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Abstract: Colorectal cancer (CRC) is a major public health concern in Saudi Arabia, with rising 

incidence rates and limited treatment responsiveness in advanced stages. This review presents an in-

depth analysis of preclinical and experimental research conducted within the region, focusing on 

natural products and synthetic compounds with therapeutic potential. Plant-derived extracts, marine 

bioactives, and engineered molecules have shown efficacy in inducing apoptosis, arresting the cell 

cycle, and modulating critical signaling pathways in CRC models. Additionally, novel 

nanotechnology-based delivery systems and combination therapies are emerging as promising 

approaches to overcome drug resistance and improve treatment precision. This review highlights 

translational research directions and underscores the need for clinical validation of these compounds 

to enhance CRC management and patient outcomes in Saudi Arabia. 

Keywords: colorectal cancer; Saudi Arabia; natural products; synthetic compounds; therapeutic 

strategies; nanotechnology; chemoresistance 

 

1. Study Aims 

This review aims to deliver an in-depth and critically evaluated synthesis of colorectal cancer 

(CRC) research in Saudi Arabia, highlighting the emerging therapeutic promise of both natural 

bioactives and synthetic compounds. By examining recent preclinical advancements, this study 

identifies novel molecular targets, innovative drug candidates, and multimodal treatment 

approaches tailored to regional disease patterns. Emphasis is placed on the translational relevance of 

these findings, including their potential to overcome chemoresistance, enhance efficacy, and improve 

patient-centered outcomes. Furthermore, this analysis underscores the need for clinical trials to 

validate safety and therapeutic impact, paving the way for integrative, evidence-based CRC 

management strategies in the region. 

2. Introduction 

Colorectal cancer (CRC) is a significant global health concern, ranking among the leading causes 

of cancer-related mortality [1]. Recent worldwide cancer data indicate roughly 1.9 million new cases 

of CRC each year, highlighting its enormous contribution to global health burdens [2]. In Saudi 

Arabia, CRC is notably predominant among male populations and ranks third among women, with 

increasing rates observed in younger demographics [2]. These alarming trends highlight the need for 
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enhanced prevention and innovative therapeutic approaches tailored to regional epidemiological 

profiles. 

The pathogenesis of CRC involves a complex interplay of genetic predispositions, 

environmental exposures, and lifestyle behaviours such as excess weight, tobacco use, and physical 

inactivity [3]. Despite advancements in conventional treatments like chemotherapy and targeted 

therapies, challenges persist, including drug resistance, toxicity, and high recurrence rates [4,5]. These 

limitations have prompted exploration into alternative therapeutic strategies, notably 

Immunotherapies such as Immune checkpoint inhibitors, chimeric antigen receptor (CAR)-T cell 

therapies, and CRC-specific vaccines, which aim to enhance treatment efficacy and overcome 

resistance mechanisms [6]. 

Natural products derived from plants, marine life, and microorganisms have emerged as 

promising candidates in CRC treatment due to their diverse bioactive properties, including anti-

inflammatory, cytotoxic, and apoptosis-inducing activities [7]. Key bioactive compounds like 

Alkaloids, flavonoids, and terpenes have demonstrated notable anti-cancer effects across various 

biological [8,9]. In parallel, the development of synthetic compounds, including small-molecule 

inhibitors and targeted therapies, has opened new avenues for CRC management [10]. The strategic 

combination of natural and synthetic compounds presents a multi-targeted approach to enhance 

therapeutic efficacy and reduce resistance. 

Research efforts in Saudi Arabia have increasingly focused on evaluating plant-based extracts, 

marine bioactives, and synthetic molecules for their anti-CRC potential. Notable examples include 

Nigella sativa, Moringa oleifera, and various marine-derived metabolites, which have demonstrated 

anti-cancer activities, through apoptosis, cell cycle arrest, and suppression of key signalling 

pathways. Specifically, Nigella sativa has been observed to inhibit NF-κB and AP-1 pathways, while 

extracts from Moringa oleifera are known to trigger G2/M phase arrest and promote programmed 

cell death. Additionally, bioactive substances isolated from marine environments have been linked 

to overcoming Multidrug resistance in cancer cells [7,11]. Recent studies have also highlighted the 

marine bacterium Halomonas meridiana as an exceptional producer of L-glutaminase, an enzyme 

capable of depriving colorectal adenocarcinoma cells of L-glutamine, a critical nutrient for tumour 

growth. Experimental findings revealed that L-glutaminase significantly reduced cell viability in 

CRC lines such as (LS 174 T and HCT 116), inducing apoptosis at multiple stages. These discoveries 

underscore the therapeutic potential of marine-derived bioactives in CRC management, suggesting 

a valuable expansion of natural product-based interventions [12]. 

Beyond natural compounds, synthetic drugs have been strategically designed to interfere with 

specific biochemical pathways involved in colorectal cancer progression. Among them, compounds 

4 and 16 have demonstrated notable cytotoxic effects against colorectal cancer (HCT116) cell lines, 

positioning them as promising candidates for the development of new therapeutic agents [13]. 

Furthermore, Synthetic benzoxazole derivatives have exhibited both antimicrobial and anticancer 

properties, reinforcing their potential utility in CRC treatment. 

Nanotechnology has revolutionized modern medicine by significantly enhancing drug delivery 

mechanisms and boosting the therapeutic efficacy of anticancer agents. In colorectal cancer therapy, 

nanoparticles are employed to improve site-specific drug targeting, enhance multimodal treatment 

strategies, and effectively combat drug resistance and metastatic progression [14]. Despite its 

therapeutic potential, nanotechnology presents challenges, including concerns about toxicity, long-

term safety, and the complexity of large-scale manufacturing. Nevertheless, the integration of 

nanotechnology-based drug delivery systems in colorectal cancer management has the potential to 

optimize the clinical utility of both natural and synthetic therapeutics, reducing systemic toxicity 

while maximizing therapeutic precision [15]. 

This review aims to deliver an in-depth and critically evaluated synthesis of colorectal cancer 

(CRC) research in Saudi Arabia, highlighting the emerging therapeutic promise of both natural 

bioactives and synthetic compounds. This study identifies novel molecular targets, innovative drug 

candidates, and multimodal treatment approaches tailored to regional disease patterns by examining 
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recent preclinical advancements. Emphasis is placed on the translational relevance of these findings, 

including their potential to overcome chemoresistance, enhance efficacy, and improve patient-

centered outcomes. Furthermore, this analysis underscores the need for clinical trials to validate 

safety and therapeutic impact, paving the way for integrative, evidence-based CRC management 

strategies in the region. 

3. Natural Products and Their Application 

Natural products have emerged as potent therapeutic candidates in colorectal cancer (CRC) 

treatment due to their broad spectrum of bioactive compounds with anti-inflammatory properties. 

In Saudi Arabia, several studies have focused on plant-derived extracts and marine bioactives to 

explore their anti-CRC capabilities. This section discusses key findings from in vitro and in vivo 

studies conducted in the region. 

3.1. In Vitro Studies 

Nigella sativa (black seed) and crude saponin extract (CSENS): 

Nigella sativa, commonly known as black seed, has demonstrated significant anti-cancer effects 

against HCT116 colorectal cancer cells. Crude saponin extract (CSENS) derived from this plant 

exhibited anti-proliferative and apoptotic properties, primarily through the modulation of key 

signaling pathways, including NF-κB, AP-1, Nrf2, and Bax/Bcl-2 regulation [7]. These findings 

suggest that Nigella sativa may serve as an effective adjunct therapy for CRC. 

Olive leaf extract (Olea europaea): 

Olive leaf extract, rich in chlorogenic acid, has been shown to inhibit the growth and migration 

of HT29 colorectal cancer cells. Experimental data indicate that the extract induces DNA 

fragmentation, causes S-phase cell cycle arrest, and elevates reactive oxygen species (ROS) 

production, supporting its potential as an anti-cancer agent [16]. 

Ferula hermonis root extract (FHRH): 

The root hexane extract of Ferula hermonis demonstrated dose-dependent cytotoxicity against 

(LoVo) colon cancer cells. Mechanistic studies revealed that FHRH triggers apoptosis through 

caspase 3/7 activation and modulates gene expression involved in cell death pathways [17]. 

Flavonoids in colorectal cancer treatment: 

Flavonoids, a diverse group of polyphenolic compounds, are well-regarded for their anti-cancer 

potential due to their ability to promote apoptosis, inhibit proliferation, and modulate cellular 

pathways. Their high bioavailability and low toxicity profiles render them promising candidates for 

CRC therapy, encouraging further exploration into their therapeutic applications [8]. 

Green synthesized silver nanoparticles (AgNPs): 

The application of green synthesis for the development of silver nanoparticles (AgNPs) using 

Lasiurus scindicus and panicum turgidum seed extracts has been explored for its anticancer potential. 

Characterized through DLS and TEM techniques, these biosynthesized nanotechnology with 

phytochemicals marks a promising strategy for enhancing CRC treatment through improved 

delivery and reduced toxicity [18]. 

Selaginella repanda Ethanolic Extract: 

Ethanolic crude extract of Selaginella repanda has demonstrated potent anticancer effects against 

HCT116 cells in a manner that is both dose- and time-dependent. Phytochemical analysis identified 

the presence of key bioactive compounds, including flavonoids, alkaloids, terpenoids, and phenolics, 

contributing to its observed efficacy. Its favorable pharmacokinetics profile and low toxicity suggest 

potential for further development as a CRC therapeutic [19]. 

Sansevieria trifasciata Extract: 

The ethanolic extract of Sansevieria trifasciata leaves has been observed to selectively target 

HCT116 colorectal cancer cells, demonstrating higher cytotoxicity compared to normal colon 
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epithelial cells. The significantly low IC50 values indicate its potential as a safe and effective 

candidate for CRC treatment [20]. 

Tetraclinis articulata Essential Oil: 

Essential oil extracted from the trunk bark of Tetraclinis articulata displayed its moderate 

cytotoxic activity against SW620 colorectal carcinoma cells. The fractions with IC50 values below 30 

μg/mL were particularly active, primarily due to the presence of oxygenated sesquiterpenes, such as 

caryophyllene oxide and carotol [21]. 

Moringa oleifera Leaf and Bark Extracts: 

Extracts from leaf and bark of Moringa oleifera, collected from Saudi Arabia, have demonstrated 

promising anticancer activity against HCT-8 colorectal cancer cells. Experimental findings revealed 

a reduction in cell viability, induction of apoptosis, and G2/M phase cell cycle arrest. Phytochemical 

analysis using GC-MS identified eugenol and D-allose as the primary active components contributing 

to its anti-cancer properties [11]. 

Ziziphus nummularia Ethanolic Extract: 

The ethanolic extract of Ziziphus nummularia was found to exert strong anti-cancer activity 

against HCT8 cells through mechanisms involving apoptosis and microtubule distribution. Luteolin-

7-O-glucoside, identified as a key active compound, was shown to inhibit tubulin polymerization, 

causing M-phase arrest. positioning this plant as a potential source for novel anticancer agents [22]. 

Rhazya stricta Alkaloid Extract (CAERS): 

Alkaloid extract from Rhazya stricta demonstrated significant inhibition of cell proliferation and 

induced apoptosis in HCT116 colorectal cancer cells. Mechanistic analysis indicated that CAERS 

downregulated NF-κB, AP-1, ERK MAPK pathways while enhancing the expression of pro-apoptotic 

markers p53, p21, Bax, and caspases, supporting its role as a promising chemotherapeutic agent [23]. 

In addition to specific plant extracts, alkaloids, a key class of phytoconstituents, have been 

intensively studied for their ability to promote ROS-mediated apoptosis in colon cancer cells. These 

chemicals increase intracellular ROS levels, alter redox equilibrium, and initiate apoptotic pathways 

that target factors like IGF-1, making them a viable therapeutic strategy with low toxicity to normal 

cells [24]. 

Table 1. In vitro studies of natural products against colorectal cancer cell lines, highlighting mechanisms of 

action and target pathways. 

Natural product Study type Target cell 

line(s) 

Key 

mechanism/findings 

Author  

Nigella sativa 

(CSENS extract) 

In vitro HCT116 Induced apoptosis 

via NF-κB, AP-1, Nrf2 

modulation; Bax/Bcl-

2 regulation 

Ayman I 

Elkady,2015 

Olive Leaf 

Extract 

(chlorogenic 

acid) 

In vitro HT29 Induced S-phase 

arrest, ROS 

generation, apoptosis 

Albogami, S., 

2021   

Ferula hermonis 

(FHRH extract) 

In vitro LoVo Caspase 3/7 

activation; apoptosis; 

bioactive compounds 

identified (Alpha-

Bisabolol, Baccatin 

III) 

Abutaha, N., 

Nasr;2019 

Flavonoids 

(general) 

In vitro Various colon 

cancer lines 

Promoted apoptosis, 

suppressed 

proliferation via 

multiple pathways 

Mariam 

Abotaleb,2018 
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AgNPs (Lasiurus 

scindicus and 

Panicum 

turgidum) 

In vitro HCT116 Green-synthesized 

nanoparticles showed 

cytotoxicity against 

cancer cells 

Alburae, N., 2024 

Selaginella 

repanda 

(ethanolic 

extract) 

In vitro HCT116 Induced apoptosis, 

dose/time dependent 

cytotoxicity, 

favorable 

pharmacokinetics 

Adnan, M., 2021 

Sansevieria 

trifasciata 

(ethanolic 

extract) 

IN VITRO HCT116 Selective cytotoxicity 

toward cancer cells, 

reduced IC50 vs. 

normal colon cells 

Afzal, S., 2024 

Tetraclinis 

articulata 

(essential oil) 

In vitro SW620 Moderate cytotoxicity 

(IC50 < 30 μg/mL), 

a�ributed to 

oxygenated 

sesquiterpenes 

(caryophyllene oxide, 

carotol) 

Jlizi S, 2021 

Moringa oleifera 

(leaf and bark 

extracts) 

In vitro HCT-8 Induced apoptosis, 

G2/M phase arrest, 

bioactive compounds 

(eugenol, D-allose) 

Abdulrahman 

Khazim Al-

Asmari,2015 

Ziziphus 

nummularia 

(ethanolic 

extract) 

In vitro HCT8 Apoptosis induction; 

microtubule 

disruption via 

luteolin-7-O-

glucoside 

Alghamdi, S.S., 

2024 

Rhazya stricta 

(CAERS extract) 

In vitro HCT116 Downregulated NF-

κB/AP-1; upregulated 

p53, caspase-3/7/9, 

Bax 

Elkady, A.I., 2016 

3.2. In Vivo Studies 

While extensive in vitro studies have demonstrated the potential of natural products against 

colorectal cancer (CRC), fewer in vivo studies have been conducted, particularly within Saudi Arabia. 

The following subsections detail the promising findings from animal models, emphasizing the anti-

tumor capabilities of various natural extracts. 

Ferula hermonis Root Extract (FHRH): 

Preclinical investigations have explored the anti-cancer properties of Ferula hermonis root extract 

in rodent models. In a DMBA-induced mammary tumor model, FHRH exhibited notable tumor-

suppressing activity, providing preliminary evidence for its potential use in CRC models. These 

findings encourage further exploration of Ferula hermonis in more CRC-specific in vivo settings to 

validate its therapeutic efficacy and safety [17]. 

Ferula assa-foetida OGR Extract: 

The oleo-gum-resin (OGR) extract of Ferula assa-foetida has been evaluated for its anti-tumor 

properties in a xenograft mouse model using HT-29 colorectal cancer cells. Treatment with this 

extract resulted in a marked reduction in tumor volume, underscoring its potential as a therapeutic 

agent for CRC [25]. This promising data supports further translational research to validate its 

mechanism of action and clinical relevance. 
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Arthrocnemum machrostachyum Methanolic Extract (AME): 

Methanolic extract of Arthrocnemum machrostachyum demonstrated strong anti-tumor activity in 

an Ehrlich solid tumor mouse model. Administration of AME significantly decreased tumor size, 

induced apoptosis, and regulated key apoptotic markers, including p53, Bax, and caspase-3. 

Additionally, anti-inflammatory effects were observed through the suppression of TNFα expression, 

highlighting its potential as an anticancer adjuvant [26]. 

Curcumin Supplementation in AOM-DSS Mouse Model: 

Curcumin, a well-known Curcuma longa, has been investigated for its chemopreventive effects 

in a high-protein diet (HPD)-fed, AOM-DSS-induced mouse model of CRC. Treatment with 

Curcumin led to a significant reduction in tumor multiplicity, attenuation of colonic inflammation, 

suppression of colonocyte proliferation, and decreased production of toxic metabolites. These 

findings support its role as a dietary chemopreventive agent, particularly in populations with high-

risk dietary patterns [27]. 

Table 2. In vivo studies on anti-tumor effects of natural products in colorectal cancer animal models. 

Natural products Study type Animal model Key 

mechanism/findings 

Author  

Ferula hermonis 

(FHRH extract) 

In vivo DMBA-

induced 

mammary 

tumor model 

(rodent) 

Induced apoptosis, 

reduced tumor size, 

identified bioactive 

compounds (Alpha-

Bisabolol, Baccatin 

III) 

Abutaha, N., 

Nasr;2019 

Ferula assa-foetida 

(OGR extract) 

In vivo HT-29 

xenograft 

mouse model 

Reduced tumor 

volume and induced 

apoptosis via PUMA, 

BIM, BIK, BAK 

upregulation 

Elarabany, 

N.,2023 

Arthrocnemum 

machrostachyum 

(AME extract) 

In vivo Ehrlich solid 

tumor (EST) 

model in mice 

Induced apoptosis, 

reduced tumor size, 

modulated apoptotic 

gene expression 

Sharawi, Z.W., 

2020 

Curcumin 

(Curcuma longa) 

In vivo AOM-DSS-

induced CRC 

in high-protein 

diet-fed mice 

Reduced tumor 

multiplicity, 

decreased 

inflammation, 

colonocyte 

proliferation, and 

toxic metabolites 

Byun, S.-Y., 

2015 

4. Synthetic Compounds and Their Application 

Recent advancements in colorectal cancer (CRC) research have highlighted the therapeutic 

potential of Synthetic and semi-synthetic compounds. These engineered molecules are specifically 

designed to target critical signaling pathways involved in CRC development, metastasis, and 

treatment resistance. Notably, synthetic compounds have demonstrated capabilities in inhibiting 

pathways such as EGFR, COX-2, and β-catenin, while also enhancing the efficacy of traditional 

chemotherapies. 

4.1. In Vitro Study 

Phenolic acid derivatives (C1-C4,P1-P4,G1-G4): 
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A series of semi-synthetic derivatives originating from phenolic acids in Amaranthus spinosus 

have been developed to act as dual inhibitors of EGFR and COX-2. Among the synthesized 

compounds, C4 and G4 exhibited significant cytotoxic effects against HT-29 colorectal cancer cells, 

achieving IC₅₀ values of 0.9 μM for EGFR and 0.5 μM for COX-2, respectively. These findings 

highlight their potential as dual-target inhibitors in CRC therapy [28]. 

Silver Nanoparticles from Chamomile Flower Extract (SN-CHM): 

Biogenic synthesis of Silver nanoparticles (SN-CHM) using Chamomile flower extract has 

emerged as a novel anticancer approach. These nanoparticles exhibited stable morphology (~115 nm), 

negative surface charge, and antioxidant properties. In vitro studies demonstrated significant 

cytotoxicity against SW620 and HT-29 colorectal cancer cells, suggesting their potential as eco-

friendly and effective anticancer agents [29]. 

Withaferin-A and 5-Fluorouracil Combination: 

Combining withaferin-A (WA), a natural steroidal lactone, with 5-fluorouracil (5-FU) 

demonstrated enhanced anti-cancer efficacy in colorectal cancer cells. This combination effectively 

induced apoptosis through ER stress-mediated mechanisms, downregulated β-catenin signaling, and 

triggered G2/M cell cycle arrest. These results indicate a synergistic interaction, potentially 

overcoming resistance barriers in CRC treatment [30]. 

Myricetin-Conjugated Silver Nanoparticles: 

The conjugation of the natural flavonoid Myricetin with silver nanoparticles has been explored 

for its enhanced cytotoxic effects against CRC cells. Characterization confirmed successful 

nanoparticle synthesis, with notable morphological changes and apoptosis observed in cancer cell 

lines. These findings suggest that nanotechnology-based delivery of myricetin may improve its 

therapeutic efficacy [31]. 

Adansonia digitata Polar Extract: 

The polar extract of Adansonia digitata (baobab) fibers has been reported to possess significant 

anti-proliferative effects against HCT116 colorectal cancer and MCF-7 breast cancer cells. Mechanistic 

studies revealed its capacity to modulate gene expression linked to tumor growth suppression, 

marking it as a promising candidate for further exploration in CRC therapy [32]. 

Green-Synthesized Cobalt Oxide Nanoparticles: 

Phytochemical synthesis of cobalt oxide nanoparticles using Psidium guajava leaf extract 

demonstrated potent anti-cancer effects against HCT116 colorectal and MCF-7 breast cancer cells, 

with minimal toxicity to normal cells. This suggests that green-synthesized nanoparticles could be 

effective, sustainable alternatives in CRC treatment [33]. 

Oxazole Derivatives: 

A novel series of oxazole derivatives has shown anti-proliferative effects against HCT116 

colorectal cancer cells, with compound 14 emerging as the most effective (IC₅₀ = 71.8 μM). These 

findings indicate the therapeutic potential of oxazole analogs as novel anti-cancer agents [13]. 

Camptothecin-Encapsulated Nanocarriers (CEF): 

To enhance its bioavailability and therapeutic effectiveness, Camptothecin (CPT) has been 

encapsulated within a cyclodextrin-EDTA-Fe₃O₄ (CEF) composite nanoparticle. This innovative 

formulation has demonstrated dose-dependent cytotoxicity against HT29 colorectal cancer cells, 

primarily through caspase-3-mediated apoptosis and G1 phase cell cycle arrest. The application of 

magnetic nanocarriers in this manner not only improves solubility but also enables targeted delivery, 

reducing systemic toxicity and enhancing anti-cancer efficacy [34]. 

Sipholenol A Derivatives for MDR Reversal: 

The emergence of multidrug resistance (MDR) in colorectal cancer remains a significant 

therapeutic challenge. Semi-synthetic derivatives of Sipholenol A, including 4-O-acetate and 4-O-

isonicotinate, have shown the ability to overcome P-glycoprotein-mediated MDR. These derivatives 

enhance intracellular drug accumulation by stimulating ATPase activity and displaying strong 

docking interactions with P-glycoprotein (P-gp), a key efflux transporter involved in 
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chemoresistance. This highlights their potential as effective agents for reversing MDR in CRC and 

other cancers [35]. 

Table 3. In vitro studies of synthetic and semi-synthetic compounds in colorectal cancer treatment, with target 

cell lines and key outcomes. 

Compound 

 

Study type Target cell lines 

(s) 

Key findings Author 

 

C4, G4 (semi-

synthetic 

derivatives) 

In vitro HT-29 (CRC), 

PaCa-2, A375, H-

460, Panc-1 

Dual EGFR and 

COX-2 inhibition; 

potent 

cytotoxicity 

Abdelgawad, 

M.A., 2021 

Silver 

nanoparticles 

using Chamomile 

(SN-CHM) 

In vitro SW620, HT-29 

(CRC) 

Induced 

apoptosis via 

BAX 

upregulation; 

reduced cell 

viability 

Abdellatif, A. a. 

H., 2023 

Withaferin-A + 5-

FU (combination 

therapy) 

In vitro CRC cell lines 

(specific lines not 

detailed) 

Induced ER 

stress-mediated 

apoptosis and 

autophagy; β-

catenin 

inhibition; G2/M 

arrest 

Alnuqaydan, 

A.M., 2020 

Myricetin-

conjugated silver 

nanoparticles 

In vitro and In 

silico 

CRC cell lines Induced 

apoptosis; 

confirmed 

cytotoxicity; 

supported by 

TCGA analysis 

Anwer, S.T., 2022 

Polar extract of 

Adansonia digitata 

fibers 

In vitro HCT116 (CRC), 

MCF-7 

Inhibited 

proliferation; 

modulated gene 

expression 

including 

CSNK2A3 and 

FGD3 

El-Masry, O.S., 

2021 

Cobalt oxide 

nanoparticles 

(green synthesis 

from Psidium 

guajava) 

In vitro HCT116 (CRC), 

MCF-7 

Reduced cancer 

cell viability; 

antibacterial and 

photocatalytic 

properties 

Govindasamy, 

R., 2022 

Oxazole 

analogues 

(compound 14) 

In vitro HCT116 (CRC) Antiproliferative 

activity (IC₅₀ = 

71.8 μM); strong 

CDK8 binding 

(molecular 

docking) 

Kakkar, S., 2018 

Camptothecin-

CEF 

nanocomposite 

In vitro HT29 (CRC), 

A549 

Improved CPT 

delivery; induced 

apoptosis via 

Krishnan, P., 

2017 
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caspase-3; G1 

phase arrest 

Sipholenol A-4-

O-acetate, 

Sipholenol A-4-

O-isonicotinate 

In vitro P-gp-

overexpressing 

cancer cell lines 

Reversed MDR 

by inhibiting P-

gp efflux; 

increased 

paclitaxel 

retention 

Zhang, Y., 2015 

4.2. In Vivo Study 

To evaluate the translational potential of synthetic compounds in colorectal cancer (CRC) 

therapy, several in vivo models have been employed to investigate their efficacy, mechanisms of 

action, and impact on tumor progression. The following studies highlight key findings that 

underscore their promise in CRC treatment. 

[V4Q5]dDAVP in Combination with 5-FU: 

[V4Q5]dDAVP, a synthetic analog of vasopressin targeting AVPR2 receptors, has been studied 

for its ability to enhance the anticancer effects of low-dose 5-fluorouracil (5-FU) in colorectal cancer 

models. In both CT-26 murine and COLO-205 human xenografts, the combination therapy 

significantly inhibited tumor growth, promoted apoptosis, and reduced lung metastasis. 

Mechanistically, this enhancement was linked to increased expression of p21 and p53, suggesting 

that [V4Q5]dDAVP could be an effective co-adjuvant in CRC therapy [36]. 

Zotarolimus as a Co-Adjuvant Therapy: 

Zotarolimus, a semi-synthetic inhibitor of the mammalian target of rapamycin (mTOR), 

demonstrated marked anti-tumor effects in HCT-116 colorectal cancer xenograft models. When 

administered alone or in combination with 5-FU, it led to significant reductions in tumor volume and 

enhanced apoptotic signaling through cleaved caspase-3 and ERK pathways. Additionally, it 

downregulated key inflammatory and metastasis-associated proteins, highlighting its potential as a 

co-adjuvant in CRC management [37]. 

IMF-8 (Iminoflavone Derivative): 

IMF-8, a semi-synthetic derivative of iminoflavone, has been evaluated for its chemopreventive 

properties in a DMH-induced colorectal cancer rat model. Its administration resulted in a reduction 

of aberrant crypt foci, a decrease in polyp formation, and the modulation of oxidative stress markers 

such as catalase and GSH. Furthermore, it downregulated pro-inflammatory cytokines (TNF-α, IL-

6), indicating its protective role in CRC prevention [38]. 

WNT974 and Artesunate (ART) Combination Therapy: 

The combination of WNT974, a porcupine inhibitor, with artesunate (ART), a semi-synthetic 

artemisinin derivative, demonstrated significant anti-cancer activity in CRC xenograft models. This 

therapeutic pairing promoted the degradation of KRAS via the ubiquitin-proteasome pathway, 

upregulated E3 ligases (ANAPC2, β-TrCP), and inhibited PI3K/Akt/mTOR signaling. These findings 

position the dual therapy as a promising strategy for targeting KRAS-driven colorectal cancers [39]. 

Potassium Koetjapate (KKA): 

Potassium koetjapate (KKA), a semi-synthetic derivative of koetjapic acid, showed substantial 

anti-tumor activity in HCT116 colorectal cancer models. KKA was found to suppress tumor 

progression by downregulating anti-apoptotic markers (HSP60, Bcl-2, IGF-1) and upregulating 

apoptotic pathways through caspase activation and TRAIL receptors. Additionally, it inhibited key 

signaling pathways, including MAPK, Notch, and Wnt, indicating its multi-targeted mechanism in 

CRC treatment [40]. 

20(S)-Protopanaxadiol (PPD): 

20(S)-Protopanaxadiol (PPD), a metabolite of ginsenosides, has demonstrated robust anti-cancer 

effects in HCT116 xenograft models. Treatment with PPD significantly reduced tumor volume and 

cell proliferation by inhibiting NF-κB, JNK, and MAPK/ERK pathways. Further mechanistic studies 
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revealed its ability to downregulate PITPNA and upregulate AKAP8L, highlighting its potential as a 

multi-targeted therapeutic agent in CRC [41]. 

Table 4. In vivo evaluation of synthetic compounds in animal models for colorectal cancer, including tumor 

inhibition and molecular effects. 

Compound Study type Animal model Key findings Author  

[V4Q5]dDAVP + 

5-FU 

In vivo CT-26 and 

COLO-205 

tumor-bearing 

mice 

Enhanced 5-FU 

efficacy; inhibited 

tumor growth 

and metastasis; 

increased 

survival 

Sobol, N.T., 2023 

Zotarolimus ± 5-

FU 

In vivo HCT-116 

xenograft in 

BALB/c nude 

mice 

Reduced tumor 

growth; 

enhanced 

apoptosis; 

downregulated 

EGFR, COX-2, 

VEGF 

Chang, G.-R., 

2021 

IMF-8 (semi-

synthetic 

iminoflavone) 

In vivo DMH-induced 

CRC in rats 

Reduced ACFs 

and 

inflammation; 

increased 

antioxidant 

enzymes 

Prasad, V.G., 

2014 

WNT974 + 

Artesunate (ART) 

In vivo CRC xenograft 

mouse model 

Promoted KRAS 

degradation; 

suppressed 

PI3K/Akt/mTOR; 

enhanced 

antitumor effect 

Gong, R.-H., 

2022 

Potassium 

koetjapate (KKA) 

In vivo HCT116 

xenograft in 

nude mice 

Induced 

apoptosis via 

TRAILR-caspase 

axis; suppressed 

tumor growth 

and metastasis 

Jafari, S.F., 2024 

20(S)-

Protopanaxadiol 

(PPD) 

In vivo HCT116 

xenograft in 

nude mice 

Inhibited tumor 

growth; 

suppressed NF-

κB, JNK, 

MAPK/ERK; 

regulated 

PITPNA, 

AKAP8L 

Gao, J.-L., 2013 

5. Clinical Application 

The clinical management of colorectal cancer (CRC) remains a significant challenge due to its 

high recurrence rates and resistance to conventional chemotherapy. To address these challenges, 

research has increasingly focused on both natural products and synthetic compounds that 
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demonstrate promising anticancer properties. These therapeutic agents not only exhibit potent anti-

tumor activity in preclinical models but also hold potential for translation into clinical settings. 

5.1. Natural Products in Clinical Applications 

Natural products have long been integral to cancer drug development due to their broad 

biological activities and minimal toxicity profiles. In Saudi Arabia, extensive research has been 

conducted on plant-derived extracts such as Nigella sativa, Moringa oleifera, Ferula hermonis, Curcuma 

longa, and Rhazya stricta for their anti-CRC properties. 

For instance, Nigella sativa demonstrated the ability to modulate apoptotic pathways and 

suppress NF-κB and AP-1 signaling, making it a potential adjunctive therapy for CRC management 

[7]. Moringa oleifera extracts collected from the Saudi Arabian region exhibited significant apoptosis 

induction and cell cycle arrest in HCT-8 cells, supporting its use as a complementary treatment option 

[11]. 

The therapeutic potential of marine-derived chemicals, such as L-glutaminase from Halomonas 

meridiana, represents a novel clinical approach by denying cancer cells of vital nutrients like L-

glutamine [12]. 

Similarly, silver nanoparticles derived from Lasiurus scindicus and Panicum turgidum showed 

robust anti-proliferative activity against HCT116 cells, demonstrating the potential of nanoparticle-

based natural products to improve chemotherapeutic efficacy [18]. 

5.2. Synthetic Compounds and Clinical Relevance 

Synthetic and semi-synthetic chemicals have emerged as significant players in CRC therapy, 

targeting specific cancer pathways and improving therapeutic outcomes. Compounds such as C4 and 

G4, dual inhibitors of EGFR and COX-2, have demonstrated considerable suppression of CRC cell 

growth [28]. The combination of Withaferin-A and 5-FU was found to eliminate chemoresistance via 

ER stress-mediated apoptosis, whilst oxazole derivatives effectively targeted CDK8 in HCT116 cells, 

suggesting a novel class of anti-cancer medicines [30]. In vivo models have proven the therapeutic 

promise of synthetic drugs such as Zotarolimus, a semi-synthetic mTOR inhibitor, and V4Q5dDAVP, 

which improved 5-FU efficacy in CRC-bearing mice by inhibiting tumor growth and metastasis [36]. 

Potassium koetjapate (KKA) and 20(S)-Protopanaxadiol (PPD) inhibited tumors via apoptosis 

induction and pathway modification, indicating their potential as therapeutic candidates [40]. 

Furthermore, the combination of WNT974 and artesunate (ART) successfully degraded KRAS protein 

in CRC animals, targeting one of the most difficult targets in colorectal cancer treatment [39]. 

These findings imply that synthetic and semi-synthetic drugs not only improve chemotherapy 

efficacy but also have distinct mechanisms of action that target cancer-specific pathways, easing their 

transition to clinical testing. 

5.3. Translation to Clinical Settings 

While preclinical discoveries are intriguing, the translation of these natural and synthetic 

medicines to clinical settings requires careful examination. Clinical trials that test their safety, 

effectiveness, and appropriate dose are crucial to establish their therapeutic advantages. 

In Saudi Arabia, focusing more on clinical trials for plant-derived medicines and synthetic 

analogs could pave the way for new CRC therapeutics, perhaps lowering the burden of 

chemotherapy resistance and improving patient outcomes. 

Furthermore, nanotechnology-based delivery systems are emerging as revolutionary platforms 

for improving the bioavailability and targeted distribution of these medicines, hence increasing their 

clinical utility. Combining these novel medicines with existing treatment methods has the potential 

to alter CRC management and increase patient survival rates. 
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6. Limitation 

While this study provides a thorough assessment of natural products and synthetic analogs for 

the treatment of colorectal cancer (CRC), some limitations must be addressed. While this study 

provides a comprehensive evaluation of natural products and synthetic analogs for colorectal cancer 

(CRC), some limitations must be addressed. This gap limits our capacity to generalize the therapeutic 

efficacy and safety of these drugs in human populations. Furthermore, while natural products such 

as Nigella sativa, Moringa oleifera, and marine-derived chemicals have shown promising anticancer 

effects, low bioavailability, poor solubility, and metabolic instability restrict their therapeutic utility. 

Furthermore, the efficacy of many of the synthetic drugs mentioned, such as Withaferin-A, 

Zotarolimus, and Potassium koetjapate (KKA), is predicated on animal models and has yet to be 

verified in large-scale human clinical studies. This raises issues about translation to clinical practice 

because of differences in metabolism and medication response between animals and humans. 

Another major restriction is the scarcity of long-term safety data for many of these drugs, making it 

impossible to foresee any adverse effects or toxicities that may occur over prolonged use. 

Furthermore, while the review emphasizes significant research contributions from Saudi Arabia 

in exploring plant-derived and marine bioactives, there is a lack of standardization in extraction 

methods, dosages, and formulations across studies, complicating the replication of results and the 

development of unified therapeutic guidelines. Finally, the study does not examine the potential 

pharmacokinetic interactions that may occur when these natural and synthetic medicines are taken 

in conjunction with traditional chemotherapy, which could affect both efficacy and safety outcomes. 

Addressing these limitations through well-structured clinical trials, standardized extraction and 

packaging techniques, and extensive pharmacokinetic research is critical for moving these medicines 

from preclinical promise to clinical reality. Future research should focus not only on the discovery of 

potent anti-CRC drugs but also on their delivery, bioavailability, and clinical safety to maximize their 

potential as viable therapeutic choices for CRC patients in Saudi Arabia and around the world. 

7. Future Directions 

The promising preclinical outcomes of natural products and synthetic drugs in colorectal cancer 

(CRC) therapy indicate the need for a strategic shift toward clinical validation and therapeutic 

optimization. Future research should focus on well-designed clinical trials to assess the safety, 

efficacy, and optimal dose of these medicines in human populations. While in vitro and in vivo 

studies give strong evidence of anticancer effectiveness, converting these discoveries into therapeutic 

success necessitates overcoming several difficulties, including bioavailability, pharmacokinetic 

variability, and possible toxicity. 

To improve therapeutic application, nanotechnology-based delivery systems for natural 

compounds, including Nigella sativa, Moringa oleifera, and Curcuma longa, could considerably 

improve bioavailability and target specificity. Nanocarriers, liposomes, and polymeric nanoparticles 

are novel techniques for improving therapeutic stability, protecting bioactive molecules from 

degradation, and selectively delivering them to tumor locations while limiting systemic toxicity 

[14,15]. 

Furthermore, combinatorial therapy including synthetic drugs like Zotarolimus, Potassium 

koetjapate (KKA), and 20(S)-Protopanaxadiol (PPD) alongside conventional chemotherapeutics have 

promise for overcoming resistance mechanisms and boosting synergistic benefits [37,40,41]. 

Furthermore, studying biomarker-based customized medicine could help identify individuals 

who are most likely to benefit from natural or synthetic compound-based medicines. Biomarkers for 

predicting therapeutic response, such as KRAS mutation status, EGFR expression, and COX-2 levels, 

can help guide personalized treatment plans that maximize efficacy while minimizing side effects. 

Saudi Arabia, with its distinct biodiversity, is well-positioned to lead research in plant-derived and 

marine bioactives, utilizing its natural resources for drug discovery and development [42–44]. 
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Collaboration among academic institutions, pharmaceutical corporations, and clinical research 

institutes is critical for accelerating the development of these innovative drugs. International 

collaborations can improve resource sharing, standardize clinical protocols, and speed up the 

approval process for innovative CRC treatments. Furthermore, establishing biobanks and cancer 

registries in Saudi Arabia could allow for more robust population-based studies, providing deeper 

insights into CRC epidemiology and response to innovative treatments. Future research should also 

look at the long-term safety profiles of these natural and synthesized substances, including 

longitudinal studies and post-marketing surveillance to determine their impact on survival rates and 

quality of life. Addressing these research gaps will pave the way for new, more effective, and safer 

therapies for CRC patients, thereby significantly lowering cancer mortality rates in Saudi Arabia and 

elsewhere. 

8. Conclusion 

Colorectal cancer (CRC) is a major global health concern due to its high incidence, treatment 

resistance, and spreading potential. Over the last decade, advances in understanding the molecular 

biology of CRC have paved the door for new therapy methods that combine natural products and 

synthetic chemicals. Plant-derived bioactives such as Nigella sativa, Moringa oleifera, and Curcuma 

longa have demonstrated promise anticancer effects, principally through apoptosis induction, 

oxidative stress regulation, and inhibition of cancer cell proliferation. Meanwhile, marine bioactives 

and synthetic analogs are emerging as effective therapeutic agents, improving the efficacy of 

standard chemotherapies and targeting CRC cells. 

Nanocarriers, liposomes, and polymeric nanoparticles are being investigated as vehicles to 

selectively deliver these bioactives to tumor sites, maximizing therapeutic impact while minimizing 

adverse effects. The development of nanotechnology-based delivery systems has further 

revolutionized the clinical application of these compounds by increasing their bioavailability, 

targeting specificity, and minimizing systemic toxicity [14,15]. 

Biomarkers such as KRAS mutation status, EGFR expression, and COX-2 levels are proven to be 

important in directing customized treatment regimens, allowing doctors to predict therapeutic 

responses and modify therapies appropriately. These developments contribute to a trend toward 

precision medicine in CRC care, which improves patient outcomes through personalized therapeutic 

regimens [42–44]. 

Despite substantial advances, there are still barriers to transferring preclinical triumphs into 

mainstream clinical use. Future research should concentrate on large-scale clinical trials, 

standardized formulations, and a more in-depth examination of combination medicines to overcome 

resistance mechanisms. Furthermore, establishing biobanks and cancer registries in countries such as 

Saudi Arabia could improve population-based research and speed up the development of localized 

therapy methods. 

In conclusion, the integration of natural products, marine bioactives, synthetic compounds, and 

nanotechnology-based delivery systems represents a promising frontier in colorectal cancer therapy. 

These innovations, when combined with predictive biomarkers and personalized medicine 

approaches, have the potential to redefine CRC treatment paradigms, offering hope for improved 

survival rates and quality of life for patients worldwide. 

References 

1. Alessa AM, Khan AS. Epidemiology of colorectal cancer in Saudi Arabia: a review. Cureus. 

2024;16(7):e64564. h�ps://doi.org/10.7759/cureus.64564 

2. Elwali NE, Jarrah O, Alzahrani SG, Alharbi MB, Alhejaily AG, Alsharm AA, et al. Colorectal cancer in Saudi 

Arabia: the way forward. Asian Pac J Cancer Prev. 2023;24(1):13–9. 

h�ps://doi.org/10.31557/APJCP.2023.24.1.13 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 June 2025 doi:10.20944/preprints202506.0903.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.0903.v1
http://creativecommons.org/licenses/by/4.0/


 14 

 

3. Sawicki T, Ruszkowska M, Danielewicz A, Niedźwiedzka E, Arłukowicz T, Przybyłowicz KE. A Review of 

Colorectal Cancer in Terms of Epidemiology, Risk Factors, Development, Symptoms and Diagnosis. 

Cancers (Basel). 2021;13(9):2025. h�ps://doi.org/ 10.3390/cancers13092025 

4. Anand U, Dey A, Chandel AKS, Sanyal R, Mishra A, Pandey DK, et al. Cancer chemotherapy and beyond: 

Current status, drug candidates, associated risks and progress in targeted therapeutics. Genes Dis. 

2022;10(4):1367–401. h�ps://doi.org/10.1016/j.gendis.2022.02.007 

5. Debela DT, Muzazu SG, Heraro KD, Ndalama MT, Mesele BW, Haile DC, et al. New approaches and 

procedures for cancer treatment: Current perspectives. SAGE Open Med. 2021;9:20503121211034366. 

h�ps://doi.org/ 10.1177/20503121211034366 

6. Shebbo S, Binothman N, Darwaish M, Niaz HA, Abdulal RH, Borjac J, et al. Redefining the ba�le against 

colorectal cancer: a comprehensive review of emerging immunotherapies and their clinical efficacy. Front 

Immunol. 2024;15:1350208. h�ps://doi.org/ 10.3389/fimmu.2024.1350208 

7. Elkady AI, Hussein RA, El-Assouli SM. Mechanism of Action of Nigella sativa on Human Colon Cancer 

Cells: the Suppression of AP-1 and NF-κB Transcription Factors and the Induction of Cytoprotective Genes. 

Asian Pac J Cancer Prev. 2015;16(17):7943–57. h�ps://doi.org/ 10.7314/apjcp.2015.16.17.7943 

 

8. Abotaleb M, Samuel SM, Varghese E, Varghese S, Kubatka P, Liskova A, Büsselberg D. Flavonoids in cancer 

and apoptosis. Cancers (Basel). 2019;11(1):28. h�ps://doi.org/10.3390/cancers11010028 

9. Silva-Reis R, Silva AMS, Oliveira PA, Cardoso SM. Antitumor Effects of Cannabis sativa Bioactive 

Compounds on Colorectal Carcinogenesis. Biomolecules. 2023;13(5):764. h�ps://doi.org/ 

10.3390/biom13050764 

10. Zhang Y, Zhang YK, Wang YJ, Vispute SG, Jain S, Chen Y, et al. Esters of the marine-derived triterpene 

sipholenol A reverse P-GP-mediated drug resistance. Mar Drugs. 2015;13(4):2267–86. h�ps://doi.org/ 

10.3390/md13042267 

11. Al-Asmari AK, Albalawi SM, Athar MT, Khan AQ, Al-Shahrani H, Islam M. Moringa oleifera as an Anti-

Cancer Agent against Breast and Colorectal Cancer Cell Lines. PLoS One. 2015;10(8):e0135814. 

h�ps://doi.org/ 10.1371/journal.pone.0135814 

12. Mostafa YS, Alamri SA, Alfaifi MY, Alrumman SA, Elbehairi SEI, Taha TH, et al. L-Glutaminase Synthesis 

by Marine Halomonas meridiana Isolated from the Red Sea and Its Efficiency against Colorectal Cancer 

Cell Lines. Molecules. 2021;26(7):1963. h�ps://doi.org/ 10.3390/molecules26071963 

13. Kakkar S, Kumar S, Narasimhan B, Lim SM, Ramasamy K, Mani V, et al. Design, synthesis and biological 

potential of heterocyclic benzoxazole scaffolds as promising antimicrobial and anticancer agents. Chem 

Cent J. 2018;12(1):96. h�ps://doi.org/ 10.3390/cimb44070204 

14. Ren SN, Zhang ZY, Guo RJ, Wang DR, Chen FF, Chen XB, et al. Application of nanotechnology in reversing 

therapeutic resistance and controlling metastasis of colorectal cancer. World Journal of Gastroenterology. 

2023;29(13):1911. h�ps://doi.org/ 10.3748/wjg.v29.i13.1911 

15. Yusuf A, Almotairy ARZ, Henidi H, Alshehri OY, Aldughaim MS. Nanoparticles as Drug Delivery Systems: 

A Review of the Implication of Nanoparticles’ Physicochemical Properties on Responses in Biological 

Systems. Polymers. 2023;15(7):1596. h�ps://doi.org/ 10.3390/polym15071596 

16. Albogami S, Hassan AM. Assessment of the Efficacy of Olive Leaf (Olea europaea L.) Extracts in the 

Treatment of Colorectal Cancer and Prostate Cancer Using In Vitro Cell Models. Molecules. 

2021;26(13):4069. h�ps://doi.org/ 10.3390/molecules26134069 

17. Abutaha N, Nasr FA, Al-Zharani M, Alqahtani AS, Noman OM, Mubarak M, et al. Effects of Hexane Root 

Extract of Ferula hermonis Boiss. on Human Breast and Colon Cancer Cells: An In Vitro and In Vivo Study. 

Biomed Res Int. 2019;2019:3079895. h�ps://doi.org/ 10.1155/2019/3079895 

18. Alburae N, Alshamrani R, Mohammed AE. Bioactive silver nanoparticles fabricated using Lasiurus 

scindicus and Panicum turgidum seed extracts: anticancer and antibacterial efficiency. Sci Rep. 

2024;14(1):4162. h�ps://doi.org/ 10.1038/s41598-024-54449-3 

19. Adnan M, Siddiqui AJ, Hamadou WS, Patel M, Ashraf SA, Jamal A, et al. Phytochemistry, Bioactivities, 

Pharmacokinetics and Toxicity Prediction of Selaginella repanda with Its Anticancer Potential against 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 June 2025 doi:10.20944/preprints202506.0903.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.0903.v1
http://creativecommons.org/licenses/by/4.0/


 15 

 

Human Lung, Breast and Colorectal Carcinoma Cell Lines. Molecules. 2021;26(3):768. h�ps://doi.org/ 

10.3390/molecules26030768 

20. Afzal S, Wu YS, Manap ASA, A�iq A, Albokhadaim I, Appalaraju V, et al. In vitro antimicrobial and 

cytotoxic potential against colorectal cancer cell lines using ethanolic leaf extract of Sansevieria trifasciata 

(Agavaceae). Indian J Pharmacol. 2024;56(5):329–34. h�ps://doi.org/ 10.4103/ijp.ijp_564_24 

21. Jlizi S, Lahmar A, Zardi-Bergaoui A, Ascrizzi R, Flamini G, Harrath AH, et al. Chemical Composition and 

Cytotoxic Activity of the Fractionated Trunk Bark Essential Oil from Tetraclinis articulata (Vahl) Mast. 

Growing in Tunisia. Molecules. 2021;26(4):1110. h�ps://doi.org/ 10.3390/molecules26041110 

22. Alghamdi SS, Alghashem SA, Ali R, Alsubait A, Suliman RS, Mohammed AE, et al. Exploring the potential 

of Ziziphus nummularia and luteolin-7-O-glucoside as tubulin inhibitors in cancer therapy and survival. 

Sci Rep. 2024;14(1):7202. h�ps://doi.org/ 10.1038/s41598-024-57680-0 

23. Elkady AI, Hussein RA, El-Assouli SM. Harmal Extract Induces Apoptosis of HCT116 Human Colon 

Cancer Cells, Mediated by Inhibition of Nuclear Factor-κB and Activator Protein-1 Signaling Pathways and 

Induction of Cytoprotective Genes. Asian Pac J Cancer Prev. 2016;17(4):1947–59. h�ps://doi.org/ 

10.7314/apjcp.2016.17.4.1947 

24. Nelson VK, Nuli MV, Mastanaiah J, Saleem T S M, Birudala G, Jamous YF, et al. Reactive oxygen species 

mediated apoptotic death of colon cancer cells: therapeutic potential of plant derived alkaloids. Front 

Endocrinol (Lausanne). 2023;14:1201198. h�ps://doi.org/ 10.3389/fendo.2023.1201198 

25. Elarabany N, Hamad A, Alzamel NM. Antitumor and Phytochemical Properties of Ferula assa-foetida L. 

Oleo-Gum-Resin against HT-29 Colorectal Cancer Cells In Vitro and in a Xenograft Mouse Model. 

Molecules. 2023;28(24):8012. h�ps://doi.org/ 10.3390/molecules28248012 

26. Sharawi ZW. Therapeutic effect of Arthrocnemum machrostachyum methanolic extract on Ehrlich solid 

tumor in mice. BMC Complement Med Ther. 2020;20(1):153. h�ps://doi.org/ 10.1186/s12906-020-02947-y 

27. Byun SY, Kim DB, Kim E. Curcumin ameliorates the tumor-enhancing effects of a high-protein diet in an 

azoxymethane-induced mouse model of colon carcinogenesis. Nutr Res. 2015;35(8):726–35. h�ps://doi.org/ 

10.1016/j.nutres.2015.05.016 

28. Abdelgawad MA, Musa A, Almalki AH, Alzarea SI, Mostafa EM, Hegazy MM, et al. Novel Phenolic 

Compounds as Potential Dual EGFR and COX-2 Inhibitors: Design, Semisynthesis, in vitro Biological 

Evaluation and in silico Insights. Drug Des Devel Ther. 2021;15:2325–37. h�ps://doi.org/ 

10.2147/DDDT.S310820 

29. Abdellatif A a. H, Mohammed HA, Abdulla MH, Alsubaiyel AM, Mahmood A, Samman WA, et al. Green 

synthesized silver nanoparticles using the plant-based reducing agent Matricaria chamomilla induce cell 

death in colorectal cancer cells. Eur Rev Med Pharmacol Sci. 2023;27(20):10112–25. h�ps://doi.org/ 

10.26355/eurrev_202310_34191 

30. Alnuqaydan AM, Rah B, Almutary AG, Chauhan SS. Synergistic antitumor effect of 5-fluorouracil and 

withaferin-A induces endoplasmic reticulum stress-mediated autophagy and apoptosis in colorectal cancer 

cells. Am J Cancer Res. 2020;10(3):799–815. 

31. Anwer ST, Mobashir M, Fantoukh OI, Khan B, Imtiyaz K, Naqvi IH, et al. Synthesis of Silver Nano Particles 

Using Myricetin and the In-Vitro Assessment of Anti-Colorectal Cancer Activity: In-Silico Integration. Int J 

Mol Sci. 2022;23(19):11024. h�ps://doi.org/ 10.3390/ijms231911024 

32. El-Masry OS, Goja A, Rateb M, Owaidah AY, Alsamman K. RNA sequencing identified novel target genes 

for Adansonia digitata in breast and colon cancer cells. Sci Prog. 2021;104(3):368504211032084. 

h�ps://doi.org/ 10.1177/00368504211032084 

33. Govindasamy R, Raja V, Singh S, Govindarasu M, Sabura S, Rekha K, et al. Green Synthesis and 

Characterization of Cobalt Oxide Nanoparticles Using Psidium guajava Leaves Extracts and Their 

Photocatalytic and Biological Activities. Molecules. 2022;27(17):5646. h�ps://doi.org/ 

10.3390/molecules27175646 

34. Krishnan P, Rajan M, Kumari S, Sakinah S, Priya SP, Amira F, et al. Efficiency of newly formulated 

camptothecin with β-cyclodextrin-EDTA-Fe3O4 nanoparticle-conjugated nanocarriers as an anti-colon 

cancer (HT29) drug. Sci Rep. 2017;7(1):10962. h�ps://doi.org/ 10.1038/s41598-017-09140-1 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 June 2025 doi:10.20944/preprints202506.0903.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.0903.v1
http://creativecommons.org/licenses/by/4.0/


 16 

 

35. Zhang Y, Zhang YK, Wang YJ, Vispute SG, Jain S, Chen Y, et al. Esters of the marine-derived triterpene 

sipholenol A reverse P-GP-mediated drug resistance. Mar Drugs. 2015;13(4):2267–86. 

36. Sobol NT, Solerno LM, Llavona C, Alonso DF, Garona J. Vasopressin Analog [V4Q5]dDAVP Exerts 

Cooperative Anticancer Effects in Combination With Low-Dose 5-Fluorouracil on Aggressive Colorectal 

Cancer Models. World J Oncol. 2023;14(6):540–50. h�ps://doi.org/ 10.14740/wjon1715 

37. Chang GR, Kuo CY, Tsai MY, Lin WL, Lin TC, Liao HJ, et al. Anti-Cancer Effects of Zotarolimus Combined 

with 5-Fluorouracil Treatment in HCT-116 Colorectal Cancer-Bearing BALB/c Nude Mice. Molecules. 

2021;26(15):4683. h�ps://doi.org/ 10.3390/molecules26154683 

38. Prasad VG, Kawade S, Jayashree BS, Reddy ND, Francis A, Nayak PG, et al. Iminoflavones combat 1,2-

dimethyl hydrazine-induced aberrant crypt foci development in colon cancer. Biomed Res Int. 

2014;2014:569130. h�ps://doi.org/ 10.1155/2014/569130 

39. Gong RH, Chen M, Huang C, Wong HLX, Kwan HY, Bian Z. Combination of artesunate and WNT974 

induces KRAS protein degradation by upregulating E3 ligase ANACP2 and β-TrCP in the ubiquitin-

proteasome pathway. Cell Commun Signal. 2022;20(1):34. h�ps://doi.org/ 10.1186/s12964-022-00834-2 

40. Jafari SF, Keshavarzi M, AbdulMajid AM, Al-Suede FSR, Asif M, Ahamed MBK, et al. Evaluation of in vitro 

and in vivo anticancer activities of potassium koetjapate: a solubility improved formulation of koetjapic 

acid against human colon cancer. Res Pharm Sci. 2024;19(2):203–16. h�ps://doi.org/ 

10.4103/RPS.RPS_247_22 

41. Gao JL, Lv GY, He BC, Zhang BQ, Zhang H, Wang N, et al. Ginseng saponin metabolite 20(S)-

protopanaxadiol inhibits tumor growth by targeting multiple cancer signaling pathways. Oncol Rep. 

2013;30(1):292–8. h�ps://doi.org/ 10.3892/or.2013.2438 

42. Sheng J, Sun H, Yu FB, Li B, Zhang Y, Zhu YT. The Role of Cyclooxygenase-2 in Colorectal Cancer. 

International Journal of Medical Sciences. 2020;17(8):1095–101. h�ps://doi.org/ 10.7150/ijms.44439 

43. Lièvre A, Ouine B, Canet J, Cartier A, Amar Y, Cacheux W, et al. Protein biomarkers predictive for response 

to anti-EGFR treatment in RAS wild-type metastatic colorectal carcinoma. Br J Cancer. 2017;117(12):1819–

27. h�ps://doi.org/ 10.1038/bjc.2017.353 

44. Berbecka M, Forma A, Baj J, Furtak-Niczyporuk M, Maciejewski R, Sitarz R. A Systematic Review of the 

Cyclooxygenase-2 (COX-2) Expression in Rectal Cancer Patients Treated with Preoperative Radiotherapy 

or Radiochemotherapy. Journal of Clinical Medicine. 2021;10(19):4443. h�ps://doi.org/ 10.3390/jcm10194443 

 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 June 2025 doi:10.20944/preprints202506.0903.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.0903.v1
http://creativecommons.org/licenses/by/4.0/

