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A B S T R A C T

Background: Headache has been recognized since antiquity. From the late nineteenth to the early to mid-
twentieth century, Italian folk remedies to treat headache were documented in a vast corpus of literature sources.
Aim: The purpose of this paper is to bring to light the plant-based treatments utilized by Italian folk medicine to
heal headache in an attempt to discuss these remedies from a modern pharmacological point of view. Moreover,
we compare the medical applications described by Hippocrates, Pliny the Elder, Dioscorides, Galen and Serenus
Sammonicus with those utilized by Italian folk medicine to check if they result from a sort of continuity of use by
over two thousand years.
Results: A detailed search of the scientific data banks such as Medline and Scopus was undertaken to uncover
recent results concerning the anti-inflammatory, anti-nociceptive and analgesic activities of the plants. Fifty-
eight (78.4%) plant-based remedies have shown in vivo, in vitro or in human trials a large spectrum of anti-
inflammatory, anti-nociceptive and analgesic activities.

Moreover, thirty-one of remedies (41.9%) were already included in the pharmacopoeia between the 5th
century BC and the 2nd century AD.
Conclusion: Italian folk medicine could be a promising source of knowledge and could provide evidences for
active principles that have not as of yet been fully used for their potential.

1. Introduction

The third edition of the International Headache Society classifies
headache into “primary” and “secondary” disorders. The primary
headaches, representing 90% of all cephalalgias, include migraine,
tension-type headache, cluster headache, trigeminal autonomic cepha-
lalgias, and other primary headaches (such as cold-stimulus headache,
external-pressure headache, etc). The secondary ones are caused by an
underlying disease, such as head injuries, infections, vascular disorders
or tumors (HIS, 2013). The World Health Organization claims that,
nowadays, headache is among the most prevalent disorders in the world
(WHO, 2011), but it is reasonable to state headache has existed as long
as humankind (Magiorkinis et al., 2009).

In fact, in the opinion of several researchers, early medical treat-
ments to relieve headache suffers were cranial trepanations performed
by Neolithic populations (around 9000 BCE). The practice of removing
pieces of bone from skull of a living individual was connected with the
belief to release the evil spirits inhabited in the head of the patients
(Campillo, 1984). The idea that the cause of headache, as other

ailments, could be ascribable to an attack of divine or supernatural
forces, was common during antiquity. The first written descriptions of
headache symptoms were found in Mesopotamian tablets (4000 BCE) in
which the attack was attributed to an evil called Tíu. The pain was
cured with an exorcism using an ointment of human bone reduced to
ashes and mixed with cedar oil or applying other unpleasant substances
(Green et al., 2005).

Later, ancient Egyptian medical papyri, such as the Ebers papyrus
(1550 BCE) contained remedies and prescriptions corresponding to
therapeutic remedies which ranged from supernatural to natural, from
magical to empirical (Karenberg and Leitz, 2001).

The beginning of a rational approach arises from Greek medicine:
Hippocrates of Kos (460-377 BCE) argued that disease is a general
phenomenon of organism without supernatural interventions. He sug-
gested headache occurred when black bile, yellow bile, blood and
phlegm were out of harmony in the body, so he treated head pain with
bloodletting or applying herbs to the head to drain excess liquids.
Hippocrates was, also, the first to describe a migraine with aura (Green
et al., 2005).
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In the Roman period, Pliny the Elder (23–79 CE) who was not a
physician but a writer, in his Naturalis Historia, cites about one hundred
remedies taken from animal (man included) and vegetable kingdoms.
He subdivides headaches into five categories, based on the symptoms:
1) pain of entire head; 2) pain localized to the temples; 3) pain to the
nape; 4) pain accompanied by sense of warmth and, lastly, 5) chronic
headache. The contemporaries Aulus Cornelius Celsus (c.25 BCE-c.50
CE) and Areteus the Cappadocian (1st century AD) recommend, as
therapeutic remedies, bloodletting, diet, application of warm or cold
water and cauterization. Later, Galen (129–199 CE) was the first to
introduce the term hemicrania (Zanchin, 2010).

The purpose of this paper is to bring to light the plant-based treat-
ments utilized by Italian folk medicine for headache, between the late
nineteenth century and the early to mid-twentieth century, to “redis-
cover” remedies that nowadays are mostly no longer used. For this
reason, a systematic review of literature sources was carried out to
investigate practices, performed by Italian folk medicine to heal head-
ache during the above mentioned period, in the light of the current
scientific knowledge.

The starting point of this period stands for the time in which the
study of folk traditions as folk treatments to heal several diseases, arose
and spread out with an appropriate methodology (Cirese, 1996). On the
other hand, the end of the 1950's represents the period in which the
countryside was massively abandoned so that, for the first time in Italy,
more people were employed in industry than in agriculture (ISTAT,
2011). This event played an important role in the so called “economic
boom” and in the social and cultural change of Italy which was trans-
formed from a mainly rural to a modern country (Sapelli, 1991).

Moreover, in this paper we compare medical applications described
by Hippocrates, Pliny the Elder, Dioscorides, Galen and Serenus
Sammonicus to verify possible similarities with Italian folk remedies to
treat headache.

2. Materials and methods

The National Library Service website of the Italian Libraries
Network was consulted to find the literature sources. For this purpose,
the following key words were entered: ‘‘folk medicine’’, ‘‘usages and
customs’’, ‘‘folk traditions’’, “traditional knowledge”, and ‘‘folk re-
medies’’. This approach allowed us to unearth about one hundred
sources (books and journal articles), written by anthropologists, phy-
sicians, ethnographers, folklorists, and scholars of local history.

Among these sources, twenty-seven showed at least one plant-based
treatment to heal headache. The plants have been identified as species
in two cases: 1) when they were described by their scientific name; 2)
when they are mentioned by their Italian name. In the last case, the
plant (e.g. onion) has been referred to species (e.g. Allium cepa L.) only
when there was no doubt. In all other cases, only the genus was at-
tributed (e.g. incense, Boswellia spp.).

The names of the plant families were reported according to the
guidelines of Angiosperm Phylogeny Group (Stevens, 2001).

Despite new discoveries accumulated over the last 30 years have
increased the current knowledge, etiopathogenetic mechanisms of the
headache remain unclear and the most common therapeutic approaches
are based on analgesic or NSAIDs administration (SISC, 2011). For
these reasons, a detailed search of the scientific data banks such as
Medline and Scopus was undertaken to uncover recent results con-
cerning the anti-inflammatory, anti-nociceptive, and analgesic activ-
ities for each plant-based treatment.

Finally, the collected data were compared with plant-based re-
medies described in the Corpus Hippocraticum (a collection of 62 med-
ical works written between the 5th century BCE and the 2nd century AD
that were ascribed to Hippocrates), Naturalis Historia (Pliny the Elder,
1st century AD), De Materia Medica (Dioscorides, 1st century AD), Opera
Omnia (Galen, 2nd century AD) and Liber Medicinalis (Serenus
Sammonicus, 2nd century AD).

3. Results

In the texts of Italian folk medicine, consulted in this work, we have
not found different terms to denote different types of cephalalgia. The
pain was described generically with the term “headache” or “migraine”,
used as synonym. Even if, only in few cases, the consultation of the
sources has highlighted types of headache that affects temple, forehead
and sometimes extends to the periorbital region. More details, instead,
have been claimed about aetiology. Italian folk healers observed that
headache could be related to environmental, biological or magical
events. Headache was known to be associated to arthritis, cold, blood
circulation disorders, oversleeping, fasting and, on the contrary, eating
heartily. The exposure to sun, heat, cold and draught as well as sleeping
in a field of spring crocus (Crocus albiflorus Kit. ex Schult.), meadow
saffron (Colchicum autumnale L.) and common laburnum (Laburnum
anagyroides Medik.) was thought to cause headache attacks. Moreover,
Italian folk healers believed that magical factors including evil eye,
sleeping under the moon or under a walnut tree, watching a toad and
combing one's hair at Friday, could induce headache.

The collected data pointed out 74 plants utilized by Italian folk
medicine to heal headache belonging to 39 families. Out of these, the
most cited were Asteraceae (16.2%) and Lamiaceae (13.5%). This study
has highlighted 76 plant-based remedies which were taken through the
following routes of administrations: topical (59.2%), oral (27.6%), and
inhalation (13.2%). Oral administration was performed swallowing
decoctions (38.1), infusions (28.6%), crude plant parts (23.8%), and
alcoholic extracts (9.5%). Inhalation was performed breathing steams
(50%), sniffing powder (30%), and aspirating juice (20%). The parts of
plants used are the following: leaves (27.8%), aerial parts (26.6%),
flowers (16.5%), fruits (13.9%), seeds (8.9%), roots (2.5%), tubers
(2.5%) and resins (1.3%) (Table 1).

The historical sources consulted in this paper highlighted that,
among the 74 plants utilized by Italian folk medicine between the late
nineteenth and the early to mid-twentieth century for the treatment of
headache, 31 (41.9%) were already included in the pharmacopoeia
between the 5th century BCE and the 2nd century AD (Table 1).

Nowadays, a significant percentage (78.4%, N=58) of plants uti-
lized by Italian folk medicine showed, in vivo, in vitro or in human trials,
an analgesic, anti-nociceptive and anti-inflammatory properties which
could explain and justify their potential role in the cure of headache. In
Table 2 these pharmacological activities are summarized.

4. Discussion

Natural products contribute significantly to discover new bioactive
compounds for development of drugs to treat human diseases. More
than half of all approved small-molecule drugs, in fact, show a structure
originally ascribable to natural products. In addition, a large number of
natural products, nowadays, are used in clinical trials (Stratton et al.,
2015).

Similarly, natural treatments, derived from plants and animals, have
been an unlimited “reservoir” of remedies since ancient times, and their
use has been transmitted for centuries in traditional medicine
(Confessor et al., 2009). According to De Vos (2010), natural remedies
of the ancient Mediterranean area had a noteworthy lifespan in the
European materia medica, well established until the 19th century.

In this work, 41.9% of the plant-based treatments utilized by Italian
folk medicine between the late nineteenth and the early to mid-twen-
tieth century to heal headache seems to represent the continuity of the
medical tradition over about two thousand years.

Several recent studies have shown that knowledge of folk medicine
is based upon the pharmacopeia of ancient Greece and Rome (Pollio
et al., 2008; Leonti et al., 2009; Tagarelli et al., 2010, 2013), even if the
biggest obstacle is represented by the impossibility to state with cer-
tainty which plants (and diseases) are which. These difficulties are not
insurmountable. An interdisciplinary approach with philological,
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botanic, zoological, anthropological and pharmacological points of
view, could be the best way to try to identify natural remedies and
diseases described in the ancient texts. Aliotta and colleagues (2003)
stated that many scholars who have studied the Hippocratic texts
generally agree on the identification of the plant-based prescriptions
mentioned in the Corpus Hippocraticum. Such a result has been shown
by Riddle (1987), who states that only 11 of 257 plants in the Corpus
Hippocraticum cannot be identified with certainty. Moreover, projects
such as GALEN, building semantic libraries for medical terminology,
allow us to label medical terminology over the centuries (Buenz et al.,
2004).

The data collected in this work show that the plant-based remedies
utilized by Italian folk medicine for headache were prepared in several
ways, usually depending on the plant used. Some of these methods
included infusions, decoctions, fomentations, fumigations and ma-
cerations. Others included inhalation of powder or the juice of the
plant. Treatments were administered by topical, oral and nasal routes.
The most used route of administration was topical for which plants
were mixed with vinegar, spirit, honey, olive oil, fat, butter, flour and
albumen to increase penetration in the skin of the head. Sometimes, the
remedies were given using, also, ritualistic objects or reciting prayers
and formulas, while sometimes drawing symbols on the body (Romeo
et al., 2015). This way represents a further link with the past. According
to Karenberg and Leitz (2001), the ancient physicians did not distin-
guish between magic and medicine. The Egyptian medical papyri, for
example, encompass not only what we define rational descriptions and
prescriptions, but also magical and religious elements.

A large numbers of experimental studies have shown that plant
compounds exerts anti-inflammatory effects through a variety of dif-
ferent mechanisms. Inflammation is the result of the interaction of a
variety of inflammatory mediators, and cross mechanisms that exist
between various mediators. Inflammatory cytokines and mediators are
key components in the inflammation process; thus, inhibition of these
targets is an efficient way to indirectly prevent the occurrence and
development of inflammation and reduce the resulting damage (Wang
et al., 2013).

From a pharmacological point of view, an overview of the recent
literature reveals that a significant percentage (78.4%) of the plants,
utilized by Italian folk healers in the late nineteenth and the early to
mid-twentieth century to treat headache, contains components such as
flavonoids, terpenoids and phenylpropanoids, which exhibit a large
spectrum of anti-inflammatory, anti-nociceptive and analgesic activ-
ities. In fact, the results obtained by recent in vivo and in vitro studies
have demonstrated that secondary metabolites show inhibitory activity
against the NF-ĸB, NO, COX-2, TNF-α pathways which play an im-
portant role in triggering different types of headaches (Gorji, 2003;
Capuano et al., 2009; Domingues et al., 2015; Reuter et al., 2002).

NF-ĸB is a transcription factor that can be induced by a wide variety
of stimuli, including stress, bacteria, viruses, cytokines, and free radi-
cals. It is a ubiquitous protein, composed mainly of two proteins, p50
and p65, that regulates the expression of genes encoding the pro-in-
flammatory cytokines, chemokines and inducible enzymes. (Baeuerle
and Henkel, 1994). Among polyphenols extracted from Vaccinium
myrtillus fruits, quercetin, epicatechin, and resveratrol were potent in-
hibitors of NF-ĸB activation in a human monocytic cell line (Karlsen
et al., 2010). Crude extract of Ruta graveolens plant, the diethyl ether
fraction and the isolated active compound, Rg 001 (3-(1′,1′-dimethyl-
allyl)−6-hydroxy-7-methoxy-chromen-2-one) repress activation of
p65/NF-κB in LPS macrophage cells by inhibiting the activation of IkBα
and effectively suppress nuclear translocation of NF-κB (Raghav et al.,
2007). Finally, bioassay guided fractionation of the Valeriana officinalis
extracts led to the isolation of acetylvalerenolic acid and valerenic acid,
two sesquiterpenes active as inhibitors of NF-ĸB (Jacobo-Herrera et al.,
2006).

NO is an important inflammatory mediator acting on vascular va-
sodilation and increasing permeability to facilitate the infiltration andTa

bl
e
1
(c
on

tin
ue
d)

Fa
m
il
y/

sc
ie
nt
ifi

c/
co

m
m
on

na
m
e

It
al
ia
n
na

m
e

Pl
an

t
pa

rt
s

R
ou

te
of

ad
m
in
is
tr
at
io
n

R
ef
er
en

ce
s

H
is
to
ri
ca

l
so

ur
ce

s
R
ef
er
en

ce
s

V
it
is

vi
ni
fe
ra

L.
(G

ra
pe

vi
ne

)
V
it
e

Lf
Sm

ea
r
on

th
e
te
m
pl
es

m
in
ce
d
le
av

es
of

gr
ap

ev
in
e;

C
he

w
pe

pp
er

w
it
h
ra
is
in
s

(O
st
er
m
an

n,
18

94
;L

om
ba

rd
i-

Sa
tr
ia
ni
,1

97
0;

Pi
gn

at
ar
i,
18

94
)

Pl
in
y
(N

at
ur
al
is
H
is
to
ri
a
X
X
II
I,
3)
.

(P
lin

io
,1

98
5)

D
io
sc
or
id
es

(D
e
M
at
er
ia

M
ed
ic
a
V
,1

).
(K

üh
n,

18
29

)
G
al
en

(O
pe
ra

O
m
ni
a
X
II
,5

08
;X

IV
,

31
5)
.

(K
üh

n,
18

26
,

18
27

)

Sp
ec
ie
s
na

m
es

gi
ve

n
in

bo
ld

in
di
ca
te

th
os
e
pl
an

ts
th
at

no
w
ad

ay
s
sh
ow

an
al
ge

si
c,

an
ti
-n
oc

ic
ep

ti
ve

,
an

d
an

ti
-i
nfl

am
m
at
or
y
pr
op

er
ti
es
.

Pl
an

t
pa

rt
s:

A
p=

A
er
ia
l
pa

rt
s;

Fr
=

Fl
ow

er
;F

t=
Fr
ui
t;
Lf
=

Le
af
;R

s=
R
es
in
;R

t=
R
oo

t;
Sd

=
Se

ed
;T

b=
Tu

be
r.

R. Mazzei et al. Journal of Ethnopharmacology 210 (2018) 417–433

423



Ta
bl
e
2

Pl
an

ts
us
ed

by
It
al
ia
n
fo
lk

m
ed

ic
in
e
to

tr
ea
t
he

ad
ac
he

,b
et
w
ee
n
th
e
la
te

ni
ne

te
en

th
ce
nt
ur
y
an

d
th
e
ea
rl
y
to

m
id
-t
w
en

ti
et
h
ce
nt
ur
y,

an
d
th
ei
r
ph

ar
m
ac
ol
og

ic
al

pr
op

er
ti
es

at
th
e
pr
es
en

t
ti
m
e.

Fa
m
il
y/

sc
ie
nt
ifi

c/
co

m
m
on

na
m
e

Pa
rt

of
pl
an

t
Ty

pe
of

ex
tr
ac

t
C
om

po
ne

nt
s

Ex
pe

ri
m
en

ta
l
m
od

el
s

A
ni
m
al

or
ce

ll
D
os

e
ra
ng

e
M
in
im

al
ac

ti
ve

co
nc

en
tr
at
io
n

A
nt
i-

in
fl
am

m
at
or

y,
an

al
ge

si
c

pa
th
w
ay

s

Po
si
ti
ve

C
on

tr
ol
s

R
ef
er
en

ce
s

A
do

xa
ce
ae

Sa
m
bu

cu
s
ni
gr
a
L.

Fr
ui
t

M
et
ha

no
lic

fr
ac
ti
on

TP
3

A
A

En
zy
m
e-
lin

ke
d

im
m
un

os
or
be

nt
as
sa
y

-
10

µg
/m

l
-

C
O
X
-2

In
do

m
et
ha

ci
n

Th
ol
e
et

al
.,

20
06

(E
ld
er
be

rr
y)

Fr
ui
t

A
ce
to
ne

ex
tr
ac
t

TP
4

A
A

En
zy
m
e-
lin

ke
d

im
m
un

os
or
be

nt
as
sa
y

-
10

µg
/m

l
-

C
O
X
-2

In
do

m
et
ha

ci
n

A
m
ar
an

da
ce
ae

Be
ta

vu
lg
ar
is
L.

R
oo

t
Et
ha

no
lic

ex
tr
ac
t

-
X
yl
en

e-
in
du

ce
d
ea
r

ed
em

a
M
ic
e

20
0–

40
0
m
g/

kg
40

0
m
g/

kg
-

-
A
tt
a
an

d
A
lk
of
ah

i,
19

98
(R

ed
be

et
)

R
oo

t
Et
ha

no
lic

ex
tr
ac
t

-
C
ot
to
n
pe

lle
t
gr
an

ul
om

a
R
at
s

20
0–

40
0
m
g/

kg
40

0
m
g/

kg
-

-
A
m
ar
yl
lid

ac
ea
e

A
lli
um

ce
pa

L.
Bu

lb
-

A
LC

-0
2

C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
R
at
s

50
–2

00
m
g

20
0
m
g

A
nt
i-
hi
st
am

in
ic

m
ed

ia
to
rs

Ib
up

ro
fe
n

K
ai
se
r
et

al
.,

20
09

(O
ni
on

)
Bu

lb
Fr
es
h
on

io
n
Ju

ic
e

-
C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
R
at
s

5–
10

m
l/
kg

7.
5
m
l/
kg

C
ox

D
ic
lo
fe
na

c;
m
or
ph

in
e

N
as
ri

et
al
.,

20
12

Bu
lb

Fr
es
h
on

io
n
Ju

ic
e

-
H
ot

Pl
at
e

M
ic
e

5–
10

m
l/
kg

7.
5
m
l/
kg

-
M
or
ph

in
e

Bu
lb

Fr
es
h
on

io
n
Ju

ic
e

-
Fo

rm
al
in

te
st

R
at
s

-
7.
5
m
l/
kg

C
ox

M
or
ph

in
e

A
pi
ac
ea
e

Fo
en
ic
ul
um

vu
lg
ar
e

M
ill
.

Fr
ui
t

M
et
ha

no
lic

ex
tr
ac
t

-
C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
M
ic
e

-
20

0
m
g/

kg
C
O
X
;L

O
X

In
do

m
et
ha

ci
n

C
ho

i
an

d
H
w
an

g,
20

04
(F
en

ne
l)

Fr
ui
t

M
et
ha

no
lic

ex
tr
ac
t

-
A
ra
ch

id
on

ic
ac
id
-

in
du

ce
d
ea
r
ed

em
a

M
ic
e

-
20

0
m
g/

kg
-

In
do

m
et
ha

ci
n

Fr
ui
t

M
et
ha

no
lic

ex
tr
ac
t

-
Fo

rm
al
de

hy
de

-i
nd

uc
ed

ar
th
ri
ti
s

M
ic
e

-
20

0
m
g/

kg
-

In
do

m
et
ha

ci
n

Fr
ui
t

M
et
ha

no
lic

ex
tr
ac
t

-
H
ot

pl
at
e

M
ic
e

-
20

0
m
g/

kg
-

-
Pi
m
pi
ne
lla

an
is
um

L.
Fr
ui
t

Et
ha

no
lic

ex
tr
ac
t

-
LP

S-
st
im

ol
at
ed

R
A
W

26
4.
7
ce
lls

50
–2

50
µg

/m
l

72
.7

µg
/m

l
N
O

In
do

m
et
ha

ci
n

C
on

fo
rt
i
et

al
.,

20
10

(A
ni
se
)

Fr
ui
t

-
Tr
an

s-
an

et
ho

le
LP

S-
in
du

ce
d
N
O

pr
od

uc
ti
on

R
A
W

26
4.
7
ce
lls

50
–2

50
µg

/m
l

10
2.
7
µg

/m
l

N
O

In
do

m
et
ha

ci
n

Fr
ui
t

-
Li
m
on

en
e

LP
S-
in
du

ce
d
N
O

pr
od

uc
ti
on

R
A
W

26
4.
7
ce
lls

50
–2

50
µg

/m
l

70
.1

µg
/m

l
N
O

In
do

m
et
ha

ci
n

A
st
er
ac
ea
e

A
ch
ill
ea

m
ill
ef
ol
iu
m

L.
A
er
ia
l
pa

rt
s

Fl
ow

er
he

ad
s

-
C
ha

m
az
ul
en

e
ca
rb
ox

yl
ic

ac
id

Ea
r
lo
be

ed
em

a
M
ic
e

50
µM

C
O
X
-2

N
im

es
ul
id
e

R
am

ad
an

et
al
.,

20
06

(Y
ar
ro
w
)

A
er
ia
l
pa

rt
s

Fl
ow

er
he

ad
s

-
C
ha

m
az
ul
en

e
ca
rb
ox

yl
ic

ac
id

C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
R
at
s

30
0
m
g/

kg
C
O
X
-2

A
sp
ir
in

A
er
ia
l
pa

rt
s

Fl
ow

er
he

ad
s

-
Se

sq
ui
te
rp
en

e
La

ct
on

es
R
es
pi
ra
to
ry

bu
rs
t
as
sa
y

H
um

an
ne

ut
ro
ph

ili
s

-
50

0
µg

/m
l

-
In
do

m
et
ha

ci
n

C
ho

ud
ha

ry
et

al
.,
20

07
A
rc
tiu

m
la
pp
a
L.

Se
ed

s
Li
gn

an
s

La
pp

ao
l
F

LP
S-
in
du

ce
d
N
O

pr
od

uc
ti
on

R
A
W

26
4.
7
ce
lls

-
9.
5
µM

N
O

A
m
in
og

ua
ni
di
ne

Pa
rk

et
al
.,

20
07

(B
ur
do

ck
)

Se
ed

s
Li
gn

an
s

D
ia
rc
ti
ge

ni
n

LP
S-
in
du

ce
d
N
O

pr
od

uc
ti
on

R
A
W

26
4.
7
ce
lls

9.
6
µM

N
O

A
m
in
og

ua
ni
di
ne

Se
ed

s
Li
gn

an
s

D
ia
rc
ti
ge

ni
n

LP
S-
in
du

ce
d
N
O

pr
od

uc
ti
on

R
A
W

26
4.
7
ce
lls

6–
12

µM
8.

µM
N
O
,P

G
E,

IL
,T

N
F-
α

-
K
im

et
al
.,
20

08

Se
ed

s
Li
gn

an
s

D
ia
rc
ti
ge

ni
n

Zi
m
os
an

-i
nd

uc
ed

N
O

pr
od

uc
ti
on

R
A
W

26
4.
7
ce
lls

6–
12

µM
9.
6
µM

N
O
,P

G
E,

IL
,T

N
F-
α

-

A
rn
ic
a
m
on

ta
na

L.
Fl
ow

er
s

A
lc
oh

ol
ic

ex
tr
ac
t

-
C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
R
at
s

-
0.
1
m
l

-
-

M
aĉ
ed

o
et

al
.,

20
04

(A
rn
ic
a)

Fl
ow

er
s

A
lc
oh

ol
ic

ex
tr
ac
t

-
N
ys
ta
ti
n-
in
du

ce
d
pa

w
ed

em
a

R
at
s

-
0.
1
m
l

-
-

(c
on

tin
ue
d
on

ne
xt

pa
ge
)

R. Mazzei et al. Journal of Ethnopharmacology 210 (2018) 417–433

424



Ta
bl
e
2
(c
on

tin
ue
d)

Fa
m
il
y/

sc
ie
nt
ifi

c/
co

m
m
on

na
m
e

Pa
rt

of
pl
an

t
Ty

pe
of

ex
tr
ac

t
C
om

po
ne

nt
s

Ex
pe

ri
m
en

ta
l
m
od

el
s

A
ni
m
al

or
ce

ll
D
os

e
ra
ng

e
M
in
im

al
ac

ti
ve

co
nc

en
tr
at
io
n

A
nt
i-

in
fl
am

m
at
or

y,
an

al
ge

si
c

pa
th
w
ay

s

Po
si
ti
ve

C
on

tr
ol
s

R
ef
er
en

ce
s

Fl
ow

er
s

A
lc
oh

ol
ic

ex
tr
ac
t

-
H
is
ta
m
in
a
in
du

ce
d-

va
sc
ul
ar

pe
rm

ea
bi
lit
y

R
at
s

-
0.
1
m
l

-
-

A
rt
em

is
ia

ab
si
nt
hi
um

L.
Pl
an

t
-

Fl
av

on
oi
d
p7

F
LP

S-
st
im

ul
at
ed

R
A
W

26
4.
7

50
–2

00
µg

/m
l

20
0
µg

/m
l

C
O
X
-2
;P

G
E2

;N
O
;

N
F-
kB

N
ar
in
ge

ni
n

Le
e
et

al
.,
20

04

(W
or
m
w
oo

d)
A
rt
em

is
ia

sp
p.

A
er
ea
l
pa

ts
Es
se
nt
ia
l
oi
l

-
Fo

rm
al
in
-i
nd

uc
ed

hi
nd

-
pa

w
lic

ki
ng

R
at
s

10
–3

00
m
g/

kg
10

0
m
g/

kg
-

M
or
ph

in
e

M
ah

am
et

al
.,

20
13

(A
rt
em

is
ia
)

A
er
ea
l
pa

ts
Es
se
nt
ia
l
oi
l

-
H
ot

pl
at
e
te
st

R
at
s

10
–3

00
m
g/

kg
10

0
m
g/

kg
-

M
or
ph

in
e

A
er
ea
l
pa

ts
Es
se
nt
ia
l
oi
l

-
A
ce
ti
c
ac
id
-
in
du

ce
d

w
ri
th
in
g
te
st

M
ic
e

10
–3

00
m
g/

kg
10

m
g/

kg
PG

E
M
or
ph

in
e;

N
al
ox

on
e

A
er
ea
l
pa

rt
s

Et
ha

no
lic

ex
tr
ac
t

p-
hy

dr
ox

ya
ce
to
ph

en
on

e
A
ce
ti
c
ac
id
-
in
du

ce
d

w
ri
th
in
g
te
st

M
ic
e

20
–5

00
m
g/

kg
10

0
m
g/

kg
TN

F-
α;

IL
-6
;C

O
X
-2
;

N
O

In
do

m
et
ha

ci
n

C
ho

u
et

al
.,

20
12

A
er
ea
l
pa

rt
s

Et
ha

no
lic

ex
tr
ac
t

p-
hy

dr
ox

ya
ce
to
ph

en
on

e
Fo

rm
al
in
-i
nd

uc
ed

-p
aw

lic
ki
ng

M
ic
e

20
–5

00
m
g/

kg
10

0
m
g/

kg
TN

F-
α;

IL
-6
;C

O
X
-2
;

N
O

In
do

m
et
ha

ci
n

A
er
ea
l
pa

rt
s

Et
ha

no
lic

ex
tr
ac
t

p-
hy

dr
ox

ya
ce
to
ph

en
on

e
C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
R
at
s

20
–5

00
m
g/

kg
10

0
m
g/

kg
TN

F-
α;

IL
-6
;C

O
X
-2
;

N
O

In
do

m
et
ha

ci
n

G
le
bo
ni
s
co
ro
na

ri
a

(L
.)
C
as
s.

ex
Sp

ac
h

-
Ly

op
hi
liz

ed
et
ha

no
lic

ex
tr
ac
t

-
LP

S-
in
du

ce
d
ce
lls

P3
88

D
1
M
ur
in
e

m
on

oc
yt
e

-
-

N
O
;T

N
F-
α

-
St
rz
el
ec
ha

et
al
.,
20

05

(G
ar
la
nd

)
H
el
ia
nt
hu

s
an

nu
s
L.

Fl
ow

er
he

ad
-

D
it
er
pe

ne
ac
id
s

LP
S-
in
du

ce
d
ce
lls

R
A
W

26
4.
7

M
ur
in
e

m
ac
ro
ph

ag
es

1–
20

µM
1
µM

C
O
X
-2
;N

O
S-
2

D
ia
z-
V
ic
ed

o
et

al
.,
20

08
(S
un

fl
ow

er
)

Fl
ow

er
he

ad
-

D
it
er
pe

ne
ac
id
s

TP
A

m
ou

se
-e
ar

ed
em

a
M
ic
e

0.
25

–1
m
g/

ea
r

0.
25

m
g/

ea
r

-
In
do

m
et
ha

ci
n

M
at
ri
ca
ri
a

ch
am

om
ill
a
L.

Fl
ow

er
W
at
er

ex
tr
ac
t

A
pi
ge

ni
n

LP
S-
st
im

ul
at
ed

TH
P1

m
ac
ro
ph

ag
es

4–
20

µM
4
µM

TN
Fα

;I
L

-
D
ru
m
m
on

d
et

al
.,
20

12
(C

ha
m
om

ile
)

Ta
na

ce
tu
m

ba
ls
am

ita
L.

A
er
ia
l
pa

rt
s

D
ie
th
yl

et
he

r
ex
tr
ac
t

-
C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
R
at
s

25
–1

00
m
g/

kg
25

m
g/

kg
-

In
do

m
et
ha

ci
n

K
ar
ac
a
et

al
.,

20
09

(C
os
tm

ar
y)

Br
as
si
ca
ce
ae

Br
as
si
ca

ol
er
ac
ea

L.
A
er
ea
l
pa

rt
s

G
lu
co

si
de

In
do

l-3
-c
ar
bi
no

l
LP

S-
in
du

ce
d

R
A
W

26
4.
7

12
.5
–1

00
µM

25
µM

N
O
;I
L-
6;

IL
-8

-
Ji
an

g
et

al
.,

20
13

(C
ab

ba
ge

)
Bu

rs
er
ac
ea
e

Bo
sw

el
lia

sp
p.

Ba
rk

M
et
ha

no
l
ex
tr
ac
t

H
ot

pl
at
e
te
st

M
ic
e

20
0–

40
0
m
g/

kg
40

0
m
g/

kg
-

In
do

m
et
ha

ci
n

M
ot
ha

na
,
20

11
(I
nc

en
se
)

Ba
rk

M
et
ha

no
l
ex
tr
ac
t

A
ce
ti
t
ac
id
-i
nd

uc
ed

w
ri
th
in
g
te
st

M
ic
e

20
0–

40
0
m
g/

kg
40

0
m
g/

kg
-

A
sp
ir
in

Ba
rk

M
et
ha

no
l
ex
tr
ac
t

C
ot
to
n
in
du

ce
d

gr
an

ul
om

a
te
st

R
at
s

20
0–

40
0
m
g/

kg
40

0
m
g/

kg
-

In
do

m
et
ha

ci
n

Ba
rk

M
et
ha

no
l
ex
tr
ac
t

C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
R
at
s

20
0–

40
0
m
g/

kg
40

0
m
g/

kg
-

In
do

m
et
ha

ci
n

C
ac
ta
ce
ae

O
pu

nt
ia

fi
cu
s
in
di
ca

(L
.)
M
ill
.

C
la
do

de
s

Ly
op

hi
lis
ed

ex
tr
ac
ts

-
IL
-1
β-
in
du

ce
d

H
um

an
ch

on
dr
oc

yt
es

20
0
µg

/m
l

-
N
O
;P

G
E-
2

-
Pa

ni
co

et
al
.,

20
07

(C
ac
tu
s
pe

ar
)

C
la
do

de
s

Et
ha

no
l
ex
tr
ac
t

Β
-S
it
os
te
ro
l

A
dj
uv

an
t-
in
du

ce
d

po
uc

h
gr
an

ul
om

a
M
ic
e

14
m
g/

kg
-

-
H
yd

ro
co

rt
is
on

e
Pa

rk
et

al
.,

20
01

C
an

na
ba

ce
ae

H
um

ul
us

lu
pu

lu
s

L.
H
op

pe
lle

t
X
an

th
oh

um
ol

LP
S-
in
du

ce
d

BV
2

0.
5–

5
µg

/m
l

2.
5
µg

/m
l

N
O
;I
L;

TN
F-
α

-
Le

e
et

al
.,
20

11

(H
op

)
M
ou

se
(c
on

tin
ue
d
on

ne
xt

pa
ge
)

R. Mazzei et al. Journal of Ethnopharmacology 210 (2018) 417–433

425



Ta
bl
e
2
(c
on

tin
ue
d)

Fa
m
il
y/

sc
ie
nt
ifi

c/
co

m
m
on

na
m
e

Pa
rt

of
pl
an

t
Ty

pe
of

ex
tr
ac

t
C
om

po
ne

nt
s

Ex
pe

ri
m
en

ta
l
m
od

el
s

A
ni
m
al

or
ce

ll
D
os

e
ra
ng

e
M
in
im

al
ac

ti
ve

co
nc

en
tr
at
io
n

A
nt
i-

in
fl
am

m
at
or

y,
an

al
ge

si
c

pa
th
w
ay

s

Po
si
ti
ve

C
on

tr
ol
s

R
ef
er
en

ce
s

m
ic
ro
gl
ia
l
ce
lls

C
ap

ri
fo
lia

ce
ae

V
al
er
ia
na

offi
ci
na

lis
L.

R
oo

t
Et
hy

l
ac
et
at
e
ex
tr
ac
t

V
al
er
en

ic
ac
id

IL
-6
/L

uc
A
ss
ay

H
eL

a
ce
lls

-
10

0
µg

/m
l

N
F-
kB

-
Ja
co

bo
-H

er
re
ra

et
al
.,
20

06
(V

al
er
ia
n)

C
ra
ss
ul
ac
ea
e

Se
m
pe
rv
iv
um

te
ct
or
um

L.
Le

av
es

Ju
ic
e

Fl
av

on
ol
gl
yc
os
id
es

A
ce
ti
c
A
ci
d
w
ri
th
in
g

te
st

M
ic
e

72
0–

28
80

m
g/

kg
14

40
m
g/

kg
-

-
A
lb
er
ti
et

al
.,

20
12

(C
om

m
on

ho
us
el
ee
k)

C
uc

ur
bi
ta
ce
ae

C
uc
um

is
sa
tiv

us
L.

Fr
es
h
fr
ui
t

W
at
er

ex
tr
ac
t

-
Ta

il
im

m
er
si
on

te
st

M
ic
e

25
0–

50
0
m
g/

kg
50

0
m
g/

kg
-

D
ic
lo
fe
na

c
K
um

ar
et

al
.,

20
10

(C
uc

um
be

r)
Fr
es
h
fr
ui
t

W
at
er

ex
tr
ac
t

-
A
ce
ti
c
A
ci
d
w
ri
th
in
g

te
st

M
ic
e

25
0–

50
0
m
g/

kg
50

0
m
g/

kg
-

D
ic
lo
fe
na

c

Ec
ba

lli
um

el
at
er
iu
m

(L
.)
A
.R

ic
h.

Fr
ui
t
ju
ic
e

C
uc

ur
bi
ta
ci
n
B

W
hi
tt
le

m
et
ho

d
M
ic
e

50
–4

00
m
g/

kg
20

0
m
g/

kg
-

A
ce
ty
ls
al
ic
yl
ic

A
ci
d

Y
es
ila

da
et

al
.,

19
88

(S
qu

ir
ti
ng

cu
cu

m
be

r)
C
up

re
ss
ac
ea
e

Ju
ni
pe
ru
s
co
m
m
un

is
L.

St
em

/f
ru
it
s/

le
av

es
M
et
ha

no
l/
w
at
er

ex
tr
ac
t

-
C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
M
ic
e

-
10

0
m
g/

kg
PG

E-
2

In
do

m
et
ha

ci
n

A
kk

ol
et

al
.,

20
09

(J
un

ip
er
)

St
em

/f
ru
it
s/

le
av

es
M
et
ha

no
l/
w
at
er

ex
tr
ac
t

-
PG

E2
-i
nd

uc
ed

hi
nd

pa
w

ed
em

a
M
ic
e

-
10

0
m
g/

kg
PG

E-
2

In
do

m
et
ha

ci
n

St
em

/f
ru
it
s/

le
av

es
M
et
ha

no
l/
w
at
er

ex
tr
ac
t

-
p-
be

nz
oq

ui
no

ne
-

in
du

ce
d
w
ri
th
in
g
te
st

M
ic
e

-
10

0
m
g/

kg
PG

E-
2

A
ce
ty
ls
al
ic
yl
ic

ac
id

St
em

/f
ru
it
s/

le
av

es
M
et
ha

no
l/
w
at
er

ex
tr
ac
t

-
H
ot

pl
at
e
te
st

M
ic
e

-
10

0
m
g/

kg
PG

E-
2

M
or
ph

in

Er
ic
ac
ea
e

V
ac
ci
ni
um

m
yr
til
lu
s

L.
,V

ac
ci
ni
um

vi
tis

id
ae
a
L.

Fr
ui
t

Ju
ic
e

-
R
an

do
m
iz
ed

co
nt
ro
lle

d
tr
ia
l

H
um

an
vo

lu
nt
ee
rs

33
0
m
l/
da

y
-

IL
-1

TN
F-
α

-
K
ar
ls
en

et
al
.,

20
10

(B
ilb

er
ry
)

Fr
ui
t

-
Po

ly
ph

en
ol

LP
S-
in
du

ce
d
ce
lls

U
93

7
H
um

an
m
on

oc
yt
e
ce
ll

lin
e

1-
50

µm
ol
/l

25
µm

ol
/l

N
F-
kB

-

G
en

ti
an

ac
ea
e

G
en
tia

na
lu
te
a
L.

R
oo

ts
M
et
ha

no
l
ex
tr
ac
t

-
Sw

im
m
in
g
te
st

M
ic
e

25
0–

50
0
m
g/

kg
25

0
m
g/

kg
-

-
Ö
zt
ür
k
et

al
.,

20
02

(G
en

ti
an

)
R
oo

ts
M
et
ha

no
l
ex
tr
ac
t

-
Ta

il-
cl
ip

te
st

M
ic
e

25
0–

50
0
m
g/

kg
25

0
m
g/

kg
-

-
R
oo

ts
M
et
ha

no
l
ex
tr
ac
t

-
Ta

il-
im

m
er
si
on

te
st

M
ic
e

25
0–

50
0
m
g/

kg
25

0
m
g/

kg
-

-
Ju

ng
la
da

ce
ae

Ju
gl
an

s
re
gi
a
L.

Le
av

es
Et
ha

no
lic

/
ac
qu

ao
us
ex
tr
ac
t

-
p-
be

nz
oq

ui
no

ne
-

in
du

ce
d
w
ri
th
in
g
te
st

M
ic
e

-
50

0
m
g/

m
l

A
ce
ty
ls
al
ic
yl
ic

ac
id

Er
de

m
og

lu
et

al
.,
20

03
(W

al
nu

t)
Et
ha

no
lic

ex
tr
ac
t

-
C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
M
ic
e

-
50

0
m
g/

kg
In
do

m
et
ha

ci
n

H
yp

er
ic
ac
ea
e

H
yp
er
ic
um

hi
rc
in
um

L.
Le

av
es

M
et
ha

no
lic

ex
tr
ac
t

Q
ue

rc
et
in

Fo
rc
ed

sw
im

m
in
g
te
st

M
ic
e

1–
10

0
m
g/

kg
10

0
m
g/

kg
M
A
O

-
C
hi
m
en

ti
et

al
.,

20
06

(S
ti
nk

in
g
tu
ts
an

)
Le

av
es

M
et
ha

no
lic

ex
tr
ac
t

Q
ue

rc
et
in

-
-

-
0.
01

0
µM

M
A
O

To
lo
xa

to
ne

Ir
id
ac
ea
e

(c
on

tin
ue
d
on

ne
xt

pa
ge
)

R. Mazzei et al. Journal of Ethnopharmacology 210 (2018) 417–433

426



Ta
bl
e
2
(c
on

tin
ue
d)

Fa
m
il
y/

sc
ie
nt
ifi

c/
co

m
m
on

na
m
e

Pa
rt

of
pl
an

t
Ty

pe
of

ex
tr
ac

t
C
om

po
ne

nt
s

Ex
pe

ri
m
en

ta
l
m
od

el
s

A
ni
m
al

or
ce

ll
D
os

e
ra
ng

e
M
in
im

al
ac

ti
ve

co
nc

en
tr
at
io
n

A
nt
i-

in
fl
am

m
at
or

y,
an

al
ge

si
c

pa
th
w
ay

s

Po
si
ti
ve

C
on

tr
ol
s

R
ef
er
en

ce
s

Ir
is
ge
rm

an
ic
a
L.

R
hi
zo

m
es

M
et
ha

no
lic

ex
tr
ac
t

Fo
rm

al
in
-i
nd

uc
ed

pa
w

ed
em

a
R
at
s

50
–1

00
m
g/

kg
50

m
g/

kg
D
ex
am

et
ha

so
ne

Ib
ra
hi
m

et
al
.,

20
12

(G
er
m
an

ir
is
)

R
hi
zo

m
es

M
et
ha

no
lic

ex
tr
ac
t

Fl
av

on
oi
ds

Fo
rm

al
in
-i
nd

uc
ed

pa
w

ed
em

a
R
at
s

10
m
g/

kg
10

m
g/

kg
D
ex
am

et
ha

so
ne

La
m
ia
ce
ae

La
va
nd

ul
a

an
gu
st
ifo

lia
M
ill
.,

La
va
nd

ul
a

st
oe
ch
as

L.

Le
av

es
Es
se
nt
ia
l
oi
l

-
La

ve
nd

er
es
se
nt
ia
l
oi
l

in
ha

la
ti
on

H
um

an
vo

lu
nt
ee
rs

15
m
in

in
ha

la
ti
on

-
-

-
Sa

sa
nn

ej
ad

et
al
.,
20

12

(L
av

en
de

r)
M
ar
ru
bi
um

vu
lg
ar
e

L.
A
er
ia
l
pa

rt
s

-
M
ar
ru
bi
in

M
ic
ro
va

sc
ul
ar

le
ak

ag
e

te
st

M
ic
e

1–
10

0
m
g/

kg
3
m
g/

kg
-

D
ic
lo
fe
na

c
St
ul
ze
r
et

al
.,

20
06

(W
hi
te

ho
re
ho

un
d)

M
en
th
a
pu

le
gi
um

L.
A
er
ia
l
pa

rt
s

H
yd

ro
-e
th
an

ol
ex
tr
ac
t

-
C
ar
ra
ge

en
an

-i
nd

uc
ed

ea
r
ed

em
a

M
ic
e

30
0
µl
/c
m

2
-

-
-

M
ou

ss
ai
d
et

al
.,

20
11

(P
en

ny
ro
ya

l)
O
ri
ga
nu

m
m
aj
or
an

a
L.

A
er
ia
l
pa

rt
Es
se
nt
ia
l
oi
l

C
ar
va

cr
ol

C
ar
ra
ge

en
an

-i
nd

uc
ed

m
ec
ha

ni
ca
l

hy
pe

rn
oc

ic
ep

ti
on

M
ic
e

25
–1

00
m
g/

kg
50

m
g/

kg
TN

F-
α;

N
O
;P
G
E2

In
do

m
et
ha

ci
n

G
ui
m
ar
ae
s

et
al
.,
20

12
(M

ar
jo
ra
m
)

A
er
ia
l
pa

rt
Es
se
nt
ia
l
oi
l

C
ar
va

cr
ol

C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
M
ic
e

25
–1

00
m
g/

kg
25

m
g/

kg
TN

F-
α;

N
O
;P
G
E2

D
ex
am

et
ha

so
ne

A
er
ia
l
pa

rt
Es
se
nt
ia
l
oi
l

C
ar
va

cr
ol

TN
F-
α-
in
du

ce
d

m
ec
ha

ni
ca
l

hy
pe

rn
oc

ic
ep

ti
on

M
ic
e

25
–1

00
m
g/

kg
50

m
g/

kg
TN

F-
α;

N
O
;P
G
E2

In
do

m
et
ha

ci
n

A
er
ia
l
pa

rt
Es
se
nt
ia
l
oi
l

C
ar
va

cr
ol

LP
S-
in
du

ce
d

M
ur
in
e

m
ac
ro
ph

ag
es

1–
10

0
µg

/m
l

1
µg

/m
l

TN
F-
α;

N
O
;P
G
E2

-

R
os
m
ar
in
us

offi
ci
na

lis
L.

A
er
ia
l
pa

rt
s

H
ex
an

e
an

d
et
hy

l
ac
et
at
e
fr
ac
ti
on

s
C
ar
no

so
l/
Be

tu
lin

ic
ac
id

C
ar
ra
ge

en
an

-i
nd

uc
ed

m
ur
in
e
pl
eu

ri
sy

M
ic
e

-
2.
5
m
g/

kg
N
O
;I
L-
1β

;T
N
F-
α

D
ex
am

et
ha

so
ne

In
do

m
et
ha

ci
n

Be
ni
nc

á
et

al
.,

20
11

(R
os
em

ar
y)

A
er
ia
l
pa

rt
s

Et
hy

l
ac
et
at
e
fr
ac
ti
on

s
U
rs
ol
ic

ac
id

C
ar
ra
ge

en
an

-i
nd

uc
ed

m
ur
in
e
pl
eu

ri
sy

M
ic
e

-
25

m
g/

kg
N
O
;I
L-
1β

;T
N
F-
α

D
ex
am

et
ha

so
ne

In
do

m
et
ha

ci
n

Sa
lv
ia

offi
ci
na

lis
L.

Le
av

es
H
yd

ro
al
co

ho
lic

ex
tr
ac
t

-
A
ce
ti
c
ac
id

w
ri
th
in
g
te
st

M
ic
e

10
–1

00
m
g/

kg
10

m
g/

kg
-

K
et
op

ro
fe
n

R
od

ri
gu

es
et

al
.,
20

12
(S
ag

e)
Le

av
es

H
yd

ro
al
co

ho
lic

ex
tr
ac
t

-
Fo

rm
al
in

te
st

M
ic
e

3–
10

0
m
g/

kg
3
m
g/

kg
-

M
or
ph

in
e

N
ax

ol
on

e
Le

av
es

H
yd

ro
al
co

ho
lic

ex
tr
ac
t

-
G
lu
ta
m
at
e-
in
du

ce
d
hi
nd

pa
w

ed
em

a
M
ic
e

3–
10

0
m
g/

kg
3
m
g/

kg
-

-

Le
av

es
H
yd

ro
al
co

ho
lic

ex
tr
ac
t

-
C
ap

sa
ic
in
-i
nd

uc
ed

pa
w

ed
em

a
M
ic
e

3–
10

0
m
g/

kg
10

m
g/

kg
-

R
ut
he

ni
um

re
d

Le
av

es
H
yd

ro
al
co

ho
lic

ex
tr
ac
t

-
C
in
na

m
al
de

hy
de

-
in
du

ce
d
pa

w
ed

em
a

M
ic
e

3 –
10

0
m
g/

kg
10

m
g/

kg
-

C
am

ph
or

St
ac
hy

s
offi

ci
na

lis
(L
.)
Tr
ev

is
.

A
er
ia
l
pa

rt
s

W
at
er

ex
tr
ac
t

Ir
id
oi
ds

C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
R
at
s

5
m
g/

kg
-

-
D
ic
lo
fe
na

c-
N
a

H
áz
na

gy
-

R
ad

na
i
et

al
.,

20
12

(B
et
on

y)
Th

ym
us

se
rp
yl
lu
m

L.
-

-
C
ar
va

cr
ol

C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

m
ec
ha

ni
ca
l

hy
pe

rn
oc

ic
ep

ti
on

an
d

ed
em

a

M
ic
e

25
–1

00
m
g/

kg
25

m
g/

kg
TN

F-
α
N
O

D
ex
am

et
ha

zo
ne

G
ui
m
ar
ãe
s

et
al
.,
20

12
(W

ild
th
ym

e)

Th
ym

us
sp
p.

-
-

C
ar
va

cr
ol

TN
F-
α,

do
pa

m
in
e,

or
PG

E-
2
in
du

ce
d
m
ou

se
pa

w
hy

pe
rn
oc

ic
ep

ti
on

M
ic
e

25
–1

00
m
g/

kg
50

m
g/

kg
TN

F-
α
N
O

In
do

m
et
ha

ci
n

-
-

C
ar
va

cr
ol

C
ar
ra
ge

en
an

-i
nd

uc
ed

M
ic
e

25
–1

00
m
g/

kg
25

m
g/

kg
TN

F-
α
N
O

In
do

m
et
ha

ci
n

(c
on

tin
ue
d
on

ne
xt

pa
ge
)

R. Mazzei et al. Journal of Ethnopharmacology 210 (2018) 417–433

427



Ta
bl
e
2
(c
on

tin
ue
d)

Fa
m
il
y/

sc
ie
nt
ifi

c/
co

m
m
on

na
m
e

Pa
rt

of
pl
an

t
Ty

pe
of

ex
tr
ac

t
C
om

po
ne

nt
s

Ex
pe

ri
m
en

ta
l
m
od

el
s

A
ni
m
al

or
ce

ll
D
os

e
ra
ng

e
M
in
im

al
ac

ti
ve

co
nc

en
tr
at
io
n

A
nt
i-

in
fl
am

m
at
or

y,
an

al
ge

si
c

pa
th
w
ay

s

Po
si
ti
ve

C
on

tr
ol
s

R
ef
er
en

ce
s

pl
eu

ri
sy

-
-

C
ar
va

cr
ol

LP
S-
in
du

ce
d
N
it
ri
te

pr
od

uc
ti
on

M
ur
in
e

m
ac
ro
ph

ag
es

1–
10

0
µg

/m
l

1
µg

/m
l

TN
F-
α
N
O

-

La
ur
ac
ea
e

La
ur
us

no
bi
lis

L.
Le

av
es

Es
se
nt
ia
l
oi
l

-
Ta

il-
fl
ic
k
te
st

M
ic
e

0.
01

5–
0.
06

m
l/
kg

0.
03

m
l/
kg

-
M
or
ph

in
e

Sa
yy

ah
et

al
.,

20
03

(B
ay

la
ur
el
)

Le
av

es
Es
se
nt
ia
l
oi
l

-
Fo

rm
al
in
-i
nd

uc
ed

hi
nd

pa
w

ed
em

a
R
at
s

0.
12

5–
0.
25

m
l/
kg

0.
25

m
l/
kg

-
M
or
ph

in
e

Le
av

es
Es
se
nt
ia
l
oi
l

-
Fo

rm
al
de

hy
de

-i
nd

uc
ed

hi
nd

pa
w

ed
em

a
R
at
s

0.
05

–0
.2

m
l/
kg

0.
05

m
l/
kg

-
Pi
ro
xi
ca
m

A
er
ia
l
pa

rt
s

W
at
er

ex
tr
ac
t

-
LP

S
in
du

ce
d

BV
2
m
ur
in
e

m
ac
ro
ph

ag
e
ce
ll

lin
e

0.
02

–0
.6

µl
/m

l
0.
02

µl
/m

l
C
O
X
-2
;P

G
E2

R
es
ve

ra
tr
ol

O
rl
an

do
et

al
.,

20
10

M
el
an

th
ia
ce
ae

V
er
at
ru
m

al
bu

m
L.

-
-

C
is
-r
es
ve

ra
tr
ol

LP
S-
in
du

ce
d
ce
lls

TH
P-
1

m
ac
ro
ph

ag
es

1–
10

0
µM

1
µM

IL
-1

C
O
X
-2

-
H
ua

ng
et

al
.,

20
14

(W
hi
te

he
lle

bo
re
)

O
le
ac
ea
e

O
le
a
eu

ro
pe

a
L.

Fr
ui
t

O
liv

e
V
eg

et
at
io
n

W
at
er

-
LP

S-
tr
ea
te
d

BA
LB

7c
M
ic
e

5–
12

5
m
g/

kg
35

m
g/

kg
TN

F-
α

-
Bi
tl
er

et
al
.,

20
05

(O
liv

e)
Fr
ui
t

O
liv

e
V
eg

et
at
io
n

W
at
er

-
LP

S-
in
du

ce
d

TH
P-
1

m
on

oc
yt
es

-
0.
5
g/

L
TN

F-
α

D
ex
am

et
ha

so
ne

Pa
pa

ve
ra
ce
ae

C
he
lid

on
iu
m

m
aj
us

L.
A
er
ea
l
pa

rt
s

M
et
ha

no
l
ex
tr
ac
t

-
C
ol
la
ge

n-
in
du

ce
d

ar
th
ri
ti
s

M
ic
e

40
–4

00
m
g/

kg
40

0
m
g/

kg
TN

F-
α;

IL
-6

-
Le

e
et

al
.,
20

07

(G
re
at
er

ce
la
nd

in
e)

Fu
m
ar
ia

offi
ci
na

lis
L.

A
er
ia
l
Pa

rt
Et
ha

no
lic

ex
tr
ac
t

-
C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
R
at
s

10
0–

40
0
m
g/

kg
10

0
m
g/

kg
-

Ph
en

yl
bu

ta
zo

ne
R
ao

et
al
.,
20

07

(F
um

it
or
y)

A
er
ia
l
Pa

rt
Et
ha

no
lic

ex
tr
ac
t

-
H
ys
ta
m
in

in
du

ce
d
hi
nd

pa
w

ed
em

a
R
at
s

10
0–

40
0
m
g/

kg
10

0
m
g/

kg
-

Ph
en

yl
bu

ta
zo

ne

A
er
ia
l
Pa

rt
Et
ha

no
lic

ex
tr
ac
t

-
C
ot
to
n
pe

lle
t
in
du

ce
d

gr
an

ul
om

a
R
at
s

10
0–

40
0
m
g/

kg
10

0
m
g/

kg
-

Ph
en

yl
bu

ta
zo

ne

A
er
ia
l
Pa

rt
Et
ha

no
lic

ex
tr
ac
t

-
H
ot

pl
at
e

M
ic
e

10
0–

40
0
m
g/

kg
20

0
m
g/

kg
-

Ph
en

yl
bu

ta
zo

ne
A
er
ia
l
Pa

rt
Et
ha

no
lic

ex
tr
ac
t

-
A
ce
ti
c
ac
id

w
ri
th
in
g
te
st

M
ic
e

10
0–

40
0
m
g/

kg
10

0
m
g/

kg
-

A
ce
ty
ls
al
ic
yl
ic

ac
id

Pl
an

ta
gi
na

ce
ae

Pl
an

ta
go

sp
p.

Le
av

es
/s
ee
ds

M
et
ha

no
lic

ex
tr
ac
t

-
A
ce
ti
c
ac
id

w
ri
th
in
g
te
st

M
ic
e

20
0–

40
0
m
g/

kg
40

0
m
g/

kg
-

D
ip
yr
on

e
A
tt
a
an

d
A
bo

El
-S
oo

ud
,2

00
4

(P
la
nt
ai
n)

Le
av

es
M
et
ha

no
lic

ex
tr
ac
t

-
Ta

il-
fl
ic
k
te
st

M
ic
e

20
0–

40
0
m
g/

kg
40

0
m
g/

kg
-

D
ip
yr
on

e
A
er
ia
l
pa

rt
s

H
yd

ro
m
et
ha

no
lic

ex
tr
ac
t

-
LC

-M
S/

M
S

H
um

an
pl
at
el
et
s

1–
9
m
g/

m
l

0.
65

m
g/

m
l

C
O
X
-1

12
-L
O
X

A
ce
ty
ls
al
ic
yl
ic

ac
id
;Q

ue
rc
et
in

Be
ar
a
et

al
.,

20
10

Po
ac
ea
e

A
ve
na

sa
tiv

a
L.

W
ho

le
gr
ai
n

-
-

N
F-
kB

in
hi
bi
to
ry

as
sa
y

H
um

an
29

3
T

ce
lls

-
2
m
g/

m
l

N
F-
kB

-
C
hu

et
al
.,
20

13
(O

at
)

Tr
iti
cu
m

sp
p.

W
ho

le
m
ea
l

fl
ou

r
H
yd

ro
ph

ili
c
ex
tr
ac
t

Ph
en

ol
ic

ac
id

LP
S-
st
im

ul
at
ed

ce
lls

H
T-
29

H
um

an
in
te
st
in
al

ce
lls

8.
2–

66
µg

/m
l

66
µg

/m
l

IL
-8

-
La

dd
om

ad
a

et
al
.,
20

15
(W

he
at
)

W
ho

le
m
ea
l

fl
ou

r
Li
po

ph
ili
c
ex
tr
ac
t

Is
op

re
no

id
s

LP
S-
st
im

ul
at
ed

ce
lls

H
T-
29

H
um

an
in
te
st
in
al

ce
lls

0.
01

–0
.2

µg
/m

l
0.
2
µg

/m
l

IL
-8

-

Po
rt
ul
ac
ac
ea
e

Po
rt
ul
ac
a
ol
er
ac
ea

L.
A
er
ia
l
pa

rt
s

Et
ha

no
lic

ex
tr
ac
t

-
H
ot
-p
la
te

te
st

M
ic
e

20
0–

40
0
m
g/

kg
40

0
m
g/

kg
-

D
ic
lo
fe
na

c
C
ha

n
et

al
.,

20
00

(V
er
do

la
ga

)
(c
on

tin
ue
d
on

ne
xt

pa
ge
)

R. Mazzei et al. Journal of Ethnopharmacology 210 (2018) 417–433

428



Ta
bl
e
2
(c
on

tin
ue
d)

Fa
m
il
y/

sc
ie
nt
ifi

c/
co

m
m
on

na
m
e

Pa
rt

of
pl
an

t
Ty

pe
of

ex
tr
ac

t
C
om

po
ne

nt
s

Ex
pe

ri
m
en

ta
l
m
od

el
s

A
ni
m
al

or
ce

ll
D
os

e
ra
ng

e
M
in
im

al
ac

ti
ve

co
nc

en
tr
at
io
n

A
nt
i-

in
fl
am

m
at
or

y,
an

al
ge

si
c

pa
th
w
ay

s

Po
si
ti
ve

C
on

tr
ol
s

R
ef
er
en

ce
s

A
er
ia
l
pa

rt
s

Et
ha

no
lic

ex
tr
ac
t

-
Ta

il-
fl
ic
k
te
st

R
at
s

20
0–

40
0
m
g/

kg
40

0
m
g/

kg
-

D
ic
lo
fe
na

c
A
er
ia
l
pa

rt
s

Et
ha

no
lic

ex
tr
ac
t

-
C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
R
at
s

20
0–

40
0
m
g/

kg
20

0
m
g/

kg
-

D
ic
lo
fe
na

c

A
er
ia
l
pa

rt
s

Et
ha

no
lic

ex
tr
ac
t

-
C
ot
to
n
pe

lle
t
in
du

ce
d

gr
an

ul
om

a
R
at
s

20
0–

40
0
m
g/

kg
40

0
m
g/

kg
-

D
ic
lo
fe
na

c

Pr
im

ul
ac
ea
e

C
yc
la
m
en

sp
p.

D
ri
ed

Tu
be

rs
Pe

tr
ol
eu

m
et
he

r/
m
et
ha

no
l/
ch

lo
ro
fo
rm

ex
tr
ac
ts

-
C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
R
at
s

75
–1

50
m
g/

kg
75

m
g/

kg
-

In
do

m
et
ha

ci
n

Sp
er
on

i
et

al
.,

20
07

(C
yc
la
m
en

)

D
ri
ed

Tu
be

rs
Pe

tr
ol
eu

m
et
he

r/
m
et
ha

no
l/
ch

lo
ro
fo
rm

ex
tr
ac
ts

-
A
ce
ti
c
ac
id

w
ri
th
in
g
te
st

M
ic
e

50
–1

00
m
g/

kg
15

0
m
g/

kg
-

M
or
ph

in

R
an

un
cu

la
ce
ae

A
ne
m
on

e
sp
p.

R
hi
zo

m
e

Sa
po

ni
ns

R
ad

de
an

os
id
e
R
1,

R
ad

de
an

os
id
e
F,

R
ad

de
an

os
id
e
H

A
ci
d
ac
et
ic
-i
nd

uc
ed

pa
in

re
ac
ti
on

M
ic
e

-
12

5
m
g/

kg
-

-
Su

n
et

al
.,
20

11
(A

ne
m
on

e)

R
ub

ia
ce
ae

C
off

ea
sp
p.

U
nr
oa

st
ed

be
an

s
D
it
er
pe

ne
s

C
af
es
to
l;
K
ah

w
eo

l
C
el
l
ba

se
d
as
sa
y
fo
r

in
hi
bi
ti
on

of
C
O
X
-2

ac
ti
vi
ty

R
A
W

26
4.
7

0.
25

–5
.0

µg
/m

l
-

C
O
X
-2

-
M
uh

am
m
ad

et
al
.,
20

08
(C

off
e)

R
ut
ac
ea
e

C
itr
us

lim
on

(L
.)

O
sb
ec
k

Le
av

es
Es
se
nt
ia
l
oi
l

M
on

o
te
rp
en

es
A
ce
ti
c
ac
id
-i
nd

uc
ed

w
ri
th
in
g

M
ic
e

50
–1

50
m
g/

kg
50

m
g/

kg
M
or
ph

in
e

C
am

pe
lo

et
al
.,

20
11

(L
em

on
)

Le
av

es
Es
se
nt
ia
l
oi
l

M
on

o
te
rp
en

es
Fo

rm
al
in

te
st

M
ic
e

50
–1

50
m
g/

kg
10

0
m
g/

kg
M
or
ph

in
e;

A
sp
ir
in

Le
av

es
Es
se
nt
ia
l
oi
l

M
on

o
te
rp
en

es
H
ot

pl
at
e
te
st

M
ic
e

50
–1

50
m
g/

kg
-

M
or
ph

in
e

R
ut
a
sp
p.

A
er
ia
l
pa

rt
s

Po
ly
ph

en
ol
ic
/

A
lk
al
oi
d
fr
ac
ti
on

-
C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
R
at
s

5–
15

m
g/

kg
5
m
g/

kg
C
O
X
-2
;5

-L
O
X

D
ic
lo
fe
na

c
R
at
he

es
h
et

al
.,

20
10

(R
ue

)
A
er
ia
l
pa

rt
s

Ph
en

ol
ic
A
lk
al
oi
d

fr
ac
ti
on

-
A
dj
uv

an
t-
in
du

ce
d
hi
nd

pa
w

ar
th
ri
ti
s

R
at
s

10
m
g/

kg
-

C
O
X
-2
;5

-L
O
X

In
do

m
et
ha

ci
n

W
ho

le
pl
an

t
M
et
ha

no
lic

ex
tr
ac
t

-
LP

S-
st
im

ul
at
ed

J7
74

A
.1

m
ur
in
e

m
ac
ro
ph

ag
e

ce
lls

30
0–

50
0
µg

/m
l

30
0
µg

/m
l

TN
F-
α;

IL
;N

F-
kB

L-
N
A
M
E

R
ag

ha
v
et

al
.,

20
07

W
ho

le
pl
an

t
M
et
ha

no
lic

ex
tr
ac
t

3-
(1
’−

1’
-d
im

et
hy

l-
al
ly
l)
−
6-
hy

dr
ox

y-
7-

m
et
ho

xy
-c
ou

m
ar
in

LP
S-
in
du

ce
d

BA
LB

/c
m
ic
e

1
m
g/

25
g

-
N
O
;I
L

-

Sa
nt
al
ac
ea
e

V
is
cu
m

al
bu

m
L.

Le
av

es
an

d
st
em

s
Et
hy

l
ac
et
at
e
fr
ac
ti
on

Is
ofl

av
on

oi
ds

P-
be

nc
oq

ui
no

ne
-

in
du

ce
d
w
ri
th
in
g
te
st

M
ic
e

12
5–

25
0
m
g/

kg
12

5
m
g/

kg
-

A
ce
ty
ls
al
yc
ili
c
ac
id

O
rh
an

et
al
.,

20
06

(M
is
tl
et
oe

)
Le

av
es

an
d

st
em

s
Et
hy

l
ac
et
at
e
fr
ac
ti
on

Is
ofl

av
on

oi
ds

C
ar
ra
ge

en
an

-i
nd

uc
ed

hi
nd

pa
w

ed
em

a
M
ic
e

12
5–

25
0
m
g/

kg
12

5
m
g/

kg
-

In
do

m
et
ha

ci
n

So
la
na

ce
ae

C
ap

si
cu
m

an
nu

m
L.

Fr
ui
t

Pe
tr
ol
eu

m
et
he

r
ex
tr
ac
t

C
ar
ot
en

oi
ds

A
ce
ti
c
ac
id
-i
nd

uc
ed

w
ri
th
in
g

M
ic
e

5–
80

m
g/

kg
5
m
g/

kg
-

Ib
up

ro
fe
n

H
er
na

nd
ez
-

O
rt
eg

a
et

al
.,

20
12

(P
ep

pe
r)

Fr
ui
t

Pe
tr
ol
eu

m
et
he

r
ex
tr
ac
t

C
ar
ot
en

oi
ds

H
ot

pl
at
e
te
st

M
ic
e

5–
80

m
g/

kg
80

m
g/

kg
-

In
do

m
et
ha

ci
n

Fr
ui
t

Pe
tr
ol
eu

m
et
he

r
ex
tr
ac
t

C
ar
ot
en

oi
ds

C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
M
ic
e

5–
80

m
g/

kg
5
m
g/

kg
-

In
do

m
et
ha

ci
n

H
yo

sc
ya

m
us

ni
ge
r

L.
,H

yo
sc
ya

m
us

al
bu

s
L.

Se
ed

s
M
et
ha

no
lic

ex
tr
ac
t

-
H
ot

pl
at
e
te
st

M
ic
e

10
0–

40
0
m
g/

kg
10

0
m
g/

kg
-

Pe
nt
az
oc

in
e

Be
gu

m
et

al
.,

20
10

(H
en

ba
ne

)
Se

ed
s

M
et
ha

no
lic

ex
tr
ac
t

-
A
ce
ti
c
A
ci
d
w
ri
th
in
g

M
ic
e

10
0–

40
0
m
g/

kg
20

0
m
g/

kg
-

A
ce
ty
ls
al
ic
yl
ic

ac
id

(c
on

tin
ue
d
on

ne
xt

pa
ge
)

R. Mazzei et al. Journal of Ethnopharmacology 210 (2018) 417–433

429



Ta
bl
e
2
(c
on

tin
ue
d)

Fa
m
il
y/

sc
ie
nt
ifi

c/
co

m
m
on

na
m
e

Pa
rt

of
pl
an

t
Ty

pe
of

ex
tr
ac

t
C
om

po
ne

nt
s

Ex
pe

ri
m
en

ta
l
m
od

el
s

A
ni
m
al

or
ce

ll
D
os

e
ra
ng

e
M
in
im

al
ac

ti
ve

co
nc

en
tr
at
io
n

A
nt
i-

in
fl
am

m
at
or

y,
an

al
ge

si
c

pa
th
w
ay

s

Po
si
ti
ve

C
on

tr
ol
s

R
ef
er
en

ce
s

te
st

Se
ed

s
M
et
ha

no
lic

ex
tr
ac
t

-
C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
R
at
s

50
–2

00
m
g/

kg
50

m
g/

kg
-

Ph
en

ilb
ut
az
on

e

Se
ed

s
M
et
ha

no
lic

ex
tr
ac
t

-
C
ot
to
n
pe

lle
t
in
du

ce
d

gr
an

ul
om

a
R
at
s

10
0–

40
0
m
g/

kg
10

0
m
g/

kg
-

In
do

m
et
ha

ci
n

So
la
nu

m
ni
gr
um

L.
Le

av
es

C
hl
or
of
or
m

ex
tr
ac
t

-
A
ce
ti
c
A
ci
d
w
ri
th
in
g

te
st

M
ic
e

20
–2

00
m
g/

kg
20

m
g/

kg
-

A
ce
ty
ls
al
yc
ili
c
ac
id

Za
ka

ri
a
et

al
.,

20
06

(B
la
ck

ni
gh

ts
ha

de
)

Le
av

es
C
hl
or
of
or
m

ex
tr
ac
t

-
H
ot

pl
at
e-
te
st

M
ic
e

20
–2

00
m
g/

kg
20

m
g/

kg
-

M
or
ph

in
e

Le
av

es
C
hl
or
of
or
m

ex
tr
ac
t

-
Fo

m
al
in
-t
es
t

R
at
s

20
–2

00
m
g/

kg
20

m
g/

kg
-

A
ce
ty
ls
al
yc
ili
c
ac
id

Le
av

es
C
hl
or
of
or
m

ex
tr
ac
t

-
C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
R
at
s

10
0–

20
0
m
g/

kg
10

0
m
g/

kg
-

A
ce
ty
ls
al
yc
ili
c
ac
id

So
la
nu

m
tu
be
ro
su
m

L.
Tu

be
r

Et
ha

no
lic

ex
tr
ac
t

-
Fo

rm
al
i-
in
du

ce
d
pa

w
lic

ki
ng

te
st

M
ic
e

10
0–

20
0
m
g/

kg
10

0
m
g/

kg
-

A
m
in
op

yr
in
e

C
ho

i
an

d
K
oo

,
20

05
(P
ot
at
o)

Tu
be

r
Et
ha

no
lic

ex
tr
ac
t

-
A
ce
ti
c
A
ci
d
w
ri
th
in
g

te
st

M
ic
e

10
0–

20
0
m
g/

kg
10

0
m
g/

kg
-

A
m
in
op

yr
in
e

Tu
be

r
Et
ha

no
lic

ex
tr
ac
t

-
H
ot

pl
at
e-
te
st

M
ic
e

10
0–

20
0
m
g/

kg
10

0
m
g/

kg
-

A
m
in
op

yr
in
e

Tu
be

r
Et
ha

no
lic

ex
tr
ac
t

-
C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
M
ic
e

10
0–

20
0
m
g/

kg
10

0
m
g/

kg
-

In
do

m
et
ha

ci
n

Tu
be

r
Et
ha

no
lic

ex
tr
ac
t

-
A
ra
ch

id
on

ic
ac
id
-

in
du

ce
d
ea
r
ed

em
a

M
ic
e

10
0–

20
0
m
g/

kg
10

0
m
g/

kg
-

In
do

m
et
ha

ci
n

V
er
be

na
ce
ae

V
er
be
na

offi
ci
na

lis
L.

Le
av

es
M
et
ha

no
lic

ex
tr
ac
t

-
C
ar
ra
ge

en
an

-i
nd

uc
ed

pa
w

ed
em

a
R
at
s

1–
3%

(5
0%

M
et
ha

no
lic

ex
tr
ac
t)

1%
-

Pi
ro
xi
ca
m

C
al
vo

,2
00

6

(V
er
va

in
)

Le
av

es
M
et
ha

no
lic

ex
tr
ac
t

-
Fo

rm
al
in

te
st

R
at
s

1–
3%

(5
0%

M
et
ha

no
lic

ex
tr
ac
t)

2.
5%

-
M
et
hy

l
sa
ly
ci
la
te

V
it
ac
ea
e

V
iti
s
vi
ni
fe
ra

L.
Le

av
es

W
at
er

ex
tr
ac
t

-
C
ar
ra
ge

en
an

-i
nd

uc
ed

hi
nd

pa
w

ed
em

a
M
ic
e

10
0–

40
0
m
g/

kg
10

0
m
g/

kg
-

In
do

m
et
ha

ci
n

K
os
ar

et
al
.,

20
07

(G
ra
pe

vi
ne

)
Le

av
es

W
at
er

ex
tr
ac
t

-
P-
be

nz
oq

ui
no

ne
-

in
du

ce
d
w
ri
th
in
g
te
st

M
ic
e

10
0/

40
0
m
g/

kg
10

0
m
g/

kg
-

A
ce
ty
ls
al
yc
il
ac
id

R. Mazzei et al. Journal of Ethnopharmacology 210 (2018) 417–433

430



penetration of inflammatory mediators, pain substances into the in-
flammatory site (Wang et al., 2013). Two known lignans, lappaol F, and
diarctigenin, isolated from Arctium lappa seeds, strongly inhibited NO
production in the LPS-stimulated RAW264.7 cells (Park et al., 2007).

TNF-α is one of the major pro-inflammatory cytokines that activates
monocyte–macrophage cells to release large amounts of IL-1, IL-6, IL-8,
PGE2 and other inflammatory mediators and stimulate a chain reaction
of inflammation (Wittmann et al., 1996).

Indol-3-carbinol (I3C) is an autolysis product of glucosinolate pre-
sent in Brassica plants. I3C reduced the amounts of IL-6 and TNF-α in
broncho-alveolar lavage fluid and in the acute lung injury in the LPS-
induced mouse model (Jiang et al., 2013). Carnosol, betulinic acid and
ursolic acid, isolated from crude extract of Rosmarinus officinalis aerial
parts have been showed an important anti-inflammatory activity by
inhibition not only of leukocytes and exudation, but also of a pro-in-
flammatory enzyme and mediators (NOx, IL-1b, and TNF-α) in carra-
geenan-induced murine pleurisy (Benincá et al., 2011). p7F (5,6,3’,5’-
tetramethoxy 7,4’-hydroxyflavone), a flavonoid extracted from the
aerial parts of Artemisia absinthium, markedly inhibited PGE2 activity in
LPS-induced macrophages, as shown by Lee and colleagues (2004).

COX-2 belongs to the cyclooxygenase family which are key enzymes
of the arachidonic acid cascade (Ramadan et al., 2006). In resting cells,
it is not expressed; however, after stimulation by an inflammatory re-
sponse, COX-2 can be synthesized quickly and is involved in in-
flammatory processes (Wang et al., 2013).

Three diterpene acids: grandiflorolic, kaurenoic and trachylobanoic
acids extracted from Helianthus annuus flower head showed inhibition
of the expression of COX-2 and the release of inflammatory cytokines in
LPS-activated RAW 264.7 macrophages (Díaz-Viciedo et al., 2008).

In addition, MAO inhibitors, usually, are used in the cure of de-
pression and other psychological disorders. They increase the con-
centration of neuroamines, especially 5-HT and NE. Vasodilatation,
which is a source of pain in headache (Shevel, 2011), is inhibited by the
depletion of the aforesaid neuroamines. For these reasons, the use of
MAO inhibitors is reserved for chronic daily headache patients whose
symptoms have not been relieved by conventional prophylactic treat-
ment (Redillas and Solomon, 2000). Extracts from leaves of Hypricum
hircinum showed MAO-A inhibitory activities. Quercetin showed a se-
lective MAO-A inhibitory activity in the forced swimming test
(Chimenti et al., 2006)

Moreover, essential oil from lavender has been studied in a placebo-
controlled clinical trial. In this study, the percentage of responders was
significantly higher in the lavender cohort than in the placebo cohort,
so the inhalation of lavender essential oil may be an efficacious and
innocuous route of administration in acute management of migraine
headache and his associated symptoms such as photophobia, phono-
phobia, nausea and vomiting (Sasannejad et al., 2012).

Finally, metabolites isolated from anemone, arnica, red beet, in-
cense, pepper, lemon, cucumber, cyclamen, squirting cucumber, fumi-
tory, gentian, henbane, German iris, walnut, marjoram, pennyroyal,
verdolaga, sage, common houseleek, black nightshade, potato, betony,
costmary, vervain, mistletoe and grapevine have showed a more gen-
eric central and/or peripheral depressant action whose mechanisms are
not readily apparent.

Although most, if not all of the plant-based compounds are still in
the pre-clinical phase, we speculate that Italian folk medicine exerting
anti-headache effect may mainly act through the regulation of Nitric
Oxide, Histamine, Serotonin and Arachidonic Acid pathways. Besides,
as a holistic medicine, bioactive compounds, isolated from the plants
utilized by Italian healers between the late nineteenth century and the
early to mid-twentieth century, could be helpful not only to cure
headache, but also for the treatment of some other diseases which ex-
hibit an inflammatory component such as cancer, rheumatoid arthritis,
sepsis, atherosclerosis and Alzheimer's disease (Calixto et al., 2003,
2004).

5. Conclusions

Folk medicine, based on centuries of experience, is like an un-
controlled laboratory which, if examined carefully and critically, would
help us to gain valuable information to be exploited in modern medi-
cine.

Besides historical prospective, this study unearths interesting re-
medies that can provide a comprehensive basis to perform further in-
vestigations for the development of effective drugs against headache.

Even if traditional knowledge about natural remedies to treat sev-
eral diseases was handed down almost entirely orally, it has been the
subject of historical documents, too. These valuable sources, nowadays,
should be explored systematically.

The award of the 2015 Nobel Prize for Physiology or Medicine to
Prof. Youyou Tu for her discovery and development of artemisinin that
is the most effective drug against malaria, gives us a lesson: sometimes
it is needed to look back, to look forward.
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