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UHPLC-Q-Orbitrap-HRMS-based untargeted metabolomics
reveal metabolites change in Justicia gendarussa and its
antioxidant capacity at different doses of nitrogen fertilizer
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Abstract

This study delves into the antioxidant potential of Justicia gendarussa, commonly known as gendarussa, and its
response to varying doses of nitrogen fertilizer. Gendarussa exhibits the potential for antioxidant activity. The diverse
ecological conditions in which it thrives may influence its biological activity and lead to inconsistent production
of secondary metabolites. Nitrogen, a pivotal factor in secondary metabolite production in plants, has become a
focal point of this research. This research aims to determine the optimal nitrogen fertilizer dose on gendarussa
antioxidant capacity and metabolites using a metabolomics approach. Employing a randomized block design
for cultivation, the investigation revealed that a maximum harvest weight of 10.9 g/aerial parts of the plant was
achieved with 270 kg/ha of nitrogen fertilizer. This study explored the DPPH, ABTS, FRAP, and CUPRAC assays of
antioxidant effect, and found insignificant differences between the various nitrogen treatments. UHPLCQ-Orbitrap
HRMS was employed to identify 30 metabolites in positive and 18 in negative ionization modes. Gendarusin A, a
major metabolite in gendarussa, is identified in both positive and negative ionization. PCA and heatmap analysis
successfully categorized these metabolites in the aerial parts of gendarussa at different nitrogen fertilizer dosages.
Based on the metabolomics approach, variations in nitrogen fertilizer made metabolites at doses of 90 kg/ha had
higher relative concentrations of metabolites compared to doses of 180 kg/ha and 270 kg/ha. So, 90 kg/ha are the
optimal nitrogen fertilizer dose for cultivation and utilization strategies.
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Resumo

Este estudo investiga o potencial antioxidante da Justicia gendarussa, comumente conhecida como gendarussa,
e sua resposta a diferentes doses de fertilizante nitrogenado. A gendarussa apresenta potencial para atividade
antioxidante. As diversas condi¢des ecoldgicas em que prospera podem influenciar a sua atividade biol6gica
e levar a producgdo inconsistente de metabélitos secundarios. O nitrogénio, um fator crucial na produgao de
metabdlitos secundarios nas plantas, tornou-se um ponto focal desta pesquisa. Esta investigacao tem como objetivo
determinar a dose 6tima de fertilizante nitrogenado na capacidade antioxidante e metabdlitos de gendarussa
utilizando uma abordagem metabolémica. Com um desenho de blocos casualizados para o cultivo, a investigacao
revelou que um peso maximo de colheita de 10,9 g/partes aéreas da planta foi alcancado com 270 kg/ha de
fertilizante nitrogenado. Este estudo explorou os ensaios DPPH, ABTS, FRAP e CUPRAC de efeito antioxidante e
encontrou diferencgas insignificantes entre os varios tratamentos com nitrogénio. O UHPLC-Q-Orbitrap HRMS
foi empregado para identificar 30 metabélitos nos modos de ionizagdo positivos e 18 nos modos de ionizagdo
negativo. A gendarusina A, um metabélito importante da gendarussa, é identificada tanto na ionizagdo positiva
quanto na negativa. A analise de PCA e mapa de calor categorizou com sucesso esses metabdlitos nas partes aéreas
de gendarussa em diferentes dosagens de fertilizantes nitrogenados. Com base na abordagem metaboldmica, as
variagoes no fertilizante nitrogenado produziram metabélitos em doses de 90 kg/ha e tiveram concentragdes
relativas de metabdlitos mais elevadas em comparagao com doses de 180 kg/ha e 270 kg/ha. Portanto, 90 kg/ha é
a dose ideal de fertilizante nitrogenado para estratégias de cultivo e utilizacdo.

Palavras-chave: cultivo, gendarussa, mapa de calor, peso colhido, PCA.

*e-mail: wnurcholis@apps.ipb.ac.id
Received: January 2, 2024 - Accepted: August 1, 2024

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
BY distribution, and reproduction in any medium, provided the original work is properly cited.

Brazilian Journal of Biology, 2024, vol. 84, €281904 | https://doi.org/10.1590/1519-6984.281904 1/13


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0000-2952-2855
https://orcid.org/0000-0001-8201-7807
https://orcid.org/0000-0003-0939-4635
https://orcid.org/0000-0001-7047-5093

Maulana, F. et al.

1. Introduction

Gendarussa (Justicia gendarussa) is a plant belongs to
Acanthaceae family, that has medicinal properties. This
plant is native to various Asian countries, including Sri
Lanka, India, Malaysia, and Indonesia, and has been used
medicinally for centuries (Ratih et al., 2019). The Sentani
people in Papua, Indonesia use gendarussa as a natural
contraceptive for males. Gendarussa is also frequently used
in traditional Indian and Chinese medicine to treat fever,
rheumatism, arthritis, headaches, earaches, muscle aches,
respiratory problems, and digestive problems (Putri et al.,
2020). Secondary metabolites found in gendarussa
include phenolics, alkaloids, steroids, and terpenoids
(Widodo et al., 2019).

The secondary metabolite of gendarussa possess
antioxidant properties. Antioxidants compounds are
metabolites that can delay, inhibit or scavenge free
radicals and reduce the damage caused by oxidative stress
(Chaudhary et al., 2015). Free radicals induced by oxidative
stress have been known to be involved in various disease
such as neurodegenerative disorders, diabetes mellitus,
cardiovascular diseases, rheumatoid arthritis, cataracts
development, respiratory diseases, and various types of
cancer (Di Meo and Venditti, 2020). Using the DPPH method
from previous research has extracted gendarussa leaves,
found that the ethanol extract had the highest antioxidant
activity, with an IC, value of 32 pg/mL (Kuber, 2021).

Gendarussa can thrive as a shrub in the wild, particularly
in forested setting and along river dams (Akpriyanti et al.,
2017). However, uncontrolled growth conditions can cause
variable secondary metabolite production. Therefore, plant
cultivation is required to maintain the secondary metabolite
content of gendarussa. The primary metabolites can act
as precursors to affect secondary metabolite production.
Plant development and growth can affect the quantity of
primary metabolite production, which affects secondary
metabolites production. The presence of light, nutrients,
soil moisture, and substrate affects the growth and
development of plants (Weng, 2013).

Nitrogen is one of the most essential nutrients that
contributes significantly to plant growth (Warganegara et al.,
2017). Nitrogen fertilizer have increasingly used to get a
higher crop yields over the past three decades. Nitrogen
is an essential component of chlorophyll, the primary
light energy absorber required for photosynthesis.
Photosynthesis will increase the accumulation of primary
metabolites, which can contribute to producing secondary
metabolites via the shikimic acid, phenylpropanoid,
and other pathways (Rai, 2018). Changes in metabolite
accumulation under the effect of nitrogen fertilizer can
be observed using a metabolomics approach.

Research by Shi et al. (2019) reported that adding
nitrogen fertilizer in the 42.5-127.5/g in Lycium barbarum
plant significantly affected the chemical content, such as
flavonoids, amino acids, and polysaccharides. In addition,
this research succeeded in identifying 612 metabolites
from L. barbarum fruit, and a total of 53 metabolites were
significantly affected by applying nitrogen fertilizer in
relative concentrations using a metabolomics approach.
This research aims to determine the optimal nitrogen
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fertilizer dose on gendarussa antioxidant capacity and
metabolites using a metabolomics approach. The benefit
obtained from this research is providing information on the
effect of different doses of nitrogen fertilizer on changes in
gendarussa metabolites using a metabolomics approach.
Then, this research can be helpful for industries engaged in
developing herbal medicines in cultivation of gendarussa.

2. Materials and Methods

2.1. Cultivation and sample preparation of gendarussa

Biopharmaca Cultivation Conservation Unit (UKBB)
Cikabayan Gardens Block C, IPB Dramaga Bogor Campus
(6°3'49”S and 106°42’57"E) is 240 m above sea level and
is where plant cultivation takes place. The cultivation
experiment was designed using a Randomized Block
Design (RBD) with four levels of N fertilizer doses: A (ON
kg/ha), B (90N kg/ha), C (180N kg/ha), and D (270N kg/ha).
All treatments received 100 kg/ha of P, 0 fertilizer, 150 kg/
ha of KCI, and 20 tons/ha of cow manure. The fertilizer
is mixed and distributed in polybags (10x15 cm) around
plants grown for one month, then transferred to larger
polybags (30x30 cm) for treatment. There were four
treatments, and each treatment was conducted three times
for a total of twelve experimental units. Each experimental
unit consisted of 10 plants, totaling 120. The harvest is
accomplished by pruning up to 15 cm from the ground.
The leaves and stems of gendarussa, which had been
fertilized for four months, were harvested. In addition,
the sample’s dried weight was determined by drying it
in an oven at 45°C for 2 x 24 hours.

2.2. Extraction of gendarussa

The extraction method was 1 g of a sample of aerial
parts (leaves and stems) of gendarussa in powder form
was put into an Erlenmeyer flask, then added 10 mL of
ethanol p.a with aratio of 1:10. Samples were macerated for
24 hours in a dark room at room temperature. Furthermore,
the sample is filtered using filter paper, and the resulting
filtrate is sample extract. Extraction was carried out with
two repetitions (diplo).

2.3. Antioxidant capacity

The DPPH method added 100 pL of the sample solution
from the gendarussa extract to a 96-well clear polystyrene
microplate, then 100 pL of 125 pM DPPH. Samples were
incubated in a dark place at room temperature for
30 minutes. Absorbance was measured with a microplate
nano spectrophotometer at a wavelength of 515 nm
(Batubara et al., 2020).

The ABTS method added 20 pL of the extracted sample
to 180 pL of ABTS reagent on a 96-well clear polystyrene
microplate. Then, the mixture was incubated for 6 minutes.
The absorbance of the solution was measured using a
microplate nano spectrophotometer at a wavelength of
734 nm (Nurcholis et al., 2022).

The FRAP method added 10 pL samples of gendarussa
extract were put into a 96-well clear polystyrene microplate,
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then added 145 pL FRAP and then incubated in a dark place
at room temperature for 4 minutes. The absorbance of
the sample was read at a wavelength of 593 nm using a
microplate nano spectrophotometer (Batubara et al., 2020).

The CUPRAC method added 50 piL of the extracted sample
added to 50 pL of 102 M CuCl, solution, 50 uL of NH,Ac
buffer 1 M with pH 7, and 50 pL of 7.5 x 10~ M neokuproin
on a microplate. Then the mixture was incubated for
30 minutes at room temperature in a dark room. Then, the
absorbance of the mixture was calculated at a wavelength
of 450 nm using a microplate nano spectrophotometer.
All used calibration curves with standard trolox solution
with various concentrations. The results are equivalent to
pmol trolox equivalent per gram dry weight (umol TE/g
dry weight) (Nurcholis et al., 2022).

2.4. Identification of metabolites using UHPLC-Q-Orbitrap
HRMS

Metabolites were identified using the Vanquish
UHPLC-Q Exactive Plus Orbitrap-High Resolution Mass
Spectrometer. A 5 mg of sample was dissolved in 1 mL
of LC-MS grade methanol, then sonicated for 10 minutes
and filtered through a 0.2 um filter membrane. Separation
chromatography was performed using an AccucoreTM
Vanquish C18+ column (1.5 pm, 120 A, 2.1x100 mm).
The mobile phases used were (A) water and 0.1% formic
acid and (B) acetonitrile and 0.1% formic acid. The gradient
system used is shown in Table 1. The column temperature
is 30°C. The ionization source used is electrospray
ionization (ESI) with a spray voltage of 3,800 volts (ESI+)
and 3,200 volts (ESI-). The mass analyzer is a quadrupole
orbitrap (tandem MS/MS). m/z range of 100-1,500 Da.
The ionization energies used were 18, 35 and 53 eV.
Aninjection volume of 2 pL. Identification of metabolites
was carried out using the data in the form of RAW processed
with MzMine software. Confirmation of the compound
via MS and MS-MS was carried out based on the custom
database and the MetFrag webserver.

2.5. Data analysis

The harvest weight data and antioxidant capacity were
analyzed using the Minitab software with One Way ANOVA
analysis, expressed with a p-value <0.05. Then Tukey’s post hoc
test was carried out. The analysis was carried out to find out

Table 1. Gradient system UHPLC-Q-Orbitrap HRMS.

(n}-il::lie) (nl;:f/)zil:l::e) %A B
0.0 0.2 95.0 5.0
1.0 0.2 95.0 5.0
18.0 0.2 55.0 45.0
30.0 0.2 5.0 95.0
33.0 0.2 5.0 95.0
331 0.2 95.0 5.0
35.0 stop run stop run stop run
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the treatment that had the most effect on all the test results.
All tests were visualized using GraphPad Prism software.
Before multivariate analysis for UHPLC-Q-Orbitrap HRMS
data, pre-processing of the chromatogram with correlation
optimized warping (COW) using The Unscrambler X was
carried out by determining the reference chromatogram,
finding the optimum segment length and slack, and evaluating
the shape of the chromatogram. The similarity index carries
out the determination of the reference chromatogram.
The chromatogram with the highest similarity index was used
as areference chromatogram. Optimum segment length and
slack search with a ratio of 5:1. The comparison starts from
5:1 to 100:20. The highest chromatogram similarity index
was chosen as the data to be used for multivariate analysis.
PCA and heatmap were performed using the MetaboAnalyst
webserver.

3. Results

3.1. Cultivation

The research results shown in each plant’s final dry
weightyield (Figure 1) showed significantly different results
from one-way ANOVA at the 95% confidence level. Post hoc
follow-up tests using Tukey showed that the treatment
with a nitrogen fertilizer dose of 270 kg/ha had the highest
weight of 10.9 grams/plant, which is the ideal condition for
plant cultivation regarding the biomass produced.

3.2. Antioxidant capacity

Antioxidant capacity was calculated using trolox as the
standard curve for all methods. All aerial parts extract tests
of gendarussa using the DPPH, ABTS, FRAP, and CUPRAC
methods were not significantly different from the one-way
ANOVA test, so they were not continued with the post hoc
test. The highest antioxidant capacity among all methods
was found in ON kg/ha treatment with the DPPH, ABTS,
FRAP, and CUPRAC methods, whose values were respectively
6.53, 33.6, 16.7, and 49 pmol TE/g dry weight (Figure 2).

=y -h
o w
1 1

Dry Weight
(gram/aerial parts of plant)
[4,]
1
o

(=]
1

Al

T
0 90 180 270

Nitrogen fertilizer doses (kg/ha)

Figure 1. Dry weight of each plant of gendarussa. Each value is
presented as the mean + standard error of mean (SEM). The mean
value in each column marked with a different letter is significantly
different at p <0.05 or the 95% confidence level.
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3.3. Metabolites identification of gendarussa extract at
different nitrogen doses

The chromatogram positive and negative ionization
modes produced for aerial parts extract of gendarussa with
different doses of nitrogen fertilizer (Figure 3a and 3b).
A total of 30 and 18 metabolites were identified in the
positive and negative ionization mode, respectively.
The distribution of identified metabolites can be seen in
the Venn diagram (Figure 3c and 3d), with detailed results
of identifying metabolites attached in Table 2 and Table 3.
The results of compound identification using the UHPLC-
Q-Orbitrap HRMS are putative.

3.4. PCA and heatmap of gendarussa extract metabolites
at different nitrogen doses

PCA was used for all data from the peak intensity, while
the heatmap was used for metabolites identified through
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1 1 ]
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i

{nmol TE/g aerial parts dry weight)

(=]
1
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Nitrogen fertilizer doses (kg/ha)
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Antioxidant capacity
o
1

{umol TEfg aerial parts dry weight)

=
L

1
1] 0

Nitrogen fertilizer doses (kgfha)

T
180 270

(c)

the peak area. Before PCA, the resulting chromatogram was
pre-processed in the form of COW. PCA was performed for
both ionization modes (Figure 4). A heatmap using peak
area data is the final visualization to explain the relative
concentration metabolites identified in the extract of
aerial parts of gendarussa treated with different nitrogen
fertilizer doses (Figure 5).

4. Discussion

The soil conditions used for plant cultivation had a
pH of 4.2, and the main nutrient concentration of carbon
was 1.33%. The nutrient element nitrogen as a research
factor in the treatment of plant cultivation was 0.21%.
These nutrients are classified as low fertility (Rai, 2018).
Therefore, additional fertilization was carried out in crop
cultivation, such as KCI fertilizer, SP-36 fertilizer, and
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Figure 2. Antioxidant capacity of aerial parts extract of gendarussa (a) DPPH (b) ABTS (c) FRAP (d) CUPRAC. Each value is presented as
the mean # standard error of mean (SEM). The mean value in each column marked with a different letter is significantly different at

p <0.05 or the 95% confidence level.
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Figure 3. Chromatogram mode (a) positive ionization (b) negative ionization. A Venn diagram of the identified compounds (a) positive

ionization and (b) negative ionization.

cow manure, to add nutrients to the soil and the primary
research parameters. The crop cultivation design uses RBD,
namely the crop cultivation design consisting of nitrogen
fertilization doses of 0, 90, 180 and 270 kg/ha.

Higher doses of nitrogen fertilizers tend to yield higher
biomass. Nitrogen is an essential element in the process
of plant growth and development. The nitrogen source for
plants can be taken from the atmosphere. Still, it cannot be
absorbed directly by plants, except for symbiotic plants with
several microbes, such as legumes, which have symbiosis
with rhizobium bacteria for nitrogen capture (Rai, 2018).

The highest antioxidant capacity among all methods was
found in ON kg/ha treatment with the DPPH, ABTS, FRAP,
and CUPRAC methods, whose values were respectively
6.53,33.6, 16.7, and 49.0 pmol TE/g dry weight (Figure 2).
Based on statistical tests, different doses of nitrogen
fertilizer treatment did not affect the antioxidant capacity
value. It may be because there is no change in metabolites
concentration that affect antioxidant activity.

Metabolites identified in the positive ionization
mode include phenolic, flavonoids, lignans, coumarins,
quinones, terpenoids, fatty acids, alkaloids, and nitrogenous
compound according to the literature on gendarussa

10/13

metabolites that have been studied (Table 2). Identified
metabolites in the negative ionization mode include
phenolic, flavonoids, lignans, fatty acids, alkaloids,
and nitrogenous compounds (Table 3). For example,
fragmentation was taken from the major secondary
metabolite found in gendarussa, namely gendarusin A.
Fragmentation was carried out for metabolites with a
high-intensity mass spectrum. Gendarusin A was found
fragmented in the negative and positive ionization mode.
The resulting fragmentation was [C, H O,]- with m/z
383.0757 and [C,H,O] with m/z 117.0338 by previous
literature (Ratih et al., 2019).

Before PCA, the resulting chromatogram was pre-
processed in the form of COW. COW is a technique for
correcting retention time shifts. This is because the
chromatogram peaks are susceptible to shifts in retention
time which can be caused by small changes in the
composition of the mobile phase, the nature of the stationary
phase, or the impact of the sample matrix, so an alignment
process is needed to align the retention time. The step that
must be carried out in COW is determining the reference
chromatogram. The reference chromatogram is determined
with the highest similarity index value (Jiao et al., 2018).

Brazilian Journal of Biology, 2024, vol. 84, e281904
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Figure 4. PCA (a) positive ionization score plot (b) positive ionization biplot (c) negative ionization score plot (d) negative ionization biplot.

After COW was carried out, the COW optimization
results were used for PCA. Cluster formation on a particular
PCin PCA is the most influential function in this analysis.
The PCA score plot shows the grouping of each sample
based on the variable peak area, sample absorbance, or
peak intensity (Shafirany et al., 2018). This PCA analysis
aims to differentiate metabolite profile of each sample
based on the plant cultivation treatment with different
doses of nitrogen fertilizer. The components most often
used in PCA analysis are component 1 (PC1)and component
2 (PC2) (Nikzad et al., 2024).

The resulting score plot for the positive ionization mode
yields a diversity of data from the two PCs of 85.7%, with a
PC1 value of 73.3% and a PC2 of 12.4% (Figure 4a). Two PCs
show that there is 85.7% of data variability, which can be
explained by the peak intensity of extracts of aerial parts
of gendarussa due to different doses of nitrogen fertilizer.
Likewise, with the score plot from the PCA resulting from
the negative ionization mode, the diversity of data from the

Brazilian Journal of Biology, 2024, vol. 84, e281904

two PCs was 82.6%, with a PC1 value of 49% and a PC2 of
32.7% (Figure 4b). The two PC values show a two-dimensional
visualization sufficient for both positive and negative
ionization modes because the diversity values of PC1 and
PC2 are greater than 70% (Maulana et al., 2022). Based on
the biplot Figure 4c and 4d, information was obtained that
the metabolite’s retention time around 20 minutes are the
difference for administering nitrogen fertilizer doses. Based
on PCA visualization in score plot, it can be concluded that
adding different nitrogen fertilizer doses has no significant
effect on gendarussa metabolites variability.

A heatmap is the final visualization to explain the
metabolites identified in extracts of aerial parts of
gendarussa treated with different doses of nitrogen
fertilizer. The heatmap (Figures 5a and 5b) shows rows
of colors representing the various metabolites, while the
columns represent the analyzed nitrogen fertilizer doses.
Based on the heatmap formed, metabolites that have a
dark red color show a higher concentration than other
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Figure 5. Heatmap of metabolites identified in gendarussa aerial parts extract (a) positive ionization (b) negative ionization.

metabolites, and this concentration decreases towards
a dark blue color. The concentrations displayed on the
heatmap are qualitatively relative. The research follows
Shi et al. (2019), where the heatmap can provide the
distribution of metabolites with relative concentrations
from different nitrogen fertilizer doses to L. barbarum, but
not the actual concentrations.

The distribution of metabolites through the heatmap
with treatment with different doses of nitrogen fertilizer is
shown by treatment without a dose of nitrogen fertilizer; five
metabolites have relatively high concentrations (Figure 5a).
At nitrogen fertilizer doses of 90 kg/ha and 180 kg/ha, the
distribution of relative metabolite was quite similar, but
higher in 90 kg/ha, whereas, at nitrogen fertilizer doses of
270 kg/ha, the relative concentration of metabolites tended
to decrease, marked in blue (Figures 5a and 5b). This result
follows the plant’s dry weight, which was obtained that the
dose of nitrogen fertilizer was 270 kg/ha with the highest
dry weight of each plant, namely 10.9 grams/aerial part of

the plant, showing a decrease in the relative concentration of

metabolites. This means the nitrogen nutrients obtained are
used for growth and development, not to produce secondary
metabolites. This research follows Shi et al. (2019) and Shafira
(2023), adding higher nitrogen doses, causing the relative
concentrations of L. barbarum and Adenostemma lavenia
metabolites to decrease, but the dry weight increased.

5. Conclusions

Variation of different nitrogen fertilizer doses treatment
affects gendarussa’s metabolites, based on metabolomics.
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The highest harvest weight was obtained in the nitrogen
fertilizer dose of 270 kg/ha. The antioxidant capacity of
DPPH, ABTS, FRAP, and CUPRAC methods did not affect
the plant cultivating treatment with different nitrogen
fertilizer doses. Then, 30 and 18 metabolites were
successfully identified using UHPLC-Q-Orbitrap HRMS
in positive and negative ionization, respectively. Based on
PCA multivariate analysis and heatmap, it was found that
the dose of nitrogen fertilizer influenced the metabolites
of gendarussa. Nitrogen fertilizer doses of 90 kg/ha give a
relatively higher concentration of metabolites rather than
a dose of 270 kg/ha. So, the optimal nitrogen fertilizer
dose is 90 kg/ha for cultivation and utilization strategies
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