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ABSTRACT

Angiogenesis is a physiological, tightly regulated process which is characterized by the development of new blood 
vessels. Compounds with the potential to control angiogenesis would be highly valuable as therapeutics, as an 
imbalance in angiogenesis may lead to several pathological disorders, including cancer, retinopathy, and arthritis. 
In this study, the anti-angiogenic effect of Polygonum sp. has been comprehensively reviewed and this plant also 
has been known to possess other medicinal benefits such as antioxidative, anti-inflammatory, anti-proliferative, and 
anti-tumor agents. Hence, this study systematically identified the evidence reporting the anti-angiogenic effects 
of Polygonum sp. Four electronic databases, namely PubMed, Ovid MEDLINE, Scopus and Web of Science were 
searched for relevant articles. Based on the pre-set eligibility criteria, 50 relevant articles were identified, and ten 
qualified articles were selected and reviewed. It was demonstrated that four namely P. cuspidatum, P. barbatum, P. 
hydropiper, and P. perfoliatum showed anti-angiogenic activities mainly through inhibition of the vascular endothelial 
growth factor-signaling pathways. Therefore, these species Polygonum have the potential to be developed as natural 
anti-angiogenic agents for prevention and treatment of various diseases related to pathological angiogenesis.
Keywords: Angiogenesis; anti-angiogenesis; Polygonum genus; vascular endothelial growth factor

ABSTRAK

Angiogenesis adalah proses fisiologi yang dikawal ketat yang dicirikan oleh perkembangan saluran darah 
baharu. Sebatian yang berpotensi untuk mengawal angiogenesis akan sangat berharga sebagai terapeutik, kerana 
ketidakseimbangan dalam angiogenesis boleh membawa kepada beberapa gangguan patologi, termasuk kanser, 
retinopati dan arthritis. Dalam kajian ini, kesan anti-angiogenik spesis Polygonum telah dikaji secara menyeluruh 
dan tumbuhan ini juga telah diketahui mempunyai manfaat perubatan lain seperti antioksidan, anti-radang, agen 
anti-proliferatif dan anti-tumor. Walau bagaimanapun, kesan anti-angiogenik Polygonum sp. masih belum diulas. 
Oleh itu, kajian ini dilakukan secara sistematik untuk mengenal pasti bukti yang melaporkan kesan anti-angiogenik 
oleh Polygonum sp. Empat pangkalan data elektronik, iaitu PubMed, Ovid MEDLINE, Scopus dan Web of Science 
digunakan bagi pencarian artikel yang berkaitan. Berdasarkan kriteria relevan yang telah ditetapkan, terdapat 
50 artikel yang berkaitan telah dikenal pasti dan hanya sepuluh artikel yang layak telah dipilih dan diulas. Hasil 
kajian menunjukkan bahawa terdapat empat iaitu P. cuspidatum, P. barbatum, P. hidropiper dan P. perfoliatum 
menunjukkan aktiviti anti-angiogenik terutamanya melalui perencatan laluan isyarat faktor pertumbuhan endotelium 
vaskular. Oleh itu, spesis Polygonum mempunyai potensi untuk dibangunkan sebagai agen anti-angiogenik semula 
jadi dalam pencegahan dan rawatan pelbagai penyakit yang berkaitan dengan patologi angiogenesis.
Kata kunci: Angiogenesis; anti-angiogenesis; faktor pertumbuhan endotelium vaskular; genus Polygonum
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INTRODUCTION

Angiogenesis is a central process for tissue growth and 
regeneration, involving the formation of new capillaries 
from pre-existing vascular networks. It plays an 
important role in various physiological conditions such 
as embryonic development, wound healing (Ayaz et al. 
2016; Cho et al. 2019), corpus luteum formation (Ayaz 
et al. 2016) and ovarian function (Cho et al. 2019). 
The process of angiogenesis is tightly controlled 
by the critical balance of pro- and anti-angiogenic 
factors. The imbalance of these factors can lead to the 
formation of pathological angiogenesis, such as in cancer 
metastases, ischemic and inflammatory diseases such 
as endometriosis, psoriasis, rheumatoid arthritis and 
diabetic retinopathy (Hu et al. 2018; Rashidi et al. 2017). 
As a result, anti-angiogenic therapy is increasingly used 
to treat diseases related to angiogenesis.

Recently, the anti-angiogenic effect of bioactive 
compounds from natural sources has gained more 
attention, as the drugs approved by the Food and 
Drug Administration (FDA) may cause various side 
effects and have some clinical limitations such as the 
development of resistance (Azam, Mehta & Harris 2010). 
In fact, 60% of anticancer drugs such as paclitaxel, 
etoposide, vinblastine, and doxorubicin are derived 
from natural sources (Newman & Cragg 2012; Rayan, 
Raiyn & Falah 2017). Therefore, the identification of 
other natural products with anti-angiogenic activity 
would be beneficial as an alternative strategy for 
angiogenesis-based treatment due to their low and 
selective toxicity.

The genus Polygonum in the family Polygonoceae 
includes 300 species around the world, ranging from 
prostrate herbaceous annuals (4-5 cm tall) to herbaceous 
perennials (3-4 m tall) and other trees or woody 
perennial vines that grow to about 20-30 m tall. Most 
species are aquatic and occur naturally in swampy areas as 
floating plants, either in rivers or ponds (Ayaz et al. 2016). 
The name Polygonum is derived from the Greek, poly 
meaning ‘many’ and gonu meaning ‘knee’, referring to 
the swollen, jointed stem of this genus. Many of the plants 
in the genus Polygonum and their active metabolites 
have been studied for phytochemical, biological, and 
pharmacological purposes. They are known to produce 
a variety of secondary metabolites, namely flavonoids 
(Peng et al. 2003), anthraquinones (Matsuda et al. 
2001), coumarins (Sun & Sneden 1999) and sucrose 
phenylpropanoid esters (Sun & Sneden 1999). Of all of 
them, flavonoids are the most abundant constituents of 
the genus Polygonum (Nkuété et al. 2015).

Several studies have reported the pharmacological 
effects of Polygonum sp. including its antioxidant 
(Ismail et al. 2012), anti-inflammatory (Bralley et al. 

2008; Hamid et al. 2022), antiproliferative, antitumour 
(Ahmad et al. 2018), antiallergic (Lim et al. 2007), 
antibacterial, antifungal, and antiviral activities (Brandão 
et al. 2010). In addition, Polygonum sp. has a preventive 
effect against hepatotoxicity in rats (Rashid et al. 2019) 
and has the potential to improve mood, cognitive 
function and quality of life in middle-aged women (Yahya 
et al. 2017). In addition, there is evidence to suggest that 
these Polygonum sp. could be developed as targeted drugs 
for Alzheimer’s disease or as anti-HIV drugs (Ahmad et 
al. 2022). Some Polygonum sp. such as P. cuspidatum, 
P. hydropiper, P. barbatum, and P. perfoliatum have 
been shown to have anti-angiogenic effects (Ayaz et al. 
2016; Farooq et al. 2017; Hu et al. 2018; 2019; Kimura & 
Okuda 2001; Li et al. 2019; Mahnashi et al. 2021; Ozgur 
et al. 2018; Wang et al. 2004). The morphology of these 
Polygonum sp. is summarised in Table 1. However, no 
study has been conducted to systematically investigate 
the anti-angiogenic activities of these Polygonum sp. 
Therefore, the aim of this study was to comprehensively 
investigate the anti-angiogenic properties of Polygonum 
sp. to gain better insight into their potential as 
therapeutics for diseases related to angiogenesis.

MATERIALS AND METHODS

SEARCH STRATEGY

The study aims to search and identify relevant studies 
on the anti-angiogenic effect of Polygonum species. 
The relevant studies were retrieved from four databases, 
namely PubMed, Scopus, OvidMEDLINE and WoS from 
1946 to fourth week of August 2023. The following 
keywords were used: (1) Polygonum OR Persicaria 
AND (2) angiogenesis OR angiogenesis inhibitor* OR 
anti*angiogen*.

STUDY INCLUSION AND EXCLUSION CRITERIA

Articles retrieved from the database following the search 
were reviewed independently by two authors (N.S.A.H 
and A.A.H) according to the following criteria: (1) Full-
length original article published in English language, 
(2) articles that reported the anti-angiogenic activities 
of Polygonum or Persicaria sp. Or their isolated 
compounds, regardless of whether the studies focus 
on Polygonum or Persicaria sp. alone or include other 
plants and Polygonum (3) in vitro, in vivo, clinical trial 
or any combined studies that reported the angiogenesis-
related activities of Polygonum or Persicaria sp. Review 
articles, news, case report, book chapters, conference 
proceedings, and editorial letters were excluded from this 
study. Any disagreement was resolved by a third reviewer 
(A.U) or consensus-based discussion. 
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ARTICLE SCREENING

Article screening was conducted in three phases. First, 
articles that did not fulfill the selection criteria were 
excluded according to the title alone. Second, articles 
that were not related to the anti-angiogenic activities 
of Polygonum sp. were excluded by reading through 
the abstracts. Finally, the remaining articles that did not 
match the inclusion criteria were excluded by reading 
the full texts thoroughly. The study design, plant source, 
plant part, types of extract, phytoconstituents, results, 
outcomes and reference of each study were recorded.

RESULTS AND DISCUSSION

STUDY SELECTION
Overall, a total of 50 potential articles were retrieved 
from four online databases, of which seven articles were 
from Ovid MEDLINE, 17 articles were from PubMed, 12 
articles were from Scopus and 14 articles from Web of 
Science (WoS). Subsequently, 20 articles were removed 
because of duplication. The full-length articles for 
the remaining 25 studies were obtained and reviewed 
thoroughly. However, 15 studies were excluded due to 
not related to anti-angiogenesis activity. In total, only ten 
remaining articles were selected to be included for final 
analysis. The articles were published between the years 
2001 and 2021. Summary of the article selection process 
was shown in Figure 1.

FIGURE 1. PRISMA flow diagram. Summary of the literature search and the study selection 
process according to the PRISMA guidelines. Overall, ten studies met the search criteria. PRISMA, 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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STUDY DESIGN CHARACTERISTICS

The designs of the selected studies were characterized in 
Table 2. Based on the study design, this review comprised 
of an in vitro study, an in vivo study, five combined in 
vitro and in vivo studies, and two combined in vitro, in 
vivo and in silico studies. For the in vitro studies, most of 
the studies investigated the anti-angiogenic activity by 
using human umbilical vein endothelial cells (HUVEC) 
as the model. It has been used in tube formation assay 
to measure the tube-like network formation (Hu et al. 
2019, 2018; Kimura & Okuda 2001). Another study 
used bovine aortic endothelial cells (BAEC), where the 
migration of BAEC was assessed using crystal violet 
migration assay (Wang et al. 2004). The remaining 
study utilized non-small human lung carcinoma cells 
(NCI-H460) to investigate the angiogenic regulation by 
Polygonum extract (Farooq et al. 2017).

For the in vivo studies, there were different types 
of animal used, which were female C57BL/6 mice 
(Kimura & Okuda 2001), female Wistar rats (Ozgur 
et al. 2018), clean-grade Institute of Cancer Research 
(ICR) and BALB/c-nude mice (Li et al. 2019), zebrafish 
embryo (Hu et al. 2019, 2018) and chorioallantoic 
membrane (CAM) of chicken embryo (Ayaz et al.2016; 
Farooq et al. 2019; Mahnashi et al. 2021; Wang et al. 
2004). CAM assay is an extraembryonic membrane 
that is frequently used to study angiogenesis, in which 
the numbers of blood vessels in each egg are counted 
under the microscope (Rezzola et al. 2020). Besides, 
zebrafish embryo was also become one of the relevant 
models for discovery of any therapeutic drugs related 
to angiogenesis as it can be observed through the blood 
flow and development of any vascular-related organ 
systems without the need of sophisticated instrument 
(Chávez et al. 2016). 

Molecular docking is an in silico study used to 
examine the binding activity and affinity of a protein 
ligand towards its receptor. By using docking software, 
the activity and binding modes of Polygonum-isolated 
compounds could be explored to study their anti-
angiogenesis activity (Mahnashi et al. 2021) and anti-
cancer activity (Farooq et al. 2019).

SELECTED Polygonum sp. AND THEIR 
PHYTOCONSTITUENTS

There were only four species of Polygonum plants 
shown to have anti-angiogenic activities, namely P. 
hydropiper (Ayaz et al. 2016; Mahnashi et al. 2021), P. 
barbatum (Farooq et al. 2019, 2017), P. cuspidatum (Hu et 
al. 2019, 2018; Kimura & Okuda 2001; Ozgur et al. 2018; 
Wang et al. 2004) and P. perfoliatum (Li et al. 2019). P. 
hydropiper (Ayaz et al. 2016; Mahnashi et al. 2021) and 
P. barbatum (Farooq et al. 2019, 2017) were collected 
in Khyber Pakhtoonkhwa, Pakistan. P. cuspidatum was 
collected in China (Hu et al. 2019, 2018; Wang et al. 

2004), Japan (Kimura & Okuda 2001) and Turkey (Ozgur 
et al. 2018), while P. perfoliatum was collected in China 
(Li et al. 2019). Three of the ten selected studies used the 
whole plant (Farooq et al. 2019; Mahnashi et al. 2021; 
Wang et al. 2004), two studies used root and rhizome 
parts (Hu et al. 2019, 2018), one study used only the root 
part (Kimura & Okuda 2001) and another study used 
the aerial parts of the plant (Farooq et al. 2017). The 
remaining three studies (Ayaz et al. 2016; Li et al. 2019; 
Ozgur et al. 2018) did not mention the plant parts used.

Different solvents can be used for extraction and 
the solvents can be divided into three groups, namely 
polar, semi-polar and non-polar solvents. Regarding 
polar extracts, two studies used ethanol extract (Hu et al. 
2019, 2018), one study used methanol extract (Kimura 
& Okuda 2001) and one study used boiled aqueous 
extract (Wang et al. 2004). Ethyl acetate is a semi-polar 
solvent, while n-hexane, n-butanol, and chloroform are 
non-polar solvents. Essential oils are considered solvents 
with a mixture of polar and non-polar molecules. In other 
studies, several extracts were used and compared. For 
example, one study used aqueous, methanol, ethyl acetate, 
chloroform, n-hexane, n-butanol, and saponin extracts 
(Ayaz et al. 2016), while another study used petroleum 
ether, ethyl acetate, ethanol, and aqueous extracts (Li et al. 
2019). The other two studies used methanol, ethyl acetate, 
n-hexane, and n-butanol extracts (Farooq et al. 2019, 
2017). All these studies used mixed polar, semi-polar, and 
non-polar solvents for their plant extractions. However, 
one study compared chloroform and ethyl acetate extracts 
(Mahnashi et al. 2021), which are nonpolar and semipolar 
solvents, while another study did not mention the type of 
extracts used (Ozgur et al. 2018).

Polygonum sp. is known for its diverse medicinal 
properties. This is due to the phytoconstituents identified 
in the plants such as resveratrol, piceid, polydatin, 
saponin, sesquiterpenes and several new fractions. In 
studies with P. cuspidatum, stilbenoid phytoconstituents 
such as resveratrol (Ozgur et al. 2018), resveratrol with 
polydatin or piceid (Hu et al. 2018; Kimura & Okuda 
2001) and polydatin alone (Hu et al. 2019) were extracted 
and tested for their anti-angiogenesis activities. However, 
one study did not analyse the phytoconstituent content 
in their P. cuspidatum extract (Wang et al. 2004). 
Meanwhile, saponin (Ayaz et al. 2016) and two different 
bioactive compounds; 4-methyl-5-oxo-tetrahydrofuran-
3-yl acetate and methyl 4-hydroxy-3-methoxybenzoate 
(Mahnashi et al. 2021) were extracted from P. hydropiper. 
Several different fractions of sesquiterpenes were 
isolated from ethyl acetate fractions (n-hexane:ethyl 
acetate) of  P. barbatum (Farooq et al. 2019, 2017). In 
addition, new fractions from different solvent ratios of 
ethyl acetate:methanol were isolated from P. perfoliatum 
(Li et al. 2019). Interestingly, all phytoconstituents in 
the ten selected studies showed positive anti-angiogenic 
activities.



374 
TA

B
LE

 2
. C

ha
ra

ct
er

is
tic

s o
f t

he
 in

cl
ud

ed
 st

ud
ie

s

Pl
an

ts
St

ud
y 

de
si

gn
Pl

an
t s

ou
rc

e 
(s

)
Pl

an
t p

ar
t 

(s
)

Ty
pe

 (s
) o

f 
Ex

tra
ct

Ph
yt

o-
co

ns
tit

ue
nt

R
es

ul
ts

O
ut

co
m

es
R

ef
er

en
ce

P.
 c

us
pi

da
tu

m
In

 v
itr

o 
ce

ll 
cu

ltu
re

 
st

ud
y 

by
 u

si
ng

 
H

U
V

EC

In
 v

iv
o 

st
ud

y 
by

 u
si

ng
 

fe
m

al
e 

C
57

B
L/

6 
m

ic
e 

ad
m

in
is

te
re

d 
in

tra
pe

rit
on

ea
lly

 
tw

ic
e 

da
ily

Ja
pa

n
R

oo
t

M
et

ha
no

l
R

es
ve

ra
tro

l, 
pi

ce
id

In
hi

bi
tio

n 
of

 
tu

m
or

-in
du

ce
d 

ne
ov

as
cu

la
riz

at
io

n 
at

 2
.5

 
an

d 
10

 m
g/

kg

In
hi

bi
tio

n 
of

 c
ap

ill
ar

y-
lik

e 
tu

be
 fo

rm
at

io
n 

(5
2.

6%
 a

t 
10

0 
μm

ol
/L

 a
nd

 4
5.

5%
 a

t 
10

 μ
m

ol
/L

)

▲
in

hi
bi

tio
n 

of
 V

EG
F 

bi
nd

in
g 

to
 H

U
V

EC
 

(5
3.

2%
 a

t 5
0 

μm
ol

/L
)

▼
in

hi
bi

tio
n 

of
 V

EG
F 

bi
nd

in
g 

to
 H

U
V

EC
 

(1
6.

9%
 a

t 1
0 

μm
ol

/L
) 

R
es

ve
ra

tro
l i

n 
P.

 
cu

sp
id

at
um

 sh
ow

ed
 a

n 
an

ti-
an

gi
og

en
ic

 a
ct

iv
ity

 
by

 in
hi

bi
tin

g 
th

e 
ca

pi
lla

ry
-

lik
e 

tu
be

 fo
rm

at
io

n 
an

d 
bi

nd
in

g 
of

 V
EG

F 
to

 
H

U
V

EC

K
im

ur
a 

&
 

O
ku

da
  (

20
01

)

P.
 c

us
pi

da
tu

m
 

In
 v

itr
o 

ce
ll 

cu
ltu

re
 

st
ud

y 
by

 u
si

ng
 

B
A

EC
s

In
 v

iv
o 

st
ud

y 
by

 u
si

ng
 

C
A

M
 m

od
el

Sh
an

gh
ai

, C
hi

na
W

ho
le

 
pl

an
ts

B
oi

le
d 

aq
ue

ou
s

-
In

hi
bi

tio
n 

of
 a

ng
io

ge
ne

si
s 

in
 C

A
M

 m
od

el
 a

nd
 

B
A

EC
s a

t 1
 g

 h
er

b/
m

L

P.
 c

us
pi

da
tu

m
 sh

ow
ed

 a
n 

an
ti-

an
gi

og
en

ic
 e

ffe
ct

W
an

g 
et

 a
l. 

(2
00

4)

P.
 c

us
pi

da
tu

m
In

 v
itr

o 
ce

ll 
cu

ltu
re

 
st

ud
y 

by
 u

si
ng

 
H

U
V

EC

In
 v

iv
o 

st
ud

y 
by

 u
si

ng
 

ze
br

afi
sh

K
un

m
in

g,
 

Yu
nn

an
, C

hi
na

R
oo

t a
nd

 
rh

iz
om

e
Et

ha
no

l 
R

es
ve

ra
tro

l, 
po

ly
da

tin
In

hi
bi

tio
n 

of
 V

EG
F-

in
du

ce
d 

an
gi

og
en

es
is

 in
 a

 
do

se
-d

ep
en

de
nt

 m
an

ne
r.

P.
 c

us
pi

da
tu

m
 sh

ow
ed

 
an

ti-
an

gi
og

en
ic

 a
ct

iv
ity

 
by

 su
pp

re
ss

in
g 

V
EG

F 
ac

tiv
ity

 th
ro

ug
h 

V
EG

F 
si

gn
al

lin
g

H
u 

et
 a

l. 
(2

01
8)

co
nt

in
ue

d 
to

 th
e 

ne
xt

 p
ag

e



  375

P.
 c

us
pi

da
tu

m
In

 v
itr

o 
ce

ll 
cu

ltu
re

 
st

ud
y 

by
 u

si
ng

 
H

U
V

EC

In
 v

iv
o 

st
ud

y 
by

 u
si

ng
 

ze
br

afi
sh

 e
m

br
yo

s 
m

od
el

K
un

m
in

g,
 

Yu
nn

an
, C

hi
na

R
oo

t a
nd

 
rh

iz
om

e
Et

ha
no

l 
Po

ly
da

tin
In

hi
bi

tio
n 

of
 V

EG
F-

in
du

ce
d 

an
gi

og
en

es
is

 in
 a

 
do

se
-d

ep
en

de
nt

 m
an

ne
r 

Su
pp

re
ss

io
n 

of
 V

EG
F-

in
du

ce
d 

ph
os

ph
or

yl
at

io
ns

 
of

 V
EG

FR
2 

an
d 

JN
K

In
hi

bi
tio

n 
of

 V
EG

F-
m

ed
ia

te
d 

ph
os

ph
or

yl
at

io
ns

 
of

 E
rk

, A
kt

 a
nd

 e
N

O
S 

Po
ly

da
tin

 in
 P

. c
us

pi
da

tu
m

 
sh

ow
ed

 a
nt

i-a
ng

io
ge

ni
c 

ac
tiv

ity
 b

y 
su

pp
re

ss
in

g 
V

EG
F-

in
du

ce
d 

an
gi

og
en

es
is

H
u 

et
 a

l. 
(2

01
9)

P.
 c

us
pi

da
tu

m
In

 v
iv

o 
st

ud
y 

by
 u

si
ng

 
fe

m
al

e 
W

is
ta

r r
at

s
Tu

rk
ey

-
C

om
m

er
ci

al
 

su
pp

le
m

en
t

R
es

ve
ra

tro
l 

↓ 
to

ta
l V

EG
F 

sc
or

es
 in

 
re

sv
er

at
ro

l-t
re

at
ed

 g
ro

up
 

(6
0 

m
g/

kg
/d

)

↓ 
in

te
ns

e 
V

EG
F 

im
m

un
or

ea
ct

iv
ity

 in
 th

e 
ov

ar
ie

s 

↓ 
pe

rit
on

ea
l fl

ui
d 

V
EG

F 
le

ve
ls

R
es

ve
ra

tro
l i

n 
P.

 
cu

sp
id

at
um

 sh
ow

ed
 a

nt
i-

an
gi

og
en

ic
 a

ct
iv

ity
 b

y 
lo

w
er

in
g 

V
EG

F 
ac

tiv
ity

O
zg

ur
 e

t a
l. 

(2
01

8)

P.
 h

yd
ro

pi
pe

r 
L.

In
 v

itr
o 

st
ud

y 
by

 u
si

ng
 m

ou
se

 
em

br
yo

ni
c 

fib
ro

bl
as

t 
N

IH
/3

T3
ce

ll 
lin

e 
an

d 
po

ta
to

 d
is

c 
an

ti-
tu

m
or

 
as

sa
y

In
 v

iv
o 

st
ud

y 
by

 u
si

ng
 

C
A

M
 m

od
el

Ta
la

sh
 V

al
le

y,
 

K
hy

be
r 

Pa
kh

to
on

kh
w

a,
 

Pa
ki

st
an

-
M

et
ha

no
l,

N
-h

ex
an

e,
 

C
hl

or
of

or
m

, 
Et

hy
l a

ce
ta

te
,

N
-B

ut
an

ol
, 

A
qu

eo
us

,
Sa

po
ni

n

C
ru

de
 e

xt
ra

ct
, 

sa
po

ni
ns

▲
 a

nt
i-a

ng
io

ge
ni

c 
ac

tiv
ity

 
ex

er
te

d 
by

 sa
po

ni
ns

, 
fo

llo
w

ed
 w

ith
 c

hl
or

of
or

m
, 

et
hy

l a
ce

ta
te

 a
nd

 m
et

ha
no

l 
ex

tra
ct

s w
ith

 IC
50

 of
 1

9.
21

 
µg

/m
L,

 2
8.

65
 µ

g/
m

L,
 

88
.7

5 
µg

/m
L 

an
d 

46
1.

53
 

µg
/m

L,
 re

sp
ec

tiv
el

y

D
iff

er
en

t e
xt

ra
ct

s o
f P

. 
hy

dr
op

ip
er

 d
em

on
st

ra
te

d 
an

ti-
an

gi
og

en
ic

 a
ct

iv
ity

, 
w

ith
 sa

po
ni

ns
 sh

ow
in

g 
th

e 
hi

gh
es

t a
ct

iv
ity

Ay
az

 e
t a

l. 
(2

01
6)

co
nt

in
ue

d 
to

 th
e 

ne
xt

 p
ag

e

fro
m

 th
e 

pr
ev

io
us

 p
ag

e



376 

P.
 h

yd
ro

pi
pe

r 
L.

In
 v

itr
o 

st
ud

y 
by

 
us

in
g 

A
gr

ob
ac

te
riu

m
 

cu
ltu

re
, b

re
as

t c
an

ce
r 

ce
lls

 (M
C

F-
7)

, 
ce

rv
ic

al
 c

an
ce

r c
el

ls
 

(H
eL

A
) a

nd
 N

IH
/3

T3
 

fib
ro

bl
as

ts
 c

el
ls

 
cu

ltu
re

s

In
 v

iv
o 

st
ud

y 
by

 u
si

ng
 

C
A

M
 m

od
el

In
 si

lic
o 

m
ol

ec
ul

ar
 

do
ck

in
g 

st
ud

y

D
is

tri
ct

 
Ta

la
sh

, K
hy

be
r 

Pa
kh

tu
nk

hw
a 

(K
P)

W
ho

le
 

pl
an

ts
Et

hy
l a

ce
ta

te
,

C
hl

or
of

or
m

4-
M

et
hy

l-5
-o

xo
-

te
tra

hy
dr

of
ur

an
-3

-
yl

 a
ce

ta
te

 (P
H

-1
)

M
et

hy
l 4

-h
yd

ro
xy

- 
3-

m
et

ho
xy

be
nz

oa
te

 
(P

H
-2

)

↑ 
in

hi
bi

tio
n 

of
 b

lo
od

 
ve

ss
el

s f
or

m
at

io
n 

w
ith

 
in

cr
ea

si
ng

 P
H

-1
 a

nd
 P

H
-2

 
co

nc
en

tra
tio

ns

IC
50

 v
al

ue
 o

f P
H

-1
 a

nd
 

PH
-2

 w
er

e 
34

0 
µg

m
L−1

 
an

d 
50

0 
µg

m
L−1

, 
re

sp
ec

tiv
el

y 
co

m
pa

re
d 

to
 

de
xa

m
et

ha
so

ne
 IC

50
 o

f 
37

.5
0 

µg
m

L−1

Te
st

ed
 c

om
po

un
ds

 o
f 

PH
-1

 a
nd

 P
H

-2
 h

av
e 

st
ro

ng
 in

te
r-m

ol
ec

ul
ar

 
in

te
ra

ct
io

ns
 w

ith
 L

ys
86

8,
 

Va
l9

16
 a

nd
 A

sp
10

46

Tw
o 

bi
oa

ct
iv

e 
co

m
po

un
ds

 
of

 P
. h

yd
ro

pi
pe

r L
. (

PH
-1

 
an

d 
PH

-2
) e

xh
ib

ite
d 

an
ti-

an
gi

og
en

ic
 p

ot
en

tia
ls

 a
nd

 
m

ay
 h

av
e 

th
e 

ab
ili

ty
 to

 
in

hi
bi

t E
G

FR
, H

ER
2 

an
d 

V
EG

FR
 re

ce
pt

or
s

M
ah

na
sh

i e
t a

l. 
(2

02
1)

P.
 b

ar
ba

tu
m

In
 v

itr
o 

st
ud

y 
by

 
us

in
g 

or
al

 c
an

ce
r 

(C
A

L-
27

) a
nd

 lu
ng

 
ca

nc
er

 (N
C

I H
46

0)
 

ce
ll 

lin
es

In
 v

iv
o 

st
ud

y 
by

 u
si

ng
 

C
A

M
 m

od
el

In
 si

lic
o 

m
ol

ec
ul

ar
 

do
ck

in
g 

st
ud

y

K
hy

be
r 

Pa
kh

tu
nk

hw
a,

Pa
ki

st
an

W
ho

le
 p

la
nt

M
et

ha
no

l,

N
-h

ex
an

e,

Et
hy

l a
ce

ta
te

 
N

-b
ut

an
ol

 

Th
re

e 
ne

w
 

se
sq

ui
te

rp
en

es
 

w
er

e 
is

ol
at

ed
 

fr
om

 E
th

yl
 

ac
et

at
e 

fr
ac

tio
ns

: 
(n

-h
ex

an
e:

 e
th

yl
 

ac
et

at
e)

- c
om

po
un

d 
1 

(6
5:

35
),

- c
om

po
un

d 
2 

(5
8:

42
)

- c
om

po
un

d 
3 

(5
5:

45
)

▼
 b

lo
od

 v
es

se
ls

 fo
rm

ed
 

in
 C

A
M

 a
ss

ay
 w

ith
 

co
m

po
un

d 
1,

 fo
llo

w
ed

 b
y 

co
m

po
un

ds
 2

 a
nd

 3

▼
 IC

50
 v

al
ue

 o
f c

om
po

un
d 

1 
(8

.2
 ±

 1
.1

 μ
M

) 
co

m
pa

re
d 

to
 c

om
po

un
ds

 
2 

(1
3.

4 
± 

1.
1 

μM
) a

nd
 3

 
(5

7.
7 

± 
0.

3 
μM

) 

N
-h

ex
an

e:
 e

th
yl

 a
ce

ta
te

 
fr

ac
tio

ns
 o

f P
. b

ar
ba

tu
m

 
ex

tra
ct

 sh
ow

ed
 a

n 
an

ti-
an

gi
og

en
ic

 a
ct

iv
ity

 w
ith

 
co

m
po

un
d 

1 
ha

vi
ng

 th
e 

m
os

t e
xc

el
le

nt
 a

ct
iv

ity

Fa
ro

oq
 e

t a
l. 

(2
01

9)

co
nt

in
ue

d 
to

 th
e 

ne
xt

 p
ag

e

fro
m

 th
e 

pr
ev

io
us

 p
ag

e



  377

P.
 p

er
fo

lia
tu

m
 

L.
In

 v
itr

o 
st

ud
y 

by
 

us
in

g 
 h

um
an

 c
er

vi
ca

l 
ca

nc
er

 c
el

l l
in

e 
(H

el
a)

, h
um

an
 g

as
tri

c 
ca

nc
er

 c
el

l l
in

e 
(S

G
C

-7
90

1)
, h

um
an

 
pr

os
ta

te
 c

an
ce

r c
el

l 
lin

e 
(P

C
-3

), 
hu

m
an

 
lu

ng
 c

an
ce

r c
el

l 
lin

e 
(A

54
9)

, h
um

an
 

gl
io

m
a 

ce
ll 

lin
e 

(B
T-

32
5)

, a
nd

 h
um

an
 

pa
nc

re
at

ic
 c

an
ce

r c
el

l 
lin

e 
(P

A
N

C
-1

)

In
 v

iv
o 

st
ud

y 
by

 u
si

ng
 

eq
ua

l n
um

be
rs

 o
f 

m
al

e 
an

d 
fe

m
al

e 
of

 
cl

ea
n-

gr
ad

e 
IC

R
 m

ic
e 

an
d 

B
A

LB
/c

-n
ud

e 
m

ic
e

C
hi

na
-

Pe
tro

le
um

 e
th

er
, 

Et
hy

l a
ce

ta
te

,

Et
ha

no
l,

A
qu

eo
us

Fi
ve

 d
iff

er
en

t 
fr

ac
tio

ns
 fr

om
 e

th
yl

 
ac

et
at

e-
m

et
ha

no
l 

(4
0:

1)
, (

35
:1

), 
(2

5:
1)

, (
15

:1
), 

an
d 

(5
:1

), 
w

hi
ch

 w
er

e 
re

co
rd

ed
 a

s P
EA

, 
PE

B
, P

EC
, P

ED
, 

an
d 

PE
E,

 
re

sp
ec

tiv
el

y

▲
 c

on
ce

nt
ra

tio
n 

of
 

PE
C

 (1
00

 a
nd

 1
20

 μ
g/

m
L)

 e
xe

rte
d 

cy
to

to
xi

ci
ty

 
ag

ai
ns

t v
ar

io
us

 c
an

ce
r c

el
l 

lin
es

 w
ith

 in
hi

bi
tio

n 
ra

tio
 

of
 o

ve
r 7

0%

▼
 n

um
be

r o
f  

V
EG

F-
po

si
tiv

e 
ce

lls
 in

 th
e 

PE
C

-
tre

at
ed

 g
ro

up
s

↓ 
en

do
th

el
ia

l c
el

ls
 a

nd
 

C
D

31
-p

os
iti

ve
 in

te
ns

ity
 

in
 th

e 
PE

C
-tr

ea
te

d 
tu

m
or

s 
co

m
pa

re
d 

to
 c

on
tro

l 

↓ 
po

si
tiv

e 
va

sc
ul

ar
 

en
do

th
el

ia
l c

el
ls

 in
 th

e 
hi

gh
es

t d
os

e 
gr

ou
p 

co
m

pa
re

d 
to

 c
on

tro
l

Et
hy

l a
ce

ta
te

 e
xt

ra
ct

s o
f 

P.
 p

er
fo

lia
tu

m
 L

. e
xe

rte
d 

an
ti-

an
gi

og
en

es
is

 e
ffe

ct
, 

w
ith

 P
EC

 b
ei

ng
 th

e 
is

ol
at

ed
 c

om
po

un
d 

w
ith

 
th

e 
hi

gh
es

t a
ct

iv
ity

Li
 e

t a
l. 

(2
01

9)

P.
 b

ar
ba

tu
m

In
 v

itr
o 

st
ud

y 
by

 
us

in
g 

no
n-

sm
al

l c
el

l 
lu

ng
 c

ar
ci

no
m

a

(N
C

I-
H

46
0)

, b
re

as
t 

ca
nc

er
 (M

C
F-

7)
, 

ce
rv

ic
al

 c
an

ce
r 

(H
eL

a)
 a

nd
 n

or
m

al
 

m
ou

se
 fi

br
ob

la
st

 
(N

IH
-3

 T
3)

 c
el

l l
in

es

N
or

th
er

n 
ar

ea
s 

(M
an

se
hr

a)
, 

K
hy

be
r 

Pa
kh

tu
nk

hw
a,

 
Pa

ki
st

an

A
er

ia
l

M
et

ha
no

l,

N
-h

ex
an

e,

Et
hy

l a
ce

ta
te

N
-b

ut
an

ol

Th
re

e 
ne

w
 

se
sq

ui
te

rp
en

es
 

w
er

e 
is

ol
at

ed
 

fr
om

 E
th

yl
 

ac
et

at
e 

fr
ac

tio
ns

: 
(n

-h
ex

an
e:

et
hy

l 
ac

et
at

e)

- c
om

po
un

d 
1 

(4
0:

60
),

- c
om

po
un

d 
2 

(3
6:

64
)

- c
om

po
un

d 
3 

(2
7:

73
)

C
om

po
un

d 
3 

at
 2

0 
μM

 
an

d 
40

 μ
M

 c
on

ce
nt

ra
tio

ns
 

de
la

ye
d 

th
e 

ra
te

 o
f w

ou
nd

 
he

al
in

g 
as

 c
om

pa
re

d 
to

 
un

tre
at

ed
 c

el
ls

 

C
om

po
un

d 
3 

sl
ow

s t
he

 
sc

ra
tc

h 
cl

os
in

g 
w

ith
 o

nl
y 

17
%

 a
nd

 2
4%

 a
t 2

0 
an

d 
40

 μ
M

 c
on

ce
nt

ra
tio

ns
, 

re
sp

ec
tiv

el
y 

co
m

pa
re

d 
to

 
co

nt
ro

l

C
om

po
un

d 
3 

in
hi

bi
te

d 
an

gi
og

en
es

is
 b

y 
do

w
nr

eg
ul

at
in

g 
th

e 
an

gi
og

en
ic

 g
en

es
 (V

EG
F 

an
d 

C
O

X
-2

) i
n 

N
C

I-
H

46
0 

ce
lls

 

P.
 b

ar
ba

tu
m

 e
xe

rts
 a

n 
an

ti-
an

gi
og

en
ic

 e
ffe

ct
 b

y 
do

w
nr

eg
ul

at
in

g 
V

EG
F 

an
d 

C
O

X
-2

Fa
ro

oq
 e

t a
l. 

(2
01

7)

↑:
 I

nc
re

as
ed

; ↓
: D

ec
re

as
ed

; ▲
: H

ig
he

st
; ▼

: L
ow

es
t: 

B
A

EC
: B

ov
in

e 
ao

rti
c 

en
do

th
el

ia
l c

el
ls

; C
O

X
-2

: c
yc

lo
ox

yg
en

as
e 

2;
 C

A
M

: c
ho

rio
al

la
nt

oi
c 

m
em

br
an

e;
 H

U
V

EC
: H

um
an

 u
m

bi
lic

al
 v

ei
n 

en
do

th
el

ia
l c

el
ls

; I
C

50
: i

nh
ib

iti
on

 c
on

ce
nt

ra
tio

n 
at

 
50

%
; V

EG
F:

 V
as

cu
la

r e
nd

ot
he

lia
l g

ro
w

th
 fa

ct
or

; V
EG

FR
: v

as
cu

la
r e

nd
ot

he
lia

l g
ro

w
th

 fa
ct

or
 re

ce
pt

or
; V

EG
FR

2:
 v

as
cu

la
r e

nd
ot

he
lia

l g
ro

w
th

 fa
ct

or
 re

ce
pt

or
 2

; J
N

K
: C

-J
un

 N
-te

rm
in

al
 k

in
as

es
; E

G
FR

: E
pi

de
rm

al
 g

ro
w

th
 fa

ct
or

 re
ce

pt
or

; H
ER

2:
 

H
um

an
 e

pi
de

rm
al

 g
ro

w
th

 fa
ct

or
 re

ce
pt

or
 2

fro
m

 th
e 

pr
ev

io
us

 p
ag

e



378 

ANTI-ANGIOGENIC ACTIVITIES OF Polygonum sp.

Angiogenesis is a complex and dynamic process 
controlled by a variety of mediators with pro- or anti-
angiogenic effects. A variety of signals mediated by 
growth factors and their receptors have been shown to 
have a significant impact on the mechanisms underlying 
angiogenesis. Among the important signalling pathways, 
the vascular endothelial growth factor (VEGF) protein 
family is a critical regulator of the angiogenesis process 
and is highly selective for endothelial cells. Other 
factors such as the matrix metalloproteinases (MMPs) 
and basic fibroblast growth factor (bFGF) have a wider 
range of target cells. The VEGF family consists of six 
members that bind to their respective receptors: Vascular 
Endothelial Growth Factor Receptor (VEGFR)-1, 
VEGFR2 and VEGFR3, depending on their purpose. 
VEGFR2 is the receptor that promotes migration, 
proliferation and angiogenesis and triggers several 
downstream signalling cascades (Rafii et al. 2002; 
Rajasekar, Perumal & Vallikannan 2019). Through their 
inhibition, the VEGF family and its receptor (VEGFR) 
have emerged as an attractive molecular therapeutic 
target for anti-angiogenic agents, particularly in cancer 
treatment (Yahya et al. 2017).

Resveratrol, a polyphenol from the phenolic group 
of stilbenes isolated from P. cuspidatum, showed anti-
angiogenic activity by inhibiting neovascularisation in 
mice and HUVEC tube formation. This was achieved by 
inhibition of VEGF binding to HUVEC by resveratrol 
(Kimura & Okuda 2001). Resveratrol also decreased 
VEGF levels and immunoreactivity in rats with ovarian 
hyperstimulation syndrome (OHSS) (Ozgur et al. 2018). 
Moreover, polydatin isolated from P. cuspidatum 
showed its anti-angiogenic activity by binding to 
VEGF. This consequently suppressed VEGF-induced 
angiogenesis, cell proliferation, migration and invasion, 
and inhibited VEGFR1 and VEGFR2 signalling pathways. 
Polydatin also inhibited other downstream events of 
VEGF-mediated VEGFR2 signalling pathways, including 
activation of protein kinase B (Akt), c-Jun N-terminal 
kinase (JNK) and endothelial nitric oxide synthase 
(eNOS) (Hu et al. 2018). The results showed that the 
phytoconstituents of P. cuspidatum have the potential 
to be anti-angiogenic agents, as they could suppress 
the VEGF signalling pathway, which is essential for 
endothelial cell proliferation, sprouting and tube 
formation. 

Besides resveratrol and polydatin, there are many 
other compounds isolated from Polygonum sp. extracts 

that exert anti-angiogenesis effects. For example, 
saponin extracted from P. hydropiper had the strongest 
anti-angiogenic effect compared to chloroform, ethyl 
acetate and methanol (Ayaz et al. 2016). A molecular 
docking study showed that two components known as 
PH -1 (4-methyl-5-oxo-tetrahydrofuran-3-yl acetate) 
and PH -2 (methyl-4-hydroxy-3-methoxybenzoate) in P. 
hydropiper are known to have anti-angiogenic potential 
through their binding affinity to epidermal growth factor 
receptors (EGFR), human epidermal growth factor 2 
(HER2), and VEGFR (Mahnashi et al. 2021). 

Other studies conducted by Farooq et al. (2019) 
showed that compound 1 isolated from ethyl acetate 
fractions of P. barbatum had the highest anti-angiogenic 
activity compared to compounds 2 and 3. This result 
contrasts with their previous study in 2017, where 
chicken embryos treated with compound 3 showed the 
best anti-angiogenic effect by downregulating VEGF and 
COX -2 in lung carcinoma cells (Farooq et al. 2017). 
Meanwhile, a fraction of ethyl acetate methanol extract 
of P. perfoliatum, known as PEC, showed the most 
potent cytotoxic activities against cancer cell lines and 
xenograft models of various cancers through its anti-
tumour and anti-angiogenesis activities (Li et al. 2019). 
PEC reduced VEGF expression, thereby affecting the 
proliferation, growth, migration, and permeability of 
vascular endothelial cells.

A summary of the mechanisms underlying the 
anti-angiogenic effects of Polygonum sp. is shown in 
Figure 2. The studies investigated the underlying anti-
angiogenic mechanisms of Polygonum sp. via the VEGF 
signalling pathways. The effect of these Polygonum 
sp. on angiogenesis-related factors such as bFGF 
and MMPs was not investigated. Most of the studies 
demonstrating the anti-angiogenic effect of Polygonum 
sp. were performed in vivo on experimental animal 
models. No clinical studies on the anti-angiogenic effect 
of Polygonum sp. have been conducted in humans. 
Furthermore, only a few studies have identified the 
phytoconstituents of Polygonum sp. This highlights 
the need to conduct studies that evaluate the specific 
phytoconstituents of Polygonum  sp. with anti-
angiogenic activity. Furthermore, the genus Polygonum 
comprises about 300 species. The four Polygonum sp. 
with anti-angiogenic effects discussed in this review 
highlight the potential of other Polygonum sp. with 
similar effects that have not yet been studied.
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CONCLUSIONS

P. cuspidatum, P. barbatum, P. hydropiper, P. perfoliatum 
and their bioactive compounds exert anti-angiogenic 
activities through various mechanisms, mainly by 
inhibiting vascular endothelial growth factor signalling 
pathways. Therefore, these Polygonum sp. have the 
potential to be developed as natural anti-angiogenic 
agents for the prevention and treatment of various 
diseases associated with pathological angiogenesis. 
However, further studies are needed to understand the 
underlying mechanisms and to explore other Polygonum 
sp. with similar effects.
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