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A B S T R A C T

Ethnopharmacological relevance: Houttuynia cordata Thunb. (Family: Saururaceae) is an herbaceous perennial
plant that grows in moist and shady places. The plant is well known among the people of diverse cultures across
Japan, Korea, China and North-East India for its medicinal properties. Traditionally the plant is used for its
various beneficial properties against inflammation, pneumonia, severe acute respiratory syndrome, muscular
sprain, stomach ulcer etc.

Oxidative stress and inflammation were found to be linked with most of the diseases in recent times. Many
ancient texts from Chinese Traditional Medicine, Ayurveda and Siddha, and Japanese Traditional medicine have
documented the efficacy of H. cordata against oxidative stress and inflammation.
Aim of the study: This review aims to provide up-to-date and comprehensive information on the efficacy of H.
cordata extracts as well as its bioactive compounds both in vitro and in vivo, against oxidative stress and in-
flammation
Materials and methods: Relevant information on H. cordata against oxidative stress and inflammation were
collected from the established scientific databases such as NCBI, Web of Science, ScienceDirect, Elsevier, and
Springer. Additionally, a few books and magazines were also consulted to get the important information.
Results: Herbal medicines or plant products were traditionally being used for treating the oxidative stress and
inflammation related diseases in diverse communities across the world. Scientifically, H. cordata has shown to
target several signaling pathways and found to effectively reduce the oxidative stress and inflammation. Phyto-
constituents such as afzelin, hyperoside and quercitrin have shown to reduce inflammation both in vitro and in
vivo models. These molecules were also shown to have strong antioxidant properties both in vivo and in vitro
models.
Conclusions: H. cordata extracts and its bioactive molecules were shown to have both anti-inflammatory and
anti-oxidative properties. As both in vitro and in vivo studies were shown that H. cordata did not have any toxicity
on the various model systems used, future clinical studies will hopefully make an impact on the future direction
of treating inflammation-related diseases.

1. Introduction

Houttuynia cordata Thunb. (HC) is an herbaceous, rhizomatous and a
perennial plant primarily found in Japan, Korea, China and Southeast
Asia. HC is usually grown as leaf and root vegetables especially in moist
and shady places (Chopra et al., 2002). Traditionally people of these

regions were using this plant extract for the treatment of a number of
diseases.

A large number of current scientific evidence have supported the
efficacy of HC extract, which has been used by several communities as
folk medicines for thousands of years. Different solvent extracts of HC
has been used to unveil the scientific knowledge underlying its

https://doi.org/10.1016/j.jep.2018.03.038
Received 22 September 2017; Received in revised form 28 March 2018; Accepted 29 March 2018

⁎ Corresponding author at: Biological Sciences and Technology Division, CSIR-North East Institute of Science & Technology, Jorhat 785 006, Assam, India.
E-mail address: jatinkalita@neist.res.in (J. Kalita).

Abbreviations: NCBI, National Centre for Biotechnology Information; SARS, Severe acute respiratory syndrome; NO, Nitric Oxide; LPS, Lipopolysaccharide; NF-κB, Nuclear factor kappa
B; ROS, Reactive Oxygen Species; TNF-α, Tumor Necrosis Factor-α; IL, Interleukin; MCP-1, Monocyte chemotactic protein 1 (CCL2); LTB4, Leukotriene B4; HSV, Herpes simplex virus;
PGE2, Prostaglandin E2; COX, Cyclooxygenase; TLR, Toll like receptor; AMPK, 5' AMP-activated protein kinase; GSH, Reduced glutathione; GPx, Glutathione peroxide; SOD, Superoxide
dismutase; MDA, Malondialdehyde; STZ, Streptozotocin; DPPH, 2,2-diphenyl-1-picrylhydrazyl; ABTS, 2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid); FRAP, Ferric-reducing an-
tioxidant power; NOS, Nitric oxide synthase; GDH, Glutamate dehydrogenase; DNP-BSA, 2,4-Dinitrophenol-Bovine Serum Albumin; CYP, Cytochrome p450; NLRP3, NACHT, LRR and
PYD domains-containing protein 3; GSK-3β, Glycogen synthase kinase 3 beta

Journal of Ethnopharmacology 220 (2018) 35–43

Available online 30 March 2018
0378-8741/ © 2018 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/03788741
https://www.elsevier.com/locate/jethpharm
https://doi.org/10.1016/j.jep.2018.03.038
https://doi.org/10.1016/j.jep.2018.03.038
mailto:jatinkalita@neist.res.in
https://doi.org/10.1016/j.jep.2018.03.038
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jep.2018.03.038&domain=pdf


Ta
bl
e
1

In
hi
bi
ti
on

of
in
fl
am

m
at
io
n
by

di
ff
er
en

t
so
lv
en

t
ex
tr
ac
ts

H
.c

or
da

ta
in

vi
vo

an
d
in

vi
tr
o
m
od

el
s.

Ex
tr
ac

ts
D
os

es
St
an

da
rd

dr
ug

In
fl
am

m
ag

en
us

ed
M
od

el
us

ed
Ti
m
e
pe

ri
od

M
in
im

al
ac

ti
ve

co
nc

en
tr
at
io
n

M
os

t
po

te
nt

bi
om

ol
ec

ul
e

R
ef
er
en

ce

A
fz
el
in

50
,1
00

,2
00

m
g/

kg
N
on

e
LP

S
(4
0
μg

·k
g1

)
/D

-
ga

la
ct
os
am

in
e

(8
00

m
g·
kg

1)

M
ic
e

5
h

20
0
m
g/

kg
A
fz
el
in

(L
ee

et
al
.,

20
17

)

Et
ha

no
l
(1
00

%
)

0.
1,
0.
5,
1%

N
on

e
LT

A
(1

µg
/m

l)
R
T-
7

24
hr
s

0.
5%

N
ot

m
en

ti
on

ed
(S
ek

it
a
et

al
.,

20
16

)
Et
ha

no
l
(8
0%

)
40

0,
60

0,
10

00
m
g/

kg
Pe

r
da

y
N
on

e
O
xa

lip
la
ti
n
(6

m
g/

kg
)

M
al
e
Sp

ra
gu

e
D
aw

le
y

ra
t
(T
h1

7
an

d
Tr
eg

s
ce
lls
)

15
da

ys
10

00
m
g/

kg
/d

ay
N
ot

m
en

ti
on

ed
(W

an
et

al
.,

20
16

)

Be
ca
ta
m
id
e

0,
0.
05

,0
.2
5,
0.
5
µm

N
S-
39

8
N
on

e
Sw

is
s
W
eb

st
er

m
ic
e

10
m
in

0.
25

µm
H
ou

tt
uy

na
m
id
e
A

(P
ar
k,

20
15

)
Et
ha

no
l
(7
0%

)
30

,1
00

,3
00

µg
/m

l
10

0,
40

0
m
g/

kg
D
ex
om

et
ha

so
ne

an
d
2-
A
m
in
o−

5,
6-

di
hy

dr
o−

6-
m
et
hy

l-4
H
−

1,
3-

th
ia
zi
ne

hy
dr
oc

hl
or
id
e
(A

M
T)

LP
S

A
54

9,
M
H
-S

an
d

M
ou

se
16

h
10

0
m
g/

kg
Q
ue

rc
it
ri
n,

H
yp

er
os
id
e,

A
fz
el
in

(L
ee

et
al
.,

20
15

)

Po
ly
sa
cc
ha

ri
de

s
40

,8
0,
16

0
m
g/

kg
D
ex
om

et
ha

so
ne

LP
S

BA
LB

/c
A

m
ic
e

24
h

40
m
g/

kg
N
ot

m
en

ti
on

ed
(X

u
et

al
.,

20
15

)
Po

ly
sa
cc
ha

ri
de

s
1,

10
,a

nd
10

0
μg

/m
l

D
ex
om

et
ha

so
ne

LP
S

M
ac
ro
ph

ag
e

24
h

10
μg

/m
l

N
ot

m
en

ti
on

ed
(X

u
et

al
.,

20
15

)
Es
se
nt
ia
l
oi
l
(S
od

iu
m

ho
ut
tu
yf
on

at
e
an

d
2

un
de

ca
no

ne
)

0.
1,

1,
10

,2
0
μg

/m
l

N
on

e
LP

S
(1

µg
/m

l)
R
A
W

26
4.
7

24
hr
s

1.
µg

/m
l

So
di
um

ho
ut
tu
yf
on

at
e

(C
he

n
et

al
.,

20
14

a)

Es
se
nt
ia
l
oi
l
(S
od

iu
m

ho
ut
tu
yf
on

at
e
an

d
2-

U
nd

ec
an

on
e)

10
0,
20

0,
40

0
m
g/

kg
A
sp
ir
in

X
yl
en

e
M
ou

se
30

m
in

20
0
m
g/

kg
so
di
um

ho
ut
tu
yf
on

at
e

(C
he

n
et

al
.,

20
14

a)

Et
hy

l
ac
et
at
e

25
,5
0,
10

0,
20

0
μg

/m
l

N
on

e
LP

S(
1
µg

/m
l)

R
A
W

26
4.
7

20
hr
s

25
µg

/m
l

C
hl
or
og

en
ic

ac
id
,h

yp
er
os
id
e,

qu
er
ci
tr
in

(C
hu

n
et

al
.,

20
14

)
A
qu

eo
us

1
an

d
2
g/

L
N
on

e
A
ce
ta
m
in
op

he
n

(3
50

m
g/

kg
bo

dy
w
ei
gh

t)
BA

LB
/c
A

m
ic
e

4
w
ee
ks

2
g/

L
N
ot

m
en

ti
on

ed
(C

he
n
et

al
.,

20
14

b)
Et
ha

no
l

0.
05

,0
.1
,0
.2
,
m
g/

m
l

N
on

e
PM

A
+

C
a+

io
no

ph
or
e

(A
23

18
7)

H
M
C
-1

5h
rs

0.
2
m
g/

m
l

N
ot

m
en

ti
on

ed
(L
ee

et
al
.,

20
13

)
V
ol
at
ile

oi
l

1,
10

,1
00

,1
00

0
μg

/m
l

N
on

e
LP

S
M
ou

se
pe

ri
to
ne

al
m
ac
ro
ph

ag
e

24
hr
s

10
0
μg

/m
l

2-
un

de
ca
ne

,
n-
D
ec
an

oi
c
ac
id
,

H
ex
ad

ec
an

oi
c
ac
id
-m

et
hy

le
st
er
,

1-
O
ct
ad

ec
an

ol
,
Ph

yt
ol

(L
i
et

al
.,

20
13

)

V
ol
at
ile

oi
l

20
,4
0
m
g/

kg
D
ex
am

et
ha

so
ne

X
yl
en

e,
Fo

rm
al
de

hy
de

,
C
ar
ra
ge

en
an

M
ou

se
7d

ay
s

20
m
g/

kg
2-
un

de
ca
ne

,
n-
D
ec
an

oi
c
ac
id
,

H
ex
ad

ec
an

oi
c
ac
id
-m

et
hy

le
st
er
,

1-
O
ct
ad

ec
an

ol
,
Ph

yt
ol

(L
i
et

al
.,

20
13

)

Es
se
nt
ia
l
oi
l

0.
01

,0
.1
,1

,
10

,1
00

µg
/

m
l

N
S-

39
8

LP
S(
1
µg

/m
l)

M
ou

se
pe

ri
to
ne

al
m
ac
ro
ph

ag
e

24
hr
s

10
µg

/m
l

N
ot

m
en

ti
on

ed
(L
i
et

al
.,

20
11

)
H
ot

w
at
er

45
,1

50
,4

50
μg

/m
l

A
cy
cl
ov

ir
H
SV

-2
H
eL

a
22

9
6,
12

,2
4h

rs
45

0
μg

/m
l

qu
er
ce
ti
n,

qu
er
ci
tr
in

or
is
oq

ue
rc
it
ri
n,

(C
he

n
et

al
.,

20
11

)
Su

pe
rc
ri
ti
ca
l
so
lu
ti
on

di
ss
ol
ve

d
in

so
ya

be
an

oi
l

65
,2
00

m
g/

kg
D
ex
om

et
ha

so
ne

/
In
do

m
et
ha

ci
n

C
ar
ra
ge

en
an

(1
m
l)

M
al
e
IC
R
m
ic
e

1h
rs

20
0
m
g/

kg
N
ot

m
en

ti
on

ed
(S
hi
n
et

al
.,

20
10

)

Su
pe

rc
ri
ti
ca
l
so
lu
ti
on

di
ss
ol
ve

d
in

so
ya

be
an

oi
l

0.
00

1,
0.
01

,0
.1
,1
%

N
on

e
LP

S(
2.
5
µg

/m
l)

R
A
W

26
4.
7

24
hr
s

0.
01

%
N
ot

m
en

ti
on

ed
(S
hi
n
et

al
.,

20
10

)

So
di
um

ho
ut
tu
yf
on

at
e

60
,1

20
m
g/

kg
N
on

e
C
-B
SA

BA
LB

/c
M
ic
e

66
da

ys
12

0
m
g/

kg
So

di
um

ho
ut
tu
yf
on

at
e

(P
an

et
al
.,

20
10

)
A
qu

eo
us

0.
5
–
3
g/

kg
N
on

e
D
N
P-
BS

A
IC
R
M
ou

se
2
h

0.
5
g/

kg
N
ot

m
en

ti
on

ed
(H

an
et

al
.,

20
09

)
A
qu

eo
us

1,
10

,2
0
µg

/m
l

N
on

e
D
N
P-
BS

A
R
BL

-2
H
3

30
m
in

1
µg

/m
l

N
ot

m
en

ti
on

ed
(H

an
et

al
.,

20
09

)

K. Shingnaisui et al. Journal of Ethnopharmacology 220 (2018) 35–43

36



medicinal value (Fu et al., 2013). HC extracts were shown to be ef-
fective against various ailments including cancer, diabetes, obesity,
lung fibrosis, skin diseases and severe acute respiratory syndrome
(SARS) (Chang et al., 2001; Du et al., 2012; Kumar et al., 2014; Kwon
and Kim, 2014; Lu et al., 2006; Miyata et al., 2010). In addition, HC
extracts were also shown to have both anti-bacterial and anti-viral ac-
tivities against a host of pathogens such as methicillin-resistant Sta-
phylococcus aureus, corona and dengue viruses etc (Chiow et al., 2016;
Lau et al., 2008; Li et al., 2017; Sekita et al., 2016; Verma et al., 2017).
Based upon HC efficacy in improving the immune system of patients
infected with the severe acute respiratory syndrome, Chinese experts
have also enlisted HC for their national SARS program (Lu et al., 2006).

Oxidative stress and inflammation were considered to be the central
mechanisms involved in various disease pathologies. Several studies
have provided scientific evidence about the interlinking pathways
governing oxidative stress-induced inflammation and vice versa. Thus it
became prerogative to selectively target these mechanisms in order to
develop therapeutics against many diseases (Khansari et al., 2009;
Reuter et al., 2010; Salzano et al., 2014).

Traditional knowledge on medicinal plants and its active molecules
were always been the favorite choice of researchers to develop modern
drugs. With minimal or no toxicity, medicinal plants have found utmost
priority for screening and developing new therapeutics against a
number of diseases. Based on traditional knowledge several in-
vestigators have studied the efficacy of HC against both oxidative stress
and inflammation indued diseases using both in vitro and in vivo models
organisms. With both genomic and proteomic approaches, investigators
have able to validate the efficacy of HC against several diseases.

In addition to the excellent review presented by Fu et al. (2013), this
review presents an up-to-date comprehensive understanding of the anti-
inflammatory and antioxidant properties of HC and provides a scientific
basis for future research directions.

2. Traditional uses of H. cordata

HC leaves have a unique taste of fishy where it earned its name as
fish mint. Chinese people were the first to discover the medicinal
properties of this plant and used it for medical purposes as Traditional
Chinese Medicine. In Traditional Chinese Medicine it is used for
treating pneumonia and SARS (Lau et al., 2008). In North Eastern states
of India, it is used as a garnish over ethnic side dishes and leaf salad to
lower the blood sugar level. Leaf juices were also known to treat cho-
lera, dysentery, anemia, and purification of blood (Laloo and
Hemalatha, 2011). During the growing season, the stem and leaves are
harvested and used for preparing a decoction. Traditionally the de-
coction is used both internally and externally. Internally it is good for
the treatment of many ailments including cancer, coughs, dysentery,
enteritis and fever and externally it is applied to treat snake bites and
skin diseases (Vent, 1987). In Japan, a beverage made from an infusion
of the leaves of HC herbs called Dokudami Cha mixed in with other
herbal remedies were being used for removing free radicals, reducing
inflammation and supporting the immune system.

3. Potential role of H. cordata against inflammation

Inflammation is basically a cellular protective response against
various stimuli such as foreign pathogens, irritants or damaged cells.
Inflammation has been classified in two principal categories, acute in-
flammation such as in case of vasodilation or edema, and chronic in-
flammation as in case of rheumatoid arthritis, periodontitis or athero-
sclerosis etc (Kumar et al., 2004). The inflammation mechanism
involves various types of cells including basophils, eosinophils, neu-
trophils, mononuclear cells and fibroblast (Kerschensteiner et al., 1999;
Pober and Cotron, 1990).

3.1. Role of H. cordata in inflammation-related molecular mechanism in
vitro

Different solvent extracts of HC and their active biomolecules have
been shown to be effective against inflammation caused various in-
flammagens (Table 1). The major macrophage-derived pro-in-
flammatory cytokine TNF-α, various interleukins (IL) and the reactive
free radical NO synthesized by inducible NOS (iNOS) were widely been
recognized to be involved in the development of inflammatory diseases
(Freeman and Natanson, 2000). In the study done by Park et al., 2005
has shown the aqueous extract from HC were found to inhibit NO and
TNF- α (up to 30%) production at 0.06 and 0.12mg/ml in a dose-de-
pendent manner in LPS induced mouse macrophages (Park et al., 2005).
Moreover, the ethanolic extract of HC was found to inhibit the in-
flammatory biomarkers IL-6 and NO in LPS treated lung epithelial cells
(A549) and alveolar macrophages (MH-S) (Lee et al., 2015). Further-
more, the ethanolic extracts were shown to inhibit the NF-κB signaling
pathway with inhibited phosphorylation of IκBα, and reduction in TNF-
α, IL-6 and IL-8 level in phorbolmyristic acetate (PMA)/calcium iono-
phore (A23187) induced human mast cells (HMC-1) (Lee et al., 2013).
These studies have sufficiently provided evidence of the anti-in-
flammatory role of HC extracts against both bacterial and ionic toxins.

The mast cell-mediated anaphylactic shock is considered to be one
of the important molecular mechanisms involved in allergy associated
inflammatory pathophysiology. The histamine released from de-
granulated mast cells and changes in intercellular Ca+ are the main
factors behind such acute anaphylactic reactions. In a study Li et. al.,
investigated the anti-allergic activity of HCWE against both systemic
and acute anaphylactic reactions in rat peritoneal mast cells (RPMC).
The HCWE (0, 2.5, 25, or 250 μg/ml) has shown to inhibit the histamine
release and Ca+ uptake in a dose-dependent manner (Li et al., 2005).
The possible mechanism of inhibition of histamine release and lower
Ca+ uptake was thought to be due to increase in adenylate cyclase
activity and subsequent increase in intracellular cAMP level in mast
cells. The IgE mediated allergic reactions were also found to play im-
portant role in inflammatory pathophysiology. The human basophilic
cell expresses a high-affinity IgR receptor known as Fc epsilon RI re-
ceptor that can potentially activate allergic reactions. In a study, Shim
et al. showed that the HC water extract reduced the IgE binding activity
and m RNA expression of both α- and γ- chains of Fc epsilon RI receptor
in human KU812F cells. Furthermore, the HC extract was also shown to
reduce the Fc epsilon RI mediated histamine release in KU812F cells
(Shim et al., 2009). In a yet another study, Han et al. provided evidence
of the anti-inflammatory role of HC water extract against IgE mediated
allergic response in rat mast RBL-2H3 cells. The HC water extract was
shown to suppress the DNP-BSA mediated release of beta-hex-
osaminidase, histamine, ROS, TNF- α and IL-6 in IgE-sensitized RBL-
2H3 cells. Moreover, it suppressed DNP-BSA-induced phosphorylation
of Syk, Lyn, LAT, Gab2, PLC γ2, Akt and MAP kinases (Han et al., 2009).

NF-κB and MAPK pathway predominantly regulates inflammation.
Similar to water extracts, ethyl acetate fraction of HC was also shown to
suppress nuclear translocation of NF-κB p65 subunit and attenuated the
activation of MAPKs (p38 and JNK) in LPS primed RAW 264.7 cells.
Furthermore, the extract showed to significantly reduce the NO, PGE2,
TNF- α and IL-6 levels (Chun et al., 2014).

Similarly, the HSV-2 induced inflammation was also shown to be
down-regulated by hot water extract of HC via blocking the NF-κB ac-
tivation (Chen et al., 2011).

Apart from the HC whole plant solvent extracts, the volatile and
essential oils, polysaccharides and bioactive molecules such as sodium
houttuyfonate and 2-undecanone extracted from HC were also shown to
have anti-inflammatory properties against different inflammations.
Concentration-dependent increase in HC volatile oil is found to be as-
sociated with suppression of LPS stimulated the production of NO and
TNF- α in mouse resident peritoneal macrophages. The volatile oil
treatment at a dose of 1, 10, 100, and 1000 µg/ml has shown to inhibit
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the NO and TNF-α level in a dose-dependent manner. The oil treatment
was also found to significantly inhibit the iNOS activity in LPS primed
macrophages (IC50 = 562.3mg/ml). Furthermore, the iNOS and TNF-α
level were found to be regulated by HC volatile oil at both translational
and transcriptional levels (Li et al., 2013).

The essential oils extracted from HC were shown to significantly
reduce the LPS induced inflammation in RAW 264.7 cells. HC extracted
via supercritical carbon dioxide at a concentration of 1% solution have
shown to reduce the NO and PGE2 level by 98% and 80.4% respectively
in LPS treated RAW 264.7 cells (Shin et al., 2010).

The HC polysaccharides, when administered, prevented comple-
ment activation and macrophage migration antagonizing nitric oxide
and pro-inflammatory cytokines (TNF-α, IL-6, and IL-1β) (Xu et al.,
2015). HC were found to have the same effect like non-steroidal anti-
inflammatory drug (NSAID) and specific COX-2 inhibitor NS-398, in
inhibiting LPS induced PGE2 (IC50 value: 44.8 μg/ml) and COX-2 en-
zyme activity (IC50 value: 30.9 μg/ml) in mouse peritoneal macro-
phages (Li et al., 2011).

The active biomolecules sodium houttuyfonate and 2-undecanone
isolated from HC essential oil were shown to have marked anti-in-
flammatory effect in LPS primed RAW 264.7 cells. Sodium houttuyfo-
nate were found to more effectively reduce the TNF-α (p < 0.001) and
IL-1β level than 2-undecanone at the same concentration (Chen et al.,
2014a).

These studies have certainly provided ample evidence of anti-in-
flammatory properties of HC against several inflammagens at different
cell lines. Based on the studies a schematic pathway through which HC
acts in different in vitro models were represented in Fig. 1. With dif-
ferent types of immunogens used for the studies, it is apparent that H.
cordata can reduce the level both pro- and anti-inflammatory cytokines
(TNF-α, IL-1β, IL-4, IL-6, IL-8), and free radicals (NO) known to be
involved in inflammatory pathophysiology. Moreover, H. cordata was
found to act by inhibiting the iNOS/NF-κB/Ca+/MAPK/Akt signaling
cascade.

3.2. Role of H. cordata in inflammation-related molecular mechanism in
vivo

In addition to anti-inflammatory effect in various in vitro models,

HC extracts were also shown to have potent anti-inflammatory effect in
various in vivo model organisms (Table 1).

In a study done by Lee et al. showed that the ethanolic extract of
aerial parts H. cordata possesses an anti-inflammatory effect on LPS
induced airway inflammation in male ICR mice models. With the doses
of 100 and 400mg/kg body weight they showed that the total cell
count in LPS induced model was found to reduce by 46.1% and 66.5%
respectively, which were found to be as effective as dexamethasone
(30mg/kg, 66.1% reduction) (Lee et al., 2015). Further, the oral ad-
ministration of HC supercritical extracts (200mg/kg), when tested
against carrageenan- air pouce model showed to suppress the exudation
and albumin leakage, as well as inflammatory cell infiltration in ICR
mice models. Further, when the investigators compared the efficacy of
supercritical extracts with standard drugs such as dexamethasone
(2mg/kg, i.p.) and indomethacin (2mg/kg, i.p.), the extracts showed to
more effectively reduce both TNF-α/NO and cyclooxygenase 2/PGE2
pathways (Shin et al., 2010).

Similarly, the aqueous extract of HC was also shown to ameliorate
inflammation in acetaminophen-treated Balb/cA mice. In this study, the
investigators primarily mixed the aqueous extract with drinking water
before acetaminophen was induced. The extract was found to diminish
the acetaminophen-induced elevation of TNF-α, IL-6, and IL-10 levels
significantly (Chen et al., 2014b).

In another study, using Sprague dawki rats, Wan et al. showed that
the ethanolic extract of HC can decrease the expression level of IL-6,
macrophage inflammatory protein-1 α (MIP-1α) in oxaliplatin induced
neuropathic models (Wan et al., 2016). They showed that the ethanolic
extract reduces the inflammation via PI3K/Akt/mTOR signaling
pathway.

Similar to HC solvent extracts, the isolated flavonoids, bioactive
molecules, polysaccharides and volatile oils extracted from HC has also
shown to profound anti-inflammatory effect in various in vivo models.

Upon oral administration of isolated flavonoids (afzelin, hyperoside,
and quercitrin) at 100mg/kg body weight, quercitrin showed the
maximum inhibition of up to 81.3% in total cell number in the
bronchoalveolar fluid in LPS induced male ICR mouse (Lee et al., 2015).

The afzelin isolated from a methanolic fraction of HC when ad-
ministered intra-peritoneally (200mg/kg) in D-galactosamine/LPS in-
duced mice model, it decreased the level of inflammatory cytokines

Fig. 1. Schematic diagram indicates anti inflammation mechanism of H. cordata in vitro.
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(TNF-α and IL-6) and AMPK expression and increased the Sirtuin-1
(Sirt-1) expression (Lee et al., 2017).

Cyclooxygenase is an important regulator of inflammation reg-
ulating PGE2. Presence of unmodified 3-hydroxyl and 4-hydroxyl
groups is critical for inhibition of COX 1/2 as an important therapeutic
target for inflammation (Park, 2015). Among derivative from H. cor-
data, becatamide (houttuynamide A) showed the most potent inhibitor
of the COX-1 enzyme by (IC50 = 0.27 μM), COX-2 enzyme (IC50 =
0.78 μM) in mice. Upon comparison with specific COX-1 inhibitor as-
pirin (IC50 = 3.57 μM), becatamide was found to be more potent in
inhibiting COX-1. Evidently, becatamide was also found to inhibit
collagen-induced production of TXB2 (thromboxane) by 35% and the P-
selectin expression on mice platelets by 28% (Park, 2015). Further-
more, becatamide were also shown to reduce the basal P-selectin (un-
activated) at a very low concentration of 0.25 μM (Park, 2015).

The complement system, a part of the innate immune mechanism,
provides an effective defense of the body against the foreign pathogens.
However, an over-activation of complement system has also been found
to play a major role in the inflammatory pathogenesis of acute lung
injury. The polysaccharides extracted from HC were shown to effec-
tively inhibit the complement deposition in acute lung injured Balb/c
mice. The polysaccharides (40, 60, 120mg/kg) were shown to effec-
tively attenuate the acute lung injury induced by LPS in a dose de-
pendent manner. The level of TNF-α and TLR-4 expression was found to
be effectively reduced by the polysaccharides (Xu et al., 2015).

To explain how HC is linked to anti-inflammation against multiple
inflammagens such as xylene, formaldehyde and carrageenan, Li et. al.
treated Kunming mice with volatile oils extracted from HC. Upon
treatment with volatile oils (20 and 40mg/ml/kg) in xylene-induced
ear edema models, the formation of edema was found to be significantly
inhibited in a dose dependent manner (35.3% and 67.6% respectively).
While dexamethasone (5mg/kg) was shown to inhibit edema formation
by 44.1%. The volatile oil treatment at a dose of 20mg/ml and 40mg/
ml also showed to inhibit the formaldehyde-induced paw edema by
24.6% and 11.9% respectively. However, in this case, the efficacy of
volatile oils was found to be less than dexamethasone (5mg/ml;
35.4%). Similarly, the efficacy of volatile oil extracts was also found to
reduce the carrageenan-induced paw edema (Li et al., 2013).

In a study, Chen et al. tested the active components of volatile oils
such as sodium houttuyfonate and 2-undecanone on xylene-induced ear
edema model. They found that the volatile oils inhibit the xylene-in-
duced ear edema at a dose of 100mg/kg body weight (Chen et al.,
2014a). In another study, sodium houttuyfonate were shown to reduce
the toxicity of cationic bovine serum albumin (cBSA) by inhibiting the
cytokine production via down-regulating NF-κB and MCP expressions
(Pan et al., 2010).

With different in vivo models along with different inflammagens
including acetaminophen, xylene, formaldehyde, carrageenan, D-ga-
lactosamine, and LPS, several investigators have provided ample sci-
entific evidence of anti-inflammatory activity of HC. Similar to in vitro
model studies, HC has also shown to effectively reduce inflammation in
several in vivo models. Based on the in vivo model studies a schematic
pathway through which HC acts were shown in Fig. 2. The volatile oils
extracted from HC were found to be most effective at a very low con-
centration of 20mg/ml. The polysaccharides, as well as sodium hout-
tuyfonate and 2-undecanone, were also found to effectively reduce in-
flammation at a dose of 40mg/kg, 100mg/kg, and 100mg/kg
respectively.

4. Potential role of H. cordata against oxidative stress

Oxidative stress plays a major role in the pathology of several in-
flammatory diseases. Oxidative stress is mainly viewed as the im-
balance between the productions of reactive oxygen and their elim-
ination mechanism from the body (Biswas, 2016). Several investigators
have provided evidence of antioxidant properties of HC and its

bioactive molecules (Table 2). By using multiple antioxidant assay
method, diverse studies have illustrated the strong antioxidant prop-
erties of HC both in vitro and in vivo models.

4.1. Role of H. cordata in oxidative stress-related molecular mechanism in
vitro

Nitric oxide (NO) plays a predominant role in maintaining home-
ostasis especially in the vascular systems as well as a part of the immune
system. Vascular oxidative stress leads to lower NO production and
endothelial dysfunction. In a study, Yang et al. showed the anti-
oxidative properties of 50% methanolic extract of HC against palmitate-
induced oxidative stress in human aortic endothelial cells. The authors
showed that HC extract increased NO production through insulin-
mediated eNOS phosphorylation in human aortic endothelial cells
(Yang et al., 2015).

In another study by Doi et al. showed HC extract to have a positive
effect on ROS related photoaging and barrier-disrupted skin problems.
HC extract inhibited the generation of ROS in TNF-α/ benzo (α) pyrene
stimulated human keratinocyte cells. In addition, the extract activated
aryl hydrocarbon receptor (AHR) and nuclear factor erythroid 2
(NFE2)-related factor 2 (Nrf2), with subsequent induction of the anti-
oxidative-enzyme quinone oxidoreductase 1 in human keratinocytes
(Doi et al., 2014). The water extract was also shown to reduce the
production of ROS in DNP-BSA mediated oxidative stress in IgE sensi-
tized RBL-2H3 cells (Han et al., 2009). Interestingly, the aqueous ex-
tracts of HC was also found to have potent anti-lipid peroxidation ac-
tivity (IC50 = 1.02mg/ml) similar to vitamin E (IC50 = 0.94mg/ml)
(Ng et al., 2007).

Thus these studies validate the efficacy of HC extracts against oxi-
dative stress induced by ROS in different in vitro models. Similar to
whole plant extracts, the active bioactive molecules isolated form HC
plant were also shown to have an antioxidant effect on various cell
models. Moreover, the active molecules were also shown to have a
protective effect against oxidative stress-induced protein fragmenta-
tion. In a study done by Toda et al., showed the polyphenolic com-
pounds derived from aqueous extract inhibits bovine serum albumin
fragmentation assaulted by copper–hydrogen peroxide in a dose de-
pendent manner (Toda, 2005). The active polyphenol, quercitin were
shown to protect DNA damage from H2O2 induced oxidative stress in
lymphocytes at a very lower 10 µM concentration (Lin et al., 2013).
Whereas, at the higher concentrations 100 µM and above, it was shown
to induce DNA breaks in lymphocytes. Based on the in vitro studies, a
summary diagram of various interactive pathways of H. cordata anti-
inflammatory activity was shown in Fig. 3.

4.2. Role of H. cordata in oxidative stress-related molecular mechanism in
vivo

The enzymes responsible for metabolizing xenobiotic compounds
plays a very important role in oxidative stress-related diseases. Among
them, the cytochrome p450, glutathione S-transferase, superoxide dis-
mutase and catalase plays a major role in scavenging free radicals. It is
known that CYP2E1 augment oxidative stress with excessive production
of reactive electrophile and free radicals such as reactive oxygen spe-
cies. Cells attempt to counteract the toxicity of oxidative stress and
redox balance by activating defense antioxidant. With the treatment of
HC aqueous extract (2 g/l) showed suppressing CYP2E1 activity and
reversing of antioxidant enzymes like hepatic GSH, catalase, SOD, GPx
activity along with decrease ROS, lipid peroxidation, oxidized glu-
tathione (GSSG) in acetaminophen-induced BALB/cA mice (Chen et al.,
2014b). This report was also supported by the studies by Hsu et al. in
diabetic mice. The extract (2%) was shown to restore the glutathione
level while suppressing the ROS and protein carbonyl level in heart and
kidney cells of diabetic rats (Hsu et al., 2016). In addition, biochemical
analysis of lung in Wistar rats have demonstrated that HC aqueous
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extract (1 g/10ml/kg), have an ability to inhibit pulmonary fibrosis
caused by bleomycin with a reduction in superoxide dismutase activity
and increased catalase activity (Ng et al., 2007).

Mitochondrial oxidative stress is characterized by oxidative damage
and decreased antioxidant enzymes activity. In a study done by Kumar
et al. showed that HC extract (200 and 400mg/kg) attenuate the
streptozotocin-induced mitochondrial oxidative stress and stabilized
the mitochondrial function and integrity in the pancreatic β-cells and
reversed diabetes-induced MDA levels significantly. Moreover, admin-
istration of HC (200 and 400mg/kg) significantly increased the SOD
activity in liver, pancrease and adipose tissue (Kumar et al., 2014).

In a study Kang et al. examined antioxidant properties of HC and its
protective effect on gentamicin-induced oxidative stress in rats.
Methanolic extract of HC (500/1000mg/kg) significantly increased the
level of GSH, SOD and catalase activity in kidney tissues in a genta-
micin-induced rat model (Kang et al., 2013).

In another study, Chen et al. investigated the antioxidant effect of
HC on oxidized fried oil fed rat model. The fried oil fed rat when
supplemented with aqueous extract of HC(2–5%), the plasma TBARS
and protein carbonyl content was observed to be lower than the control
groups (Chen et al., 2003).

Apart from the HC extracts, the active bio-molecules were also
shown to have potent anti-oxidative properties in various in vivo
models. The polyphenolic compounds such as quercetin, quercitrin, and
hyperoside extracted from ethyl acetate fraction of HC (1000mg/kg)
were shown to inhibit the increase in GSH level; SOD and CAT activity
in CCl4 induced oxidative stress in mouse liver in a dose dependent
manner (Tian et al., 2012).

Mitochondria are considered to be the primary source of oxidative
stress as it utilizes oxygen to produce energy. Alternatively, excessive
oxidative stress has been found to be associated with mitochondrial
dysfunction. The afzelin (200mg/kg) isolated from the methanol ex-
tract of HC were shown to regulate both mitophagy and mitochondrial
biogenesis through Rev‐Erb‐α/phospho‐AMPK/SIRT1 signaling. Afzelin
was found to attenuate the increased gene expression of mitophagy
related PINK1 and perkin proteins. In addition, it also inhibited mi-
tochondrial dysfunction by attenuating reduction of mitochondrial
GDH activity and hepatic ATP production in D-galactosamine/LPS in-
duced hepatic injury (Lee et al., 2017).

Thus, both the in vitro and in vivo data provides sufficient evidence
of anti-oxidative properties of HC extracts and its bioactive molecules.
Based upon the various in vivo studies, a schematic has been drawn on

the anti-inflammatory effect of HC (Fig. 4).

5. Toxicity of H. cordata

Till date, HC was found to be non-toxic to various in vitro and in vivo
models used for different investigations (Yoshino et al., 2005; Zhang
et al., 2010). The study conducted by Yoshino et al. reported that
dietary level of 1.5% (999mg/kg body weight per day) for males and
0.5% (350mg/kg body weight per day) for females showed No Ob-
served Adverse Effect Level (NOAEL) of HC extract in rats (Yoshino
et al., 2005). Though it may not show any side effects, some Chinese
study found that HC may induce an allergic reaction in some people.
However some studies have suggested that HC injection should not be
given with common cold only to children, pregnant women and pa-
tients as interaction with other medicines may induce allergic reaction
(Chen et al., 2006; Ji et al., 2009; Yang et al., 2007). However, the
reasons behind such allergic reactions have not been deciphered yet.
Due to less known side effects, HC as extracts and its bioactive mole-
cules may be used for medical implication.

6. Conclusion and future perspectives

HC has the ability to influence regulatory mechanism involved in
inflammation and oxidative stress both in vivo and in vitro. The studies
based on the action mechanism of HC, through which it acts as an anti-
inflammatory agent, shows that it inhibits mainly the NF-κB/MAPK
pathway and decreases the level of inflammatory cytokines and che-
mokines. The anti-inflammatory and anti-oxidant activities of HC were
thought to be due to the presence of several polyphenols (quercitrin,
quercetin, and hyperoside) and volatile oils (2-undecane, n-decanoic
acid, hexadecanoic acid- methyl ester, 1-octadecanol, and phytol).

In a few studies, it has been mentioned that they have used HC
extract at a dose of more than 400mg/kg body weight and showed it
has very high antioxidant activities. However, it seems to be pharma-
cologically or rather therapeutically not feasible to use any drug mo-
lecules at these high doses. Moreover, a large number of studies showed
in silico anti-oxidant assays pertaining to find out the antioxidant ac-
tivity of HC which also seems to be not at par with contemporary sci-
entific understandings. In addition, a large of plant bioactive molecules
tested having strong anti-oxidant potential in silico, seems to have either
very low or no anti-oxidative activity in either various animal models
tested or in clinical trials. Thus it will be very important to go for more

Fig. 2. Schematic diagram indicates anti inflammation mechanism of H. cordata in vivo.
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in-depth studies in order to establish the anti-inflammatory and anti-
oxidant properties of HC.

In addition, there are still some research gaps to be fulfilled for a
better understanding of the mechanistic pathways behind its activity.
Firstly, the routes of entry of HC constituents into the cell will be of
utmost importance, in order to understand the basic characteristics of
the drug molecules interact with the cellular membrane. Secondly, in
order to validate the possibility of the molecules of HC as a drug, fur-
ther studies on its ability to cross blood brain barrier, skin permeability,
lipophilicity as well as its pharmacodynamics properties will be useful.
Thirdly, the role of HC extract/active molecules in calcium signaling is
yet to be studied. Though a few studies have shown HC to inhibit the
calcium uptake, still its role has to identify in order to comprehend
information on its effect in cAMP/calcium signaling. Recent studies on
inflammation have opened up the area of NLRP3 signaling. NLRP3 is
found to be predominantly expressed in macrophages and is a compo-
nent of inflammasome complex. Thus fourthly, elucidation of HC role in
NLRP3 inflammasome is needed to understand its anti-inflammatory
activities. Furthermore, studies concerning the role played by HC in
GSK3β signaling will be required in order to understand its role in
oxidative stress-induced diseases. Thus due to its less toxic nature and
having both anti-inflammatory and antioxidant properties, HC may find
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Fig. 3. Schematic diagram indicates anti oxidative mechanism of H. cordata in
vitro.

Fig. 4. Schematic diagram indicates anti oxidative mechanism of H. cordata in
vivo.
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its utility as a lead plant to treat inflammatory and oxidative stress-
related diseases in near future.
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