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 Background: Dragon fruit (Hylocereus polyrhizus) is one of the most common fruits in tropical countries, including Indonesia. 
The unique deep purple-colored pulp of the fruit is eaten whole and consumed as juice. However, the inedible 
thick peel is wasted, causing environmental issues. In this study, the toxic, cytotoxic, and antiplasmodium ac-
tivity from various extract of H. polyrhizus peels were examined.

 Material/Methods: We evaluated the cytotoxicity and antiplasmodial properties of the various peel extracts by using different or-
ganic solvents.The extraction of the peels was conducted using maceration to obtain pigment, n-hexane, di-
chloromethane, and ethyl acetate extracts. The toxicity of the extract was assessed using the brine shrimp le-
thality test, followed by WST assay to test in vitro cytotoxic properties and in vitro antiplasmodial properties 
in 2 Plasmodium falciparum strains (3D7 and W2).

 Results: The n-hexane, dichloromethane, and ethyl acetate extracts depicted various levels of activity, whereas the pig-
ment extract did not show any activities. However, dichloromethane demonstrated a high toxicity level with 
LC50 of 10.32±0.13 μg/mL and a weak cytotoxic level against SK-OV-3 cell lines (IC50 of 560.86±0.63 μg/mL). 
Moreover, the dichloromethane and n-hexane extracts showed high and promising antiplasmodial activity with 
IC50 2.13±0.42 and 6.51±0.49 μg/mL, respectively.

 Conclusions: The dichloromethane extract demonstrated high antiplasmodial activity. Our observations have elucidated the 
cytotoxic and antiplasmodial activity of the peel of dragon fruits and can be used as a foundation for further 
research into the isolation and bioactivity of secondary metabolites.
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Background

Hylocereus polyrhizus, commonly known as dragon fruit or 
pitaya, is a vine cacti belonging to the Cactoideae cactus sub-
family [1]. This species’ genus comes from Central and South 
America and has been an important crop in Southeast Asia 
since it was introduced through the Philippines in the six-
teenth century. The Mayan people used the fruit as a diuret-
ic and wound disinfectant and for the treatment of heart dis-
ease, tumors, hypoglycemia, and dysentery [2]. In the last 2 
decades, it has been reported that the fruits from this genus 
possess antioxidant, antiproliferative [3], and antimicrobial 
pharmacological activity [4].

Dragon fruit’s exotic aesthetic appearance, with its enticing 
deep purple-colored pulp, makes the fruit highly appealing in 
the European, U.S., and Asian markets. The deep purple color 
of the pulp comes from a group of pigments known as nitro-
gen-containing betalains [5]. Wybraniec et al fully character-
ized 3 major betalains along with 7 minor betalains present 
in the pulp and peel of H. polyrhizus [1,6]. Also, high levels of 
the essential fatty acids linoleic acid and linolenic acid have 
been identified in the seeds [7]. The steroids b-amyrin and 
g- sitosterol were identified in the peel with gas chromatog-
raphy and mass spectrometry and were quantified to have a 
value of 15.87% and 9.35%, respectively [8].

Despite the unique red color and shape of this plant, it is one 
of the most well-known fruits in tropical countries, including 
Indonesia, where it is consumed in beverages and for dessert. 
The thickness of the peel (22% of its total weight) causes en-
vironmental problems with waste since it is not used opti-
mally. The pigment extract from this fruit peel demonstrat-
ed good free radical-scavenging activity by DPPH assay in our 
previous study, with 159.6 μg/mL of half-maximal inhibitory 
concentration (IC50) [9]. Apart from its antioxidant properties, 
Vijayakumar et al reported that H. polyrhizus peel extract ex-
hibited a high sun protection factor value of 35.02±0.39 at 
1.00 mg/mL and broad-spectrum UVA and UVB photoprotec-
tion, indicating that this species is highly capable of substitut-
ing synthetic sunscreen agents as a natural active ingredient 
in the cosmetic industry [10]. Additionally, betalain pigments 
extracted from the species were used as a coloring agent in a 
lipstick formulation study [11].

Moreover, the pigment and ethyl acetate extracts inhibited 
60% to 75% of growth for Candida albicans at 500 µg/mL and 
65% to 100% inhibition at 200 µg/mL for Streptococcus au-
reus, Bacillus subtilis, Escherichia coli, and Vibrio alginolyticus 
[12,13]. Further research will be conducted on the biological 
activities and secondary metabolites derived from the peel of 
H. polyrhizus, as well as on the relationship between the iso-
lated compounds and their biological activities. To investigate 

the bioactive extracts and type of secondary metabolites (po-
lar, semipolar, and nonpolar), the species are extracted with 
different organic solvents. Therefore, the aim of this study 
was to evaluate the cytotoxic and antiplasmodial properties 
of the various peel extracts of this species by using different 
organic solvents.

Material and Method

Extraction

Dragon fruit was obtained from a traditional market in 
Pekanbaru City, Indonesia. The fresh peels were cleaned, cut 
into small pieces, blended, and kept in the refrigerator until 
use. The extraction was divided into 2 steps, pigment and non-
pigment extractions, as reported by Hendra et al (Figure 1) 
[9,12,13]. The extraction was conducted using the organic sol-
vents ethanol, n-hexane, dichloromethane, and ethyl acetate.

Toxicity	Assay

The level of toxicity of the extracts was calculated using the 
brine shrimp lethality test (BSLT). The test method was per-
formed by preparing 10 vials, each filled with 2 mL of seawa-
ter, and a 2-fold dilution was produced to generate a number 
of concentrations. An aliquot (0.1 mL) with approximately 10 
nauplii were added to each vial and allowed to sit for 24 h. 
The vials were observed and dead larvae were counted after 
24 h. Dimethyl sulfoxide (DMSO) was used as a negative con-
trol. Based on the mortality percentage, the concentration 
that led to 50% mortality (LC50) was determined by the use of 
the graph of median mortality percentage vs log of concen-
tration [14,15]. The assay was done in triplicate, and the data 
were reported as mean±standard deviation.

The peels

Pigment extract

Extracted with methanol
3×24 H

80% (v/v) ethanol and HCl 0.1 N
12 H

Liquid-liquid extraction

n-Hexane extract Dichloromethane
extract

Residue

Crude methanol extract

Ethyl acetate
extract

Figure 1. Extraction methods.
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Cytotoxicity	(MTS)	assay

Ovarian cancer cell line (SK-OV-3) and cervical cancer cell 
line (HeLa) cells were obtained from the collection of the 
Department of Pharmacology and Clinical Pharmacy, Universitas 
Padjadjaran. The cells were grown in Dulbecco’s modified 
Eagle’s medium (Gibco, Paisley, UK) containing 10% of heat-in-
activated fetal bovine serum (Gibco, Paisley, UK) and 1% peni-
cillin-streptomycin solution (Gibco, Paisley, UK). The cytotoxic-
ity assay was performed in 96-well plates, and cultures were 
maintained at 37°C in a humidified atmosphere of 5% CO2. 
Cells with 70% to 80% confluency were refreshed with new se-
rum-free medium, further incubated for 4 h, and then treated 
with extracts in the amounts of 7.8125 µg/mL 15.625 µg/mL, 
31.25 µg/mL, 62.5 µg/mL, 125 µg/mL, 250 µg/mL, 500 µg/mL, 
and 1000 µg/mL. After 24 h of incubation, reagent cell count-
ing kit-8 (Dojindo, Rockville, MD, USA) was added, and the 
mixtures were incubated for 2 h. DMSO was used as a nega-
tive control to avoid false results and the standard drug cis-
platin was used as a positive control. The absorbance of the 
cell suspensions was measured using a Tecan Infinite spec-
trophotometer (Tecan, Grodig, Austria) at 450 nm [16]. The 
assay was done in triplicate and the data were reported as 
mean±standard deviation.

In Vitro Antiplasmodial Assays

Chloroquine-sensitive 3D7 and chloroquine-resistant W2 
Plasmodium falciparum strains were used in this assay. A total 
of 1 mg of the sample was dissolved in 100 μL DMSO (stock 
solution, concentration of 10 000 μg/mL), and a serial dilution 
was made from the stock solution. The parasites used in this 
assay were synchronous parasites (Ring stage) with ±1% para-
sitaemia. A total of 2 μL of test solution with different concen-
trations was taken and added to each well of a 96-well plate. 
Next, 198 μL of parasite was added, so that the final concen-
trations of test material were 100 μg/mL, 10 μg/mL, 1 μg/mL, 
0.1 μg/mL, and 0.01 μg/mL. The plate was placed in a chamber 
with mixed gas (O2 5%, CO2 5%, N2 90%). The plate was then 
incubated at 37°C for 48 h. The culture was then harvested, 

and a thin layer of blood was formed with 20% Giemsa stain-
ing. The blood test was performed by counting the number of 
infected erythrocytes for every 1000 normal erythrocytes under 
a microscope. DMSO was used as a negative control to avoid 
false results and Artemisinin was used as a positive control 
(standard drug). Data were then used to assess the percent-
age of growth and the percentage of inhibition.

Based on the percentage of inhibition results, statistical analy-
sis was performed with a probit analysis using SPSS version 20 
to determine the IC50 value or concentration of the test materi-
al that could inhibit the growth of the parasite by as much as 
50% [17]. The assay was done in triplicate and the data were 
reported as mean ± standard deviation.

Statistical	Analysis

SPSS version 20 was used for all analyses. Assays were per-
formed in triplicate and data were reported as mean±standard 
deviation.

Results

In this present study, the fresh peels of H. polyrhizus were ex-
tracted with various organic solvents. The yields of the extracts 
are presented in Table 1. The ethyl acetate extract showed the 
highest yield, followed by n-hexane, dichloromethane, and pig-
ment extracts, with values of 2.26%, 1.04%, 1.02%, and 0.82%, 
respectively. The toxicity, cytotoxicity, and antiplasmodial ac-
tivity were tested in triplicate. The findings showed that the 
extracts exhibited varying levels of toxicity, cytotoxicity, and 
antiplasmodial activity, as shown in Table 1.

To investigate the pigment compounds in the extract, the ex-
tracts were analyzed using high-performance liquid chroma-
tography (HPLC). The results are shown in Figure 2.

Extract
Yield 

(%	g/g	fresh	sample)
Toxicity

(LC50;	µg/mL)

Cytotoxicity	(IC50;	µg/mL) Antiplasmodial 
(IC50;	µg/mL)SK-OV-3 HeLa

Pigment 0.82 >1000 >1000 >1000 >100

n-Hexane 1.04 23.6±0.40 >1000 >1000 6.51±0.49

Dichloromethane 1.02 10.32±0.13 560.86±0.63 >1000 2.13±0.42

Ethyl acetate 2.26 148.93±0.57 >1000 >1000 >100

Table 1. Toxicity, cytotoxicity, and antiplasmdodial activity of peels of H. polyrhizus extracts.

SK-OV-3 – ovarian cancer cell line; HeLa – cervical cancer cell line. The biological activities were tested in triplicate and reported as 
mean±standard deviation.
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Discussion

In this present study, the fresh peels of H. polyrhizus were test-
ed for their cytotoxicity and antiplamodial activity. The extrac-
tion process was divided into 2 steps, betalains (pigment) and 
non-pigment extractions. To obtain pigment extract, the peels 
were macerated with 80% ethanol and HCl 0.1 N. This extrac-
tion method is commonly used to obtain betalains, and aque-
ous ethanol with slight extraction acidification improves beta-
cyanine stability and prevents polyphenoloxidation [18]. HPLC 
analysis was conducted to measure the betalains in the pig-
ment extracts (Figure 2) using a method similar to that pre-
viously described by Wybraniec et al in their report on chro-
matogram patterns [1,9]. Also, the non-pigment compounds 
were extracted after the pigment extract was obtained. The 
peel residues were macerated with methanol, which was fol-
lowed by sonication. This technique increases the yield of the 
compounds extracted from the non-pigment components and 
enhances the solvent used for the extraction diffusion into 
the cells so that the desired compounds are dissolved [19].

The toxicity levels were measured using the BSLT, a simple, 
high-performance toxicity test for bioactive substances or ex-
tracts that is based on the ability of test compounds to kill 
shrimp (Artemia salina), a simple zoological organism [20]. In 
the study done by Meyer et al, plant extracts demonstrated 
toxicity of LC50 <1000 ppm, while the extracts were regarded 
as highly toxic to the sage shrimp, with LC50 <30 ppm [21]. The 
present study showed that the extracts exhibited varying lev-
els of toxicity. The extract of dichloromethane was highly toxic, 
followed by that of n-hexane, ethyl acetate, and pigment ex-
tracts with LC50 values of 10.32±0.13 µg/mL, 23.6±0.40 µg/mL, 
148.93±0.57 µg/mL, and >1000 µg/mL, respectively (Table 1). 
Brine shrimp toxicity predicted cytotoxicity and parasite activity. 

We also found a strong association between BSLT toxicity and 
cytotoxicity to the human nasopharyngeal carcinoma (9 KB) 
cell line and other solid tumors, as well as in vivo in murine 
leukemia. The BSLT detects strong anticancer activity but is 
limited in its predictive ability to differentiate between strong 
to moderate and poor anticancer compounds. Therefore, the 
BSLT provides a fast, initial screening for powerful cytotoxins 
and enables a finer degree of discrimination in cancer [22]. 
Hence, in the present study, we further investigated the cyto-
toxicity and antiplasmodial activity of the extracts.

After the BSLT study, the potency of the extracts as anticancer 
properties was determined and the cytotoxic activity in SK-OV-3 
and HeLa cell lines was examined using the MTS assay. Studies 
have shown that the in vitro cytotoxicity MTS assay is a prac-
tical way to evaluate cell viability. The key features of this test 
are its ease of use, precision, and rapid toxicity result. The MTS 
assay may also be a valuable method in assessing risk to human 
health if adequate sensitivity and specificity of the test are dem-
onstrated [23]. Table 1 shows the various cytotoxicity levels of 
the extracts in SK-OV-3 and HeLa cell lines. None of the extracts 
showed toxicity against HeLa cell lines. However, the extracts 
of dichloromethane showed weak toxicity to SK-OV-3, with an 
IC50 value of 560.86±0.63 μg/mL; this finding is in agreement 
with that of the U.S. National Cancer Institute [24]. In the pres-
ent study, the peel extracts showed weak activity against both 
cancer cell lines. However, Luo et al reported that the peel ex-
tracts inhibited different cancer cells (PC3, Bcap-37, and MGC-
803 cell lines), with IC50 values ranging from 450 μg/mL to 500 
μg/mL [8]. Surprisingly, the pigment (betalain) extract did not 
display cytotoxicity toward either cell line. However, in anoth-
er study, betalain extracts from cactus pear fruit (Opuntia ficus-
indica) applied to the SK-OV-3 ovary cell line induced a signif-
icant increase in apoptosis and inhibition of cell growth [25].
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Figure 2.  High-performance liquid chromatography profile of betacyanins from dragon fruit peel; l: 538 nm.
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In the present study, all 4 extracts were found to have vari-
ous levels of activity against chloroquine-sensitive 3D7 and 
chloroquine-resistant W2 strains of P. falciparum (Table 1). 
Pigment and ethyl acetate extracts did not show activity, 
while n-hexane and dichloromethane did show activity. The 
level of activity observed with dichloromethane was about 3 
times higher than that of n-hexane, with IC50 2.13±0.42 and 
IC50 6.51±0.49 μg/mL, respectively. Extract activities were 
classified into 4 groups according to their IC50 values, in ac-
cordance with the WHO guidelines and fundamental require-
ments of antiparasitic drug discovery, as follows: high activity 
(IC50 £5 µg/mL); promising activity (5 µg/mL <IC50 £15 µg/mL); 
moderate activity (15 µg/ml < IC50 £50 µg/mL); and poor activ-
ity (IC50 >50 μg/mL) [17,26]. The dichloromethane and n-hex-
ane extracts can therefore be classified as having high and 
promising antiplasmodial activity, respectively.

Regarding the chemical composition of the peel of this species, 
Lou et al (2018) identified 2 major phytosterols, b-amyrin and 
b-sitosterol [8], which could be responsible for the cytotoxici-
ty and antiplasmodial activity of the extract. Isolated b-amyrin 
from Dendropanax morbifera was reported to have cytotoxicity 
against SK-OV-3 cell lines and antiplasmodial activity, with an 
IC50 of 5.29 and IC50 of 38.36 µg/mL, respectively [27]. Further, 
b-sitosterol was analyzed for its cytotoxicity and antiplasmodi-
al activity against SK-OV-3, and the results showed that it ex-
hibited antiplasmodial activity with an IC50 of 8.20 µg/mL and 
no activity to inhibit SK-OV-3 cells [28,29]. The present study 
is therefore the first analysis of the antiplasmodial activity of 
H. polyrhizus peel. We will investigate the secondary metabo-
lites responsible for this activity in future studies.

Conclusions

This research has shown the promising cytotoxicity and an-
tiplasmodial activity of H. polyrhizus peel. The dichlorometh-
ane extract demonstrated high antiplasmodial activity. The 
findings provide a starting point for further research into the 
isolation and bioactivity of secondary metabolites in the ex-
tract of H. polyrhizus.
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