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The antioxidant compounds in Gynura procumbens, known as sambung 
nyawa, one of Indonesia’s medicinal plants, were identified by LC-MS/MS-
based metabolomics. G. procumbens extracts were prepared by maceration 
using water, 70%, 50%, 30% ethanol, and ethanol p.a. and the antioxidant 
activity was measured using the DPPH method, with IC50 values ranging from 
90.39 to 140.75 µg/mL. In total, 58 metabolites were identified in the extracts 
with flavonols being the most abundant group in all ethanol extracts. Five 
antioxidant compounds were predicted by correlating the extracts’ metabolite 
profiles and the antioxidant activities using orthogonal partial least square-
discriminant analysis, four of which were identified as kaempferol 3-O-
rutinoside, 4-hydroxybenzaldehyde, 4,5-dicaffeoylquinic acid, and 3-
dicaffeoylquinic acid. These five metabolites had a p-value <0.05, fold change 
>1.5, and VIP >1.46, indicating that they significantly contributed to the 
antioxidant activity of G. procumbens leaves. 
Keywords: Antioxidant, metabolomics, Gynura procumbens, UHPLC Q-
Orbitrap HRMS 
 

 

INTRODUCTION 
Gynura procumbens is a medicinal plant from 

Indonesia known as sambung nyawa (Ji et al., 2019) 
and is reported to possess many biological 
activities, including antioxidant activity (Cao et al., 
2022). Antioxidant compounds can inhibit free 
radical attacks and slow the occurrence of chronic 
diseases caused by free radicals (Nurulita et al., 
2011), reducing the risk of cardiovascular disease 
and preventing cancer development caused by DNA 
damage. Antioxidants prevent free radical-induced 
tissue damage by preventing radical formation, 
scavenging them, or promoting their 
decomposition. There are two proposed 
mechanisms of action for antioxidants: the first 
involves the primary antioxidant donating an 
electron to the free radical, whereas the second 
mechanism removes ROS/reactive nitrogen species 
initiators (secondary antioxidants) by quenching 
the chain-initiating catalyst. Antioxidants affect 
biological systems through various mechanisms, 
such as electron donation, metal ion chelation, co-

antioxidants, and gene expression regulation (Lobo 
et al., 2010) and their biological activity is 
influenced by the chemical composition and 
concentration of the active compound. The active 
compounds of medicinal plants may vary based on 
growth locations, seasons, harvest times, etc. 
Furthermore, the type and amount of extracting 
solvent used can result in different compositions 
and concentrations of the extracted components 
(Ibrahim et al., 2017), thereby affecting the 
biological activity (Ji et al., 2019). Chandradevan et 
al. [2020] reported that 100%, 20%, and 70% 
ethanol extracts of G. procumbens leaves had 
moderate antioxidant activity with an IC50 of 
124.37, 317.41, and 131.92 μg/mL, respectively, 
whereas 50% and 100% ethanol extracts 
demonstrated strong antioxidant activity with an 
IC50 of 66.28 and 63.73 μg/mL, respectively. LC-
MS/MS analysis revealed that these ethanol 
extracts contained major phenolic groups such as 
hydroxycinnamic acids, hydroxybenzoic acids, and 
flavonoids.  
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Most antioxidants are polyphenol 
metabolites (Budiarti et al., 2019), therefore 
determining the plant extract's metabolite 
composition and concentration can yield initial 
insights regarding the potency of its biological 
activity. Typically, such compounds are identified 
by bioassay direct fractionation and an isolation 
approach, but this is time-consuming and costly. 
Alternatively, metabolomics (Fan et al., 2020) can 
qualitatively and quantitatively evaluate 
compounds under certain conditions 
systematically and simultaneously (Li et al., 2017).  

The determination of active compounds by 
this method is more effective and efficient because 
it is less time-consuming and more economical 
(Pe rez et al., 2021). LC-MS/MS is a commonly used 
instrument in metabolomics because of its high 
sensitivity and selectivity. It effectively separates 
many compounds to increase the number of 
compounds identified (Rafi et al., 2022). It has also 
been combined with chemometrics analysis to 
evaluate the correlation between biological activity 
and the metabolite profile, such as in Momordica 
charantia (Perumal et al., 2021), Artemisia annua 
(Alhadrami et al., 2021), Daemonorops acehensis 
(Gioktavian et al., 2024), Annona muricata 
(Septaningsih et al., 2024), etc. However, no 
reported paper identified antioxidant compounds 
from G. procumbens using the metabolomics 
approach. Therefore, in this study, LC-MS/MS was 
used to profile the metabolites contained in G. 
procumbens extracts. The metabolite profile was 
then correlated with antioxidant activities using 
chemometric analysis to predict the antioxidant 
compounds.  

 

MATERIALS AND METHODS 
Instrumentation and Materials 

The following instruments were used in this 
study: rotary evaporator, ultrasonicator, UHPLC 
Tandem Q Exactive Plus Orbitrap-High Resolution 
Mass Spectrometer (Thermo Scientific, Waltham, 
USA), the unscrambler X 10.1 (CAMO, Oslo, 
Norway), compound discoverer 3.3 (thermos 
scientific, Germany) and a 0.22 µm PTFE filter 
(Anpel, Shanghai, China). G. procumbens leaves 
were obtained from the Tropical Biopharmaca 
Research Center, IPB University and Mr. Taopik 
Ridwan identified this sample with voucher 
specimen number BMK 0310122016. Ethanol and 
ascorbic acid were purchased from Merck 
(Darmstadt, Germany), and 2,2-diphenyl-1-
picrylhydrazil (DPPH) was obtained from (Sigma-
Aldrich-(Steinheim, Germany). 

Sample Preparation and Extraction  
The 4-month-post planting G. procumbens 

leaves were collected and washed to remove 
contamination such as dust, sand, etc. before being 
oven-dried at 40°C. The dry leaves were pulverized 
with a blender and sieved through 80 mesh before 
20 g of G. procumbens powder was macerated using 
200 mL of extracting solvent [water, 30%, 50%, 
70% ethanol, and ethanol p.a.]. The extracts were 
incubated for 3 x 24 hours at room temperature and 
filtered every 24 hours. The filtrates were 
evaporated with a rotary evaporator until a 
concentrated extract was obtained. The extraction 
was repeated five times for each solvent. 

 
LC-MS/MS Analysis and Metabolite Profiling 

The extracts were dissolved in LC-MS grade 
methanol before being filtered through a 0.22 µm 
PTFE membrane and 2.5 µL of the filtrate was then 
injected into the LC-MS/MS for analysis. Quality 
control samples were prepared from a mixture of 
equal volumes (20 µL) of each sample. An 
AccucoreTM C18 column (100×2.1 mm, 1.8 μm) was 
used to separate the extracted compounds at a 
column temperature of 25°C. The compounds were 
eluted in 0.1% formic acid in water (A) and 0.1% 
formic acid in acetonitrile (B) as follows: 10-30% B 
for 12.0 minutes, followed by 30-100% B for 12.0-
16.5 minutes, and 100% B for 16.5-22.0 minutes. 
Conditioning took place at 22.0-25.0 minutes with 
a 5% flow rate average of 0.2 mL/min. An 
electrospray ionization (ESI) source with Q-
Orbitrap mass analysis was used with ionization 
energies of 18, 35, and 53 eV. The scanning                  
range was set between 100 and 1500 m/z, with an 
AGC of 3106 and an injection duration of 100 ms. 
The spray voltage was set at 3.8 kV and the  
capillary temperature was kept at 320°C. The 
sheath flow rate was 15 mL/min, and the auxiliary 
gas flow rate was 3 mL/min. The scan type was 
complete MS/dd MS2, and full scan data with a 
resolving power of 70,000 FWHM was collected in 
both positive and negative modes. The data were 
analyzed and processed with Compound 
Discoverer 3.3 to determine the metabolites in the 
extracts. The metabolite identification process 
using a local database included selecting                   
spectra, aligning retention time, detecting 
unknown compounds, grouping unknown 
compounds, predicting composition, searching 
mass lists, filling gaps, normalizing areas, and 
marking background compounds. Furthermore, 
MS2 confirmation was performed to predict 
compounds in the extracts. 
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Determination of Antioxidant Activity  
Antioxidant activity was measured using the 

DPPH method according to the procedure 
described by Budiarti et al. (2019) using ascorbic 
acid as the positive control. The absorbance was 
measured at 517 nm to determine the antioxidant 
activity as follows: 
 

% Inhibition  
Blank absorbance – Sample absorbance 

x 100% 
Blank absorbance 

 

The IC50 values (μg/mL) were determined from 
linear regression of the concentration on the X-axis 
and % inhibition on the Y-axis.  

 
Chemometrics Analysis  

The yield and antioxidant activity of the 
extracts were analyzed using ANOVA, followed by 
post-hoc analysis using the Tukey test. PCA was 
performed using the Unscrambler X 10.1 (CAMO, 
Oslo, Norway) to cluster samples based on the 
extracting solvent. MetaboAnalyst 5.0 was used to 
predict antioxidant compounds using OPLS-DA. 
The variable was the peak intensity of the 
chromatogram. The data were pre-processed using 
correlation-optimized warping (COW) to 
synchronize the retention time of each 
chromatogram before performing PCA and OPLS-
DA analyses.  

 

RESULTS AND DISCUSSION 
Extraction Yield and Antioxidant Activity of G. 
procumbens Leaf Extracts  

The water extracts gave the highest yield but 
the lowest antioxidant activity because water 
generally extracts polar compounds such as 
carbohydrates, proteins, and fatty acids which do 
not possess antioxidant activity.  As per the findings 
of Mishra et al. [2021), an IC50 of less than 50 µg/mL 
is considered very strong antioxidant activity, an 
IC50 between 50 and 100 µg/mL is strong, and weak 
if the IC50 is more than 150 µg/mL. The ethanol 
extracts (50%, 70%, and 100%) had strong 
antioxidant activity. The third extract showed 
strong antioxidant activity using ANOVA but post 
hoc analysis with Tukey's test did not show 
significant antioxidant results or activity (Figure 1). 
The 30% ethanol and water extracts had medium 
antioxidant activity but higher yields than the other 
extracts (Figure 1). These results align with 
previous studies that the ethanol p.a extract of G. 
procumbens leaves has the best antioxidant activity 
compared   to    using     varying   concentrations   of  
 

ethanol (Chandradevan et al., 2020). Overall, when 
compared to the positive control (ascorbic acid),           
G. procumbens leaf extract has a lower antioxidant 
activity than ascorbic acid (IC50 of 4.91 µg/mL). The 
antioxidant activity was determined by the DPPH 
method because this method is simple, easy, fast, 
and sensitive. It only requires a small sample to 
evaluate the antioxidant activity of natural 
compounds, so it is widely used to test the ability of 
compounds that act as electron donors. The 
principle of this antioxidant activity test is to 
measure antioxidant activity quantitatively, namely 
by measuring the capture of DPPH radicals by a 
compound using UV-Vis spectrophotometry to 
determine the free radical scavenging activity 
which is expressed by the IC50 (inhibitory 
concentration). The IC50 value is defined as the 
concentration of the test compound that can reduce 
free radicals by 50%, the smaller the IC50 value, the 
higher the free radical scavenging activity. The 
working principle of this measurement is the 
presence of stable free radicals, namely DPPH, 
which are mixed with antioxidant compounds that 
have the ability to donate hydrogen, so that free 
radicals can be suppressed (Molyneux, 2003).  
 

 
 
Figure 1. (a) Extraction yield and (b) antioxidant 
activity (IC50),  

 
The data obtained using the results of 

analysis of variance (ANOVA), each measurement 
was carried out 5 times with a maximum %RSD 
value of 2%. Symbols a, b, and c on the graph (next  
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to the numbers) indicate significant differences 
based on the results of the Tukey post hoc test. On 
the antioxidant activity graph, the water and 30% 
ethanol extracts have significantly different values 
from the other extracts so they are symbolized by 
the symbols a and b, while the 70%, 50% and p.a 
extracts have significantly different values from the 
water and 30% ethanol extracts so they are 
symbolized by the symbol c. For Ascorbic Acid, the 
value is very significantly different from the other 
extracts, so it is symbolized by the symbol d. 

Water extracts have a high % yield but have 
low antioxidant activity values, and for ethanol 
extract the results are inversely proportional to 
water extract. 
 
Metabolite Profiling of G. procumbens Leaf 
Extracts 

Metabolic profiling of the extracts was 
performed using the UHPLC Q-Orbitrap HRMS             
and the base peak chromatograms achieved                         
in negative ionization mode showcased comparable      
separation patterns (Figure 2). 
 

 
 

Figure 2. LC-MS/MS chromatogram of 100% 
Ethanol, 70% Ethanol, 50% Ethanol, 30% Ethanol, 
and water extracts 
 

The raw data underwent processing via the 
Compound Discoverer 3.3 software utilizing 
molecular weight matches verified through internal 
database fragmentation patterns to identify 58 
metabolites consisting of 1 flavanone, 16 flavonols, 
2 flavonoid glycosides, 2 isoflavonoids, 7 fatty acids, 
9 hydroxybenzaldehydes, 2 phenylpropanoids, 1 
hydroxycumarin, 1 coumarin, 2 alkaloids, 1 amino 
acid, 1 dicarboxylic acid, 2 phenolic compounds, 3 
polyphenols, 1 porphyrin, and 1 chlorophyll 
breakdown compound (Table I). 
 
 

Discrimination of G. procumbens extracts with 
PCA 

The sample chromatograms were pre-
processed with correlation-optimized warping 
(COW) before performing principal component 
analysis (PCA). According to Perumal et al. (2021) 
using COW pre-processing resulted in score plots 
with clearer clustering patterns than those 
generated without COW. COW compresses or tests 
sample segments through linear interpolation to 
equate the retention time of the sample 
chromatogram with the reference chromatogram 
(Aziz et al., 2020). PCA was used to visualize the 
relationships between samples, identify anomalies, 
establish patterns, and develop new hypotheses 
(Heryanto et al., 2023). The peak intensity 
observed across the chromatogram was the 
variable used in PCA. The score plot demonstrates 
the ability to group each sample based on the 
extracting solvent with a combined PC1 and PC2 
total variance of 90.8% (Figure 4a). The PC is 
defined as a score plot, which is a projection of 
multiple objects into PC1 and PC2, which are used 
to identify similarities and differences between 
samples. In addition to PCA, differences in the 
chemical compositions of each extract were 
analyzed and visualized using hierarchical                 
cluster analysis (HCA). The resulting HCA              
heatmap depicts the compound variation in each 
sample  and correlates with the antioxidant             
activity  (Figure 3). According to the HCA              
heatmap, the water extract contains more fatty 
acids resulting in lower antioxidant activity 
compared to the ethanol extract, which has the 
dominant compound from the flavonoid class 
resulting in higher antioxidant activity. The  
polarity of the solvent used affects the              
composition of the extracted metabolites, as 
demonstrated by the variations in metabolites in 
each extract. 
 
Prediction of Antioxidant Compounds Using 
OPLS-DA 

OPLS-DA was used to predict antioxidant 
compounds. The variables for OPLS-DA were the 
peak area of all detected m/z and the IC50 value 
indicating antioxidant activity. The antioxidant 
activity was divided into two categories: active 
antioxidants (IC50 = 100 µg/mL) and non-active 
antioxidants (IC50 = >100 µg/mL). The score                   
plot demonstrates that the model correctly                
classified the samples based on antioxidant activity.  
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Figure 3. Grouping based on similarity of compounds used by (a) Plot score, (b) Dendogram, (c) Heatmap 
of HCA G. procumbens extracts 
 

 

 
 
Figure 4. (a) Prediction of antioxidant compound using Score plot and (b)Evaluation of the suitability of 
the model for prediciting active antioxidant compunds using  S-plot of  OPLS-DA 
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The active antioxidant group comprised 
50%, 70% ethanol, and ethanol p.a extracts in the 
left quadrant, while the non-active antioxidant 
group comprised water and 30% ethanol extracts 
in the right quadrant (Figure 4a). The model's 
suitability and ability to predict active antioxidant 
compounds was evaluated using a criterion of R2 > 
0.5 and Q2 > 0.4, showing that the developed model 
(Figure 4b) has an R2 value of 0.898 (R2X = 0.822, 
R2Y = 0.991) and a Q2 value of 0.986, indicating its 
ability to differentiate between active and inactive 
compounds. S-plots can predict antioxidant activity 
in compounds, with the x-axis representing the 
variable's contribution to the observed variance 
and the y-axis representing the correlation 
between samples and the reliability of the results. 
Variables that differ significantly between groups 
are typically placed at the top of the plot in the right 
corner, or the bottom left corner. The antioxidant 
variables were determined using a combination of 
S-plot and VIP with the variables including p-value 
(0.05), fold change (>1.5), and VIP (>1.46). Five 
compounds were predicted to have antioxidant 
potential based on these criteria (Table 2), four of 
which were identified as kaempferol 3-O-
rutinoside (1), 4-hydroxybenzaldehyde (2), 4,5-
dicaffeoylquinic acid (3), and 3,4-dicaffeoylquinic 
acid (4). The compound kaempferol 3-O-rutinoside 
was identified in all G. procumbens leaf extracts at  
retention time of 8.64 seconds.  
The compound was predicted based on research 
conducted by Kim et al. (2011) who reported that 
kaempferol 3-O-rutinoside compounds were 
isolated from ethanol extracts of G. procumbens 
leaves. The compound was reported to have an IC50 
value of 44.62 µg/mL based on research conducted 
by Afandi et al. (2014).  

Kaempferol-3-O-rutinoside has a 
fragmentation pattern of flavonoids, the cleavage of 
the flavonoid B ring through a retro-Diels-Alder 
(RDA) releases hydroxyl [M+H-OH]+ or methyl 
[M+H-CH3]+ groups (Stevenson & De Bo, 2017). 
This compound produces fragmentation patterns, 
namely m/z 285 [M+H-C15H9O6]-, 255 [M+H-
C14H7O5]-, and 227 [M+H-C13H7O4]- (March & Miao, 
2004)  

The unknown compound belongs to the 
sesquiterpenoid group due to the resemblance of 
its spectrum to that documented by Gonza lez-Masí s 
et al. (2020), with an ion mass of 395 m/z. 
Nonetheless, it is crucial to confirm this speculation 
by isolating the compound and determining its 
molecular structure. 

 

CONCLUSION 
The antioxidant compounds in G. 

procumbens leaf extracts were identified using an 
LC-MS/MS-based metabolomics approach. The 
ethanol p.a. extract had the highest antioxidant 
activity, while the aqueous extract had the lowest. A 
total of 54 compounds were identified with 
flavonols being the most abundant group in the 
ethanol p.a extract and hydroxybenzaldehyde in the 
water extract. The OPLS-DA model successfully 
grouped the extracts into active antioxidant (70%, 
50% ethanol, and ethanol p.a extracts) and non-
active (30% ethanol and water) groups, predicting 
five antioxidant compounds. Four compounds    
were successfully identified as kaempferol-3-O-
rutinoside, 4-hydroxybenzaldehyde, 4,5-
dicaffeoylquinic acid, and 3,4-dicaffeoylquinic acid. 
Kaempferol 3-O-rutinoside was identified in all G. 
procumbens leaf extracts. 
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