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ABSTRACT 

Rates of Erectile Dysfunction (ED) continue to rise each year. Synthetic pharmacological agents used for ED 

frequently produce unwanted reactions, and their therapeutic performance is limited. Within Indonesia, several 

native plants have traditionally been used to manage ED symptoms. This review seeks to compile updated 

scientific data on Indonesian medicinal plants with potential efficacy against ED and to clarify their molecular 

actions using a systematic review and a Pharmacological Network framework. A total of 12 candidate plant 

species widely employed by Indonesian ethnic groups for treating ED were identified. Literature searches were 

performed in PubMed, Scopus, and Springer without restricting publication date. Article selection followed the 

PRISMA workflow. Compound-related gene targets were identified via GeneCards, while disease-associated 

genes were obtained from DisGeNET. Network features were analyzed using Cytoscape 3.10, and STRING 12.0 

supported the creation of Protein–Protein Interaction maps. Subsequent GO and KEGG enrichment analyses were 

completed using SRplot. The systematic review ultimately included 12 publications matching the eligibility 

standards. Pharmacology Network evaluation showed that constituents of Eurycoma longifolia—particularly 

stigmasterol, eurycomanone, and eurycomalactone—interact with 13 ED-related genes: BCL2, AKT1, SOAT1, 

PCSK9, ACHE, BDNF-AS, TMX2-CTNND1, GSK3B, LINCO1672, TP53, H19, HIF1A, and IL1B. These genes 

participate in pathways linked to steroid hormone biosynthesis, a key process in testosterone formation. Thus, 

Eurycoma longifolia emerges as a strong phytopharmaceutical candidate for improving sexual function. 

Keywords: Aphrodisiacs, Erectile dysfunction, Eurycomanone, Stigmasterol, Testosterone 
 

How to Cite This Article: Martin L, Petit J, Girard A. Ethnopharmacological and Network Pharmacology Insights into Indonesian Native 

Plants for Erectile Dysfunction: Focus on Eurycoma longifolia-Mediated Testosterone Biosynthesis Pathways. Interdiscip Res Med Sci Spec. 

2022;2(1):33-48. https://doi.org/10.51847/MvKgGmqH2r 
 

Introduction 

Sexual dysfunction is clinically defined as an alteration in one or more phases of the sexual response cycle—

desire, arousal, orgasm, or pain—or discomfort experienced during intercourse. It manifests as difficulty engaging 

in or deriving satisfaction from sexual activity, generating marked distress and reducing sexual and general well-

being in both sexes [1, 2]. Erectile dysfunction (ED), commonly termed male impotence, describes a persistent 

incapacity to obtain and maintain an erection adequate for mutually satisfying intercourse. ED forms a major 

subset of male sexual disorders and is often used as an indicator of broader sexual health concerns because it 

reflects interacting physical, emotional, and social factors [3]. Beyond diminishing sexual performance, ED may 

contribute to infertility, reduced quality of life, and signs of early aging [4]. Worldwide prevalence estimates range 

between 3 % and 76.5 % [5]. Etiologies include psychological components (anxiety, depressive symptoms, stress, 

intimacy fears, neuropathic issues), as well as physiological origins such as stroke, neurological trauma, 

degenerative diseases like Alzheimer's or Parkinson's, chronic illnesses (diabetes, hypertension), vascular 

abnormalities, atherosclerosis, phimosis, Peyronie's disease, lifestyle habits such as smoking or chronic alcohol 

use, hormonal decline with age, and systemic organ disorders involving the heart, kidneys, liver, lungs, or 
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malignancy [6, 7]. Prior investigations have also suggested links between prostate or kidney conditions, renal 

impairment, and elevated ED risk [8]. 

At the molecular level, erectile dysfunction arises from disruptions in several key processes, most notably the 

nitric oxide (NO)–cyclic GMP (cGMP) signaling cascade. Under normal circumstances, NO generated by nitric 

oxide synthase (NOS) is released from neuronal and endothelial sources during sexual stimulation. NO activates 

guanylate cyclase in smooth muscle cells, elevating cGMP. This sequence produces relaxation of corpus 

cavernosum smooth muscle, enhanced arterial inflow, and restricted venous return—together sustaining an 

erection. In ED, NO synthesis may decline due to endothelial injury or neural impairment. Additionally, 

heightened activity of phosphodiesterase-5 (PDE-5) accelerates cGMP degradation, further suppressing erectile 

function [9–11]. 

Oxidative stress—marked by excessive reactive oxygen species (ROS)—injures endothelial tissues and lowers 

NO bioavailability, diminishing vasodilation and contributing to ED [12]. Chronic disorders, including diabetes 

and hypertension, elevate pro-inflammatory cytokines such as TNF-α and IL-6, which aggravate penile tissue 

damage and induce fibrotic changes, reducing tissue flexibility and hampering erectile capability. These 

mechanisms are particularly evident in conditions like Peyronie's disease and long-term diabetes [11, 12]. 

Presently, the mainstay pharmacologic treatment for ED utilizes PDE-5 inhibitors such as sildenafil, vardenafil, 

and tadalafil. These agents act by preventing cGMP breakdown in penile smooth muscle cells, thereby sustaining 

concentrations of this essential second messenger [13]. Sildenafil citrate, for example, has shown positive effects 

on penile blood dynamics [14]. Nonetheless, these medications are limited by inconsistent effectiveness, 

undesirable adverse effects, and contraindications for individuals with particular health issues [15]. 

The investigation of natural agents with possible aphrodisiac effects or therapeutic value for erectile dysfunction 

(ED) offers an important alternative for overcoming the adverse reactions and limited performance of current ED 

medications [16]. Indonesia, known for its vast botanical resources and diverse cultural traditions, harbors a 

substantial collection of plant-based remedies relevant to ED management. Indonesian medicinal plants 

encompass species with therapeutic properties that naturally grow throughout the archipelago. Their use has 

developed through long-standing traditional knowledge, especially ethnomedicine and community practices. 

Earlier ethnomedicinal surveys documented 204 plant species spanning 78 families for alleviating ED. The five 

families most often represented were Zingiberaceae, Euphorbiaceae, Arecaceae, Fabaceae, and Rubiaceae. 

Frequently cited species included Imperata cylindrica (19 ethnic groups), Zingiber officinale Roscoe (17 ethnic 

groups), Areca catechu L. (14 ethnic groups), Eurycoma longifolia Jack. (10 ethnic groups), Piper nigrum L. (9 

ethnic groups), Pimpinella pruatjan (5 ethnic groups), Panax ginseng (4 ethnic groups), Kaempferia galanga (4 

ethnic groups), Talinum paniculatum (4 ethnic groups), Luvunga sarmentosa (4 ethnic groups), Piper retrofractum 

(3 ethnic groups), and Mimosa pudica (3 ethnic groups) [17, 18]. Yet, despite this extensive documentation, a 

systematic review examining the ED-related potential of these Indonesian botanicals has not previously been 

published. 

Notably, neither narrative reviews nor systematic evaluations have focused on native Indonesian plants with 

potential benefits for ED. Likewise, the molecular pathways and gene targets associated with the active 

compounds in these plants—mechanisms that may be critical for ED therapy—remain poorly explored. This 

review, therefore, addresses these gaps by applying a pharmacological network framework to forecast molecular 

actions, identify key gene targets, and map biological pathways relevant to ED management. 

Within the broader objective of improving treatments for sexual dysfunction, network-based pharmacological 

analysis serves as a key methodology for identifying mechanisms of action and determining how specific plant-

derived compounds influence biological systems governing sexual responses. This analytical approach centers on 

protein–protein interactions, clarifying how bioactive constituents connect with regulatory components that 

modulate sexual function. 

The primary goal of this work is to systematically examine the existing research on Indonesian medicinal plants 

with therapeutic promise for ED. Following this, we aim to characterize up-to-date insights into their bioactive 

constituents and mechanisms by applying a detailed pharmacological network analysis. 

Materials and Methods  

Systematic review 

   Data sources and search strategy 
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This systematic review followed the PRISMA reporting guidelines. Searches were conducted in PubMed, Scopus, 

and Springer Link up to June 30, 2023. Plant selection was informed by earlier investigations of ethnomedicinal 

practices and community knowledge across 34 provinces and 405 ethnic groups. Of the 204 plant species 

identified as having relevance to ED, 12 were most commonly used among Indonesian ethnic communities: 

Imperata cylindrica (19 ethnic groups), Zingiber officinale Roscoe (17 ethnic groups), Areca catechu L. (14 ethnic 

groups), Eurycoma longifolia Jack. (10 ethnic groups), Piper nigrum L. (9 ethnic groups), Pimpinella pruatjan (5 

ethnic groups), Panax ginseng (4 ethnic groups), Kaempferia galanga (4 ethnic groups), Talinum paniculatum (4 

ethnic groups), Luvunga sarmentosa (4 ethnic groups), Piper retrofractum (3 ethnic groups), and Mimosa pudica 

(3 ethnic groups) [17, 18]. Consequently, the literature search employed these plant names—Eurycoma longifolia, 

Imperata cylindrica, Zingiber officinale, Areca catechu, Piper nigrum, Panax ginseng, Pimpinella pruatjan, 

Kaempferia galanga, Piper retrofractum, Mimosa pudica, Lavanga sarmentosa, and Talinum paniculatum—

combined with “aphrodisiac” and “Erectile Dysfunction (ED).” Articles categorized as “Toxicity,” “Review,” or 

“Systematic Review” were excluded. 

From these 12 plants, those supported by robust scientific evidence and containing compounds implicated in 

modulating ED-related molecular mechanisms were prioritized. No temporal limits were set, although only 

English-language studies were included. Reference lists of retrieved articles were also screened. When essential 

information was missing, corresponding authors were contacted to obtain additional data. 

   Study selection and eligibility criteria 

All identified records were transferred into reference-management software for screening. Two reviewers 

independently examined titles and abstracts. Repeated discussions ensured agreement on operational definitions 

and data extraction procedures. Any uncertainties or disputes were resolved through consultation with a third 

reviewer. Eligibility was determined using the PICO framework shown in Table 1. 

Articles passing initial screening underwent full-text review. Assessments from both reviewers were combined. 

Critical appraisal of included studies was completed using the Joanna Briggs Institute Critical Appraisal Tool 

appropriate for cohort, cross-sectional, and quasi-experimental designs. When disagreements or unclear points 

arose, team meetings were held. Extracted information was recorded and structured in tabular form [19]. 

Table 1. PICOS criteria for inclusion of studies. 

Parameter Inclusion Criteria 

Population Human subjects and animal models 

Intervention 
Any form of preparation derived from traditional Indonesian medicinal plants (e.g., extracts, infusions, 

decoctions, pounded herbs, etc.) demonstrating activity against erectile dysfunction 

Comparator 
Standard/reference erectile dysfunction drugs (e.g., sildenafil) or placebo/vehicle administered under 

comparable conditions 

Outcome Measurable therapeutic effects on erectile dysfunction in humans or animal models 

Study Design All types of experimental/laboratory studies (in vivo, in vitro, or clinical experimental designs) 

Pharmacology network 

   Collection and screening of target proteins 

To determine the genes linked to erectile dysfunction (ED), this study utilized the DisGeNET platform 

(https://www.disgenet.org/). 

From DisGeNET, 256 genes associated with ED (disease code C0242350) were retrieved. Target genes 

corresponding to compounds present in Eurycoma longifolia were subsequently identified using the GeneCards 

database (https://www.genecards.org/). 

A total of 11 compounds—Eurycomanone, 13α,21-Dihydroeurycomanone, Stigmasterol, Trans-coniferyl 

aldehyde, Scopoletin, Eurycomalactone, 6α-Hydroxy-eurycomalactone, Eurycomanone, Eurycomanol, 



Martin et al., Ethnopharmacological and Network Pharmacology Insights into Indonesian Native Plants for Erectile 

Dysfunction: Focus on Eurycoma longifolia-Mediated Testosterone Biosynthesis Pathways 

 

 

36 

Eurycomanol-2-O-β-D-glucopyranoside, and 9-Hydroxycanthin-6-one—were screened for gene targets. Only 

three compounds (Eurycomanone, Stigmasterol, and Eurycomalactone) had gene targets documented in 

GeneCards. Together, these three compounds were linked to 88 genes. 

A Venn diagram comparison (https://bioinfogp.cnb.csic.es/tools/venny/) was then conducted to identify the 

shared genes between the 256 ED-related genes and the 88 compound-related genes. 

The compound–gene–disease network was generated using Cytoscape version 3.10 [20]. 

   Construction of protein–protein interaction (PPI) network and enrichment analysis 

Genes that overlapped between the active compounds and ED were used for subsequent analysis via the STRING 

database version 12.0 (https://string-db.org/). A Protein–Protein Interaction (PPI) network was built using these 

shared genes, applying a minimum confidence interaction score of 0.400. 

The PPI network supported functional examination of biological activity through Gene Ontology (GO) 

annotations and KEGG pathway enrichment, highlighting signaling processes relevant to ED. The processed 

results were visualized using SRplot (http://www.bioinformatics.com.cn/srplot) [21]. 

Results and Discussion 

Results of systematic review 

   Indonesian medicinal plants with potential as remedies for ED 

Screening procedures followed the PRISMA guidelines (Figure 1). The initial search retrieved 248 articles, which 

were refined by eliminating 50 duplicates. The remaining 198 titles and abstracts were assessed, and 150 were 

excluded for not meeting the study criteria. 

Out of 48 full-text articles reviewed for relevance, 36 did not satisfy inclusion requirements. Consequently, 12 

articles were finalized for analysis. 

  

 
Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart. 
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  Traditional uses, parts used, dosage form, and compound class 

Among the plant forms traditionally used in Indonesian remedies for sexual dysfunction, herbs (36%) were most 

common, followed by rhizomes (15.38%), shrubs (15.38%), climbers (7.6%), and grasses (7.69%) (Table 2 and 

Figure 2). These results are consistent with earlier reports showing that herbaceous plants are widely used in 

traditional medicine owing to their abundance and accessibility [22]. 

Frequently utilized plant parts included roots (45.45%), rhizomes (25.0%), seeds (16.67%), herbs (8.33%), and 

fruits (8.33%). Prior studies have also identified roots as the primary plant material used by Indonesian healers 

for managing sexual disorders, possibly due to the belief that roots contain the most potent therapeutic 

constituents. In addition, roots often contain higher concentrations of bioactive metabolites [23, 24]. 

In terms of preparation methods for aphrodisiac and ED-related remedies, decoction (46.15%) was the most 

frequently employed technique, followed by infusion (38.6%) and pounding (15.38%) (Table 1 and Figure 3). 

Decoction, which involves boiling plant material until the volume is reduced to about one-quarter, is widely 

recognized across cultures as a dominant traditional preparation method [25, 26]. Unlike decoction, infusion does 

not involve boiling, enabling better preservation of volatile or heat-sensitive constituents. 

In Indonesian traditional medicine, pounding—with the resultant mixture known as jamu—is also a common 

approach, wherein crushed plant material is blended with warm water and consumed [27, 28]. 

  

a) b) 

  

c) d) 

Figure 2. Traditional use, plant parts, dosage forms, and compound classes of Indonesian medicinal plants 

for ED. 

 

Table 2. Native Indonesian Medicinal Plants with Efficacy as Remedies for ED: Traditional Uses, Parts 

Utilized, Administration Modes, Toxicity, and Scientific Evidence. 

Plant Name Family 
Habit / 

Form 

Part(s) 

Used 

Preparation / 

Administration 

Reported 

Toxicity 
Scientific Evidence / Validation 
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Eurycoma 

longifolia 
Simaroubaceae Tree Roots Infusion 

No toxicity 

[29] 

Root powder increases sexual 

performance via elevated 

testosterone levels in impotence 

animal models [29] 

Eurycoma 

longifolia 
Simaroubaceae Tree Roots Infusion 

No toxicity 

[29] 

Butanol, methanol, water, and 

chloroform fractions (800 mg/kg) 

significantly increase levator ani 

muscle weight (p < 0.05) in animal 

models [30] 

Eurycoma 

longifolia 
Simaroubaceae Tree Roots Infusion 

No toxicity 

[29] 

Water extract and isolates improve 

sexual dysfunction through Rho-

kinase II inhibition [31] 

Eurycoma 

longifolia 
Simaroubaceae Tree Roots Infusion 

No toxicity 

[29] 

9-Hydroxycanthin-6-one identified 

as active aphrodisiac compound 

that relaxes corpus cavernosum and 

seminal vesicles [31] 

Eurycoma 

longifolia 
Simaroubaceae Tree Roots Infusion 

No toxicity 

[29] 

Water extract produces dose-

dependent enhancement of sexual 

performance in animal models [30] 

Eurycoma 

longifolia 
Simaroubaceae Tree Roots Infusion 

No toxicity 

[29] 

Water extract increases libido in 

sexually experienced male rats [32] 

Eurycoma 

longifolia 
Simaroubaceae Tree Roots Infusion 

No toxicity 

[29] 

Water extract effective as a 

supplement for managing late-onset 

hypogonadism (LOH) and 

hypogonadism symptoms in 

patients [33] 

Imperata 

cylindrica 
Poaceae Grass Rhizome Decoction 

No toxicity 

[34] 

No scientific validation records 

available 

Zingiber 

officinale 
Zingiberaceae 

Rhizomatous 

herb 
Rhizome Decoction 

No toxicity 

[35, 36] 

Extract significantly increases 

sperm motility and count in 

epididymis and vas deferens 

without sperm toxicity [36] 

Areca catechu Arecaceae Tree Fruits Decoction 
No toxicity 

[37] 

No scientific validation records 

available 

Piper nigrum Piperaceae 
Woody 

climber 
Seeds Pounding 

No toxicity 

[38] 

No scientific validation records 

available 

Panax ginseng Araliaceae Herb Roots Infusion 
No toxicity 

[39] 

Infusion significantly improves 

sexual experience in male 

volunteers with no side effects [39] 

Panax ginseng Araliaceae Herb Roots Infusion 
No toxicity 

[40] 

Significantly improves erectile 

dysfunction in male patients [40] 

Pimpinella 

pruatjan 
Apiaceae Herb Roots Decoction 

No toxicity 

[41] 

Extract increases nNOS expression 

in NANC nerve fibers of corpus 

cavernosum, promoting smooth 

muscle relaxation and erection [42] 
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Kaempferia 

galanga 
Zingiberaceae 

Rhizomatous 

herb 
Rhizome Pounding 

No toxicity 

[43] 

No scientific validation records 

available 

Piper 

retrofractum 
Piperaceae Shrub Seeds Infusion 

No toxicity 

[44] 

No scientific validation records 

available 

Mimosa pudica Fabaceae Herb 
Whole 

herb 
Infusion 

No toxicity 

[45] 

Demonstrates protective and 

restorative effects on testicular 

tissue in cadmium-treated rats [46] 

Lavanga 

sarmentosa 
Rutaceae Shrub Roots Decoction No records 

No scientific validation records 

available 

Talinum 

paniculatum 
Portulacaceae Herb Roots Decoction 

No toxicity 

[47] 

No scientific validation records 

available 

 

 
Figure 3. Venn diagram and Cytoscape of E. longifolia compounds (stigmasterol, eurycomanone, 

Eurycomalacton). 

Compounds and pharmacological activities 

A literature search on scientific reports related to plants traditionally used for managing sexual dysfunction (Table 

3) showed that couassinoids were the most commonly highlighted constituents with aphrodisiac potential, 

followed by alkaloids and flavonoids. Additional information is presented in Table 3 and Figure 2. 

A systematic review examining 12 indigenous Indonesian medicinal species identified two plants that contain 

active constituents with pharmacological actions relevant to treating sexual dysfunction: Eurycoma longifolia and 

Panax ginseng. As indicated in Table 2, E. longifolia contains multiple bioactive components with diverse target 

interactions linked to ED. To clarify how these constituents influence molecular pathways associated with ED 

improvement, E. longifolia was selected for further analysis. The network-based pharmacological strategy used 

here was intended to provide an integrated perspective on how its compounds collectively contribute to therapeutic 

effects in ED. 

https://www.cell.com/cms/10.1016/j.heliyon.2025.e42501/asset/32f9cd2f-ed44-430e-8c26-3fafc25c0e1f/main.assets/gr3_lrg.jpg
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Table 3. Active constituents in aphrodisiac and erectile dysfunction–related plants and their associated 

molecular mechanisms. 

Plant Name Chemical Compound Chemical Class Reported Pharmacological Effect Reference 

Eurycoma longifolia Eurycomanone Quassinoid Increases testosterone production [23] 

Eurycoma longifolia 
13α,21-

Dihydroeurycomanone 
Quassinoid Improves spermatogenesis – 

Eurycoma longifolia Stigmasterol Phytosterol (steroid) Inhibits Rho-Kinase II [48] 

Eurycoma longifolia trans-Coniferyl aldehyde 
Phenylpropanoid/Alk

aloid 
Inhibits Rho-Kinase II – 

Eurycoma longifolia Scopoletin Coumarin Inhibits Rho-Kinase II – 

Eurycoma longifolia Eurycomalactone Quassinoid Inhibits Rho-Kinase II – 

Eurycoma longifolia 
6α-

Hydroxyeurycomalactone 
Quassinoid Inhibits Rho-Kinase II – 

Eurycoma longifolia Eurycomanone Quassinoid Inhibits Rho-Kinase II – 

Eurycoma longifolia Eurycomanol Quassinoid Inhibits Rho-Kinase II – 

Eurycoma longifolia 
Eurycomanol-2-O-β-D-

glucopyranoside 
Quassinoid glycoside Inhibits Rho-Kinase II – 

Eurycoma longifolia 9-Hydroxycanthin-6-one β-Carboline alkaloid 
Reduces muscle tone of corpus 

cavernosum and/or seminal vesicles 
[31] 

Panax ginseng Ginsenosides 
Triterpenoid 

saponins 

Increases nitric oxide synthase 

(NOS) activity and improves penile 

blood flow 

[40] 

Panax ginseng Ginsenosides 
Triterpenoid 

saponins 

Stimulates hypothalamic–pituitary–

adrenal axis, elevating plasma 

corticotropin and corticosteroids 

[40] 

Network pharmacology 

   Gene targets of compounds in E. longifolia for ED treatment 

Network analysis of compound–target relationships revealed that 11 constituents from E. longifolia correspond to 

88 predicted gene targets. Using DisGeNET, 256 genes associated with ED were identified. A Venn diagram 

comparison demonstrated 13 shared targets between the plant’s active compounds and ED-related genes (Figure 

3). These overlapping genes are BCL2, AKT1, SOAT1, PCSK9, ACHE, BDNF-AS, TMX2-CTNND1, GSK3B, 

LINCO1672, TP53, H19, HIF1A, and IL1B. 

Within the pharmacological network, the topology reflects connections between compound nodes and the 

corresponding regulatory edges. Figure 3 indicates the presence of 3 compounds interacting with 86 protein nodes 

and forming 468 edges. Each node signifies a protein, while each edge denotes an interaction such as binding, 

expression modulation, or other regulatory events. 

   Protein–protein interaction 

Figure 4a displays the protein–protein interaction (PPI) profile of the potential targets linked to E. longifolia 

constituents in the context of ED. These PPIs participate in biological functions such as GO:0042632 Cholesterol 

homeostasis, GO:0010876 Lipid localization, GO:0015850 Hydroxy organic compound transport, GO:0055088 

Lipid homeostasis, GO:0006869 Lipid transport, GO:0030301 Cholesterol transport, GO:0015918 Sterol 
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transport, GO:0008202 Steroid metabolic process, GO:0016125 Sterol metabolic process, and GO:0008203 

Cholesterol metabolic process (Figure 4b). 

Beyond Gene Ontology insights, the PPIs also map to KEGG pathways, including hsa04979 Cholesterol 

metabolism and hsa00100 Steroid biosynthesis, which influence cholesterol and steroid formation [23]. These 

results outline how E. longifolia constituents may modulate molecular events related to ED through complex PPI 

networks and their associated pathways. 

  
a) b) 

Figure 4. Protein–Protein Interactions of Eurycoma longifolia compounds involved in ED-related biological 

processes. The compounds include stigmasterol, eurycomanone, and eurycomalacton. 

a) The PPI network of all targets shows 86 nodes and 468 edges. 

b) Potential ED-related pathways, number of involved targets, and interaction relevance. 

  Enrichment analysis of gene ontology and KEGG pathway 

Gene ontology enrichment demonstrated that E. longifolia constituents affect several ED-related biological 

processes (Figure 5a). Among them, the steroid metabolic process included 30 gene targets, while lipid transport 

and lipid localization each involved 34 targets. Sterol transport also showed notable activity, with 26 targets. 

Concerning cellular components, the most enriched categories were the apical cell region, plasma lipoprotein 

particles, and protein–lipid complexes. In terms of molecular functions, lipid transporter activity was the most 

prominent enrichment, followed by cholesterol transport and sterol transport (Figure 5b). 

This analysis indicated that stigmasterol, eurycomanone, and eurycomalacton interact with the KEGG hsa00100 

pathway associated with steroid biosynthesis (Figure 6). This pathway is essential for generating testosterone, 

beginning with cholesterol mobilization and proceeding through multiple enzymatic steps that ultimately yield 

steroid hormones, including testosterone. 
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a) b) 

Figure 5. Enrichment Analysis of Gene Ontology and KEGG Pathway; a) The enrichment bubble chart 

shows the participation of 32 genes in the steroid metabolic biological process. b) GO enrichment bar chart 

presenting Biological Processes, Cellular Components, and Molecular Functions. 
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Figure 6. KEGG hsa00100 Steroid Biosynthesis. This pathway is directly linked to the formation of steroid 

hormones, including testosterone. 

Eurycoma longifolia, commonly referred to as Tongkat Ali or Pasak Bumi, is a species from the Simaroubaceae 

family. It has been utilized for generations in Southeast Asian traditional remedies, particularly in Indonesia, 

where the plant’s roots serve as a popular herbal preparation [49, 50]. In our study, we identified three active 

constituents of Eurycoma longifolia that appear to contribute significantly to ED therapy: stigmasterol, 

Eurycomanone, and Eurycomalacton. These molecules were linked to 13 ED-related target genes, namely BCL2, 
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AKT1, SOAT1, PCSK9, ACHE, BDNF-AS, TMX2-CTNND1, GSK3B, LINCO1672, TP53, H19, HIF1A, and 

IL1B. 

Protein–Protein Interaction (PPI) evaluation further highlighted 10 biological pathways strongly associated with 

ED, including GO:0042632 Cholesterol homeostasis, GO:0030301 Cholesterol transport, GO:0015918 Sterol 

transport, GO:0008202 Steroid metabolic process, GO:0016125 Sterol metabolic process, and GO:0008203 

Cholesterol metabolic process. When these processes are examined in relation to the steroid biosynthesis pathway 

and its involvement in testosterone production, they demonstrate a connection to spermatogenesis, which may 

explain their relevance to ED treatment (Figure 6). Steroid biosynthesis consists of sequential biochemical 

reactions that generate steroid hormones—among them, testosterone [51]. Cholesterol and other sterols act as 

essential precursors in this pathway and are important for maintaining sexual and reproductive physiology [52]. 

Since testosterone is a major androgen influencing erectile function and fertility [33], disturbances in its synthesis 

or precursor availability can contribute to ED. 

Earlier research indicates that Eurycomanone may elevate testosterone levels [53]. Extracts from the roots of 

Eurycoma longifolia, as well as purified Eurycomanone, have been shown to significantly boost testosterone 

production in rat models, likely through modulation of reproductive hormone systems [29]. 

Our results further support the role of Eurycomanone in the steroid biosynthesis pathway, a key metabolic route 

responsible for generating steroidal hormones such as testosterone (Figure 6). Increased testosterone output is 

closely associated with enhanced spermatogenesis, the series of events leading to the formation and maturation of 

sperm cells within the testes. This hormone regulates several phases of the process, including spermatogonium 

proliferation, spermatid differentiation, and final sperm maturation [54, 55]. 

Additionally, compounds within the quassinoid group—especially 13α,21-Dihydroeurycomanone—have been 

reported to promote spermatogenesis. Evidence suggests that Eurycomanone and 13α,21-Dihydroeurycomanone 

may act synergistically, since whole-plant fractions often demonstrate stronger biological activity than isolated 

constituents. The proposed mechanism linking testosterone enhancement to improved spermatogenesis involves 

increased LH stimulation of testosterone production. Testosterone, in turn, modulates gene expression in 

spermatogenic cell populations. By elevating testosterone concentrations, quassinoid compounds may influence 

the genetic regulatory networks governing spermatogenesis, thereby promoting the expansion and differentiation 

of spermatogonium cells and ultimately raising sperm output [56, 57]. 

In addition, Eurycoma longifolia contains several bioactive molecules, including stigmasterol, trans-coniferyl 

aldehyde, scopoletin, eurycomalactone, 6α-hydroxyeurycomalactone, eurycomanone, and eurycomanol. These 

constituents have been documented to suppress the activity of Rho-Kinase II (ROCK-II). ROCK-II is an enzyme 

that governs various cellular processes and contributes to structural regulation within vascular tissues. In relation 

to erectile dysfunction, ROCK-II is central to controlling smooth muscle contraction in penile vasculature and 

influences the hemodynamic changes required to initiate and maintain an erection [47]. 

Under ED conditions, elevated ROCK-II function may intensify smooth muscle tension, interfere with nitric oxide 

(NO) pathways, and promote aberrant vascular remodeling. These disturbances hinder proper penile blood flow. 

Therefore, ROCK-II inhibition has been proposed as a therapeutic approach, as reducing its activity may promote 

vascular relaxation and improve circulation to the penile tissue [58, 59]. 

The significant effects of Eurycoma longifolia on sexual disorders have also been linked to its antioxidant and 

anti-inflammatory properties. Oxidative stress plays a substantial role in ED by contributing to endothelial 

impairment and disrupting NO signaling—both vital for normal erectile function. Reactive oxygen species (ROS) 

can react with NO to generate peroxynitrite, lowering available NO required for vasodilation [60]. Additionally, 

ROS may damage neuronal pathways and impair neuronal nitric oxide synthase (nNOS) function, reducing NO 

release during sexual arousal [61]. Decreasing NO levels leads to vascular dysfunction, a primary mechanism 

underlying ED [12, 62]. Antioxidant compounds help counter these effects by neutralizing free radicals, 

preserving NO availability, and suppressing inflammatory mediators, thereby offering protection to endothelial 

tissue [63]. 

Eurycomalactone (EL), a major constituent of Eurycoma longifolia, acts as a strong NF-κB inhibitor [64]. Both 

EL and extracts prepared with ethanol may provide benefits in disorders involving inflammatory signaling, 

including sexual dysfunction [65]. Elevated aldosterone levels have been linked to severe ED due to their ability 

to increase inflammatory cytokines and trigger NF-κB activation within the penile corpus cavernosum [66, 67]. 

Persistent NF-κB activity and chronic inflammation in testicular tissue may also contribute to testicular 

impairment through age-related rises in COX-2 and pro-inflammatory cytokines [68, 69]. 



Martin et al., Ethnopharmacological and Network Pharmacology Insights into Indonesian Native Plants for Erectile 

Dysfunction: Focus on Eurycoma longifolia-Mediated Testosterone Biosynthesis Pathways 

 

 

45 

Moreover, 9-hydroxycanthin-6-one, another component present in Eurycoma longifolia, has been reported to 

possess activity relevant to ED management. Its proposed action involves reducing the contractile tone of the 

corpus cavernosum and/or the seminal vesicles (SV) [31]. This effect is thought to occur through inhibition of 

phosphodiesterase type 5 (PDE5), an enzyme responsible for degrading cyclic guanosine monophosphate 

(cGMP)—a molecule crucial for smooth muscle relaxation in both corpus cavernosum and SV tissues. By 

blocking PDE5, the compound maintains elevated cGMP concentrations, promoting smooth muscle relaxation 

and enhancing penile blood flow [5, 13, 70]. 

Limitation 

This review highlights that traditional claims do not always align with scientific validation. Among the 12 plants 

surveyed, 7 lacked adequate supporting evidence in the literature. Only 2 species, Eurycoma longifolia and Panax 

ginseng, were clearly reported to contain compounds relevant to sexual dysfunction mechanisms. Additionally, 

all mechanistic predictions in this work rely solely on bioinformatic interpretation. Experimental confirmation 

through in vitro and in vivo approaches will be required to substantiate these findings. 

Conclusion 

This systematic investigation shows that from 12 reviewed articles concerning erectile dysfunction (ED), 

Eurycoma longifolia and Panax ginseng were the plants with the strongest scientific support. Using network 

pharmacology, we identified three key compounds in E. longifolia—stigmasterol, eurycomanone, and 

eurycomalactone—associated with 13 ED-related genes: BCL2, AKT1, SOAT1, PCSK9, ACHE, BDNF-AS, 

TMX2-CTNND1, GSK3B, LINCO1672, TP53, H19, HIF1A, and IL1B. These genes participate in processes 

central to steroid hormone production, including GO:0030301 Cholesterol transport, GO:0015918 Sterol 

transport, GO:0008202 Steroid metabolic process, GO:0016125 Sterol metabolic process, and the KEGG 

hsa00100 steroid biosynthesis pathway. This pathway underpins testosterone formation, which is essential for 

reproductive and erectile physiology. As such, Eurycoma longifolia shows strong potential as a 

phytopharmaceutical candidate for managing sexual dysfunction. 

Acknowledgments: None 

Conflict of Interest: None 

Financial Support: This research was supported and funded by Airlangga Research Fund (ARF) provided by 

Universitas Airlangga with grant number 291/UN3.15/PT/2023. 

Ethics Statement: None 

References 

1. Akan H, Dogan S. Approach to sexual dysfunction in primary health care. Turk J Fam Pract. 

2011;15(1):69-76. doi:10.2399/tahd.11.69  

2. Nobre P. Male sexual dysfunctions. Wiley Handb Cogn Behav Ther. 2013:645-72. 

doi:10.1002/9781118528563.wbcbt28  

3. Tantiwong A. Erectile dysfunction: a presentation of sexual health problems. Siriraj Med J. 

2007;59(5):248-50.  

4. Yakubu MT, Akanji MA, Oladiji AT. Aphrodisiac potentials of the aqueous extract of Fadogia agrestis 

stem in male albino rats. Asian J Androl. 2005;7(4):399-404. doi:10.1111/j.1745-7262.2005.00052.x  

5. Magheli A, Burnett AL. Erectile dysfunction following prostatectomy: prevention and treatment. Nat 

Rev Urol. 2009;6(8):415-27. doi:10.1038/nrurol.2009.126  

6. Shamloul R, Ghanem H. Erectile dysfunction. Lancet. 2013;381(9861):153-65. doi:10.1016/S0140-

6736(12)60520-0  

7. Yafi FA, Jenkins L, Albersen M, Corona G, Isidori AM, Goldfarb S, et al. Erectile dysfunction. Nat Rev 

Dis Primers. 2016;2:16003. doi:10.1038/nrdp.2016.3  



Martin et al., Ethnopharmacological and Network Pharmacology Insights into Indonesian Native Plants for Erectile 

Dysfunction: Focus on Eurycoma longifolia-Mediated Testosterone Biosynthesis Pathways 

 

 

46 

8. Dilixiati D, Waili A, Tuerxunmaimaiti A, Tao L, Zebibula A, Rexiati M. Risk factors for erectile 

dysfunction in diabetes mellitus: a systematic review and meta-analysis. Front Endocrinol. 

2024;15:1368079. doi:10.3389/fendo.2024.1368079  

9. Sangiorgi G, Cereda A, Benedetto D, Bonanni M, Chiricolo G, Cota L, et al. Anatomy, pathophysiology, 

molecular mechanisms, and clinical management of erectile dysfunction in patients affected by coronary 

artery disease: a review. Biomedicines. 2021;9:432. doi:10.3390/biomedicines9040432  

10. Mills JN, Barqawi A, Koul S, Koul H, Meacham RB. The molecular basis of erectile dysfunction: from 

bench to bedside. Rev Urol. 2005;7(3):128-34.  

11. Kaya-Sezginer E, Celik A, Kirlangic OF. Elucidating the signaling pathways involved in erectile 

dysfunction. Curr Signal Transduct Ther. 2024;19(1):15-39. 

doi:10.2174/0115743624302323240522101746  

12. Kaltsas A, Zikopoulos A, Dimitriadis F, Sheshi D, Politis M, Moustakli E, et al. Oxidative stress and 

erectile dysfunction: pathophysiology, impacts, and potential treatments. Curr Issues Mol Biol. 

2024;46:8807-34. doi:10.3390/cimb46080521  

13. Mobley DF, Khera M, Baum N. Recent advances in the treatment of erectile dysfunction. Postgrad Med 

J. 2017;93(1105):679-85. doi:10.1136/postgradmedj-2016-134073  

14. Yang HZ, Xiong W, Li X, Jiang J, Jiang R. Low androgen status inhibits erectile function by upregulating 

mitochondrial-associated membrane proteins in rat corpus cavernosum. Andrology. 2022;10(6):997-

1007. doi:10.1111/andr.13188  

15. Mirone V, Fusco F, Rossi A, Sicuteri R, Montorsi F. Tadalafil and vardenafil vs sildenafil: a review of 

patient-preference studies. BJU Int. 2009;103(9):1212-17. doi:10.1111/j.1464-410X.2008.08267.x  

16. Singh R, Ali A, Gupta G, Semwal A, Jeyabalan G. Some medicinal plants with aphrodisiac potential: a 

current status. J Acute Dis. 2013;2(3):179-88. doi:10.1016/S2221-6189(13)60124-9  

17. Fauzi F, Widodo H, Haryanti S. Medicinal plants used as aphrodisiacs among Indonesian ethnic groups. 

Media Penelit Pengemb Kesehat. 2019;29(1):51-64. doi:10.22435/mpk.v29i1.466  

18. Prasetya F, Fricillia OZ, Bahar Z, Indriyanti N. Potential Indonesian medicinal plants as aphrodisiacs. 

Indones J Pharm Sci Technol. 2024;6(2):89-109.  

19. Bramantoro T, Irmalia WR, Santoso CMA, Mohd Nor NA, Utomo H, Ramadhani A, et al. The effect of 

caries on the chewing ability of children: a scoping review. Eur J Dent. 2023;17(4):1012-19. 

doi:10.1055/s-0042-1758066  

20. Wang D, Han D, Huang T, Zhou X, Xu Y. Efficacy and pharmacological mechanism of tanreqing 

injection in COPD with respiratory failure: a meta-analysis and network pharmacology study. Heliyon. 

2023;9:e13513. doi:10.1016/j.heliyon.2023.e13513  

21. Yang X, Tao Y, Xu R, Luo W, Lin T, Zhou F, et al. Active components and mechanism of Rubia 

cordifolia in nasopharyngeal carcinoma: network pharmacology and experimental verification. Heliyon. 

2023;9:e17078. doi:10.1016/j.heliyon.2023.e17078  

22. Ahmad Tajuddin S, Latif A, Qasmi IA, Amin KMY. Sexual function improving effect of Myristica 

fragrans: an experimental study. BMC Complement Altern Med. 2005;5:16. doi:10.1186/1472-6882-5-

16  

23. Semenya SS, Potgieter MJ. Ethnobotanical survey of plants used to treat erectile dysfunction in Limpopo, 

South Africa. J Med Plants Res. 2013;7(7):349-57. doi:10.5897/JMPR12.499  

24. Adnan M, Ullah I, Tariq A, Murad W, Azizullah A, Khan AL, et al. Ethnomedicine use in northwest 

Pakistan. J Ethnobiol Ethnomed. 2014;10:16. doi:10.1186/1746-4269-10-16  

25. Daswani PG, Ghadge AA, Brijesh S, Birdi TJ. Preparation of decoction of medicinal plants: a self-help 

measure? J Altern Complement Med. 2011;17(11):1099-100. doi:10.1089/acm.2011.0217  

26. Husain F, Yuniati E, Arsi AA, Wicaksono H, Wahidah BF. Ethnobotanical knowledge on jamu herbal 

drink among consumers in Semarang. IOP Conf Ser Earth Environ Sci. 2021;743:012019. 

doi:10.1088/1755-1315/743/1/012019  

27. Torri MC. The JAMU system in Indonesia: linking small-scale enterprises, traditional knowledge and 

social empowerment. J Int Womens Stud. 2012;13(1):32.  

28. Laplante J. Becoming-Plant: Jamu in Java, Indonesia. Plants Heal. 2016:17-65. doi:10.1007/978-3-319-

48088-6_2  



Martin et al., Ethnopharmacological and Network Pharmacology Insights into Indonesian Native Plants for Erectile 

Dysfunction: Focus on Eurycoma longifolia-Mediated Testosterone Biosynthesis Pathways 

 

 

47 

29. Zanoli P, Zavatti M, Montanari C, Baraldi M. Influence of Eurycoma longifolia on copulatory activity 

of male rats. J Ethnopharmacol. 2009;126(2):308-13. doi:10.1016/j.jep.2009.08.021  

30. Ang HH, Cheang HS. Effects of Eurycoma longifolia on levator ani muscle in rats. Arch Pharm Res. 

2001;24(5):437-40. doi:10.1007/BF02975191  

31. Chiou WF, Wu TS. 9-hydroxycanthin-6-one induces penile erection and delays ejaculation. J Sex Med. 

2012;9(4):1027-36. doi:10.1111/j.1743-6109.2011.02296.x  

32. Ang HH, Sim MK. Eurycoma longifolia enhances libido in male rats. Exp Anim. 1997;46(4):287-90. 

doi:10.1538/expanim.46.287  

33. Tambi MIBM, Imran MK, Henkel RR. Eurycoma longifolia as testosterone booster in late-onset 

hypogonadism. Andrologia. 2012;44 Suppl 1:226-30. doi:10.1111/j.1439-0272.2011.01168.x  

34. Nayim P, Mbaveng AT, Ntyam AM, Kuete V. Toxicity evaluation of Imperata cylindrica extract. BMC 

Complement Med Ther. 2020;20:273. doi:10.1186/s12906-020-03064-6  

35. Oliveira CH, Moraes MEA, Moraes MO, Bezerra FAF, Abib E, De Nucci G. Clinical toxicology of an 

herbal extract (Catuama) in healthy volunteers. Phytother Res. 2005;19(1):54-7. doi:10.1002/ptr.1484 

36. Qureshi S, Shah AH, Tariq M, Ageel AM. Studies on herbal aphrodisiacs used in Arab system of 

medicine. Am J Chin Med. 1989;17(1-2):57-63. doi:10.1142/S0192415X89000103  

37. Kim HJ, Ko JW, Cha SB, Heo HS, Seo JH, Cha MJ, et al. Evaluation of 13-week repeated oral dose 

toxicity of Areca catechu in rats. Food Chem Toxicol. 2018;114:41-51. doi:10.1016/j.fct.2018.02.015  

38. Mutheeswaran S, Pandikumar P, Chellappandian M, Ignacimuthu S. Documentation and quantitative 

analysis of medicinal plant knowledge among Siddha healers in Tamil Nadu, India. J Ethnopharmacol. 

2011;137(1):523-33. doi:10.1016/j.jep.2011.06.003  

39. Ebrahimpour N, Khazaneha M, Mehrbani M, Rayegan P, Raeiszadeh M. Efficacy of herbal-based syrup 

on male sexual experiences: a double-blind randomized clinical trial. J Tradit Complement Med. 

2021;11(2):103-8. doi:10.1016/j.jtcme.2020.01.004  

40. Kim TH, Jeon SH, Hahn EJ, Paek KY, Park JK, Youn NY, et al. Effects of tissue-cultured mountain 

ginseng extract on erectile dysfunction. Asian J Androl. 2009;11(3):356-61. doi:10.1038/aja.2008.32  

41. Arjadi F, Kurniawan DW, Wibowo Y, Siswandari W, Rujito L. Acute toxicity of purwoceng ethanolic 

extract in rats. Molekul. 2019;14(2):117-25. doi:10.20884/1.jm.2019.14.2.542  

42. Syska K, Nurhayati AD, Ropiudin. Characteristics and antioxidant activity of dried purwoceng as 

functional food. J Basic Sci Technol. 2023;12(1):1-11.  

43. Kanjanapothi D, Panthong A, Lertprasertsuke N, Taesotikul T, Rujjanawate C, Kaewpinit D, et al. 

Toxicity of Kaempferia galanga rhizome extract. J Ethnopharmacol. 2004;90(2-3):359-65. 

doi:10.1016/j.jep.2003.10.020  

44. Mahaldar K, Hossain A, Islam F, Islam S, Islam MA, Shahriar M, et al. Antioxidant and hepatoprotective 

activity of Piper retrofractum. Nat Prod Res. 2020;34(22):3219-25. 

doi:10.1080/14786419.2018.1550768  

45. Farjad E, Momeni HR. Silymarin ameliorates oxidative stress in cadmium-treated mice. Cell J. 

2018;20(3):422-6. doi:10.22074/cellj.2018.5355  

46. Onyije FM, Nwanze MC, Alade GO, Alade TO, Mgbere OO, Okpora CK. Mimosa pudica protects testes 

against cadmium-induced damage. Pathophysiology. 2018;25(3):293-7. 

doi:10.1016/j.pathophys.2018.04.005  

47. Tolouei S, da Silva GN, Curi TZ, Passoni MT, Ribeiro D, Meldola HG, et al. Effects of Talinum 

paniculatum extract on toxicity and pubertal development in rats. Hum Exp Toxicol. 2021;40(1):124-35. 

doi:10.1177/0960327120945756  

48. Ezzat SM, Okba MM, Ezzat MI, Aborehab NM, Mohamed SO. Rho-kinase II inhibitory potential of 

Eurycoma longifolia. Evid Based Complement Alternat Med. 2019;2019:4341592. 

doi:10.1155/2019/4341592  

49. Susilowati A, Rachmat HH, Elfiati D, Hasibuan MH. Plant diversity in Eurycoma longifolia habitat in 

Indonesia. Biodiversitas. 2019;20(2):413-8. doi:10.13057/biodiv/d200215  

50. Rehman SU, Choe K, Yoo HH. Review on Eurycoma longifolia: uses, chemistry, pharmacology and 

toxicology. Molecules. 2016;21(3):331. doi:10.3390/molecules21030331  

51. Luu-The V, Labrie F. Intracrine sex steroid biosynthesis pathways. Prog Brain Res. 2010;181:177-92. 

doi:10.1016/S0079-6123(08)81010-2  



Martin et al., Ethnopharmacological and Network Pharmacology Insights into Indonesian Native Plants for Erectile 

Dysfunction: Focus on Eurycoma longifolia-Mediated Testosterone Biosynthesis Pathways 

 

 

48 

52. Ghayee HK, Auchus RJ. Human steroid hormone biosynthesis: concepts and developments. Rev Endocr 

Metab Disord. 2007;8(4):289-300. doi:10.1007/s11154-007-9052-2  

53. Hussein S, Rusli I, Kiong LPA. Chemical constituents and medicinal uses of Eurycoma longifolia. J Trop 

Med Plants. 2007;8:103-10.  

54. Low BS, Choi SB, Abdul Wahab H, Das PK, Chan KL. Eurycomanone increases spermatogenesis via 

enzyme inhibition. J Ethnopharmacol. 2013;149(1):201-7. doi:10.1016/j.jep.2013.06.023  

55. Jayusman PA, Mohamed IN, Thu HE, Shuid AN. Effect of Eurycoma longifolia on sexual behavior: a 

systematic review. Int J Pharm Pharm Sci. 2017;9(12):46-52. doi:10.22159/ijpps.2017v9i12.21812  

56. Low BS, Das PK, Chan KL. Quassinoid-rich Eurycoma extract improves spermatogenesis and fertility. 

J Ethnopharmacol. 2013;145(3):706-14. doi:10.1016/j.jep.2012.11.013  

57. Mardawani M, Wijayanuddin AM, Adnan R, Arshad A. Extraction parameters affecting yield of 

Eurycoma bioactives. J Teknol. 2013;60:51-7. doi:10.11113/jt.v60.1441  

58. Langarizadeh MA, Salary A, Tavakoli MR, Nejad BG, Fadaei S, Jahani Z, et al. Erectile dysfunction: 

current strategies and future approaches. Sex Med Rev. 2023;11(2):253-67. 

doi:10.1093/sxmrev/qead014  

59. Talbott SM, Talbott JA, George A, Pugh M. Effect of Tongkat Ali on stress hormones and mood. J Int 

Soc Sports Nutr. 2013;10:28. doi:10.1186/1550-2783-10-28  

60. Sheweita S, Salama B, Hassan M. Erectile dysfunction drugs and oxidative stress in rat liver. Toxicol 

Rep. 2015;2:933-8. doi:10.1016/j.toxrep.2015.06.002  

61. Zhu H, Chen S, Ye Q, Lin W, Li T, Xu Z, et al. Dietary antioxidant index and erectile dysfunction. Sci 

Rep. 2024;14:21230. doi:10.1038/s41598-024-72157-w  

62. Taskiran M, Dogan K. Inflammatory response and oxidative stress in erectile dysfunction. J Sex Med. 

2023;20(4):591-6. doi:10.1093/jsxmed/qdad037  

63. Ramasamy R, Bhattacharyya S, Kohn TP, Miller LE. Antioxidant supplementation for erectile 

dysfunction: systematic review and meta-analysis. World J Mens Health. 2024;42. 

doi:10.5534/wjmh.230280  

64. Tran TVA, Malainer C, Schwaiger S, Atanasov AG, Heiss EH, Dirsch VM, et al. NF-κB inhibitors from 

Eurycoma longifolia. J Nat Prod. 2014;77(3):483-8. doi:10.1021/np400701k  

65. Dilixiati D, Kadier K, Laihaiti D, Lu JD, Azhati B, Rexiati M. Sexual dysfunction and prostate cancer: 

a meta-analysis. J Sex Med. 2023;20(2):184-93. doi:10.1093/jsxmed/qdac025  

66. Wu F, Xiong ZQ, Mao SH, Hu JM, Wang JQ, Jiang HW, et al. Aldosterone induces inflammatory 

cytokines via NF-κB pathway. Asian J Androl. 2018;20(1):24-9. doi:10.4103/aja.aja_8_17  

67. Leroy V, De Seigneux S, Agassiz V, Hasler U, Rafestin-Oblin ME, Vinciguerra M, et al. Aldosterone 

activates NF-κB in collecting duct. J Am Soc Nephrol. 2009;20(1):131-44. 

doi:10.1681/ASN.2008020232  

68. Zhao Y, Liu X, Qu Y, Wang L, Geng D, Chen W, et al. Roles of MAPK and NF-κB pathways in 

testosterone reduction. Sci Rep. 2019;9:10556. doi:10.1038/s41598-019-46794-5  

69. Giugliano F, Esposito K, Di Palo C, Ciotola M, Giugliano G, Marfella R, et al. Erectile dysfunction and 

inflammatory cytokines in obese men. J Endocrinol Invest. 2004;27(7):665-9. doi:10.1007/BF03347500  

70. Fazio L, Brock G. Erectile dysfunction: management update. CMAJ. 2004;170(9):1429-37. 

doi:10.1503/cmaj.1020049 

 


