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Abstract

Apoptosis (programmed cell death) is an intricate 
process that involves multiple signaling pathways, 
and failure to activate apoptosis is one of the main 
obstacles in cancer treatment. The apoptosis 
resistance of cancer cells is an inherent part of the 
carcinogenic process, which is also associated with 
chemotherapy resistance. Therefore, new drugs 
are required to improve cytotoxicity to cancer cells 
without affecting normal cells. The current knowledge 
of apoptosis is the theoretical source for novel and 
effective treatments with the selective induction of 
apoptosis in cancer cells and augmentation of the 
cytotoxicity of established chemotherapeutic agents. 
Based on these goals of treatment for cancer, recent 
attention has focused on the phytochemicals as 
anticancer agents. For that reason, designing new 
anti-tumor agents must include recognizing and 
developing those agents that have the ability to target 
various genes that regulates apoptosis. There are 
several natural plant compounds that demonstrate 
anti-tumor activity, according to various mechanisms. 
In view of the immense medicinal importance of 
natural products, this review strives to compile a 
brief statement on the mechanisms of apoptosis and 
effective natural compounds that induce apoptosis 
through both mitochondrial and death receptor 
pathways. 
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1. Introduction

1.1 Apoptosis

As an extremely structured process of programmed 
cell death, apoptosis has developed much attention 
in oncology and cancer therapy due to the role of 
chemotherapeutic agents in encouraging apoptosis 

in cancer cells [1]. In response to cancer treatment, 
apoptosis is one of the main mechanisms of 
planned cell death [2]. Apoptosis is an evolutionary 
procedure that naturally occurs in all cells that are 
no longer useful [3]. Apoptosis has an important role 
in physiology, homeostasis and development [4-7]. 
The deregulation of apoptosis through gain of anti-
apoptotic signals or the loss of pro-apoptotic signals 
may indicate a variety of pathological circumstances, 
resulting in treatment failure or cancer promotion, 
progression and initiation [8,9]. Apoptosis is a desirable 
process throughout the duration of cancer treatments 
because it does not frequently activate an immune or 
inflammatory response. In this way, the induction of 
apoptosis using chemical agents and the synthesis 
of apoptotic pathways is effective in cancer therapies 
[10-15]. Activating various caspase cascades can 
mediate the apoptosis process [16,17]. There are 
two main signaling systems in mammals, that result 
in the caspase activation; the mitochondrial pathway 
(intrinsic) [18,19], and the death receptor pathway 
(extrinsic) [20-23]. The extrinsic pathway involves 
death receptors, such as the tumor necrosis factor 
receptor or Fas, and the procaspase- 8 undergoes 
fission by the active system following the activation 
of downstream caspases-3, -6 and -7 [24]. In the 
intrinsic pathway, indispensable roles are performed 
by mitochondria over the mitochondrial permeability 
transition (PT). Mitochondrial PT induction indicates 
the destruction of the internal transmembrane 
prospective (Dwm), an accepted mechanism that 
activates cytochrome c translocation [25]. There are 
various anti-apoptotic molecules available that have 
the ability to regulate or trigger apoptosis. Thus, 
it has become a significant approach for cancer 
chemotherapy to utilize unindustrialized natural anti-
tumor compounds that have the capability to target 
these molecules. Currently, many plant compounds 
have been acknowledged as anticancer agents [26], 
and many can activate apoptosis by targeting several 
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cellular proteins, encouraging apoptosis via both 
the extracellular and intracellular pathways [14-27] 
(Figure 1).

1.2 Intrinsic apoptosis

The intrinsic apoptosis signaling pathway includes 
intracellular non-receptor–mediated signals, which 
are active in the mitochondria [28]. The intrinsic 
pathway stimuli consist of cells that have been 
injured by toxins or virus-related infections, radiation 
or free radicals. Additionally, cellular DNA damage 
can encourage the activation of the intrinsic pathway. 
Variations in the internal mitochondrial membrane 
are induced through these stimuli, and the outcome 
is the loss of transmembrane potential as well as the 
stimulation of pro-apoptotic proteins in the cytosol 
[28,29]. Caspases are activated by pro-apoptotic 

proteins, which mediate the destruction of the cell 
over countless pathways. A hallmark of apoptosis 
induced by DNA fragmentation is the translocation 
of those proteins into the cellular nucleus [28]. The 
tumor suppressor protein p53 and Bcl-2 protein family 
members are the main reasons for the regulation 
of pro-apoptotic actions. Protein members of the 
Bcl-2 group may play both pro- or anti-apoptotic 
roles [28]. The anti-apoptotic proteins contain BAG, 
Bcl-x, Bcl-XS, Bcl-XL, Bcl-w and Bcl-2, and many 
of these proteins are presently being explored as 
latent targets for anti-tumor therapy [28]. In addition, 
Bim, Bik, Bak, Bid, Bad, Bax, Bcl-10, and black are 
pro-apoptotic proteins. Furthermore, p53 protein 
and the cellular pathways that regulate its function 
are also presently being investigated as targets for 
prospective anticancer therapies [30] (Figure 2).

Figure 1. Schematic apoptotic events demonstration. Intrinsic and extrnisic are the two main apoptosis pathways.

Figure 2. The intrinsic pathway stimuli consist of cell that has injured by toxins or virus-related infections, radiation 
or free radicals. Caspase are activated by pro-apoptotic proteins contain Bim, Bik, Bak, Bid, Bad, Bax, Bcl-10 BAG, 
Bcl-x, Bcl-XS, Bcl-XL, Bcl-w and Bcl-2, etc.
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1.3 Extrinsic apoptosis

The extrinsic apoptosis signaling pathway is 
associated with tumor necrosis factor (TNF) receptor 
gene superfamily, such as transmembrane death 
receptors. Receptor family members attach to 
extrinsic ligands, which ultimately result in damage 
to the cell due to the transduction of intracellular 
signals [31,32]. Thus far, Apo3L, FasL, Apol2L and 
TNF-alpha are the most well investigated ligands 
of these receptors. In addition, TNFR1, DR4/DR5, 
FasR and DR3 are the corresponding receptors 
[31,33]. Currently, the molecules that may activate 
these receptors or encourage the activities of these 
pro-apoptotic proteins are being investigated for their 
possible therapeutic potential for cancer treatment. 
A number of caspases, which are mostly proteases 
with particular cellular targets, play a role in extrinsic 
pathway signal transduction. Once activated, 
caspases- modify a number of cellular functions that 
result in cell death [33] (Figure 3).

1.4 Natural compounds

The latest information on malignant tumor 
repressive compounds of plant origin has generated 
an impressive range of unique constructions. 
Epidemiological studies have suggested that the 
intake of a diet with adequate vegetables and fruits, 
which are the main sources of micronutrients and 
phytochemicals, may decrease the possibility of 
cancer development [34]. It was demonstrated that 
specified products of plants encourage apoptosis in 
neoplastic but not in normal cells [35-37]. Apoptosis 
has been increasingly suggested as an imperative 
approach of action for various anti-tumor mediators 
[38,39]. Therefore, the study of plant-based apoptotic 
inducers is considered essential, whether as isolated 
components or as crude extracts. A unifying concept 

for the mechanism may signify chemoprevention 
the definitive capability of plant compounds to 
encourage apoptosis. Thus, study of the action of 
these compounds may provide useful evidence 
of the possible application of these compounds in 
the prevention of cancer or even in cancer therapy 
(Figure 4).

1.4.1 Berberine

Berberine is derived from proto-berberine as 
a quaternary ammonium salt of isoquinoline 
alkaloids.  It is used for treating intestinal parasite 
and bacterial diarrhea infections as a traditional 
medicine. It was recently shown to suppress the 
growth of a number of tumor cell lines. Berberine 
reduced colony development of colon tumors in agar, 
and encouraged LDH release and cell death in a 
concentration- and time- dependent method in IMCE 
cells [40]. In a ROS production-dependent method, 
berberine motivated nuclear translocation, which is 
an intermediate of cell death (caspase-independent) 
and promotes apoptosis-inducing factor (AIF) release 
from mitochondria. Enhancement of berberine-
motivated ROS suppression or the production of AIF 
in IMCE cells releases LDH and blocks berberine-
induced apoptosis [40]. Moreover, as two targets 
of ROS production in cells, PARP initiation and 
the diffusion of the lysosome cathepsin B were 
encouraged through berberine. Obstruction of any 
of these pathways reduced cell death and berberine-
induced AIF activation in IMCE cells. Therefore, 
berberine- motivated PARP activation-dependent 
AIF activation and ROS construction, promoting the 
release of cathepsin B, which promoted caspase-
independent colon tumor cell death [40]. In addition, 
Berberine induces apoptosis through procaspase-9 
in liver cancer cells, and through procaspase-7 
and procaspase-3, which are its effector caspases. 

Figure 3. The extrinsic apoptosis signalling pathway contain tumor necrosis factor (TNF) receptor. Receptor 
family members attach to extrinsic ligands. Thus far, Apo3L, FasL, Apol2L and TNF-alpha are the furthermost well 
considered ligands of these receptors. In addition, TNFR1, DR4/DR5, FasR and DR3 are the corresponding receptors.
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The reverse transcription-PCR (polymerase chain 
reaction) results showed that berberine amplified the 
expression of Bax, resulting in the activation of the 
caspase cascade. The existing definitions proved 
that berberine encourages apoptosis in Huh7 cells 
using the mitochondrial pathway [41]. Previous 
studies established berberine’s ability to induce 
cell cycle arrest, inhibit inflammation and promote 
apoptosis in colon carcinoma cells. Supported by 
the induction of p21 expression at the G2/M phase, 
berberine arrested the SW480 cell cycle. Sequences 
of biochemical procedures, containing caspases, the 
release of cytochrome-c to the cytosol, the cleavage 
of poly (ADP-ribose) polymerase (PARP), the loss of 
mitochondrial membrane potential and Bcl-2 family 
protein induction suggests that berberine has the 
ability to induce apoptosis. Additionally, as shown 
by tumor necrosis factor- related apoptosis-inducing 
ligand (TRAIL) expression, and vascular endothelial 
growth factor (VEGF), caspase-8 mediated 
angiogenesis was inhibited by berberine [42]. A 
significant decrease of apoptosis caused by HIF-1α 
and p53 was found in the cerebral tissue of MCAO 
rats treated with berberine [43].

1.4.2 Genistein

Genistein has been presented to have anticancer 
activity as a natural isoflavonoid phytoestrogen, by 
promoting cell cycle arrest (G2M phase), and it may 
influence apoptosis in a number of cancer cell lines. 
It has been suggested that treatment using genistein 
promoted both the activation of caspases via Bid 
truncation (tBid) and the down-regulation of cellular 
caspase-8 (FLICE)-like inhibitory protein [44]. The 
significant character of caspases in apoptosis, 
promoted by genistein has shown the apoptotic 
effects of co-treatment with genistein which were 
meaningfully inhibited by particular caspase inhibitors. 

Overall, the published results specify that genistein 
can potentiate apoptosis via the up-regulation pro-
apoptotic tBid proteins as well as cFLIP∧L down-
regulation [44]. Genistein dramatically enlarged its 
exploitive consequence on both angiogenesis and 
tumor growth in nude mice, and potentiated the 
apoptosis-inducing consequences of ATO and the in 
vitro inhibition of the proliferation of HCC cell lines. 
The mechanism is partly based on the exploitive 
consequences of genistein on both the ATO-induced, 
activation of Akt, and on the activity of the NF-κB, in 
addition to the final association through the of NF-κB 
regulated suppression of gene products, such as Bcl-
xL, VEGF,  Bcl-2, COX-2, cyclin D1, and c-myc [45]. 
Genistein suppresses apoptosis in moto-neurons 
via pro-inflammatory cytokines such as IFN-γ in 
microglia. In vitro, exposure of ventral spinal cord 
4.1 motoneurons to microglial cytokine supernatant 
produced substantial apoptosis, which impacted the 
potential of the mitochondrial membrane. In addition, 
proliferation has been noted in species of reactive 
oxygen, calpain, intracellular Ca2+, cytochrome c, 
bax:bcl-2 ratio, and caspases. Microglial cytokine 
insult resulted in inverted moto-neuron apoptosis 
using genistein [46]. Records specified that genistein 
encourages cellular death in LNCaP cells through 
the intrinsic apoptotic pathway via the activation 
of caspase-3 and caspase-9 [47]. Furthermore, 
genistein has been shown to inhibit the propagation of 
MCF-7 HER2 in addition to MCF -7 vec cells, and this 
growth inhibition was increased with a rise of subG0/
G1 apoptotic elements. Genistein up-regulates p53, 
which induces the extrinsic apoptosis pathway [48].

1.4.3 Curcumin

Curcumin is a well-known food coloring and cooking 
agent from the turmeric rhizome (Curcuma longa 
L.), and it has therapeutic effects against various 

Figure 4. Proposed chemical structure of described natural compounds.
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pathologies such as atherosclerosis, heart failure 
and cancer [49]. Curcumin possesses potent anti-
tumor, antioxidant and anti-inflammatory activities, 
and it has the ability to induce apoptosis in HL-60 
promyelocytic leukemia cells. Apoptosis induced 
by curcumin could be noticeably decreased by 
the proteinase inhibitor tosyl lysine chloro-methyl 
ketone (TLCK) or an endonuclease inhibitor 
(ZnSO4), whereas the partial effect was shown by 
TPA (12-O-tetradecanoylphorbol-13-acetate). The 
antioxidants, alpha-tocopherol, l-ascorbic acid, 
superoxide dismutase and catalase, all efficiently 
prohibited apoptosis induced by curcumin. The 
results of a prior study suggested that cell death 
induced by curcumin was facilitated by species of 
reactive oxygen [50]. Curcumin induced apoptosis 
in NCI-H460 cells together with morphological 
changes in a dose-dependent manner. These 
signals culminate in caspase-3 activation and loss of 
mitochondrial membrane potential (ΔΨm). Apoptosis 
induced by curcumin was also encouraged over 
the ER stress proteins, GRP78 (glucose-regulated 
protein 78), FAS/caspase-8 (extrinsic pathway), and 
GADD153 (DNA damage-inducible gene 153), and 
growth arrest in NCI-H460 cells was activated [51]. 
It has been reported that curcumin has an antitumor 
effect by suppressing the growth of tumor cells and 
inducing apoptosis. Previous studies determined that 
curcumin induces apoptosis via a miRNA pathway in 
A549 cells [52]. Curcumin could activate p38-MAPK 
(p38-mitogen-activated protein kinase) and c-jun 
NH2 terminal kinases (JNKs). Curcumin up-regulated 
ROS generation and triggered the activation of JNKs, 
which encouraged H9c2 apoptotic cell death [49]. 
In addition, studies reveal that the JNK/ERK/AP1 
pathway activation by curcumin can encourage THP-
1 cell apoptosis [53].

1.4.4 Gingerol

Gingerol (also known as 6-gingerol), is the active 
component of fresh ginger. This compound is a relative 
of piperine and capsaicin [54]. It has been reported 
that gingerol (6-Gingerol), which is the strongest 
ingredient found in the rhizome of ginger, has strong 
anti-inflammatory properties, which is closely related 
to its cancer chemo preventive property. The scientific 
literature confirms that ginger-derived compounds 
have inhibitory effects in several types of cancer cells 
[55]. Gingerol inhibited Bcl-2 expression, caused DNA 
fragmentation and encouraged apoptosis of HL-60 
promyelocytic leukemia cells [56]. The mechanism of 
6-gingerol-induced apoptosis might account for the 
inhibition of Bcl-2 expression in HL-60 cells [56]. It 
has been proven that mitochondria and lysosomes 
in HepG2 cells may possibly be the main targets 
of gingerol (6-gingerol). The 6-gingerol-induced 
apoptosis oxidative stress has been determined 

and the intracellular generation of reactive oxygen 
species (ROS) and reduced glutathione (GSH) were 
observed, which suggests that the positive mediator 
of 6-gingerol that induces apoptosis in HepG2 cells 
may be cathepsin D [57]. Additionally, 6-gingerol may 
possibly encourage apoptosis in human prostate 
cancer cells (LNCaP) [58]. The mitochondrion is the 
key organelle that provides energy to cells for their 
growth and survival. Mitochondria have a central 
role in apoptosis of cancer cells and may also 
regulate autophagy [59]. Further, the expression 
of caspase-3 was distinguished in prostate cancer 
cells, which is preserved by 6-gingerol [60]. The 
caspases play a fundamental role in the apoptotic 
process as a family of proteins. These exist inside 
the cells as inactive precursors, which belong to a 
set of enzymes recognized as cysteine proteases 
[61]. Caspase trigger activation in cells undergoing 
apoptosis has been shown in both the extrinsic and 
intrinsic pathways [62]. The appearance cleaved 
PARP by 6-gingerol treatment was associated with 
the appearance of caspase-3 [60]. Additionally, 
6-gingerol has produced possibility reduction in 
gastric carcinoma cells [63]. Furthermore, caspase-
3-dependent cell death and cell cycle arrest was 
encouraged by 6-gingerol in colorectal carcinoma 
cells [64]. In conclusion, identified data recommend 
that 6-gingerol might be industrialised as one of the 
operational chemotherapeutic or chemopreventive 
mediators in several cancers [64]. The caspase 
group of cysteine proteases is involved in the 
death of cells in response to several apoptotic 
mechanisms via death-receptor (extrinsic) and 
mitochondria dependent pathways (intrinsic) [65]. A 
variety of substrates including activated DNase and 
mechanisms of cellular DNA repair are cleaved by 
caspases [66]. As detected by TUNEL assay in the 
prostate of mice, the 6-gingerol activated caspase -9 
and -3, resulting in DNA fragmentation [66].

1.4.5 Lycopene

Tomatoes, as well as other vegetables and red fruits 
(except cherries, red bell peppers and strawberries), 
are the sources of lycopene, a carotenoid pigment 
(bright red carotene). Lycopene is concentrated 
in the prostate gland, where it is believed to act as 
an antioxidant, and it is also responsible for other 
protective roles in battling prostate cancer [67]. 
Lycopene has the ability to decrease colon cancer, 
lung carcinomas and adenomas, breast (mammary) 
tumors, and prostate cancer, and to inhibit HL-60 
leukemic cell growth as well as endometrial cancer. 
Analysis of tumor-suppressor protein alterations 
suggested that lycopene promotes cell cycle arrest. 
Treatment with lycopene transformed proteins 
complicated the apoptosis signaling pathway, 
together with the appearance of Caspase-3, 
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cleaved PARP and Bax/Bcl-xL in LNCaP cells [68]. 
Cardiomyocyte pretreatment with lycopene inhibited 
the initiation of the mitochondrial permeability 
transition pore (mPTP) by decreasing the intracellular 
reactive oxygen species (ROS) stages and stopping 
the proliferation of malondialdehyde (MDA) levels. 
The loss of mitochondrial membrane potential 
has been observed in lycopene-treated cultures, 
as well as a reduction in the levels of cellular ATP, 
caspase-3 activation and a decrease in the volume 
of cytochrome c translocated to the cytoplasm. It has 
been suggested that lycopene has pharmacological 
potential in protecting H/R-induced apoptosis [69]. 
Early studies suggested that the antioxidant effect of 
lycopene may reduce the severity of chronic diseases 
such as cancer. In vitro, lycopene is the most proficient 
carotenoid singlet oxygen neutralizing component 
in nature [70]. Lycopene generates apoptosis and 
motivates the intrinsic pathway concerning the 
mitochondrial release of cytochrome C, in addition 
to Annexin V exposure. Lycopene anti-proliferation 
activity is frequently recognized together with the 
capability of the molecule at the G0/G1 phase to block 
the cell cycle [71]. Lycopene promotes apoptosis by 
reducing Bcl-2 and BclXL, increasing the levels of 
the pro-apoptotic proteins Bax, Bad, Bim, and Fas 
ligand, and activating caspases 8, 9, and 3 (right 
panel). It can also block growth factor-mediated anti-
apoptotic signals by directly inhibiting the binding 
of growth factors to their receptors or by inhibiting 
the downstreamPI3K-AKTpathway. Lycopene can 
promote apoptosis and AKT-induced cell-cycle arrest 
through the inactivation and phosphorylation of 
GSK3𝛽, p21, p27, caspase 9, and Bad, as well as 
the inactivation of p53 via Mdm2 [72].

1.4.6 Magnolol

Magnolol is a component of traditional Asian 
herbal teas, which is a hydroxylated biphenyl 
mediator sequestered from Magnolia plants. This 
component has been stated to have anti-cancer, anti-
inflammatory, and anti-microbial activity. It was shown 
in non-small lung cancer cells (NSCLC) that magnolol 
has the capability to increase DNA fragmentation, 
inhibit cellular proliferation, and reduce the potential 
of the mitochondrial membrane. Magnolol generated 
the release of the pro-apoptotic proteins Bax, Bid, 
and cytochrome c from mitochondria; however, 
it did not do the same for caspase-3, -8, and -9, 
signifying the promotion of apoptosis by magnolol 
over a caspase-independent pathway in NSCLC 
cell lines [73]. Endonuclease G and cleaved poly 
(ADP-ribose) polymerase as well as the nuclear 
translocation of apoptosis-inducing factor, which 
mediates the caspase-independent pathway, played 
significant roles in mediating cell death. Additionally, 
magnolol inhibited the activity of ERK1/2 and PI3K/

AKT, and up-regulated JNK activity and p38 in A549 
cells [73]. Other authors have proposed that AMPK 
(AMP-activated protein kinase) activation, which is a 
prospective target of cancer therapy, is involved in 
the apoptosis of colon carcinoma cells [74]. Magnolol 
demonstrated a number of pro-apoptotic functions, 
including DNA fragmentation, poly (ADP-ribose) 
polymerase and caspase-3 cleavage, and propidium 
iodide labeling. Magnolol was established to prevent 
the proliferation of Jurkat T leukemia cells and HL-
60 human cells by promoting apoptosis in a time- 
and dose- dependent manner. Caspase-2, -3 and -9 
activation as well as the proteolytic cleavage of poly 
(ADP-ribose) polymerase were identified throughout 
apoptosis as encouraged by magnolol. Apoptotic 
signaling encouraged by magnolol is supported 
through the mitochondria via caspase-9, as the 
caspase downstream effectors are sequentially 
activated [75]. According to the previous studies, 
apoptosis generation is associated with cell cycle 
arrest at the G2/M phase, reducing the potential of 
the mitochondrial membrane, amplifying reactive 
oxygen species (ROS) generation, promoting 
apoptosis inducing factor (AIF) and cytochrome c 
(Cyto c) release from the mitochondria to the cytosol, 
down-regulating cyclin-dependent kinase 1 (CDK1), 
cyclin B1 and Bcl-2, and up-regulating p53, p21, and 
Bax. In addition, apoptosis induced by magnolol in 
MCF-7 cells through the mitochondrial AIF release 
and arrest pathway in the G2/M phase over the 
intrinsic pathway [76]. In the apoptosis death receptor 
pathway (extrinsic), ligands death receptor activation 
leads to caspase-8 activation. Caspase-8 activation 
can motivate caspase-3, which is an executioner 
caspase. Caspase- 3 activation can cleave PARP, 
resulting in apoptosis [77,78].

1.4.7 Shikonin

As a main component in Lithospermum erythrorhizon, 
a traditional Chinese herb, shikonin exhibits several 
biological roles, including anti-inflammatory, 
antitumor and antimicrobial effects. Results suggest 
that the shikonin amplified activation of ERK and ROS 
generation, also decreased Bcl2, which triggered 
apoptosis. It may also be a chemotherapeutic mediator 
in the treatment of osteosarcoma [79]. Shikonin 
promoted repressive effects in COLO 205 (colorectal 
cancer) and HL-60 leukemia human cells. In COLO 
205 cells, apoptosis was induced by the presence 
of a sub-G1 DNA peak and DNA fragmentation, 
which was followed by damage to the mitochondrial 
membrane potential, cytochrome c release, the 
generation of reactive oxygen species (ROS), and 
pro-caspase-3 and -9 processing. Apoptotic cell 
death induced by shikonin was supplemented by 
Bad, p53, and p27 up-regulation as well as Bcl-X 
(L), and Bcl-2 down-regulation, although shikonin 
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had little influence on Bax protein levels. Taken 
together, it has been recommended that apoptosis 
induced by shikonin is initiated by the release of 
cytochrome c into cytosol, caspase-3 activation, the 
processing of procaspase-9, PARP degradation, and 
DNA fragmentation, which is initiated by caspase-
activated deoxyribonuclease via DFF-45digestion 
[80]. Additionally, oxidative injury induced by shikonin 
activates apoptotic signaling cascades at a proximal 
point, motivates the JNK stress-related pathway and 
the release of cytochrome c, generates the dysfunction 
of the mitochondria, activates caspase, and signals 
apoptosis [81]. Shikonin encourages apoptotic death 
in cultured cancer cell lines by increasing intracellular 
ROS. Previous studies found that through the 
induction of ROS, shikonin encourages apoptosis in 
neuroblastoma cells [82]. Caspase-3, -7, and -9 were 
activated by treatment with shikonin in HLE B-3; its 
downstream target PARP was cleaved to become 
an activated form; cytochrome C was released from 
mitochondria. These results indicate that apoptosis 
was mediated through the mitochondrial intrinsic cell 
death pathway [83]. Bcl-2 and FLIP family members 
are essential regulators of the intrinsic [84], and 
extrinsic apoptotic pathways [85], respectively. 
Overall, published results recommend that both the 
extrinsic and the intrinsic apoptotic pathways may be 
involved in HCC apoptosis induced by shikonin [86].

1.4.8 Quercetin

As a nutritional flavonoid, quercetin exerts 
anticancer effects in some types of carcinomas 
by encouraging cell cycle arrest and stimulating 
apoptotic cell death. According to a previous study, 
quercetin encouraged apoptosis via the stimulation 
of caspase-9 and -3, but not caspase-8, in HepG2 
cells. Quercetin enlarged Bax translocation and 
reduced the Bcl-xS:Bcl-xL ratio of the mitochondrial 
membrane. These data suggest that apoptosis by 
quercetin may take place via the direct induction of 
the caspase cascade (mitochondrial pathway) as 
well as by preventing survival signaling in HepG2 
[87]. Based on the enlarged cell numbers in the 
sub-G1 phase, caspase-7 and caspase-3 proteolytic 
activation, the appearance of fragmented nuclei, the 
reduced potential of the mitochondrial membrane, 
caspase-9 and 3 proliferation and poly (ADP-ribose) 
polymerase protein degradation, was shown that 
U373MG cell death occurs via quercetin-induced 
apoptosis. Additionally, quercetin increased p53 
expression through JNK activation and translocation 
to the mitochondria, which directed the release of 
cytochrome c from mitochondria to the cytosol [88]. 
The levels of PI3K, IGF-IR, Akt, p-Akt, Bad, cyclin D1, 
PARP, cytochrome c, and caspases-10 and -9 were 
evaluated to explore quercetin’s effect on insulin-
like growth factor signaling as well as apoptosis in 

independent androgen PC-(3 prostate cancer cells). 
Quercetin expressively increased pro-apoptotic 
levels of Bad mRNA, cytochrome C, Bad protein, 
IGFBP-3, cleaved caspase-10 and -9 and PARP, 
and increased the activity of caspase-3 in PC-3 cells. 
Apoptosis was established in PC-3 cells treated 
with quercetin through damage to the mitochondrial 
membrane potential [89]. Quercetin influences both 
the intrinsic and extrinsic apoptotic pathways. In 
chronic lymphocytic leukemia (B-CLLs), was shown 
that quercetin promotes both fludarabine (intrinsic 
pathway), and DR- (extrinsic pathway) cell death 
[90]. In addition, previous experiments demonstrated 
that quercetin activates the mitochondria-dependent 
death pathway, in combination with TRAIL, as shown 
by the release of cytochrome c to the cytosol and Bid 
cleavage [91].

1.4.9 Resveratrol

Recent studies suggested that resveratrol (RV), 
which exists in red grape skins and other food 
products, is a natural plant polyphenol [92]. 
Resveratrol is a natural cardio-protective agent 
with anti-cancer properties. In vitro treatment by 
resveratrol causes mitogen-activated protein kinase 
(ERK1/2) nuclear translocation, consequesntial 
phosphorylation of Ser-15 of p53, and apoptosis. 
Intra-nuclear COX-2 increases p53 activation 
involved in the initiation of molecular stages in the 
ro-apoptotic actions of resveratrol in carcinoma cells. 
Thyroid hormone, estrogen, and epidermal growth 
factor influence ERK1/2 downstream to inhibit the 
apoptosis induced by resveratrol [93]. High efficacy 
of resveratrol induced apoptosis was shown in 
colo357 and capan-2 (pancreatic cancer cell lines). 
Caspase-3 activation was induced by resveratrol 
treatment in colo357 and capan-2, which are 
resveratrol-sensitive cells, and p21 and 053 were up-
regulated via resveratrol treatment [94]. Resveratrol 
encourages apoptotic cell death and prevents 
proliferation in various cancer cell types -in vitro- at 
higher non-physiological doses [95-97]. Additionally, 
resveratrol has been revealed to delay tumor growth 
and inhibit angiogenesis, in animal cancer models 
[98], to impede carcinogenesis [99,100], and to 
reduce experimental metastasis [101]. Resveratrol 
promoted apoptosis via caspase-independent AIF 
and downstream factors, and reduced the level 
of caspase-9 in the intrinsic apoptotic pathway in 
ASTC-a-1 cells (human lung adenocarcinoma) [92]. 
Although, caspase-8 activation did not occurs with 
resveratrol alone, co-treatment with both resveratrol 
and SB203580 not only improved FasL cleavage, 
but also promoted caspase-8, demonstrating that 
the extrinsic apoptotic pathway is possibly affected 
by this synergistic effect. SB203580 synergistically 
promotes apoptosis induced by resveratrol via the 
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extrinsic pathway and facilitates the Bax-mediated 
intrinsic pathway [102].

1.4.10 Sulforaphane

Sulforaphane is a purified natural iso-thiocyanate 
found in cruciferous vegetables, and it has anti-
leukemic properties in a wide range of ALL cell lines 
as well as pre-B-ALL and T-ALL primary lymphoblasts 
of pediatric patients. The treatment of  -ALL leukemic 
cells with sulforaphane caused G2/M cell cycle arrest 
and apoptosis (dose-dependent), which was related 
to caspase-3, -8 and -9 activation, PARP inactivation, 
inhibition of the Cdc2/Cyclin B1 complex, and 
p53-independent upregulation of p21CIP1/WAF1. 
Sulforaphane repressed the mTOR and AKT survival 
pathways in the cell lines by reducing the levels 
of both phosphorylated and total proteins [103]. 
Treatment with sulforaphane inhibited cell growth, 
encouraged cell cycle blockade at G2-M, promoted 
oligonucleosomal DNA fragmentation, and amplified 
cyclin B1 expression in four human breast carcinoma 
cell lines: T47D, MDA-MB-468, MCF-7, and MDA-
MB-231. The MDA-MB-231 cell apoptosis promoted 
by sulforaphane appeared to have originated via Fas 
ligand stimulation, which gives rise to the activation 
of poly (ADP-ribose) polymerase caspase-3, and 
caspase-8, whereas in the other breast carcinoma cell 
lines, apoptosis originated by reduced levels of Bcl-
2, cytochrome c release into the cytosol, activation 
of caspase-3 and caspase-9, but not caspase-8, and 
cleavage of poly (ADP-ribose) polymerase [104]. 
Published data has suggested that sulforaphane 
inhibits the activity of HDAC, activates apoptosis, 
and reduces the expression of key proteins in the 
proliferation of human breast carcinoma cells [104]. 
Treatment with sulforaphane encouraged apoptosis 
and cell viability in T24 cells in a concentration-
dependent manner. Sulforaphane-induced apoptosis 
was associated with dysregulation of Bcl-2/Bax, 
cytochrome c release, and mitochondria dysfunction. 
The increased activity of caspase-9 and -3, but 
not caspase-8, was accompanied by the cleavage 
of poly ADP-ribose polymerase, indicating the 
involvement of the mitochondria-mediated intrinsic 
apoptotic pathway. These results demonstrate that 
sulforaphane has antitumor effects in bladder cancer 
cells through an ROS-mediated intrinsic apoptotic 
pathway, and suggest that ER stress and Nrf2 may 
represent strategic targets for sulforaphane-induced 
apoptosis [105]. The apoptosis encouraged by 
sulforaphane was associated with caspase-9, and 
-8 activation, the primary caspases of the intrinsic 
and extrinsic apoptotic pathways, respectively. It was 
also associated with cleavage of poly (ADP-ribose) 
polymerase and caspase-3 effector activation. 
Results suggest that sulforaphane induces mitotic 

arrest and apoptosis of 5637 cells via a ROS-
dependent pathway [106].
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