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Plants and cervical cancer: an
overview
Su-Juan Wang, Cheng-Jian Zheng, Cheng Peng, Hong Zhang†,
Yi-Ping Jiang, Ting Han & Lu-Ping Qin
†Second Military Medical University, Department of Pharmacognosy, School of Pharmacy,

Shanghai, P. R. China

Introduction: Cervical cancer, the second most common gynecological malig-

nant tumor seriously harmful to the health of women, remains a leading

cause of cancer-related death for women in developing countries. Although

a large amount of scientific research has been reported on plants as a natural

source of treatment agents for cervical cancer, it is currently scattered across

various publications. A systematic summary and knowledge of future pros-

pects are necessary to facilitate further plant studies for anti-cervical cancer

agents.

Areas covered: This review generalizes and analyzes the current knowledge

on the anti-cervical cancer properties and mechanisms involved for plants,

and discusses the future prospects for the application of these plants.

Expert opinion: This review mainly focuses on the plants which have been

scientifically tested in vitro and/or in vivo and proved as potential agents for

the treatment of cervical cancer. The failure of conventional chemotherapy

to reduce mortality as well as serious side effects involved makes natural prod-

ucts ideal candidates for exerting synergism and attenuation effects on anti-

cancer drugs. Although the chemical components and mechanisms of action

of natural plants with anti-cervical cancer potential have been investigated,

many others remain unknown. More investigations and clinical trials are

necessary to make use of these medical plants reasonably.

Keywords: cervical cancer, human papillomavirus, plant, therapy

Expert Opin. Investig. Drugs [Early Online]

1. Introduction

In recent years, there has been a global trend toward the use of natural substances
present in fruits, vegetables, oilseeds and herbs as anti-oxidants and functional
foods [1]. Plant kingdom, therefore, holds a great promise for the discovery of
new and effective anti-cervical cancer agents.

Cervical cancer is the second most common cause of cancer in women world-
wide, with approximately 510,000 new cases and 288,000 deaths reported annu-
ally [2]. Although overall survival in patients with cervical cancer has been
improved through widespread implementation of screening programs with
increased proportions of patients being diagnosed with early lesions, prognosis for
advanced cancer remains poor despite several efforts to improve treatment out-
comes [3]. An agent that can selectively induce cell death in transformed cells with-
out affecting normal cells will be an ideal chemotherapeutic agent against cancer [4].
The problems of unacceptable adverse effects such as dose-related toxicity, low
specificity and the recurrence of patient tumors due to propagation of drug-
resistant cells remain an inevitable obstacle to the achievement in anticancer chemo-
therapy [5,6]. Therefore, in addition to widespread use of the Papanicolaou smear
and HPV (human papillomavirus) vaccine, there is a great need for the development
of new therapeutic drugs more efficient than or synergizing with the existing ones.
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One of the strategies is to consider natural products. In the
modern system of medicine, about 25% of prescriptions con-
tain active principle(s) derived from plants [7]. Plant-derived
drugs play dominant roles in the treatment of cervical can-
cer [8], such as camptothecin, taxol and combretastatins [9].
Herbal plants have made important contributions to the
development of anticancer drugs. Among 155 small mole-
cule-based anticancer drugs approved by the US Food and
Drug Administration (FDA) from 1940 to 2006, 47% were
derived or isolated from natural sources [10]. Numerous
natural substances are recognized to be anti-oxidants, cancer-
preventive agents or even antitumor agents such as pacli-
taxel [11]. In addition, natural products are suitable alternatives
used in control of cervical cancer instead of platinum-based
drugs, which show some harmful side effects [12]. Nowadays,
a great deal of effort is being expended to find effective
plant-derived components for the treatment or prevention of
cervical cancer. Therefore, all literature available was reviewed.

2. Plants for treating cervical cancer

Plants have always been a very good source of drugs and many
beneficial uses of medicinal plants are extensively documented
in traditional system of medicine of many cultures. Tradi-
tional medicines from plants offer great potential for the dis-
covery of novel anti-cervical cancer drugs. Meanwhile, dietary
phytochemicals that can selectively perturb cellular pathways
to induce apoptosis in tumor cells have attracted research
interest of scientists in novel apoptosis-inducing therapies in
recent years. Various dietary agents including curcumin,

resveratrol, tea polyphenols and flavonoids have been reported
to induce apoptosis in a wide range of tumors [13]. This review
mainly focuses on the plants which have been scientifically
tested in vitro and/or in vivo and proved as potential anti-
cervical cancer agents. Peer-reviewed articles in the last
10 years were gathered by consulting the databases PubMed,
Elsevier, Springer and Scholar. The extracts and chemical
constituents (CC) from plants with anti-cervical cancer
potential are presented in Tables 1 and 2, respectively. Some
phytochemicals widely distributed in various plants, vegeta-
bles and fruits are listed in Table 3. Also, there are five
traditional Chinese medical formulations reporting their
anti-cervical caner effects, that is, Guizhi-Fuling-decoction
(GZFLD), Ge-Jee-Bok-Ryung-Hwan (GJBRH), Tien-Hsien
Liquid, compound matrine capsule and Erhuangsan, which
are composed of different medicinal plants.

There are several sources of anti-cervical cancer drugs:
plants, vegetables, herbs and spices used in folk medicine.
Traditional medicines have been accepted as one of the
main sources of preventive drugs. The plant standardized
extracts listed in Table 1 are complex mixtures needed further
to clarify the effective constituents and to elucidate the roles
that these different components play in cytotoxicity observed
when used alone or in combination. In addition, the synergis-
tic effect of the individual active components of these extracts
and molecular mechanisms involved need further investiga-
tion in order to evaluate the potential of these compounds
as anticancer agents. The phytochemicals shown in Table 2

are pure compounds. Although some bioactive components
with anti-cervical cancer potential have been identified, many
others remain unknown and/or untested. The protective
effects of natural products have been related to the presence
of phytochemicals, bioactive non-nutrient plant compounds,
which commonly have complementary and overlapping mech-
anisms of action, including free radical scavenging, antimuta-
genesis, induction of apoptosis in cancer cell lines, among
others. Table 3 displays the phytochemicals widely distributed
in various plants, vegetables and fruits and having anti-
cervical cancer activity. The dietary plants can be used as
dietary supplements. Food-based cancer prevention entities,
such as black raspberries and their derivatives, have demon-
strated a marked ability to inhibit preclinical models of epithe-
lial cancer cell growth and tumor formation. As readily
accessible source of natural anti-oxidants and anticancer, these
plants generally contain various classes of polyphenols, flavo-
noids, carotenoids and vitamins with different health-
promoting properties. Flavonoids are ubiquitous in plants
and the common human diet. The high intake of foods and
beverages rich in flavonoids have been associated with
decreased risk of neoplasm [14]. Overall, diet plants and their
bioactive components represent promising candidates for
food-based chemoprevention strategies for cervical cancer. It
has been observed that a diet rich in plant-based nutrients is
important in reducing the risk of cervical cancer, such as black
raspberries (Rubus occidentalis), Cassia tora Linn, Mango

Article highlights.

. The therapeutic effects of plants on cervical cancer have
been demonstrated by in vitro and in vivo assays.

. The underlying molecular mechanisms of action of many
natural compounds with anti-cervical cancer effects have
not been elucidated in detail.

. Although numerous natural compounds with
anti-cervical cancer potential have been discovered from
plants, there remains a significant untapped resource in
herbal medicines.

. Some bioactive components from diets have been
identified for their anti-cervical cancer potential, but
many others remain unknown or untested.

. Many traditional medical formulations display the
favorable anticancer effects clinically, but only a few
have been studied for their anti-cervical cancer activities
in vitro or in vivo.

. The plant-derived extracts (PDE) and compounds have
been reported on preclinical investigations involved.
However, there are no cervical cancer-related clinical
trials reported.

. The signaling pathways by which plant medicines inhibit
migration/invasion in cervical cancer cells remain
unclear.

This box summarizes key points contained in the article.

S.-J. Wang et al.
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p
o
p
u
la
ti
o
n
in

su
b
-G

1
re
g
io
n
,

in
cr
e
a
se

o
f
R
O
S
g
e
n
e
ra
ti
o
n
a
n
d

m
it
o
ch
o
n
d
ri
a
l
m
e
m
b
ra
n
e

p
o
te
n
ti
a
l
d
e
p
o
la
ri
za
ti
o
n
,
re
le
a
se

o
f
cy
to
ch
ro
m
e

c
a
n
d
a
ct
iv
a
ti
o
n
o
f
ca
sp
a
se
-3

[7
0
]

M
a
rc
h
a
n
ti
n
C

P
h
e
n
o
lic
s

D
u
m
o
rt
ie
ra

a
n
g
u
st

M
a
rc
h
a
n
ti
a
ce
a
e

W
h
o
le

p
la
n
t

H
e
La

In
vi
tr
o
/

in
vi
vo

A
n
ti
p
ro
lif
e
ra
ti
o
n

In
d
u
ct
io
n
o
f

a
p
o
p
to
si
s

D
e
cr
e
a
se

o
f
th
e

si
ze

o
f
tu
m
o
rs

In
d
u
ct
io
n
o
f
ce
ll
cy
cl
e
a
rr
e
st

a
t

G
2
/M

p
h
a
se
,
d
e
cr
e
a
se

o
f

m
ic
ro
tu
b
u
le
s
a
n
d
B
cl
-2
,
a
n
d

in
cr
e
a
se

o
f
cy
cl
in

B
1
,
B
a
x
a
n
d

ca
sp
a
se
-3
.
In
h
ib
it
io
n
o
f
th
e

g
ro
w
th

o
f
h
u
m
a
n
ce
rv
ic
a
l

tu
m
o
r
xe
n
o
g
ra
ft
s
th
ro
u
g
h

d
o
w
n
-m

o
d
u
la
ti
n
g
B
cl
-2

e
xp
re
ss
io
n
a
n
d
d
e
cr
e
a
se

o
f
th
e
a
m
o
u
n
t
o
f
m
ic
ro
tu
b
u
le
s

in
tu
m
o
r
ti
ss
u
e

[2
4
]

N
e
b
ro
d
e
o
ly
si
n

H
e
m
o
ly
si
n
s(
a
m
o
n
o
-

m
e
ri
c
p
ro
te
in
)

P
le
u
ro
tu
s

n
e
b
ro
d
e
n
si
s

G
ra
m
in
e
a
e

Fr
u
it
in
g
b
o
d
y

H
e
La

In
vi
tr
o

In
d
u
ct
io
n
o
f

a
p
o
p
to
si
s

E
xh
ib
it
e
d
re
m
a
rk
a
b
le

h
e
m
o
ly
ti
c
a
ct
iv
it
y
to
w
a
rd

ra
b
b
it
e
ry
th
ro
cy
te
s,

ca
u
se
d

e
ff
lu
x
o
f
p
o
ta
ss
iu
m

io
n
s

fr
o
m

e
ry
th
ro
cy
te
s
a
n
d
in
d
u
ce
d

a
p
o
p
to
si
s
in

H
e
La

ce
lls

[7
1
]

S
S
-I
I
(t
h
e
se
co
n
d

fr
a
ct
io
n
o
f
so
ya
sa
p
o
n
in
s)

Fl
a
vo
n
o
id
s

G
ly
ci
n
e
m
a
x

P
a
p
ili
o
n
a
ce
a
e

S
e
e
d

H
e
La

In
vi
tr
o

In
d
u
ct
io
n
o
f

a
p
o
p
to
si
s

In
d
u
ct
io
n
o
f
a
p
o
p
to
si
s
th
ro
u
g
h

th
e
m
it
o
ch
o
n
d
ri
a
l
p
a
th
w
a
y

[7
2
]

T
a
n
IIA

Q
u
in
in
e
s

S
a
lv
ia

m
ilt
io
rr
h
iz
a

La
b
ia
ta
e

R
o
o
tr
h
iz
o
m
e

H
e
La

In
vi
tr
o

A
n
ti
p
ro
lif
e
ra
ti
o
n

In
d
u
ct
io
n

o
f
a
p
o
p
to
si
s

In
d
u
ct
io
n
o
f
m
it
o
ti
c
a
rr
e
st

a
n
d
a
p
o
p
to
si
s
th
ro
u
g
h
th
e

JN
K
-m

e
d
ia
te
d
m
it
o
ch
o
n
d
ri
a
l

p
a
th
w
a
y

[3
5
]

A
g
N
P
s:

S
ilv
e
r
n
a
n
o
p
a
rt
ic
le
s;

A
IF
:
A
p
o
p
to
si
s-
in
d
u
ci
n
g
fa
ct
o
r;
A
M
D
T
:
(Z
)-
7
-a
ce
to
xy
-m

e
th
yl
-1
1
-m

e
th
yl
-3
-m

e
th
yl
e
n
e
-d
o
d
e
ca
-1
,6
,1
0
-t
ri
e
n
e
;
A
P
-1
:
A
ct
iv
a
to
r
p
ro
te
in

1
;
A
T
A
:
3
b-
h
yd
ro
xy
-1
2
-o
le
a
n
e
n
-2
7
-o
ic

a
ci
d
;
C
C
:
C
h
e
m
ic
a
l
co
n
st
it
u
e
n
t;

C
D
K
:
C
yc
lin
-d
e
p
e
n
d
e
n
t
k
in
a
se
;
C
O
X
:
C
yc
lo
o
xy
g
e
n
a
se
;
C
R
A
:
C
o
ro
so
lic

a
ci
d
;
D
P
P
T
:
D
e
o
xy
p
o
d
o
p
h
yl
lo
to
xi
n
;
E
R
:
E
n
d
o
p
la
sm

ic
re
ti
cu
lu
m
;
FO

X
O
:
Fo
rk
h
e
a
d
b
o
x
cl
a
ss

O
;
G
S
K
3
:
G
ly
co
g
e
n
sy
n
th
a
se

k
in
a
se

3
;
H
M
B
B
J:
P
-h
yd
ro
xy
m
e
th
o
xy
b
e
n
zo
b
iju
g
lo
n
e
;

K
M
:
K
a
e
m
p
fe
ri
tr
in
;
iN
O
S
:
In
d
u
ci
b
le

n
it
ri
c
o
xi
d
e
sy
n
th
a
se
;
M
C
P
T
:
9
-m

e
th
o
xy
ca
m
p
to
th
e
ci
n
;
N
F-
kB

:
N
u
cl
e
a
r
fa
ct
o
r-
k
a
p
p
a
B
;
N
O
:
N
it
ri
c
o
xi
d
e
;
P
A
R
P
:
P
o
ly
(A
D
P
-r
ib
o
se
)
p
o
ly
m
e
ra
se
;
R
O
S
:
R
e
a
ct
iv
e
o
xy
g
e
n
sp
e
ci
e
s;

T
a
n
IIA

:
T
a
n
sh
in
o
n
e
IIA

.
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T
a
b
le

2
.
T
h
e
C
C
is
o
la
te
d
fr
o
m

d
if
fe
re
n
t
p
la
n
ts

w
it
h
a
n
ti
-c
e
rv
ic
a
l
ca
n
ce
r
a
ct
iv
it
y
(c
o
n
ti
n
u
e
d
).

C
h
e
m
ic
a
l

co
n
st
it
u
e
n
t

S
o
rt

B
o
ta
n
ic
a
l

n
a
m
e

Fa
m
il
y

M
e
d
ic
in
a
l

p
a
rt

C
e
ll

ty
p
e

O
b
se
rv
a
ti
o
n

A
ct
iv
it
y

M
e
ch

a
n
is
m

o
f
a
ct
io
n

R
e
fs
.

T
ri
ch
o
sa
n
th
in

P
ro
te
in
s

T
ri
ch
o
sa
n
th
e
s

k
ir
ilo
w
ii

C
u
cu
rb
it
a
ce
a
e

R
o
o
t
tu
b
e
r

H
e
La

In
vi
tr
o

A
n
ti
p
ro
lif
e
ra
ti
o
n

D
e
cr
e
a
se

o
f
th
e
a
m
o
u
n
t
o
f
g-

a
ct
in

m
R
N
A
,
d
o
w
n
re
g
u
la
ti
o
n

o
f
a-

a
n
d
b-
tu
b
u
lin

m
R
N
A
s

[7
3
]

2
3
-H
yd
ro
xy
u
rs
o
lic

a
ci
d

P
e
n
ta
cy
cl
ic

tr
it
e
rp
e
n
e
s

C
u
ss
o
n
ia

b
a
n
co
e
n
si
s

A
ra
lia
ce
a
e

S
te
m

b
a
rk

H
e
La

In
vi
tr
o

In
d
u
ct
io
n
o
f

a
p
o
p
to
si
s

D
e
cr
e
a
se

o
f
B
cl
-X
L
a
n
d
B
cl
-2

e
xp
re
ss
io
n
a
n
d
N
F-
kB

p
6
5

p
ro
te
in

le
ve
l

[7
4
]

3
a,

2
3
-I
so
p
ro
p
yl
id
e
n
e
d
io
xy
o
le
a
n
-

1
2
-e
n
-2
7
-o
ic
a
ci
d

T
ri
te
rp
e
n
e
s

A
ce
ri
p
h
yl
lu
m

ro
ss
ii

S
a
xi
fr
a
g
a
ce
a
e

Le
a
fl
e
t
st
e
m

H
e
La

In
vi
tr
o

In
d
u
ct
io
n
o
f

a
p
o
p
to
si
s

R
e
le
a
se

o
f
cy
to
ch
ro
m
e
c,

a
ct
iv
a
ti
o
n
o
f
ca
sp
a
se
-9
,
in
cr
e
a
se

o
f
E
R
st
re
ss
,
G
P
R
7
8
a
n
d

G
A
D
D
1
5
3
a
ct
iv
a
ti
o
n
,
C
a
2
+

re
le
a
se

a
n
d
a
ct
iv
a
ti
o
n
o
f
ca
lp
a
in

[1
1
]

A
st
ra
g
a
lu
s

m
o
n
g
h
o
lic
u
s
le
ct
in

Le
ct
in
s

A
st
ra
g
a
lu
s

m
o
n
g
h
o
lic
u
s

Le
g
u
m
in
o
sa
e

R
o
o
t

H
e
La

In
vi
tr
o

A
n
ti
p
ro
lif
e
ra
ti
o
n

In
d
u
ct
io
n

o
f
a
p
o
p
to
si
s

In
d
u
ct
io
n
o
f
S
-p
h
a
se

a
rr
e
st
,

u
p
re
g
u
la
ti
o
n
o
f
p
2
1
a
n
d

p
2
7
a
n
d
re
d
u
ct
io
n
o
f
a
ct
iv
e

co
m
p
le
x
cy
cl
in

E
/C
D
K
2
k
in
a
se

fo
rm

a
ti
o
n

[7
5
]

P
e
p
ti
d
e
s

P
e
p
ti
d
e
s

T
ri
ti
cu
m

a
e
st
iv
u
m

G
ra
m
in
e
a
e

B
u
d

H
e
La

In
vi
tr
o

A
n
ti
p
ro
lif
e
ra
ti
o
n

In
d
u
ct
io
n
o
f
D
N
A
d
a
m
a
g
e
a
n
d

G
2
a
rr
e
st
,
in
a
ct
iv
a
ti
o
n
o
f
th
e

C
D
K
1
-c
yc
lin

B
1
co
m
p
le
x
a
n
d

in
cr
e
a
se

o
f
a
ct
iv
e
ch
k
1
k
in
a
se

e
xp
re
ss
io
n

[7
6
]

O
b
lo
n
g
if
o
lin

C
Li
g
n
a
n
s

G
a
rc
in
ia

yu
n
n
a
n
e
n
si
s

G
u
tt
if
e
ra
e

W
h
o
le

p
la
n
t

H
e
La

In
vi
tr
o
/

in
vi
vo

In
d
u
ct
io
n
o
f

a
p
o
p
to
si
s

A
n
ti
p
ro
lif
e
ra
ti
o
n

In
h
ib
it
th
e
g
ro
w
th

o
f
xe
n
o
g
ra
ft
e
d

tu
m
o
rs

In
d
u
ct
io
n
o
f
B
a
x
tr
a
n
sl
o
ca
ti
o
n
,

cy
to
ch
ro
m
e
c
re
le
a
se
,

m
it
o
ch
o
n
d
ri
a
l
fi
ss
io
n
a
n
d

sw
e
lli
n
g
a
n
d
re
d
u
ct
io
n
o
f

m
it
o
ch
o
n
d
ri
a
l
m
e
m
b
ra
n
e

p
o
te
n
ti
a
l

[1
0
]

(-
)-
A
n
o
n
a
in
e

A
lk
a
lo
id
s

M
ic
h
e
lia

a
lb
a

M
a
g
n
o
lia
ce
a
e

Le
a
f

H
e
La

In
vi
tr
o

In
d
u
ct
io
n
o
f

a
p
o
p
to
si
s

U
p
re
g
u
la
ti
o
n
o
f
B
a
x
a
n
d

p
5
3
p
ro
te
in
s
e
xp
re
ss
io
n
,

in
cr
e
a
se

o
f
in
tr
a
ce
llu
la
r
N
O
,

R
O
S
,
g
lu
ta
th
io
n
e
d
e
p
le
ti
o
n
a
n
d

d
is
ru
p
ti
ve

m
it
o
ch
o
n
d
ri
a
l

tr
a
n
sm

e
m
b
ra
n
e
p
o
te
n
ti
a
l

[7
7
]

1
8
-H
yd
ro
xy
fe
rr
u
g
in
o
l,

H
in
o
k
io
l,
k
a
ya
d
io
l

D
it
e
rp
e
n
o
id
s

T
o
rr
e
ya

n
u
ci
fe
ra

T
a
xa
ce
a
e

P
u
lp

H
e
La

In
vi
tr
o

A
n
ti
p
ro
lif
e
ra
ti
o
n

In
d
u
ct
io
n
o
f

a
p
o
p
to
si
s

In
cr
e
a
se

o
f
B
a
x/
B
cl
-2

ra
ti
o
a
n
d

d
e
p
o
la
ri
za
ti
o
n
o
f
m
it
o
ch
o
n
d
ri
a
l

m
e
m
b
ra
n
e
p
o
te
n
ti
a
l

[7
8
]

A
g
N
P
s:

S
ilv
e
r
n
a
n
o
p
a
rt
ic
le
s;

A
IF
:
A
p
o
p
to
si
s-
in
d
u
ci
n
g
fa
ct
o
r;
A
M
D
T
:
(Z
)-
7
-a
ce
to
xy
-m

e
th
yl
-1
1
-m

e
th
yl
-3
-m

e
th
yl
e
n
e
-d
o
d
e
ca
-1
,6
,1
0
-t
ri
e
n
e
;
A
P
-1
:
A
ct
iv
a
to
r
p
ro
te
in

1
;
A
T
A
:
3
b-
h
yd
ro
xy
-1
2
-o
le
a
n
e
n
-2
7
-o
ic

a
ci
d
;
C
C
:
C
h
e
m
ic
a
l
co
n
st
it
u
e
n
t;

C
D
K
:
C
yc
lin
-d
e
p
e
n
d
e
n
t
k
in
a
se
;
C
O
X
:
C
yc
lo
o
xy
g
e
n
a
se
;
C
R
A
:
C
o
ro
so
lic

a
ci
d
;
D
P
P
T
:
D
e
o
xy
p
o
d
o
p
h
yl
lo
to
xi
n
;
E
R
:
E
n
d
o
p
la
sm

ic
re
ti
cu
lu
m
;
FO

X
O
:
Fo
rk
h
e
a
d
b
o
x
cl
a
ss

O
;
G
S
K
3
:
G
ly
co
g
e
n
sy
n
th
a
se

k
in
a
se

3
;
H
M
B
B
J:
P
-h
yd
ro
xy
m
e
th
o
xy
b
e
n
zo
b
iju
g
lo
n
e
;

K
M
:
K
a
e
m
p
fe
ri
tr
in
;
iN
O
S
:
In
d
u
ci
b
le

n
it
ri
c
o
xi
d
e
sy
n
th
a
se
;
M
C
P
T
:
9
-m

e
th
o
xy
ca
m
p
to
th
e
ci
n
;
N
F-
kB

:
N
u
cl
e
a
r
fa
ct
o
r-
k
a
p
p
a
B
;
N
O
:
N
it
ri
c
o
xi
d
e
;
P
A
R
P
:
P
o
ly
(A
D
P
-r
ib
o
se
)
p
o
ly
m
e
ra
se
;
R
O
S
:
R
e
a
ct
iv
e
o
xy
g
e
n
sp
e
ci
e
s;

T
a
n
IIA

:
T
a
n
sh
in
o
n
e
IIA

.
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T
a
b
le

2
.
T
h
e
C
C
is
o
la
te
d
fr
o
m

d
if
fe
re
n
t
p
la
n
ts

w
it
h
a
n
ti
-c
e
rv
ic
a
l
ca
n
ce
r
a
ct
iv
it
y
(c
o
n
ti
n
u
e
d
).

C
h
e
m
ic
a
l

co
n
st
it
u
e
n
t

S
o
rt

B
o
ta
n
ic
a
l

n
a
m
e

Fa
m
il
y

M
e
d
ic
in
a
l

p
a
rt

C
e
ll

ty
p
e

O
b
se
rv
a
ti
o
n

A
ct
iv
it
y

M
e
ch

a
n
is
m

o
f
a
ct
io
n

R
e
fs
.

B
e
rb
e
ri
n
e

A
lk
a
lo
id
s

C
o
p
ti
s
ch
in
e
n
si
s

R
a
n
u
n
cu
la
ce
a
e

R
h
iz
o
m
e

H
e
La

In
vi
tr
o

In
d
u
ct
io
n
o
f

a
p
o
p
to
si
s

In
d
u
ct
io
n
o
f
D
N
A

to
p
o
is
o
m
e
ra
se

p
o
is
o
n
in
g
,
d
o
w
n
re
g
u
la
ti
o
n
o
f

B
cl
-2

a
n
d
B
cl
-X
L,

u
p
re
g
u
la
ti
o
n

o
f
B
a
x
a
n
d
in
cr
e
a
se

o
f
R
O
S

g
e
n
e
ra
ti
o
n
.
E
n
h
a
n
ce
m
e
n
t
o
f
th
e

cy
to
to
xi
c
e
ff
e
ct

o
f
ci
sp
la
ti
n

[7
9
]

E
u
p
a
fo
lin

Fl
a
vo
n
o
id
s

A
rt
e
m
is
ia

p
ri
n
ce
p
s

C
o
m
p
o
si
ta
e

Le
a
f

H
e
La

In
vi
tr
o

A
n
ti
p
ro
lif
e
ra
ti
o
n

In
d
u
ct
io
n
o
f

a
p
o
p
to
si
s

In
d
u
ct
io
n
o
f
a
p
o
p
to
si
s
th
ro
u
g
h

th
e
ca
sp
a
se
-d
e
p
e
n
d
e
n
t
p
a
th
w
a
y

[8
0
]

G
a
n
o
d
e
ri
c
a
ci
d

M
f
a
n
d
g
a
n
o
d
e
ri
c
a
ci
d
S

T
ri
te
rp
e
n
e
s

G
a
n
o
d
e
rm

a
lu
ci
d
u
m

P
o
ly
p
o
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n
st
it
u
e
n
t

S
o
rt

B
o
ta
n
ic
a
l

n
a
m
e

Fa
m
il
y

M
e
d
ic
in
a
l

p
a
rt

C
e
ll

ty
p
e

O
b
se
rv
a
ti
o
n

A
ct
iv
it
y

M
e
ch

a
n
is
m

o
f
a
ct
io
n

R
e
fs
.

H
M
B
B
J

Q
u
in
o
n
e
s

Ju
g
la
n
s

m
a
n
d
sh
u
ri
ca

Ju
g
la
n
d
a
ce
a
e

Le
a
f

H
e
La

In
vi
tr
o

A
n
ti
p
ro
lif
e
ra
ti
o
n

D
o
w
n
re
g
u
la
ti
o
n
o
f
B
cl
-2

e
xp
re
ss
io
n
,
u
p
re
g
u
la
ti
n
g
B
a

x
e
xp
re
ss
io
n
a
n
d
in
cr
e
a
se

o
f

su
b
-G

1
g
ro
u
p

[9
5
]

A
n
o
ve
l
m
a
n
n
o
se
-

b
in
d
in
g
le
ct
in

(d
e
si
g
n
a
te
d
C
M
L)

Le
ct
in
s

C
le
m
a
ti
s

m
o
n
ta
n
a

R
a
n
u
n
cu
la
ce
a
e

S
te
m

H
e
La

In
vi
tr
o

A
n
ti
p
ro
lif
e
ra
ti
o
n

In
d
u
ct
io
n
o
f

a
p
o
p
to
si
s

T
yp
ic
a
l
ca
sp
a
se
-d
e
p
e
n
d
e
n
t

a
p
o
p
to
si
s

[9
6
]

A
g
N
P
s

O
th
e
rs

M
e
lia

a
ze
d
a
ra
ch

M
e
lia
ce
a
e

Le
a
f

H
e
La

In
vi
tr
o
/

in
vi
vo

In
d
u
ct
io
n
o
f

a
p
o
p
to
si
s

In
cr
e
a
se

o
f
lif
e

sp
a
n

D
is
ru
p
ti
o
n
o
f
th
e
m
it
o
ch
o
n
d
ri
a
l

re
sp
ir
a
to
ry

ch
a
in
,
in
cr
e
a
se

o
f

R
O
S
p
ro
d
u
ct
io
n
a
n
d
in
te
rr
u
p
ti
o
n

o
f
A
T
P
sy
n
th
e
si
s
a
n
d
ca
u
si
n
g

D
N
A
d
a
m
a
g
e

[9
7
]

E
ss
e
n
ti
a
l
o
il

E
ss
e
n
ti
a
l
o
ils

A
m
o
m
u
m

ts
a
o
-k
o

Z
in
g
ib
e
ra
ce
a
e

Fr
u
it

H
e
La

In
vi
tr
o

C
yt
o
to
xi
ci
ty

N
o
t
in
ve
st
ig
a
te
d

[9
8
]

D
e
cu
rs
in

a
n
d
d
e
cu
rs
in
o
l

a
n
g
e
la
te

C
o
u
m
a
ri
n
s

A
n
g
e
lic
a
g
ig
a
s

U
m
b
e
lli
fe
ra
e

R
o
o
t

H
e
La

In
vi
tr
o

A
n
ti
p
ro
lif
e
ra
ti
o
n

In
d
u
ct
io
n
o
f

a
p
o
p
to
si
s

A
ct
iv
a
ti
o
n
o
f
ca
sp
a
se
s,

cl
e
a
va
g
e

o
f
P
A
R
P
,
in
cr
e
a
se

o
f
T
R
A
IL

a
n
d

T
R
A
IL

re
ce
p
to
rs

e
xp
re
ss
io
n
,

re
g
u
la
ti
o
n
o
f
th
e
B
cl
-2
,
B
cl
-X
L,

su
rv
iv
in
,
cI
A
P
-1
,
-2

a
n
d
X
IA
P

e
xp
re
ss
io
n

[9
9
]

E
n
h
yd
ri
n
(1
),

u
ve
d
a
lin

(2
),

so
n
ch
if
o
lin

(3
)

S
e
sq
u
it
e
rp
e
n
e

la
ct
o
n
e
s

S
m
a
lla
n
th
u
s

so
n
ch
if
o
liu
s

C
o
m
p
o
si
ta
e

Le
a
f

H
e
La

In
vi
tr
o

A
n
ti
p
ro
lif
e
ra
ti
o
n

In
d
u
ct
io
n
o
f

a
p
o
p
to
si
s

In
cr
e
a
se

o
f
th
e
ca
sp
a
se
-3
/7

a
ct
iv
a
ti
o
n
.
In
h
ib
it
io
n
o
f
th
e

N
F-
kB

b
in
d
in
g
p
ro
te
in

a
ct
iv
a
ti
o
n

[1
0
0
]

R
h
o
d
o
xa
n
th
in

C
a
ro
te
n
o
id
s

P
o
ta
m
o
g
e
to
n

cr
is
p
u
s

P
o
ta
m
o
g
e
to
n
a
ce
a
e

W
h
o
le

p
la
n
t

H
e
La

In
vi
tr
o

A
n
ti
p
ro
lif
e
ra
ti
o
n

R
e
d
u
ct
io
n
o
f
th
e
m
it
o
ch
o
n
d
ri
a

tr
a
n
sm

e
m
b
ra
n
e
p
o
te
n
ti
a
l,

in
cr
e
a
se

o
f
th
e
in
tr
a
ce
llu
la
r
C
a
2
+

co
n
ce
n
tr
a
ti
o
n
a
n
d
a
cc
u
m
u
la
ti
o
n

o
f
ce
lls

in
th
e
S
p
h
a
se

[1
0
1
]

O
ro
xy
lin

A
Fl
a
vo
n
o
id
s

S
cu
te
lla
ri
a

b
a
ic
a
le
n
si
s

La
b
ia
ta
e

R
o
o
t

H
e
La

In
vi
tr
o
/

in
vi
vo

In
d
u
ct
io
n
o
f

a
p
o
p
to
si
s

D
e
cr
e
a
se

o
f
B
cl
-2

p
ro
te
in

e
xp
re
ss
io
n
a
n
d
d
e
g
ra
d
a
ti
o
n
o
f

P
A
R
P

[1
0
2
]

P
a
u
ci
n
e
rv
in
s

A
--
D
(1

--
4
),

a
n
d
1
5
k
n
o
w
n
o
n
e
s

B
e
n
zo
p
h
e
n
o
n
e
s

a
n
d
xa
n
th
o
n
e
s

G
a
rc
in
ia

p
a
u
ci
n
e
rv
is

G
u
tt
if
e
ra
e

Le
a
f

H
e
La
-C
3

In
vi
tr
o

In
d
u
ct
io
n
o
f

a
p
o
p
to
si
s

A
ll
o
f
th
e
m

a
ct
iv
a
te
d
ca
sp
a
se
-3
,

p
a
u
ci
n
e
rv
in

B
e
xh
ib
it
e
d
th
e

st
ro
n
g
e
st

in
h
ib
it
o
ry

e
ff
e
ct

a
g
a
in
st

H
e
La

ce
ll
g
ro
w
th

a
m
o
n
g

fo
u
r
n
e
w
ly
id
e
n
ti
fi
e
d

p
a
u
ci
n
e
rv
in
s,

a
n
d
e
ig
h
t

co
m
p
o
u
n
d
s
re
d
u
ce
d
Y
FP
/C
FP

e
m
is
si
o
n
ra
ti
o

[1
0
3
]

A
g
N
P
s:

S
ilv
e
r
n
a
n
o
p
a
rt
ic
le
s;

A
IF
:
A
p
o
p
to
si
s-
in
d
u
ci
n
g
fa
ct
o
r;
A
M
D
T
:
(Z
)-
7
-a
ce
to
xy
-m

e
th
yl
-1
1
-m

e
th
yl
-3
-m

e
th
yl
e
n
e
-d
o
d
e
ca
-1
,6
,1
0
-t
ri
e
n
e
;
A
P
-1
:
A
ct
iv
a
to
r
p
ro
te
in

1
;
A
T
A
:
3
b-
h
yd
ro
xy
-1
2
-o
le
a
n
e
n
-2
7
-o
ic

a
ci
d
;
C
C
:
C
h
e
m
ic
a
l
co
n
st
it
u
e
n
t;

C
D
K
:
C
yc
lin
-d
e
p
e
n
d
e
n
t
k
in
a
se
;
C
O
X
:
C
yc
lo
o
xy
g
e
n
a
se
;
C
R
A
:
C
o
ro
so
lic

a
ci
d
;
D
P
P
T
:
D
e
o
xy
p
o
d
o
p
h
yl
lo
to
xi
n
;
E
R
:
E
n
d
o
p
la
sm

ic
re
ti
cu
lu
m
;
FO

X
O
:
Fo
rk
h
e
a
d
b
o
x
cl
a
ss

O
;
G
S
K
3
:
G
ly
co
g
e
n
sy
n
th
a
se

k
in
a
se

3
;
H
M
B
B
J:
P
-h
yd
ro
xy
m
e
th
o
xy
b
e
n
zo
b
iju
g
lo
n
e
;

K
M
:
K
a
e
m
p
fe
ri
tr
in
;
iN
O
S
:
In
d
u
ci
b
le

n
it
ri
c
o
xi
d
e
sy
n
th
a
se
;
M
C
P
T
:
9
-m

e
th
o
xy
ca
m
p
to
th
e
ci
n
;
N
F-
kB

:
N
u
cl
e
a
r
fa
ct
o
r-
k
a
p
p
a
B
;
N
O
:
N
it
ri
c
o
xi
d
e
;
P
A
R
P
:
P
o
ly
(A
D
P
-r
ib
o
se
)
p
o
ly
m
e
ra
se
;
R
O
S
:
R
e
a
ct
iv
e
o
xy
g
e
n
sp
e
ci
e
s;

T
a
n
IIA

:
T
a
n
sh
in
o
n
e
IIA

.
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T
a
b
le

2
.
T
h
e
C
C
is
o
la
te
d
fr
o
m

d
if
fe
re
n
t
p
la
n
ts

w
it
h
a
n
ti
-c
e
rv
ic
a
l
ca
n
ce
r
a
ct
iv
it
y
(c
o
n
ti
n
u
e
d
).

C
h
e
m
ic
a
l

co
n
st
it
u
e
n
t

S
o
rt

B
o
ta
n
ic
a
l

n
a
m
e

Fa
m
il
y

M
e
d
ic
in
a
l

p
a
rt

C
e
ll

ty
p
e

O
b
se
rv
a
ti
o
n

A
ct
iv
it
y

M
e
ch

a
n
is
m

o
f
a
ct
io
n

R
e
fs
.

A
T
A

T
ri
te
rp
e
n
o
id
s

A
st
ilb
e
ch
in
e
n
si
s

S
a
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fr
a
g
a
ce
a
e

R
h
iz
o
m
e

H
e
La

In
vi
tr
o

A
n
ti
p
ro
lif
e
ra
ti
o
n

In
d
u
ct
io
n
o
f

a
p
o
p
to
si
s

D
o
w
n
re
g
u
la
ti
o
n
o
f
B
cl
-2

e
xp
re
ss
io
n
,
u
p
re
g
u
la
ti
o
n
o
f
B
a
x

e
xp
re
ss
io
n
,
d
e
cr
e
a
se

o
f
DY

m
a
n
d
a
ct
iv
a
ti
o
n
o
f
th
e
ca
sp
a
se
-

3
p
a
th
w
a
y

[1
0
4
]

A
st
ilb
o
tr
it
e
rp
e
n
ic

a
ci
d
(1
)

T
ri
te
rp
e
n
o
id
s

A
st
ilb
e
ch
in
e
n
si
s

S
a
xi
ff
a
g
a
ce
a
e

R
h
iz
o
m
e

H
e
La

In
vi
tr
o

A
n
ti
p
ro
lif
e
ra
ti
o
n

In
d
u
ct
io
n
o
f

a
p
o
p
to
si
s
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d
u
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io
n
o
f
ca
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a
se

a
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iv
a
ti
o
n
,

re
le
a
se

o
f
R
O
S
,
d
o
w
n
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g
u
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o
n

o
f
B
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-2

a
n
d
u
p
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g
u
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o
n
o
f
B
a
x

[1
6
]

A
b
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s
a
g
g
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n
in

p
e
p
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d
e
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a
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n
s

P
e
p
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d
e
s

A
b
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p
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u
s

P
a
p
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o
n
a
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a
e

S
e
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H
e
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o
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n
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p
ro
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e
ra
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o
n
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d
u
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n
o
f
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p
o
p
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si
s

G
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n
e
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n
o
f
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O
S
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e
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ra
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d
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u
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d
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a
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n
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]

C
o
u
m
a
ri
n
A
/A
A

C
o
u
m
a
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n
s

M
a
m
m
e
a

a
m
e
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n
a

M
a
m
m
e
a
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u
it

H
e
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o

In
d
u
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n
o
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a
p
o
p
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s

A
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a
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o
n
o
f
a
n
a
p
o
p
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d
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p
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g
ra
m
,
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a
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o
f
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e
p
ro
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p
o
p
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c
p
ro
te
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A
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,

w
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h
o
u
t
d
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a
n
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o
f
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e
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6
]
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)-
4
0
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e
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n
o
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-c
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-k
h
e
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o
n
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a
n
d
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)-
3
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e
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n
o
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-k
h
e
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o
n
e

K
h
e
lla
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o
n
e
s

A
n
g
e
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a

p
u
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u
ra
e
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U
m
b
e
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e

R
h
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o
m
e

H
e
La

S
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a

C
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3
A

In
vi
tr
o

A
n
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p
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e
ra
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o
n
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d
u
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n
o
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o
p
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s
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0
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e
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n
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h
e
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d
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o
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si
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a
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e
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n
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c
a
n
d
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tr
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c
p
a
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w
a
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b
u
t
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)-
3
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-d
e
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n
o
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-c
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k
h
e
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o
n
e
in
d
u
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d
a
p
o
p
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o
n
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b
y
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e
in
tr
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c
p
a
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w
a
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o
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o
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e
m

a
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e
d
a
s
a
n

a
n
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ca
n
ce
r
su
p
p
le
m
e
n
t
b
y
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d
u
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n
g
ce
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cy
cl
e
a
rr
e
st

in
th
e

S
/G

2
p
h
a
se

a
n
d
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sp
a
se
-

d
e
p
e
n
d
e
n
t
a
p
o
p
to
si
s

[1
0
7
]

A
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in
o
p
o
ri
n
R
T
X
-A

A
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in
o
p
o
ri
n
s

H
e
te
ra
ct
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p
a

A
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in
iid
a
e

H
e
La

In
vi
tr
o

In
d
u
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io
n
o
f

a
p
o
p
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si
s

In
d
u
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n
o
f
p
5
3
-i
n
d
e
p
e
n
d
e
n
t

a
p
o
p
to
si
s
a
n
d
in
h
ib
it
io
n
o
f

a
ct
iv
a
ti
o
n
o
f
th
e
o
n
co
g
e
n
ic

A
P
-1

a
n
d
N
F-
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n
u
cl
e
a
r

tr
a
n
sc
ri
p
ti
o
n
a
l
fa
ct
o
rs

[1
0
8
]

C
o
u
m
a
ri
n
s
(C
U
-1

to
C
U
-4
),

p
h
e
n
yl
p
ro
p
a
n
o
id
s
(P
E
-1

a
n
d
P
E
-2
),

p
o
ly
a
ce
ty
le
n
e
(P
A
-1
),
d
a
u
ca
n
e

e
st
e
rs

(D
E
-1

to
D
E
-1
6
)

S
e
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u
it
e
rp
e
n
e
s

Fe
ru
la
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m
m
u
n
is
,

Fe
ru
la

g
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u
ca
,
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g
o
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m
p
e
st
ri
s

U
m
b
e
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ra
e

A
e
ri
a
l
p
a
rt

H
e
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vi
tr
o

A
n
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p
ro
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e
ra
ti
o
n

N
o
t
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ve
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a
te
d

[1
0
9
]

A
g
N
P
s:

S
ilv
e
r
n
a
n
o
p
a
rt
ic
le
s;

A
IF
:
A
p
o
p
to
si
s-
in
d
u
ci
n
g
fa
ct
o
r;
A
M
D
T
:
(Z
)-
7
-a
ce
to
xy
-m

e
th
yl
-1
1
-m

e
th
yl
-3
-m

e
th
yl
e
n
e
-d
o
d
e
ca
-1
,6
,1
0
-t
ri
e
n
e
;
A
P
-1
:
A
ct
iv
a
to
r
p
ro
te
in

1
;
A
T
A
:
3
b-
h
yd
ro
xy
-1
2
-o
le
a
n
e
n
-2
7
-o
ic

a
ci
d
;
C
C
:
C
h
e
m
ic
a
l
co
n
st
it
u
e
n
t;

C
D
K
:
C
yc
lin
-d
e
p
e
n
d
e
n
t
k
in
a
se
;
C
O
X
:
C
yc
lo
o
xy
g
e
n
a
se
;
C
R
A
:
C
o
ro
so
lic

a
ci
d
;
D
P
P
T
:
D
e
o
xy
p
o
d
o
p
h
yl
lo
to
xi
n
;
E
R
:
E
n
d
o
p
la
sm

ic
re
ti
cu
lu
m
;
FO

X
O
:
Fo
rk
h
e
a
d
b
o
x
cl
a
ss

O
;
G
S
K
3
:
G
ly
co
g
e
n
sy
n
th
a
se

k
in
a
se

3
;
H
M
B
B
J:
P
-h
yd
ro
xy
m
e
th
o
xy
b
e
n
zo
b
iju
g
lo
n
e
;

K
M
:
K
a
e
m
p
fe
ri
tr
in
;
iN
O
S
:
In
d
u
ci
b
le

n
it
ri
c
o
xi
d
e
sy
n
th
a
se
;
M
C
P
T
:
9
-m

e
th
o
xy
ca
m
p
to
th
e
ci
n
;
N
F-
kB

:
N
u
cl
e
a
r
fa
ct
o
r-
k
a
p
p
a
B
;
N
O
:
N
it
ri
c
o
xi
d
e
;
P
A
R
P
:
P
o
ly
(A
D
P
-r
ib
o
se
)
p
o
ly
m
e
ra
se
;
R
O
S
:
R
e
a
ct
iv
e
o
xy
g
e
n
sp
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Table 3. Anti-cervical cancer phytochemicals widely distributed in various plants, vegetables and fruits.

Phytochemicals Sort Cell type Observation Activity Mechanism of action Refs.

Quercetin Flavonoids HeLa In vitro Antiproliferation
Induction of apoptosis

Induction of G2/M phase cell
cycle arrest, upregulation of
proapoptotic Bcl-2 family
proteins, cytochrome c,
Apaf-1 and caspases and
downregulation of
anti-apoptotic Bcl-2 proteins
and survivin

[13]

Cannabidiol Cannabinoids HeLa,
C-33A

In vitro Anti-invasion The decrease of invasion by
upregulation of TIMP-1.
Knockdown of cannabidiol-
induced TIMP-1 expression by
siRNA led to a reversal of the
cannabidiol-elicited decrease in
tumor cell invasiveness

[125]

Fisetin Flavonoids HeLa In vitro/in vivo Antiproliferation
Induction of apoptosis
Significantly reduced
tumor growth

Activation of the
phosphorylation ERK1/2,
inhibition of ERK1/2 by
PD98059, activation of
caspase-8/-3 pathway

[126]

Gallic acid Phenols HeLa In vitro Induction of apoptosis Induction of cell death via
apoptosis and/or necrosis was
accompanied by ROS increase
and GSH depletion

[127]

Isoliquiritigenin Flavonoids HeLa In vitro Antiproliferation Induction of G2/M phase cell
cycle arrest, increase of
p21 expression in a
p53-dependent manner and
decrease of cdc2, cdc25C and
cyclin B expression, regulation
of the Bcl-2 family protein
expression, phosphorylates
Chk2 and subsequently
increases the accumulation of
inactive cdc25C and cdc2

[128]

Isoflavone Flavonoids HeLa In vitro Antiproliferation
Induction of apoptosis

Induction of apoptosis through
the mitochondrial pathway

[129]

Catechin hydrate Polyphenols SiHa In vitro Induction of apoptosis Regulation of the expression of
p53 and caspase-3, -8 and -9

[130]

Methyl
jasmonate

Plant stress
hormones

CaSki, SiHa,
HeLa, C-33A

In vitro Antiproliferation Upregulation of Bax level,
reduction of p53 and p21 levels

[131]

Resveratrol Polyphenols SiHa, HeLa,
C-33A

In vitro Antiproliferation Suppression of C-33A, SiHa and
HeLa cells growth through
induction of cell apoptosis

[132]

Oxidized lutein Carotenoids HeLa In vitro Antiproliferation
Induction of apoptosis

Induction of apoptosis through
scavenging of free radicals

[133]

Luteolin Flavonoids HeLa In vivo Induction of apoptosis
Inhibition of tumor
growth

Luteolin sensitized HeLa cells to
TRAIL-induced apoptosis by both
extrinsic and intrinsic apoptotic
pathways

[134]

EGCG and RA Polyphenols,
retinoids

HeLa In vitro Antiproliferation Combination of EGCG with RA
induced apoptosis and inhibited
telomerase activity

[135]

Naringin Flavonoids SiHa In vitro Antiproliferation
Induction of apoptosis

Induction of apoptosis through
both death-receptor and
mitochondrial pathways

[136]

Apaf-1: Apoptotic protease activating factor-1; EGCG: (-)-epigallocatechin gallate; ERK1/2: Extracellular regulated kinases 1/2; GSH: Glutathione; RA: Retinoic acid;

ROS: Reactive oxygen species; TIMP: Tissue inhibitor of metalloproteinase.
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(Mangifera indica) and Yacon (Smallanthus sonchifolius). In
addition to these extracts and phytochemicals, some synthe-
sized derivatives (SD) compounds (mentioned in Table 4)
have also been reported to possess anti-cervical cancer effects.
These chemotherapeutic drugs are synthesized based on
phytochemicals separated from vegetables or herbs. All of
them exhibit significant growth inhibition, antiproliferation
or cytotoxicity in cervical cancer.

Although numerous in vitro studies have substantiated the
anti-cervical cancer activity of plant extracts and phytochemi-
cals, the evidence of clinical trials is absent. The majority of
the plants (mentioned in Tables 1, 2, 3 and 5) traditionally
used as anti-cervical cancer agents have not been studied thor-
oughly in animals. The phytochemicals with in vitro activity
may actually be inactive in vivo due to too high doses. More-
over, many of them have not been tested for their cytotoxicitiy
to normal cells, which seriously limits their in vivo experiment.
A few formulations studied are shown in Table 5. GZFLD, a
traditional Chinese medical (Kampo) formulation, has been
observed to exert the stronger anticancer effects not only
in vitro but also in vivo. The effects are not the simple addition
of five plants involved. A single component of the formulation

probably has a few or even no anticancer effects. To the con-
trary, the mixture can exert the strong activity of anticancer
when these five plants are combined in an appropriate pro-
portion. Numerous traditional formulations effectively and
extensively used in clinic have not been investigated.

3. Suggested mechanisms and targets of
action of compounds isolated from plants

Disruption of cellular homeostasis between cell death and cell
proliferation can elicit cancer [15]. Inhibition of cell growth
and induction of cell death are two major means of antitumor
growth [16]. Several studies have demonstrated that cell cycle
arrest, enhancement of gap junctional communication and
induction of apoptosis have been proposed as possible mech-
anisms for growth inhibition of cancer cells by natural com-
pounds and dietary agents. Cell cycle progression and
apoptosis are two pivotal signaling mechanisms of homeosta-
sis maintenance in healthy tissues and normal cells [17,18].
Justicia spicigera is used for the empirical treatment of cervical
cancer in Mexico. Kaempferitrin (KM) is the major compo-
nent of this extract exerting cytotoxic and antitumor effects.

Table 4. Anti-cervical cancer derivatives of natural compounds from plants.

Chemotherapeutic

drug

Derivative Cell

type

Observation Activity Mechanism of action Refs.

Diethyl 5,7,40
-trihydroxy flavanone
N-phenyl hydrazone
(N101-2)

Naringenin
derivative

SiHa,
CaSki

In vitro Antiproliferation Induction of apoptosis by
arresting cell cycle at sub-G1

phase, activation of
mitochondria-emanated intrinsic
and Fas-mediated extrinsic
signaling pathways, and
inhibition of the PI3K/AKT
pathway in CaSki and SiHa
human cervical cancer cells

[137]

3- and
10-bromofascaplysins

Fascaplysin
derivative

HeLa In vitro Induction of apoptosis Induction of caspase-8, -9,
-3-dependent apoptosis

[138]

2¢-Nitroflavone Nitroflavone
derivative

HeLa In vitro Induction of apoptosis Induction of apoptosis through
both death receptor and
mitochondria-
dependent pathways

[139]

Diethyl chysin-7-yl
phosphate (CPE:
C19H19O7P) and
tetraethyl
bis-phosphoric ester
of chrysin (CP:
C23H28O10P2)

CR derivative HeLa In vitro Antiproliferation Induction of tumor cell
apoptosis and downregulation
of PCNA expression (tumor
malignancy)

[140]

BHA Fat-soluble
phenolic
derivative

HeLa In vitro Antiproliferation
Induction of apoptosis

Induction of caspase-
dependent apoptosis and
increase of GSH depletion and
O2- level

[141]

PG (3,4,5-
trihydroxybenzoic
acid propyl ester)

Gallate
derivative

HeLa In vitro Antiproliferation
Induction of apoptosis

Inhibition of HeLa cells growth
via caspase-dependent
apoptosis as well as cell
cycle arrest

[142]

BHA: Butylated hydroxyanisole; CR: Chrysin; GSH: Glutathione; PCNA: Proliferative cell nuclear antigen; PG: Propyl gallate; PI3K: Phosphatidylinositol 3-kinase.
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KM induces high cytotoxic effects in vitro and in vivo against
HeLa cells. The general mechanisms involved include: arrest
of cell cycle in G1 phase and induction of apoptosis via the
caspase-dependent intrinsic pathway. Also, KM has preven-
tive effects on tumor [19]. Apart from induction of apoptosis
through death receptor and mitochondrial pathways, numer-
ous plants also inhibit the proliferation of human cancer cells.
Meanwhile, anti-migration and/or inhibition of invasion are
important ways to the cervical cancer treatment, such as
GZFLD and cannabidiol.

3.1 Apoptosis
Apoptosis, also named programmed cell death, plays a crucial
role in the homeostasis of organisms under both physiological
and pathological conditions, and targeting the malignant cells
for apoptosis has always been an aim that various anticancer
therapies try to achieve [20]. Apoptosis is the most convenient
manner of tumor cell elimination, as this type of cell death is a
final state that does not cause any possible future danger [21].
There exist two major pathways leading to apoptosis in cells:
the extrinsic pathway involving activation of the TNF/Fas
death receptor family and the intrinsic pathway involving
mitochondria [22]. The mitochondrial (intrinsic) pathway is
controlled at the level of mitochondrial membrane by the
Bcl-2 superfamily of proteins [23]. Biochemically, apoptotic
cells are characterized by the reduction of mitochondrial
transmembrane potential, intracellular acidification, excessive
production of reactive oxygen species (ROS), externalization
of phosphatidylserine residues in membrane bilayers, selective
proteolysis of cellular proteins and degradation of DNA into
internucleosomal fragments.

Although many targets of action by which apoptosis can be
induced in tumor cells have been experimentally studied or
postulated, few are well known or defined for induction of
apoptosis by plant-derived compounds in cervical cancer cells.
In Tables 1 -- 3, the part of suggested mechanisms and targets
of action for some natural compounds are: i) Telomerase.
Most human cancers have short telomeres and express high
levels of telomerase activity when compared with normal tis-
sue. Therefore, telomerase has emerged as an attractive target
for arresting cancer cell growth in various cancers. ii) Tubulin
and microtubule. Tubulin polymerizes to form dynamic
structure microtubule, which is involved in a number of
important cellular functions such as segregation of the chro-
mosomes during mitosis and meiosis and maintenance of
the cellular cytoskeleton structure. Especially, microtubules
constitute the mitotic spindle apparatus during cell division,
which is critical for cellular proliferation [24]. Drugs suppress
microtubule dynamics by binding to different sites of tubulin
heterodimer, disturb the assembly of the mitotic spindle
apparatus and arrest cell cycle progression through M-phase,
leading to eventual cell apoptosis. iii) DNA topoisomerase.
Topoisomerase I is essential for DNA replication [25]. Topo-
isomerase II-mediated DNA damage activates cell cycle arrest
and apoptotic pathways, and subsequently causes cellT
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death [26]. iv) p53 and nuclear factor-kappaB (NF-kB). Wild-
type p53 can downregulate Bcl-2 expression and upregulate
Bax expression, altering the balance of couple genes in favor
of apoptosis [27]. NF-kB, a prosurvival transcription factor,
inhibits cell apoptosis by influencing the expression of anti-
apoptotic Bcl-2 members and inhibitor of apoptosis
(IAPs) [28]. v) TNF-related apoptosis-inducing ligand
(TRAIL). TRAIL is a promising candidate for cancer thera-
peutics due to its ability to selectively induce apoptosis in
malignant tumor cells with no toxicity against normal tissue.
Agents that suppress the proliferation of malignant cells by
inducing apoptosis may represent a useful mechanistic
approach to both cancer chemoprevention and chemother-
apy [29]. Therefore, induction of apoptosis in cancer cells is
one of the useful strategies for anticancer drug develop-
ment [30]. Nowadays, this strategy still remains an essential
route to new pharmaceutical research.

Caspases, a family of cysteinyl aspartate-specific proteases,
play an essential role in the regulation and execution of pro-
grammed cell death [31,32]. Activation of the executioner
caspases is often referred to as the apoptotic commitment point
in the signaling cascade where the cell commits to die [33]. It is
well established that activation of a caspase cascade occurs in
apoptosis via activation of either the mitochondrial (intrinsic)
pathway or death receptor (extrinsic) pathway [34].

3.2 Cell cycle arrest
Many anticancer and DNA-damaging agents arrest the cell
cycle at G0/G1, S or G2/M phase and then induce cell apopto-
sis. The majority of human solid tumors is genetically unsta-
ble and has defects in the cell-cycle checkpoint control

mechanism. Such tumors frequently contain mutations that
disrupt G1 components of the cell cycle, which affects the
abilities of chemotherapeutic drugs to inhibit cell prolifera-
tion and induce apoptosis [16]. A basic requirement for anti-
cancer drugs is that they should have a strong preference in
killing cancer cells over non-cancer cells. Since cancer cells
usually undergo active cell division (mitosis), a useful
approach to finding anticancer drugs is to test whether a com-
pound can selectively kill mitotic cells [35]. Therefore, cell
cycle arrest is one of the targets for many anticancer drugs.
Among them, taxanes, colchicines and vinca alkaloids are
well-known examples that induce G2/M phase arrest leading
to subsequent apoptosis [36].

3.3 Anti-migration and/or anti-invasion
Metastasis, one of the most malignant features for invasive
cancer cells, is extremely difficult to be overcome with current
cancer therapeutic strategies, and modulation of cancer cell
invasion has recently emerged as a topic of increasing interest.
The levels of tumor invasiveness and malignancy are mainly
determined by a sensitive balance between collagen- and
proteoglycan-degrading matrix metalloproteinases (MMPs)
and their endogenous tissue inhibitors of MMPs (TIMPs).
Among four distinct members of the TIMP family, elevated
TIMP-1 mediates the anti-invasive effects of several anti-
carcinogenic drugs. Furthermore, decreased TIMP-1 level is
demonstrated to correlate with high cancer invasiveness [37].

4. Etiology, clinical treatment and prospects

HPV infection is considered to be the necessary cause for cer-
vical cancer [38]. Persistent infection with high-risk human

TRAIL/FNF/Fas

Nuclear membrane

Top I

DNA damage

PDE/CC/PC/SD/FM

PDE/CC/PC/SD/FM

Top II

Caspase/ER/Bax

Induction of apoptosis, Anti-proliferation

CyclinA/CyclinB1/CyclinD1/CyclinE/Cdk 1/Cdk 2

NF-κB/AP-1

Cytotoxicity

COX-2 iNOS IL-6

Anti-inflammation

TNF-α

Anti-invasion

MMP-2 MMP-9

PDE/CC/PC/SD/FM

TIMP-9 TIMP-2

Bcl/PARP/cIAP-1/
XIAP/Survivin

JNK/ERK/P38/
PI3k/(Akt, FOXO, GSK3)

P53/P21 γ-actin/α, β-tubulin

Figure 1. The schematic diagram of the anti-cervical cancer effects of PDE/CC/PC/SD/FM.
": Hints activation or upregulation; #: Hints inhibition or downregulation.
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papillomavirus (HR-HPV), most types 16 and 18, is an essen-
tial prerequisite for the development of cervical cancer [39].
Two inspiring landmarks have occurred in the fight against
cervical cancer. First, the Pap test (Papanicolaou smear estab-
lished in 1943) makes it possible to screen and detect this dis-
ease early. Second, a study established the efficacy of the HPV
vaccine in preventing cervical dysplasia, and the HPV vaccine
was approved by the US FDA in 2006 [40]. The identification
of HPV as the etiological factor for cervical cancer provides an
opportunity to prevent HPV infection through preventive
HPV vaccine and to control through effective therapeutic vac-
cines against HPV. Two preventive vaccines have recently
been licensed for use: Gardasil and Cervarix. However, the
vaccines will reduce only, but not eliminate, the risk of cervi-
cal cancer, as they presently target only HPV-6, -11, -16 and
-18 oncogenic genital types. World Health Organization
revealed that HPV vaccines do not cure cancers; they can pre-
vent some, but not all, HPV-related cancers, and 30% are not
covered by the vaccines [41]. However, the therapeutic vaccines
can compensate for the shortcomings of the preventive vac-
cines that do not generate therapeutic effects against estab-
lished HPV infection. Therefore, immunotherapy is possibly
a very important therapeutic approach to cervical cancer
in future.
It is generally accepted that radical surgery or radiotherapy

can be curative for the majority of patients with early stage
cervical cancer, while chemotherapy or neoadjuvant chemo-
therapy are always the first choice for those with advanced cer-
vical cancer, where the prognosis remains very poor [42].
Cervical carcinoma in patients with poor prognosis is charac-
terized by rapid cellular proliferation and strong expression of
anti-apoptotic genes. These features may be due to incom-
plete cell cycle arrest and apoptosis resistance to conventional
therapies. The failure of conventional chemotherapy to reduce
mortality invites attention toward new alternative approaches
that can reduce morbidity as well as side effects conferred by
conventional chemotherapy [43]. Therefore, the development
of new therapeutic strategies through identifying potential tar-
gets is warranted. Finding better candidates through activity-
guided isolation of bioactive fractions and compounds from
natural products using kinds of in vitro and in vivo bioassay
systems is an efficient way to discover leading matters of
new drugs from plants [44]. Famous examples of plant-
based anticancer drugs include camptothecin, etoposide, pac-
litaxel and vincristine [10]. In addition, combination with
agents that sensitize cancer cells to chemotherapeutics has
been recognized as an effective strategy to overcome chemore-
sistance. For example, saikosaponins significantly sensitize
cancer cells to cisplatin, which improves the anticancer value
of cisplatin [45].

5. Conclusion

This review analyzed 26 plant extracts, 66 CCs isolated from
different plants, 14 phytochemicals widely distributed in

various plants, vegetables and fruits, 6 derivatives of natural
compounds from plants and 5 traditional medical formula-
tions (detailed in Tables 1 -- 5, respectively). There are 92 plants
enumerated in this article. The action targets involved
(Figure 1) for natural plants with anti-cervical cancer potential
include telomerase, tubulin and microtubule, DNA topo-
isomerase, p53 and NF-kB and TRAIL. The mechanisms of
action are associated with induction of apoptosis, cell cycle
arrest and anti-migration and/or anti-invasion (Figure 1).

6. Expert opinion

This paper has presented the lists of the extracts, constituents
and formulations from various medicinal plants, vegetables
and fruits used in the treatment of cervical cancer. Although
many drugs of natural origin have been discovered, it is still
necessary to search for novel anticancer agents with more
effectivity and less toxicity. Also the failure of conventional
chemotherapy to reduce mortality as well as serious side
effects involved makes natural products ideal candidates for
exerting synergism and attenuation effects on anticancer
drugs. Some novel natural compounds sometimes have more
potent anti-cervical cancer activity than known agents. For
example, tanshinone IIA (Tan IIA), a compound isolated
from Salvia miltiorrhiza Bunge (Danshen), could trigger the
mitotic arrested cells to enter apoptosis faster than vincristine
or taxol [35]. However, the underlying molecular mechanisms
of action of many compounds with anti-cervical cancer activ-
ity have not been studied or elucidated in detail. Although
some common molecular signal pathways and several distinct
targets have been disclosed, the responses of molecular targets
to compounds with anti-cervical cancer effects remain
unclear.

Recent studies focusing on molecular targets of the plant-
derived compounds have yielded promising results, but the
details of the anticancer mechanisms involved need to be clar-
ified further. Meanwhile, the preclinical and clinical studies
must be carried out to determine the potential of these plants
in anti-cervical cancer. Many traditional medical formulations
are characterized by apoptosis-inducing and antiviral activi-
ties, but only a few have been studied on their anticancer
activities in vitro or in vivo. These investigations might pro-
vide more promising insights into pharmaceutical exploita-
tion in the treatment of different human diseases in the near
future. One of the most important ways to decrease the risk
of cancer development and progression is modification of
diet. Recent research suggests that bioactive food components
may have the potential to reduce the risk and improve survival
probability of patients with cancer. Semiological evidence also
indicates that a high intake of fruits and vegetables leads to a
significant reduction in cancer incidence rate, while the phy-
tochemicals within fruits and vegetables have been proposed
as responsible for these protective effects.

The reported anti-migration and/or anti-invasion effects of
medicinal plants on cervical cancer mainly concentrate on
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MMPs (TIMPs) family, while the other signaling pathways
have not been involved, such as SDF-1/CXCR4, a c-Src/
PKCi/FAK loop, u-PA (urokinase-type plasminogen activa-
tor) and MMPs, P2Y receptors and their downstream
ERK1/2 (extracellular regulated kinases 1/2) and p38 protein
kinases, p-JNK, p-ERK, p-p38, IkK and NF-kB signaling
pathways, which are investigated in other human cancers.
Overexpression of miR-10a has been substantiated to pro-
mote colony formation, migration, invasion and reduction
of CHL1 (close homolog of L1) mRNA and protein levels
in cervical cancer cells [46]. There is, however, information
unavailable on the effects of medicinal plants on migration
and invasion of human cervical cancer cells through these
signaling pathways.

Novel information gathered from the current data is
important to preservation of folk indigenous knowledge and
discovery of novel and more effective compounds against
cervical cancer. Therefore, the purpose of this review was to
present and analyze the plant species against cervical cancer.
The extract, CC, compound sort, name and family of plants,

medicinal part of plants, activity and mechanism of action are
given in Tables 1 -- 5. Even though some effective anticancer
drugs have been developed from botanical sources, there still
remains an untapped resource in herbal medicines. Although
some bioactive components of diets or medicinal plants have
been identified for their cancer chemopreventive potential,
many others remain unknown and/or untested. Therefore,
numerous plants deserve further investigations in vitro and
in vivo due to their significant antitumor activity.
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