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Abstract

Globally, the risk of colorectal cancer (CRC) as well as the incidence of mortality associated with CRC is increasing. 
Thus, it is imperative that we look at alternative approaches involving intake of non-toxic natural dietary/non-dietary 
agents, for the prevention of CRC. The ultimate goal of this approach is to reduce the incidence of pre-neoplastic 
adenomatous polyps and prevent their progression to more advanced forms of CRC, and use these natural agents as a 
safe intervention strategy during the clinical course of this deadly malignancy. Over the years, pre-clinical studies have 
shown that silibinin (a flavonolignan isolated from the seeds of milk thistle, Silybum marianum) has strong preventive 
and therapeutic efficacy against various epithelial cancers, including CRC. The focus of the present review is to provide 
a comprehensive tabular summary, categorically for an easy accessibility and referencing, pertaining to the efficacy and 
associated mechanisms of silibinin against CRC growth and progression.
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Introduction

Colorectal cancer (CRC) is the second leading cause 
of cancer-related deaths in the United States men and 
women combined; statistical estimates for 2015 indicate 
~132,700 new CRC cases and 49,700 associated deaths[1]. 
Though several initiatives involving colon screening and 
therapeutic interventions have impacted the overall CRC 
management in the developed countries of the world[2], 
clearly more efforts are still needed to overcome CRC 
risk, to arrest the disease progression, and to reduce 
the mortality numbers associated with this malignancy. 
One such effort that has gained an appreciable momen-
tum over the last three decades, involves the intake of 
non-toxic natural dietary/non-dietary agents which can 

be used globally, for the prevention of CRC. In most 
cases, these agents, derived from fruits and vegetables as 
well as herbs and other supplements, have been shown 
to reduce the incidence of pre-neoplastic adenomatous 
polyps and/or their progression to more advanced forms 
of CRC (Fig. 1)[3-4]. In the present review, an attempt 
has been made to tabulate and summarize the benefi-
cial effects of one such natural chemopreventive agent 
i.e., silibinin, against CRC. Silibinin is a flavonolignan 
which is isolated from the seeds of milk thistle, Silybum 
marianum (Fig. 2); it has a long history of human use 
for liver ailments[5], widely available as a nutraceutical 
supplement and now clinically used to manage hepato-
toxicity in various countries including the United States. 

http://www.jbr-pub.org
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Importantly, silibinin is considered as a very promising 
cancer chemopreventive agent based on completed 
studies showing its strong efficacy against various 
epithelial cancers (Fig. 3), including CRC[3-4,6-9]. As 
elaborated in detail in this review, silibinin has shown 
significant in vitro and in vivo anti-CRC efficacy in 
various pre-clinical models of CRC. Inferences from 
completed in depth studies investigating the cellular 
and biological mechanisms associated with anti-CRC 

effects of silibinin are summarized in Tables 1–4, which 
detail the effect of silibinin on various molecules reg-
ulating cell cycle, cell survival, autophagy, apoptosis, 
angiogenesis, and inflammation in its efficacy against 
colon tumorigenesis.

Silibinin efficacy against CRC cell lines in 
cell culture

Under in vitro cell culture conditions, silibinin has 
been shown to inhibit the growth and proliferation of 
a wide range of CRC cells (Table 1). Mechanistic 
studies have attributed these inhibitory effects to 
cell cycle arrest as well as both caspase-dependent 
and -independent apoptotic pathways (Table 1). An 
increase in cyclin-dependent kinase (CDK) inhibitors 
Kip1/p27 and Cip1/p21, together with a decrease in the 
kinase activity of CDK2 and CDK4 in G0/G1 arrested 
CRC cells; while an increase in the kinase activity of 
CDC2/p34 molecule along with a decrease in protein 
expression of cell cycle regulators cdc25C, cdc2/p34 
and cyclin B1 by silibinin in G2M arrested CRC cells 
have been reported (Table 1). Furthermore, a decrease 
in the hyperphosphorylation of Retinoblastoma (Rb) 
by silibinin has also been reported as one of the mech-
anisms involved in the early cell cycle arrest induced 
by silibinin in CRC cells; though total Rb levels are 
unaffected, a decrease in the protein expression levels 
of cyclin -D1, -D3, -A and -B1 and CDK-1, -2, -4, and 
-6 by silibinin has been reported. The in vitro effects of 
silibinin alone or in combination with other molecules 
are summarized in Table 1[10-17].

Other in depth studies have shown that at physio-
logically relevant dose (100 µmol/L), silibinin causes 

Fig. 1 Chemoprevention by natural dietary or non-toxic nutraceutical agents. Natural dietary agents, such as silibinin, can reduce the incidence of 
pre-neoplastic lesions by targeting cancer stem cells and proliferating bulk tumor cells to prevent the disease progression to more advanced forms of the 
malignancy. Silibinin inhibits tumorigenesis, inflammatory responses, and angiogenesis involved in CRC growth and progression. CRC: colorectal cancer.

Fig. 2 Milk Thistle. A: Silybum marianum (Milk Thistle) plant, Family: 
Asteraceae. B: Chemical structure of silibinin - the principal bioactive 
constituent of milk thistle extract isolated from the dried seeds of milk 
thistle.
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oxidative stress in CRC cells, which triggers an apop- 
totic response, and is followed by a chain of events 
involving strong inhibition of the PI3K-Akt-mTOR 
pathway, activation of the ERK1/2 pathway, rough 
endoplasmic reticulum stress (ER), and suppression of 
protein translation, which results in autophagy-mediated 
programmed cell death type II. High-resolution nucle-
ar magnetic resonance spectroscopy (1H, 13C,31P-NMR) 
studies have further confirmed that silibinin interferes 
with essential mitochondrial metabolic pathways, and 
the events associated with both phospholipid as well 
as protein synthesis[13]. Furthermore, silibinin has also 
been found to interfere with the glucose uptake in these 
cells; overall, these events result in energy restriction 
in CRC cells and their severe and irreparable injury 
by silibinin[13]. Studies have also shown that signif-
icant apoptotic death of CRC cells occurs when high 
silibinin doses are used[13,18], which suggests that silib-
inin harbors the potential to induce both apoptotic and 
autophagy associated programmed cell death in CRC 
cells.

With regards to silibinin efficacy against CRC stem 
cells (CSC), silibinin has also been shown to interfere 
with the kinetics of CSC pool generation, which in 
turn, decreases the self-renewal and rectifies the aber-
rant differentiation of the CSC[19-20]. These results are 
detailed in Table 2; the potential of silibinin to target 
CSC is being extensively investigated by our group 
(Table 2)[21-22]. Our in vitro studies showed that silibinin 
strongly decreases the percentage of colonosphere for-
mation (a stem cell characteristic) of CRC cells and that 
this effect on CSC is mediated via blocking of interleu-
kin (IL)-4/6 signaling in CRC cell lines. Silibinin also 
caused a strong decrease in IL-4/6 induced activation of 
STAT-3 and NF-kB transcriptional activity, which was 
associated with decreased mRNA/protein levels of var-
ious CSC regulatory molecules, and CSC-associated 

markers and transcription factors (Table 2). We also 
found that silibinin significantly reduces the booster 
signals of macrophages towards CSC, resulting in 
decreased colonosphere numbers under both normoxic 
and hypoxic conditions (Agarwal & colleagues 2015, 
unpublished data, Table 2). These results are highly 
significant, given the fact that silibinin has shown effi-
cacy against both CSC and bulk cancer cells, and that 
CSC are now primarily recognized as the essential fac-
tors contributing to initiation/progression as well as the 
relapse of CRC[23-26].

Notably, several in vitro mechanistic studies have 
used high doses of silibinin (300 µmol/L); the clinical 
relevance of such high doses warrants caution; this is 
founded on the results of several preclinical as well as 
clinical trial studies that underline limiting the silibinin 
concentration to ~100 µmol/L dose in in vitro studies 
based on silibinin concentrations achievable in mouse 
plasma[27] and colon tissues of CRC patients[28-29]. 
Specifically, the results of the clinical trial data showed 
that silibinin feeding in the form of 720 mg/day 
(formulated with phosphatidylcholine) as 'silipide 
capsules' for 7 days to CRC patients leads to high bio-
availability of silibinin in colonic tissue (121 nmol/g 
of silibinin traced in colonic tissue which is equivalent 
to 121 µmol/L silibinin concentration).

Efficacy of silibinin against CRC growth and 
progression in pre-clinical rodent models

Using azoxymethane (AOM) and 1,2-dimethylhy-
drazine (DMH) as potential carcinogens to induce spo-
radic CRC in rodent models, various research groups 
have demonstrated the potential of silibinin to decrease 
the number of carcinogen-induced aberrant crypt foci 
(ACF), crypt multiplicity as well as colonic tumors in 
these colon tumorigenesis animal models (Table 3). 
To determine the stage specific efficacy of silibinin 
feeding, different silibinin feeding protocols based on 
whether silibinin feeding started before the carcinogen 
exposure (pre-initiation phase), during the carcino-
gen exposure (initiation phase), after the carcinogen 
exposure (post-initiation phase), or through the entire 
period of the study (pre-/-post initiation phase) were 
carried out; though all silibinin feeding protocols 
showed efficacy against CRC growth and progres-
sion, the percentage of CRC inhibition was stronger 
in the animals on the pre-/-post-initiation protocol[30-37]. 
Silibinin has also shown significant efficacy against 
spontaneous intestinal tumorigenesis in APC min/+ mice 
model (Table 3). Both short and long term intervention 
studies with silibinin have confirmed that total intes-
tinal polyps are significantly reduced in number and 
size by silibinin feeding[16,38-40]. While a decrease in 

Fig. 3 The targets of silibinin. Silibinin inhibits various signaling and 
regulatory pathways in its chemopreventive and therapeutic efficacy 
against various epithelial cancers.

454 Raina K et al. J Biomed Res, 2016, 30(6)



Ta
bl

e 
1 

B
io

lo
gi

ca
l e

ff
ec

ts
 o

f s
ili

bi
ni

n 
ag

ai
ns

t h
um

an
 c

ol
or

ec
ta

l c
an

ce
r 

(C
R

C
) c

el
l l

in
es

 u
nd

er
 in

 v
itr

o 
ce

ll 
cu

ltu
re

 c
on

di
tio

ns
.

C
R

C
 c

el
l l

in
es

In
 v

itr
o 

ef
fe

ct
s o

f s
ili

bi
ni

n
M

od
el

 a
nd

 m
et

ho
ds

M
ec

ha
ni

sm
 o

f a
ct

io
n

R
es

ea
rc

h 
gr

ou
p

H
T-

29
● 

gr
ow

th
 in

hi
bi

tio
n:

 d
os

e 
(5

0-
10

0 
μg

/m
L)

 a
nd

 ti
m

e 
(2

4-
72

h)
 d

ep
en

de
nt

.
● 

G
0/

G
1 

ce
ll 

cy
cl

e 
ar

re
st

 (l
ow

er
/h

ig
he

r d
os

es
).

● 
G

2/
M

 c
el

l c
yc

le
 a

rr
es

t (
hi

gh
er

 d
os

e:
 1

00
 μ

g/
m

L)
.

● 
no

 a
po

pt
os

is
 a

t l
ow

er
 d

os
es

.
● 

ap
op

to
tic

 d
ea

th
 (~

 1
5%

) a
fte

r 4
8 

ho
ur

s w
ith

 1
00

 
μg

/m
L 

do
se

.
● 

no
 in

du
ct

io
n 

of
 c

el
lu

la
r d

iff
er

en
tia

tio
n.

● 
FA

C
S 

ba
se

d 
ce

ll 
cy

cl
e 

di
st

rib
ut

io
n 

an
al

ys
is

.
● 

an
ne

xi
n 

V
 st

ai
ni

ng
 fo

r a
po

pt
os

is
, c

as
pa

se
 a

ct
iv

ity
 

as
sa

y,
 a

nd
 c

yt
oc

hr
om

e 
c 

lo
ca

liz
at

io
n 

an
al

ys
is

.
● 

im
m

un
op

re
ci

pi
ta

tio
n 

ba
se

d 
C

D
K

2-
an

d 
cd

c2
/p

34
-

as
so

ci
at

ed
 H

1 
hi

st
on

e 
ki

na
se

 a
ss

ay
s.

● 
N

or
th

er
n 

bl
ot

 h
yb

rid
iz

at
io

n 
w

ith
 3

2P
 la

be
le

d 
K

ip
/

p2
7 

an
d 

C
ip

/p
21

.

● 
m

R
N

A
 a

nd
 p

ro
te

in
 le

ve
ls

 o
f K

ip
/p

27
 a

nd
 

C
ip

/ p
21

 ↑
● 

pr
ot

ei
n 

le
ve

ls
 o

f c
dc

25
c,

 c
dc

2/
p3

4,
 a

nd
 

cy
cl

in
 B

1 
↓

● 
ki

na
se

 a
ct

iv
ity

 o
f c

dc
2/

p3
4 

↓
● 

ca
sp

as
e 

in
de

pe
nd

en
t a

po
pt

os
is

.

● 
A

ga
rw

al
 e

t a
l. 

20
03

[1
0]

● 
in

hi
bi

to
ry

 e
ffe

ct
s o

f s
ili

bi
ni

n 
(1

00
 μ

m
ol

/L
 d

os
e)

 
on

 β
-c

at
en

in
 m

ed
ia

te
d 

si
gn

al
in

g.
● 

TC
F-

lu
ci

fe
ra

se
 re

po
rte

r p
la

sm
id

s b
as

ed
 a

ss
ay

s.
● 

β-
ca

te
ni

n-
de

pe
nd

en
t T

C
F-

4 
tra

ns
cr

ip
tio

na
l 

ac
tiv

ity
 ↓

● 
R

aj
am

an
ic

ka
m

 e
t a

l. 
20

10
[3

9]

● 
in

hi
bi

to
ry

 e
ffe

ct
s o

f s
ili

bi
ni

n 
(1

-1
00

 μ
m

ol
/L

 d
os

e)
 

on
 C

D
K

4 
si

gn
al

in
g 

pa
th

w
ay

.
● 

M
TT

 c
el

l v
ia

bi
lit

y 
as

sa
ys

.
● 

FA
C

S 
ba

se
d 

K
i6

7 
la

be
lin

g 
an

al
ys

is
.

● 
im

m
un

ob
lo

tti
ng

 fo
r c

el
l c

yc
le

 re
gu

la
to

ry
 

m
ol

ec
ul

es
.

● 
pr

ot
ei

n 
le

ve
ls

 o
f C

D
K

-4
, a

nd
 c

yc
lin

 D
1 

↓
● 

hy
pe

r p
ho

sp
ho

ry
la

tio
n 

of
 re

tin
ob

la
st

om
a 

↓
● 

K
ar

im
 e

t a
l. 

20
13

[1
6]

● 
do

se
 a

nd
 ti

m
e 

de
pe

nd
en

t g
ro

w
th

 in
hi

bi
tio

n.
● 

ce
ll 

co
un

t a
ss

ay
s.

● 
N

ot
 e

xp
lo

re
d

● 
A

kh
ta

r e
t a

l. 
20

14
[1

5]

● 
ap

op
to

si
s o

f H
T2

9 
ce

lls
 v

ia
 E

G
R

-l-
m

ed
ia

te
d 

N
SA

ID
-a

ct
iv

at
ed

 g
en

e-
1 

(N
A

G
-1

) u
p-

re
gu

la
tio

n 
(s

ili
bi

ni
n:

 5
0-

10
0 

μm
ol

/L
 d

os
e)

.
● 

in
hi

bi
to

r o
f p

38
 M

A
PK

 (S
B

20
35

80
) a

tte
nu

at
ed

 
si

lib
in

in
-in

du
ce

d 
N

A
G

-1
 e

xp
re

ss
io

n.

● 
p5

3 
w

ild
-ty

pe
 a

nd
 p

53
-n

ul
l c

an
ce

r c
el

l l
in

es
.

● 
si

R
N

A
 a

nd
 M

A
PK

 in
hi

bi
to

rs
 b

as
ed

 c
on

fir
m

at
or

y
● 

as
sa

ys
.

● 
N

A
G

-1
 u

p-
re

gu
la

tio
n 

in
 p

53
-in

de
pe

nd
en

t 
m

an
ne

r.
● 

up
-r

eg
ul

at
io

n 
of

 E
G

R
-1

 e
xp

re
ss

io
n.

● 
ec

to
pi

c 
ex

pr
es

si
on

 o
f E

G
R

-1
 si

gn
ifi

ca
nt

ly
 

up
re

gu
la

te
s N

A
G

-1
 p

ro
m

ot
er

 a
ct

iv
ity

 
an

d 
N

A
G

-1
 p

ro
te

in
 e

xp
re

ss
io

n 
in

 a
 d

os
e-

de
pe

nd
en

t m
an

ne
r.

● 
W

oo
 e

t a
l. 

20
14

[1
7]

Fe
t, 

G
eo

, a
nd

 
H

C
T

11
6

● 
G

2/
M

 c
el

l c
yc

le
 a

rr
es

t i
n 

Fe
t a

nd
 G

eo
 c

el
l l

in
es

. 
G

1 
ar

re
st

 in
 H

C
T1

16
 c

el
ls

.
● 

IC
50

 in
 F

et
 a

nd
 G

eo
 li

ne
s i

s 7
5 

μg
/m

L 
an

d 
40

 μ
g/

m
L 

fo
r H

C
T1

16
 c

el
ls

 a
t 7

2 
ho

ur
s.

● 
gr

ow
th

 in
hi

bi
to

ry
 e

ffe
ct

s m
or

e 
du

e 
to

 in
hi

bi
tio

n 
of

 c
el

l c
yc

le
 re

gu
la

to
ry

 m
ol

ec
ul

es
 th

an
 d

ue
 to

 
ap

op
to

si
s.

● 
M

TT
 c

el
l v

ia
bi

lit
y 

as
sa

ys
.

● 
FA

C
S 

ba
se

d 
ce

ll 
cy

cl
e 

di
st

rib
ut

io
n 

an
d 

ap
op

to
si

s 
an

al
ys

is
.

● 
im

m
un

ob
lo

tti
ng

 fo
r c

el
l c

yc
le

 re
gu

la
to

ry
 

m
ol

ec
ul

es
.

● 
pr

ot
ei

n 
le

ve
ls

 o
f K

ip
/p

27
 a

nd
 C

ip
/p

21
 ↑

● 
pr

ot
ei

n 
le

ve
ls

 o
f C

yc
lin

 B
l/D

l a
nd

 C
D

K
-2

 ↓
● 

no
 e

ffe
ct

 o
n 

C
ox

-2
 le

ve
ls

.

● 
H

og
an

 e
t a

l. 
20

07
[1

4]

● 
do

se
 (5

0-
20

0 
μm

ol
/L

) a
nd

 ti
m

e 
(2

4-
72

 h
ou

rs
) 

de
pe

nd
en

t g
ro

w
th

 in
hi

bi
tio

n.
● 

G
1 

ce
ll 

cy
cl

e 
ar

re
st

 (l
ow

er
/h

ig
he

r d
os

es
) a

s w
el

l 
as

 G
2M

 a
rr

es
t w

ith
 2

00
 μ

m
ol

/L
.

● 
si

gn
ifi

ca
nt

 a
po

pt
ot

ic
 d

ea
th

 a
t 1

00
-2

00
 μ

m
ol

/L
.

● 
FA

C
S 

ba
se

d 
ce

ll 
cy

cl
e 

di
st

rib
ut

io
n 

an
al

ys
is

.
● 

an
ne

xi
n 

V
 st

ai
ni

ng
 fo

r a
po

pt
os

is
.

● 
im

m
un

ob
lo

tti
ng

 fo
r c

el
l c

yc
le

 re
gu

la
to

ry
 m

ol
ec

ul
es

.

● 
pr

ot
ei

n 
le

ve
ls

 o
f c

le
av

ed
 c

as
pa

se
 -3

 a
nd

 -9
, 

an
d 

cl
ea

ve
d 

PA
R

P 
↑

● 
pr

ot
ei

n 
le

ve
ls

 o
f K

ip
/p

27
 a

nd
 C

ip
/p

21
 ↑

● 
pr

ot
ei

n 
le

ve
ls

 o
f C

yc
lin

- D
1/

-D
3/

-A
/-B

1 
an

d 
C

D
K

-1
/-2

/-4
/-6

 ↓
● 

hy
pe

r p
ho

sp
ho

ry
la

tio
n 

of
 R

et
in

ob
la

st
om

a 
↓

● 
K

au
r e

t a
l. 

20
09

[1
2] C

on
tin

ue
d

 Silibinin and colon cancer prevention 455



Ta
bl

e 
1 

(c
on

tin
ue

d)

C
R

C
 c

el
l l

in
es

In
 v

itr
o 

ef
fe

ct
s o

f s
ili

bi
ni

n
M

od
el

 a
nd

 m
et

ho
ds

M
ec

ha
ni

sm
 o

f a
ct

io
n

R
es

ea
rc

h 
gr

ou
p

L
oV

o
● 

an
ti-

an
gi

og
en

ic
 e

ffe
ct

.
● 

in
hi

bi
ts

 th
e 

ch
em

ot
ax

is
 m

ig
ra

tio
n 

of
 e

nd
ot

he
lia

l 
ce

lls
 E

A
.h

y.
92

6 
to

w
ar

ds
 C

R
C

 c
el

ls
 (I

C
50

: 0
.6

6 
μm

ol
/L

 d
os

e)
.

● 
in

hi
bi

ts
 E

A
.h

y.
92

6 
ca

pi
lla

ry
 fo

rm
at

io
n 

(I
C

50
: 2

.6
 

μm
ol

/L
 d

os
e)

.
● 

↓ 
va

sc
ul

ar
 d

en
si

ty
 in

de
x 

in
 th

e 
ch

or
ia

llo
nt

oi
c 

m
em

br
an

e 
as

sa
y 

by
 2

0 
μm

ol
/L

 d
os

e.

● 
tra

ns
w

el
l m

ig
ra

tio
n 

an
d 

m
at

rig
el

 b
as

ed
 c

ap
ill

ar
y 

tu
be

 fo
rm

at
io

n 
as

sa
y.

● 
ch

ic
ke

n 
eg

g 
ba

se
d 

ch
or

ia
llo

nt
oi

c 
m

em
br

an
e 

as
sa

y.
● 

m
R

N
A

 le
ve

ls
 b

y 
RT

-P
C

R
 a

na
ly

si
s.

● 
m

R
N

A
 le

ve
ls

 o
f V

EG
FR

-l(
Fl

t-l
) ↑

● 
↓ 

V
EG

F 
se

cr
et

io
n 

by
 L

oV
o 

ce
lls

 (I
C

50
: 

13
1.

7 
μm

ol
/L

 d
os

e)
.

● 
Ya

ng
 e

t a
l. 

20
03

/2
00

5[4
2-

43
]

● 
do

se
 1

0–6
 m

ol
/L

.
● 

in
va

si
ve

ne
ss

 o
f C

R
C

 c
el

ls
 ↓

● 
IL

-6
 in

du
ce

d 
pr

ol
ife

ra
tio

n 
an

d 
in

va
si

on
 o

f 
Lo

Vo
 c

el
ls

 ↓

● 
[3 H

] t
hy

m
id

in
e 

in
co

rp
or

at
io

n 
as

sa
y.

● 
ce

ll 
in

va
si

on
 a

ss
ay

s.
● 

EM
SA

 a
nd

 M
M

P-
2 

pr
om

ot
er

 a
ct

iv
ity

 b
as

ed
 

lu
ci

fe
ra

se
 a

ss
ay

s.
● 

co
nf

oc
al

 m
ic

ro
sc

op
y 

ba
se

d 
M

M
P-

2 
lo

ca
liz

at
io

n 
an

al
ys

is
.

● 
↓ 

M
M

P-
2 

pr
om

ot
er

 a
ct

iv
ity

 v
ia

 a
tte

nu
at

io
n 

of
 A

P-
1 

bi
nd

in
g 

ac
tiv

ity
.

● 
M

M
P-

2 
ex

pr
es

si
on

 ↓

● 
Li

n 
et

 a
l. 

20
12

[4
4]

SW
48

0
● 

ce
ll 

gr
ow

th
 in

hi
bi

tio
n 

by
 5

0-
20

0 
μm

ol
/L

 d
os

e 
af

te
r 2

4-
72

 h
ou

rs
.

● 
no

 d
ea

th
 ti

ll 
72

 h
ou

rs
 w

ith
 d

os
es

 u
p 

to
 

10
0 

μm
ol

/L
.

● 
on

ly
 2

00
 μ

m
ol

/L
 d

os
e 

af
fe

ct
s v

ia
bi

lit
y 

at
 

ea
rly

 ti
m

e 
po

in
ts

.
● 

in
hi

bi
to

ry
 e

ffe
ct

s o
n 

β-
ca

te
ni

n 
m

ed
ia

te
d 

si
gn

al
in

g.

● 
vi

ab
le

 c
el

l c
ou

nt
 a

ss
ay

s.
● 

TC
F-

lu
ci

fe
ra

se
 re

po
rte

r p
la

sm
id

s b
as

ed
 a

ss
ay

s.
● 

co
nf

oc
al

 m
ic

ro
sc

op
y 

ba
se

d 
β-

ca
te

ni
n 

lo
ca

liz
at

io
n 

an
al

ys
is

.
● 

im
m

un
ob

lo
tti

ng
 a

na
ly

si
s f

or
 p

ro
te

in
 e

xp
re

ss
io

n.

● 
nu

cl
ea

r a
nd

 c
yt

op
la

sm
ic

 β
-c

at
en

in
 le

ve
ls

 ↓
● 

ex
pr

es
si

on
 o

f β
-c

at
en

in
 re

gu
la

to
r C

D
K

-8
 ↓

● 
β-

ca
te

ni
n-

de
pe

nd
en

t T
C

F-
4 

tra
ns

cr
ip

tio
na

l 
ac

tiv
ity

 ↓
● 

ex
pr

es
si

on
 o

f β
-c

at
en

in
 tr

an
sc

rip
tio

na
l 

ta
rg

et
s:

 c
-M

yc
 a

nd
 c

yc
lin

 D
1 

↓

● 
 K

au
r e

t a
l. 

20
10

[1
1]

H
T-

29
, L

oV
o,

 
an

d 
SW

48
0

● 
an

ti-
in

fla
m

m
at

or
y 

ef
fe

ct
 (5

0-
10

0 
μm

ol
/L

) d
os

e.
● 

in
hi

bi
ts

 T
N

Fα
-in

du
ce

d 
N

Fκ
B

 a
ct

iv
at

io
n.

● 
ef

fe
ct

s i
nd

ep
en

de
nt

 o
f C

O
X

-2
 e

xp
re

ss
io

n.

● 
im

m
un

ob
lo

tti
ng

 a
na

ly
si

s f
or

 p
ro

te
in

 e
xp

re
ss

io
n.

● 
EM

SA
 b

as
ed

 g
el

 su
pe

r s
hi

ft 
as

sa
ys

.
● 

nu
cl

ea
r l

ev
el

s o
f p

65
 a

nd
 p

50
 ↓

 
● 

Iκ
B

α 
pr

ot
ei

n 
le

ve
ls

 ↑
● 

ph
os

ph
o-

 Iκ
B

α 
le

ve
ls

 ↓
● 

N
Fκ

B
 tr

an
sc

rip
tio

na
l a

ct
iv

ity
 ↓

● 
R

ai
na

 e
t a

l. 
20

13
[4

5]

SW
48

0 
an

d 
SW

62
0

● 
30

0 
μm

ol
/L

 d
os

e 
sy

ne
rg

iz
es

 w
ith

 T
R

A
IL

 to
 c

au
se

 
ap

op
to

tic
 d

ea
th

.
● 

as
su

m
ed

 th
at

 a
ut

op
ha

gy
 p

la
ys

 a
 c

yt
op

ro
te

ct
iv

e 
ro

le
.

● 
D

N
A

 fr
ag

m
en

ta
tio

n 
as

sa
ys

, F
A

C
S 

an
al

ys
is

 a
nd

 
ca

sp
as

e 
in

hi
bi

to
rs

 b
as

ed
 c

on
fir

m
at

or
y 

as
sa

ys
.

● 
m

ito
ch

on
dr

ia
l m

em
br

an
e 

po
te

nt
ia

l a
na

ly
si

s.
● 

m
R

N
A

 le
ve

ls
 b

y 
RT

-P
C

R
 a

na
ly

si
s.

● 
hu

m
an

 re
co

m
bi

na
nt

 D
R

5/
Fc

 c
hi

m
er

a 
pr

ot
ei

n 
ba

se
d 

st
ud

ie
s.

● 
m

R
N

A
 a

nd
 p

ro
te

in
 le

ve
ls

 o
f d

ea
th

 re
ce

pt
or

s 
D

R
4/

-5
 ↑

● 
bo

th
 in

tri
ns

ic
 a

nd
 e

xt
rin

si
c 

ap
op

to
tic

 
pa

th
w

ay
s i

nv
ol

ve
d.

● 
M

cl
-1

 a
nd

 X
IA

P 
↓

● 
K

ua
nt

z 
et

 a
l. 

20
11

/2
01

2[1
8,

46
]

● 
30

0 
μm

ol
/L

 d
os

e 
sy

ne
rg

iz
es

 w
ith

 H
D

 A
C

 
in

hi
bi

to
rs

: (
SA

H
A

 a
nd

 tr
ic

ho
st

at
in

 A
) t

o 
ca

us
e 

ce
llu

la
r d

ea
th

.

● 
FA

C
S 

ba
se

d 
ce

ll 
cy

cl
e 

an
al

ys
is

.
● 

H
D

A
C

 a
nd

 D
N

M
T 

ac
tiv

ity
 m

ea
su

re
m

en
t.

● 
D

N
M

T 
in

hi
bi

tio
n.

● 
K

ua
nt

z 
et

 a
l. 

20
13

[4
7]

C
on

tin
ue

d

456 Raina K et al. J Biomed Res, 2016, 30(6)



C
R

C
 c

el
l l

in
es

In
 v

itr
o 

ef
fe

ct
s o

f s
ili

bi
ni

n
M

od
el

 a
nd

 m
et

ho
ds

M
ec

ha
ni

sm
 o

f a
ct

io
n

R
es

ea
rc

h 
gr

ou
p

H
T-

29
, L

oV
o,

 
an

d 
SW

48
0

● 
in

hi
bi

ts
 m

ito
ge

ni
c/

gr
ow

th
 p

ro
m

ot
in

g 
si

gn
al

s 
in

du
ce

d 
by

 IG
F-

1 
an

d 
EG

F.
● 

IG
F-

1 
an

d 
EG

F 
ba

se
d 

ef
fe

ct
s o

n 
ce

ll 
gr

ow
th

 a
nd

 
pr

ol
ife

ra
tio

n.
● 

FA
C

S 
ba

se
d 

an
al

ys
is

.
● 

im
m

un
ob

lo
tti

ng
 fo

r p
ro

te
in

 e
xp

re
ss

io
n 

le
ve

ls
.

● 
PI

3K
-A

kt
-m

TO
R

 p
at

hw
ay

 ↓
 a

nd
 E

R
K

1/
2 

pa
th

w
ay

 ↑
● 

no
 in

hi
bi

to
ry

 e
ffe

ct
 o

n 
no

rm
al

 h
um

an
 c

ol
on

 
N

C
M

 4
60

 c
el

ls
.

● 
R

ai
na

 e
t a

l. 
20

13
[1

3]

SW
48

0
● 

ox
id

at
iv

e 
st

re
ss

 a
nd

 e
ar

ly
 o

n 
sl

ig
ht

 a
po

pt
os

is
.

● 
in

te
ns

e 
va

cu
ol

iz
at

io
n 

of
 c

yt
op

la
sm

 a
nd

 ro
ug

h 
en

do
pl

as
m

ic
 re

tic
ul

um
 sw

el
lin

g.
 e

ve
nt

s 
as

so
ci

at
ed

 w
ith

 a
ut

op
ha

gy
 ↑

● 
lo

ng
 te

rm
 e

xp
os

ur
e 

ca
us

es
 a

ut
op

ha
gi

c 
ce

ll 
de

at
h 

(1
00

 μ
m

ol
/L

 d
os

e)
 w

hi
le

 h
ig

he
r d

os
es

 (≥
 2

00
 

μm
ol

/L
 d

os
e)

 c
au

se
 a

po
pt

os
is

.
● 

po
te

nt
ia

l t
o 

ca
us

e 
bo

th
 a

po
pt

ot
ic

 a
nd

 a
ut

op
ha

gi
c 

ce
ll 

de
at

h.

● 
ox

id
at

iv
e 

st
re

ss
 a

nd
 m

ito
ch

on
dr

ia
l m

em
br

an
e 

po
te

nt
ia

l a
na

ly
si

s, 
an

d 
in

hi
bi

to
rs

 b
as

ed
 c

on
fir

-
m

at
or

y 
as

sa
ys

.
● 

tra
ns

m
is

si
on

 e
le

ct
ro

n 
m

ic
ro

sc
op

y,
 a

nd
 d

yn
am

ic
s o

f 
LC

3-
I a

nd
 L

C
3-

II
 tr

ac
ki

ng
.

● 
m

et
ab

ol
om

ic
s s

tu
dy

 u
til

iz
in

g 
13

C
, 1

H
, 3

IP
 b

as
ed

 
N

M
R

 sp
ec

tro
sc

op
y.

● 
ea

rly
 o

n 
re

ac
tiv

e 
ox

yg
en

 sp
ec

ie
s g

en
er

at
io

n.
 

● 
PI

3K
-A

kt
-m

TO
R

 p
at

hw
ay

 ↓
 a

nd
 E

R
K

1/
2 

pa
th

w
ay

 ↑
● 

in
te

rf
er

en
ce

 in
 m

ito
ch

on
dr

ia
l m

et
ab

ol
is

m
, 

ph
op

sp
ho

lip
id

 a
nd

 p
ro

te
in

 sy
nt

he
si

s, 
an

d 
gl

uc
os

e 
up

ta
ke

.
● 

en
er

gy
 re

st
ric

tio
ns

 c
au

si
ng

 st
ar

va
tio

n 
le

ad
 to

 
au

to
ph

ag
ic

 c
el

l d
ea

th
.

● 
R

ai
na

 e
t a

l. 
20

13
[1

3]

A
bb

re
vi

at
io

ns
: C

R
C

, C
ol

or
ec

ta
l c

an
ce

r; 
FA

C
S;

 fl
uo

re
sc

en
ce

- a
ct

iv
at

ed
 c

el
l s

or
tin

g;
 M

TT
, 3

-(
4,

5-
di

m
et

hy
l-2

-th
ia

zo
ly

l)-
2,

5-
di

ph
en

yl
-2

H
-te

tra
zo

liu
m

 b
ro

m
id

e;
 R

T-
PC

R
, r

ev
er

se
 tr

an
sc

rip
tio

n 
po

ly
m

er
as

e 
ch

ai
n 

re
ac

tio
n;

 
TC

F-
4,

 T
-c

el
l f

ac
to

r-4
; T

R
A

IL
, T

N
F-

re
la

te
d 

ap
op

to
si

s-
in

du
ci

ng
 li

ga
nd

; H
D

A
C

, h
is

to
ne

 d
ea

ce
ty

la
se

; D
N

M
T,

 D
N

A
 m

et
hy

ltr
an

sf
er

as
e;

 S
A

H
A

, s
ub

er
oy

la
ni

lid
e 

hy
dr

ox
am

ic
 a

ci
d;

 IG
F-

1,
 in

su
lin

-li
ke

 g
ro

w
th

 fa
ct

or
-1

; E
G

F,
 

ep
id

er
m

al
 g

ro
w

th
 fa

ct
or

; E
M

SA
, e

le
ct

ro
ph

or
et

ic
 m

ob
ili

ty
 sh

ift
 a

ss
ay

; N
M

R
, n

uc
le

ar
 m

ag
ne

tic
 re

so
na

nc
e.

Ta
bl

e 
1 

(c
on

tin
ue

d)
 Silibinin and colon cancer prevention 457



Ta
bl

e 
2 

B
io

lo
gi

ca
l e

ff
ec

ts
 o

f s
ili

bi
ni

n 
ag

ai
ns

t h
um

an
 c

ol
or

ec
ta

l c
an

ce
r 

st
em

 c
el

ls
 (C

SC
) 

C
ol

or
ec

ta
l c

an
ce

r 
st

em
 c

el
ls

 (C
SC

)
E

ff
ec

ts
 o

f s
ili

bi
ni

n
M

od
el

 a
nd

 m
et

ho
ds

M
ec

ha
ni

sm
 o

f a
ct

io
n

R
es

ea
rc

h 
gr

ou
p

Pr
im

ar
y 

hu
m

an
 

tu
m

or
 c

el
ls

 a
nd

 
H

T-
29

in
 v

itr
o:

● 
do

se
 u

p 
to

 1
00

 μ
g/

m
L.

● 
de

cr
ea

se
s c

oi
on

os
ph

er
e 

fo
rm

at
io

n.

● 
C

SC
 fr

om
 p

rim
ar

y 
C

R
C

 is
ol

at
ed

 fr
om

 h
um

an
 

tu
m

or
 w

ith
 D

uk
e 

C
3 

C
R

C
 st

ag
e,

 a
nd

 H
T-

29
 c

el
ls

.
● 

FA
C

S,
 im

m
un

ofl
uo

re
sc

en
ce

, a
nd

● 
im

m
un

ob
lo

tti
ng

 fo
r p

ro
te

in
 le

ve
ls

.

● 
C

D
 1

33
 e

xp
re

ss
io

n 
↓

● 
m

or
e 

di
ffe

re
nt

ia
te

d 
cl

on
es

 ↑
● 

PP
2A

-A
kt

-m
TO

R
 p

at
hw

ay
 ↓

● 
W

an
g 

et
 a

l 2
01

2[2
0]

H
T-

29
, L

oV
o,

 a
nd

 
SW

48
0

in
 v

itr
o:

● 
25

-1
00

 μ
m

ol
/L

 d
os

e 
us

ed
.

● 
de

cr
ea

se
s c

oi
on

os
ph

er
e 

fo
rm

at
io

n.
● 

ta
rg

et
s b

ot
h 

co
lo

n 
C

SC
 a

nd
 b

ul
k 

tu
m

or
 c

el
ls

.

● 
C

SC
 e

nr
ic

he
d 

co
io

no
sp

he
re

 a
ss

ay
s.

● 
m

ito
ge

n 
an

d 
IL

4 
an

d 
IL

6 
m

ed
ia

te
d 

si
gn

al
in

g 
ef

fe
ct

s o
n 

ki
ne

tic
s o

f C
SC

 sp
he

ro
id

s.
● 

FA
C

S,
 im

m
un

ob
lo

tti
ng

, E
M

SA
 b

as
ed

 g
el

 su
pe

r 
sh

ift
 a

ss
ay

s.
● 

RT
-P

C
R

 a
nd

 R
T2 P

C
R

 a
na

ly
si

s.
● 

3D
 d

iff
er

en
tia

tio
n 

an
d 

co
nf

oc
al

 m
ic

ro
sc

op
y 

 
ba

se
d 

z 
st

ac
k 

an
d 

lo
ca

liz
at

io
n 

as
sa

ys
.

● 
C

SC
: C

D
44

+  E
pC

A
M

hi
gh

 c
el

ls
 ↓

● 
nu

m
be

r a
nd

 si
ze

 o
f c

oi
on

os
ph

er
es

 ↓
● 

IL
4 

an
d 

IL
6 

m
ed

ia
te

d 
ef

fe
ct

s o
n 

C
SC

 ↓
● 

IL
4 

an
d 

IL
6 

in
du

ce
d 

ef
fe

ct
s o

n 
N

Fκ
B

 a
nd

 
ST

AT
-3

 ↓
● 

m
R

N
A

 a
nd

 p
ro

te
in

 le
ve

ls
 o

f L
G

R
5,

 A
SC

L2
, 

C
D

44
, C

D
13

3,
 O

C
T 

4,
 N

A
N

O
G

. M
SI

-1
,  

B
M

I-
1,

 a
nd

 H
ES

-1
 ↓

● 
sy

m
m

et
ric

 se
lf-

re
ne

w
al

 o
f C

SC
 ↓

● 
m

or
e 

di
ffe

re
nt

ia
te

d 
cl

on
es

 ↑

● 
K

um
ar

 e
t a

l 2
01

4[1
9]

H
T-

29
 a

nd
 S

W
48

0
in

 v
itr

o:
● 

50
-1

00
 μ

M
 d

os
e 

us
ed

.
● 

bo
os

te
r s

ig
na

ls
 o

f m
ac

ro
ph

ag
es

 (U
93

7 
an

d 
TH

P-
1)

 to
w

ar
ds

 c
ol

on
 C

SC
 ↓

● 
re

su
lti

ng
 in

 d
ec

re
as

ed
 c

oi
on

os
ph

er
e 

nu
m

be
rs

 
un

de
r b

ot
h 

no
rm

ox
ic

 a
nd

 h
yp

ox
ic

 c
on

di
tio

ns
.

● 
C

SC
 e

nr
ic

he
d 

co
io

no
sp

he
re

 a
ss

ay
s.

● 
m

ac
ro

ph
ag

e 
m

ed
ia

te
d 

(h
yp

ox
ic

 a
nd

 n
or

m
ox

ic
) 

si
gn

al
in

g 
ef

fe
ct

s o
n 

C
SC

 sp
he

ro
id

s.
● 

FA
C

S,
 im

m
un

ob
lo

tti
ng

, R
T-

PC
R

 a
nd

 R
T2 P

C
R

 
an

al
ys

is
, c

yt
ok

in
e 

ar
ra

ys
.

● 
co

nf
oc

al
 m

ic
ro

sc
op

y 
ba

se
d 

z 
st

ac
k 

an
d 

lo
ca

liz
at

io
n 

as
sa

ys
.

● 
C

SC
: C

D
44

+  E
pC

A
M

hi
gh

 c
el

ls
 ↓

● 
m

ac
ro

ph
ag

e 
m

ed
ia

te
d 

ef
fe

ct
s o

n 
C

SC
 ↓

● 
si

lib
in

in
 m

od
ifi

es
 th

e 
cy

to
ki

ne
 p

ro
fil

e 
of

 
m

ac
ro

ph
ag

e 
co

nd
iti

on
ed

 m
ed

ia
.

● 
A

ga
rw

al
 &

 c
ol

le
ag

ue
s 

20
15

:
● 

un
pu

bl
is

he
d

H
T-

29
in

 v
iv

o:
● 

tu
m

or
ig

en
ic

 p
ot

en
tia

l o
f C

SC
● 

(C
D

44
+ E

pc
am

hi
gh

 C
R

C
 c

el
ls

) ↓
● 

C
SC

 se
lf-

re
ne

w
al

 in
 se

ria
l t

ra
ns

pl
an

ta
tio

n 
stu

di
es

 ↓
● 

in
hi

bi
to

ry
 e

ffe
ct

s o
n 

bo
th

 C
SC

 a
nd

 b
ul

k 
da

ug
ht

er
 

ce
lls

.

● 
s.c

 c
el

l i
nj

ec
tio

ns
 o

f s
or

te
d 

C
SC

 
(C

D
44

+ E
pc

am
hi

gh
) H

T-
29

 c
el

ls
 m

ix
ed

 w
ith

 
m

at
rig

el
 (1

:1
) i

n 
fla

nk
 o

f N
O

D
/S

C
ID

 m
al

e 
m

ic
e.

● 
af

te
r 2

4 
ho

ur
s o

f c
el

l i
nj

ec
tio

ns
; o

ra
l g

av
ag

e 
w

ith
 

si
lib

in
in

 (2
00

 m
g/

kg
) i

n 
C

M
C

 v
eh

ic
le

 e
ve

ry
 d

ay
 

fo
r ~

40
 d

ay
s.

● 
se

ria
l t

ra
ns

pl
an

ta
tio

n 
of

 u
ns

or
te

d/
so

rte
d 

tu
m

or
s i

n 
N

O
D

/S
C

ID
 m

ic
e.

● 
di

ffu
si

on
 w

ei
gh

te
d 

M
R

I, 
D

C
E-

M
R

I, 
an

d 
18

FD
G

-
PE

T;
 F

A
C

S,
 c

on
fo

ca
l m

ic
ro

sc
op

y,
 a

nd
 p

ai
re

d 
ce

ll 
an

al
ys

is
.

● 
tu

m
or

 c
el

lu
la

rit
y,

 v
as

cu
la

rit
y,

 g
ly

co
ly

tic
  

ac
tiv

ity
 ↓

● 
tu

m
or

 g
ro

w
th

 in
 se

ria
l t

ra
ns

pl
an

ta
tio

n 
st

ud
ie

s ↓
● 

sy
m

m
et

ric
 se

lf-
re

ne
w

al
 o

f C
SC

 ↓
● 

as
ym

m
et

ric
 se

lf-
re

ne
w

al
 o

f C
SC

 ↑
● 

sh
ift

s t
he

 c
el

l d
iv

is
io

n 
to

 sy
m

m
et

ric
 

pr
ol

ife
ra

tio
n 

re
su

lti
ng

 in
 g

en
er

at
io

n 
of

 tw
o 

da
ug

ht
er

 c
el

ls
 ↑

● 
tra

ns
fo

rm
s/

di
ffe

re
nt

ia
te

s C
D

44
+  p

op
ul

at
io

n 
in

to
 

a 
C

D
44

- p
he

no
ty

pe
.

● 
A

ga
rw

al
 &

 c
ol

le
ag

ue
s 

20
15

a:
● 

-K
um

ar
 e

t a
l 2

01
5[2

2]

A
bb

re
vi

at
io

ns
: C

R
C

, C
ol

or
ec

ta
l c

an
ce

r; 
C

SC
, c

ol
or

ec
ta

l c
an

ce
r s

te
m

 c
el

ls
; F

A
C

S;
 fl

uo
re

sc
en

ce
- a

ct
iv

at
ed

 c
el

l s
or

tin
g;

 R
T-

PC
R

, r
ev

er
se

 tr
an

sc
rip

tio
n 

po
ly

m
er

as
e 

ch
ai

n 
re

ac
tio

n;
 R

T2 P
C

R
, r

ea
l -

tim
e 

RT
-P

C
R

; E
M

SA
, 

el
ec

tro
ph

or
et

ic
 m

ob
ili

ty
 sh

ift
 a

ss
ay

; M
R

I, 
m

ag
ne

tic
 re

so
na

nc
e 

im
ag

in
g;

 D
C

E-
M

R
I, 

dy
na

m
ic

 c
on

tra
st

 e
nh

an
ce

d-
M

R
I; 

18
FD

G
-P

ET
, 18

Fl
uo

rin
e-

2-
D

eo
xy

-G
lu

co
se

 (F
D

G
) p

os
itr

on
 e

m
is

si
on

 to
m

og
ra

ph
y.

 

458 Raina K et al. J Biomed Res, 2016, 30(6)



Ta
bl

e 
3 

B
io

lo
gi

ca
l e

ff
ec

ts
 o

f s
ili

bi
ni

n 
ag

ai
ns

t t
um

or
 g

ro
w

th
 a

nd
 p

ro
gr

es
si

on
 in

 p
re

cl
in

ic
al

 a
ni

m
al

 m
od

el
s o

f c
ol

on
 tu

m
or

ig
en

es
is

.

A
ni

m
al

 m
od

el
In

 v
iv

o 
ef

fe
ct

s o
f s

ili
bi

ni
n

Tr
ea

tm
en

t m
od

al
ity

M
ec

ha
ni

sm
 o

f a
ct

io
n

R
es

ea
rc

h 
gr

ou
p

C
ar

ci
no

ge
n-

in
du

ce
d 

sp
or

ad
ic

 c
ol

on
 tu

m
or

ig
en

es
is

 m
od

el

A
O

M
● 

do
se

 d
ep

en
de

nt
 d

ec
re

as
e 

in
 a

zo
xy

- 
m

et
ha

ne
 (A

O
M

)-
in

du
ce

d 
pr

e-
ne

op
la

st
ic

 
ab

er
ra

nt
 c

ry
pt

 (A
C

F)
 fo

rm
at

io
n 

an
d 

cr
yp

t 
m

ul
tip

lic
ity

.
● 

in
hi

bi
tio

n 
m

or
e 

pr
on

ou
nc

ed
 w

he
n 

si
lib

in
in

 
gi

ve
n 

pr
io

r t
o 

in
iti

at
io

n 
an

d 
co

nt
in

ue
d 

til
l 

st
ud

y 
en

d 
(p

re
-/-

po
st

 in
iti

at
io

n 
pr

ot
oc

ol
).

● 
m

al
e 

Fi
sc

he
r 3

44
 ra

ts
. A

O
M

 (s
.c

 1
5m

g/
kg

): 
on

ce
 a

 w
ee

k 
fo

r 2
 w

ee
ks

.
● 

0.
03

3%
 -1

%
 w

/w
 si

lib
in

in
 su

pp
le

m
en

te
d 

A
IN

-7
6A

 d
ie

ts
.

● 
ra

ts
 sa

cr
ifi

ce
d 

af
te

r 8
 w

ee
ks

 o
f 2

nd
 A

O
M

 
in

je
ct

io
n.

● 
si

lib
in

in
 fe

ed
in

g 
pr

ot
oc

ol
s:

 p
re

-
in

iti
at

io
n;

 p
os

t-i
ni

tia
tio

n;
 a

nd
 p

re
-/-

po
st

 
in

iti
at

io
n.

● 
PC

N
A

 p
os

iti
ve

 c
el

ls
 ↓

● 
ap

op
to

tic
 c

el
ls

 ↑
 ; 

cl
ea

ve
d 

PA
R

P 
↑

● 
cy

cl
in

 D
l, 

C
ox

-2
, a

nd
 iN

O
S 

↓

● 
Ve

lm
ur

ug
an

 e
t a

l. 
20

08
[3

0]

A
O

M
● 

do
se

 d
ep

en
de

nt
 d

ec
re

as
e 

in
 A

O
M

- 
in

du
ce

d 
co

lo
n 

tu
m

or
ig

en
es

is
.

● 
de

cr
ea

se
 in

 tu
m

or
 m

ul
tip

lic
ity

 a
nd

 n
um

be
r 

of
 b

ig
ge

r t
um

or
s (

>2
m

m
).

● 
in

hi
bi

tio
n 

m
or

e 
pr

on
ou

nc
ed

 w
he

n 
si

lib
in

in
 

gi
ve

n 
pr

io
r t

o 
in

iti
at

io
n 

an
d 

co
nt

in
ue

d 
til

l 
st

ud
y 

en
d 

(p
re

-/-
po

st
 in

iti
at

io
n 

pr
ot

oc
ol

).

● 
m

al
e A

/J
 m

ic
e.

 A
O

M
 (i

.p
 5

m
g/

kg
): 

on
ce

 
a 

w
ee

k 
fo

r 6
 w

ee
ks

.
● 

or
al

 g
av

ag
e 

w
ith

 si
lib

in
in

 (2
50

-7
50

 m
g/

 
kg

) i
n 

C
M

C
 v

eh
ic

le
 fo

r 5
 d

ay
s a

 w
ee

k.
● 

m
ic

e 
sa

cr
ifi

ce
d 

af
te

r 1
8 

w
ee

ks
 o

f l
as

t 
A

O
M

 in
je

ct
io

n.
● 

si
lib

in
in

 fe
ed

in
g 

pr
ot

oc
ol

s:
 p

re
-/-

po
st

 
in

iti
at

io
n;

 p
os

t-i
ni

tia
tio

n.

● 
PC

N
A

 p
os

iti
ve

 c
el

ls
 ↓

● 
ap

op
to

tic
 c

el
ls

 ↑
, c

le
av

ed
 (c

as
pa

se
-3

 
an

d 
PA

R
P)

 a
nd

 p
21

 ↑
● 

cy
cl

in
 D

l, 
C

ox
-2

, V
EG

F,
 a

nd
 iN

O
S 

↓
● 

nu
cl

ea
r a

nd
 c

yt
op

la
sm

ic
 β

-c
at

en
in

 ↓
● 

ke
y 

m
ol

ec
ul

es
 o

f I
G

F-
1 

ax
is

: p
ho

sp
ho

 
(I

G
F-

1 
R

β,
 A

kt
 a

nd
 G

SK
-3

β)
 ↓

● 
IG

FR
P-

3 
↑

● 
R

av
ic

ha
nd

ra
n 

et
 a

l. 
20

10
[3

1]

A
O

M
● 

re
du

ct
io

n 
in

 A
O

M
-in

du
ce

d 
hy

pe
r 

pr
ol

ife
ra

tiv
e 

cr
yp

ts
 a

nd
 A

C
F 

fo
rm

at
io

n.
● 

m
al

e 
W

is
ta

r r
at

s. 
A

O
M

 (i
.p

 1
5m

g/
kg

): 
on

ce
 a

 w
ee

k 
fo

r 2
 w

ee
ks

.
● 

or
al

 g
av

ag
e 

w
ith

 si
lib

in
in

 (3
00

 m
g/

kg
) 

in
 C

M
C

 v
eh

ic
le

 e
ve

ry
 d

ay
.

● 
m

ic
e 

sa
cr

ifi
ce

d 
7 

w
ee

ks
 a

fte
r A

O
M

 
in

je
ct

io
n.

● 
si

lib
in

in
 fe

ed
in

g 
pr

ot
oc

ol
: s

ta
rt 

on
e 

w
ee

k 
af

te
r l

as
t A

O
M

 (p
os

t-i
ni

tia
tio

n)
.

● 
ap

op
to

tic
 c

el
ls

 ↑
● 

pr
ot

ei
n 

le
ve

ls
 o

f B
cl

-2
 ↓

 a
nd

 B
ax

 
le

ve
ls

 ↑
● 

m
R

N
A

 le
ve

ls
 o

f i
nfl

am
m

at
or

y 
m

ar
ke

rs
: M

M
P-

7,
 E

Ll
-β

, a
nd

 T
N

Fα
 ↓

● 
pr

ot
ei

n 
le

ve
ls

 o
f M

M
P-

7 
↓

● 
K

au
nt

z 
et

 a
l. 

20
12

[3
2]

D
M

H
● 

in
hi

bi
ts

 1
, 2

-d
im

et
hy

lh
yd

ra
zi

ne
 (D

M
H

)-
 

in
du

ce
d 

co
lo

ni
c 

pr
e-

ne
op

la
st

ic
 c

ha
ng

es
.

● 
A

C
F 

fo
rm

at
io

n,
 d

ys
pl

as
tic

 A
C

F,
 a

nd
 tu

m
or

 
in

ci
de

nc
e 

↓
● 

re
st

or
es

 th
e 

le
ve

ls
 o

f G
SH

-d
ep

en
de

nt
 

en
zy

m
es

.
● 

no
rm

al
iz

es
 p

ha
se

 I/
II

 x
en

ob
io

tic
 

m
et

ab
ol

iz
in

g 
en

zy
m

es
.

● 
Li

pi
d 

pe
ro

xi
da

tio
n 

in
 c

ol
on

ic
 ti

ss
ue

s ↓
 a

nd
 

en
zy

m
ic

 a
nt

i-o
xi

da
nt

s ↑

● 
m

al
e 

al
bi

no
 W

is
ta

r r
at

s. 
D

M
H

 (s
.c

 
20

m
g/

 k
g)

: o
nc

e 
a 

w
ee

k 
fo

r 1
5 

w
ee

ks
.

● 
or

al
 g

av
ag

e 
w

ith
 si

lib
in

in
 (5

0 
m

g/
kg

) i
n 

C
M

C
 v

eh
ic

le
 e

ve
ry

 d
ay

.
● 

m
ic

e 
sa

cr
ifi

ce
d 

13
 w

ee
ks

 a
fte

r l
as

t D
M

H
 

in
je

ct
io

n.
● 

si
lib

in
in

 fe
ed

in
g 

pr
ot

oc
ol

s:
 in

iti
at

io
n;

 
po

st
-in

iti
at

io
n;

 p
re

-/-
po

st
 in

iti
at

io
n 

(e
nt

ire
 p

er
io

d)
.

● 
fe

ca
l b

io
tra

ns
fo

rm
in

g 
m

ic
ro

bi
al

 
en

zy
m

es
 ↓

● 
co

lo
ni

c 
an

d 
fe

ca
l β

-g
lu

cu
ro

ni
da

se
 ↓

● 
m

uc
os

al
 a

nd
 fe

ca
l a

ct
iv

iti
es

 o
f 

β-
gl

uc
os

id
as

e 
an

d 
β-

ga
la

ct
os

id
as

e 
↓

● 
ni

tro
re

du
ct

as
e 

an
d 

su
lp

ha
ta

se
 ↓

● 
β-

ca
te

ni
n,

 P
C

N
A

, a
gy

ro
ph

ill
ic

 
nu

cl
eo

la
r o

rg
an

iz
in

g 
re

gi
on

s, 
an

d 
cy

cl
in

 D
l ↓

● 
pr

ev
en

ts
 su

pp
re

ss
io

n 
of

 C
D

X
2 

m
R

N
A

 a
nd

 p
ro

te
in

 le
ve

ls
.

● 
Sa

ng
ee

th
a 

et
 a

l. 
20

09
/ 

20
10

a/
20

10
b/

20
12

/2
01

4[3
3-

37
]

C
on

tin
ue

d

 Silibinin and colon cancer prevention 459



A
ni

m
al

 m
od

el
In

 v
iv

o 
ef

fe
ct

s o
f s

ili
bi

ni
n

Tr
ea

tm
en

t m
od

al
ity

M
ec

ha
ni

sm
 o

f a
ct

io
n

R
es

ea
rc

h 
gr

ou
p

M
ou

se
 m

od
el

 o
f s

po
nt

an
eo

us
 in

te
st

in
al

 tu
m

or
ig

en
es

is

A
PC

m
in

/+
 m

ic
e

● 
in

te
st

in
al

 a
de

no
m

a 
nu

m
be

rs
 ↓

● 
un

fo
rm

ul
at

ed
 si

lib
in

in
 m

or
e 

ef
fe

ct
iv

e 
th

an
 

si
lib

in
in

-p
ho

sp
ho

lip
id

 c
om

pl
ex

 p
re

pa
ra

tio
n 

(*
si

lip
id

e)
.

● 
0.

2%
 w

/w
 si

lib
in

in
 su

pp
le

m
en

te
d 

A
IN

-
93

G
 d

ie
ts

 o
r s

ili
pi

de
 fo

r 2
1 

da
ys

.
● 

(d
os

in
g 

eq
ui

va
le

nt
 to

 si
lib

in
in

: 3
00

 m
g/

kg
 p

er
 d

ay
).

● 
N

ot
 e

xp
lo

re
d

● 
Ve

rs
ch

oy
le

 e
t a

l. 
20

08
[4

0]

A
PC

m
in

/+
 m

ic
e

● 
de

cr
ea

se
 in

 to
ta

l n
um

be
r o

f i
nt

es
tin

al
 

po
ly

ps
 (3

4%
-5

5%
 ↓

).
● 

6 
w

ee
ks

 o
ld

 A
PC

m
in

/+
 m

ic
e.

● 
or

al
 g

av
ag

e 
w

ith
 si

lib
in

in
 (2

50
-7

50
 m

g/
kg

) i
n 

C
M

C
 v

eh
ic

le
 fo

r 5
 d

ay
s a

 w
ee

k.
● 

m
ic

e 
sa

cr
ifi

ce
d 

af
te

r 6
 w

ee
ks

 o
f s

ili
bi

ni
n 

fe
ed

in
g.

● 
PC

N
A

 p
os

iti
ve

 c
el

ls
 ↓

● 
ap

op
to

tic
 c

el
ls

 ↑
● 

β-
ca

te
ni

n,
 c

yc
lin

 D
l, 

c-
m

yc
, p

ho
sp

ho
 

(A
kt

 a
nd

 G
SK

-3
β)

, C
ox

-2
, a

nd
 iN

O
S,

 
le

ve
ls

 ↓
● 

ni
tro

ty
ro

si
ne

 a
nd

 n
itr

ite
 le

ve
ls

 ↓

● 
R

aj
am

an
ic

ka
m

 e
t a

l. 
20

09
[3

8]

A
PC

m
in

/+
 m

ic
e

● 
de

cr
ea

se
 in

 to
ta

l n
um

be
r o

f i
nt

es
tin

al
 

po
ly

ps
 in

 p
ro

xi
m

al
 (2

7%
 ↓

), 
m

id
dl

e 
 

(3
4%

 ↓
), 

an
d 

di
st

al
 re

gi
on

s (
49

%
 ↓

).
● 

de
cr

ea
se

 in
 c

ol
on

ic
 p

ol
yp

s (
55

%
 ↓

). 
● 

de
cr

ea
se

 in
 p

ol
yp

 n
um

be
rs

 in
 si

ze
 ra

ng
e 

 
> 

2-
3 

m
m

 (9
2%

 ↓
).

● 
no

 p
ol

yp
s >

 3
 m

m
. 

● 
an

ti-
pr

ol
ife

ra
tiv

e,
 p

ro
-a

po
pt

ot
ic

, a
nt

i 
in

fla
m

m
at

or
y,

 a
nd

 a
nt

i-a
ng

io
ge

ni
c 

ef
fe

ct
s 

(n
or

m
al

 c
ry

pt
-v

ill
us

 re
gi

on
 u

na
ffe

ct
ed

).

● 
6 

w
ee

ks
 o

ld
 A

PC
m

in
/+
 m

ic
e.

 
● 

or
al

 g
av

ag
e 

w
ith

 si
lib

in
in

 (7
50

 m
g/

kg
) 

in
 C

M
C

 v
eh

ic
le

 fo
r 5

 d
ay

s a
 w

ee
k.

● 
m

ic
e 

sa
cr

ifi
ce

d 
af

te
r 1

3 
w

ee
ks

 o
f 

si
lib

in
in

 fe
ed

in
g.

● 
PC

N
A

 p
os

iti
ve

 c
el

ls
 ↓

● 
ap

op
to

tic
 c

el
ls

 ↑
, c

le
av

ed
 (c

as
pa

se
-3

 
an

d 
PA

R
P)

 ↑
● 

im
m

un
or

ea
ct

iv
ity

 o
f H

IF
-lα

, V
EG

F,
 

eN
O

S,
 a

nd
 N

es
tin

 ↓
● 

in
hi

bi
to

ry
 e

ffe
ct

s o
n 

β-
ca

te
ni

n 
m

ed
ia

te
d 

si
gn

al
in

g.
● 

nu
cl

ea
r β

-c
at

en
in

, c
yc

lin
 D

l, 
C

ox
-2

, 
an

d 
PG

E2
 le

ve
ls

 ↓
● 

m
od

ul
at

es
 c

yt
ok

in
e 

pr
ofi

le
 in

 
in

te
st

in
al

 p
ol

yp
s.

● 
R

aj
am

an
ic

ka
m

 e
t a

l. 
20

10
[3

9]

A
PC

m
in

/+
 m

ic
e

● 
de

cr
ea

se
 in

 sm
al

l a
nd

 la
rg

e 
in

te
st

in
al

 
ad

en
om

as
.

● 
4 

w
ee

ks
 o

ld
 A

PC
m

in
/+
 m

ic
e.

● 
0.

2%
 w

/w
 si

lib
in

in
 su

pp
le

m
en

te
d 

A
IN

-9
3G

 d
ie

ts
. M

ic
e 

sa
cr

ifi
ce

d 
af

te
r 

3 
m

on
th

s o
f s

ili
bi

ni
n 

fe
ed

in
g

● 
K

i6
7 

po
si

tiv
e 

ce
lls

 ↓
● 

ap
op

to
tic

 c
el

ls
 ↑

● 
K

ar
im

 e
t a

l. 
20

13
[1

6]

In
fla

m
m

at
io

n 
ba

se
d 

m
ou

se
 m

od
el

 o
f c

ol
iti

s a
ss

oc
ia

te
d 

co
lo

n 
tu

m
or

ig
en

es
is

A
O

M
/D

SS
● 

in
ci

de
nc

e 
of

 h
ig

h 
gr

ad
e 

dy
sp

la
si

a 
an

d 
in

tra
m

us
cu

la
r c

ar
ci

no
m

a 
↓

● 
m

ic
e 

w
ith

 p
ro

la
ps

ed
 re

ct
um

 ↓
● 

in
fla

m
m

at
or

y 
ce

lls
/m

ar
ke

rs
 a

nd
 a

ss
oc

ia
te

d 
tra

ns
cr

ip
tio

n 
fa

ct
or

s ↓

● 
m

al
e 

ba
lb

/c
 m

ic
e.

 A
O

M
 (i

.p
 1

0 
m

g/
kg

): 
on

ce
 o

nl
y.

 2
%

 D
SS

 in
 d

rin
ki

ng
 w

at
er

 
fo

r 7
 d

ay
s.

● 
or

al
 g

av
ag

e 
sil

ip
ho

s (
*s

ili
bi

ni
n-

ph
yt

o-
so

m
e 

pr
ep

ar
at

io
n-

60
0m

g/
kg

 in
 C

M
C

 
ve

hi
cl

e 
ev

er
y 

da
y:

 p
re

-/-
po

st 
in

iti
at

io
n)

.
● 

m
ic

e 
sa

cr
ifi

ce
d 

af
te

r 3
, 8

, 1
2 

an
d 

16
 

w
ee

ks
 p

os
t D

SS
.

● 
m

as
t c

el
ls

, m
ac

ro
ph

ag
es

, N
Fκ

B
, 

ST
AT

-3
, C

ox
-2

, I
L-

6,
 a

nd
 IL

-4
 ↓

● 
co

lo
n 

C
SC

 m
ar

ke
rs

/re
gu

la
to

ry
 

fa
ct

or
s/

 tr
an

sc
rip

tio
n 

fa
ct

or
s ↓

● 
C

D
44

+ 
ce

lls
 ↓

 a
nd

 B
M

I-
1+

/C
D

44
+ 

du
al

 st
ai

ne
d 

ce
lls

 ↓
● 

nu
cl

ea
r (

So
x2

, N
an

og
, a

nd
 O

ct
 3

/4
) ↓

● 
A

ga
rw

al
 &

 c
ol

le
ag

ue
s 

20
15

b:
● 

-T
ya

gi
 e

t a
l. 

20
14

[2
1]

A
bb

re
vi

at
io

ns
: A

O
M

, a
zo

xy
m

et
ha

ne
; A

C
F,

 a
be

rr
an

t c
ry

pt
 fo

ci
; D

M
H

, 1
, 2

- d
im

et
hy

lh
yd

ra
zi

ne
; C

M
C

, c
ar

bo
xy

m
et

hy
l c

el
lu

lo
se

; D
SS

, d
ex

tra
n 

so
di

um
 su

lp
ha

te
; C

SC
, c

ol
or

ec
ta

l c
an

ce
r s

te
m

 c
el

ls
 *

 S
ili

ph
os

 o
r s

ili
bi

ni
n-

ph
yt

os
om

e 
(f

ro
m

 In
de

na
, I

ta
ly

) t
ha

t c
on

ta
in

s s
ili

bi
ni

n 
an

d 
ph

os
ph

at
id

yl
ch

ol
in

e 
in

 1
:2

 ra
tio

. *
 si

lip
id

e 
(f

ro
m

 In
de

na
, I

ta
ly

) t
ha

t c
on

ta
in

s s
ili

bi
ni

n 
an

d 
ph

os
ph

at
id

yl
ch

ol
in

e 
in

 1
:1

 ra
tio

.

Ta
bl

e 
3 

(c
on

tin
ue

d)
460 Raina K et al. J Biomed Res, 2016, 30(6)



Ta
bl

e 
4 

B
io

lo
gi

ca
l e

ff
ec

ts
 o

f s
ili

bi
ni

n 
ag

ai
ns

t h
um

an
 c

ol
or

ec
ta

l c
an

ce
r 

(C
R

C
) t

um
or

 x
en

og
ra

ft
s i

n 
an

im
al

 m
od

el
s.

C
R

C
 c

el
l l

in
es

In
 v

iv
o 

ef
fe

ct
s o

f s
ili

bi
ni

n
A

ni
m

al
 m

od
el

 a
nd

 tr
ea

tm
en

t m
od

al
ity

M
ec

ha
ni

sm
 o

f a
ct

io
n

R
es

ea
rc

h 
gr

ou
p

H
T-

29
● 

in
hi

bi
ts

 tu
m

or
 g

ro
w

th
, c

el
l p

ro
lif

er
at

io
n,

 a
nd

 
an

gi
og

en
es

is
.

● 
tu

m
or

 v
ol

um
e 

(4
8%

 ↓
) a

nd
 tu

m
or

 w
ei

gh
t  

(4
2%

 ↓
) d

ec
re

as
ed

 b
y 

si
lib

in
in

.
● 

*s
ili

bi
ni

n-
ph

yt
os

om
e 

sh
ow

ed
 m

or
e 

si
gn

ifi
ca

nt
 

in
hi

bi
to

ry
 e

ffe
ct

 d
ue

 to
 b

et
te

r b
io

av
ai

la
bi

lit
y.

● 
s.c

 c
el

l i
nj

ec
tio

ns
 o

f 4
 ×

 1
06  H

T-
29

 c
el

ls
 m

ix
ed

 
w

ith
 m

at
rig

el
 (1

:1
) i

n 
rig

ht
 fl

an
k 

of
 a

th
ym

ic
 

B
A

LB
/c

 n
u/

nu
 m

al
e 

m
ic

e.
● 

af
te

r 5
 d

ay
s o

f i
m

pl
an

ta
tio

n 
or

al
 g

av
ag

e 
w

ith
 si

lib
in

in
 o

r *
 si

lib
in

in
-p

hy
to

so
m

e 
(S

P)
 

co
m

bi
na

tio
n 

in
 C

M
C

 v
eh

ic
le

, 5
 d

ay
s a

 w
ee

k 
fo

r 
32

 d
ay

s.
● 

da
ily

 d
os

e:
 si

lib
in

in
 (2

00
 m

g/
kg

); 
si

lib
in

in
- 

ph
yt

os
om

e 
(3

00
-6

00
 m

g/
kg

)-
w

hi
ch

 is
 e

qu
iv

al
en

t 
to

 1
00

-2
00

 m
g/

kg
 si

lib
in

in
.

● 
PC

N
A

 p
os

iti
ve

 c
el

ls
 ↓

● 
ap

op
to

tic
 c

el
ls

 ↑
● 

cy
cl

in
 D

l a
nd

 p
ho

sp
ho

 (E
R

K
1/

2 
an

d 
A

kt
) ↓

● 
V

EG
F 

an
d 

C
D

31
J,

● 
C

ox
-2

, H
IF

-lα
, i

N
O

S,
 a

nd
 N

O
S3

 ↓

● 
Si

ng
h 

et
 a

l. 
20

08
[2

7]

L
oV

o
● 

in
hi

bi
ts

 tu
m

or
 g

ro
w

th
 a

nd
 c

el
l p

ro
lif

er
at

io
n.

● 
tu

m
or

 v
ol

um
e 

(3
4%

 - 
46

%
 ↓

) a
nd

 tu
m

or
 w

ei
gh

t 
(3

8%
 - 

49
%

 ↓
) d

ec
re

as
ed

 b
y 

10
0 

an
d 

20
0 

m
g/

kg
 

si
lib

in
in

, r
es

pe
ct

iv
el

y.

● 
s.c

 c
el

l i
nj

ec
tio

ns
 o

f 5
 ×

 1
06  L

oV
o 

ce
lls

 m
ix

ed
 

w
ith

 m
at

rig
el

 (1
:1

) i
n 

rig
ht

 fl
an

k 
of

 a
th

ym
ic

 
B

A
LB

/c
 n

u/
nu

 m
al

e 
m

ic
e.

● 
af

te
r 2

4 
h 

of
 c

el
l i

nj
ec

tio
ns

; o
ra

l g
av

ag
e 

w
ith

 
si

lib
in

in
 in

 C
M

C
 v

eh
ic

le
, 5

 d
ay

s a
 w

ee
k 

fo
r 6

 
w

ee
ks

.
● 

da
ily

 d
os

e:
 si

lib
in

in
 (1

00
 a

nd
 2

00
 m

g/
kg

).

● 
PC

N
A

 p
os

iti
ve

 c
el

ls
 ↓

● 
ap

op
to

tic
 c

el
ls

 ↑
● 

K
ip

/p
27

 p
ro

te
in

 le
ve

ls
 ↑

● 
no

 e
ffe

ct
 o

n 
pr

ot
ei

n 
le

ve
ls

 o
f C

D
K

's,
 c

yc
lin

s, 
an

d 
C

ip
/p

21
.

● 
ph

os
ph

or
yl

at
io

n 
of

 R
b 

at
 S

er
 7

95
, S

er
 8

07
/ 

81
1 

si
te

s a
nd

 to
ta

l R
b 

le
ve

ls
 ↓

● 
K

au
r e

t a
l. 

20
09

[1
2]

SW
48

0
● 

in
hi

bi
ts

 tu
m

or
 g

ro
w

th
 a

nd
 c

el
l p

ro
lif

er
at

io
n 

bu
t 

in
du

ce
s a

po
pt

os
is

.
● 

tu
m

or
 v

ol
um

e 
(2

6%
 - 

46
%

 ↓
) a

nd
 tu

m
or

 w
ei

gh
t 

(2
9%

 - 
52

%
 ↓

) d
ec

re
as

ed
 b

y 
10

0 
an

d 
20

0 
m

g/
kg

 
si

lib
in

in
, r

es
pe

ct
iv

el
y.

● 
in

hi
bi

to
ry

 e
ffe

ct
s o

n 
β-

ca
te

ni
n 

m
ed

ia
te

d 
si

gn
al

in
g.

● 
s.c

 c
el

l i
nj

ec
tio

ns
 o

f 5
 ×

 1
06  S

W
48

0 
ce

lls
 m

ix
ed

 
w

ith
 m

at
rig

el
 (1

:1
) i

n 
rig

ht
 fl

an
k 

of
 a

th
ym

ic
 

B
A

LB
/c

 n
u/

nu
 m

al
e 

m
ic

e.
● 

af
te

r 2
4 

h 
of

 c
el

l i
nj

ec
tio

ns
; o

ra
l g

av
ag

e 
w

ith
 

si
lib

in
in

 in
 C

M
C

 v
eh

ic
le

, 5
 d

ay
s a

 w
ee

k 
fo

r 6
 

w
ee

ks
.

● 
da

ily
 d

os
e:

 si
lib

in
in

 (1
00

 a
nd

 2
00

 m
g/

kg
).

● 
PC

N
A

 p
os

iti
ve

 c
el

ls
 ↑

● 
ap

op
to

tic
 c

el
ls

 ↑
● 

do
w

n 
re

gu
la

tio
n 

of
 β

-c
at

en
in

 d
ep

en
de

nt
 

si
gn

al
in

g.
● 

ex
pr

es
si

on
 o

f β
-c

at
en

in
 si

gn
al

in
g 

as
so

ci
at

ed
 

m
ol

ec
ul

es
: c

-m
yc

, c
yc

lin
 D

l, 
an

d 
C

D
K

8 
↓

● 
K

au
r e

t a
l. 

20
10

[1
1]

SW
48

0
● 

Pr
ot

oc
ol

 I:
 e

ve
n 

af
te

r s
ili

bi
ni

n 
w

ith
dr

aw
al

, a
 

de
cr

ea
se

 in
 tu

m
or

 v
ol

um
e 

su
st

ai
ns

.
● 

Pr
ot

oc
ol

 II
: i

nh
ib

ito
ry

 e
ffe

ct
 o

f s
ili

bi
ni

n 
ob

se
rv

ed
 o

n 
es

ta
bl

is
he

d 
tu

m
or

s.

● 
s.c

 c
el

l i
nj

ec
tio

ns
 o

f 5
 ×

 1
06  S

W
48

0 
ce

lls
 m

ix
ed

 
w

ith
 m

at
rig

el
 (1

:1
) i

n 
rig

ht
 fl

an
k 

of
 a

th
ym

ic
 

B
A

LB
/c

 n
u/

nu
 m

al
e 

m
ic

e.
● 

Pr
ot

oc
ol

 I:
 S

ili
bi

ni
n 

fe
d 

to
 g

ro
w

in
g 

tu
m

or
s, 

af
te

r 
24

 h
 c

el
l i

nj
ec

tio
ns

 fo
r 2

8 
da

ys
; a

fte
r 2

8 
da

ys
 

si
lib

in
in

 st
op

pe
d 

bu
t t

um
or

 st
ud

y 
co

nt
in

ue
d 

fo
r 

m
or

e 
21

 d
ay

s.
● 

Pr
ot

oc
ol

 II
: 2

5 
da

ys
 p

as
t c

el
l i

nj
ec

tio
ns

, s
ili

bi
ni

n 
fe

d 
to

 m
ic

e 
w

ith
 e

st
ab

lis
he

d 
tu

m
or

s, 
an

d 
tu

m
or

 
st

ud
y 

co
nt

in
ue

d 
fo

r 1
6 

m
or

e 
da

ys
 in

 p
re

se
nc

e 
of

 
si

lib
in

in
.

● 
(s

ili
bi

ni
n 

da
ily

 d
os

e 
in

 b
ot

h 
pr

ot
oc

ol
s:

 2
00

  
m

g/
kg

).

● 
an

ti-
pr

ol
ife

ra
tiv

e,
 p

ro
-a

po
pt

ot
ic

, a
nd

 a
nt

i- 
an

gi
og

en
ic

 e
ffe

ct
s.

● 
PC

N
A

 p
os

iti
ve

 c
el

ls
 ↓

● 
ap

op
to

tic
 c

el
ls

 ↑
● 

ex
pr

es
si

on
 o

f p
-c

at
en

in
 a

nd
 p

ho
sp

ho
- G

SK
- 

3β
, c

yc
lin

 D
l, 

c-
m

yc
, a

nd
 su

rv
iv

in
 ↓

● 
V

EG
F,

 iN
O

S,
 a

nd
 C

D
31

 ↓

● 
Ve

lm
ur

ug
an

 e
t a

l. 
20

10
[4

1]
 

C
on

tin
ue

d

 Silibinin and colon cancer prevention 461



C
R

C
 c

el
l l

in
es

In
 v

iv
o 

ef
fe

ct
s o

f s
ili

bi
ni

n
A

ni
m

al
 m

od
el

 a
nd

 tr
ea

tm
en

t m
od

al
ity

M
ec

ha
ni

sm
 o

f a
ct

io
n

R
es

ea
rc

h 
gr

ou
p

Pr
im

ar
y 

hu
m

an
 

tu
m

or
 c

el
ls

 a
nd

 
H

T-
 2

9

● 
Si

lib
in

in
 tr

ea
te

d 
ca

nc
er

 st
em

 li
ke

 c
el

ls
 sh

ow
ed

 
de

cr
ea

se
d 

tu
m

or
ig

en
ic

ity
 in

 x
en

og
ra

ft 
m

od
el

.
X

en
og

ra
fts

 o
f:

● 
pr

im
ar

y 
tu

m
or

 c
el

ls
 fr

om
 D

uk
e 

C
3 

C
R

C
 st

ag
e.

● 
C

R
C

 c
el

ls
 fr

om
 p

rim
ar

y 
tu

m
or

s i
n 

sp
he

ro
id

 
cu

ltu
re

 (o
r H

T-
29

 c
el

ls
) w

ith
 a

nd
 w

ith
ou

t 
si

lib
in

in
 tr

ea
tm

en
t (

5 
μg

/m
L)

 fo
r 1

5 
da

ys
.

● 
10

6  t
o 

2 
× 

10
6  s

ph
er

oi
d 

cu
ltu

re
 e

nr
ic

he
d 

ce
lls

 
w

er
e 

si
lib

in
in

 tr
ea

te
d 

pr
io

r t
o 

in
je

ct
io

ns
.

● 
s.c

 c
el

l i
nj

ec
tio

ns
 o

f 5
 ×

 1
03  c

el
ls

 d
on

e 
an

d 
tu

m
or

 g
ro

w
th

 m
on

ito
re

d 
fo

r 6
 w

ee
ks

 to
 6

 
m

on
th

s.

● 
in

 v
itr

o 
ef

fe
ct

 o
n 

ca
nc

er
 st

em
 c

el
ls

 in
 sp

he
ro

id
 

cu
ltu

re
 in

hi
bi

ts
 tu

m
or

ig
en

ic
ity

 a
nd

 tu
m

or
 

gr
ow

th
 u

nd
er

 in
 v

iv
o 

co
nd

iti
on

s.

● 
W

an
g 

et
 a

l. 
20

12
[2

0]

L
oV

o 
an

d 
 

SW
48

0
● 

in
hi

bi
to

ry
 e

ffe
ct

 o
n 

tu
m

or
 g

ro
w

th
 a

nd
 

pr
og

re
ss

io
n 

ac
co

m
pa

ni
ed

 w
ith

 a
nt

i-i
nfl

am
m

at
or

y 
ef

fe
ct

s.
● 

N
Fκ

B
 a

ct
iv

at
io

n 
an

d 
tra

ns
cr

ip
tio

na
l a

ct
iv

ity
 ↓

● 
an

ti-
in

fla
m

m
at

or
y 

ef
fe

ct
 in

de
pe

nd
en

t o
f C

O
X

-2
 

ex
pr

es
si

on
.

● 
A

rc
hi

ve
d 

tu
m

or
 ti

ss
ue

s f
ro

m
 L

oV
o 

an
d 

SW
48

0 
xe

no
gr

af
ts

 u
se

d[1
1-

12
]

● 
to

ta
l p

65
 im

m
un

or
ea

ct
iv

ity
 sc

or
e 

↓
● 

N
Fκ

B
 tr

an
sc

rip
tio

na
l a

ct
iv

ity
 ↓

● 
le

ve
ls

 o
f N

Fκ
B

 re
gu

la
te

d 
m

ol
ec

ul
es

: c
yc

lin
 

D
l, 

B
cl

-2
, V

EG
F,

 M
M

P-
9,

 a
nd

 iN
O

S 
↓

● 
R

ai
na

 e
t a

l. 
20

13
[4

5]

SW
48

0
● 

in
du

ct
io

n 
of

 st
ar

va
tio

n 
in

du
ce

d 
au

to
ph

ag
y.

● 
A

rc
hi

ve
d 

tu
m

or
 ti

ss
ue

s f
ro

m
 S

W
48

0 
xe

no
gr

af
ts

 
us

ed
[1

1]
.

● 
im

m
un

or
ea

ct
iv

ity
 sc

or
e 

of
 S

Q
ST

M
1 

↓ 
● 

SQ
ST

M
1 

pr
ot

ei
n 

ex
pr

es
si

on
 in

 tu
m

or
 

ly
sa

te
s ↓

. [
SQ

ST
M

1 
is

 se
le

ct
iv

e 
su

bs
tra

te
 o

f 
au

to
ph

ag
y 

an
d 

its
 p

ro
te

in
 le

ve
ls

 a
re

 d
ec

re
as

ed
 

du
rin

g 
st

ar
va

tio
n 

in
du

ce
d 

au
to

ph
ag

y]
.

● 
R

ai
na

 e
t a

l. 
20

13
[1

3]

A
bb

re
vi

at
io

ns
: C

R
C

, C
ol

or
ec

ta
l c

an
ce

r; 
C

M
C

, c
ar

bo
xy

m
et

hy
l c

el
lu

lo
se

; R
b,

 re
tin

ob
la

st
om

a.
 *

si
lib

in
in

-p
hy

to
so

m
e 

(f
ro

m
 In

de
na

, I
ta

ly
) t

ha
t c

on
ta

in
s s

ili
bi

ni
n 

an
d 

ph
os

ph
at

id
yl

ch
ol

in
e 

in
 1

:2
 ra

tio
.

Ta
bl

e 
4 

462 Raina K et al. J Biomed Res, 2016, 30(6)



proliferation index and an increase in apoptotic index 
were observed in the polyps of silibinin treated mice, 
the normal crypt-villus regions of the intestine were 
not affected. Furthermore, our lab has also used a 
colitis-related AOM/DSS-induced colon tumorigenesis 
model to assess the role of inflammatory conditions on 
colon CSC generation and expansion, and their mod-
ulation by silibinin[21]. Our results have indicated the 
protective effect of oral silibinin feeding in this model 
as evidenced by the absence of large macroadenomas 
(>2-3 mm) in the colon. This effect was accompanied 
by minimal colonic inflammation (decrease in recruit-
ment of inflammatory cells); tissue analysis indicated 
a decrease in the expression of pro-inflammatory 
cytokines, and associated transcription factors: STAT-3 
and NF-kB levels in the colonic tissues (Table 3). A 
decrease in transformed stem cell population (for CSC 
pool expansion) was also identified (dual staining for 
BMI-1 and CD44) in the colonic tissues. Silibinin 
feeding has also shown significant preventive and/or 
therapeutic efficacy against human CRC xenograft 
tumors in athymic nude mice (Table 4)[11-12,27,41]. These 
studies indicate that not only has silibinin an inhibi-
tory effect on tumor growth, but this inhibitory effect 
is sustained even after silibinin withdrawal; further-
more, silibinin has also shown significant efficacy 
against established xenograft tumors[41].

Conclusion

The summarized studies in four tables provide ade-
quate evidence highlighting the potential of silibinin 
intake to significantly impact CRC growth and pro-
gression. These results also indicate silibinin potential 
to interfere with CSC pool expansion via targeting 

Fig.4 Targeted proteins of silibinin in CRC. The inflammatory milieu 
of the colorectal cancer stem cells (CSC) niche is an important growth 
regulator for both CSC and progenitor cell population. Silibinin has the 
potential to target colon CSC self-renewal and aberrant differentiation, 
and associated inflammatory niche during CRC inhibition.

Fig. 5 Stem cells or their progenitors transformed into colorectal cancer stem cells (CSC) are considered as major factors responsible for 
colorectal cancer (CRC). Novel preventive and therapeutic strategies are needed to reduce CSC number, target their self-renewal capacity or rectify 
their aberrant differentiation, or interfere with the pro-tumorigenic signals arising in the colon 'niche' that affects CSC population. Silibinin acts as a 
'double edged sword'-striking both CRC 'initiators' and the 'initiated' cells.

both CSC, bulk daughter cells and their inflammato-
ry niche, as well as associated signals involved with 
the survival and multiplication of colon CSC pool 
(Fig. 4); the various mechanisms involved in these 
inhibitory effects are: a) silibinin causes cell cycle 
arrest resulting in decreased proliferation, and induc-
es multiple programmed cell death mechanisms; b) 
silibinin interferes with cellular metabolism to induce 
energy restriction like conditions; and c) silibinin 
inhibits various signaling and regulatory pathways 
involved in tumorigenesis, inflammatory responses, 
and angiogenesis.

Given that silibinin has the potential to target the CSC 
or the "tumor initiating cells", it can be beneficial for  
use in the early stages of CRC development, as well as 
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in later stages in cancer treatment to eradicate the CSC 
pool and bulk tumor cells to prevent cancer relapse 
(Fig. 5). Given the fact that silibinin consumption is 
exceptionally safe and that it has high bioavailability in 
colonic tissue of CRC patients, the efficacy evaluation 
of silibinin in clinical trials is advocated, both as a CRC 
preventive agent and as an 'adjunct therapy' for its clin-
ical use in CRC cases which are incurable by current 
therapeutic modalities.
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