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Abstract
Background Breast cancer is a prevalent malignant tumor that affects women worldwide. The primary challenge 
in treating breast cancer is combating drug resistance, which contributes to relapse and metastasis. Jatrophone is 
a unique macrocyclic jatrophane diterpene found in various Jatropha and Euphorbia species. It possesses diverse 
biological and pharmacological activities, including anticancer activity. However, it is unclear whether jatrophone can 
overcome drug resistance in breast cancer.

Methods This study includes the investigation of the cytotoxicity of jatrophone on doxorubicin-resistant breast 
cancer cells (MCF-7ADR) and the underlying molecular mechanisms. The effects of jatrophone on cell viability were 
determined using the sulforhodamine B (SRB) assay, while flow cytometry was used to evaluate cell cycle progression, 
apoptosis, and autophagy. A scratch assay was conducted to observe cell migration, and western blotting was used 
to measure downstream protein levels (PI3K, AKT, and NF-κB). Unpaired Student’s t-tests were used for comparison 
between the two groups and the results were analyzed by one-way ANOVA with Tukey- Kremer post hoc test.

Results It was shown that jatrophone exhibited potent cytotoxic activity on MCF-7ADR cells in a dose-dependent 
manner, with an IC50 value of 1.8 µM. It also significantly induced cell cycle S and G/M phase arrest. Interestingly, 
jatrophone induced both early and late apoptotic cell death, as well as autophagic cell death, with negligible necrosis. 
Furthermore, jatrophone treatment diminished the migration of MCF-7ADR cells. At the molecular level, jatrophone 
treatment significantly down-regulated the expression levels of PI3K, AKT, and NF-κB. β.

Conclusions The results of the study suggest that jatrophone decreases the proliferation of MCF-7/ADR cells at a low 
micromolar concentration; induces cell cycle arrest; promotes apoptotic, and autophagic cell death; inhibits migration 
and EMT; and works on resistance by a mechanism involving the inhibition of the PI3K/Akt/ NF-κB pathway. These 
findings provide evidence of the potential of jatrophone to be a promising lead compound for targeting doxorubicin-
resistant breast cancer cells and could be further investigated for its clinical application as a chemotherapy adjuvant.
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Introduction
Breast cancer (BC) is posing a significant threat to 
women’s health as its incidence and mortality rates have 
increased significantly in recent years, affecting younger 
individuals [1]. In 2020, breast cancer surpassed lung 
cancer as the leading cause of cancer incidence globally, 
with 2.26 million new cases, accounting for about 11.7% 
of all new cancer cases [2]. Although surgery followed by 
chemotherapy or radiotherapy is a common treatment 
approach for breast cancer, drug resistance remains a sig-
nificant obstacle, leading to tumor relapse and metasta-
sis in 30–40% of patients [3]. As a result, novel strategies 
are required to overcome the developed drug resistance, 
which seems to be a big challenge in breast cancer 
treatment.

Plant-derived compounds have shown promise in 
attenuating drug resistance and exhibiting potent 
anticancer effects. Phytochemicals found in foods or 
traditional medicines are now being explored as a multi-
therapy approach for cancer treatment [4–6]. Jatrophone 
(JA) is the first jatrophane type macrocyclic diterpene, 
isolated from several Jatropha species, with proven phar-
macological activities, including anticancer activity [7]. 
Jatropha displayed a broad range of pharmacological 
activities including anticancer activity [8]. Nevertheless, a 
panel of cancer cell lines representing a range of cancers, 
including lymphocytic leukaemia, cervical, prostate, and 
colon cancer, were tested against various fractions of Jat-
ropha species [9–12]. It should be noted that only a small 
number of studies on JA itself have demonstrated its anti-
cancer activity in vitro against hepatocellular cancerous 
cells [13], glioma [14] and triple-negative breast cancer 
[15], and the mechanism of this activity is still elusive and 
undefined.

The aberrant activation of the phosphoinositide 
3-kinase (PI3K)/protein kinase (AKT) signaling pathway 
is one of the signaling cascades that is most frequently 
activated in the etiology of breast cancer. The activated 
PI3K/Akt pathway can promote rapid cell growth and 
the development of multidrug resistance in tumor cells 
via dysregulate breast cancer cells’ survival, proliferation, 
apoptosis, and other processes [16]. Additionally, accord-
ing to several studies, activated PI3K/Akt/NF-B encour-
ages migration and triggers the epithelial-mesenchymal 
transition (EMT), which is crucial for the growth and 
metastasis of breast cancer [17–19]. Therefore, the PI3K/
AKT/NF-κB signaling pathway is an important therapeu-
tic target for treatment.

Autophagy deregulation can lead to increased tumori-
genesis and resistance to several therapies in breast 

cancer [20–22]. Autophagy plays a double-edged sword 
role as it either promotes the survival of multi-drug resis-
tance (MDR) tumors during starvation or leads to type 
II programmed cell death. Therefore, understanding its 
exact role in response to different treatments [23].

Jatrophone (JA) is a macrocyclic diterpene isolated 
from different Jatropha species [24, 25]., and its deriva-
tives have shown multiple biological properties, includ-
ing insulin inhibition, lymphocyte activation inhibition, 
tumor cell inhibition, molluscicidal activity, and gastro-
protective benefits [26–28].

This study aimed to investigate the potential cytotoxic 
effect of JA on MCF-7ADR cells and to understand the 
molecular mechanism involved in cell cycle arrest, apop-
tosis, and autophagy. Additionally, the anti-migratory 
effect of JA was determined, and the expression of PI3K/
Akt/NF-κB, β was investigated.

Materials and methods
Plant material
The roots of J. spinosa were collected from Magbanah 
Mountain at Taiz governorate, Yemen, in February, 2020. 
The collection and handling of plant were in accordance 
with all the relevant guidelines. The plant was identi-
fied and authenticated by Agricultural Engineer Abd 
Alhabib Al-ghadasi in the Agriculture Research Insti-
tute of Yemen. Voucher specimen (PN-2-11-2022ÌÌ) was 
put in the herbarium of the Faculty of Pharmacy, Cairo 
University.

Extraction and isolation
The powdered sample of J. spinosa root (1500  g) 
was extracted two times (7.5  L, each) with methanol 
(2 × 7.5 L) by maceration for 48 h. The extract was con-
centrated under reduced pressure to give a brown residue 
(125 g). The crude methanol extract (90 g) was suspended 
in water/methanol mixture (400 mL) followed by parti-
tioning with dichloromethane (CH2Cl2, 5 × 300 mL) to 
give CH2Cl2 fraction (19 g) and water remain (65 g). The 
CH2Cl2 fraction (15 g) was subjected to chromatography 
on a Si gel column (70–230 mesh size) and eluted with 
EtOAc-n-hexane (0→100%, v/v) using a stepwise gradi-
ent mode. A total of 27 fractions (50 mL each) were col-
lected. TLC monitoring using p-anisaldehyde/H2SO4 as 
spray reagent resulted in 15 combined fractions. Frac-
tion 9 (Fr-9, 2.25  g) on chromatography using a Si gel 
column eluted with EtOAc-n-hexane (8:2) gave four frac-
tions. Subfraction 3 on crystallization from methanol 
gave compound 1 (1.5 g). The isolated compound (1) was 
analyzed using NMR spectroscopy and was identified by 
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comparison to data reported in the literature (See the 
results section).

Methodology
Cell culture
Human doxorubicin resistant breast cancer cell line 
(MCF-7ADR) was obtained from Nawah Scientific Inc., 
(Mokatam, Cairo, Egypt) and cultured in DMEM (Dul-
becco’s modified eagle’s medium), Gibco-Thermo Fisher 
Scientific, Waltham, MA, USA. The culture media were 
supplemented with 10% fetal bovine serum (FBS), and 
100 units/mL penicillin/streptomycin (PS). The cells were 
passaged in a dampened atmosphere, 5% CO2 and at 37 
0 C.

Cytotoxicity assay
The cytotoxic activity of JA against MCF-7ADR cells was 
assessed by sulphrhodamine B (SRB) assay. Cells were 
seeded in 96-well plates, approximately 5 × 103/well, and 
treated with JA at a concentration of (100, 10, 1.0, 0.1, 
and 0.01 µM) for 72  h. After that, the media were dis-
carded, and 150 µL of 10% trichloroacetic acid (TCA)/ 
well were added (Merck) for 1  h in a fridge. Then, the 
cells were washed with tap water three times. Afterward, 
70 µL of SRB solution (0.4% w/v) (Sigma‐Aldrich) was 
added for 10  min in a dark place at room temperature. 
The cells were first rinsed with 1% acetic acid three times 
and then air-dried overnight. Next, 150 µL of 10 mM 
Tris Base was added to dissolve the protein-bound stain. 
Finally, the absorbance of the solution was measured at 
540 nm using a FluoStar Omega microplate reader (BMG 
Labtec, Ortenberg, Germany). The dose-response curve 
of JA was analyzed using the Emax model, as described in 
a previous publication [29].

Cell cycle analysis
After 48  h of exposure to the pre-calculated IC50 value 
of jatrophone, MCF-7ADR cells were extracted using 
trypsin. The cells were then fixed in ice-cold 60% etha-
nol in PBS at 40 oC overnight after being washed twice in 
phosphate-buffered saline (PBS). Following PBS washing, 
cells were resuspended in 500 µL of propidium iodide 
(PI) with RNase staining buffer and incubated for 35 min 
before readings were obtained from the flow cytometer 
(ACEA NovocyteTM flow cytometer, ACEA Biosciences 
Inc. San Diego, California). Data were analyzed using 
ACEA Novo ExpressTM software (ACEA Biosciences 
Inc., San Diego, USA) and a minimum of 12,000 cells/
events were obtained each sample [30].

Annexin V-FITC /PI apoptosis assay
Following the manufacturer’s instructions, the Annexin 
V-FITC/PI Apoptosis Detection Kit (BD Biosciences, San 
Diego, USA) was used to examine early/late apoptotic 

and necrotic cells. MCF-7ADR cells were treated with 
the pre-calculated IC50 value of jatrophone for 48 h, then 
collected with trypsin and rinsed with PBS (two times). 
Then, for 30 min at room temperature in the dark, cells 
were once more resuspended in 0.5 ml of binding buffer 
containing 5 µL of Annexin V-FITC and 5 µL PI. Within 
an hour of staining, cell apoptosis/necrosis was then 
detected using a flow cytometer (ACEA Biosciences Inc., 
San Diego, CA, USA) [31].

Autophagy analysis
MCF-7ADR cells were treated with jatrophone for 48  h, 
trypsinzed, and washed twice with ice-cold PBS. The cells 
were then stained with 0.5 ml of acridine orange stain-
ing solution (1 µg /mL in PBS) for 30 min at room tem-
perature in absence of light. Flow cytometric analysis was 
performed via ACEA Novocyte™ flow cytometer, and the 
fluorescent signals were analyzed via FL1 signal detec-
tor (488 nm excitation/530nm emission). Net fluorescent 
intensities (NFI) were calculated based on the analysis of 
12,000 cell events [32].

Migration assay
To examine the effect of jatrophone on the migration of 
resistant breast cancer cells, a cell scratch assay was per-
formed. MCF-7ADR cells were seeded in a 6-well plate and 
cultured in the appropriate medium until they reached 
95% confluency. The cells were then starved for 6 h in a 
serum-free medium. Scratches were created using a ster-
ile 200-µL pipette tip, and the cells were rinsed twice with 
PBS to remove debris. The cells were then maintained 
in fresh media with or without jatrophone. Images were 
taken at 0, 24, 48, and 72 h using an inverted microscope 
(LABOMED model TCM 400, Labo America, Inc, USA) 
until the control wound completely closed and the wound 
widths were measured using ImageJ software [33].

Western blot assay
Cells were lysed with EDTA-free Protease Inhibitor in 
10 mM Tris-HCl, 100 mM NaCl, 0.5% Triton X-100, pH 
7.6. Protein concentration was assessed using the Pierce™ 
BCA Protein Assay Kit (ThermoScientific). Following 
blocking with 5% non-fat milk for 2 h at room tempera-
ture, equal amounts of protein (35 µg) were subjected to 
10% sodium dodecyl sulfate-polyacrylamide gel (SDS-
PAGE) and then transferred to PVDF membranes (Mil-
lipore, Bedford, Massachusetts). Western blot analysis 
was conducted with primary antibodies against β, NF-kB 
p100/p52 Ab (Cell Signaling Cat. #, 8242T), Phospho-
Akt (Ser473) (Cell Signaling Cat. #, 9271T), and PI3K 
(Cell Signaling Cat. #, 4249T),. HRP-conjugated second-
ary antibody (Cell Signaling, Cat. #,7074P2) was used to 
detect specific signals. Band intensities were analyzed by 
ChemiDoc™ imaging system with Image Lab™ software 
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version 5.1 (Bio-Rad Laboratories Inc., Hercules, CA, 
USA). The protein expression level was normalized to 
β-actin (Cell Signaling Cat. #, 4970 S) [34].

Statistical analysis
Data were displayed as mean ± SD. Unpaired Student’s 
t-tests were used for comparison between the two 
groups. Results were analyzed by one-way ANOVA with 
Tukey- Kremer post hoc test. All statistical analyses 
were done using GraphPad Prism™ software version 6.00 
(GraphPad Software, Inc., La Jolla, CA, USA). Statistical 
significance was selected at P ≤ 0.05.

Results
The MeOH extract of the roots of J. spinosa was subjected 
to chromatographic fractionation and separation on a 
Si gel column, which resulted in the isolation of a major 
macrocyclic diterpene (1), The identification of this com-
pound was based on NMR analysis, and comparison with 
literature data [35, 36].

Compound 1 was isolated as colorless needles (1.5 g). 
The 1 H-NMR spectrum displayed signals for four vinylic 
proton at δH 6.44 (1 H, d, J = 16.3 Hz, H-9), 5.98 (1 H, d, 
J = 16.3 Hz,, H-8), 5.80 (2 H, dt, J = 8.4, 1.8 Hz, H-5, H-3), 
and five methyl protons at δH 1.87 (s), 1.74 (s), 1.37 (s), 
1.23 (s) and 1.10 (m) (Table S1). The 13 C-NMR displayed 
signals for 20 carbon resonances including two carbonyl 
carbons at δC 202.01 (C-7) and δc 203.93 (C-14), eight 
olefinic carbons in the region (δc 112.42–183.29), five 
methyl carbons (δc 6.11–30.40), two methylene carbons 
at δC 42.45 (C-1) and 41.23 (C-11), one methyl carbon at 
δC 38.34 (C-2) and two quaternary carbons resonating at 
δC 36.64 (C-10) and 99.77 (C-15, oxycarbon). The isolated 

compound was characterized as the macrocyclic diterpe-
noid jatrophone based on the spectral data (supplemen-
tary file 1) and by comparison to the data reported in the 
literature  [35, 36]. The genus Jatropha has been found 
to contain various types of macrocyclic diterpenoids, 
including jatrophane, rhamnofolane, lathyrane, daph-
nane, tigliane, dinorditerpene, and pimarane.

Biological assessment
Cytotoxicity of jatrophone in MCF-7ADRcells
Sulforhodamine B (SRB) assay was used to measure the 
cytotoxicity of jatrophone against MCF-7ADR cells fol-
lowing exposure to doses of 0.1 to 100 µM for 72 h. Cel-
lular log death was progressive in profile and jatrophone 
exerted gradient cytotoxic activity with increasing con-
centrations up to 1 M, where viability started to markedly 
decline with an IC50 of 1.8 ± 0.05 µM (Fig. 1).

Effect of jatrophone on the cell cycle in MCF-7ADRcells
Cell cycle distribution using DNA flow cytometry 
was used to assess observed growth inhibition of the 
MCF-7ADR cell line after jatrophone (JA) treatment 
(Fig. 2). Jatrophone treatment showed significant changes 
in all cell cycle phases compared to control cells. JA 
caused a meaningful decrease in the cell population of 
G0/G1-phase (the non-proliferating cell proportion) 
from 46.21 ± 2.7% to 34.83 ± 1.9% compared to control 
cells. Reciprocally, treatment with JA showed a signifi-
cant increase in cell percentage of the S phase (the DNA 
synthesis phase) after 48 h treatment from 24.83 ± 2.01% 
to 30.17 ± 1.95% concomitantly with an increase of cell 
percentage in the G2/M phase from 28.96 ± 2.4% to 
34.99 ± 1.8% (Fig.  2B), indicating cell cycle arrest in two 
stages and suggesting the difficulty of repairing the intra-
cellular damaged DNA. Accumulation of cells in the 

Fig. 1 In vitro growth inhibition effect of jatrophone against resistant 
breast cancer cells (MCF-7ADR). Cell viability was evaluated by SRB assay 
and data are expressed as mean ± SD (n = 3)
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G2/M phase constituted enough stress to induce mitotic 
block and cell death. Correspondingly, JA treatment 
resulted in a markable cell death manifested by a signifi-
cant increase in the Sub-G1 phase from 1.35 ± 0.03% to 
8.62 ± 0.92% compared to control cells (Fig. 2C).

Apoptosis/necrosis assessment
To find out the mechanism of cell death (Apoptosis/
necrosis) by which MCF-7ADR cells underwent cell death 
induced by treatment with the pre-calculated IC50 of 
jatrophone (JA), annexin-V/FITC double staining cou-
pled with flow cytometry was performed.

Jatrophone produced profound cell death of resistant 
breast cancer cells with ~ 52% total cell death, about 
30% through early apoptosis, and nearly 22% by late 
apoptosis (Fig.  3A). Interestingly, JA produced induced 
marked early apoptosis (29.89 ± 2.1%) and late apoptosis 
(22.49 ± 1.9%) after 48 h of exposure compared to control 
untreated cells (0.72 ± 0.04%) and (2.1 ± 0.22%), respec-
tively. Though, treatment with JA didn’t induce notable 
necrotic cell death compared to control cells (0.32 ± 0.01% 
and 0.98 ± 0.11%, respectively) (Fig.  3B). These find-
ings showed that resistant breast cancer cells surren-
dered to cell death only by apoptotic mode, suggesting a 

Fig. 2 Evaluation of cell cycle progression in resistant breast cancer cells (MCF-7ADR) after JA treatment. Cell cycle distribution was determined using DNA 
cytometry analysis (A) of control (untreated cells) and 48 h JA treated MCF-7ADR cells and Quantification of percentage (B) of cells in each phase of the cell 
cycle is represented as a bar graph of mean ± SD; n = 3. (C) Sub-G1 phase was plotted as percentage of total events. * Statistically significant from control
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prominent role of apoptosis in jatrophone-mediated cell 
death.

Induction of autophagy by jatrophone in MCF-7ADRcells
Accumulating evidence has shown the relationship 
between autophagy and multidrug-resistant tumors. 
Thus, it is necessary to understand the exact mecha-
nism of drugs on autophagy. Here, MCF-7ADR cells were 
treated with jatrophone for 48  h, and autophagy was 
assessed using acridine orange dye coupled with flow 
cytometry (Fig.  4A). The results showed that resistant 
breast cancer cells showed marked induction of autoph-
agic signal by nearly 33% compared with control cells 
(Fig. 4b). These results suggested that jatrophone at IC50 

concentration-induced autophagy in resistant breast can-
cer cells.

Jatrophone inhibits the migration of MCF-7ADRcells
The inhibitory potential of jatrophone on cell migra-
tion of MCF-7ADR cells was inspected by performing a 
Scratch (wound)-healing assay, a critical process associ-
ated with EMT and tumorigenesis. Untreated MCF-7ADR 
cells revealed appreciable migratory potential, with 
a migration rate of 43%, and 68% at 24 and 48  h and 
showed complete wound closure at 72  h (100% migra-
tion), while migration of cells treated with jatrophone 
was delayed with a migration rate of 28%, 50% and 80% 
at 24 h, 48 h, and 72 h, respectively (Fig. 5A). As shown 
in Fig.  5B, jatrophone suppressed cell migration in a 

Fig. 4 (A) Autophagic cell death evaluation in MCF-7ADR cells after exposure to jatrophone for 48 h. Cells were stained with acridine orang dye; (B) Net 
fluorescent intensity (NFI) was plotted in comparison with the basal fluorescence of untreated MCF-7ADR cells; Data are displayed in triplicate. * Statistically 
significant from control

 

Fig. 3 Evaluation of cell death modality (Apoptosis/necrosis) in resistant breast cancer cells (MCF-7ADR cells) after jatrophone treatment for 48 h followed 
by double staining with Annexin-FITC/PI. (A) Quantification of cells in different stages; (B) Different cell populations of early apoptosis, late apoptosis, and 
necrosis with total cell death were plotted as a percentage of total events. Data are presented as mean ± SD; n = 3. * Statistically significant from control
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time-dependent manner. β β These results indicated anti-
migratory activity of jatrophone on the resistant breast 
cancer cells.

Jatrophone inhibits PI3K/AKT/ NF-κB pathway in 
MCF-7ADRcells
The PI3K/AKT signaling is a critical pathway involved 
in breast cancer progression, migration, and resistance 
development. It also performs a primary function in 
activating the expression of NF-κB in cancer cells. Thus, 
we examined the effect of the jatrophone treatment on 
the expression level of PI3K/AKT and NF-κB cascade. 
Western blot results showed that jatrophone treatment 
significantly diminished PI3K, p-AKT, and NF-κB levels 
compared with untreated cells (Fig.  6), suggesting that 
jatrophone induced anticancer and anti-migratory activi-
ties are mediated by inhibition of PI3K/AKT/ NF-κB 
pathway.

Discussion
Breast cancer is known for its aggressive and multifac-
torial nature, particularly in advanced stages, which is 
attributed to its high propensity for metastasis, relapse, 
and multidrug resistance. Therefore, there is an urgent 
need to search for alternative medications from natural 

products. Currently, plant-based therapeutics have been 
explored due to their effectiveness with high availability, 
low cost, and the least possible side effects [37, 38]. So, 
we aimed in this study to evaluate jatrophone as an effec-
tive agent in resistant breast cancer and to gain insight 
into the underlying molecular mechanism using a doxo-
rubicin-resistant breast cancer cell line MCF-7ADR.

Despite the few studies that reported the in vitro anti-
proliferative activity of jatrophone, its cytotoxicity was 
potent, and in a concentration-dependent way, displaying 
IC50 values < 10 µM [10, 13]. Herein, we demonstrated for 
the first time that jatrophone showed potent cytotoxicity 
against MCF-7ADR resistant breast cancer cells with an 
IC50 value of 1.8 ± 0.2 µM.

The cell cycle is the fundamental process that regu-
lates a cell’s life activities, and its disturbance is one of the 
most significant mechanisms underlying breast cancer. 
This process is controlled by signaling pathways, includ-
ing PI3K/AKT signaling [1]. Moreover, cell cycle arrest 
induced by chemotherapy was found to be involved in 
deciding the cancer response to different treatments, 
whether to increase the sensitivity of cells to treatment or 
serve as a protective mechanism [39]. Jatrophone caused 
cell cycle arrest of cancer cells in various stages depend-
ing on the kind of cancer in the majority of trials, and this 

Fig. 5 Jatrophone inhibits cell migration of MCF-7ADRcells. (A) The migration distances were measured after different treatments daily for 72 h; (B) Data 
were blotted as migration % at each time interval; β Data are presented as triplicates. * Statistically significant from control
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was generally seen together with the activation of apop-
tosis [14, 15].

In our study, we discovered that jatrophone arrested 
drug-resistant breast cancer cells in the S and G2/M 
phases, along with an increase in cells in the pre-G1 
phase, which led to cell death [40]. This suggests that 
jatrophone’s induction of cell cycle arrest overcomes drug 
resistance rather than serving as a defense mechanism 
because resistance cells frequently escape alternative cell 
death when the cell cycle is blocked. Furthermore, jatro-
phone’s interference with the S-G2/M transition in resis-
tant breast cancer cells, which caused an accumulation of 
cells to enter the mitotic phase, created enough stress to 
cause cell death via a process known as mitotic catastro-
phe [41].

Apoptosis, necrosis, and autophagy are three types of 
programmed cell death that oppose proliferation cel-
lular phenomena and are involved in normal develop-
ment [42]. The occurrence and development of tumors 
are believed to be related to blocked apoptosis [43] and 
abnormal proliferation [6], considering that for the 
majority of malignancies, tumor cells must acquire the 
capacity of overwhelming apoptosis to allow their sur-
vival [44]. Here a minor population of necrotic cells was 
seen, and apoptosis was most prominent after jatroph-
one treatment suggesting JA-induced cell death mainly 
via apoptosis, the most promising mode of cell death for 
cancer therapy [6, 38].

Accumulating data indicates the intricate association 
between apoptosis and autophagy in response to vari-
ous anticancer treatments [45–47]. The evidence sug-
gests that the induction of autophagy/apoptosis, either 
dependently or independently is a new strategy to over-
come drug resistance [48] and as a druggable anticancer 

therapeutic target of naturally derived phytochemicals 
[49]. Here, jatrophone added to apoptosis-recruitment, 
induced autophagic cell death in resistant breast cancer 
cells This study indicates the potential of jatrophone in 
preventing the progression of resistant breast cancer cells 
by triggering apoptotic or autophagic cell death, the main 
goals of tumor chemoprevention [45, 47, 50].

In breast cancer, epithelial-mesenchymal transi-
tion (EMT) is crucial for augmented disease repetition, 
increased tumor fierceness [3, 17], and anticancer drug 
resistance [18]. In the current exploration, we found that 
jatrophone has anti-metastatic potentials on MCF-7 
ADR cells, confirmed by scratch assay β. β.

Additionally, other signaling mechanisms, including 
the NF-B and PI3K/AKT pathways, continue to regulate 
EMT [51]. One of the most frequently active signal trans-
duction pathways, the PI3K/AKT signaling pathway is 
implicated in the proliferation, metastasis, and treatment 
resistance of breast cancer cells [3, 17, 52], as well as 
being one of the most frequently activated signal trans-
duction pathways [2]. Therefore, inhibiting the PI3K/
AKT signaling pathway is considered a promising strat-
egy for cancer treatment. Several lines of evidence have 
suggested suppressing AKT would result in cell cycle 
arrest and death [53, 54], which induce apoptosis and 
reverse DOX resistance [6, 55]. Our findings demonstrate 
that jatrophone has anti-EMT and anti-migratory poten-
tials of jatrophone in human-resistant breast cancer cells, 
likely through its inhibition of the PI3K/AKT pathway. 
These finding provide a new perspective on the potential 
use of jatrophone as a metastasis and EMT inhibitor in 
breast cancer.

The NF-κB has a pivotal role as a mediator for various 
survival signaling pathways associated with the survival 

Fig. 6 The effect of jatrophone treatment on PI3K/AKT/ NF-κB pathway in MCF-7ADR. (A) The protein level of PI3K, p-AKT and NF-κB was determined by 
Western blot analysis in MCF-7ADR cells. (B) Relative protein levels were represented compared to the control. Data are presented as triplicates. * Statisti-
cally significant from control
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and growth of cancer cells [56], suggesting that jatroph-
one may exhibit an anti-proliferative effect on resistant 
breast cancer cells by targeting NF-κB expression. More-
over, this study implied the involvement of NF-kB as a 
molecular target of jatrophone [14]. Additionally, studies 
displayed NF-κB as a transcription factor implicated in 
the phosphoinositide-3-kinase PI3K/AKT signaling path-
way in breast cancer [6, 57]. These results indicated that 
Jatrophone could be a powerful new chemotherapeutic 
agent against resistant breast cancers by targeting the 
oncogenic PI3k/AKT/NFkb signaling pathway.

Conclusion
Considering this study, our data strongly imply that jatro-
phone (1) decreases the proliferation of MCF-7/ADR 
cells at a low micromolar concentration, (2) induces 
cell cycle arrest, (3) promotes apoptotic and autophagic 
cell death, (4) inhibits migration and EMT (5) works on 
resistance by a mechanism involving the inhibition of the 
PI3K/Akt/ NF-κB pathway. These findings provide evi-
dence to develop jatrophone as a lead molecule for fur-
ther in vivo and clinical investigation to combat resistant 
breast cancer.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12906-023-04113-6.

Supplementary Material 1

Acknowledgements
The authors would like to thank Agricultural Engineer Abd Alhabib Al-Ghadasi 
in the Agriculture Research Institute of Yemen for collection and identification 
of the plant material.

Authors’ contributions
Conceptualization, R.A.E.G., K.M.M., A.E.K., and E.A.S.; Methodology, K.S., R.A.E.G., 
and R.M.A.; Investigation, K.S., R.A.E.G., and R.M.A.; Analysis of the data, R.M.A.; 
Supervision, K.M.M., A.E.K., and E.A.S.; Writing-original draft preparation, all 
authors; Writing–review & editing, all authors; All authors have read and 
approved the final manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB).

Data Availability
All data generated or analyzed during this study are included in this published 
article and its supplementary information file.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Pharmacognosy Department, Faculty of Pharmacy, Cairo University, Kasr 
El-Aini St, Cairo 11562, Egypt
2Pharmacology Department, Medical Research Institute, National 
Research Centre, Dokki, Cairo 12622, Egypt

Received: 18 May 2023 / Accepted: 2 August 2023

References
1. An J, Peng C, Xie X, Peng F. New advances in targeted therapy of HER2-Nega-

tive breast Cancer. Front Oncol. 2022;12.
2. Zhang T, Zhou H, Wang K, Wang X, Wang M, Zhao W, et al. Role, molecular 

mechanism and the potential target of breast cancer stem cells in breast 
cancer development. Biomed Pharmacother. 2022;147:112616.

3. Saha T, Lukong KE. Breast Cancer Stem-Like cells in Drug Resistance: a review 
of mechanisms and novel therapeutic strategies to Overcome Drug Resis-
tance. Front Oncol. 2022;12.

4. Peng W, Hu C, Shu Z, Han T, Qin L, Zheng C. Antitumor activity of tatariside F 
isolated from roots of Fagopyrum tataricum (L.) Gaertn against H22 hepato-
cellular carcinoma via up-regulation of p53. Phytomedicine. 2015;22:730–6.

5. Luo H, Vong CT, Chen H, Gao Y, Lyu P, Qiu L, et al. Naturally occurring 
anti-cancer compounds: shining from chinese herbal medicine. Chin Med. 
2019;14:48.

6. Zhu Y, Xie N, Chai Y, Nie Y, Liu K, Liu Y et al. Apoptosis induction, a Sharp Edge 
of Berberine to Exert Anti-Cancer Effects, focus on breast, lung, and Liver Can-
cer. Front Pharmacol. 2022;13.

7. Fattahian M, Ghanadian M, Ali Z, Khan IA. Jatrophane and rearranged 
jatrophane-type diterpenes: biogenesis, structure, isolation, biological activity 
and SARs (1984–2019). Phytochem Rev. 2020;19:265–336.

8. Al-Khayri JM, Sudheer WN, Preetha TR, Nagella P, Rezk AA, Shehata WF. Bio-
technological Research Progress in Jatropha, a Biodiesel-Yielding Plant. Plants. 
2022;11:1292.

9. Balaji R, Rekha N, Deecaraman M, Manikandan L. Antimetastatic and antip-
roliferative activity of methanolic fraction of Jatropha curcas against B16F10 
melanoma induced lung metastasis in C57BL/6 mice. Afr J Pharm Pharmacol. 
2009;3:547–55.

10. de Fernandes ES, Rodrigues FA, Tófoli D, Imamura PM, de Carvalho JE, Ruiz 
ALTG, et al. Isolation, structural identification and cytotoxic activity of hexanic 
extract, cyperenoic acid, and jatrophone terpenes from Jatropha ribifolia 
roots. Rev Bras Farmacogn. 2013;23:441–6.

11. Oskoueian E, Abdullah N, Saad WZ, Omar AR, Ahmad S, Kuan W, Bin, et al. 
Antioxidant, anti-inflammatory and anticancer activities of methanolic 
extracts from Jatropha curcas Linn. J Med Plants Res. 2011;5:49–57.

12. Ovando-Medina I, Pérez-Díaz LP, Ruiz-González S, Salvador-Figueroa M, 
Urbina-Reyes ME, Adriano-Anaya L. Production of cytotoxic compounds 
in dedifferentiated cells of Jatropha curcas L. (Euphorbiaceae). PeerJ. 
2016;4:e2616.

13. Asep S, Hening H, Gema PS, Gigih S, Chicy Widya M, Sahidin S. Anticancer 
activity of Jatrophone an isolated compound from jatropha gossypifolia 
plant against Hepatocellular Cancer Cell HEP G2 1886. Biomed Pharmacol J. 
2017;10:667–73.

14. Yuan L, Wang F, Zhang T, Zhang Y, Pan H, Lv G, et al. Inhibition of glioma cell 
viability by jatrophone via NF-κB down-regulation and apoptosis inhibitor 
up-regulation. Arch Med Sci. 2020. https://doi.org/10.5114/aoms.2020.94439.

15. Fatima I, El-Ayachi I, Taotao L, Lillo MA, Krutilina R, Seagroves TN, et al. The 
natural compound Jatrophone interferes with Wnt/β-catenin signaling and 
inhibits proliferation and EMT in human triple-negative breast cancer. PLoS 
ONE. 2017;12:e0189864.

16. Yang C, Mai Z, Liu C, Yin S, Cai Y, Xia C. Natural Products in preventing Tumor 
Drug Resistance and Related Signaling Pathways. Molecules. 2022;27:3513.

17. Rajendran P, Ben Ammar R, Al-Saeedi FJ, Elsayed Mohamed M, Islam M, Al‐
Ramadan SY. Thidiazuron decreases epithelial‐mesenchymal transition activ-
ity through the NF‐kB and PI3K/AKT signalling pathways in breast cancer. J 
Cell Mol Med. 2020;24:14525–38.

18. Lee. Reversal of epithelial–mesenchymal transition by natural anti-inflamma-
tory and pro-resolving lipids. Cancers (Basel). 2019;11:1841.

https://doi.org/10.1186/s12906-023-04113-6
https://doi.org/10.1186/s12906-023-04113-6
https://doi.org/10.5114/aoms.2020.94439


Page 10 of 10Shari et al. BMC Complementary Medicine and Therapies          (2023) 23:293 

19. Cui Y, Zhao M, Yang Y, Xu R, Tong L, Liang J, et al. Reversal of epithelial-
mesenchymal transition and inhibition of tumor stemness of breast 
cancer cells through advanced combined chemotherapy. Acta Biomater. 
2022;152:380–92.

20. Han Y, Fan S, Qin T, Yang J, Sun Y, Lu Y, et al. Role of autophagy in breast cancer 
and breast cancer stem cells (review). Int J Oncol. 2018;52:1057–70.

21. Chang H, Zou Z. Targeting autophagy to overcome drug resistance: further 
developments. J Hematol Oncol. 2020;13:1–18.

22. Hashemi M, Paskeh MDA, Orouei S, Abbasi P, Khorrami R, Dehghanpour A, 
et al. Towards dual function of autophagy in breast cancer: a potent regula-
tor of tumor progression and therapy response. Biomed Pharmacother. 
2023;161:114546.

23. Debnath J, Gammoh N, Ryan KM. Autophagy and autophagy-related 
pathways in cancer. Nat Rev Mol Cell Biol. 2023. https://doi.org/10.1038/
s41580-023-00585-z.

24. Kupchan SM. Advances in the Chemistry of Tumor-Inhibitory Natural Prod-
ucts. Recent Adv Phytochem. 1972;:167–88.

25. Calixto JB, Sant’Ana AEG. Pharmacological analysis of the inhibitory effect 
of jatrophone, a diterpene isolated fromJatropha elliptica, on smooth and 
cardiac muscles. Phyther Res. 1987;1:122–6.

26. Pertino M, Schmeda-Hirschmann G, Rodríguez J, Theoduloz C. Gastroprotec-
tive effect and cytotoxicity of Semisynthetic Jatropholone derivatives. Planta 
Med. 2007;73:1095–100.

27. Pertino M, Schmeda-Hirschmann G, Santos LS, Rodríguez JA, Theoduloz C. 
Biotransformation of jatrophone by aspergillus niger ATCC 16404. Zeitschrift 
fur Naturforsch -. Sect B J Chem Sci. 2007;62:275–9.

28. Taylor MD, Smith AB, Furst GT, Gunasekara SP, Bevelle CA, Cordell GA, et 
al. Plant anticancer agents. 28. New antileukemic jatrophone derivatives 
from Jatropha gossypiifolia: structural and stereochemical assignment 
through nuclear magnetic resonance spectroscopy. J Am Chem Soc. 
1983;105:3177–83.

29. Elakkad YE, Younis MK, Allam RM, Mohsen AF, Khalil IA. Tenoxicam loaded 
hyalcubosomes for osteoarthritis. Int J Pharm. 2021;601:120483.

30. Allam RM, Al-Abd AM, Khedr A, Sharaf OA, Nofal SM, Khalifa AE, et al. Fingo-
limod interrupts the cross talk between estrogen metabolism and sphingo-
lipid metabolism within prostate cancer cells. Toxicol Lett. 2018;291:77–85.

31. Abdel-Mohsen HT, El Kerdawy AM, Omar MA, Petreni A, Allam RM, El Diwani 
HI, et al. Application of the dual-tail approach for the design and synthesis 
of novel thiopyrimidine–benzenesulfonamide hybrids as selective carbonic 
anhydrase inhibitors. Eur J Med Chem. 2022;228:114004.

32. Hassabo AA, Abdelraof M, Allam RM. L-arginase from Streptomyces diastati-
cus MAM5 as a potential therapeutic agent in breast cancer: purification, 
characterization, G1 phase arrest and autophagy induction. Int J Biol Macro-
mol. 2022. https://doi.org/10.1016/j.ijbiomac.2022.10.152.

33. Abdellatif MM, Elakkad YE, Elwakeel AA, Allam RM, Mousa MR. Formulation 
and characterization of propolis and tea tree oil nanoemulsion loaded with 
clindamycin hydrochloride for wound healing: In-vitro and in-vivo wound 
healing assessment. Saudi Pharm J. 2021;29:1238–49.

34. Zhang L, Wang H, Li C, Zhao Y, Wu L, Du X, et al. VEGF-A/Neuropilin 1 pathway 
confers Cancer Stemness via activating Wnt/β-Catenin Axis in breast Cancer 
cells. Cell Physiol Biochem. 2017;44:1251–62.

35. D’Alagni M, De Petris M, Battista Marini-Bettolo G, Temussi PA. Study of 
the binding of jatrophone to Escherichia coli s-ribonucleic acid. FEBS Lett. 
1983;164:51–6.

36. Batista PHJ, de Andrade JRM, Matos TS, Sousa T, da Pinto S, das F, Silveira CL. 
Terpenoids and coumarins from Jatropha ribifolia (Pohl) Baill. Quim Nova. 
2014. https://doi.org/10.5935/0100-4042.20140172.

37. Sahidin S, Ardiansyah A, Muhammad T, Marianti M. Terpenoids from the 
stem bark of Jatropha plants and their biological activities. Makara J Sci. 
2012;15:2–7.

38. Nirgude S, Desai S, Mahadeva R, Ravindran F, Choudhary B. ST08 altered 
NF-κB pathway in breast Cancer cells in Vitro as revealed by miRNA-mRNA 
analysis and enhanced the Effect of Cisplatin on Tumour reduction in EAC 
Mouse Model. Front Oncol. 2022;12.

39. Sun J, Li M, Lin T, Wang D, Chen J, Zhang Y et al. Cell cycle arrest is an impor-
tant mechanism of action of compound kushen injection in the prevention 
of colorectal cancer. Sci Rep. 2022;12.

40. Choi CY, Lim S-C, Lee T-B, Han SI. Molecular basis of Resveratrol-Induced 
resensitization of Acquired Drug-Resistant Cancer cells. Nutrients. 
2022;14:699.

41. Ghelli Luserna Di, Rorà A, Cerchione C, Martinelli G, Simonetti G. A WEE1 fam-
ily business: regulation of mitosis, cancer progression, and therapeutic target. 
J Hematol Oncol. 2020;13:1–17.

42. Maleki Dana P, Sadoughi F, Asemi Z, Yousefi B. The role of polyphenols in 
overcoming cancer drug resistance: a comprehensive review. Cell Mol Biol 
Lett. 2022;27:1.

43. Zhang L, Gong Y, Zhang L, Liang B, Xu H, Hu W et al. Gou Qi Zi inhibits prolif-
eration and induces apoptosis through the PI3K/AKT1 signaling pathway in 
non-small cell lung cancer. Front Oncol. 2022;12.

44. Cheng X, Tan S, Duan F, Yuan Q, Li Q, Deng G. Icariin induces apoptosis by 
suppressing autophagy in tamoxifen-resistant breast cancer cell line MCF-7/
TAM. Breast Cancer. 2019;26:766–75.

45. Park S-H, Kim J-H, Chi GY, Kim G-Y, Chang Y-C, Moon S-K, et al. Induction 
of apoptosis and autophagy by sodium selenite in A549 human lung 
carcinoma cells through generation of reactive oxygen species. Toxicol Lett. 
2012;212:252–61.

46. Ly JD, Grubb DR, Lawen A. The mitochondrial membrane potential (δψm) in 
apoptosis; an update. Apoptosis. 2003;8:115–28.

47. Yang H-L, Huang S-T, Lyu Z-H, Bhat AA, Vadivalagan C, Yeh Y-L, et al. The 
anti-tumor activities of coenzyme Q0 through ROS-mediated autophagic cell 
death in human triple-negative breast cells. J Funct Foods. 2023;102:105454.

48. Zheng D, Wang R, Zhang Y, Pan Y, Cheng X, Cheng C, et al. The prevalence 
and prognostic significance of KRAS mutation subtypes in lung adenocarci-
nomas from chinese populations. Onco Targets Ther. 2016;9:833–43.

49. Ali M, Wani SUD, Salahuddin M, K SNM, Dey M. Recent advance of herbal 
medicines in cancer- a molecular approach. Heliyon. 2023;9:e13684.

50. Sharma R. Cancer Chemoprevention: Prevention is better than cure. J Cancer 
Sci Ther. 2012;01.

51. Loret N, Denys H, Tummers P, Berx G. The role of epithelial-to-mesenchymal 
plasticity in Ovarian Cancer Progression and Therapy Resistance. Cancers 
(Basel). 2019;11:838.

52. Hu Y, Guo R, Wei J, Zhou Y, Ji W, Liu J, et al. Effects of PI3K inhibitor NVP-
BKM120 on overcoming drug resistance and eliminating cancer stem cells in 
human breast cancer cells. Cell Death Dis. 2015;6:e2020–0.

53. Ponnusamy L, Kothandan G, Manoharan R. Berberine and Emodin abrogates 
breast cancer growth and facilitates apoptosis through inactivation of SIK3-
induced mTOR and akt signaling pathway. Biochim Biophys Acta - Mol Basis 
Dis. 2020;1866:165897.

54. Tak J, Sabarwal A, Shyanti RK, Singh RP. Berberine enhances posttranslational 
protein stability of p21/cip1 in breast cancer cells via down-regulation of akt. 
Mol Cell Biochem. 2019;458:49–59.

55. Wang Y, Liu Y, Du X, Ma H, Yao J. Berberine reverses Doxorubicin Resistance 
by inhibiting Autophagy through the PTEN/Akt/mTOR signaling pathway in 
breast Cancer. Onco Targets Ther. 2020;13:1909–19.

56. Smith D, Shimamura T, Barbera S, Bejcek BE. NF-κB controls growth of glio-
blastomas/astrocytomas. Mol Cell Biochem. 2007;307:141–7.

57. Yang HL, Thiyagarajan V, Shen PC, Mathew DC, Lin KY, Liao JW, et al. Anti-EMT 
properties of CoQ0 attributed to PI3K/AKT/NFKB/MMP-9 signaling pathway 
through ROS-mediated apoptosis. J Exp Clin Cancer Res. 2019;38:1–21.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1038/s41580-023-00585-z
https://doi.org/10.1038/s41580-023-00585-z
https://doi.org/10.1016/j.ijbiomac.2022.10.152
https://doi.org/10.5935/0100-4042.20140172

	Jatrophone: a cytotoxic macrocylic diterpene targeting PI3K/AKT/NF-κB pathway, inducing apoptosis and autophagy in resistant breast cancer cells
	Abstract
	Introduction
	Materials and methods
	Plant material
	Extraction and isolation
	Methodology
	Cell culture
	Cytotoxicity assay
	Cell cycle analysis
	Annexin V-FITC /PI apoptosis assay
	Autophagy analysis
	Migration assay
	Western blot assay


	Statistical analysis
	Results
	Biological assessment
	Cytotoxicity of jatrophone in MCF-7ADRcells
	Effect of jatrophone on the cell cycle in MCF-7ADRcells
	Apoptosis/necrosis assessment
	Induction of autophagy by jatrophone in MCF-7ADRcells
	Jatrophone inhibits the migration of MCF-7ADRcells
	Jatrophone inhibits PI3K/AKT/ NF-κB pathway in MCF-7ADRcells


	Discussion
	Conclusion
	References


