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Abstract
The potential anti-cancer properties of natural plant compounds have elicited widespread interest in recent times
since it is believed that they can substantially contribute to the development of newer and more effective anti-cancer
therapies. Silibinin, a natural flavonoid, has demonstrated chemopreventive properties against many cancer types.
A deeper understanding of the signaling pathways modulated by silibinin is important to realize its potential in
developing targeted cancer therapies. This review summarizes the recent advances in understanding the molecular
mechanisms of silibinin-induced apoptosis in various cancer types.
Keywords: Silibinin, Natural-plant-compound, anti-cancer-compound, Chemotherapeutic-agent, Apoptosis

1. Introduction
Natural plant compound related research has gained
immense importance of late, chiefly because they are
derived from millions of years of evolution and natural
selection and are primed for bioactivity. This is
especially helpful in avoiding the potential side effects
of the traditional chemical based therapies. Silibinin is
a plant derived compound (flavonone) isolated from
milk thistle (Silybummarianum L.) (1). It is used for the
treatment of liver disease (2) and poisoning (3). In
recent years silibinin has been tested in cancer therapy
and has shown promising results against various cancer
types such as breast, prostate, skin, lung, colon, lung,
bladder and ovarian cancers (4, 5).
Natural compounds can induce apoptosis by
targeting multiple cellular signaling pathways

including transcription factors, growth factors, tumor
cell survival factors, inflammatory cytokines, protein
kinases, and angiogenesis and therefore they offer
immense therapeutic potential for effective and
selective killing of cancer cells (6). Studies have
suggested that silibinin has multiple targets in the cell
(7, 8) (Fig. 1, Table 1). Understanding the detailed
mechanisms of action of silibinin in various cancer
types will help in development of silibinin as effective
anticancer compound.
To minimize the systemic toxicity of
chemotherapeutic agents, more efforts are being
directed towards the investigation of dietary
supplements and other phytotherapeutic agents for their
synergistic efficacy in combination with anticancer
drugs (9). In this review, we have surveyed key studies
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Figure 1: An abridged illustration of the key pathways influenced by silibinin in various cancer types. Silibininduces cell death by apoptosis via independent mechanisms involving Caspase-8 and mitochondrial changes
leading to nuclear DNA fragmentation. Silibinin downregulates Notch and EGFR signaling thereby modulating
the decreased expression of the downstream targets of transcription factors STAT3 and NF-κB.

that have investigated the anti-cancer properties of
silibinin in various cancer types, together with other
chemotherapeutic drugs and compounds that modulate
epigenetic states and that offer potential anti-cancer
implications and the development of more effective
combinatorial anti-cancer therapies.
2.1 Silibinin in Breast cancer Therapy
A large body of research suggests that silibinin has
effective anti-breast cancer properties. Within our
group, we focused our studies on breast cancers cells
MCF-7 and T47D, which differ in the status of tumor

suppressor p53 and caspase-3. Silibinin-mediated
cytotoxic effects were found to be dose and timedependent in both cell lines and T47D cells were more
sensitive than MCF-7. Our findings suggested that
silibinin-induced apoptosis in breast cancer cells MCF7 and T47D is p53-independent and caspase-dependent
mediated by both extrinsic and intrinsic pathways of
apoptosis (10). We have demonstrated that silibinin
inhibited breast cancer cell growth and induced
apoptosis in MCF7 (500-120 µM) and T47D (50-100
µM) cells. Further investigation into the mechanisms of
silibinin-induced apoptosis showed an involvement of
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Table 1: A summary of and the various cellular pathways influenced by silibinin via molecular targets that have been
characterized in various cancer types.
Cancer type

Known target pathways and genes

References

Breast Cancer

Mitochondrial apoptotis pathway [Bcl-2/Bax, BNIP3]; ROS/receptor-mediated
apoptosis [AIF, Caspase 3]; Cell growth and survival [Notch-1, ERK,
Akt];Transcription factors [NF-κB]; Angiogenesis and metastasis [COX-2,
MMP-9, VEGF]

(10, 13, 15,
17, 63)

Bladder Cancer

ROS/receptor-mediated apoptosis [AIF, Caspase 3, PARP], Cell growth and
survival [Survivin]; Angiogenesis and metastasis [VIM, MMP-2, cytokeratins
(KRT18, KRT19), ZEB1]

(51-53, 64)

Cervical Cancer

Mitochondrial apoptotis pathway [Bax/ Bcl-2, Mtor]; Transcription factors [HIF1α]; Cell growth and survival [Akt]; ROS/receptor-mediated apoptosis [Caspases
(3, 8 and 9)]

(56, 58)

Colon Cancer

Cell growth and survival [ERK1/2, Akt, Cyclins (D1, D3, A and B1), CDKN1A
(Cip1/p21), CDKN1B (Kip1/p27)], Transcription factors [HIF-1α]; Angiogenesis
and metastasis [COX-1, COX-2, NOS, NOS3, VEGF]

(40, 41)

Lung Cancer

Cell growth and survival [ERK1/2, Akt, Cyclins (D1, D3, A and B1), CDKN1A
(Cip1/p21), CDKN1B (Kip1/p27)]; Transcription factors [HIF-1α]; Angiogenesis
and metastasis [COX-1, COX-2, NOS, NOS3, VEGF]

(44, 45, 68)

Ovarian Cancer

ROS/receptor-mediated apoptosis [Caspase 3]; Cell growth and survival [Akt,
ERK]

(54)

Prostate Cancer

Mitochondrial apoptotis pathway [Bcl-2], Transcription factors [NF-κB]; SLUG,
IGFBP-3, Cell growth and survival [CDKN1A (Cip1/p21), CDKN1B
(Kip1/p27), ERK 1/2, BIRC5 (survivin), Cyclin B1]; Angiogenesis and
metastasis [KRT18 (cytokeratin 18), MMP-2 , VEGF, VIM, ZEB1]

(31-33, 64)

Skin Cancer

Cell growth and survival [MAPK, CDKN1A (Cip1/p21), CDKN1B (Kip1/p27),
Cyclin D1, p53, GADD45, ERK1/2, Akt, AP-1];Transcription factors [HIF-1α,
NF-κB, STAT3]; Angiogenesis and metastasis [COX2, INOS ]

(37, 38, 65,
66)

both casapase-8 activation and mitochondrial changes
including loss of mitochondrial membrane potential
and Bax/Bcl-2 redistribution. Surprisingly, despite the
presence of mutant p53, silibinin was more efficient in
T47D cells. Our study also provided further evidence
of the existence of another mechanism of DNA
fragmentation in the absence of caspase-3.
Subsequently, a number of studies have contributed
to a deeper understanding of the molecular mechanisms
of silibinin-induced apoptosis in breast cancer. The
cytotoxic effects of silibinin on T47D were found to

depend on inhibition of estrogen receptor β expression
levels and also expression and secretion of leptin
hormone (11). Silibinin induced apoptosis in MCF-7
and MDA-MB-231 (5-50µM) was found to be
dependent on generation of reactive oxygen species
(ROS) (12). Furthermore, silibinin induced cell death
through an AIF-dependent mechanism in MCF7 cells
and a caspase-3–dependent mechanism in MDA-MB231 cells, and ROS generation and Notch-1 signaling
act upstream of the ERK and Akt pathway (13).The
anti-proliferative effect of silibinin (100-300 µM) on
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SKBR3, an ErbB2-overexpressed and ER-negative
human breast carcinoma cell line is regulated by the
high inhibitory effect on NF-κB (11).
It was reported that silibinin treatment increased the
expression of chemokine receptors CXCR3, CCR5 and
CCR7 in MDA-MB-231 cells (14). Silibinin-loaded
lipid nanoparticles (SLNs) (20 µg/mL) effectively
inhibited the growth of MDA-MB-231 cells. Compared
with free silibinin, SLNs exhibited stronger inhibitory
effects on the invasion and migration of MDA-MB-231
cells via downregulation of MMP-9 and Snail (15).
Silibinin also inhibited Wnt/β-catenin signaling by
suppressing Wnt co-receptor LRP6 expression in
human breast cancer cells MDA-MB-231 and T-47D
(16).
Though it had been established that silibinin has
antioxidant and radioprotective properties (17),
according to one study silibinin promoted sustained
superoxide (O(2)(.-)) production which had protective
effects; while the activity of endogenous SOD was not
changed by silibinin, exogenous SOD markedly
enhanced silibinin-induced apoptosis (18). Another
study reported the formation of reactive nitrogen
species
in
MCF-7
cells
(19).
Recent findings have also revealed that silibinin
induced autophagic cell death through ROS-dependent
mitochondrial dysfunction and ATP depletion
involving Bcl-2 adenovirus E1B 19-kDa-interacting
protein 3 (BNIP3), a pro-death Bcl-2 family member,
in MCF7 cells (20).
Silibinin (10-50µM) suppressed the epidermal
growth factor receptor (EGFR) signaling pathway in
SKBR3 and BT474 breast cancer cells and may be used
as an effective drug for the inhibition of metastasis of
human breast cancer (21).
Silibinin inhibited the expression of Cdc42 and D4GDI mRNAs but had no effect on the expression of β1integrin and Raf-1 mRNAs although it indirectly but
effectively modulated the β1-integrin signaling
pathway and RAF1 function and reduced the rate of
metastasis, migration and adhesion of MDA-MB-231
to distant organs (22). The effects of silibinin on IFNγ-induced FAT10 expression and chromosome
instability have also been studied. HCT116 and HepG2
cells were treated with silibinin (50 and 150 µM) before
karyotyping was performed. It was observed that
silibinin with FAT10 can modulate IFN-γ-induced
chromosome instability, apoptosis sensitivity and
suppressing TNF-α-induced tumor growth (23).
The effect of silibinin in combination with antibreast cancer drugs has also been studied in breast
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cancer cell lines. Effect of silibinin in combination with
doxorubicin,
cisplatin
or
carboplatin,
the
chemotherapeutic drugs, in human breast carcinoma,
MCF-7 and MDA-MB468 cells was studied (Table 2).
Combination of silibinin (25-100 µM) with
doxorubicin (10-75 nM) resulted in much stronger
apoptotic death compared to either agent alone in both
the cell lines. On the the other hand, silibinin in
combination with cisplatin (0.2-2 µg/mL) showed no
additional apoptotic effect in either cell line. Silibinin
plus carboplatin (2-20 µg/mL) combination induced a
stronger apoptotic effect only in MCF-7 cells (24).
Silibinin in combination with curcumin offers a
promising therapeutic approach against breast cancer.
It was highlighted that silibinin and curcumin
combination inhibited the growth of T47D human
breast cancer cells. IC50 of silibinin, curcumin and
their combination on T47D breast cancer cell line was
110, 30 and 20 μM for 24h (25). Moreover, Curcumin
and silibinin together (IC50s for 24, 48 and 72h were
17.5, 15 and 12 μM, respectively) inhibited Telomerase
Expression in T47D cells (26). Silibinin was also
demonstrated to enhance UVB-induced apoptosis in
MCF-7 cells (27).
Subsequent to our investigations into the
mechanisms of silibinin-induced apoptosis in MCF-7
and T47 D cells, many other findings have contributed
significantly to understanding the molecular
mechanism of silibinin-induced apoptosis in vitro. It is
hoped that all studies would actively contribute to the
use of silibinin in breast cancer therapy which is a most
challenging task.
2.2 Silibinin in Prostate cancer Therapy
Many studies have reported anti-prostate cancer
properties of silibinin. Silibinin inhibited serum- and
androgen-stimulated prostate-specific antigen (PSA)
protein levels in LNCaP cells concomitant with cell
growth inhibition via a G1 arrest in cell cycle
progression (28). Silibinin treatment for 24h at 25- and
75-μg/ml doses led to a 45 and 59% reduction in PSA
secretion in the medium, respectively. Silibinin was
further reported to upregulate Insulin-like growthFactor binding protein 3 (IGFBP-3) expression and
inhibited proliferation of androgen-independent
prostate cancer (PC-3) cells (29). In the medium
supplemented with 10% FBS, compared with vehicle
or untreated controls, treatment of PC-3 cells with 2
and 20 μm silibinin resulted in 17.3% and 54% growth
inhibition, respectively, after 48h.
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Table 2: Silibinin in combination with various drugs and their impact on various cancer types.
Cancer type

Silibinin in
combination with

Biological outcomes

References

Carboplatin

Stronger apoptotic death in MCF-7 cells

(24, 51)

Cisplatin

No additional apoptotic effect in MCF-7 and MDAMB468 cells

(24, 51)

Curcumin

Inhibited growth and Telomerase expression in T47D
cells

(24, 51)

Doxorubicin

Stronger apoptotic death in MCF-7 and MDA-MB468
cells

(24, 51)

Synergistic effects in C-33A cells and activated
caspase-3 or AIF

(59)

HDAC inhibitors
TSA and SAHA

Synergistic effects in SW480 and metastatic SW620
cells

(43)

DNMT inhibitor Aza

Synergistic effects in NSCLC cells and inhibited
invasion and migration

(49)

Erlotinib

Prevented migration in NSCLC xenografts and cells

(69)

Indole-3-carbinol

Induced apoptosis in A549 and H460 cells and
inhibited ERK, Akt

(47)

TSA and SAHA

Synergistic effects in NSCLC cells

(48)

IdB 1016

Inhibited growth and angiogenesis in A2780 xenografts (71)

Paclitaxel

Enhanced apoptosis and decreased invasion in
A2780/taxol cells

(55)

Carboplatin

Complete S phase arrest and inhibition of cdc2, cyclin
B1 and cdc25C in PC-3 cells

(34)

Cisplatin

Stronger G2-M arrest in PC-3 cells

(34)

Doxorubicin

Strong G2-M arrest and inhibition of cdc25C, cdc2/p34,
(33)
cyclin B1 and cdc2/p34 kinases in DU145P cells

Mitoxantrone

Induced apoptosis in PC-3 cells

Breast Cancer

Cervical Cancer Metformin
Colon Cancer

Lung Cancer

Ovarian Cancer

Prostate Cancer

Silibinin also inhibited the migration and adhesion
of the human prostate adenocarcinoma (PC-3) cell line
(30) and the invasion, motility and migration of highly
bone metastatic ARCaPM prostate cancer cells (31)
though, they were less sensitive to silibinin. Even at a
high concentration of 200 μmol/L, only 18.5% growth
inhibition was observed in ARCaPM cells, but 48.7%,

(35)

60.0%, and 73.8% in LNCaP, PC-3, and DU145 cells,
respectively, after 48h of treatment. Furthermore,
silibinin down-regulated vimentin and MMP-2 and upregulated cytokeratin-18 and thereby, induced the
morphological reversal of epithelial-mesenchymal
transition (EMT) phenotype to epithelial phenotype.
Silibinin also inhibited the NF-κB p50 translocation via
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the up-regulation of I kappaB alpha protein, and downregulated the expression of two major EMT regulators,
ZEB1 and SLUG transcription factors (32).
The anti-prostate cancer effects of silibinin have
also been examined in combination therapy. In a
particular study, prostate carcinoma DU145 cells were
treated with silibinin and doxorubicin in combination.
The cells were treated with either DMSO (control), 100
μm silibinin, 25 nm doxorubicin alone, or 100 μm
silibinin, and 24h later, 25 nm doxorubicin or vice versa,
or a combination of both agents simultaneously for a
total of 48h with 74-87% growth inhibition. Silibinin
strongly synergized the growth-inhibitory effect of
doxorubicin that was associated with a strong G2-M
arrest in cell cycle progression with a strong inhibitory
effect of combination on cdc25C, cdc2/p34, and cyclin
B1 protein expression and cdc2/p34 kinase activity.
Silibinin and doxorubicin in combination were also
effective in inhibiting the growth of androgendependent prostate carcinoma LNCaP cells (33). The
cells were treated with either DMSO (Control), 25 μm
silibinin, 15 nm doxorubicin alone, or 25 μm silibinin
and 24h later 15 nm doxorubicin or vice versa, or a
combination of both agents simultaneously for a total
of of 48h. The silibinin-doxorubicin combination
induced a 62–69% growth inhibition in the treated cells.
Combination of cisplatin or carboplatin with
silibinin inhibited the growth of cells with a stronger
G2-M arrest in cisplatin and silibinin, and a complete S
phase arrest with carboplatin by a substantial decrease
in the levels of cdc2, cyclin B1 and cdc25C (Table 2).
Apoptosis induction was further confirmed by PARP
and caspases 3, 9 and 7 whose cleaved levels were also
enhanced by combination treatment with a significant
increase in cytochrome c release in the cytosol with
these combinations (34). Cisplatin alone at 2 µg/ml
dose produced a 48% cell growth inhibition, whereas a
combination with 50-100 µM silibinin resulted in 6380% growth inhibition. Similarly, compared to 68%
growth inhibition at 20 microg/ml carboplatin, addition
of 50-100 µM doses of silibinin caused 80-90%
inhibition after 48h. Silibinin in combination with
mitoxantrone also inhibited cell growth and induced
apoptosis in human prostate cancer cells (35).
Combination of silibinin (10, 20 and 40 µM) with 50
nM of mitoxantrone after 72h showed decreased
viability in DU145 and LNCaP cells while minimum
changes in PC-3 cells.
Silibinin also attenuated the ionizing radiationinduced pro-angiogenic response and EMT in prostate
cancer cells (36).

Review

These research findings have significant
implications in developing silibinin as an effective antiprostate cancer therapeutic agent.
2.3 Silibinin in Skin cancer Therapy
Silibinin has also been well studied against skin cancer.
Silibinin treatment showed preventive effects in human
epidermoid carcinoma A431 cells and showed a
marked inhibition of mitogen-activated protein kinaseextracellular signal-regulated kinase-1 and -2
activation. Silibinin treatment also induced Cip1/p21
and Kip1/p27 together with a significant decrease in
cyclin-dependent kinase (CDK)-4, CDK2, and cyclin
D1 (37). Silibinin prevented UVB-induced skin
carcinogenesis and modulated mitogenic and survival
signaling, p53, Cip1/p21 and other cell cycle regulatory
molecules and increased repair of UV-induced DNA
damage in mouse skin (38).
Silibinin (100 µM) treatment in JB6 mouse
epithelial cell model before or immediately after UVB
exposure, or both, resulted in a strong decrease in
UVB-induced phosphorylation of ERK1/2 and Akt
(39). Furthermore, silibinin suppressed UVB-induced
activator protein-1 (AP-1) and NF-κB activation;
silibinin also prevented EGF-induced ERK1/2, JNK1/2,
and p38K as well as Akt phosphorylation, and also
suppressed EGF-induced AP-1 and NF-κB activation
(38).
Moreover, silibinin was also reported to enhance
UVB-induced apoptosis in mouse epithelial JB6 cells
when treated with silibinin (100 μm) for 24h via the upregulation of DNA-Protein Kinase-dependent p53
activation (39).
The above studies suggest that silibinin offers an
attractive possibility to develop a safe and natural cure
against skin cancer.
2.4 Silibinin in Colon cancer Therapy
Silibinin has exhibited anti-cancer properties against
colon cancer. Silibinin mediated apoptosis in human
colorectal carcinoma LoVo cells in culture was
associated with increased levels of cleaved caspases (3
and 9) and cleaved PARP. Silibinin (50–200 μM)
treatment for 24h reduced the growth of LoVo cells by
30–49%. Also, silibinin caused a strong cell cycle
arrest at G1 phase, and a slight but significant G2/M
phase arrest at highest concentration. silibinin further
decreased the levels of cyclins (D1, D3, A and B1),
CDK1, CDK2, CDK4 and CDK6 and phosphorylation
of Rb protein and increased the level of CDKIs (p21
and p27) (40).
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The anti-angiogenic effect of silibinin was coupled
with a strong decrease in inducible NOS and NOS3,
COX-1 and COX-2, and HIF-1α and VEGF (Table 1)
(41). In another study, silibinin together with TNFrelated
apoptosis-inducing
ligand
(TRAIL),
synergistically induced cell death in primary colon
tumor cells (SW480) and their derived TRAIL-resistant
metastatic cells (SW620). Silibinin upregulated death
receptor 4 (DR4) and DR5 and synergistically activated
caspase-3, -8, and -9 by silibinin together with TRAIL.
Moreover, silibinin and TRAIL potentiated the
activation of the mitochondrial apoptotic pathway and
down-regulated the anti-apoptotic proteins Mcl-1 and
XIAP (42).
Silibinin has been investigated in combination with
epigenetically active compounds in colon cancer.
SW480 and SW620 cells were treated with vehicle or
silibinin (300 μM) for 24, 48 or 72h. Silibinin in
combination with HDAC (Histone Deacetylase)
inhibitors TSA (Trichostatin A)) and SAHA
(Suberoylanilidehydroxamic acid) exerted synergistic
effects in colorectal SW480 and metastatic SW620
cells (43).
2.5 Silibinin in Lung cancer Therapy
Silibinin is also effective against lung cancer. Silibinin
inhibited the invasion of human highly metastatic A549
lung cancer cells at various concentrations, up to 100
μM, via decreased productions of urokinaseplasminogen activator and matrix metalloproteinase-2
(44).
Silibinin inhibited human non-small-cell lung
cancer cells growth namely large cell carcinoma cells
(H1299 and H460) and a bronchioalveolar carcinoma
cell line (H322). Silibinin treatment (10–75 μM)
targeted cell-cycle progressing causing a prominent
G(1) arrest and modulated the protein levels of cyclindependent kinases (CDKs) (4, 6, and 2), cyclins (D1,
D3, and E), CDKIs (p18/INK4C, p21/Cip1, and
p27/Kip1) in a differential manner in these three cell
lines (Table 1) (45).
Silibinin (60 µM) in combination with doxorubicin
(25 nM) also inhibited A549 cell culture in vitro.
Silibinin also inhibited doxorubicin-caused increased
translocation of p65 and p50 from cytosol to nucleus
and cyclooxygenase-2, an NFκB target, in doxorubicin
combination (46).
Silibinin (75 μM) showed inhibitory effects in both
the human lung adenocarcinoma A549 cell line and the
human large-cell lung cancer cell line. Silibinin in
combination with indole-3-carbinol caused stronger
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antiproliferative effects than the individual agents.
Treatment of A549 cells with 100 μM of indole-3carbinol plus 75 μM of silibinin or 200 μM of indole3-carbinol plus 75 μM for 24h, reduced the
proliferation of the cells by 40 and 62%, respectively.
The corresponding effects in H460 cells were 31% and
69%, respectively. At the molecular level, silibinin in
combination with indole-3-carbinol inhibited ERK and
Akt activation and induced apoptosis (47).
Silibinin (75 μM) in combination with HDAC
inhibitors—trichostatin A (TSA) (0.5 µM) and
suberoylanilide hydroxamic acid (SAHA)- (5 µM)
synergistically inhibited the growth of NSCLC cells
(Table 2). At molecular level silibinin inhibited HDAC
activity and decreased HDAC1–3 levels in NSCLC
cells, leading to an overall increase in p21 (Cdkn1a)
level and degradation of cyclin B1 and induced
apoptosis. Similar results were observed in vivo (48).
Silibinin also synergizes with DNMT (DNA
Methyltransferase) inhibitors. Silibinin (3.75 µM)
combined with HDAC inhibitor TSA (0.5 µM) or
DNMT inhibitor Aza (5’-Aza-deoxycytidine) (5 µM)
modulated EMT events in NSCLC cells, leading to a
significant inhibition in their migratory and invasive
potentials (Table 2) (49).
Silibinin has also shown therapeutic potential
against cancer stem cells in lung cancer. A pre-clinical
model of acquired erlotinib resistance was established
by growing NSCLC cells containing a TKI-sensitizing
EGFR exon 19 deletion in the continuous presence of
high doses of Erlotinib knon as Erlotinib-refractory PC9/Erl-R cells. Silibinin (50-100 µg/mL) treatment
decreased the number of lung cancer spheres in
Erlotinib-refractory PC-9/Erl-R cells. These results
have suggested the benefit of administration of silibinin
in combination with EGFR tyrosine kinase inhibitor
erlotinib to target CSC in EGFR-mutant NSCLC
patients (50).
2.6 Silibinin in Bladder cancer Therapy
Silibinin efficacy against bladder cancer has also been
explored. Silibinin in various dosages (50, 100 and 200
µM) induced cell cycle arrest and apoptosis in human
bladder transitional cell carcinoma cells by regulating
CDKI-CDK-cyclin cascade, and caspase 3 and PARP
cleavages (Table 1) (51).
Silibinin in various dosages (50, 100, and 200 μM)
induced apoptosis in human bladder carcinoma 5637
cells in caspase-dependent and -independent manner,
which was associated with disruption of mitochondrial
membrane potential and selective release of
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cytochrome c, Omi/HtrA2 and AIF from mitochondria
and the downregulation of survivin and nuclear
translocation of AIF. (52).
Silibinin (50 or 100 µM) also suppressed the
migration and invasion of highly metastatic T24-L cell
model in vitro (53).
These findings have demonstrated the anti-tumor
efficacy of silibinin against bladder cancer suggesting
attractive possibilities for the development of newer
and more effective chemopreventive therapies.
2.7 Silibinin in Ovarian cancer Therapy
In a specific study, silibinin (50 µM) demonstrably
inhibited the growth of human ovarian cancer cells,
A2780 and SKOV3 and induced apoptosis via the
activation of caspase-3 and inhibition of p-ERK and pAkt (Table 1) (54).
In another study, A2780/taxol cells were treated
with different concentrations of silibinin (25-200 µM),
paclitaxel alone (1-10000 nM), or in combination for
72h. Silibinin enhanced the sensitivity of A2780/taxol
cells to paclitaxel and in combination with paclitaxel
(Table 2), enhanced apoptosis and accumulated cells in
the G2/M phase likely via lowering the expression
levels of survivin and P-gp. This combination also
decreased invasiveness of cells and suppressed MMP2 and MMP-9 expression (55).
The above studies that silibinin may be employed as
a part of combinatorial therapies against ovarian cancer.
2.8 Silibinin in Cervical cancer Therapy
Silibinin (500 μM) inhibited the proliferation of human
cervical (HeLa) cells. Silibinin-inhibited HIF-1α
accumulation correlated with strong dephosphorylation
of mammalian target of rapamycin (mTOR) and its
effectors ribosomal protein S6 kinase (p70S6K) and
eukaryotic initiation factor 4E-binding protein-1 (4EBP1) and activated Akt (56).
In another set of studies, silibinin (40-100 µM)
inhibited the growth of HeLa cells and induced
autophagic and apoptotic cell death with an increase
ROS and RNS (Reactive nitrogen species) (57). Further
investigations have demonstrated that silibinin
downregulated the expression of CDK1 and CDK2 and
induced G2/M arrest and activated caspase 3, caspase 8
and caspase 9; silibinin also downregulated the ratio of
Bcl-2/Bax (Table 1). Overall, silibinin activated both
the mitochondrial-mediated pathway and the death
receptor-mediated pathways in HeLa cells (58).
Furthermore, silibinin in combination with metformin
synergized the inhibition of cervical cancer cells (C-
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33A) and induced apoptosis (Table 2) via increased the
expression of activated caspase-3 or AIF (59).
Thus, silibin has proved to an effective
chemopreventive agent against cervical cancer and
offers attractive possibilities for the development of
better therapeutic strategies against cervical cancer.
3. In vivo studies
There are a few studies that have investigated silibinininduced anti-tumor effects in various cancer models in
vivo. For instance, the effect of silibinin on Myeloidderived suppressor cells (MDSCs) in tumor-bearing
mice and antitumor activity of silibinin in a mouse
model of breast cancer has been studied. In this study,
mouse xenograft models were prepared by injecting
4T1 luciferase-transfected mammary carcinoma cells
into the mammary fat pad female BALB/c mice, and
female CB17-Prkdc Scid/J mice. Treatment groups
received silibinin at 150 mg/kg of body weight by
gavage for 4–5 weeks starting 4 or 14 days after tumor
inoculation. Treatment with silibinin increased the
overall survival in mice harboring tumors derived from
the 4T1-luciferase breast cancer cell line, and reduced
the tumor volumes and numbers of CD11b+Gr1+MDSCs in the blood and tumor, and increased the
content of T cells in the tumor microenvironment.
However, silibinin failed to inhibit tumor growth in
immune
compromised
severe
combined
immunodeficiency mice, suggesting that the anticancer
effects of silibinin are immune-mediated (60).
Anti-tumor effects of silibinin in 2D and 3D models
of MDA-MB-468 have been highlighted in recent
research. A recent study (61) showed that silibinininduced inhibition of cell growth and apoptosis is
mediated by alteration of the cell cycle, reduction of
stemness properties and function, and induction of
tumoral differentiation. The mechanisms of silibinin
action and the response of tumor cells differed when
the cells were cultured in a 3D model compared with a
2D model. Moreover, tumor-initiating cells were more
sensitive to silibinin in a 3D culture than in a 2D culture.
Combination of silibinin and epidermal growth
factor receptor tyrosine kinase inhibitors (EGFR-TKI)
Erlotinib effectively suppressed tumor growth in
erlotinib resistance-bearing PC-9 xenografts. Mice
xenograft models were prepared by implanting PC-9
cells into the mouse flanks in female severe combined
immunodeficiency (SCID) mice. Both drugs were
orally administered for 24 days, erlotinib (100 mg/kg,
5 days a week), silibinin (200 mg/kg, 5 days a week),
or erlotinib plus silibinin (62).
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A recent study established the xenograft model by
injecting the MDA-MB-468 cells into female Balb/cnude mice (63) and reported that silibinin (200 mg/kg
for 45 days), had a pronounced anti-cancer effect on
xenograft model of MDA-MB-468 cells by preventing
the phosphorylation of EGFR and suppressed COX-2,
VEGF and MMP-9 expression. Moreover, the tumor
volume of the xenograft models was decreased after
administration of silibinin.
Silibinin was also effective in in vivo studies against
prostate cancer. Athymic male mice were
orthotopically implanted with PC-3 cells in prostate
and 1 week later after surgical recovery were gavaged
daily with silibinin (100 mg/kg body weight) for 7
weeks. Silibinin inhibited in vivo, the growth of human
prostate carcinoma PC-3 tumor xenografts by 40% via
increased IGFBP-3, Cip1/p21, Kip1/p27 levels and
ERK1/2 activation and decreased Bcl-2, survivin and
VEGF levels in tumors (64).
Silibinin has also been tested against skin cancer in
in vivo models. Silibinin (9 mg silibinin in 200 μL
acetone/mouse) topically prevented ultraviolet B
radiation-induced epidermal damages in mouse SKH1
hairless mouse skin, in a p53-GADD45-dependent
manner (65).
Silibinin (9 mg silibinin in 200 μL acetone/mouse)
was applied topically, showed a protective effect
against photocarcinogenesis via down-regulation of
inflammatory and angiogenic responses, involving
HIF-1α, STAT3, and NF-κB transcription factors, as
well as COX2 and iNOS in SKH-1 Hairless Mice (66).
Silibinin inhibited human colorectal carcinoma
(CRC) HT29 xenograft growth by upto 48% in
xenografted mice dosed with 200 mg/kg/d dose of
silibinin or 100 and 200 mg/kg/d doses of silybinphytosome (5 days per week) for 32 days. The
antitumor effects of silibinin were correlated with
down-regulated
ERK1/2
expression,
Akt
phosphorylation and decreased cyclin D1 levels (41).
In animal studies, oral administration of silibinin for
6 weeks (at 100 and 200 mg/kg/day, 5 days per week)
significantly inhibited the growth of LoVo xenograft
(40).
Silibinin has been also tested against colon cancer
stem cells (colon CSCs). Silibinin treatment reduced
number of spheres in the colorectal cancer spheroid
culture system (PP2Ac). Furthermore in a xenograft
tumor model, silibinin inhibited tumor formation rate
and tumor growth by suppressing the PP2Ac/AKT
Ser473/mTOR pathway (67). Effect of silibinin on
colon CSCs has been reported recently. Silibinin
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strongly inhibited the growth kinetics of colon CSCenriched spheroids by modulating interleukin 4/6mediated survival signals (67), thereby suggesting a
promising application of silibinin in colon CSC therapy.
Oral silibinin (742 mg/kg body weight, 5 days/wk
for 10 wks) had a pronounced negative effect on the
growth and progression of established lung
adenocarcinomas in A/J mice. Silibinin also inhibited
lung adenocarcinomas in A/J mice by decreasing
tumor-associated macrophages and cytokines,
inhibition of HIF-1α, NF-κB, and STAT-3 activation,
and up-regulation of the angiogenic inhibitors, Ang-2
(Angiopoietin-2) and Tie-2 (Ang-receptor tyrosine
kinase) (68).
In a specific study, oral silibinin (200 mg/kg body
weight, 5 d/wk) was observed to suppress human non–
small-cell lung carcinoma A549 xenograft growth and
enhance the therapeutic response of intraperitoneally
administered doxorubicin in athymic BALB/c nu/nu
mice. Silibinin also inhibited tumor angiogenesis and
enhanced antiangiogenic effects of doxorubicin (46).
Silibinin enhanced the inhibition of lung
adenocarcinoma by combinatorial treatment with
indole-3-carbinol in A/J mice. In mice pretreated with
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone and
given indole-3-carbinol (10 μmol/g diet) plus silibinin
(7 μmol/g diet), multiplicities of adenoma were reduced
by 84% and by 68% and 92% in mice given indole-3carbinol, silibinin or indole-3-carbinol plus silibinin,
respectively. Similarly the multiplicities of
adenocarcinoma were reduced by 83%, 50% and 95%
in mice given indole-3-carbinol, silibinin or indole-3carbinol plus silibinin, respectively. The observed
effects of silibinin in combination with indole-3carbinol on lung adenocarcinoma was mediated by the
decreased levels of phospho-Akt, phospho-ERK and
cyclin D1 and poly (ADP-ribose) polymerase (47).
Silibinin in combination with erlotinib abrogated
tumor growth in NSCLC xenografts. Five weeks of
treatment with silibinin (5 days/week at 100 mg/kg
body weight by oral gavage) led to a substantial timedependent reduction in tumor growth in animals
xenografted with PC-9/Erl-R cells. Daily oral gavage
of the mice with erlotinib-treated xenografts with
silibinin resulted in a drastic decrease in the mean
tumor volume by 85%. Silibinin fully reversed the
EMT-related high miR-21/low miR-200c microRNA
signature and repressed the mesenchymal markers
SNAIL, ZEB, and N-cadherin observed in erlotinibrefractory tumors. Silibinin fully activated a reciprocal
mesenchymal-to-epithelial transition (MET) in
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Table 3: List of clinical trials involving silibinin-based anti-cancer therapies.
Condition

Intervention

Phase

Reference

Prostate cancer

Silibinin-Phytosome

II

ClinicalTrials.gov Identifier:
NCT00487721
(72)

Radiodermatitis

Difinsa53; Aquaphor

II

ClinicalTrials.gov Identifier:
NCT02534129

Advanced Hepatocellular
Carcinoma

Silibinin-Phytosome

I

ClinicalTrials.gov Identifier:
NCT01129570
(75)

EGFR Mutant Lung
Adenocarcinoma

Silibinin-Phytosome With
Erlotinib (Tarceva)

II

ClinicalTrials.gov Identifier:
NCT02146118

erlotinib-refractory cells and prevented the highly
migratogenic phenotype of erlotinib-resistant NSCLC
cells and suggested silibinin as a suitable candidate for
upcoming clinical trials following erlotinib treatment
(69).
Silibinin inhibited human bladder transitional cell
papilloma RT4 tumor xenograft growth. RT4 tumor
xenograft was implanted s.c. in athymic nude mice, and
then animals were given 100 and 200 mg/kg/day doses
of silibinin 5 days/week by oral gavage for 12 weeks.
Furthermore, silibinin decreased survivin protein
expression, but increased p53 and cleaved caspase-3
levels in tumors. However, the silibinin mediated
decrease in survivin was independent of p53 (70).
The cultured human bladder carcinoma 5637 cells
were injected subcutaneously into the right flank of
athymic BALB/c nu/nu mice to initiate tumor growth
and gavaged with 100, 200 and 300 mg/kg/day of
silibinin for 32 days. Oral silibinin suppressed the
growth of 5637 xenografts with the activation of
caspase-3, downregulation of survivin, and increased
translocation of AIF. Silibinin also inhibited the
carcinogenesis and progression of bladder cancer in
rats initiated by N-methyl-N-nitrosourea by reducing
the incidence of superficial and invasive bladder
lesions (52).
Silibinin decreased bladder cancer lung metastasis
and prolonged animal survival in vivo. To establish
xenograft animal models T24-L cells were instilled in
to the bladder of female athymic BALB/c/ nu/mu mice.

Mice were gavaged daily with silibinin (200 mg/kg
body weight) for 6 weeks. Silibinin inhibited glycogen
synthase kinase-3β (GSK3β) phosphorylation, βcatenin nuclear translocation and transactivation, ZEB1
gene transcription and the expression of cytokeratins,
vimentin and MMP2 and reversed EMT. Silibinin also
inhibited ZEB1 expression and suppressed the
properties of CSCs (53).
Oral administration of silibinin (50 and 100 mg/kg)
in female Balb/c nude mice injected with subcutaneous
human ovarian cancer cells A2780 cells reduced tumor
volume. Silibinin reduced tumor growth through
inhibition of ERK and Akt in human ovarian cancer
cells (54).
Silibinin in combination therapy showed promising
results in ovarian cancer. IdB 1016 (Silipide, a complex
of silybin/phosphatidylcholine). 450 mg/kg/day IdB
1016 daily was given by oral gavage inhibited tumor
growth in female nude mice bearing human ovarian
cancer xenografts (A2780). dB 1016 was significantly
active in inhibiting ovarian tumour growth. VEGR
receptor 3 was downregulated and angiopoietin-2 was
upregulated as potential mechanisms for the
antiangiogenic activity (71).
4. Clinical trials
Silibinin has been taken up for clinical trials involving
patients with prostate cancer, breast cancer,
hepatocellular carcinoma and lymphoblastic leukemia
(Table 3). A clinical trial was performed in patients
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with localized prostate cancer using high dose oral
silibinin-phytosome followed by prostatectomy (72).
This study revealed high silibinin peak blood levels but
low levels of silibinin in prostate tissues after 2 weeks
of therapy. Oral silibinin-phosphatidylcholine (2g per
day) was administered for 12 weeks to patients with
advanced hepatocellular carcinoma (HCC), who were
not eligible for other therapies. In the three patients
tested, only one patient showed some improvement in
liver function abnormalities and inflammatory
biomarkers; however, none of the patients survived
(73).
Silymarin whole extract has been also used in
clinical trials for the treatment of hepatotoxicity in
childhood acute lymphoblastic leukemia (ALL).
Silymarin (The target dose of silibinin was 5.1
mg/kg/day) was administered orally for 28 days and it
significantally reduced liver toxicity in children with
ALL (74). Recently a new silibinin drug formulation
Legasil® administration improved hepatic failure due
to extensive liver infiltration in a breast cancer patient
(75).
A Phase II Study to Assess Efficacy of Combined
Treatment with Erlotinib (Tarceva) and Silybinphytosome (Siliphos) in Patients with EGFR mutant
lung adenocarcinoma is going on (ClinicalTrials.gov
Identifier: NCT02146118). A Phase II trial of the
silibin containing cream, Difinsa53 to determine
efficacy in delaying, ameliorating, or preventing
radiation dermatitis in patients with breast cancer
undergoing whole breast radiation has also been
proposed
(ClinicalTrials.gov
Identifier:
NCT02534129).
5. Enhancement of bioavailability of Silibinin
Silibinin is poorly water-soluble (solubility<50 µg/mL),
because of its highly hydrophobic and nonionizable
structure) (76). Thus, there have been extensive
attempts to enhance the bioavailability of silibinin such
as synthesis of the silibinin-phospholipid complex.
Nanomedicine is an innovative field with immense
potential and promises more effective cancer treatment
outcomes and it has ushered in several established drug
delivery platforms (77, 78). Controlled drug delivery
improves bioavailability by preventing premature
degradation and enhancing drug uptake, maintining
drug concentration within the therapeutic threshold by
controlling the drug release rate, and reduces the side
effects by effective and more precise targeting to the
disease site and target cells (79). Nanostructured lipid
carriers are delivery systems in which partial-
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crystallized lipid particles with a mean radii ≤ 100 nm
are dispersed in an aqueous phase containing
emulsifier(s); they are useful nutraceutical delivery
systems since they enable high drug loading,
encapsulation efficiency and stability (80).
In a specific study aimed at enhancing silibinin
bioavailability, the researchers described a new
protocol to prepare a silibinin-phospholipid complex.
Solubility studies confirmed the higher solubility of
silibinin-phospholipid complex in water (78.25±2.68
µg/mL) and n-octanol (62.67±1.86 mg/mL). Following
an oral administratin of 9.1 mg/kg of of silibininphospholipid
complex
and
silibinin-Nmethylglucamine to rats, there was a significant
increase in the bioavailability of silibinin after the oral
administration of silibinin-phospholipid complex
compared to silibinin-N-methylglucamine (81).
In another series of approaches, stealth SLNs as
colloidal carriers for silibinin have been developed;
these stealth SLNs were composed of stearic acid and
surfactant Brij 78 (polyoxyethylene 20 stearyl ether)
and incorporated high amounts of silibinin up to 7.55%.
(82). Recently, sodium cholate/phospholipid-mixed
micelles containing silibinin were obtained and were
found to be readily soluble; the maximum solubility
being 10.0±1.1mg/mL. When silibinin–mixed micelles
and
silibinin-N-methylglucamine
were
orally
administered to dogs (90 mg, expressed as silibinin
equivalents), it increased the bioavailability of
silibinin-mixed
micelles
versus
silibinin-Nmethylglucamine by up to 252.0% and led to a marked
reduction in effective silibinin doses (76). Silibin
loaded nanoparticles have displayed promising results
against various cancer types. For instance, Silibininloaded lipid nanoparticles effectively inhibited growth
of MDA-MB-231 cells. To increase the effect of
silibinin, silibinin-loaded PLGA-PEG-Fe3O4 was
prepared to determine the inhibitory effect of this
nanodrug on Telomerase gene expression. 1 mg of
silibinin-loaded PLGA-PEG-Fe3O4 included 760 µg
silibinin. Silibinin-loaded PLGA-PEG-Fe3O4 had upto
98% greater cytotoxic effect on T47D cell line than free
silibinin. The level of telomerase gene expression
(70%) was markedly more decreased with silibininloaded PLGA-PEG-Fe3O4 than with free silibinin alone
(83). A specific study prepared chitosantripolyphosphate based silibinin nanoparticles which
showed high encapsulation efficiencies (82.94±1.82%).
The nanoparticles-based delivery of silibinin induced a
much higher dissolution and improved cytotoxicity
against human prostate cancer cells (DU145) than
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silibinin alone (84). The non-biodegradable polymer
Eudragit RL 100 nanoparticles loaded with silibinin
and coated by Eudragit FS30D (75/mg/kg/day) were
administered orally to rats for 5 days and demonstrated
significantly improved results in treatment of ulcerative
colitis (85).
Taken together, these studies have demonstrated
that addressing the bioavailability issues plaguing
silibin-based therapes can be an extremely effective
and potent approach to ehance the anti-cancer potential
of silibinin.
6. Conclusion
Silibinin is an effective anticancer plant derived natural
compound. Cellular signaling pathways such as those
that control cell division and differentiation are altered
significantly in cancer cells. A deeper understanding of
how various drugs and plant compounds regulate these
pathways is key for effective cancer therapy. In this
review, we have aimed to summarise the key signaling
pathways modulated by silibinin in various cancer
types, a better understanding of which is very important
to develop silibinin as effective anticancer drug.
Silibinin is water insoluble and demonstrates low
bioavailability. Thus, recent studies have been directed
to increase the bioavailability of silibinin.
Consequently, silibinin is now being pursued as a
potential anti-cancer therapeutic agent in clinical
studies involving different cancer types; for instance
silibinin is currently being evaluated in clinical trials
against prostate cancer.
Silibinin has been demonstrated to induce apoptosis
in various cancer types in vitro and in vivo by targeting
multiple factors and influencing multiple signaling
pathways such as β-Catenin, Bcl2, Cip1/p21, COX2/PGE2, Kip1/p27, MAPK/ERK, STAT3, PI3K/AKT
and VEGF, which are frequently deregulated in cancers.
This broad spectrum of action is especially useful since
targeting multiple signaling pathways in cancer may
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sidestep the problem of drug resistance which has
become a major stumbling block in several anti-cancer
therapies that involve anticancer drugs that are
designed to specifically block a particular signaling
pathway. Thus, silibinin offers an attractive possibility
to be developed into a potential lead compound for
anticancer therapy.
Recent studies have suggested that silibinin is
highly effective in combination with other drugs or
compounds and epigenomic modifiers and can be used
in future treatment of cancer. Silibinin has also shown
promising results against cancer stem cells, supporting
further development of anti-cancer therapeutics that
target tumor stem cells.
Taken together, the wealth of accumulated research
that has been surveyed here, suggests an immense
potential of silibin as anti-cancer therapeutic compound.
These are likely to contribute to improved clinical
outcomes of anti-cancer therapies involving silibinin.
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