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Abstract 

 

The illegal food colorant, Rhodamine B (RhB), might lead to chronic colon injury. Saurauia vulcani is an ethnomedicine utilized for 

hepatoprotection, antioxidants, and immunomodulators. The histopathological and bioinformatic assays were conducted to discover the 

ethanolic extract of S. vulcani (EEP) against colon damage in RhB-induced rats. The abnormal results were exhibited in RhB 

administration, while EEP regained colon length and improved the histopathology of the ascending colon in rats. Furthermore, the 

construction of PPI predicted TP53, SRC, EGFR, AKT1, MTOR, CASP3, ABCG2, CTNNB1, MAPK14, MAPK8, and JUN as the main 

targets related to chronic colon injury. The molecular interaction presented S. vulcani had the stable fluctuation and strong binding 

affinities to thymidine phosphorylase. Therefore, this finding could be preliminary data for chronic colon injury treatment. 
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INTRODUCTION 
 

Xenobiotic exposure, for instance to Rhodamine B, tends 

to promote chronic colon injury by disorganizing the 

detoxification pathway. Rhodamine B (RhB) is a 

carcinogen containing nitronium, chlorine, and benzene 

rings found illegally as the colorant in food at a 

concentration 10-7M. The absorption of benzene rings 

and chlorine leads to oxidative stress (Sun et al. 2022), 

free radicals, and inflammation in the colon (Fujisawa et 

al. 2025). The elevation of oxidative stress promotes the 

impairment of the thymidine phosphorylase (TYPH). The 

enzyme contributes to chemotherapy resistance in colon 

cancer. This enzyme plays an important role in 

converting 5-fluorouracil to 5-fluoro-2’-deoxyuridine. 

However, the mutation of TYPH was overexpressed with 

angiogenesis (Ribatti 2022), apoptosis, and inhibition of 

the kinase pathway by tumor necrosis factor (TNF-α) in 

human colon carcinoma (Paladhi et al. 2022). 

Chemotherapy resistance is a challenging treatment 

problem in colon cancer (Liu et al. 2023). The natural 

compound has been used regarding its less cytotoxic side 

effects and good efficacy (Lucchetti et al. 2023) as the 

therapeutic for colon carcinoma. Saurauia vulcani 

(Actinidiaceae family) is one of the ethnomedicines from 

Indonesia, known as Pirdot. The herbal tea of S. vulcani 

(Situmorang and Sunandar 2019) was consumed by 

Batak tribes to relieve some ailments such as diabetes, 

diarrhea (Gurning et al. 2020), and wound-healing. In 

addition, the phytochemicals of S. vulcani (Pasaribu et al. 

2020) contain ursolic acid, oleanolic acid, corosolic acid, 

maslinic acid, and beta-sitosterol. The phytocompounds 

of EEP have some protective effect to reduce the 

damaged histoarchitecture of the spleen (Sinaga et al. 

2024b), liver, and kidneys in xenobiotics-exposed rats 

(Sinaga et al. 2023b). 

The preventive effect of EEP has been previously 

reported in improving the quality of spermatozoa induced 

by cigarette smoking (Sinaga et al. 2023a), enhancing 

hematological profile (Lumban Gaol-Adriana et al. 

2023), elevating immunostimulatory activities (Sinaga et 

al. 2022), increasing lymphocyte level (Erlintan Sinaga et 

al. 2020), and reducing SGOT and SGPT level (Sinaga et 

al. 2021). However, the therapeutic effects of EEP in 

Rhodamine B-induced colon are still unclear. Therefore, 

this study examined the potential treatment of EEP to 

attenuate colon tissue in RhB-induced rats and predicted 

the significant role of EEP in chronic colon using a 

modern pharmacological approach as an underlying for 

future clinical treatment. 
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METHODS 
 

Chemicals 

Rhodamine B (Sigma, Sigma Aldrich, Singapore) was 

mixed with sterile water (30%) and administered at 980 

mg/kg BW. The histopathological study was measured 

using Hematoxylin & Eosin 1%. Ethanol 96% was 

procured from Merck.  

 

Plant materials 

The air-dried leaves of S. vulcani were obtained from 

North Tapanuli, North Sumatera, Indonesia. The fresh 

leaves of S. vulcani were rinsed and dried at 400 C. The 

dried leaves were ground using a blender. The simplicial 

of S. vulcani (100 g) was macerated with 96% ethanol 

(1000 ml) and stirred two days a week at 250 C. The 

extract was filtered and evaporated to acquire 11.5 g of 

crude ethanol extract. The sample was stored at 40 C for 

further experimental measurement. 

 

Animal and Treatment Design 

The protective activity of EEP in RhB exposed to rat 

colon was conducted by the Institutional Ethics 

Committees/AREC (License ID: 0453/KEPH-

FMIPA/2019) and demonstrated following EU Directive 

2010/63/EU for animal treatment (Percie du Sert et al. 

2020). This study was executed for 30 days in the 

Laboratory of Biology of the State University of Medan, 

Indonesia (Lumban Gaol-Adriana et al. 2023). Twenty-

four male rats (190 ± 30 g) (n=6) with a completely 

randomized design were as follows: (a) Control group 

(P1); (b) Group II was administered orally RhB 980 

mg/kg (P2); (c) Group III received EEP at a dose of 500 

mg/kg (P3); (d) Group IV was given RhB 980 mg/kg and 

EEP 500 mg/kg (P4). On the 31st, all the group treatment 

was anesthetized using chloroform and dissected in the 

abdominal cavity. The colon was collected, weighed, and 

put into the tube with 10% formalin neutral buffer. 

 

The measurement of colon length and 

histopathological examination 

The measurement of colon length is used to identify the 

colon damage (Rocha et al. 2019). The length of colons 

was sized adjacent to a standard ruler from the distal end 

to the colon-cecum junction. Furthermore, the colons 

were measured using the haematoxylin-eosin method for 

histopathological examination. All of the colon tissues 

were fixed and dehydrated in 10% formalin for 24 h. The 

samples were embedded in paraffin and sectioned at 5-6 

µm. The tissues were observed under a light microscope 

with high resolution at 40× (Dogan et al. 2022).  

 

Data Analysis 

The outcome data was presented as mean ± SD. The 

statistical evaluation was assessed by one-way analysis 

of variance (ANOVA) followed by Kruskal-Wallis’s test 

using SPSS 22. The significant difference (p ≤ 0.05) was 

applied to compare between the treatment groups. 

Network Pharmacological Analysis 

GeneCards was selected to determine the colon cancer 

proteins (Yadav et al. 2022). The webserver STRING 

was set to construct the signal pathway between the 

target and the constituent of S. vulcani. The restricted 

species “Homo sapiens” is applied with a threshold at 

0.4. The construction of data was evaluated using 

Cytoscape 3.8.2.  

 

Docking Study  

Docking study could be a potential tool to predict the 

score affinity and the binding pose. The webserver 

PubChem was used to identify the phytocompounds of 

EEP. RCSB database was employed to obtain the 

structure of thymidine phosphorylase (TP)(PDB:2WK5) 

(Satpathy et al. 2022). The ligand and protein were 

prepared for energy minimization, formatted as a “pdbqt” 

file, and docked using AutoDock Vina 4.1 software. The 

outcome data was visualized using BIOVIA software. 

 

Dynamic Simulation 

Dynamic simulation is needed to demonstrate the 

fluctuation of protein structures compared to the protein 

complex interaction in wet laboratories. CABSflex 2.0 

(Sinaga et al. 2024a) is used to fluctuate the complex 

interaction with trajectory frames of 50, a temperature of 

1.4 and the distance restraints with default values. RMSF 

(Root Mean Square Fluctuation) plots indicate the 

convergence and the flexibility of residue protein active 

in aqueous solution. 

 

 

RESULTS AND DISCUSSION 
 

Histopathological examination and Colon length 

As presented in Fig. 1, the histopathology of the 

ascending colon in each group was changed. Our finding 

showed that the normal histology of the ascending colon 

was found in the control group and the P3 group. The 

RhB group exhibited the mucosal epithelial destruction, 

the scattered goblet cells, abnormal crypts, the 

submucosal invasion, and mild dysplasia. However, EEP 

significantly (p ≤ 0.05) reduced the ascending colon 

damage in RhB exposure to rats. The administration of 

EEP is a significant (p ≤ 0.05) improvement on the 

histopathological alterations compared to the P2 group. 

The RhB-treated group resulted in damaged mucosal 

epithelium, scattered goblet cells, and abnormal crypts in 

colon tissue. The EEP improve the degree of severity in 

the ascending colon in the P4 group. As displayed in Fig. 

2, the length of the colon in the P2 group was 

significantly shorter than in the control group. However, 

the administration of EEP significantly (p ≤ 0.05) 

lengthens the colon in P4 groups. 
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Figure 1. Histopathological of the ascendent colon in rats (a) Control 

Group P1; (b) RhB groups 980 mg/kg; (c) EEP groups 500 mg/kg; (d) RhB 

+ EEP groups (40 x magnification). 
 

 

 

 
Figure 2. Effect of EEP on weight (A) and length of colon (B) in 
Rhodamine B induced rats. 

Network Pharmacological Analysis 

As shown in Fig. 3, the PPI network with a confidence 

level of 0.40 predicted 59 nodes and 532 edges in the 

pathway of the EEP phytocompounds against colon 

carcinoma. The top eleven genes were TP53, SRC, 

EGFR, AKT1, MTOR, CASP3, ABCG2, CTNNB1, 

MAPK14, MAPK8, and JUN, which tend to be the core 

target. As displayed in Table 1, this study evaluated 

PI3K-Akt signal transduction pathways in cancer, the 

MAPK pathway, colorectal cancer, the P53 signaling 

pathway, and apoptosis. 

 

 
Figure 3. S. vulcani bioactive compound -target network construction 

against Rhodamine B-induced colon carcinoma. 

 

 

 

 

 

 

 

 

Table 1. Pathway interaction between bioactive Saurauia vulcani and acute colon injury exposed to Rhodamine B. 

 

Pathway 

ID 
Pathway description 

Count in 

gene set 

False discovery 

rate 
Gene 

04151 
PI3K-Akt signaling 

pathway 
17 9.02e-15 

NFKB1, IL2, SYK, JAK2, JAK1, KDR, PTK2, 

RAF1, EGFR, PDGFRB, TP53, MTOR, AKT1, 

RPTOR, MLST8, EIF4EBP1, RPS6KB1 

05200 Pathways in cancer 16 6.8e-14 

NOS2, CDKN2A, NFKB1, JUN, JAK1, CASP3, 

CASP8, CTNNB1, AKT1, MTOR, MAPK8, TP53, 

EGFR, PTK2, RAF1, PDGFRB 

04010 
MAPK signaling 

pathway 
11 2.76e-09 

NFKB1, JUN, CASP3, RAF1, MAPK8, EGFR, 

AKT1, TP53, PDGFRB, MAP2K3, MAPK14 

05210 Colorectal cancer 7 4.89e-09 
CASP3, JUN, CTNNB1, AKT1, MAPK8, TP53, 

RAF1 

04115 P53 signaling pathway 5 7.58e-06 TP53, CASP3, CASP8, CCNB1, CDKN2A 

04210 Apoptosis 5 2.16e-05 TP53, AKT1, CASP3, CASP8, NFKB1 
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Molecular Docking and dynamic analysis 

As listed on Table 1, the confirmation of the bioactive 

EEP bound to protein thymidine phosphorylase was 

found with ranges of -8.0 to -13.5 kcal/mol. The EEP 

compounds, for instance maslinic acid, bound to 

thymidine phosphorylase (Fig. 4A) with docking scores 

of -13.5 kcal/mol and formed the hydrogen bond at 

residues Ala272, Asp274, Lys275, Glu390, and Arg464 

and hydrophobic interaction at Asp274, Lys275, Leu391, 

Val427, Pro470, and Pro472. In comparison, 5-

Fluorouracil (-6.0 kcal/mol) as the control drug formed 

hydrogen bonds at Thr118, Gly145, and Thr154.  

Molecular dynamic simulation was evaluated on the 

movements of protein residues using the fluctuation plot 

(RMSF) (Silitonga et al. 2024). The TP- EEP complexes 

showed the fluctuation in RMSF value from 1.59 Å to 

4.19 Å. As shown in Fig. 4B, the RMSF plot had the 

highest mobility at Pro33, Gly47, Ala320, Pro373, 

Pro472, and Pro479.  

 

 

 

 

Figure 4A. Molecular docking study of Protein Thymidine phosphorylase and bioactive compound Pirdot;(i) Corosolic acid; (ii) Maslinic acid; (iii) 

Ursolic acid; (iv) 5-Fluorouracil. 

 

 

 

Table 2. Molecular docking results of bioactive compound of S. vulcani and 5-Fluorouracil bound to Thymidine phosphorylase. 

 

Compound 

Protein Thymidine Phosphorylase 

Binding Affinity 

(kcal/mol) 
Hydrogen bond Hydrophobic interaction 

Corosolic Acid -13.3 Asp274, Lys275, Glu390, Arg464 Asp274, Lys 275, Leu391, Val427, Pro470, Pro472 

Genistein -9.4 His116, Gly145, Thr154, Lys221 - 

Maslinic acid -13.5 
Ala272, Asp274, Lys275, Glu390, 

Arg464 
Asp274, Lys 275, Leu391, Val427, Pro470, Pro472 

Oleanolic acid -8.0 Glu189 Arg146, Pro193, Tyr199 

Beta sitosterol -10.4 Gly147 Arg146, Ile197, Tyr199, Ala200 

Ursolic acid -13.4 
Ala272, Asp274, Lys275, Glu390, 

Arg464 
Asp274, Lys 275, Leu391, Val427, Pro470, Pro472 

5-Fluorouracil -6.1 Thr118, Gly145, Thr154 - 

 

(i) (ii) 

(iii) (iv) 
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Figure 4B. RMSF plot of Protein Thymidine phosphorylase and bioactive compound Pirdot;(i) Corosolic acid; (ii) Maslinic acid; (iii) Ursolic acid; (iv) 5-

Fluorouracil. 
 

 

Discussion 

RhB has been used as an illegal food colorant in 

Indonesia (Rahmawati et al. 2020) due to xenobiotics 

containing chlorine and benzene (Sulistina and Martini 

2020). These compounds caused chronic colon 

progression in rats through the signaling of reactive 

oxygen species (ROS)(Sarmiento-Salinas et al. 2021). 

While gemcitabine has chemotherapy insensitivity in 

colon cancer (Yu et al. 2021), medicinal plants, notably 

EEP, tend to support the drug development against RhB-

induced colon damage. The accumulation of RhB 

contributed to invading the colorectal preneoplasia 

morphology through the degree of inflammation. The 

severity of the histological damage caused gene mutation 

and the proliferation of crypt cells. In addition, 

glutathione S-transferases (GST) might be an important 

key to regulating cell proliferation, fibrogenesis, and 

apoptosis in phase II xenobiotic metabolism (Li et al. 

2023). Additionally, 4-hydroxynonenal is positively 

metabolized by glutathione S-transferase alpha 4 

(GSTA4) to suppress mutagenic reactive oxygen and 

inflammatory cytokines in colorectal cancer development 

(Ma et al. 2023). 

The EEP has pharmacological effects on colon cancer 

via 11 hub top genes, including TP53, SRC, EGFR, 

AKT1, MTOR, CASP3, ABCG2, CTNNB1, MAPK14, 

MAPK8, and JUN. This research was similar to the 

previous study, which indicated that overexpression of 

genes, such as TP53, PODXL, BCL7B, ARHGEF4, 

WAVE2, ACTN4, KRAS, CDKN2A, and SMAD4, 

correlates to metabolic reprogramming in colon cancer 

development. Our finding discovered that the 
phytocompounds of EEP have the ameliorative effect 

against RhB-induced chronic colon injury, which 

regulated the PI3K-Akt signaling pathway, MAPK 

signaling pathway, P53 signaling pathway, and 

apoptosis.  

The benzene ring of RhB leads to stimulated 

apoptosis through the MAPK signaling pathway in 

colorectal cancer (Hu et al. 2022). Besides, the benzene 

ring interacts with receptor tyrosine kinase (RTK), which 

plays an important role in the phosphatidylinositol 3-

kinase (PI3K) signaling cascade mediators (Taruneshwar 

Jha et al. 2023). Besides, thymidine phosphorylase might 

be a prominent xenobiotic metabolizing enzyme to 

induce angiogenesis in metastatic colorectal cancer 

(Sperotto et al. 2021). Our research demonstrated that 

EEP has a good interaction to bind thymidine 

phosphorylase. Moreover, the chemopreventive 

mechanism of EEP might play an important underlying 

role for future clinical research. 

 

 

CONCLUSION 
 

To conclude, the potential of EEP against chronic colon 

improved colon length in RhB-induced rats. The 

preventive effect of EEP relieved the architecture of the 

ascending colon. Modern pharmacological analysis 

suggested the EEP regulated the activity of colon 

carcinoma through the TP53, SRC, EGFR, AKT1, 

MTOR, CASP3, ABCG2, CTNNB1, MAPK14, 

MAPK8, and JUN genes. Overall, these results could be 

a reference for future development of colon carcinoma 

therapeutics.  

 

 

Acknowledgement: The author would like to thank for 

material and laboratory support from State University of 

Medan. 

 

(i) (ii) 

(iii) 
(iv) 



 

 
 

354 Biology, Medicine, & Natural Product Chemistry 15 (1), 2026: 349-355 

 

 

Authors’ Contributions: Feimmy Ruth Pratiwi Sipahutar 

took writing-original draft, software, visualization and 

validation; Erlintan Sinaga supervised conceptualization, 

methodology, and resources; Masdiana Sinambela 

carried out data curation and resources; Adriana Yulinda 

Dumaria LumbanGaol performed validation and formal 

analysis; Melati Nugrahalia Sipahutar made project 

administration, visualization and data curation. 

 

Competing Interest: The authors declare that there are 

no competing interests. 

 

Funding: The authors declare there is no funding for this 

study. 

 

 

REFERENCES 
 
Dogan A, Uyar A, Hasar S, Keles OF (2022) The protective 

effects of the Lactarius deliciosus and Agrocybe cylindracea 

mushrooms on histopathology of carbon tetrachloride induced 

oxidative stress in rats. Biotechnic & Histochemistry 97:143–

151. https://doi.org/10.1080/10520295.2021.1918349 

Erlintan Sinaga, Syafruddin Ilyas, Panal Sitorus (2020) Efect of 

Ethanolic Leaf Extract of Sauraunia vulcani Korth on 

Lymphocyte and IL-In Immunized Rats. International Journal 

of Science, Technology &amp; Management 1:220–229. 

https://doi.org/10.46729/ijstm.v1i3.48 

Fujisawa N, Yamazaki M, Saito R, Kaneko C, Nishihara K, 

Toyota N, Taketo J, Kato A, Yoshinari K, Suzuki H (2025) 

Investigation and evaluation of gastrointestinal toxicity 

biomarkers in rats with different sites of gastrointestinal injury. 

Food and Chemical Toxicology 195:115138. 

https://doi.org/10.1016/j.fct.2024.115138 

Gurning K, Boangmanalu R, Simanjuntak H, Singarimbun N, 

Rahmiati R, Lestari W (2020) Identification of secondary 

metabolites and antidiarrheal activity of pirdot leaves ethanol 

extract (saurauia vulcani korth.) from west Pakpak, North 

Sumatera province, indonesia. Rasayan Journal of Chemistry 

13:2385–2389. https://doi.org/10.31788/RJC.2020.1345984 

Hu R, Chantana W, Pitchakarn P, Subhawa S, Chantarasuwan B, 

Temviriyanukul P, Chewonarin T (2022) Ficus dubia latex 

extract prevent DMH-induced rat early colorectal 

carcinogenesis through the regulation of xenobiotic 

metabolism, inflammation, cell proliferation and apoptosis. Sci 

Rep 12:15472. https://doi.org/10.1038/s41598-022-19843-9 

Li W, Zou J, Yang X, Yang M, Jiang P, Wang X, Huang C, He Y 

(2023) Identification of metabolizing enzyme genes associated 

with xenobiotics and odorants in the predatory stink bug Arma 

custos based on transcriptome analysis. Heliyon 9:e18657. 

https://doi.org/10.1016/j.heliyon.2023.e18657 

Liu G, Wang H, Ran R, Wang Y, Li Y (2023) FOSL1 

transcriptionally regulates PHLDA2 to promote 5-FU 

resistance in colon cancer cells. Pathol Res Pract 246:154496. 

https://doi.org/10.1016/j.prp.2023.154496 

Lucchetti D, Luongo F, Colella F, Gurreri E, Artemi G, Desiderio 

C, Serra S, Giuliante F, De Maria R, Sgambato A, Vitali A, 

Fiori ME (2023) Exploiting bioactive natural products of 

marine origin: Evaluation of the meroterpenoid metachromin 

V as a novel potential therapeutic drug for colorectal cancer. 

Biomedicine & Pharmacotherapy 162:114679. 

https://doi.org/10.1016/j.biopha.2023.114679 

Lumban Gaol-Adriana YD, Sinaga E, Simamora RF, Sipahutar 

FRP, Sidabutar H (2023) The Effect of ethanol extract of 

Pirdot (Saurauria vulcani) on hematological profile and Keap1-

Nrf2 inhibition of white rats induced Rhodamine B. The 

Journal of Bioscience 9:25–29. 

https://doi.org/10.24114/jbio.v9i1.44136 

Ma C, Zhang Z, Li T, Tao Y, Zhu G, Xu L, Ju Y, Huang X, Zhai J, 

Wang X (2023) Colonic expression of glutathione S-

transferase alpha 4 and 4-hydroxynonenal adducts is correlated 

with the pathology of murine colitis-associated cancer. 

Heliyon 9:e19815. 

https://doi.org/10.1016/j.heliyon.2023.e19815 

Paladhi A, Daripa S, Mondal I, Hira SK (2022) Targeting 

thymidine phosphorylase alleviates resistance to dendritic 

cell immunotherapy in colorectal cancer and promotes 

antitumor immunity. Front Immunol 13:988071. 

https://doi.org/10.3389/fimmu.2022.988071 

Pasaribu G, Budianto E, Herry C, Saepudin E (2020) A Review on 

Genus Saurauia: Chemical Compounds and their Biological 

Activity. Pharmacognosy Journal 12:657–666. 

https://doi.org/10.5530/pj.2020.12.97 

Percie du Sert N, Hurst V, Ahluwalia A, Alam S, Avey MT, Baker 

M, Browne WJ, Clark A, Cuthill IC, Dirnagl U, Emerson M, 

Garner P, Holgate ST, Howells DW, Karp NA, Lazic SE, 

Lidster K, MacCallum CJ, Macleod M, Pearl EJ, Petersen OH, 

Rawle F, Reynolds P, Rooney K, Sena ES, Silberberg SD, 

Steckler T, Würbel H (2020) The ARRIVE guidelines 2.0: 

Updated guidelines for reporting animal research. PLoS Biol 

18:e3000410. https://doi.org/10.1371/journal.pbio.3000410 

Rahmawati Y, Suari NMI, Kurniawansyah F, Bhuana DS, 

Ningrum EO, Puspita NF, Puspitasari A, Fakhrinanda F, 

Istiqomah I, Muhsin MR, Widya AP, Rachmaniah O (2020) 

Food awareness of college students consumers towards 

unhealthy snacks: A case study of food colorant at “Bundaran 

ITS” landmark of Institut Teknologi Sepuluh Nopember (ITS) 

Surabaya during Ramadhan festival. IOP Conf Ser Mater Sci 

Eng 732:12065. https://doi.org/10.1088/1757-

899X/732/1/012065 

Ribatti D (2022) A double-edged sword in tumor angiogenesis and 

progression. Dual roles of mast cells, macrophages, and 

neutrophils. Pathol Res Pract 240:154167. 

https://doi.org/10.1016/j.prp.2022.154167 

Rocha J, Direito R, Lima A, Mota J, Gonçalves M, Duarte MP, 

Solas J, Peniche BF, Fernandes A, Pinto R, Ferreira RB, 

Sepodes B, Figueira M-E (2019) Reduction of inflammation 

and colon injury by a Pennyroyal phenolic extract in 

experimental inflammatory bowel disease in mice. 

Biomedicine & Pharmacotherapy 118:109351. 

https://doi.org/10.1016/j.biopha.2019.109351 

Sarmiento-Salinas FL, Perez-Gonzalez A, Acosta-Casique A, Ix-

Ballote A, Diaz A, Treviño S, Rosas-Murrieta NH, Millán-

Perez-Peña L, Maycotte P (2021) Reactive oxygen species: 

Role in carcinogenesis, cancer cell signaling and tumor 

progression. Life Sci 284:119942. 

https://doi.org/10.1016/j.lfs.2021.119942 

Satpathy SS, Sahu SN, Pattanayak SK, Mohanty C (2022) A 

molecular docking and dynamics study to screen 

phytochemicals that target mutant thymidine phosphorylase for 

colon cancer therapy. Journal of the Indian Chemical Society 

99:100476. https://doi.org/10.1016/j.jics.2022.100476 

Silitonga M, Sidabutar H, Pranoto H, LumbanGaol AYD, 

Sipahutar FRP (2024) Protective effects of Bidens pilosa 

alleviates against alcohol—induced hepatic steatosis in rats: In 

vivo studies and in silico analysis. Pharmacological Research - 



 

 
 

 Sipahutar et al. – Uncovering the Molecular Mechanisms of Saurauia vulcani Korth in … 355 
 

 

Modern Chinese Medicine 13:100546. 

https://doi.org/10.1016/j.prmcm.2024.100546 

Sinaga E, Hasanah U, Edi S, Pranoto H, Simorangkir M, Sipahutar 

FRP, Harahap A (2023a) Identifying Pirdot Leaves (Saurauia 

vulcani Korth) Effect on Liver biomarker and Spermatozoa 

Quality in White rats (Rattus norvegicus) induced Cigarette 

smoking through in vivo and in silico approach. Ann For Res 

66:4178.  

Sinaga E, Hasanah U, Sipahutar FRP (2023b) Chemopreventive 

potential of Saurauia vulcani korth in improving Rhodamine B 

induced hepato-renal carcinoma in Rats. Pharmacological 

Research - Modern Chinese Medicine 9:100336. 

https://doi.org/10.1016/j.prmcm.2023.100336 

Sinaga E, Hasanah U, Sipahutar FRP, Simorangkir M, Sipahutar 

MN (2024a) Identifying therapeutic effect of kombucha Pirdot 

(Saurauia vulcani Korth.) against colorectal cancer: The 

experimental data and in silico approach. Medicine in 

Microecology 20:100105. 

https://doi.org/10.1016/j.medmic.2024.100105 

Sinaga E, Ilyas S, Hutahaean S, Sitorus P (2021) Hepatoprotective 

Activity of Pirdot Leaves (Saurauia vulcani Korth) Ethanol 

Extract in Laboratory Rats (Rattus norvegicus) and 

Characterization of Bioactive Compounds Using a Molecular 

Docking Approach. Open Access Maced J Med Sci 9:1265–

1270. https://doi.org/10.3889/oamjms.2021.7624 

Sinaga E, Ilyas S, Hutahean S, Sitorus P (2022) Bioactivity 

compound prediction of Saurauia vulcani as immunostimulant: 

An in silico approach. AIP Conf Proc 2659:60019. 

https://doi.org/10.1063/5.0126852 

Sinaga E, Silitonga M, Hasanah U, Sipahutar F (2024b) Saurauia 

vulcani korth against hepato-renal carcinoma integrated spleen 

damage in rats induce Rhodamine B: In vivo and in silico. In: 

The 10th Annual International Seminar on Trends in Science 

and Science Education (AISTSSE) 2023. pp 145–151 

Situmorang RO, Sunandar AD (2019) Pirdot (Saurauia bracteosa 

DC) Leaf Processing Technique for Making Herbal Tea. IOP 

Conf Ser Earth Environ Sci 359. 

http://dx.doi.org/10.1088/1755-1315/359/1/012004 

Sperotto ND de M, Silva RBM, Perelló MA, Borsoi AF, da Silva 

Dadda A, Roth CD, Freitas RDS, de Souza APD, Freitas D do 

N de, Picada JN, de Sousa JT, Nabinger DD, Altenhofen S, 

Bonan CD, Rodrigues-Junior VS, Bizarro CV, Basso LA, 

Machado P (2021) Targeting thymidine phosphorylase 

inhibition in human colorectal cancer xenografts. Biomedicine 

& Pharmacotherapy 139:111672. 

https://doi.org/10.1016/j.biopha.2021.111672 

Sulistina DR, Martini S (2020) The effect of Rhodamine B on the 

cerebellum and brainstem tissue of Rattus norvegicus. J Public 

Health Res 9:1812. https://doi.org/10.4081/jphr.2020.1812 

Sun R, Liu M, Xu K, Pu Y, Huang J, Liu J, Zhang J, Yin L, Pu Y 

(2022) Ferroptosis is involved in the benzene-induced 

hematotoxicity in mice via iron metabolism, oxidative stress 

and NRF2 signaling pathway. Chem Biol Interact 362:110004. 

https://doi.org/10.1016/j.cbi.2022.110004 

Taruneshwar Jha K, Shome A, Chahat, Chawla PA (2023) Recent 

advances in nitrogen-containing heterocyclic compounds as 

receptor tyrosine kinase inhibitors for the treatment of cancer: 

Biological activity and Structural activity relationship. Bioorg 

Chem 106680. https://doi.org/10.1016/j.bioorg.2023.106680 

Yadav RP, Sadhukhan S, Saha ML, Ghosh S, Das M (2022) 

Exploring the mechanism of andrographolide in the treatment 

of gastric cancer through network pharmacology and 

molecular docking. Sci Rep 12:18413. 

https://doi.org/10.1038/s41598-022-18319-0 

Yu Y, Tian Z, Yang L, Zhu D, Ding X, Jing X, Liu H, Guo P 

(2021) AMP-activated protein kinase-induced β-catenin 

degradation through Parkin phosphorylation reverses 

chemotherapy resistance of colon cancer cells. Mol Ther 

Nucleic Acids. https://doi.org/10.1016/j.omtn.2021.01.006 

 

 



 

THIS PAGE INTENTIONALLY LEFT BLANK 


