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ABSTRACT

In Indonesia, cempedak (Artocarpus champeden Spreng) stembark
from family of moraceae had been traditionally used for malarial treatment.
Difference in the location of growth could cause the difference of metabolite
fingerprints. As a result, there might be different toxicity and antimalarial
activity in the same plants. The goal of this study was to obtain the
fingerprints of the metabolites found in A. champeden stembark from
different parts of Indonesia in order to authenticate and control the extract's
quality. Fingerprints were performed using the HPTLC-Densitometry
technique, in vitro toxicity and antimalarial activity were also determined
using MTT assay and HRP2 assay. The correlation between metabolite
fingerprints, toxicity and antimalarial activity was analysed using
chemometrics tools: Principle Component Analysis (PCA), Partial Least
Square (PLS) and Hierarchical Clustering Analysis (HCA). As a result, there is
significant difference between fingerprints and toxicity profiles of A.
champeden (p<0.05), whereas for antimalarial profiles, there is no significant
difference between of them (p>0.05). Meanwhile, the nutrients (copper, zinc
and manganese) are suspected to be responsible for the metabolite content.
Besides morachalcone-A, compounds with Rf values of 0.66 and 0.63 can be
proposed as additional markers because they have responsibility for
antimalarial activity and toxicity. In conclusion, A. champeden from Maluku
with the highest antimalarial activity (60.41+5.67 pg/mL) and safety at a
therapeutic dose of 10 ppm (97.45+5.76) is recommended as a source of
material for the development of herbal medicine.
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INTRODUCTION zone of South-East Asia (Lopes et al, 2018). 4,

Artocarpus champeden Spreng (Moraceae)
also known as "cempedak" in Indonesia, was
originally used to treat malaria, fever, and diarrhea
(Hafid et al.,, 2012). Malaria is the most common
parasite infection, with an estimated 219 million
new cases and 435,000 fatalities per year. In
Indonesia, the number of malaria cases was
600,000 cases and the mortality rate was 1%
(WHO, 2020). Currently, there have were many
multi-drug resistant malaria cases, including in
Indonesia (Elyazar et al., 2011). For this reason,
this research has been carried out on medicinal
plants as an alternative to antimalarial drugs
(Noronha et al., 2020). A. champeden was spread
widely throughout the subtropical and tropical

champeden contained several prenyl-flavonoids
isolated from stembark of this plant as in vitro
antimalarial against P. falciparum 3D7 strain and in
vivo against P. berghei (Widyawaruyanti et.al.,
2011). The cytotoxicity of Artocarpus sp against P.
falciparum strain K1 and 3D7 also had been
reported (Musthapa et al., 2010). Morachalcone-A
has also been described as an antimalarial active
marker molecule of A. champeden (Hafid et al,
2012).

The development of A. champeden extract
as a phytopharmaca had been carried out
(Widyawaruyanti, 2013). However, the development
herbal medicine met the problem caused
by the variation of metabolites of plants.
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Table I. Origin of Samples used in this study

Sample Sites of Cultivation Altitude Average Average Climate
Code (m) Temperature (C) Rainfall (mm) Type
Mi1-Ms WANATH Village, Leihitu, Maluku 419.0 26.5 3392 Af
P1-Ps  Klademak Village, sorong, West papua 21.0 27.3 2969 Af
Ki-Ks Arang Limbung, West Kalimantan 18.0 27.6 3154 Af
S1-Ss  Lubuk Batang OKU, South Sumatra 42.0 26.8 2619 Af
Ji-Js  Kalijati Village, Subang, West Java 110 24.4 2610 Af

Internal and environmental factors influenced the
secondary metabolite content (Verma, 2015).
Environmental influences may have a qualitative
and quantitative impact on secondary metabolites,
resulting in arange of bioactivities (Ningsih et al,
2015). As a result, herbal plant metabolite
fingerprinting investigations are critical for
guaranteeing their safety and efficacy (Kim et al,,
2011).

Metabolite fingerprinting approaches using
HPTLC has several advantages like: the analysis
time is shorter and the fingerprint can be tailored to
certain target moleculesand costs (Adhami et al,
2013). For testing in vitro antimalarial activity of A.
champeden, the HRP2 method, a simple enzyme-
linked immune sorbent assay (ELISA) technique can
be used and the advantages were more sensitive,
faster, easier and could be applied on many samples
(Widyawaruyanti et al., 2014). For testing in vitro
toxicity of A. champeden, the MTT assay as one of
tools to compare andevaluate can be used (Scherlie,
2011). This in vitro cytotoxic technique has
advantages like reduced cost, speed and potentially
to be automated with other instruments
(Aslanturk, 2018).

Until now, there has never been a paper
made on A. champeden metabolite fingerprinting,
antimalarial activity or toxicity from diverse areas
in Indonesia. In this work, HPTLC, MTT and HRP:
technique were used to determine the active and
negative markers of A. champeden extract for
standardization purpose of herbal medicine raw
materials.

MATERIAL AND METHODS
Plant materials and extractions

Twenty-five samples of A. champeden
Spreng stembark were collected from 5 different
regions in Indonesia: Papua, Maluku, Kalimantan,
Sumatera and Java (Table I). The plants should have
age 20-40 years old and 200 g stembarks were
harvested at2:00-4:00 pm LT in dry season. Plant
identification and authentication were carried out
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at the Bogoriense Herbarium, Indonesian Research
Centre for Biology, West Java (Rahajoe, 2016). All
samples were dried on oven 40°C for 5 days and
ground until be powder. 20g of powders were
weight and extracted by maceration technique
assisted ultrasonic using 80 percent ethanol for two
to three times replication. Then, using rotavapor,
the ethanol extracts were filtered, pooled, and
dried. The extracts also could be dried using oven at
40°C to help be dried extracts. All of them were
kept in vials and stored in 4°C refrigerator. Next,
they could be used to determine in antimalarial
assay and metabolite fingerprinting
(Widyawaruyanti et al., 2014).

Mobile phase optimization

Standard solution for HPTLC analysis:
morachalcone-A standard solution (100 ppm) was
dissolved in methanol. Sample solution for HPTLC
analysis: each of 25 driedextracts of A. champeden
(10,000 ppm) were dissolved in methanol.
Optimization of mobile phase on Thin Layer
Chromatography: (1) Ethyl acetic: H20: formic
acid: CH3COOH = 100:26:11:11 v/v/v/v; (2)
Chloroform: methanol = 90:10 v/v; (3) Hexane:
ethyl acetic: acetic acid = 20:10:1 v/v/v; (4) Ethyl
acetic: hexane = 8:2 v/v (Pudumo et al., 2018; Reich
& Schibli, 2011).

Method validation

Two parameters in the validation method
for metabolite fingerprinting were stability and
precision tests on a plate of HPTLC. Stability tests
and precision were determined by applying 5uL of
samples to a plate (concentrations of 10.000 and
20.000ppm) at 0, 15, 30, 45, 60, 75 and 90 minutes
over three times. Stability test (on the plate) and
precision test (inter day) were analyzed using PCA
(Mutiah et al., 2019; Ningsih et al., 2015).

Metabolite fingerprinting test

HPTLC analysis condition: sample and
standard solutions were applied on the HPTLC
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plate SG 60 F254 20x10 cm. Each of samples was
applied 2 pL. For 10 minutes,the plates were pre-
conditioned with vapor of the developing solvents
chloroform: methanol (95:5 v/v) before being
developed up to 8 cm in the saturated solution for
20 minutes. After development and 5 min of
automatic drying quantitative evaluation of the
plates was performed by TLC Scanner-4. The plates
were sprayed with sulfuric acid 10% solution and
heated at 105°C for 3 min. Documentation of the
plates was performed bythe Camag TLC visualizer-
2 at 366 nm (Pudumo et al., 2018; Reich & Schibli,
2011).

Parasite culture

Parasite culture of this antimalarial assay was
Plasmodium falciparum 3D7 strain. They were
originally from the Malaria Laboratory of Eijkman
Institute for Molecular Laboratory and maintained in
the Malaria Laboratory of the Centre of Natural Product
Medicine Research and Development, Institute Tropical
Disease, Indonesia at 5% hematocrit. Culturewas
incubated using modified candle jar method at
37°C. Culture was diluted with medium and red
blood cell to get 1.5% hematocrit and 0.05%
parasitemia. Finally, this parasite culture was ready
to be used for antimalarial assay (Hidayati et al.,
2020).

Antimalarial assay and analysis

Antimalarial assay had been performed
using HRP2 technique on single concentration.
Twenty-five extracts of A. champeden were diluted
until 10 pg/ml concentration. 100 pL of this extract
and 100 pL of the parasite culture were mixed into
the 96 wells-plate then incubated at 37°C for 72
hours. The optical density was read with an ELISA
reader at 630 nm as maximum wavelength (Aty
Widyawaruyanti et al.,, 2014).Inhibition percentage
was calculated using formula:

4= —B=5 x100%
B

A= % Inhibition; B= optical density of control we
; C= optical density of sample well

Cell culture

Huh7it cell culture was grown on DMEM
media on 96 well micro plates with a density of 2.3
x 10% cells/well as much as 100 pL/well, incubation
of 5% CO2 37°C for 24hours and Huh?7it cell culture
would grow and stick to the bottom of the well
microplate (Aty Widyawaruyanti et al., 2015).
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Toxicity assay and analysis

MTT cell proliferation assay was utilized in
the toxicity test for two concentrations10 pg/mL
(for safety profile) and 100 pg/mL (for toxicity
profile) of A. champeden ethanol extract. Huh7it
cells were treated with repeated dilutions of the
samples or a control in 96 well plates. At 720 nm and
650 nm wavelengths, prepared wells were examined
using an ELISA reader (Aty Widyawaruyanti et al.,
2015).

B
= — 0,
c X100%
A = % Viability; B= tical density of treatment
cell; C= Optical density of control cell.

Soil nutrient analysis

The soil on which it was grown from
five different locations in Indonesia was
analyzed for its mineral content. The parameters
tested included nine minerals. Phosphorus was
tested by the Bray I method, calcium magnesium
potassium sodium was tested by the percolation
method of ammonium acetate and iron, copper,
manganese and zinc were tested by AAS (Joy & R,
2017)

Statistical analyses

The results of metabolite fingerprinting
were presented as visualization of PCA and PLS like
score plot and loading plot. The HCA was presented
as histogram. PCA, PLS and HCA were processed by
Multibasev2015 (Lazaretal, 2015)add ins Microsoft
Excel Professional Plus 2016. The results of
antimalarial bioassay were expressed as mean
+SD. One-way analysis of variance was used to
compare different mean values statistically
(ANOVA). p<0.05 was used to identify a statistically
significant difference. SPSS v16.0 was used to
conduct the analysis (Widyawaruyanti et al,
2020)

RESULT AND DISCUSSION
Method validation

From the results of the stability test and
precision test (intraday), it can be seen that
the standard solution of Morachalcone-A in
methanol during the test is at the 0; 15;30; 45 and
60 minutes and analyzed by PCA showed that
the standard solution and sample were well
separated in clusters (Figure 1.b). The total
number of variations described by the three main
components (PC1, PC2 and PC3) were 100.0%.
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Figure 1 (a). Up: HPTLC metabolite fingerprints of ethanol extract of A. champeden at 366nm using
sulphuric acid 10% solution. Track M1-M5 (Maluku), P1-P5 (Papua), K1-K5 (Kalimantan), S1-S5
(Sumatera), J1-J5 (Java). Down: HPTLC densitogram using TLC Scanner-4 (Camag) at 366 nm. (b) PCA
Profile for Stability Test (on HPTLC plate) and Precision Test (interday) Morachalcone-A Sample and
Standard at 0 minute; 15; 30; 45 and 60min After Spotting, PC1 vs PC2 (Up), PC1 vs PC3 (Middle), PC2 vs

PC3 (Down)
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Figure 2. (a) Principal Component Analysis (PCA) of A. champeden ethanol extract, left:loading plots, right:
score plots, (up) PC1 vs PC2; (middle) PC1 vs PC3; (down) PC2 vs PC3. (b). Histogram of Hierarchical

Clustering Analysis (HCA) of A. champeden from Maluku,Papua, Kalimantan, Sumatera and Java
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Figure 3. (a) Up: Profile of antimalarial activity (% inhibition) at 10 ppm, Middle: Profile of safety (%
viability) at 10 ppm, Down: Profile of toxicity at 100 ppm of A. champeden /from Maluku(M1-M5), Papua
(P1-P5), Kalimantan (K1-K5), Sumatera (S1-S5) and Java (J1-J5). (b) CCso A. champeden stembark extract to

% viability of Huh?7it cell

The stability test (on HPTLC plate for 60min)
and precision test showed that the RSD results
for the standard, sample solutions of 10,000 ppm
and 20,000 ppm were 0.03%; 0.09% and 0.11%
(Requirement <2.0%). These results were
confirmed by PCA analysis results which also
showed the presence of cluster density. This
shows that the sample and the spotted
standard were stable for 60min and showed
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good precision (Indrayanto, et al, 2019;
Jayachandran et al., 2017; Ningsih et al., 2015)

Metabolite fingerprints of A. champeden extract

HPTLC fingerprinting (Figure 1.a) shown the
similarity fingerprinting pattern of ethanol extract
of A. champeden stembark from Maluku, Papua,
Kalimantan, Sumatera, Java. The fingerprinting
pattern indicated ethanol extract of A. champeden

Volume 32 Issue 4 (2021)
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Figure 4. PLS between variable importance (VIP) as secondary metabolites andantimalarial activity (up),

toxicity (down)

stembark contained polar flavonoid (lower
retention factor) and nonpolar flavonoid (higher
retention factor) (Reich & Schibli 2011;
Widyawaruyanti et al., 2011). HPTLC densitogram
detected 5-10 metabolites of A. champeden from
Maluku,4-9metabolitesfrom Papua, 6-9 metabolites
from Kalimantan, 4-12 metabolites from Sumatera
and 6-10 metabolites from Java. Data also showed
that not all of A. champeden stembarks were
detected containing morachalcone-A. These results
indicated that A. champeden of which might contain
morachalcone-A in a smaller content. The age of A.
champeden plants also affected secondary
metabolites contained (Verma, 2015). Retention
factor (Rf) data and chromatogram profile data
explained that all of tracks had three secondary
metabolites in Rf 0.63, Rf 0.66 and Rf 0.82. These
results gave information about three candidate
compounds that can be proposed as markers.
These metabolites might be nonpolar flavonoid
compounds (Aty Widyawaruyanti et al., 2011)

Volume 32 Issue 4 (2021)

Principal Component Analysis (PCA)

PCA of pair Retention factor (Rf) and area
percentage of all tracks in triplicate (Figure 2)
showed a definite discrimination of samples didn't
have a good separation. The total number of
variations described by the three main components
(PC1, PC2 and PC3) were 28.5%. In order to
visualize the significant metabolites affected to
metabolite fingerprinting of A. champeden
from five different locations, the score plots
and the loading plots of PCA were used. The score
plots reflected the significant samples whilst the
loading plots reflected the significant variable
(Bro & Smilde, 2014; Sidou & Borges, 2020).
There were three significant metabolites affected in
loading plots i.e. Rf 0.82; Rf0.63; and Rf 0.66 (PC1,
PC2, PC3). It indicated that there were similarities
among A. champeden plants growth in Maluku,
Papua, Kalimantan, Sumatera and Java with the
altitude 18.0-419.0 m and 20-40 years old of
plant.
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Papua, Kalimantan, Sumatera and Java

Hierarchical Clustering Analysis (HCA)

HCA was clustering technique to make
groups of sample based on the similarity or
difference to easy analyze (Pinteaux et al, 2020;
Zhang et al, 2017). Data from all samples’
histograms Figure 2 shows that samples were not
properly  categorized due to metabolite
commonality across all samples. In spite of that,
histogram also showed there was the similarity
between A. champeden from Maluku and Java, also
A. champeden from Kalimantan-Sumatera whilst A.
champeden from Papua was different from others.

In vitro antimalarial of A. champeden axtract

Bar graphic data in Figure 3 (up) explained
the highest antimalarial activity was M2
(65.65+2.38) from Maluku and the lowest
antimalarial activity was K5 (34.35+0.34) from
Kalimantan. Data explained that the highest
antimalarial  activity @was from  Maluku
(60.41+5.67), followed from Sumatera and Papua
(56.46+6.72 and 54.63+7.28) whilst the lowest
antimalarial activity were from Kalimantan and Java
with the antimalarial value 51.50+10.25 and
51.84+7.51 respectively. One-way ANOVA result
data showed that there was no significant
difference of antimalarial activity profile among A.
champeden from Maluku, Papua, Kalimantan,
Sumatera and Java (p>0.05).
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In vitro toxicity of A. champeden extract

In the results of the safety profile with an
effective concentration of 10 ppm Figure 3.a
(middle), the average of % viability ranged from
97.45+5.76% (Maluku)to100.00+2.47% (Sumatra).
This indicates that the use of A. champeden extract
at an effective concentration of 10 ppm is not toxic
to Huh7it cells. While on the results of the the most
toxic is the A. champeden sample from Java (J1)
with a value of 49.25+3.50% toxicity test with a
concentration of 100 ppm (Figure 3.a) (down), the
lowest % viability or and the highest % viability or
less toxic samples were A. champeden from Papua
(P5) and Sumatra (S1 and S4) 100.00+0.07%. From
the results of the probit analysis (CC50),the extract
that had the highest toxicity was A. champeden
extract from Maluku (M2) witha CC50 value of
125.50+0.13 ppm followed by Sumatra (S2), Java
(J4) and Kalimantan (K1) successively with a CC50
value of 222.82+0.14 ppm; 295.22+0.18 ppm;
353.15+0.20 ppm and the least toxic is from Papua
(P5) with a CC50 value of 1364.00+0.34 ppm.
Referring to the results of antimalarial activity and
cytotoxicity results in Huh7it, it is recommended to
develop raw material for A. champeden extract
from Maluku. This is based on its highest
antimalarial activity (60.41+5.67) at a dose of
10 ppm and its cytotoxicity is also safe
(97.45+5.76) at a dose of 10 ppm (Figure 3.b).
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Correlation between metabolite fingerprint and
in vitro antimalarial activity

PLSinFigure 4 (up) was used in order to make
correlation  between  significant secondary
metabolites and their antimalarial activity in
percentage of inhibition. PLS analysis generated
the positive correlation with R values were 0.8244.
Data showed three significant metabolites had high
antimalarial activity i.e morachalcone-A, followed
metabolite with Rf 0.66 and Rf 0.63 respectively.

Correlation between metabolite fingerprint and
in vitro toxicity

PLS in Figure 4 (down) was used in order to
make correlation between significant secondary
metabolites and their toxicity in percentage of
viability. PLS analysis generated the positive
correlation and R values were 0.7412. Data showed
three significant metabolites had high toxicity.
They were Morachalcone-A, followed metabolites
with Rf 0.66 and Rf 0.63 respectively.

Correlation between metabolite fingerprint and
soil nutrient content

The results of the two-way annova test
showed that the Cu, Mn and Zn contents were
significantly different (p <0.05) in the soil content of
the growing places of Maluku, Java, Sumatra,
Kalimantan and Papua. In Figure 5, the mineral
content is correlated with theclustering metabolite
profile in Figure 2 which shows a positive
correlation. Meanwhile,the content of Ca, P, Mg, K,
Na, Fe did not show a positive correlation. Copper
has an influence on protein metabolism by
increasing the flavonoid content in plants through
the reaction mechanism of the tricarboxylic acid
cycle (Mamat et al., 2015). In addition, manganese
can also increase the total flavonol content through
flavonoid biosynthesis (Chen et al., 2020). Likewise
with zinc which can also increase the flavonoid
content in plants (Vojodi Mehrabani et al., 2017).
The content of flavonoids in plants, especially
prenylated flavonoids can increase antimalarial
activity (Atilaw et al., 2020)

CONCLUSION

A. champeden from five different regions in
Indonesia showed different in toxicity profile,
antimalarial profile and metabolite fingerprints.
Three metabolites were presented as analytical
marker candidates, namely those with Rf 0.63, 0.66,
and 0.82 as the greatest content. Two metabolites
with Rf 0.63 and 0.66 could be used as antimalarial
positive and negative indicators, respectively. A.
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champeden from Maluku had the highest activity
(60.4145.67 pg/ml) and from Papua had the lowest
CC50 (1364.00+0.34pg/ml). Based on the highest
antimalarial activity (60.41+5.67) at a dose of 10
ppm and the cytotoxicity in Huh7it cells was also
safe (97.45+5.76) at a dose of 10 ppm, so A
champeden from Maluku was recommended as a
source of raw materials for antimalarial herbal
medicines.
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