Al-Mamary M, Moussa Z. Antioxidant Activity: The Presence 
and Impact of Hydroxyl Groups in Small Molecules of Natural 
and Synthetic Origin [Internet]. Antioxidants - Benefits, Sources, 
Mechanisms of Action. IntechOpen; 2021. Available from: http://
dx.doi.org/10.5772/intechopen.95616.

25. Zheng YZ, Deng G, Guo R, Fu ZM, Chen DF. Theoretical insight 
into the antioxidative activity of isoflavonoid: The effect of the 
C2=C3 double bond. Phytochemistry 2019;166:112075.


