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______________________________________________________________________________________ 
Abstract—Ovarian cancer remains one of the most aggressive gynaecological malignancies and is a 
leading cause of cancer-related mortality among women worldwide. Despite advances in surgical 
interventions and platinum-based chemotherapy, the prognosis of advanced-stage ovarian cancer 
remains poor due to late diagnosis, frequent recurrence, and the emergence of chemoresistance. 
Consequently, there is growing interest in identifying novel therapeutic agents with improved efficacy, 
reduced toxicity, and the ability to target multiple molecular pathways simultaneously. 
Medicinal plants have gained considerable attention as valuable sources of bioactive compounds with 
diverse pharmacological activities. Spathodea campanulata (African tulip tree), belonging to the 
family Bignoniaceae, possesses a wide range of phytoconstituents, including flavonoids, phenolic 
compounds, triterpenoids, and phytosterols, which have demonstrated significant antioxidant, 
anti-inflammatory, antimicrobial, and anticancer properties. Major phytochemicals such as 
quercetin, kaempferol, and β-sitosterol exhibit potent anticancer activity through modulation of 
multiple cellular and molecular targets. 
This review comprehensively summarizes the phytochemical composition of Spathodea campanulata 
and critically discusses the molecular mechanisms underlying its anticancer potential against ovarian 
cancer. The reported mechanisms include induction of mitochondrial-mediated apoptosis, regulation 
of oxidative stress, inhibition of tumour cell proliferation, cell cycle arrest, suppression of 
angiogenesis, and modulation of key signalling pathways including PI3K/Akt, MAPK, p53, and 
VEGF. Furthermore, available in vitro and in silico evidence supporting the therapeutic potential of 
these phytoconstituents is discussed, together with current challenges and future perspectives for drug 
development. 
Overall, the collective evidence indicates that Spathodea campanulata represents a promising natural 
source of multi-target anticancer agents. Further pharmacological investigations, animal studies, and 
well-designed clinical trials are required to validate its therapeutic efficacy and facilitate its 
translation into novel phytopharmaceutical interventions for ovarian cancer management. 
 
Index Terms—Spathodea campanulata, Ovarian cancer, Phytochemicals, Multi-target therapy, 
Apoptosis, Molecular docking, PI3K/Akt signalling, VEGF, Anticancer activity, Natural products 
______________________________________________________________________________________ 

I.​ Introduction 
Ovarian cancer is one of the most aggressive and life-threatening gynecological malignancies, 

accounting for a substantial proportion of cancer-related mortality among women worldwide[1]. According 
to the Global Cancer Observatory (GLOBOCAN) 2022 estimates, ovarian cancer remains among the 
leading causes of cancer-associated deaths in women because of its asymptomatic progression, 
advanced-stage diagnosis, and limited therapeutic success. The disease is characterized by remarkable 
biological heterogeneity, high metastatic potential, and the frequent development of resistance to 
conventional chemotherapy, all of which contribute to poor long-term survival rates [2]. 
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Epithelial ovarian cancer (EOC) represents nearly 90% of all ovarian malignancies and is further classified 
into high-grade serous, endometrioid, mucinous, and clear-cell carcinomas, each possessing distinct 
molecular and pathological characteristics. Among these subtypes, high-grade serous ovarian carcinoma is 
the most prevalent and is associated with mutations in BRCA1, BRCA2, TP53, and other genes involved in 
genomic instability. Unfortunately, more than 70% of patients are diagnosed at advanced stages (FIGO stage 
III or IV), when tumour dissemination has already occurred within the peritoneal cavity, significantly 
reducing the effectiveness of therapeutic interventions [3]. 
 
Current management strategies primarily involve cytoreductive surgery followed by platinum-based 
chemotherapy, frequently combined with taxane derivatives. Recent advances, including targeted therapies 
such as poly (ADP-ribose) polymerase (PARP) inhibitors, angiogenesis inhibitors, and immune checkpoint 
inhibitors, have improved clinical outcomes in selected patient populations. Nevertheless, 
treatment-associated toxicity, tumour recurrence, multidrug resistance, and limited responsiveness to 
targeted therapies remain major clinical challenges [4]. Therefore, identifying safer and more effective 
therapeutic agents capable of simultaneously modulating multiple oncogenic pathways has become an 
important objective in ovarian cancer research. 
 
Natural products have historically played a pivotal role in anticancer drug discovery, serving as sources for 
several clinically approved chemotherapeutic agents. Medicinal plants are particularly attractive because 
they contain structurally diverse phytochemicals capable of interacting with multiple molecular targets 
while generally exhibiting lower toxicity than many synthetic drugs [5]. Bioactive plant-derived compounds 
possess antioxidant, anti-inflammatory, antiproliferative, antiangiogenic, and pro-apoptotic properties, 
making them promising candidates for the development of novel anticancer therapies. 
 
Spathodea campanulata P. Beauv., commonly known as the African tulip tree, belongs to the family 
Bignoniaceae and is widely distributed throughout tropical and subtropical regions. Traditionally, different 
parts of the plant—including the bark, leaves, flowers, and stem—have been used in folk medicine for the 
treatment of inflammation, microbial infections, wounds, gastrointestinal disorders, and several other 
ailments [6]. Phytochemical investigations have demonstrated that the plant contains numerous biologically 
active constituents, including flavonoids, phenolic compounds, triterpenoids, phytosterols, iridoids, and 
glycosides, many of which exhibit potent pharmacological activities. 
 
Among these phytochemicals, quercetin, kaempferol, β-sitosterol, ursolic acid, and oleanolic acid have 
attracted considerable scientific attention because of their ability to regulate multiple signalling pathways 
involved in carcinogenesis[7]. These compounds have been reported to induce apoptosis, arrest cell cycle 
progression, suppress angiogenesis, inhibit oxidative stress-mediated tumour progression, and modulate 
critical intracellular signalling pathways such as phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt), 
mitogen-activated protein kinase (MAPK), nuclear factor-kappa B (NF-κB), vascular endothelial growth 
factor (VEGF), mammalian target of rapamycin (mTOR), and tumour protein p53 (TP53). Their multi-target 
mode of action suggests significant therapeutic potential against ovarian cancer and other malignancies [8]. 
In recent years, advances in computational biology have further accelerated natural product research. 
Molecular docking, molecular dynamics simulations, and other in silico approaches have enabled 
researchers to predict the binding affinity and interaction profiles of phytochemicals with cancer-associated 
molecular targets before experimental validation. Simultaneously, in vitro investigations using ovarian 
cancer cell lines, including A2780, SKOV3, and OVCAR-3, have demonstrated the cytotoxic and 
antiproliferative activities of several plant-derived compounds, thereby supporting their potential application 
in anticancer drug development [9]. 
 
Although increasing evidence supports the pharmacological potential of Spathodea campanulata, 
comprehensive reviews specifically focusing on its multi-target anticancer mechanisms in ovarian cancer 
remain limited. Integrating phytochemical evidence with molecular pharmacology, in vitro findings, and in 
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silico investigations is therefore essential for understanding its therapeutic significance and identifying 
future research opportunities. 

 

 
Figure 1. Overview of Ovarian Cancer Development and Progression 

 
 

 
Figure 2. Rationale for Exploring Spathodea campanulata as a Multi-target Anticancer Agent in Ovarian 

Cancer 
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Aim of the Review 
The present review aims to comprehensively summarize the phytochemical composition of 

Spathodea campanulata and critically evaluate its multi-target anticancer mechanisms against ovarian 
cancer. Particular emphasis is placed on apoptosis induction, regulation of oxidative stress, inhibition of 
tumour proliferation and angiogenesis, modulation of key signalling pathways, and the contribution of in 
vitro and in silico studies. Furthermore, this review highlights existing research gaps and discusses future 
perspectives for translating these phytoconstituents into effective phytopharmaceutical interventions for 
ovarian cancer management. 

II.​ Overview of Ovarian Cancer Biology 
Ovarian cancer is a heterogeneous malignancy comprising several histopathological subtypes that 

differ in their molecular characteristics, biological behaviour, and clinical outcomes. Among these, epithelial 
ovarian cancer (EOC) accounts for approximately 90% of all ovarian malignancies and remains the most 
frequently diagnosed subtype. Based on histological and molecular features, EOC is further classified into 
high-grade serous carcinoma, low-grade serous carcinoma, endometrioid carcinoma, mucinous carcinoma, 
and clear-cell carcinoma[10]. High-grade serous ovarian carcinoma (HGSOC) is the predominant subtype 
and is responsible for the majority of ovarian cancer-related deaths due to its aggressive nature, extensive 
genomic instability, and propensity for early metastasis. 

 
The pathogenesis of ovarian cancer is a multistep process involving the accumulation of genetic and 
epigenetic alterations that disrupt normal cellular homeostasis. Mutations in tumour suppressor genes such 
as TP53, BRCA1, and BRCA2, together with aberrant activation of oncogenic pathways including 
PI3K/Akt, MAPK, and NF-κB, promote uncontrolled cellular proliferation, resistance to apoptosis, 
enhanced angiogenesis, and metastatic dissemination [11]. These molecular abnormalities enable tumour 
cells to evade growth-regulatory mechanisms and acquire characteristics that favour disease progression. 
 
Several environmental, hormonal, and genetic factors contribute to ovarian carcinogenesis. Increasing age, 
family history of ovarian or breast cancer, inherited BRCA1/BRCA2 mutations, Lynch syndrome, infertility, 
endometriosis, obesity, and prolonged exposure to ovulation are well-established risk factors [12]. In 
contrast, the use of oral contraceptives, pregnancy, breastfeeding, and prophylactic salpingo-oophorectomy 
in genetically predisposed women have been associated with a reduced risk of disease development. 
 
One of the major challenges in ovarian cancer management is the absence of specific clinical manifestations 
during the early stages of disease. Initial symptoms are often vague and nonspecific, including abdominal 
discomfort, pelvic pain, bloating, early satiety, urinary frequency, and gastrointestinal disturbances. 
Consequently, nearly 70% of patients are diagnosed only after the disease has spread beyond the ovaries, 
resulting in poor prognosis and reduced five-year survival rates [13]. 
 
Tumour progression is driven by several interconnected biological processes collectively referred to as the 
hallmarks of cancer. Ovarian cancer cells exhibit sustained proliferative signalling, evasion of programmed 
cell death, replicative immortality, genomic instability, induction of angiogenesis, activation of invasion and 
metastasis, immune evasion, and metabolic reprogramming [14]. These hallmarks are regulated by a 
complex network of intracellular signalling pathways that coordinate tumour growth and survival. 
 
Among these pathways, the phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) signalling pathway 
plays a pivotal role in promoting cell survival, proliferation, metabolism, and resistance to apoptosis [15]. 
Hyperactivation of this pathway has been observed in a significant proportion of ovarian cancers and is 
closely associated with poor clinical outcomes. Similarly, the mitogen-activated protein kinase (MAPK) 
pathway regulates cellular differentiation, proliferation, and migration, whereas activation of nuclear 
factor-kappa B (NF-κB) promotes chronic inflammation and tumour progression. Dysregulation of the 
tumour suppressor protein p53 impairs DNA repair mechanisms and apoptosis, thereby facilitating genomic 
instability and malignant transformation [16]. 
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Angiogenesis represents another critical event in ovarian cancer progression. Rapidly proliferating tumour 
cells require a continuous supply of oxygen and nutrients, which is achieved through the formation of new 
blood vessels. This process is primarily mediated by vascular endothelial growth factor (VEGF), one of the 
most important angiogenic mediators in ovarian cancer [17]. Elevated VEGF expression is associated with 
increased tumour vascularization, ascites formation, metastatic dissemination, and poor patient prognosis. 
 
Metastatic dissemination of ovarian cancer differs from that of many other solid tumours. Instead of 
spreading primarily through the bloodstream, ovarian cancer cells frequently detach from the primary 
tumour and disseminate throughout the peritoneal cavity via peritoneal fluid. These exfoliated tumour cells 
subsequently adhere to mesothelial surfaces, invade surrounding tissues, and establish secondary tumour 
nodules on the omentum, bowel, liver capsule, and diaphragm. This unique pattern of transcoelomic 
metastasis contributes significantly to disease recurrence and treatment failure [18]. 
 
Although cytoreductive surgery combined with platinum- and taxane-based chemotherapy remains the 
current standard of care, the development of chemoresistance continues to be a major obstacle in successful 
treatment. Several mechanisms have been implicated in drug resistance, including increased drug efflux 
mediated by ATP-binding cassette transporters, enhanced DNA repair capacity, epithelial-mesenchymal 
transition (EMT), alterations in apoptotic signalling, cancer stem cell survival, and activation of pro-survival 
pathways such as PI3K/Akt and MAPK. These limitations highlight the urgent need for alternative 
therapeutic strategies capable of simultaneously targeting multiple molecular pathways involved in ovarian 
carcinogenesis [19]. 
 
Recent advances in natural product research have demonstrated that plant-derived phytochemicals possess 
the ability to regulate numerous oncogenic signalling pathways simultaneously. Such multi-target 
therapeutic approaches may overcome several limitations associated with conventional chemotherapy, 
thereby reducing drug resistance while improving therapeutic efficacy. Consequently, medicinal plants such 
as Spathodea campanulata have attracted increasing attention as potential sources of novel bioactive 
compounds for ovarian cancer prevention and treatment [20]. 

 
Histological subtype Approximate 

frequency 
Key molecular 

alterations 
Clinical characteristics 

High-grade serous 
carcinoma 

~70% TP53, BRCA1/2 Highly aggressive; 
advanced-stage presentation 

Low-grade serous 
carcinoma 

<10% KRAS, BRAF Slow-growing; relatively chemo 
resistant 

Endometrioid 
carcinoma 

~10% PTEN, PIK3CA Frequently associated with 
endometriosis 

Clear-cell carcinoma 5–10% ARID1A, PIK3CA Resistant to conventional 
chemotherapy 

Mucinous carcinoma 3–5% KRAS Rare; often diagnosed at an early 
stage 

Table 1. Histological classification of epithelial ovarian cancer and their major molecular characteristics. 
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Figure 3Hallmarks of Ovarian Cancer 

III.​ Botanical profile of Spathodea campanulate 
Spathodea campanulata P. Beauv., commonly known as the African tulip tree, is a tropical flowering 

plant belonging to the family Bignoniaceae. The species is native to tropical Africa but has been 
extensively introduced into Asia, South America, and other tropical and subtropical regions as an 
ornamental tree because of its striking scarlet-orange flowers and rapid growth [21]. Besides its ornamental 
importance, S. campanulata has gained considerable attention in recent years owing to its rich 
phytochemical composition and diverse pharmacological activities, including antioxidant, 
anti-inflammatory, antimicrobial, antidiabetic, wound-healing, and anticancer properties. 

 
The tree is medium to large in size, typically attaining a height of 15–25 m with a broad, dense canopy. The 
bark is greyish-brown and rough, while the leaves are opposite, imparipinnate, and dark green in colour. The 
flowers are large, bell-shaped, and bright orange to scarlet-red, arranged in terminal clusters, making the 
plant easily distinguishable from other members of the family [22]. The fruit is an elongated woody capsule 
containing numerous winged seeds that facilitate wind-mediated dispersal. 
 
Traditionally, various parts of the plant have been utilized in African and Asian folk medicine for the 
management of several ailments. The bark has been employed to treat malaria, dysentery, gastrointestinal 
disorders, and microbial infections, whereas leaf extracts have been used for wound healing, inflammation, 
skin diseases, and diabetes [23]. Flower extracts possess antioxidant and antimicrobial activities, while 
different plant parts have also demonstrated analgesic and anti-ulcer effects in experimental studies [7,19]. 
These traditional applications provide valuable ethnopharmacological evidence supporting the medicinal 
significance of S. campanulata. 
 
Phytochemical investigations have revealed that S. campanulata is a rich reservoir of secondary metabolites. 
Major classes of bioactive compounds identified from different plant parts include flavonoids, phenolic 
compounds, triterpenoids, phytosterols, iridoids, saponins, tannins, alkaloids, glycosides, and 
polysaccharides [24]. Among these, flavonoids such as quercetin and kaempferol, together with β-sitosterol 
and other triterpenoids, have attracted significant scientific interest because of their potent antioxidant and 
anticancer properties. These phytoconstituents are capable of modulating multiple molecular pathways 
involved in carcinogenesis, thereby exhibiting considerable therapeutic potential. 
 
Several pharmacological studies have demonstrated that extracts obtained from the leaves, bark, flowers, 
and stem bark of S. campanulata exhibit remarkable biological activities. These include free radical 
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scavenging activity, inhibition of inflammatory mediators, antimicrobial effects against pathogenic 
microorganisms, hepatoprotective activity, antidiabetic effects, and cytotoxic activity against various cancer 
cell lines [25]. The observed pharmacological activities are primarily attributed to the synergistic interaction 
of multiple phytoconstituents rather than the action of a single bioactive compound. 
 
In recent years, increasing attention has been directed toward investigating the anticancer potential of S. 
campanulata. Experimental evidence suggests that its phytochemicals interfere with several hallmarks of 
cancer by inducing apoptosis, suppressing tumour cell proliferation, inhibiting angiogenesis, modulating 
oxidative stress, and regulating intracellular signalling pathways such as PI3K/Akt, MAPK, NF-κB, and p53 
[26]. These multi-target actions make S. campanulata an attractive candidate for the development of novel 
phytopharmaceuticals against ovarian cancer and other malignancies. 
 
Collectively, the botanical characteristics, ethnomedicinal importance, phytochemical diversity, and broad 
spectrum of pharmacological activities establish S. campanulata as a promising medicinal plant for further 
investigation in anticancer drug discovery [27]. A comprehensive understanding of its phytoconstituents and 
molecular mechanisms is therefore essential for developing effective plant-derived therapeutics targeting 
ovarian cancer. 
 

 
Taxonomic 

Rank 
Classification 

Kingdom Plantae 

Division Magnoliophyta 

Class Magnoliopsida 

Order Lamiales 

Family Bignoniaceae 

Genus Spathodea 

Species Spathodea campanulata P. Beauv. 

Common name African tulip tree 

Native origin Tropical Africa 

Distribution Tropical and subtropical regions 
worldwide 

Table 2. Botanical classification of Spathodea campanulata P. Beauv. 
 

Plant Part Traditional Uses Reported Pharmacological Activities 
Bark Malaria, dysentery, infections Antimicrobial, anti-inflammatory 

Leaves Wound healing, diabetes Antioxidant, antidiabetic 
Flowers Skin disorders Antioxidant, antimicrobial 

Stem bark Pain and inflammation Analgesic, anti-inflammatory 
Whole plant General folk medicine Cytotoxic and pharmacological potential 

 
Table 3. Ethnomedicinal uses and pharmacological activities of different parts of Spathodea campanulata. 
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Figure 4. Botanical characteristics of Spathodea campanulata showing the whole tree, leaves, flowers, bark, 

fruits, and seeds 

IV.​ Phytochemical Constituents of Spathodea campanulate 
The therapeutic potential of Spathodea campanulata is primarily attributed to its rich diversity of 

secondary metabolites, which collectively contribute to its pharmacological activities. Phytochemical 
investigations have demonstrated that different parts of the plant, including the leaves, bark, flowers, stem 
bark, and roots, contain numerous bioactive compounds such as flavonoids, phenolic compounds, 
triterpenoids, phytosterols, iridoids, alkaloids, tannins, saponins, glycosides, and polysaccharides [28]. 
These phytoconstituents possess antioxidant, anti-inflammatory, antimicrobial, antidiabetic, 
hepatoprotective, and anticancer properties, making S. campanulata a valuable source of natural therapeutic 
agents. 
The anticancer activity of S. campanulata arises from the synergistic interaction of multiple phytochemicals 
rather than the action of a single constituent. These compounds target several hallmarks of cancer by 
regulating apoptosis, cell cycle progression, oxidative stress, angiogenesis, metastasis, and intracellular 
signalling pathways. Among the identified phytochemicals, flavonoids, triterpenoids, phenolic compounds, 
and phytosterols have received the greatest scientific attention because of their potent biological activities 
[29,30]. 
 
A.​Flavonoids 
Flavonoids constitute one of the most abundant classes of phytochemicals present in S. campanulata. 
Quercetin and kaempferol are the principal flavonoids responsible for many of the plant's anticancer effects. 
Quercetin exhibits strong antioxidant activity while simultaneously inducing oxidative stress selectively in 
cancer cells [31]. It promotes mitochondrial dysfunction, activates caspase-dependent apoptosis, suppresses 
anti-apoptotic proteins such as Bcl-2, and increases the expression of pro-apoptotic proteins including Bax. 
Furthermore, quercetin inhibits PI3K/Akt, MAPK, and NF-κB signalling pathways, thereby reducing 
tumour cell proliferation, migration, and invasion [32]. 
Kaempferol is another important flavonoid that demonstrates significant anticancer activity through multiple 
molecular mechanisms. It induces G2/M and G1/S cell cycle arrest, promotes reactive oxygen species 
(ROS)-mediated apoptosis, suppresses angiogenesis by downregulating VEGF expression, and activates 
p53-dependent signalling pathways. In addition, kaempferol inhibits epithelial-mesenchymal transition 
(EMT), thereby reducing metastatic potential in various human cancers [33]. 
 
B.​ Phenolic Compounds 
Phenolic compounds represent another major group of phytoconstituents in S. campanulata. These 
compounds exhibit remarkable antioxidant properties by scavenging free radicals and protecting cellular 
components from oxidative damage. In cancer cells, however, phenolics may induce excessive ROS 
accumulation, leading to mitochondrial dysfunction and apoptosis. Several studies have demonstrated that 
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phenolic compounds suppress inflammatory mediators including cyclooxygenase-2 (COX-2), inducible 
nitric oxide synthase (iNOS), and NF-κB signalling, thereby reducing tumour-promoting inflammation and 
cellular proliferation [34,35]. 
 
C.​ Triterpenoids 
Triterpenoids are naturally occurring pentacyclic compounds that contribute substantially to the 
pharmacological properties of S. campanulata. Ursolic acid and oleanolic acid are among the most 
extensively investigated triterpenoids due to their broad-spectrum anticancer activity. These compounds 
inhibit tumour cell growth by inducing mitochondrial-mediated apoptosis, suppressing inflammatory 
cytokines, regulating oxidative stress, and inhibiting matrix metalloproteinases involved in tumour invasion 
and metastasis [36]. Moreover, triterpenoids interfere with multiple signalling pathways, including 
PI3K/Akt, MAPK, STAT3, and mTOR, thereby limiting tumour progression and improving therapeutic 
responsiveness. 
 
D.​ Phytosterols 
β-Sitosterol is the predominant phytosterol identified in S. campanulata and has been widely investigated 
for its anticancer properties. This compound integrates into cellular membranes, alters membrane fluidity, 
and activates intrinsic apoptotic pathways through mitochondrial cytochrome c release and caspase 
activation. β-Sitosterol has also been shown to suppress tumour angiogenesis by reducing VEGF expression, 
inhibit cell proliferation through cell cycle arrest, and decrease metastatic potential by regulating 
epithelial-mesenchymal transition [37]. Additionally, β-sitosterol exhibits anti-inflammatory and 
immunomodulatory activities that may further contribute to its anticancer effects. 
 
E.​ Synergistic Anticancer Potential of Phytochemicals 
Unlike conventional chemotherapeutic agents that frequently target a single molecular pathway, the 
phytochemicals present in S. campanulata exhibit a multi-target mode of action. The combined activity of 
flavonoids, phenolics, triterpenoids, and phytosterols enables simultaneous regulation of apoptosis, 
oxidative stress, angiogenesis, inflammation, metastasis, and intracellular signalling pathways [38]. Such 
synergistic interactions may improve therapeutic efficacy, minimise drug resistance, and reduce adverse 
effects associated with conventional chemotherapy. Consequently, the phytochemical complexity of S. 
campanulata provides a strong scientific basis for its development as a potential phytopharmaceutical 
against ovarian cancer. 
Overall, the phytochemical profile of S. campanulata demonstrates that the plant is not merely a source of 
individual bioactive molecules but rather a reservoir of structurally diverse compounds capable of 
collectively targeting multiple hallmarks of cancer [39]. This multi-component nature forms the foundation 
for the anticancer mechanisms discussed in the subsequent sections of this review. 
 

Phytochemical Chemical 
Class 

Major Biological Activity Principal Molecular Targets 

Quercetin Flavonoid Antioxidant, apoptosis 
induction 

PI3K/Akt, MAPK, NF-κB, 
Bax/Bcl-2 

Kaempferol Flavonoid Cell cycle arrest, 
anti-angiogenic 

p53, VEGF, Cyclins 

β-Sitosterol Phytosterol Apoptosis, anti-proliferative Caspases, VEGF, Bcl-2 
Ursolic acid Triterpenoid Anti-inflammatory, apoptosis STAT3, PI3K/Akt, mTOR 

Oleanolic acid Triterpenoid Anti-metastatic MAPK, NF-κB 
Phenolic 

compounds 
Polyphenols Antioxidant ROS, COX-2, iNOS 

Table 4. Major phytochemical constituents identified in Spathodea campanulata and their reported 
anticancer mechanisms 
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Figure 5. Botanical profile, major phytochemical constituents, and pharmacological activities of 
Spathodea campanulate 

 
Plant Part Major Constituents Pharmacological Importance 

Leaves Flavonoids, phenolics Antioxidant, anticancer 
Bark Triterpenoids, tannins Anti-inflammatory, antimicrobial 

Flowers Flavonoids, glycosides Antioxidant 
Stem bark Sterols, triterpenoids Cytotoxic activity 

Roots Phenolics, alkaloids Antimicrobial and antioxidant 
 

Table 5. Distribution of important phytochemicals in different parts of Spathodea campanulata 

V.​ Multi-target Anticancer Mechanisms of Spathodea campanulata 
The development and progression of ovarian cancer involve the dysregulation of multiple molecular 

pathways that regulate cell proliferation, apoptosis, angiogenesis, oxidative stress, metastasis, and immune 
responses. Unlike conventional chemotherapeutic agents that frequently target a single pathway, 
phytochemicals present in Spathodea campanulata exhibit multi-target pharmacological activities capable 
of simultaneously modulating several hallmarks of cancer [40]. Such pleiotropic effects are particularly 
advantageous in overcoming tumour heterogeneity and chemoresistance, which remain major challenges in 
ovarian cancer therapy. 
The principal bioactive constituents of S. campanulata, including quercetin, kaempferol, β-sitosterol, ursolic 
acid, and oleanolic acid, influence numerous intracellular signalling cascades associated with tumour 
development [41]. These phytochemicals regulate programmed cell death, inhibit tumour proliferation, 
suppress angiogenesis, reduce oxidative stress, interfere with metastatic dissemination, and modulate 
oncogenic signalling pathways. The major anticancer mechanisms are discussed below. 

A.​ Induction of Apoptosis 
Apoptosis is a tightly regulated physiological process that eliminates damaged or abnormal cells without 
inducing inflammation. One of the defining characteristics of malignant cells is their ability to evade 
apoptosis, thereby promoting uncontrolled tumour growth. Restoration of apoptotic signalling is therefore 
considered an important therapeutic strategy in ovarian cancer treatment [42]. 
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Experimental studies have demonstrated that phytochemicals present in S. campanulata activate both 
intrinsic (mitochondrial) and extrinsic apoptotic pathways. Quercetin promotes mitochondrial membrane 
depolarization, increases the Bax/Bcl-2 ratio, releases cytochrome c into the cytoplasm, and activates 
caspase-9 and caspase-3, ultimately leading to apoptotic cell death. Kaempferol and β-sitosterol similarly 
enhance caspase activation while suppressing anti-apoptotic proteins such as Bcl-2 and surviving [43]. 
Ursolic acid and oleanolic acid further contribute to apoptosis by increasing intracellular reactive oxygen 
species (ROS), disrupting mitochondrial integrity, and activating p53-dependent signalling pathways. The 
coordinated activation of these mechanisms facilitates selective elimination of malignant cells while 
minimizing damage to normal tissues [44]. 

B.​ Cell Cycle Arrest 
Uncontrolled cell division is one of the fundamental characteristics of cancer. Progression through the cell 
cycle is regulated by cyclins, cyclin-dependent kinases (CDKs), and tumour suppressor proteins. 
Dysregulation of these regulatory molecules enables continuous proliferation of ovarian cancer cells [45]. 
Several phytochemicals identified in S. campanulata interfere with cell cycle progression by modulating 
cyclin-CDK complexes. Quercetin has been reported to induce G1/S phase arrest, whereas kaempferol 
predominantly causes G2/M phase arrest through downregulation of Cyclin D1, Cyclin B1, CDK2, and 
CDK4. Activation of p21 and p27 further inhibits cell cycle progression, thereby preventing DNA 
replication and tumour growth. 

C.​ Modulation of Oxidative Stress 
Reactive oxygen species (ROS) play a dual role in cancer biology. Moderate ROS levels promote tumour 
survival and proliferation, whereas excessive ROS accumulation induces oxidative damage leading to 
apoptosis [46]. 
The flavonoids and phenolic compounds present in S. campanulata exhibit potent antioxidant properties by 
scavenging free radicals and enhancing endogenous antioxidant enzymes, including superoxide dismutase 
(SOD), catalase (CAT), and glutathione peroxidase (GPx). Interestingly, these compounds can also elevate 
ROS selectively within cancer cells, resulting in mitochondrial dysfunction, DNA damage, and activation of 
apoptotic signalling pathways [47]. This selective modulation of oxidative stress contributes significantly to 
the anticancer potential of the plant. 

D.​ Inhibition of Angiogenesis 
Tumour angiogenesis is essential for providing rapidly proliferating cancer cells with oxygen and nutrients. 
Vascular endothelial growth factor (VEGF) is considered the principal regulator of angiogenesis in ovarian 
cancer. 
Quercetin, kaempferol, β-sitosterol, ursolic acid, and oleanolic acid have been reported to suppress VEGF 
expression and inhibit endothelial cell proliferation. Inhibition of VEGF-mediated signalling limits 
neovascularization, thereby reducing tumour growth and metastatic dissemination. Downregulation of 
hypoxia-inducible factor-1 alpha (HIF-1α) further enhances the anti-angiogenic activity of these 
phytochemicals [48,49]. 

E.​ Suppression of Tumor Invasion and Metastasis 
Metastatic dissemination represents the primary cause of mortality among ovarian cancer patients. Tumour 
invasion involves degradation of the extracellular matrix by matrix metalloproteinases (MMP-2 and 
MMP-9), epithelial-mesenchymal transition (EMT), and enhanced cell migration [50]. 
Bioactive compounds isolated from S. campanulata suppress metastatic progression by inhibiting MMP 
expression, reducing EMT, increasing E-cadherin expression, and suppressing N-cadherin and vimentin. 
These molecular changes decrease cellular motility and impair tumour invasion into surrounding tissues. 

F.​  Regulation of Cell Signaling Pathways 
The anticancer activity of S. campanulata is largely mediated through modulation of several intracellular 
signalling pathways. 
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The PI3K/Akt pathway is inhibited by quercetin, ursolic acid, and β-sitosterol, resulting in reduced cellular 
proliferation and enhanced apoptosis. Kaempferol suppresses MAPK signalling, thereby limiting tumour 
growth and migration. Several phytochemicals inhibit NF-κB activation, reducing inflammatory cytokine 
production and tumour-promoting inflammation. Activation of p53 promotes DNA repair and apoptosis, 
whereas inhibition of mTOR suppresses protein synthesis and tumour metabolism. Furthermore, 
downregulation of VEGF signalling inhibits angiogenesis, collectively producing a comprehensive 
anticancer response [51,52]. 

G.​ Synergistic Multi-target Anticancer Effects 
The anticancer potential of S. campanulata arises from the synergistic interaction of multiple 
phytochemicals rather than the activity of any individual compound. Flavonoids, triterpenoids, phenolics, 
and phytosterols collectively target numerous molecular pathways involved in tumour progression, thereby 
producing complementary therapeutic effects [53]. Such multi-target activity is particularly advantageous in 
ovarian cancer, where activation of compensatory signalling pathways frequently contributes to treatment 
failure and chemoresistance. 
Collectively, current evidence indicates that S. campanulata phytoconstituents possess considerable 
potential as multi-target therapeutic agents capable of regulating apoptosis, cell cycle progression, oxidative 
stress, angiogenesis, metastasis, and intracellular signalling pathways [54]. Nevertheless, additional 
mechanistic studies, standardized extract characterization, and clinical investigations are required to 
facilitate their translation into effective phytopharmaceutical interventions for ovarian cancer [55]. 

 
 

Table 6. Major molecular targets modulated by the principal phytochemicals of Spathodea campanulata 
 

Phytochemical Major Molecular Targets Biological Effect 
Quercetin PI3K/Akt, NF-κB, Bax/Bcl-2 Apoptosis, antioxidant, anti-proliferative 

Kaempferol MAPK, p53, VEGF Cell cycle arrest, anti-angiogenic 
β-Sitosterol Caspase-3, Caspase-9, VEGF Apoptosis, anti-metastatic 
Ursolic acid STAT3, PI3K/Akt, mTOR Anti-inflammatory, apoptosis 

Oleanolic acid MAPK, NF-κB Anti-metastatic, anti-proliferative 

 
Figure 6. Proposed multi-target anticancer mechanisms of Spathodea campanulata phytoconstituents 

against ovarian cancer. 
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VI.​ In Vitro Evidence of the Anticancer Potential of Spathodea campanulate 
Experimental in vitro studies provide essential evidence for evaluating the cytotoxic and 

antiproliferative activities of medicinal plants before progressing to animal experiments and clinical 
investigations. Cell culture-based assays enable researchers to investigate the effects of plant extracts and 
isolated phytochemicals on cancer cell viability, apoptosis, oxidative stress, cell cycle regulation, migration, 
and molecular signalling pathways under controlled laboratory conditions [56]. Consequently, in vitro 
studies represent a crucial step in validating the therapeutic potential of Spathodea campanulata against 
ovarian cancer. 

 
Several investigations have demonstrated that extracts of S. campanulata, particularly methanolic, ethanolic, 
and aqueous extracts of the leaves, bark, and flowers, possess significant cytotoxic activity against a variety 
of human cancer cell lines [57]. The observed biological effects are largely attributed to the presence of 
flavonoids, phenolic compounds, triterpenoids, and phytosterols, which collectively interfere with multiple 
oncogenic pathways [58]. 
 
Among the available cytotoxicity assays, the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay is one of the most widely employed methods for assessing cell viability. The assay 
measures mitochondrial metabolic activity, where viable cells reduce the yellow tetrazolium salt (MTT) into 
insoluble purple formazan crystals through the action of mitochondrial dehydrogenase enzymes. The 
quantity of formazan produced is directly proportional to the number of viable cells and is quantified 
spectrophotometrically following solubilization [59]. A reduction in absorbance indicates decreased cell 
viability and increased cytotoxic activity of the tested compound. 
 
In ovarian cancer research, the A2780 human ovarian carcinoma cell line is extensively used because of its 
well-characterized genetic background and reproducible response to anticancer agents. This cell line serves 
as an excellent experimental model for evaluating the cytotoxic efficacy of natural products and for 
investigating mechanisms associated with apoptosis, oxidative stress, and chemoresistance [60]. Additional 
ovarian cancer cell lines, including SKOV3, OVCAR-3, and CAOV3, are frequently employed to assess 
the broad-spectrum anticancer activity of phytochemicals and to compare their therapeutic responses across 
different molecular subtypes. 
 
Several phytochemicals reported in S. campanulata have individually demonstrated potent anticancer 
activity in in vitro studies. Quercetin significantly decreases the viability of ovarian cancer cells by inducing 
mitochondrial-mediated apoptosis, activating caspase-3 and caspase-9, increasing the Bax/Bcl-2 ratio, and 
suppressing PI3K/Akt signalling. Kaempferol inhibits cellular proliferation by inducing G2/M phase arrest, 
promoting reactive oxygen species (ROS)-mediated apoptosis, and suppressing angiogenic signalling 
pathways such as VEGF. Similarly, β-sitosterol has been reported to inhibit tumour growth by activating 
intrinsic apoptotic pathways and reducing metastatic behaviour through modulation of 
epithelial–mesenchymal transition (EMT) markers [61]. 
 
In addition to cytotoxicity, in vitro investigations have demonstrated that phytochemicals derived from S. 
campanulata possess strong antioxidant and anti-inflammatory properties. These compounds reduce the 
expression of inflammatory mediators including nuclear factor-kappa B (NF-κB), cyclooxygenase-2 
(COX-2), and inducible nitric oxide synthase (iNOS), thereby limiting the inflammatory microenvironment 
that supports tumour progression. Furthermore, suppression of matrix metalloproteinases (MMP-2 and 
MMP-9) reduces cancer cell migration and invasion, indicating the potential of these phytochemicals to 
inhibit metastatic dissemination [62]. 
 
Although encouraging results have been obtained from in vitro studies, several limitations should be 
considered. Variations in extraction methods, solvent systems, phytochemical composition, treatment 
concentrations, and exposure durations can influence biological outcomes. Moreover, isolated cell culture 
models do not fully replicate the complexity of the tumour microenvironment observed in living organisms. 
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Therefore, standardized extract characterization, dose optimization, mechanistic investigations, and 
validation through in vivo studies remain essential before clinical application [63]. 
 
Overall, current in vitro evidence strongly supports the anticancer potential of Spathodea campanulata. Its 
phytochemicals exhibit significant cytotoxic, antiproliferative, pro-apoptotic, antioxidant, and 
anti-metastatic activities through modulation of multiple molecular targets. These findings provide a robust 
experimental foundation for further in vivo investigations and support the continued development of S. 
campanulata-derived phytoconstituents as promising candidates for ovarian cancer therapy. 
 

Phytochemical Cell Line Experimental Assay Major Findings 

Quercetin A2780 MTT assay Reduced cell viability; apoptosis induction 

Kaempferol SKOV3 Cell cycle analysis G2/M arrest and anti-proliferative activity 

β-Sitosterol OVCAR-3 Apoptosis assay Caspase activation; inhibition of migration 

Ursolic acid A2780 ROS assay Increased oxidative stress and apoptosis 

Oleanolic acid CAOV3 Migration assay Reduced invasion and metastatic potential 

Table 7. Representative in vitro studies demonstrating the anticancer activities of major phytochemicals 
associated with Spathodea campanulata 

 

 
 

Figure 7. Experimental workflow for evaluating the in vitro anticancer activity of Spathodea campanulata 
extracts and phytoconstituents against ovarian cancer cell lines. 

 

VII.​ In Silico Evidence and Molecular Docking Studies 
Advances in computational biology have transformed the process of drug discovery by enabling 

rapid identification and evaluation of bioactive compounds before experimental validation. In silico 
techniques, particularly molecular docking, molecular dynamics (MD) simulations, quantitative 
structure–activity relationship (QSAR) analysis, and absorption, distribution, metabolism, excretion, and 
toxicity (ADMET) prediction, have become indispensable tools in natural product research [64]. These 
computational approaches facilitate the prediction of ligand–protein interactions, binding affinity, 
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pharmacokinetic properties, and potential toxicity, thereby reducing the time, cost, and resources required 
for conventional drug discovery. 

 
Molecular docking is one of the most widely employed in silico techniques for predicting the interaction 
between a small bioactive molecule (ligand) and a target protein (receptor). 
 
The primary objective of docking is to determine the preferred binding orientation and estimate the binding 
affinity of phytochemicals towards proteins associated with disease progression. Strong binding interactions 
indicate a greater likelihood of biological activity and provide valuable insights for selecting compounds for 
further experimental investigation [65]. 
 
In ovarian cancer research, molecular docking is extensively applied to identify phytochemicals capable of 
interacting with key proteins involved in tumour growth, apoptosis, angiogenesis, metastasis, and 
chemoresistance. Common therapeutic targets include phosphatidylinositol 3-kinase (PI3K), protein kinase 
B (Akt), vascular endothelial growth factor receptor (VEGFR), epidermal growth factor receptor (EGFR), 
tumour suppressor protein p53, B-cell lymphoma 2 (Bcl-2), caspase-3, matrix metalloproteinases (MMP-2 
and MMP-9), mammalian target of rapamycin (mTOR), and nuclear factor-kappa B (NF-κB). These 
proteins regulate essential cellular processes such as proliferation, survival, apoptosis, angiogenesis, and 
invasion, making them attractive targets for computational screening [66]. 
 
The major phytochemicals identified in Spathodea campanulata, including quercetin, kaempferol, 
β-sitosterol, ursolic acid, and oleanolic acid, have demonstrated favourable docking interactions with several 
cancer-associated proteins in independent computational studies. Quercetin exhibits strong binding affinity 
towards PI3K, Akt, EGFR, and Bcl-2 through multiple hydrogen bonds and hydrophobic interactions, 
suggesting its ability to suppress tumour cell survival pathways. Kaempferol has shown stable interactions 
with VEGFR, p53, and MAPK-associated proteins, supporting its anti-angiogenic and pro-apoptotic 
properties [67]. Likewise, β-sitosterol, ursolic acid, and oleanolic acid have demonstrated promising binding 
affinities for proteins involved in apoptosis, inflammation, and metastatic progression. 
 
Docking studies generally involve several sequential steps. Initially, the three-dimensional structure of the 
target protein is retrieved from the Protein Data Bank (PDB), while ligand structures are obtained from 
public chemical databases such as PubChem. The protein and ligand structures undergo preparation through 
energy minimization, removal of water molecules, addition of hydrogen atoms, and assignment of atomic 
charges. Subsequently, docking simulations are performed using specialized software such as AutoDock 
Vina, AutoDock 4.2, Schrödinger Glide, MOE, or Discovery Studio Visualizer. The resulting binding poses 
are ranked according to their binding energies, hydrogen bonding interactions, hydrophobic contacts, and 
conformational stability [68]. 
 
Although molecular docking provides valuable preliminary evidence regarding ligand–protein interactions, 
it has inherent limitations. Docking algorithms often consider proteins as relatively rigid structures and may 
not fully capture conformational flexibility under physiological conditions. Furthermore, favourable docking 
scores do not necessarily guarantee biological activity, as pharmacokinetic behaviour, metabolism, cellular 
uptake, and target accessibility also influence therapeutic efficacy [69]. Consequently, docking studies 
should always be complemented by in vitro, in vivo, and molecular dynamics investigations before drawing 
definitive conclusions. 
 
Recent advances in molecular dynamics simulations have further strengthened computational drug 
discovery by enabling the assessment of protein–ligand complex stability over time under 
near-physiological conditions. Parameters such as root mean square deviation (RMSD), root mean square 
fluctuation (RMSF), radius of gyration (Rg), hydrogen bond occupancy, and binding free energy 
calculations provide additional evidence supporting the stability and reliability of docking results. 
Furthermore, ADMET prediction tools facilitate early evaluation of pharmacokinetic properties and toxicity 
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profiles, thereby assisting in the identification of promising lead compounds suitable for further drug 
development [70]. 
 
Overall, in silico studies provide a robust computational platform for prioritizing phytochemicals with 
potential anticancer activity before laboratory validation. The integration of molecular docking, molecular 
dynamics simulations, and ADMET analysis with in vitro cytotoxicity studies offers a comprehensive 
strategy for accelerating the discovery of plant-derived therapeutics. Considering the favourable biological 
activities of Spathodea campanulata phytochemicals, computational approaches continue to play an 
essential role in elucidating their molecular mechanisms and identifying promising candidates for the 
development of novel anti-ovarian cancer agents. 
 

Target 
Protein 

Biological Function Therapeutic Significance in Ovarian 
Cancer 

PI3K Cell survival and 
proliferation 

Inhibition reduces tumour growth 

Akt Cell survival signalling Promotes apoptosis when inhibited 

EGFR Cell proliferation Target for anticancer therapy 

VEGFR Angiogenesis Suppresses tumour blood vessel 
formation 

Bcl-2 Anti-apoptotic protein Promotes programmed cell death when 
inhibited 

Caspase-3 Execution of apoptosis Marker of apoptotic activation 

MMP-2 Extracellular matrix 
degradation 

Inhibits tumour invasion 

MMP-9 Metastasis Prevents cancer dissemination 

mTOR Protein synthesis and 
growth 

Reduces tumour metabolism 

NF-κB Inflammation and survival Suppresses tumour-promoting 
inflammation 

 
Table 8. Major molecular targets frequently employed in in silico docking studies for ovarian cancer. 
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Figure 8. Workflow of in silico drug discovery illustrating molecular docking, molecular dynamics 
simulation, ADMET prediction, and experimental validation of Spathodea campanulata phytoconstituents 

against ovarian cancer targets. 

VIII.​ Challenges, Future Perspectives, and Clinical Translation 
Despite the growing body of evidence supporting the anticancer potential of Spathodea 

campanulata, several scientific and translational challenges remain before its phytoconstituents can be 
developed into clinically approved therapeutic agents [71]. Although numerous studies have demonstrated 
promising antioxidant, anti-inflammatory, antiproliferative, and pro-apoptotic activities, the majority of 
available evidence is derived from in vitro experiments and computational investigations. Consequently, 
additional in vivo studies and well-designed clinical trials are required to establish the safety, efficacy, 
pharmacokinetic behaviour, and therapeutic applicability of S. campanulata in ovarian cancer 
management[72]. 

 
One of the major limitations in medicinal plant research is the lack of standardized extraction procedures. 
The phytochemical composition of S. campanulata varies depending on geographical origin, climatic 
conditions, harvesting season, plant age, and extraction solvent. Such variability can significantly influence 
biological activity and reduce the reproducibility of experimental findings. Therefore, future studies should 
focus on developing standardized extraction protocols, quality control parameters, and phytochemical 
fingerprinting methods to ensure batch-to-batch consistency and reproducibility. 
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Another important challenge is the relatively poor bioavailability of many naturally occurring 
phytochemicals. Compounds such as quercetin, kaempferol, ursolic acid, and oleanolic acid exhibit limited 
aqueous solubility, poor intestinal absorption, rapid metabolism, and low systemic availability following 
oral administration. These pharmacokinetic limitations may reduce their therapeutic effectiveness despite 
demonstrating excellent biological activity under laboratory conditions. Consequently, innovative drug 
delivery systems are required to improve their stability, bioavailability, and tumour-specific distribution. 
 
Recent advances in nanotechnology provide promising opportunities to overcome these limitations. 
Nanoparticle-based drug delivery systems, including polymeric nanoparticles, liposomes, solid lipid 
nanoparticles, nanoemulsions, dendrimers, and phytosomes, have been extensively investigated for 
enhancing the delivery of plant-derived phytochemicals. Nanoformulations can improve drug solubility, 
prolong circulation time, enhance tumour targeting through the enhanced permeability and retention (EPR) 
effect, reduce systemic toxicity, and provide controlled drug release. The incorporation of S. campanulata 
phytoconstituents into nanocarrier systems therefore represents an attractive strategy for improving 
therapeutic efficacy against ovarian cancer [73]. 
 
Future investigations should also explore synergistic therapeutic approaches involving S. campanulata 
phytochemicals in combination with conventional chemotherapeutic agents such as cisplatin, carboplatin, 
and paclitaxel. Combination therapy may reduce the required dose of cytotoxic drugs, minimize adverse 
effects, overcome multidrug resistance, and enhance overall treatment efficacy through simultaneous 
modulation of multiple molecular pathways. 
 
Although molecular docking studies have identified favourable interactions between S. campanulata 
phytochemicals and several ovarian cancer-associated proteins, computational predictions require 
experimental validation. Future studies integrating molecular docking, molecular dynamics simulations, 
transcriptomic analysis, proteomics, metabolomics, and systems biology approaches will provide deeper 
insights into the complex molecular mechanisms underlying the anticancer activity of the plant. 
​  
Another promising direction is the isolation and structural characterization of novel bioactive compounds 
from S. campanulata. Advanced analytical techniques such as high-performance liquid chromatography 
(HPLC), liquid chromatography–mass spectrometry (LC-MS/MS), gas chromatography–mass spectrometry 
(GC-MS), and nuclear magnetic resonance (NMR) spectroscopy can facilitate the identification of 
previously unexplored phytoconstituents with potential anticancer activity. These compounds may serve as 
lead molecules for the development of new phytopharmaceuticals targeting ovarian cancer [74]. 
 
Furthermore, increasing attention should be directed toward personalized medicine and biomarker-guided 
therapy. Understanding the molecular profile of individual ovarian tumours may enable the selection of 
specific phytochemicals that target dysregulated signalling pathways, thereby improving treatment efficacy 
while minimizing toxicity. Integration of artificial intelligence, machine learning, and computational drug 
discovery platforms may further accelerate the identification and optimization of plant-derived anticancer 
agents. 
 
Overall, the available evidence suggests that Spathodea campanulata possesses significant therapeutic 
potential for ovarian cancer management. However, successful clinical translation will require 
multidisciplinary collaboration involving pharmacognosy, molecular biology, pharmacology, 
nanotechnology, medicinal chemistry, bioinformatics, and clinical oncology. Continued research integrating 
standardized phytochemical characterization, mechanistic investigations, advanced drug delivery systems, 
and rigorous clinical evaluation will be essential for transforming S. campanulata from a promising 
medicinal plant into a clinically useful anticancer phytopharmaceutical [75]. 
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Table 9. Major challenges limiting the clinical translation of Spathodea campanulata and proposed future 
research strategies. 

 
Current Challenge Impact Future Strategy 

Lack of standardized extracts Variable experimental 
outcomes 

Develop standardized extraction and quality 
control protocols 

Poor bioavailability Reduced therapeutic 
efficacy 

Nanoformulations, liposomes, phytosomes, 
polymeric nanoparticles 

Limited in vivo evidence Uncertain translational 
potential 

Conduct animal efficacy and toxicity studies 

Absence of clinical trials No clinical validation Design Phase I–III clinical studies 

Computational predictions 
require validation 

Unconfirmed 
biological relevance 

Combine docking with molecular dynamics and 
laboratory validation 

Limited molecular 
characterization 

Unknown active 
constituents 

Employ HPLC, LC-MS/MS, GC-MS, and NMR 
for phytochemical profiling 

 

 
 

Figure 9. Translational roadmap illustrating the progression of Spathodea campanulata from phytochemical 
discovery to the potential development of clinically approved phytopharmaceuticals for ovarian cancer 
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IX.​ Conclusion 
Ovarian cancer remains one of the most aggressive gynecological malignancies worldwide, with 

high mortality rates largely attributed to late-stage diagnosis, extensive metastatic spread, and the 
development of chemoresistance. Although significant advances have been achieved through cytoreductive 
surgery, platinum-based chemotherapy, targeted therapy, and immunotherapy, treatment outcomes remain 
suboptimal for many patients. These limitations underscore the urgent need for safer, more effective, and 
multi-target therapeutic strategies capable of overcoming the biological complexity of ovarian cancer. 

 
Natural products continue to represent an invaluable source of novel bioactive compounds for anticancer 
drug discovery. Among them, Spathodea campanulata has emerged as a promising medicinal plant owing to 
its rich phytochemical diversity and broad spectrum of pharmacological activities. The plant contains 
numerous biologically active constituents, including quercetin, kaempferol, β-sitosterol, ursolic acid, 
oleanolic acid, phenolic compounds, and other secondary metabolites that collectively contribute to its 
therapeutic potential. These phytochemicals exhibit antioxidant, anti-inflammatory, antiproliferative, 
anti-angiogenic, and pro-apoptotic properties through simultaneous modulation of multiple molecular 
pathways associated with ovarian cancer progression. 
 
The available scientific evidence demonstrates that S. campanulata phytoconstituents regulate several 
hallmarks of cancer by inducing apoptosis, promoting cell cycle arrest, modulating oxidative stress, 
suppressing angiogenesis, inhibiting tumour invasion and metastasis, and regulating key signalling 
pathways such as PI3K/Akt, MAPK, NF-κB, VEGF, p53, and mTOR. The ability of these phytochemicals 
to influence multiple molecular targets simultaneously provides a significant advantage over single-target 
therapeutic approaches and may contribute to overcoming drug resistance frequently observed in ovarian 
cancer. 
 
Furthermore, both in vitro investigations and in silico molecular docking studies provide encouraging 
evidence supporting the anticancer potential of S. campanulata. Cell-based experiments have demonstrated 
significant cytotoxic and antiproliferative effects against ovarian cancer models, while computational 
analyses have revealed favourable interactions between major phytochemicals and several cancer-associated 
molecular targets. The integration of computational drug discovery with experimental validation represents 
a rational and efficient strategy for identifying promising lead compounds for future therapeutic 
development. 
 
Despite these encouraging findings, the clinical application of S. campanulata remains limited by several 
challenges, including the lack of standardized extracts, variability in phytochemical composition, poor 
bioavailability of certain bioactive compounds, and insufficient in vivo and clinical evidence. Addressing 
these limitations through standardized phytochemical characterization, advanced drug delivery systems, 
nanotechnology-based formulations, molecular pharmacology, and well-designed preclinical and clinical 
investigations will be essential for translating laboratory findings into clinically useful therapies. 
 
Overall, the collective evidence reviewed in this article highlights Spathodea campanulata as a promising 
source of multi-target phytochemicals with considerable potential for ovarian cancer management. 
Continued interdisciplinary research integrating pharmacognosy, molecular biology, computational drug 
discovery, nanotechnology, and clinical oncology may facilitate the development of novel 
phytopharmaceuticals capable of improving treatment outcomes while minimizing toxicity. Future 
investigations should focus on validating these findings through rigorous mechanistic studies, standardized 
extract development, animal models, and clinical trials to fully establish the therapeutic value of S. 
campanulata in ovarian cancer prevention and treatment. 
 
 
 
 

 
121189           International Innovations & Scholarly Trends Journal (IISTJ) | www.iistj.org 86 

 

 



Year 2026 | Volume 02 - Issue 07 July 2026 ​                   ​ ​ ​ ​ ​       ISSN : 3139-1478                

Abbreviations 
 

Abbreviation Full Form 
ADMET Absorption, Distribution, Metabolism, Excretion, and Toxicity 
Akt Protein Kinase B 
ATP Adenosine Triphosphate 
Bax Bcl-2-associated X protein 
Bcl-2 B-cell Lymphoma 2 
CAT Catalase 
CDK Cyclin-Dependent Kinase 
COX-2 Cyclooxygenase-2 
EMT Epithelial–Mesenchymal Transition 
EGFR Epidermal Growth Factor Receptor 
GC-MS Gas Chromatography–Mass Spectrometry 
GPx Glutathione Peroxidase 
HGSOC High-Grade Serous Ovarian Carcinoma 
HIF-1α Hypoxia-Inducible Factor-1 Alpha 
HPLC High-Performance Liquid Chromatography 
iNOS Inducible Nitric Oxide Synthase 
LC-MS/MS Liquid Chromatography–Tandem Mass Spectrometry 
MAPK Mitogen-Activated Protein Kinase 
MD Molecular Dynamics 
MMP Matrix Metalloproteinase 
MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium 

Bromide 
mTOR Mammalian Target of Rapamycin 
NF-κB Nuclear Factor-Kappa B 
NMR Nuclear Magnetic Resonance 
PDB Protein Data Bank 
PI3K Phosphatidylinositol 3-Kinase 
QSAR Quantitative Structure–Activity Relationship 
RMSD Root Mean Square Deviation 
RMSF Root Mean Square Fluctuation 
ROS Reactive Oxygen Species 
SOD Superoxide Dismutase 
VEGF Vascular Endothelial Growth Factor 
VEGFR Vascular Endothelial Growth Factor Receptor 
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