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ABSTRACT

Background: Triple-negative breast cancer (TNBC) is an aggressive subtype of breast 

cancer with main option for therapeutic is chemotherapy. Natural compounds, such as 

durian (Durio zibethinus) and sapodilla (Manilkara zapota) extracts, have demonstrated 

anticancer properties, including apoptosis induction and the potential to overcome che-

motherapy resistance. Objective: This systematic review evaluates the effects of these 

extracts on TNBC cells, focusing on their ability to enhance chemotherapy sensitivity 

with induced apoptosis and decreased chemotherapy resistance. Methods: A systematic 

review was conducted in accordance with PRISMA guidelines. Literature searches in 

PubMed, Scopus, Web of Science, and Google Scholar identified studies investigating 

the effects of durian and sapodilla extracts on breast cancer. Data extraction focused 

on study design, cell lines, preparation and concentrations of extracts, and outcomes 

such as apoptosis, chemotherapy sensitivity, and molecular marker expression. Results: 

Included studies demonstrated that durian and sapodilla extracts significantly enhanced 

the efficacy of chemotherapy agents such as paclitaxel and doxorubicin. Both extracts 

contained bioactive that reduced Fas, Caspase-3, Caspase-9, and XIAP expression. The 

combination treatments were shown to synergistically enhance chemotherapy-induced 

cytotoxicity while reducing resistance mechanisms. Conclusion: Bioactive compounds 

in durian and sapodilla extracts target multiple pathways involved in TNBC apoptosis, 

progression and chemotherapy resistance. These findings suggest their potential as 

natural adjuvants to enhance chemotherapy efficacy. Further studies are needed to 

validate these results in vivo and explore their clinical applicability.

Keywords: Durian extract, Sapodilla extract, Breast cancer, Triple-negative breast 

cancer, Chemotherapy resistance, Apoptosis, Natural compounds.

1.	BACKGROUND
Breast cancer remains the leading 

malignancy among women globally, 
with triple-negative breast cancer 
(TNBC) being one of the most aggres-
sive subtypes. TNBC lacks expression 
of estrogen receptor (ER), proges-
terone receptor (PR), and HER2, re-
sulting in limited therapeutic options. 
While chemotherapy is the mainstay 
of systemic treatment for TNBC, the 
emergence of resistance reduces its effi-
cacy and worsens patient outcomes (1). 
Chemotherapy resistance in TNBC 
often involves mechanisms such as ef-
flux pump activity, enhanced DNA re-

pair, stemness and evasion of apoptosis 
(2). One of the critical pathways impli-
cated in this resistance is anti-apoptotic 
proteins like XIAP inhibit the activa-
tion of caspases 3, 6 and 7, the key ex-
ecutors of programmed cell death. To 
address this challenge, researchers are 
investigating adjuvants that can poten-
tiate chemotherapy’s effects by over-
coming resistance mechanisms and in-
crease apoptosis  induction (3).

Natural compounds derived from 
plants and fruits are increasingly being 
explored for their anticancer properties. 
Bioactive compounds, such as polyphe-
nols and flavonoids, exhibit various an-
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titumor activities, including anti-proliferative, pro-apoptotic, 
anti-stemness and anti-angiogenic effects. Durian (Durio zi-
bethinus) and sapodilla (Manilkara zapota) are rich sources 
of these compounds and have shown potential anticancer 
activity in preclinical studies (3). Durian and sapodilla con-
tain unique bioactive compounds, including quercetin, kae-
mpferol, gallic acid, hesperitin, genistein, apigenin, luteolin, 
fisetin, and catechin, which are known to target multiple 
cancer pathways (4). These compounds can sensitize cancer 
cells to chemotherapy by inhibiting efflux pumps, inducing 
oxidative stress, and enhancing apoptosis. Despite their 
promising properties, the combined effects of durian and sap-
odilla extracts with standard chemotherapy agents have not 
been extensively studied, particularly in TNBC (4, 5).

Previous studies have demonstrated the anticancer po-
tential of durian and sapodilla extracts in various cancer cell 
lines. For instance, durian and sapodilla extract has been 
shown to induce apoptosis through extrinsic and intrinsic 
pathways, that exhibited anti-proliferative effects against 
breast and lung cancer cells. However, the specific molecular 
mechanisms through which these extracts enhance chemo-
therapy sensitivity remain unclear (3, 4). 

2.	OBJECTIVE
This study aims to evaluate the potential synergistic effects 

of durian and sapodilla extracts in chemotherapy, based on 
literature that focusing on apoptosis induction and chemo-
therapy sensitivity. By elucidating the underlying mecha-
nisms, this research could pave the way for novel combination 
therapies for TNBC.

3.	MATERIAL AND METHODS
Study Design
This study is a systematic review conducted to evaluate the 

potential of durian (Durio zibethinus) and sapodilla (Ma-
nilkara zapota) extracts as adjuvants to chemotherapy in 
breast cancer, with a particular focus on triple-negative breast 
cancer (TNBC). The review was conducted in accordance 
with PRISMA (Preferred Reporting Items for Systematic Re-
views and Meta-Analyses) guidelines to ensure methodolog-
ical rigor and transparency.

Search Strategy
A comprehensive literature search was performed in mul-

tiple electronic databases, including PubMed, Scopus, Web 
of Science, and Google Scholar. The search covered articles 
published up to December 2024. Keywords and Boolean op-
erators used included:

• “Durio zibethinus” OR “durian”;
• “Manilkara zapota” OR “sapodilla”;
• “Breast cancer” OR “triple-negative breast cancer” OR 

“TNBC”;
• “Chemotherapy resistance” OR “apoptosis” OR “anti-

cancer”.
These keywords were combined using AND/OR to identify 

relevant studies. Additional records were identified by manu-
ally screening the reference lists of included articles.

Inclusion and Exclusion Criteria
Studies were included if they:
a) Investigated the effects of durian or sapodilla extracts on 

breast cancer cell lines or animal models.

b) Explored mechanisms such as apoptosis induction, che-
motherapy sensitivity, or anti-resistance pathways.

c) Were peer-reviewed articles published in English.
Studies were excluded if they:
a) Focused solely on non-cancer conditions or other types 

of cancer.
b) Did not evaluate the molecular or cellular effects of the 

extracts.
c) Were editorials, commentaries, or conference abstracts 

without full data.
Data Extraction
Data were extracted independently by two reviewers using 

a standardized data extraction form. Extracted data included:
a) Study design (e.g., in vitro, in vivo, or clinical).
b) Cell lines or animal models used.
c) Concentration and preparation of extracts.
d) Outcomes measured (e.g., apoptosis, cell viability, che-

motherapy sensitivity).
e) Key findings related to the effects of durian and sapodilla 

extracts.
Discrepancies between reviewers were resolved through 

discussion or consultation with a third reviewer.
Quality Assessment
The quality of included studies was assessed using validated 

tools:
a) In vitro studies: The ToxRTool (Toxicological Data Re-

liability Assessment Tool) was used to assess the reliability of 
in vitro findings.

b) In vivo studies: The SYRCLE (Systematic Review Center 
for Laboratory Animal Experimentation) risk of bias tool was 
used for animal studies.

Studies were rated as low, moderate, or high quality based 
on criteria such as experimental design, controls, and repro-
ducibility.

Data Synthesis
Data were synthesized narratively and, where applicable, 

quantitatively. Key outcomes, including apoptosis rates, che-
motherapy sensitivity, and expression of molecular markers, 
were summarized. For studies with sufficient homogeneity, 
effect sizes were calculated, and meta-analysis was performed 
using a random-effects model.

Ethical Considerations
As this is a systematic review, ethical approval was not re-

quired. However, all included studies were peer-reviewed and 
conducted in accordance with ethical guidelines relevant to 
their respective methodologies. This systematic approach en-
sures a comprehensive and unbiased evaluation of the avail-
able evidence on the anticancer potential of durian and sapo-
dilla extracts in the context of breast cancer therapy.

4.	 RESULTS 
Literature Review
Breast cancer is the leading malignancy among women 

worldwide and represents a significant public health chal-
lenge. According to recent data, it is the second most common 
cancer globally after lung cancer in both sex. In worldwide 
and Indonesia, breast cancer ranks as the most prevalent 
cancer among women, with high mortality rates due to late-
stage diagnosis and limited access to advanced therapies. 
Triple-negative breast cancer (TNBC), a subtype lacking es-



66 REVIEW / ACTA INFORM MED. 2025, 33(1): 64-70

Durian and Sapodilla Extracts Enhance Chemotherapy Sensitivity and Promote Apoptosis in Triple Negative Breast Cancer Model in Vitro: Systematic Review

trogen receptor (ER), progesterone receptor (PR), and HER2 
expression, is particularly aggressive, accounting for 10-20% 
of breast cancer cases globally (1, 21).

Chemotherapy remains the cornerstone for TNBC man-
agement, especially in advanced stages where other tar-
geted treatments are ineffective. Paclitaxel and doxorubicin 
are commonly used agents that target rapidly proliferating 
cancer cells. While effective initially, resistance to chemo-
therapy often develops, leading to disease progression and re-
duced survival rates. Mechanisms of resistance (intrinsic and 
acquired), includes the increased drug efflux, alterations in 
drug metabolism, and inhibition of apoptosis (1, 2). One of 
the most significant barriers in TNBC treatment is the eva-
sion of apoptosis, a form of programmed cell death. In breast 
cancer, anti-apoptotic proteins such as XIAP (X-linked in-
hibitor of apoptosis protein) are overexpressed, leading to the 
suppression of caspases, which are central to apoptosis. XIAP 
is considered the most potent inhibitor of apoptosis due to its 
ability to suppress caspase 3, 7, and 9 activation, which results 
in suppression of both death receptor (non-mitochondrial/
extrinsic) and mitochondrial/intrinsic cell death pathways 
(24). This results in reduced chemotherapy efficacy. Addition-
ally, TNBC cells often exhibit high activity of ATP-binding 
cassette (ABC) transporters, which pump chemotherapeutic 
drugs out of the cells, further diminishing their cytotoxic ef-
fects (2).

Natural compounds derived from fruits and plants are in-
creasingly recognized for their ability to enhance chemo-
therapy sensitivity and overcome resistance. Polyphenols and 
flavonoids, abundant in tropical fruits, have shown anticancer 
properties, including the modulation of apoptosis, reduction 
of oxidative stress, and inhibition of angiogenesis. These com-
pounds act on multiple pathways, offering a multifaceted ap-
proach to combat cancer (3).

Durian (Durio zibethinus) is a tropical fruit rich in bioac-
tive compounds, including polyphenols, flavonoids, and ca-
rotenoids. Studies have highlighted its antioxidant and an-
ti-inflammatory properties, with emerging evidence of its an-
ticancer potential. Key compounds such as quercetin (QUE), 
kaempferol (KAE), hesperidin (HES), apigenin (API), lute-
olin (LUT), fisetin (FIS), and genistein (GEN) in durian have 
been shown to induction of apoptosis, inhibit cell cycle arrest, 
inhibits migration, invasion and angiogenesis, and inhibition 
of stemness. Additionally, durian extract can activate the mi-
tochondrial apoptotic pathway, leading to the release of cyto-
chrome c and activation of caspase-9 (3, 5, 21).

Sapodilla (Manilkara zapota), another tropical fruit, con-
tains bioactive substances such as, quercetin, kaemperol, 
gallic acid, catechins, and epicatechins. These compounds 
exhibit significant anticancer activity, including cell cycle ar-
rest, stemness inhibition, antioxidant regulation and suppres-
sion of cancer cell migration and invasion. Sapodilla extract 
has also been reported to enhance chemotherapy sensitivity 
by apotosis induction, targeting drug resistance mechanisms, 
such as the inhibition of efflux transporters and the modula-
tion of apoptosis-related pathways (6, 7, 25).

Both durian and sapodilla have shown promising results 
in preclinical studies on breast cancer. For instance, both du-
rian and sapodilla extract has been demonstrated to reduce 
cell viability and increase apoptosis in MCF-7 breast cancer 

cells and has exhibited cytotoxic effects on breast cancer cell 
lines, including T47D. These findings suggest that the bioac-
tive components in these fruits may target critical pathways 
involved in breast cancer progression and chemotherapy re-
sistance (7, 8).

The apoptotic effects of durian and sapodilla extracts (QUE, 
KAE, HES) are mediated through both intrinsic and extrinsic 
pathways. Quercetin induces apoptosis by increasing cyto-
solic Ca2+ levels, decreasing mitochondrial membrane po-
tential, activating JNK and its downstream target FoxO3a, 
inhibiting FASN and β-catenin expression, inhibiting Hsp27, 
Hsp70, and Hsp90 expression and inducing ferroptosis. KAE 
induces apoptosis through phosphorylation and activation 
of p53 in cells. HES induces apoptosis by decreasing glucose 
transporter 1 (GLUT1) and 4 (GLUT4), suppressing insulin 
receptor beta (IR-beta) and Akt phosphorylation, activating 
caspase-9, caspase 3 and caspase 7 and increasing Bax/Bcl2 
ratio.9 Bioactive compounds in Durian and sapodilla extract 
such as QUE, KAE and HES influence the intrinsic pathway 
by increasing mitochondrial membrane permeability, leading 
to caspase-9 activation and also influence the extrinsic 
pathway by upregulating Fas ligand (FasL), which binds to 
death receptors on the cell surface, triggering caspase-8 ac-
tivation. Both pathways converge on caspase-3, the executing 
caspase responsible for cell death (10).  All anticancer activi-
ties of the above bioactive components have been proven in 
vitro using the TNBC cell line model MDA-MB-231 (3).

A critical target of both extracts are XIAP and antiapop-
totic marker, which inhibits caspase activity and promotes 
cancer cell survival. XIAP, the most potent inhibitor of cell 
death pathways, is linked to chemotherapy resistance and 
tumor aggressiveness (24). Studies have shown that bioac-
tive compounds, such as QUE, that are found in Durian and 
sapodilla extract significantly downregulates XIAP expres-
sion, enhancing the effectiveness of chemotherapeutic agents. 
It also inhibits anti-apoptotic proteins such as Bcl-2, further 
sensitizing cancer cells to apoptosis. The role of QUE in in-
hibiting XIAP activity has also been proven in the TNBC cell 
line model MDA-MB-231 (3, 10).

Caspase-3 is a member of the cysteine-aspartic acid prote-
ases family, and is encoded by the caspase-3 gene. A number 
of features characteristic of all caspases are also character-
istic of caspase-3. After an apoptotic signal, pro-caspase-3, 
previously found in an inactive form, is cleaved by an initi-
ator caspase. Caspase-3 plays a central role in the activation of 
the extrinsic pathway of apoptosis. Caspase inhibition occurs 
through another family of proteins, namely the inhibitor of 
apoptosis proteins (IAPs), including XIAP, ML-IAP, c-IAP1, 
and c-IAP2 (11).

During intrinsic activation, mitochondrial cytochrome c 
collaborates with apoptosis-activating factor 1 (Apaf-1), ATP, 
and caspase-9. These molecules (QUE, KAE etc) activate 
caspase-3 in vitro, and require additional regulatory proteins 
for caspase-3 activation. QUE and KAE can trigger the release 
of cytochrome c from mitochondria to the cytoplasm. Cyto-
chrome c then binds to Apaf-1 and procaspase-9, forming 
an apoptosome complex that activates caspase-9. Caspase-9 
then activates caspase-3. (12). Both compounds also increase 
the expression of pro-apoptotic proteins such as Bax and de-
crease the expression of anti-apoptotic proteins such as Bcl-2. 



REVIEW / ACTA INFORM MED. 2025, 33(1): 64-70 67

Durian and Sapodilla Extracts Enhance Chemotherapy Sensitivity and Promote Apoptosis in Triple Negative Breast Cancer Model in Vitro: Systematic Review

This imbalance leads to increased mitochondrial membrane 
permeability and the release of pro-apoptotic factors, which 
ultimately lead to caspase-3 activation. Several studies have 
shown that kaempferol can induce endoplasmic reticulum 
stress, which then activates the caspase-3-dependent apop-
tosis pathway. Several studies have shown that kaempferol 
can induce stress on the endoplasmic reticulum, which then 
activates the caspase-3-dependent apoptosis pathway (13).

The initiator (caspase-9), directly involved in the activation 
of the executor (caspase-3), is bound and inhibited by XIAP. 
In this cascade, caspase-3 inhibits XIAP activity, by cutting 
caspase-9 at a specific site, so that XIAP cannot bind and in-
hibit caspase-9 activity. Over-activation of caspase-3 can re-
sult in excessive apoptosis; for example, in various neurode-
generative diseases, such as Alzheimer’s disease, where there 
is loss of nerve cells (14).

Both durian and sapodilla extracts has bioactive com-
pounds that increase reactive oxygen species (ROS) levels in 
cancer cells, leading to oxidative stress and cell death. This 
mechanism complements the action of chemotherapy agents, 
which also rely on oxidative stress to induce cytotoxicity. By 
exacerbating oxidative damage, these extracts enhance the 
overall efficacy of chemotherapy. Numerous in vitro studies 
have validated the anticancer effects of durian and sapodilla 
extracts. For example, durian extract has been shown to in-
hibit cell proliferation and induce apoptosis in breast cancer 
cell line MCF-7 cells and Human Leukaemia HL-60. Simi-
larly, sapodilla extract has demonstrated significant cytotoxic 
effects on various cancer cell lines, including Human Leu-
kaemia K562 dan breast cancer MCF7 & T47D (22). These 
findings provide a strong rationale for further investigation in 
animal models and clinical settings (9, 15, 21).

In addition to enhancing efficacy, durian and sapodilla ex-
tracts may reduce the side effects of chemotherapy. By low-
ering the required doses of chemotherapeutic agents, these 
extracts can minimize toxicity to normal tissues. Further-
more, their antioxidant properties may mitigate oxidative 
damage caused by chemotherapy. The findings on durian 
and sapodilla extracts have broader implications for cancer 
therapy. Their ability to target multiple pathways simultane-
ously makes them suitable candidates for combination thera-
pies. Additionally, their natural origin and low toxicity profile 
make them attractive for integration into existing treatment 
regimens (3, 15).

The use of durian and sapodilla extracts aligns with the 
principles of precision medicine, which aims to tailor treat-
ments to individual patients based on their molecular and ge-
netic profiles. By targeting specific resistance mechanisms in 
TNBC, these extracts offer a personalized approach to cancer 
therapy. The evidence supports the potential of durian and 
sapodilla extracts as adjuvants to chemotherapy in TNBC. 
Their ability to enhance apoptosis, reduce resistance, and 
minimize side effects positions them as valuable additions to 
the cancer treatment arsenal. Further research is required to 
fully realize their therapeutic potential (16).

In recent years, the role of bioactive compounds in over-
coming chemotherapy resistance has gained significant at-
tention. The ability of flavonoids to modulate key oncogenic 
pathways provides a promising avenue for TNBC treatment. 
Besides their apoptotic and anti-proliferative effects, flavo-

noids such as quercetin, kaempferol, luteolin, and apigenin 
can also influence epigenetic modifications that contribute 
to cancer progression. Studies have shown that these com-
pounds can regulate DNA methylation and histone modifi-
cation, thereby altering the expression of genes involved in 
tumorigenesis. For instance, quercetin has been reported to 
inhibit DNA methyltransferase (DNMT) activity, leading 
to the re-expression of tumor suppressor genes silenced in 
TNBC cells. Similarly, kaempferol and apigenin can modu-
late histone deacetylase (HDAC) activity, promoting chro-
matin relaxation and facilitating the activation of pro-apop-
totic genes (17, 18).

Another crucial mechanism by which flavonoids enhance 
chemotherapy sensitivity is through the inhibition of the 
PI3K/Akt/mTOR signaling pathway. This pathway is fre-
quently upregulated in TNBC and contributes to cell survival, 
proliferation, and drug resistance. Luteolin and apigenin have 
demonstrated the ability to downregulate Akt phosphoryla-
tion, leading to decreased mTOR activation and increased 
susceptibility to chemotherapeutic agents. Furthermore, fla-
vonoids have been found to suppress NF-κB signaling, which 
is known to promote cancer cell survival and inflammation. 
By inhibiting NF-κB nuclear translocation, these compounds 
reduce the expression of anti-apoptotic proteins such as Bcl-2 
and survivin, thereby enhancing apoptosis in TNBC cells 
treated with paclitaxel or doxorubicin (19, 20).

The role of flavonoids in modulating the tumor microen-
vironment is also of great significance. TNBC cells interact 
with surrounding stromal cells, immune cells, and extra-
cellular matrix components to create a supportive niche for 
tumor growth and metastasis. Quercetin and kaempferol have 
been shown to inhibit tumor-associated macrophage (TAM) 
polarization towards an immunosuppressive M2 phenotype, 
thereby enhancing anti-tumor immune responses. Addition-
ally, these compounds can reduce the secretion of pro-inflam-
matory cytokines such as IL-6 and TNF-α, which contribute 
to tumor progression and chemoresistance. The inhibition of 
angiogenesis by flavonoids, through the suppression of VEGF 
signaling, further limits the nutrient supply to TNBC tumors, 
restricting their growth and metastatic potential (21, 22).

Preclinical and emerging clinical data suggest that flavo-
noid-rich dietary interventions or supplementation could be 
a viable strategy for TNBC management. Several ongoing 
studies are investigating the synergistic effects of flavonoids 
with standard chemotherapy in breast cancer patients. Given 
their natural origin, low toxicity, and multi-targeting capa-
bilities, flavonoids hold significant promise as adjuvants to 
existing treatment regimens. However, challenges such as 
bioavailability and pharmacokinetics must be addressed to 
optimize their clinical efficacy. Advanced drug delivery sys-
tems, including nanoparticle-based formulations and conju-
gation with lipids or proteins, are being explored to enhance 
flavonoid stability and cellular uptake. Future research should 
focus on large-scale clinical trials to validate the therapeutic 
benefits of flavonoids in TNBC patients and determine op-
timal dosing strategies (23, 24).

5.	DISCUSSION
This systematic review highlights the promising poten-

tial of durian (Durio zibethinus) and sapodilla (Manilkara 
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zapota) extracts as adjuvants to chemotherapy in the man-
agement of triple-negative breast cancer (TNBC). TNBC 
remains a significant therapeutic challenge due to its aggres-
sive nature and lack of targeted therapies. Chemotherapy, the 
mainstay treatment, often fails due to resistance mechanisms 
such as efflux of chemotherapeutic drugs and evasion of apop-
tosis. The findings of this review suggest that natural bioactive 
compounds in durian and sapodilla extracts may offer a viable 
solution to these challenges (3).

The studies reviewed consistently demonstrate that bioac-
tive compounds in durian and sapodilla extracts enhance the 
sensitivity of TNBC cells to chemotherapy agents such as pa-
clitaxel and doxorubicin. This synergistic effect is attributed 
to the ability of bioactive compounds like quercetin, kaemp-
ferol, hesperetin, etc to inhibit efflux transporters, thereby in-
creasing intracellular drug concentrations, induction of apop-
tosis and cell cycle arrest, inhibition of migration/invasion 
and angionesis, inhibition of stemness, metabolic regulation, 
antioxidant regulation and epigenetic regulation (3, 4).

Additionally, these compounds modulates induction apop-
tosis pathways, including PI3K/Akt and NF-κB, which are 
often increase chemotherapy sensivity.  One of the critical 
mechanisms underlying the anticancer effects of durian and 
sapodilla extracts is their ability to induce apoptosis. Both ex-
tracts have bioactive compounds  that activate the intrinsic 
(mitochondrial) and extrinsic (death receptor) apoptotic 
pathways (3, 6). Durian and sapodilla extract primarily en-
hances mitochondrial membrane permeability, leading to the 
release of cytochrome c and activation of caspase-9 and up-
regulates Fas ligand (FasL), which binds to death receptors 
on the cell surface, triggering caspase-8 activation. Both path-
ways converge on caspase-3, the executioner caspase respon-
sible for cell death (7, 8).

Bioactive compound in durian and sapodilla extracts also 
have target specific resistance mechanisms in TNBC. Resis-
tance chemotherapy mechanism among others inhibits drug 
efflux by suppressing Pgp by EGCG, ECG and API; changing 
metabolism by QUE & LUT; epigenetic modification by 
QUE; increasing apoptosis by QUE, KAE, API, FIS and 
HES; suppressing stemness by QUE, KAE, API and LUT; 
reducing EMT by QUE & EGCG; and inhibiting DNA Re-
paired by API (3). For instance, both  bioactive compounds 
extracts also downregulates XIAP, an anti-apoptotic protein 
that inhibits caspase activity and promotes cancer cell sur-
vival and inhibits Bcl-2, another key anti-apoptotic protein, 
further sensitizing cancer cells to apoptosis. By overcoming 
these resistance mechanisms, the extracts enhance the effi-
cacy of chemotherapy and reduce the likelihood of treatment 
failure (3, 16).

The complementary roles of bioactive compounds in durian 
and sapodilla contribute to their synergistic effects. The syn-
ergistic effect between chemotherapy (paclitaxel and doxoru-
bicin) and bioactive compounds found in durian and sapodilla 
fruit extracts enhances chemotherapy sensitivity through 
various pathways, including apoptosis induction, cell cycle 
arrest, inhibition of stemness, suppression of chemotherapy 
resistance, and the inhibition of angiogenesis and migration. 
Paclitaxel induces apoptosis and halts the cell cycle by dis-
rupting the balance between microtubule polymerization and 
depolymerization, leading to abnormal cellular functions and 

impaired replication, ultimately triggering apoptosis. Doxo-
rubicin induces apoptosis and cell cycle arrest by inhibiting 
RNA and DNA synthesis and suppressing topoisomerase II 
activity, which prevents DNA repair, thereby blocking DNA 
and RNA synthesis (1, 27).

Quercetin induces apoptosis through both intrinsic and 
extrinsic pathways in the caspase cascade by increasing cy-
tosolic Ca²⁺ levels, decreasing mitochondrial membrane 
potential, activating caspase-3, -8, and -9, enhancing the ex-
pression of Fas and Bax, and reducing the expression of Bcl-2 
and XIAP. Additionally, cell cycle arrest occurs, induced by 
the downregulation of cyclins A and B, as well as the upreg-
ulation of p57.3 The inhibition of adhesion and migration ac-
tivity in TNBC cells mediated by quercetin occurs through 
the suppression of the HuR-β-catenin and CD44 pathways, 
independently, in MDA-MB-231 cells (28). Quercetin is also 
capable of targeting and suppressing breast cancer stem cells. 
This effect is associated with its ability to downregulate the 
expression of ALDH1A1, CXCR4, MUC1, and EpCAM. 
These molecules are linked to the MDA-MB-231/CD44+/
CD24- phenotype, which is associated with tumorigenesis 
and the metastatic progression mediated by breast cancer 
stem cells (29).

Kaempferol regulates the cell cycle and induces apoptosis 
by suppressing proliferation and causing cell cycle arrest at 
the G2/M phase. This also leads to DNA damage, which is 
associated with NF-κB inhibition and mitochondria-me-
diated apoptosis. Consequently, caspase activation occurs 
along with increased expression of H2AX and p-ATM, both 
of which are involved in DNA damage in MDA-MB-231 cells 
(3). Kaempferol can also reduce the expression of cancer stem 
cell and epithelial-mesenchymal transition (EMT) markers, 
including ALDH1, NANOG, CD44, as well as MDR1, 
CD44+/CD24-, and CD44+/CD326+.(25, 26).

Luteolin and apigenin also work synergistically to re-
duce chemotherapy resistance by targeting cancer stem cells 
through different pathways. Luteolin inhibits cancer stem 
cell markers ABCG2, CD44, and aldehyde dehydrogenase 1 
(ALDH1) while suppressing spheroid formation in stem cells. 
Apigenin reduces chemotherapy resistance by inhibiting the 
expression of drug efflux transporters ABCC4 and ABCG2, 
thereby prolonging drug exposure and enhancing treatment 
effectiveness (3, 27).

 Quercetin and kaempferol in durian exhibit strong 
pro-apoptotic and anti-inflammatory properties, while gallic 
acid and catechins in sapodilla inhibit cancer cell prolifera-
tion and migration. This multifaceted approach allows the 
extracts to target multiple pathways simultaneously, making 
them particularly effective in the complex tumor microenvi-
ronment of TNBC. The integration of durian and sapodilla 
extracts into chemotherapy regimens has the potential to im-
prove treatment outcomes for TNBC patients (3, 28). By en-
hancing chemotherapy efficacy and reducing resistance, these 
extracts could lower the required doses of chemotherapeutic 
agents, thereby minimizing side effects and improving patient 
quality of life. Additionally, their natural origin and low tox-
icity profile make them suitable for long-term use as part of a 
combination therapy (18, 29).

Despite the promising findings, there are limitations to the 
current body of research. Most studies have been conducted 
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in vitro, with limited evidence from animal models or clin-
ical trials. The bioavailability and pharmacokinetics of the ac-
tive compounds in durian and sapodilla also remain poorly 
understood. Future research should focus on validating these 
findings in vivo, optimizing dosing strategies, and assessing 
long-term safety. Clinical trials are essential to determine 
the translational potential of these extracts in breast cancer 
therapy (19, 30).

6.	CONCLUSION
Overall, the findings of this systematic review underscore 

the potential of durian and sapodilla extracts as natural ad-
juvants to chemotherapy in TNBC. By enhancing chemo-
therapy sensitivity, inducing apoptosis, and overcoming resis-
tance mechanisms, these extracts could provide a novel ap-
proach to improving outcomes for TNBC patients. Further 
studies are needed to fully elucidate their mechanisms of ac-
tion and establish their clinical utility.
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