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INTRODUCTION
Colorectal cancer (CRC), also known as colorectal 

carcinoma, occurs in the large intestine or rectum [1]. The 
progression of CRC ranges from stage 0 to IV. Stage 0 cancer 
is limited to the inner layer of the large intestine or rectum wall. 
The spread to lymph nodes or other organs makes a difference 
between stages I, II with stages III, IV. The cancer in stage I 

grow beyond the inner layer of the large intestine or rectum. 
Whereas in stage II, the cancer has penetrated  the wall of the 
large intestine or rectum and may have spread to surrounding 
tissues. Stage III of CRC is marked by spreading cancer to the 
lymph nodes around the large intestine or rectum but has not 
spread to other organs. On the other hand, stage IV cancer has 
expanded to other organs, such as the liver, lungs, or bones, 
through the bloodstream or lymphatic system. This stage is also 
referred to as metastatic CRC [2–4]. 

The etiopathology of CRC involves pleiotropic factors 
that can influence its development. Some known risk factors 
include genetic factors, a family history of CRC, large intestinal 
polyps, advanced age, unhealthy dietary patterns (low fiber, 
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in a systematic way [19]. Research on the pharmacological 
network of DPT compound for the identification of potential 
anticancer compounds, determination of target genes, and 
molecular mechanisms in CRC has not been reported by 
researchers before. Therefore, our research aims to identify 
potential anticancer compounds, predict target genes and their 
mechanism of action, and determine the molecular mechanism 
pathways of DPT as an anticancer compound, specifically in 
CRC.

MATERIALS AND METHODS

Material
The databases used in this study included PubChem, 

GeneCards, STRING, and DisGeNET. The software used 
included Masslynx version 4.1 software (Waters, Massachusetts, 
USA), ChemDraw Office 2010 (PerkinElmer), and Cytoscape 
3.7.1.

Plant material
The DPT leaves were taken from Malang, East Java, 

Indonesia. The DPT has been determined by the Indonesian 
Institute of Sciences (LIPI) with a specimen number of 
074/212/102 20-A/2022. Subsequently, the DPT was dried at 
a temperature of 50°C for 5–7 days. The resulting powder was 
stored at room temperature.

Extraction of plant material
50 g of DPT powder was extracted using 500 ml of 

ethanol 96% with Ultrasound assisted extraction. The obtained 
extract was then condensed into solid extracts by utilizing a 
rotary evaporator after being filtered via filter sheets. The solid 
extract was then kept at a temperature of −4°C before receiving 
further treatment [20].

Ultra performance liquid chromatography-quadrupole time 
of flight-mass spectrometry (UPLC-QToF-MS) analysis

The analysis of UPLC-QToF-MS employed 
UPLC-MS systems with QToF as the analyzer and positive 
electrospray ionization as the ionization source with the 
Acquity C18 column 1.8 µm; 2.1 × 150 mm. The applied Eluent 
was a mixture between (A) Water (HPLC grade)/formic acid 
(Merck, Darmstadt, Germany) 99,9/0,1 [v/v]; (B) Asetonitril 
(Merck, Darmstadt, Germany)/formic acid 99,9/0,1 [v/v] and 
the system of gradient elution. The source temperature was 
100°C and the desolvation temperature was 350°C. A 10 mg 
extract sample was solved in a 10 ml volumetric flask with 
absolute methanol then, 5 µl volumes were injected into the 
UPLC-MS system. From chromatogram data, the area was in 
percentage. Parameters for analysis were set using positive ion 
mode with spectra acquired over a mass range from m/z 120 to 
1,000. Software Masslynx version 4.1 was used to process the 
chromatogram (Waters, Massachusetts, USA). The component 
identification was based on the ratio of measured m/z in 
Masslynx and PubChem (https://pubchem.ncbi.nlm.nih.gov/). 
A compound’s accuracy for confirmation was determined 
based on MS/MS fragment matching and inaccuracy of less 
than 5 parts per million (ppm) [21].

high fat), unhealthy lifestyle (lack of physical activity, smoking 
habits), and certain medical conditions such as inflammatory 
bowel disease [1].

CRC is one of the most frequently diagnosed types of 
cancer worldwide. The number of new cases reported yearly 
is increasing and tends to be more prevalent with the aging 
population [5]. According to the World Health Organization, 
CRC is the third most common cancer globally, with an estimated 
1.8 million new cases reported in 2018. It is also the second 
leading cause of cancer-related deaths, with approximately 
900,000 deaths worldwide. It is estimated that by the year 2035, 
the total number of deaths from rectal and colon cancer will 
increase by 60% and 71.5%, respectively [6,5].

Therefore, with the continuously increasing number of 
new cases and death each year, the research on the investigation 
of CRC treatment, especially in the early stage, is crucial to 
conduct. This strategy aims to reduce the high prevalence 
of colorectal carcinoma and improve patient survival rates. 
Through ongoing research, it is hoped that more effective 
therapies, more sensitive early detection methods, and better 
prevention efforts can be discovered to address the issue of 
CRC globally.

Dendrophthoe pentandra (DPT) is a parasitic plant, 
including the family Loranthaceae that lives on branches 
or other plant trees. These plants are found in many areas of 
Asia, including Indonesia, Thailand, Malaysia, and China [7]. 
Traditionally DPT has been used as a medicine for cough, 
diabetes, hypertension, cancer, diuretics, smallpox, ulcers, skin 
infections, and after child-birth treatment. Previous studies have 
proven that DPT has anticancer effects [8], antioxidants [9], and 
hypertension [10]. The anticancer effect of DPT is due to the 
inhibition of cancer cell proliferation and the induction of P53 
[11]. Moreover, DPT can also induce apoptosis of cancer cells 
and disrupt the cell cycle in the G0, G1, S, and G2-M phases 
[12,13]. However, the biological mechanisms of the active 
compounds acting as anticancer in DPT and their specific target 
genes have not been fully discussed.

Herbal medicines contain multicomponent, which 
is multitarget and multipathway, in providing therapeutic 
effects, especially by modulating the biological network of the 
body system [14]. Thus, it is relatively difficult to detect the 
mechanism of action of herbal medicines solely by conventional 
experiments [15]. As a result, a suitable new approach is 
urgently needed to systematically and comprehensively 
dissect the mechanism of action of herbal medicines [16]. 
Network pharmacology is a modern and systematic approach 
that has proven effective in uncovering herbal medicines’ 
molecular mechanisms and pharmacology. In contrast to 
the previous reductionist approach of considering “one drug 
means one target,” network pharmacology recognizes that 
multiple active compounds can interact with diverse genes or 
proteins. This perspective allows for a more comprehensive 
understanding of the holistic mechanisms involved [17,18]. 
Moreover, pharmacological networks can reflect and clarify 
the interactive relationships between active compounds, 
targets, and diseases. In addition, pharmacological networks 
can visualize their relationships into a network model and 
describe the action of drugs on the human biological system 



224 Mutiah et al. / Journal of Applied Pharmaceutical Science 14 (02); 2024: 222-231

Screening of active constituents
An important pharmacokinetic feature known as 

oral bioavailability is used to measure the amount of an 
oral medication that has reached the bloodstream and has 
pharmacological effects. Important parameters of the identified 
compounds, such as molecular weight, gastrointestinal 
absorption, H-bond acceptors (HBA), H-bond donors (HBD), 
and lipophilicity, were screened using SwissADME (http://
www.swissadme.ch/index.php) [22].

Potential CRC target
Prediction of a chemical gene target is a crucial aspect 

of drug research [23]. Thus, the gene targets of active ingredients 
based on liquid chromatography-tandem mass spectrometry 
analysis in DPT were identified from the GeneCards databases. 
The gene target is selected if the score >0.7. The next step 
was exploring gene targets associated with lung cancer using 
DisGeNET’s (https://www.disgenet.org) database. The active 
ingredient-gene targets and the disease-gene target results were 
used to make network pharmacology and built using Cytoscape 
software [24].

Construction of the target protein-protein interaction
The intersection gene targets of active ingredients 

and disease were selected for further analysis using (STRING) 
11.0 platform (https://string-db.org/). The protein-protein 
interaction (PPI) network was built using common target 
proteins with the minimum necessary interaction score of 
0.400 [25].

Target pathway and enrichment analysis
The PPI network analysis was used to investigate the 

biological activities by examining the Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway enrichment of protein 
and their functions in signal transduction [26]. 

RESULTS

Metabolite profiling
The mass spectroscopy total ion chromatogram is 

shown in Figure 1. By integrating with libraries, MassLynx 
v. 4.1 (Waters Corporation, Milford, MA) processed the 
chromatogram and produced a list of 23 compounds (Table 1) 
with their elemental formulae. The observed and computed m/z, 
molecular formula, error in ppm, retention duration, and MS 
fragmentation pattern for the identified compounds are shown 
in the mass spectrometric data below. The proposed names of 
the compounds are matched within a 25 ppm error tolerance. 
The TOF-MS method’s high mass accuracy might show a mass 
inaccuracy of less than 5 ppm.

Our findings identified 23 compounds in DPT leave 
extract which belong to the flavonoid, phenolic, terpenoid, 
alkaloid, and coumarin groups. The flavonoids found were 
quercetin, luteolin, isorhamnetin 3-rutinoside, and kaemferol. 
The terpenoid group is phylanthusin E, cyclohexanone oxime, 
abacavir carboxylate, etc. The coumarin group is umbelliferone. 
The alkaloid group includes piperidine, 2-Hexyl-3,5-
dipentylpyridine, and piptamine (Table 1).

Screening of physicochemical properties
The physicochemical properties of the compounds 

identified in DPT were evaluated using Lipinski’s five-law 
approach (Table 2). This evaluation aimed to predict the 
absorption ability and permeability of the compound. The 
parameters of the physicochemical properties are log P = 5, 
molecular weight = 500, H-bond donor = 5, and H-bond acceptor 
= 10. As a result of the findings of this study, 14 compounds had 
passed Lipinski’s 5 law.

Potential CRC target gene 
The target genes of 18 compounds of DPT extract 

were determined using the Gene Cards database. Compounds 
that passed the screening have a target gene with a similarity 
score >7. We found four compounds that fulfill the criteria. 
These compounds were quercetin, phyllanthusiin E, 
cyclohexanone oxime, and abacavir carboxylate. Quercetin 
was found to target 25 genes, phyllanthusiin targeted 1 
gene, cyclohexanone oxime targeted 2 genes, and abacavir 
carboxylate targeted 10 genes. The results of screening active 
compounds in DPT that have target genes with a similarity 
score >7 (Table 3).

The interaction between the group of compounds 
and the active compounds, the active compound and the 
target gene, the target gene, and disease has been developed 
using Cytoscape. There are 8 compounds with 39 target 
genes. With an average number of 3,108 neighbors and a 
characteristic path length of 3,186, this network had a density 
of 0.049. Analysis results show 65 nodes and 101 edges form 
a pharmacological network “active component-component-
target gene” (Fig. 2).

Our findings demonstrated that two compounds in DPT 
have gene targets in CRC, namely, quercetin and phyllanthusiin 
E. Quercetin has eight gene targets, namely, Caspase 3 (CASP3), 

Figure 1. Chromatogram of DPT leave extract using UPLC-QToFMS/MS 
method. It was C18 stationary phase; the mobile phase was water/formic acid 
[99.9/0.1 (v/v)] and acetonitrile/formic acid 99.9/0.1 (v/v). Each chromatogram 
peak indicated one compound.



 Mutiah et al. / Journal of Applied Pharmaceutical Science 14 (02); 2024: 222-231 225

Table 2. Compounds in DPT that passed the parameter of physicochemical properties.

NO Nama
Parameter of physicochemical properties

BM (g/mol) Log P HBA HBD Lipinski

1 3,4-Dihydroxy-5-[4-[2-[(propylsulfonyl)methyl]phenyl]-3-butynyl]furan-2(5H)-one 364.41 2.22 6 2 yes

2 Phyllanthusiin E 292.20 0.42 8 3 Yes

3 Cyclohexanone Oxime 113.16 1.41 2 1 Yes

4 Quercetin 302.24 1.23 7 5 Yes

5 Luteolin 286.24 1.73 6 4 Yes

6 Kaempferol 286.24 1.58 6 4 Yes

7 Brevicornin 400.42 3.29 7 3 Yes

8 3-Azidopropyl Ether 184.20 1.26 7 0 Yes

9 Umbelliferone 162.14 1.51 3 1 Yes

10 2-Hexyl-3,5-dipentylpyridine 303.53 6.55 1 0 Yes

11 Piptamine 331.58 6.81 1 0 Yes

12 2-[4-[2-[(Z)-heptadec-8-en-10-ynyl]-5,6-dihydro-4H-pyrimidin-1-yl]butyl]guanidine 429.68 5.27 2 2 Yes

13 Rhinomilisin B 334.79 1.27 6 6 Yes

14 Abacavir Carboxylate 300.32 0.69 5 3 Yes

Table 1. The results of metabolite identification of DPT leave extract using UPLC Qtof MS/MS method.

NO Rt (minute) Measured 
M/Z

Calculated 
M/Z Formula Name Groups

1 1.500 364.0981 364.0981 C18H20O6S
3,4-Dihydroxy-5-[4-[2-[(propylsulfonyl)methyl]phenyl]-3-butynyl]
furan-2(5H)-one Alkaloid

2 2.884 404.0953 404.0955 C16H20O12

1-O,2-O,3-O,4-O-Tetraacetyl-beta-D-glucopyranuronic acetic 
anhydride Alkaloid

3 4.930 292.0223 292.0219 C13H8O8 Phyllanthusiin E Terpenoid

4 5.193 113.0837 113.0841 C6H11NO Cyclohexanone Oxime Alkaloid

5 5.411 742.1956 742.1956 C32H38O20 Quercetin 3-(2G-Apiosylrutinoside) Flavonoid

6 5.845 302.0431 302.0427 C15H10O7 Quercetin Flavonoid

7 6.211 286.0480 286.0477 C15H10O6 Luteolin Flavonoid

8 6.474 624.1692 624.1690 C28H32O16 Isorhamnetin 3-Rutinoside Flavonoid

9 6.806 268.0473 268.0477 C15H10O6 Kaempferol Flavonoid

10 7.091 400.1526 400.1522 C22H24O7 Brevicornin Flavonoid

11 8.269 184.1072 184.1073 C6H12N6O 3-Azidopropyl Ether Alkaloid

12 10.018 162.0320 162.0317 C9H6O3 Umbelliferone Coumarin

13 10.682 260.1022 260.1022 C11H12N6O2 Adenosine, 2-Cyano-2′,3′-Dideoxy- Alkaloid

14 12.001 244.0714 244.0709 C10H8N6O2 Benzo[g]pteridine-2,4-diamine 5,10-dioxide Anthraquinone

15 12.877 303.2927 303.2926 C21H37N 2-Hexyl-3,5-dipentylpyridine Alkaloid

16 13.311 710.2793 710.2794 C48H34N6O
1,1,3,3-Tetramethyl-5,6-bis(6-phenylpyrido[3,4-b]indol-9-yl)-2-
benzofuran-4,7-dicarbonitrile Alkaloid

17 13.940 331.3240 331.3239 C23H41N Piptamine Alkaloid

18 14.490 429.3827 429.3831 C26H47N5

2-[4-[2-[(Z)-heptadec-8-en-10-ynyl]-5,6-dihydro-4H-pyrimidin-1-yl]
butyl]guanidine Alkaloid

19 15.038 334.1186 334.1183 C15H23ClO6 Rhinomilisin B Terpenoid

20 15.404 300.1330 300.1335 C14H16N6O2 Abacavir Carboxylate Terpenoid

21 16.387 606.2836 606.2836 C28H42N6O7S
5-(dimethylamino)-N-[2-[2-[4-[4-[(2R,3R,4R,5S)-3,4,5-trihydroxy-
2-(hydroxymethyl)piperidin-1-yl]butyl]triazol-1-yl]ethoxy]ethyl]
naphthalene-1-sulfonamide

Alkaloid

22 17.782 592.2675 592.2672 C34H40O9 Scortechinone B Terpenoid

23 18.285 412.2584 412.2585 C22H32N6O2

1-{trans-4-[(8-Cyclopentyl-7-Oxo-7,8-Dihydropyrido[2,3-D]
pyrimidin-2-Yl)amino]cyclohexyl}-3-Propan-2-Ylurea Alkaloid
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Construction of the target protein-protein interaction

Based on the experimental interaction selected from 
the STRING database interactome, we used the PPI to explain 
biological processes, cellular components, molecular activities, 
and pathways of target proteins [27]. The cutoff value was 
based on p-value = 0.05. The network visualization using all 

Jun proto-oncogene (JUN), Mitogen-activated protein kinase 
1 (MAPK1), B-cell lymphoma 2 (BCL2), Mitogen-activated 
protein kinase 8 (MAPK8), Bcl-2-associated X protein (BAX), 
Mitogen-activated protein kinase 14, Carbonyl reductase 1, 
and Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic 
subunit gamma (PIK3CG), while phyllanthusiin E had one gene 
target, namely, MYC.

Table 3. Screening of anti-CRC components in DPT (score>7).

Compounds Gen target Description UniProt Similarity 
score

Phyllanthusiin E MYC MYC Proto-Oncogene P127735 13.79

Cyclohexanone Oxime ACHE Acetylcholinesterase (Cartwright blood group) M100889 18.07

Cyclohexanone Oxime BCHE Butyrylcholinesterase M165772 9.06

Quercetin PIR Pirin M015402 12.84

Quercetin SOD1 Superoxide dismutase 1 P031659 10.49

Quercetin CASP3 Caspase 3 M184627 10.36

Quercetin JUN Jun Proto-Oncogene, AP-1 Transcription factor subunit M058780 9.86

Quercetin MAPK1 Mitogen-activated protein kinase 1 M021759 9.7

Quercetin HSPA4 Heat shock protein family A (Hsp70) Member 4 P133051 9.32

Quercetin CYP1A1 Cytochrome P450 Family 1 Subfamily A Member 1 M074719 9.18

Quercetin CAT Catalase P034460 9.14

Quercetin OXA1L OXA1L Mitochondrial inner Membrane protein P022766 8.95

Quercetin BCL2 BCL2 Apoptosis regulator M063123 8.37

Quercetin MAPK8 Mitogen-activated protein kinase 8 P048306 8.35

Quercetin NFKB1 Nuclear factor kappa B subunit 1 P102501 8.13

Quercetin XDH Xanthine dehydrogenase M031334 8.07

Quercetin NFE2L2 NFE2 Like BZIP transcription Factor 2 M177227 8.02

Quercetin ABCB1 ATP binding cassette subfamily B Member 1 M087504 7.92

Quercetin BAX BCL2 Associated X, Apoptosis Regulator P048954 7.83

Quercetin MAPK14 Mitogen-activated protein kinase 14 P087896 7.74

Quercetin POLB DNA polymerase beta P042338 7.65

Quercetin CBR1 Carbonyl reductase 1 P036069 7.64

Quercetin BIRC5 Baculoviral IAP repeat Containing 5 P078214 7.46

Quercetin PIK3CG Phosphatidylinositol-4,5-Bisphosphate 3-kinase catalytic Subunit gamma P106865 7.39

Quercetin PARP1 Poly(ADP-Ribose) Polymerase 1 M226360 7.38

Quercetin TYR Tyrosinase P089177 7.32

Quercetin NOS2 Nitric oxide synthase 2 M027756 7.23

Quercetin GUSB Glucuronidase beta M065960 7.17

Quercetin ANXA5 Annexin A5 M121667 7.05

Abacavir Carboxylate HLA-B Major histocompatibility Complex, Class I, B M069166 19.67

Abacavir Carboxylate VKORC1 Vitamin K epoxide reductase Complex subunit 1 M037882 12.84

Abacavir Carboxylate UGT1A1 UDP Glucuronosyltransferase Family 1 Member A1 P233760 11.85

Abacavir Carboxylate CD4 CD4 Molecule P006786 9.6

Abacavir Carboxylate OXA1L OXA1L Mitochondrial inner Membrane protein P022766 8.73

Abacavir Carboxylate ABCC2 ATP binding cassette subfamily C Member 2 P099782 8.5

Abacavir Carboxylate ABCC1 ATP Binding cassette subfamily C Member 1 P015949 8.16

Abacavir Carboxylat CYP2C9 Cytochrome P450 Family 2 Subfamily C Member 9 P094938 7.93

Abacavir Carboxylat AKR1A1 Aldo-keto reductase family 1 Member A1 P045550 7.85

Abacavir Carboxylat ABCB1 ATP binding cassette subfamily B Member 1 M087504 7.58
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more frequently than would be predicted if a random sample 
of proteins of a given size were randomly selected from the 
genome. The presence of such a large enrichment suggested 
that the proteins were at least biologically connected as a 
group.

Target pathway and enrichment analysis
Our findings showed that the analysis of signaling 

pathways with KEGG from the DPT compound obtained 147 
pathways related to cancer, the immune system, inflammation, 
and metabolism. Meanwhile, the pathways related to 
molecular CRC are apoptosis, P53 signaling, Mitogen-
activated protein kinase (MAPK) signaling, Wnt signaling, 
and Phosphatidylinositol 3-kinase-protein kinase B (PI3K-Akt) 
signaling pathway (Fig. 4, Table 4).

DISCUSSION
Network pharmacology is an approach that integrates 

information regarding drug interactions, molecular targets, and 
biological pathways within a complex network [28]. In the 
context of bioinformatics utilization, network pharmacology 
utilizes databases that store information about target genes and 
PPIs to predict drug effects and reveal mechanisms of action 
within the body. In cancer studies, network pharmacology, 
with the aid of bioinformatics, can assist in identifying target 
genes involved in cancer cell proliferation, angiogenesis, or 
mechanisms of therapy resistance [29,30]. The use of databases 
and bioinformatics algorithms enables researchers to analyze 
complex protein networks and identify interactions between 
target proteins and potential drug compounds. This can aid in 
the discovery of new drugs or the repurposing of existing drugs 
for cancer treatment.

Furthermore, in biomarker prediction, network 
pharmacology utilizes databases containing information 
about the relationship between gene expression and clinical 
phenotypes. Using bioinformatics algorithms, researchers can 
identify potential biomarkers associated with the diagnosis, 
prognosis, or response to cancer treatment [31]. This approach 
can assist in developing more accurate diagnostic tests and using 
biomarkers in patient monitoring [32]. On the other hand, in 
drug resistance studies, network pharmacology can help identify 
biological pathways involved in resistance to chemotherapy 
or targeted therapy [33]. Researchers can uncover resistance 
mechanisms and seek solutions to overcome this issue by 
analyzing PPIs within complex networks. Bioinformatics 
approaches also enable the identification of potential drug 
combinations to address drug resistance.

In the discovery of plant-based drugs, network 
pharmacology, and bioinformatics can be used to analyze 
interactions between natural compounds in medicinal plants 
and molecular targets related to cancer [34]. Databases and 
bioinformatics algorithms aid in identifying potential compounds 
with anti-cancer activity and predicting their mechanisms of 
action within the body [35]. This can assist in the discovery and 
development of new plant-based drugs. Therefore, in this study, 
a network pharmacology approach is employed to identify 
potential compounds and predict target genes and mechanisms 
of action of compounds in CRC treatment.

protein targets as input produced a PPI network with a variety 
of interactions (Fig. 3).

In the network, there were 37 viable protein target 
nodes connected by 159 edges, with an average node degree 
of 8.59 and an average local clustering coefficient of 0.538. 
Because the PPI enrichment p value was less than 1.0 e16, 
it can be concluded that proteins interact with one another 

Figure 2. Interactive network of DPT—compound class—active compound—
gene-diseases. The red oval indicates the plant species, the yellow hexagon 
indicates the compound group, and the active compound is indicated by the 
green octagon. The target gene was indicated by a green ellipse, while the red 
rectangle was a disease target.

Figure 3. Network of PPIs between CRC gene targets and chemicals from DPT. 
The red node was a CRC pathway (hsa05210); the blue node was an apoptosis 
pathway (hsa04210).



228 Mutiah et al. / Journal of Applied Pharmaceutical Science 14 (02); 2024: 222-231

The Wnt signaling pathway is a critical mediator 
of tissue homeostasis and repair and is frequently co-opted 
during tumor development [36]. In addition, the Wnt/β-catenin 
pathway contributes to the growth, invasion, and survival of 
CRC cells. Abnormal activation of the Wnt/β-catenin pathway 
will trigger excessive proliferation and cause upregulation of 
c-myc [37]. Therefore, this activation is known to be a trigger 
for most colon cancers. This study found that phyllantusin E 
acts on the Wnt/β-catenin pathway (hsa04310) with the Myc 
target gene. Inhibition of c-myc will lead to increased apoptosis 
of colon cancer cells.

Phosphatidylinositol-3-kinase (PI3K) is one of the 
most important intracellular pathways as a master regulator 
for cancer. CRC might be effectively treated by inhibiting 
PI3K signaling [38]. A lipid kinase called PI3K, which is 
encoded by PIK3CA, is essential for activating and controlling 
the signaling pathways involved in cell growth, migration, 
survival, apoptosis, and metabolism [39]. Mutations in the 
PIK3CA gene can start the PI3K/AKT/mTOR pathway’s 
constitutive activation, which leads to carcinogenesis and 
tumor growth [40]. Meanwhile, the upregulation of PI3K 
enhances prostaglandin-endoperoxide synthase two activity 
and prostaglandin E2 synthesis, which inhibits the apoptosis of 

This study adopted a combination of the UPLC−Q-
TOF/MS/MS method and network pharmacology to explore 
data in depth and to perform network analysis. Through the 
interaction between the chemical components of DPT and 
molecular targets of colon cancer, the mechanism of compounds 
in DPT against colon cancer can be revealed. Our findings 
show that DPT contains the compound quercetin, which has a 
potential gene target in CRC.

Figure 4. Prediction of the molecular activity of quercetin in DPT against target genes involved in the inhibition of CRC in the KEGG 
pathway. The asterisk indicates the target gene for the compound quercetin.

Table 4. Pathway signaling analysis based on KEGG for active 
compounds in DPT.

pathway Description Count 
network Strength

False 
discovery 

rate

hsa05210 CRC 7 of 82 1.65 8.80e-9

hsa04210 Apoptosis 8 of 132 1.51 6.7e-09

hsa04115 P53 signaling pathway 3 of 72 1.34 0.0016

hsa04010 MAPK signaling 
pathway 7 of 288 1.11 9.81e-06

hsa04310 Wnt signaling pathway 3 of 154 1.01 0.0097

has04151 PI3K-Akt signaling 
pathway 5 of 350 0.88 0.0021
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toward apoptosis and inhibiting the growth of colon cancer cells 
[49]. Overall, quercetin appears to exert its anticancer effects in 
part by regulating the expression of genes involved in the P53 
signaling pathway, including CASP3, BCL2, and BAX.Top of 
Form

This research has several limitations. Metabolite 
profiling still uses an untargeted approach; therefore, identifying 
compounds and quantifying the concentration still need to be 
carried out further. This research is still focused on in silico to 
reveal the mechanism of action; therefore, it is still predictive.

CONCLUSION
Based on our research findings, we discovered 

that DPT contains 18 active compounds with 39 potential 
targets. Pharmacological network analysis revealed that 
DPT contains quercetin and Phyllanthusiin E compounds 
that exhibit pharmacological effects on CRC by targeting 
specific molecules such as MYC, CASP3, JUN, MAPK1, 
BCL2, MAPK8, BAX, and PIK3CG. Furthermore, KEGG 
pathway analysis in our study indicated that the quercetin and 
Phyllanthusiin E compounds in DPT interact with various 
signaling pathways related to CRC development, including 
CRC (hsa05210), apoptosis (hsa04210), P53 signaling 
pathway (hsa04115), MAPK signaling pathway (hsa04010), 
Wnt signaling pathway (hsa04310), and PI3K-Akt signaling 
pathway (hsa04151). The findings of this study can serve as a 
basis for further research. In future studies, it is recommended 
to conduct in vitro testing on cancer cells and in vivo testing on 
animal models of CRC using the active anti-cancer compounds 
found in DPT. Additionally, it is suggested to delve deeper into 
the molecular mechanisms involved in the pharmacological 
effects of quercetin and Phyllanthusiin E on CRC. This may 
involve further analysis of the signaling pathways and the PPIs 
that influence the effects of these compounds on specific target 
genes.

LIST OF ABBREVIATIONS 
LC-MS/MS, Liquid chromatography-tandem mass 

spectrometry; PI3K, Phosphatidylinositol-3-kinase; PI3K-
Akt, Phosphatidylinositol 3-kinase-protein kinase B; PIK3CG, 
Phosphatidylinositol-4,5- bisphosphate 3-kinase catalytic 
subunit gamma.
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CRC cells [41]. In our study, it was found that quercetin in DPT 
inhibits the PI3K-Akt signaling pathway (has04151) because 
it has an effect on inhibiting proliferation and increasing 
apoptosis of colon cancer cells. Fortunately, according to our 
study, previous studies have proven that quercetin can inhibit 
protein kinase B (AKT) phosphorylation in CRC cells such as 
HT-29, CaCo-2, SLJJ, and HCT. In addition, quercetin also 
inhibits PI3K/AKT in Caco-2 and DLD-1 cells [42]. 

The MAPK pathway is one of the cellular signaling 
pathways that plays a crucial role in regulating cell proliferation 
and differentiation in organisms. In colon cancer, the MAPK 
pathway can be activated abnormally and continuously, leading 
to cancer cells’ continued growth and survival. Abnormal 
activation of the MAPK pathway in colon cancer can occur 
through several mechanisms, including mutations in genes that 
regulate the MAPK pathway, activation of receptors that are 
associated with the MAPK pathway, or increased production of 
signaling molecules associated with the MAPK pathway [43]. 
Abnormal activation of the MAPK pathway in colon cancer 
can cause cellular changes such as uncontrolled proliferation, 
resistance to cancer therapy, and the ability of cancer cells 
to spread to tissues and organs in the body (metastasis) [44]. 
Therefore, the MAPK pathway is one of the important targets 
in the development of colon cancer therapy.

In our study, it was found that quercetin acts on the 
MAPK signaling pathway (hsa04010). Specifically, quercetin 
can target the c-Jun target gene on the MAPK pathway, which 
plays an important role in the development and progression 
of CRC. C-Jun is a transcription factor protein produced from 
the c-jun gene and is one of the downstream targets of the 
MAPK pathway. Abnormal activation of the MAPK pathway 
can increase c-jun expression, triggering the proliferation of 
CRC cells and enhancing their invasive ability [45]. Therefore, 
inhibiting the activation of the c-Jun target gene is a promising 
strategy to inhibit the growth of CRC cells. Our study was 
supported by previous research that revealed quercetin can 
inhibit the activation of the MAPK pathway, including the 
K-Ras-c-Jun pathway, in CRC cells. Quercetin can inhibit 
K-Ras activity by inhibiting its interaction with downstream 
effectors, such as Raf and Mitogen-activated protein kinase, 
thus preventing MAPK pathway activation. Quercetin can also 
inhibit c-Jun expression by inhibiting the activation of the c-Jun 
N-terminal kinase pathway, which is another downstream target 
of the MAPK pathway [42].

Our research findings also indicated that quercetin has 
been shown to play a role in regulating the expression of genes 
involved in the P53 signaling pathway (hsa04115), including 
the target genes CASP3, BCL2, and BAX. CASP3 is a key 
enzyme involved in the process of programmed cell death, 
or apoptosis, and is activated in response to various stimuli, 
including DNA damage [46]. Quercetin has been shown to 
increase the expression of CASP3, thereby promoting apoptosis 
in colon cancer cells [47]. BCL2 and BAX are members of the 
BCL2 family of proteins, which play a key role in regulating 
apoptosis. BCL2 is an anti-apoptotic protein that blocks the 
activity of pro-apoptotic proteins such as BAX [48]. Quercetin 
has been shown to decrease the expression of BCL2 while 
increasing the expression of BAX, thereby shifting the balance 
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