
Review Article
African Herbal Remedies with Antioxidant Activity: A Potential
Resource Base for Wound Treatment

Mary Gulumian ,1,2 Ewura Seidu Yahaya ,3,4 and Vanessa Steenkamp 3

1National Institute for Occupational Health, Johannesburg, South Africa
2Haematology and MolecularMedicine, University of the Witwatersrand, Johannesburg, South Africa
3Department of Pharmacology, Faculty of Health Sciences, University of Pretoria, Pretoria, South Africa
4Department of Pharmacology, University of Cape Coast, Cape Coast, Ghana

Correspondence should be addressed to Mary Gulumian; mary.gulumian@nioh.nhls.ac.za

Received 3 May 2018; Revised 23 October 2018; Accepted 7 November 2018; Published 22 November 2018

Academic Editor: Olumayokun A. Olajide

Copyright © 2018 MaryGulumian et al.This is an open access article distributed under theCreative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

The use of traditional herbal remedies as alternativemedicine plays an important role in Africa since it forms part of primary health
care for treatment of various medical conditions, including wounds. Although physiological levels of free radicals are essential to
the healing process, they are known to partly contribute towound chronicitywhen in excess. Consequently, antioxidant therapy has
been shown to facilitate healing of suchwounds. Also, a growing body of evidence suggests that, at least, part of the therapeutic value
of herbals may be explained by their antioxidant activity.This paper reviews African herbal remedies with antioxidant activity with
the aimof indicating potential resources for wound treatment. Firstly, herbalswith identified antioxidant compounds and, secondly,
herbals with proven antioxidant activity, but where the compound(s) responsible for the activity has not yet been identified, are
listed. In the latter case it has been attempted to ascribe the activity to a compound known to be present in the plant family and/or
species, where related activity has previously been documented for another genus of the species. Also, the tests employed to assess
antioxidant activity and the potential caveats thereof during assessment are briefly commented on.

1. Introduction

Human cells are continuously exposed to exogenous oxi-
dants as well as to those produced endogenously during
normal physiological processes. Antioxidants form part of
protective mechanisms that exist in human cells to scavenge
and neutralize these oxidants. Oxidants such as the reactive
oxygen species (ROS) and reactive nitrogen species (RNS)
are involved in several diseases [1, 2]. Antioxidant defenses
are defective in these diseases and therefore it is possible to
limit oxidative damage and ameliorate disease progression
with antioxidant supplementation [3].

With reference to wounds, antioxidants play pivotal roles
that consequently restore normalcy to injured skin. Basal
levels of ROS and other free radicals are essential in almost
all phases of the wound healing process (Figure 1) [4].
During haemostasis, ROS regulates the constriction of blood
vessels to limit loss of blood. Furthermore, ROS facilitates the
migration of neutrophils and monocytes from surrounding

blood vessels towards the injury site. The presence of ROS
and other free radicals in the wound vicinity during the
inflammatory phase of the healing process is also required for
infection control and general maintenance of sterility. Finally,
ROS promotes the proliferation of keratinocytes, endothelial
cells, and fibroblasts, thereby enhancing angiogenesis and
collagen deposition. However, uncontrolled release of ROS
could cause oxidative stress, resulting in cellular and tissue
damage, thereby causing delayed healing [1].

To keep ROS within physiological levels, antioxidants
serve as electron donors, thereby preventing them from cap-
turing electrons from other molecules which ultimately leads
to their destruction [4]. Both nonenzymatic antioxidants
such as glutathione, ascorbic acid, and 𝛼-tocopherol, as well
as enzymatic antioxidants like catalase and peroxiredoxin,
have shown potential to normalize high ROS levels and thus
stimulate healing [4]. By normalizing ROS, antioxidants can
enhance their physiological roles and thereby accelerate the
wound healing process. Naturally occurring antioxidants are
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Figure 1: Role of reactive oxygen species (ROS) in the wound healing process.

generally favoured over their synthetic counterparts, as the
latter are suspected to cause or promote negative health
effects [5]. This has resulted in the restricted use of synthetic
antioxidants in several countries [6].

This review provides a comprehensive list of African
medicinal plants and isolated compounds with antioxidant
activities, with the aim of highlighting the continent’s rich
herbal resource base for possible management of wounds and
allied conditions. Previous reviews have listed a number of
these African medicinal plants with antioxidant properties
[7–9].The present work has therefore aimed to expand the list
to includemedicinal plant specieswith antioxidant properties
that are used in different African countries including those
from Madagascar and Mauritius. For the sake of inclusivity,
plants that have been shown to contain compounds that hold
the potential of being novel antioxidants are also consid-
ered. In addition, those with anti-inflammatory properties
were also included due to an earlier observation that the
anti-inflammatory activities of the same extracts could be
explained, at least in part, by their antioxidant properties [10].
Additional efforts were also made to include information,
where available, on their vernacular names, their regional
distribution, and medicinal use and plant parts used for
these preparations or for the isolation of the antioxidant
ingredient(s). Table 1 lists medicinal plants that have been
investigated and have confirmed antioxidant and/or anti-
inflammatory activity and that contain compounds which are
known to have such activities. Table 2 on the other hand
listsmedicinal plants that have confirmed antioxidant activity
but the compounds responsible for their antioxidant property
have not yet been identified.

Many edible and culinary herbs and condiments were
also included in these two tables as they were used in
certain instances as medicinal herbs to treat diseases. These
included fruits and seeds of Balanites aegyptiaca, leaves of
Boscia senegalensis, leaves of Entada africana and seeds of
Parkia biglobosa, from Niger [11], also leaves, seeds, and
stem-bark of Mangifera indica from Benin and Burkina
Faso [12, 13], leaves of Cynara scolymus from Ethiopia [14,

15], leaves of Aspalathus linearis from South Africa [16–21],
leaves of Cinnamomum zeylanicum from Madagascar and
Ethiopia [22–24], essential oils from the bark and leaves
of Ravensara aromatica from Madagascar [23, 25], buds
of Syzygium aromaticum from Madagascar [23], seeds of
Trigonella foenumgraecum from Ethiopia and Morocco [26–
28], and oils in seeds of Nigella sativa from African countries
of the Mediterranean region [29–31].

2. Tests Used to Assess Antioxidant Activities
of African Medicinal Plant Extracts

A variety of test systems were employed to assess the
antioxidant properties of the medicinal plant extracts and
compounds listed in Tables 1 and 2. A comprehensive list
of the methods used in antioxidant activity determination,
as well as their merits and demerits, has already been
published [343–346].Themethods used in the determination
of antioxidant activity of natural products and isolated
compounds result in varied outcomeswhen the same samples
are tested in different laboratories and by other researchers
[347]. Furthermore, results of different methods cannot be
correlated, as contradictory results are usually obtained.
Hence, although several assays are available, none of them
is capable of accurately and completely determining the
antioxidant activity of a test substance because of the complex
nature of the redox-antioxidant system in vivo (Figure 2).
Based on this complexity, antioxidants are broadly classified
as (i) inhibitors of free radical formation, (ii) free radical
scavengers, (iii) cellular and tissue damage repairers, and (iv)
signalling messengers [347].

The inhibition of free radical formation could protect
against oxidative damage by suppressing the formation of
active ROS/RNS. This typically involves reduction or inhibi-
tion of substrates required for free radical formation such as
metal ions like iron (Fe) and copper (Cu). The sequestration
of these metal ions by antioxidant compounds like ellagic
acid and glutathione is known to suppress formation of
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è

O
jin

yi

Ba
rk

Se
ed
s

M
al
i

Su
da
n

Iv
or
y
C
oa
st

A
nt
i-i
nfl

am
m
at
or
ya

ct
iv
ity
.

U
se
d
as

an
tis
ep
tic

an
d
to

tre
at
co
ug

hs
,

ch
es
tp

ai
n,

an
d
wo

un
d
he
al
in
g

To
co
ph

er
ol
,a
sc
or
bi
ca

ci
d
(S
ee
ds
)

[1
2,
33
,3
4,
36
–

39
,4
3–

53
,5
5,
64

,6
6–

72
,1
18
,1
19
,1
21
,

13
8,
15
9,
18
2,
19
5,

20
3–
23
5]

Pe
lto
ph
or
um

af
ric

an
um

So
nd

.
W
ee
pi
ng

w
ttl
e

Ro
ot

an
d

ba
rk

So
ut
h
A
fr
ic
a

A
nt
io
xi
da
nt

an
d
an
tib

ac
te
ria

la
ct
iv
iti
es

U
se
d
to

tre
at
di
ar
rh
oe
a,
dy
se
nt
er
y,
so
re

th
ro
at
,w

ou
nd

s,
ba
ck

an
d
jo
in
tp

ai
ns
,

H
IV
-A

ID
S,
ve
ne
re
al
di
se
as
es

an
d

in
fe
rt
ili
ty
.

Fl
av
on

ol
gl
yc
os
id
es

an
d
fla
vo
no

lg
lu
co
sid

eg
al
la
te
s

[2
36
–2

38
]

Pi
lio
sti
gm

a
th
on
ni
ng
ii

(S
ch
um

.)
M
iln

e-
Re

dh

C
am

el’
sf
oo

t
tre

e,
M
on

ke
y

Br
ea
d

N
ia
m
a(

M
al
i).

Ab
ef
e

Ka
lg
o

O
kp

oa
tu

O
m
ep
a

Ro
ot
,b
ar
k,

po
ds
,l
ea
ve
s

N
ig
er
ia
,

Et
hi
op

ia
Bo

tsw
an
a,

Ke
ny
a,
N
am

ib
ia
,

Se
ne
ga
l,
So
ut
h

A
fr
ic
a,
Su
da
n,

Ta
nz
an
ia
,

U
ga
nd

a,
Za

m
bi
a

A
nt
i-o

xi
da
nt

an
d
an
ti-
in
fla
m
m
at
or
y

pr
op

er
tie

s.
U
se
d
to

tre
at
wo

un
ds
,c
hr
on

ic
ul
ce
rs
,

co
ug

h,
re
sp
ira

to
ry

di
so
rd
er
sa

nd
to
ot
ha
ch
e,
gu

m
in
fla
m
m
at
io
n,

ar
th
rit
is,

he
ad
ac
he
,b
ac
ka
ch
e,
an
d

an
tio

xi
da
nt

su
pp

le
m
en
t.

Pr
oa
nt
ho

cy
an
id
in
se

pi
ca
te
ch
in
,c
at
ec
hi
n
tr
im

er
s

an
d
ol
ig
om

er
s,
fla
vo
no

id
s,
po

ly
ph

en
ol
ic
s,

C-
m
et
hy
lfl
av
on

ol
s(
in

th
el
ea
fe
xt
ra
ct
)

[1
2,
58
,2
39
–2
45
]

Su
th
er
la
nd

ia
fru

te
sc
en
s

R.
Br
.

C
an
ce
rb
us
h

Ph
et
ol
a

Le
av
es

So
ut
h
A
fr
ic
a

Su
pe
ro
xi
de

an
d
hy
dr
og
en

pe
ro
xi
de

sc
av
en
gi
ng

ac
tiv

iti
es
.

U
se
d
as

to
ni
ct
o
bo

os
tt
he

im
m
un

e
sy
ste

m
.

C
an
av
an
in
e,
pi
ni
to
l

[2
46
–2
48
]

Tr
igo

ne
lla

fo
en
um

gr
ae
cu
m
L.

Fe
nu

gr
ee
k

Se
ed
s

Et
hi
op

ia
,

M
or
oc
co

Pr
ot
ec
tiv

ee
ffe
ct
ag
ai
ns
tO

xi
da
tiv

es
tre

ss
du

rin
g
isc

he
m
ia
-r
ep
er
fu
sio

n.
It
is
hy
po

lip
id
em

ic
,a
nd

is
al
so

us
ed

to
tre

at
bo

ils
an
d
to

im
pr
ov
ea

pp
et
ite
.

Fr
ee

ph
en
ol
ic
sa

nd
Vi
tC

.
[2
6–

28
,2
49
,2
50
]



Evidence-Based Complementary and Alternative Medicine 13

Ta
bl
e
1:
C
on

tin
ue
d.

Fa
m
ily

an
d
pl
an

tn
am

e
Ve

rn
ac
ul
ar

na
m
e

Pl
an

tp
ar
t

C
ou

nt
ry

/a
re
a

M
ed

ic
in
al
us
ea

nd
/o
re

xp
er
im

en
ta
l

va
lid

at
io
n

C
om

po
un

ds
is
ol
at
ed

Re
fe
re
nc
e

H
um

ir
ia
ce
ae

Sa
co
glo

tti
sg
ab
on
en
sis

U
rb
.

Ch
er
ry

tre
e,

oz
ou

ga
St
em

-b
ar
k

W
es
tA

fr
ic
a

A
nt
io
xi
da
nt

ac
tiv

ity
.

Be
rg
en
in

[2
51
–2

54
]

H
yp

ox
id
ac
ea
e

H
yp
ox
is
he
m
er
oc
al
lid

ea
Fi
sc
h.
&
C.
A
.M

ey
.

A
fr
ic
an

po
ta
to

C
or
m
s

So
ut
h
A
fr
ic
a

A
nt
io
xi
da
nt

ac
tiv

ity
.

U
se
d
to

tre
at
tu
be
rc
ul
os
is,

ca
nc
er
,b
la
dd

er
di
so
rd
er
s,
be
ni
gn

pr
os
ta
tic

hy
pe
rp
la
sia

.
Ro

op
er
ol

[1
88
,2
55
–2

57
]

La
m
ia
ce
ae

O
cim

um
ba
sil
icu

m
L.

M
ük

an
du

Ba
sil

Le
av
es

Bu
rk
in
aF

as
o

Et
hi
op

ia

In
te
rm

ed
ia
te
an
tio

xi
da
nt

ac
tiv

ity
an
d

hi
gh

an
tib

ac
te
ria

la
ct
iv
ity
.

U
se
d
in

Et
hi
op

ia
to

tre
at
C
on

ju
nc
tiv

iti
s

an
d
in

Ke
ny
at
o
tre

at
co
ld
sa

nd
sto

m
ac
he
ac
he
.

Li
na
lo
ol
ba
sil

oi
l

M
et
hy
lc
ha
vi
co
l,
eu
ge
no

l,
(E
)-
m
et
hy
lc
in
na
m
at
e,

th
ym

ol
,l
in
al
oo

l
[2
3,
25
8]

O
cim

um
gr
at
iss
im

um
L.

Te
ab

us
h,
Sc
en
t

le
af
/N

ch
ua
nw

u.
U
ju
ju

ok
pe
vu

Ba
sil

Le
av
es

Po
pu

la
rr
ep
ub

lic
of

C
on

go
(e
x

Br
az
av
ill
e

C
on

go
)

Ea
ste

rn
N
ig
er
ia

A
nt
io
xi
da
nt

ac
tiv

ity
Po

pu
la
rr
ep
ub

lic
of

C
on

go
it
is
us
ed

as
a

la
xa
tiv

e,
pu

rg
at
iv
e,
an
d
to

tre
at
sn
ak
eb
ite
,

di
ab
et
es
,t
oo

th
ac
he
,g
in
gi
vi
tis
.

Xa
nt
ho

m
ic
ro
l,
ci
rs
im

ar
iti
n,
ru
tin

,k
ae
m
pf
er
ol

3-
O
-r
ut
in
os
id
ea

nd
vi
ce
ni
n-
2w

er
ei
de
nt
ifi
ed

as
th
em

aj
or

fla
vo
no

id
s,
w
he
re
as

lu
te
ol
in

5-
O
-g
lu
co
sid

e,
lu
te
ol
in

7-
O
-g
lu
co
sid

e,
ap
ig
en
in

7-
O
-g
lu
co
sid

e,
vi
te
xi
n,
iso

vi
te
xi
n,
qu

er
ce
tin

3-
O
-g
lu
co
sid

ea
nd

iso
th
ym

us
in

we
re

de
te
ct
ed

as
m
in
or

co
ns
tit
ue
nt
s.

[1
2,
58
,2
58
–2
62
]

La
ur
ac
ea
e

Ci
nn

am
om

um
ze
yl
an

icu
m
Br
ey
ne

Ci
nn

am
on

le
af

Le
av
es

M
ad
ag
as
ca
r

Et
hi
op

ia

Ve
ry

hi
gh

an
tio

xi
da
nt

an
d
hi
gh

an
tim

ic
ro
bi
al
ac
tiv

iti
es
.

U
se
d
to

tre
at
di
ar
rh
oe
a,
rh
eu
m
at
ism

,
co
ld
sa

nd
hy
pe
rt
en
sio

n

Ci
nn

am
al
de
hy
de
,e
ug
en
ol
an
d
eu
ge
ny
la
ce
ta
te
to

be
th
em

ai
n
co
ns
tit
ue
nt
so

fc
in
na
m
on

oi
l.

[2
2–
24
,2
63
]

O
co
te
a
bu

lla
ta
(B
ur
ch
.)

Ba
ill
.

Bl
ac
k
sti
nk

wo
od

U
nu

ka
ne

(Z
ul
u)

Ba
rk

So
ut
h
A
fr
ic
a

A
nt
i-i
nfl

am
m
at
or
y,
cy
cl
oo

xy
ge
na
se

in
hi
bi
to
ry

ac
tiv

ity
.

U
rin

ar
y
di
so
rd
er
s,
he
ad
ac
he
s.

M
on

ot
er
pe
no

id
s

[1
88
,2
64

]

Ra
ve
ns
ar
a
ar
om

at
ica

So
nn

.
N
ut
m
eg

ha
vo
zo

Ba
rk

Le
af

M
ad
ag
as
ca
r

Lo
w
an
tio

xi
da
nt

an
d
an
tim

ic
ro
bi
al

ac
tiv

ity
.

U
se
fu
lf
or

ch
ro
ni
cr

es
pi
ra
to
ry

co
nd

iti
on

s,
an
d
so
m
et
im

es
he
lp
fu
li
n
ca
se
so

fa
sth

m
a.

Es
se
nt
ia
lo
ils
,p
rin

ci
pa
lly

co
m
po

se
d
of

th
e

m
on

ot
er
pe
ne

hy
dr
oc
ar
bo

ns
a-
pi
ne
ne
,s
ab
in
en
e,

m
yr
ce
ne
,l
im

on
en
e,
&
th
ea

zu
le
ne
:i
so
-le

de
ne
.I
n

ba
rk
s,
es
tr
ag
ol
e(
m
et
hy
lc
ha
vi
co
l)
bu

tl
ea
ve
s

co
nt
ai
n
b-
m
yr
ce
ne
,1
,8
-c
in
eo
le
,l
in
al
oo

l,
an
d

ca
ro
to
l.

[2
3,
25
,2
65
]



14 Evidence-Based Complementary and Alternative Medicine
Ta

bl
e
1:
C
on

tin
ue
d.

Fa
m
ily

an
d
pl
an

tn
am

e
Ve

rn
ac
ul
ar

na
m
e

Pl
an

tp
ar
t

C
ou

nt
ry

/a
re
a

M
ed

ic
in
al
us
ea

nd
/o
re

xp
er
im

en
ta
l

va
lid

at
io
n

C
om

po
un

ds
is
ol
at
ed

Re
fe
re
nc
e

M
al
va
ce
ae

H
ib
isc
us

sa
bd
ar
iff
a
L.

Re
d
te
a,

so
re
lle

Ro
se
lla

Fl
ow

er
s

N
ig
er
ia

So
ut
h
A
fr
ic
a

A
nt
im

ut
ag
en
ic
ac
tiv

ity
an
d
fre

er
ad
ic
al

sc
av
en
gi
ng

eff
ec
ts
on

ac
tiv

eo
xy
ge
n

sp
ec
ie
s

U
se
d
ag
ai
ns
ti
ns
om

ni
a,
co
lic
.

Fl
av
on

ol
gl
uc
os
id
eh

ib
isc

itr
in

A
nt
ho

cy
an
in
s.
Su
ch

as
cy
an
id
in

3-
O
-𝛽
-D

-g
lu
co
py
ra
no

sid
e,
cy
an
id
in

3-
O
-(
2-
O
-𝛽
-

D
-x
yl
op

yr
an
os
yl
)-
𝛽
-D

-g
lu
co
py
ra
no

sid
e,

de
lp
hi
ni
di
n
3-
O
-𝛽
-D

-g
lu
co
py
ra
no

sid
ea

nd
de
lp
hi
ni
di
n
3-
O
-(
2-
O
-𝛽
-D

-x
yl
op

yr
an
os
yl
)-
𝛽
-D

-
gl
uc
op

yr
an
os
id
e.

[19
,2
1,
26
6–

26
9]

M
el
ia
ce
ae

Tr
ich

ili
a
ro
ka

Ch
io
v.

So
ul
afi
nz
an

Ro
ot

Tr
op

ic
al
A
fr
ic
a

M
al
i

Si
gn

ifi
ca
nt
ly
pr
ot
ec
tiv

ea
ga
in
st

C
Cl
4
-in

du
ce
d
liv
er

da
m
ag
ea

nd
pr
ev
en
te
d
pe
ris

in
us
oi
da
lfi

br
os
is.

U
se
d
to

tre
at
m
al
ar
ia
,a
bd

om
in
al
pa
in

an
d
de
rm

at
iti
s.

Po
ly
ph

en
ol
s

[2
70
,2
71
]

M
en

is
pe

rm
ac
ea
e

Sp
he
no
ce
nt
ru
m

jo
lly
an

um
Pi
er
re

A
ke
re
ju
po

n
aj
o

Fr
ui
t

Ro
ot

W
es
tA

fr
ic
a

A
nt
i-i
nfl

am
m
at
or
ya

ct
iv
ity
.

U
se
d
to

tre
at
in
fla
m
m
at
or
y-
ba
se
d

di
se
as
es

Fu
ra
no

di
te
rp
en
es
:c
ol
um

bi
n,

iso
co
lu
m
bi
n.

Fl
av
on

oi
ds
-r
ic
h
fr
ac
tio

n.
[2
72
–2
74
]

Ti
no
sp
or
a
ba
ki
s

W
ho

le
pl
an
t

Su
da
n

A
nt
i-i
nfl

am
m
at
or
ya

ct
iv
ity
.T
o
tre

at
he
ad
ac
he

an
d
rh
eu
m
at
ism

A
di
te
rp
en
oi
d
fu
ra
no

la
ct
on

e,
co
lu
m
bi
n

[2
75
]

M
or
ac
ea
e

D
or
ste

ni
a
ba
rte

ri
va
r.
su
bt
ria

ng
ul
ar
is

(E
ng

le
r)

M
.E
.E
.H
ijm

an
&

C.
C.
Be

rg

C
on

tr
ay
er
va

Tw
ig
s/
le
av
es

C
am

er
oo

n

A
nt
io
xi
da
nt

pr
op

er
tie

sa
cc
ou

nt
fo
rt
he

an
ti-
in
fla
m
m
at
or
ya

ct
io
n
of

th
es
ee

xt
ra
ct
s

U
se
d
to

tre
at
ar
th
rit
is,

rh
eu
m
at
ism

,g
ou

t,
he
ad
ac
he

an
d
ot
he
rf
or
m
so

fb
od

y
pa
in
s.

Pr
en
yl
at
ed

fla
vo
no

id
s:
Th

re
ed

ip
re
ny
la
te
d

ch
al
co
ne
s:
ba
rt
er
ic
in
sA

(-
)-
3-
(3
,3
-d
im

et
hy
la
lly
l)-
5󸀠
-(
2-
hy
dr
ox
y-
3-

m
et
hy
lb
ut
-3
-e
ny
l)-
4,
2󸀠
,4
󸀠
-tr

ih
yd
ro
xy
ch
al
co
ne
,

ba
rt
er
ic
in
sB

(+
)-
3-
(3
,3
-d
im

et
hy
la
lly
l)-
4󸀠
,5
󸀠
-[
2󸀠
󸀠
󸀠
-

(1-
hy
dr
ox
y-
1-m

et
hy
le
th
yl
)-
di
hy
dr
of
ur
an
o]
-4
,2
󸀠
-

di
hy
dr
ox
yc
ha
lc
on

ea
nd

ba
rt
er
ic
in
sC

3,
4-
(6
󸀠
󸀠
,6
󸀠
󸀠
-d
im

et
hy
ld
ih
yd
ro
py
ra
no

)-
4󸀠
,5
󸀠
-[
2󸀠
󸀠
󸀠
,-

(1-
hy
dr
ox
y-
1-m

et
hy
le
th
yl
)-
di
hy
dr
of
ur
an
o]
-2
󸀠
-

hy
dr
ox
yc
ha
lc
on

ea
nd

al
so

tw
o
no

ve
ld
ip
re
ny
la
te
d

ch
al
co
ne
s:
3,
5󸀠
-d
i-(
2-
hy
dr
ox
y-
3-
m
et
hy
lb
ut
-3
-

en
yl
)-
4,
2󸀠
,4
󸀠
-tr

ih
yd
ro
xy
ch
al
co
ne
,3
,

4-
(2
,2
-d
im

et
hy
lp
yr
an
o)
-3
󸀠
-(
2-
hy
dr
ox
y-
3-

m
et
hy
lb
ut
-3
-e
ny
l)-
2󸀠
,4
󸀠
-d
ih
yd
ro
xy
ch
al
co
ne
,4
,2
󸀠
,

4󸀠
-tr

ih
yd
ox
y-
3󸀠
-p
re
ny
lc
ha
lc
on

ea
nd

4,
2󸀠
,4
󸀠
-tr

ih
yd
ox
y-
3,
3󸀠
-d
ip
re
ny
lc
ha
lc
on

e;
an
d

5,
7,4
󸀠
-tr

ih
yd
ox
y-
8-
pr
en
yl
fla
vo
ne
.

O
th
er

kn
ow

n
co
m
po

un
ds

su
ch

as
sti
pu

lin
,

4-
hy
dr
ox
yl
on

ch
oc
ar
pi
n,
ka
nz
on

ol
B,

3󸀠
-(
2-
H
yd
ro
xy
-3
-m

et
hy
lb
ut
-3
-e
ny
l)-
5󸀠
-(
3,
3-

di
m
et
hy
la
lly
l)-
4,
2󸀠
,4
󸀠
-tr

ih
yd
ro
xy
ch
al
co
ne
,a
nd

do
rs
te
no

ne
.

[6
7,
27
6–

28
1]



Evidence-Based Complementary and Alternative Medicine 15

Ta
bl
e
1:
C
on

tin
ue
d.

Fa
m
ily

an
d
pl
an

tn
am

e
Ve

rn
ac
ul
ar

na
m
e

Pl
an

tp
ar
t

C
ou

nt
ry

/a
re
a

M
ed

ic
in
al
us
ea

nd
/o
re

xp
er
im

en
ta
l

va
lid

at
io
n

C
om

po
un

ds
is
ol
at
ed

Re
fe
re
nc
e

D
.c
ili
at
a
En

gl
.

C
on

tr
ay
er
va

Ae
ria

lp
ar
ts

C
am

er
oo

n
C
en
tr
al
A
fr
ic
a

A
nt
ira

di
ca
la
nd

an
tio

xi
da
nt

ac
tiv

iti
es
.

U
se
d
as

fo
od

ad
di
tiv

e.

ph
en
ol
ic
co
m
po

un
d
(6
-p
re
ny
la
pi
ge
ni
n)

Fl
av
on

es
:(
ci
lia
tin

A
)5

,4
󸀠
-D

ih
yd
ro
xy
-5
󸀠
󸀠
-

iso
pr
op

en
yl
di
hy
dr
fu
ra
no

l[2
󸀠
󸀠
,3
󸀠
󸀠
:7,
6]
fla
vo
ne

(c
ili
at
in

B)
7,4
󸀠
-D

ih
yd
ro
xy
-3
󸀠
-m

et
ho

xy
-6
󸀠
󸀠
,6
󸀠
󸀠
-

di
m
et
hy
ld
ih
yd
ro
py
ra
no

l[2
󸀠
󸀠
,3
󸀠
󸀠
:5
,6
].

[2
82
–2
84
]

D
.c
on
ve
xa

D
eW

ild
.

C
on

tr
ay
er
va

Tw
ig
sa

nd
le
av
es

D
em

oc
ra
tic

Re
pu

bl
ic
of

th
e

C
on

go

A
nt
io
xi
da
nt

pr
op

er
tie

sa
cc
ou

nt
fo
rt
he

an
ti-
in
fla
m
m
at
or
ya

ct
io
n
of

th
es
e

ex
tr
ac
ts.

U
se
d
to

tre
at
ar
th
rit
is,

rh
eu
m
at
ism

,g
ou

t,
he
ad
ac
he

an
d
ot
he
rf
or
m
so

fb
od

y
pa
in
s.

Pr
en
yl
at
ed

fla
vo
no

id
s

[6
7,
27
6,
28
0]

D
.m

an
ni
iH

oo
k.
f.

C
on

tr
ay
er
va

Tw
ig
s/
le
av
es

Ae
ria

lp
ar
ts

C
en
tr
al
A
fr
ic
a

A
nt
io
xi
da
nt

ac
tio

n
ag
ai
ns
t

co
pp

er
-in

du
ce
d
LD

L
ox
id
at
io
n,

th
is

ac
tiv

ity
is
lik

et
he

no
n-
pr
en
yl
at
ed

fla
vo
no

id
qu

er
ce
tin

.A
lso

,i
nh

ib
iti
on

of
pl
at
el
et
ag
gr
eg
at
io
n
an
d
in
flu

en
ce

of
cy
cl
oo

xy
ge
na
se

an
d
lip

ox
yg
en
as
ea

ct
iv
ity
.

U
se
d
to

tre
at
rh
eu
m
at
ism

,s
to
m
ac
h

di
so
rd
er
s.

A
nt
i-t
ric

ho
m
on

al
ac
tiv

ity
.

G
re
ny
la
te
d
an
d
pr
en
yl
at
ed

fla
vo
no

id
sa

nd
fla
vo
no

ne
s:

Fl
av
on

on
es
:

6,
8-
di
pr
en
yl
-5
,7,
3󸀠
4󸀠
-te

tr
ah
yd
ro
xy
fla
va
no

ne
,

4-
hy
dr
ox
yl
on

ch
oc
ar
pi
n,
4-
m
et
ho

xy
lo
nc
ho

ca
rp
in
,

6-
pr
en
yl
ch
ry
so
er
io
l,
6,
8-
di
pr
en
yl
er
io
di
ct
yo
l,

ga
nc
ao
ni
n
P
an
d
Pr
en
yl
at
ed

fla
vo
no

id
s:

6,
8-
di
pr
en
yl
er
io
di
ct
yo
l,
do

rs
m
an
in

C
7,8

-(
2,
2-
D
im

et
hy
lc
hr
om

en
o)
-6
-g
er
an
yl
-3
,5
,3
󸀠
,4
󸀠
-

te
tr
ah
yd
ro
xy
fla
vo
ne

an
d
do

rs
m
an
in

D
6,
8-
D
ip
re
ny
l-3

,5
,7,
4󸀠
-te

tr
ah
yd
ro
xy
-3
󸀠
-

m
et
ho

xy
fla
vo
ne
,

do
rs
m
an
in
s1
,J

an
d
2󸀠
󸀠
-e
pi
m
er
so

fd
or
sm

an
in
sF

(6
,7-
(2
,2
-d
im

et
hy
lp
yr
an
o)
-8
-p
re
ny
l-5

,3
󸀠
,4
󸀠
-

tr
ih
yd
ro
xy
fla
va
no

ne
,G

(6
,7-
(2
,2
-d
im

et
hy
ld
ih
yd
ro
-p
yr
an
o)
-8
-p
re
ny
l-

5,
3󸀠
,4
󸀠
-tr

ih
yd
ro
xfl

av
an
on

e)
.A

lso
,d
or
sm

an
in
sF

an
d
G
.

Fo
ur

ne
w
pr
en
yl
at
ed

fla
va
no

ne
s,
na
m
ed

do
rs
am

in
eF

(7
,8
-[
2󸀠
󸀠
-(
1-h

yd
ro
xy
-1-

m
et
hy
le
th
yl
)-

di
hy
dr
of
ur
an
o]
-6
-p
re
ny
l-5

,3
󸀠
,4
󸀠
-

tr
ih
yd
ro
xy
fla
va
no

ne
),
do

rs
m
ai
ne

G
(6
,7-
[2
󸀠
󸀠
-(
1-h

yd
ro
xy
-1-

m
et
hy
le
th
yl
)d
ih
yd
ro
fu
ra
no

]-
8-
pr
en
yl
-5
,3
󸀠
,4
󸀠
-

tr
ih
yd
ro
xy
fla
va
no

ne
)a

nd
do

rs
am

in
eH

(6
-p
re
ny
l-8

-(
2-
hy
dr
ox
y-
3-
m
et
hy
lb
ut
-3
-e
ny
l)-

5,
7,3
󸀠
,4
󸀠
-te

tr
ah
yd
ro
xy
fla
va
no

ne
).

[6
7,
18
7,
20
7,

28
5–
28
7]



16 Evidence-Based Complementary and Alternative Medicine

Ta
bl
e
1:
C
on

tin
ue
d.

Fa
m
ily

an
d
pl
an

tn
am

e
Ve

rn
ac
ul
ar

na
m
e

Pl
an

tp
ar
t

C
ou

nt
ry

/a
re
a

M
ed

ic
in
al
us
ea

nd
/o
re

xp
er
im

en
ta
l

va
lid

at
io
n

C
om

po
un

ds
is
ol
at
ed

Re
fe
re
nc
e

D
.p
oi
ns
et
tif
ol
ia

va
r.

an
gu
sta

En
gl
.

D
in
ge
te
ng

a
W
ho

le
pl
an
t

C
am

er
oo

n
A
nt
ira

di
ca
la
nd

an
tio

xi
da
nt

ac
tiv

iti
es
.

U
se
d
to

tre
at
in
fe
ct
ed

wo
un

ds
.

G
re
ny
la
te
d
an
d
pr
en
yl
at
ed

fla
vo
no

id
s.
Th

e
un

us
ua
l4
-p
he
ny
l-s
ub

sti
tu
te
d
di
hy
dr
oc
ou

m
ar
in

an
d
th
er

ar
eg

er
an
yl
-a
nd

pr
en
yl
-s
ub

sti
tu
te
d

Ch
al
co
ne
.

[2
07
,2
88
,2
89
]

D
.p
sil
ur
us

W
elw

.
D
in
ge
te
ng

a
Ro

ot
s

C
am

er
oo

n
C
en
tr
al
A
fr
ic
a

A
nt
ira

di
ca
la
nd

an
tio

xi
da
nt

ac
tiv

iti
es
.

U
se
d
ag
ai
ns
ts
na
ke
bi
te
an
d
to

tre
at

rh
eu
m
at
ism

,h
ea
da
ch
ea

nd
sto

m
ac
h

di
so
rd
er
s.

G
re
ny
la
te
d
an
d
pr
en
yl
at
ed

fla
vo
no

id
s.

Th
re
ep

he
no

lic
co
m
po

un
ds
:6
,8
-d
ip
re
ny
l-3
󸀠

[O
],4
󸀠
-(
2,
2-
di
m
et
hy
lp
yr
an
o)
-3
,5
,7-

tr
ih
yd
ro
xy
fla
vo
ne
,

3,
6-
di
pr
en
yl
-8
-(
2-
hy
dr
ox
y-
3-
m
et
hy
lb
ut
-3
-e
ny
l)-

5,
7,2
󸀠
,4
󸀠
-te

tr
ah
yd
ro
xy
fla
vo
ne

an
d
an

un
us
ua
lB
/C

rin
g
m
od

ifi
ed

fla
vo
no

id
de
riv

at
iv
ef
or

w
hi
ch

th
e

na
m
es

do
rs
ilu

rin
sC

,D
an
d
E,

re
sp
ec
tiv

ely
,a
re

pr
op

os
ed
.

Tw
o
ne
w
fla
vo
ne
s,
do

rs
ilu

rin
sA

an
d
B,

an
d
an

ew
be
nz
of
ur
an

de
riv

at
iv
eh

av
eb

ee
n
iso

la
te
d
fro

m
D
or
ste

ni
ap

sil
ur
us
,t
og
et
he
rw

ith
th
re
ek

no
w
n

ph
en
yl
pr
op

an
oi
d
de
riv

at
iv
es
,s
te
ar
yl
-p
-c
ou

m
ar
at
e

[o
ct
ad
ec
an
yl
3-
(4
-h
yd
ro
xy
ph

en
yl
)p
ro
p-
2-
en
oa
te
],

ste
ar
yl
fe
ru
la
te
[o
ct
ad
ec
an
yl

3-
(4
-h
yd
ro
xy
-3
-m

et
ho

xy
ph

en
yl
)p
ro
p-
2-
en
oa
te
]

an
d
ps
or
al
en
.

[2
06

,2
82
,2
90
–

29
2]

M
yr
ta
ce
ae

Eu
ge
ni
a
ell
ip
tic
a
Sm

.
Sy
zy
giu

m
sm

ith
ii
(P
oi
r.)

N
ie
d.

Li
lly

Pi
lly

Le
av
es

M
au
rit
iu
s

M
od

ul
at
et
he

ex
pr
es
sio

n
of

th
e

an
tio

xi
da
nt

en
zy
m
eg

en
es
.

Q
ue
rc
et
in
-3
-O

-g
al
ac
to
sid

e(
hy
pe
ro
sid

e)
,

ka
em

pf
er
ol
-3
-g
lu
co
sid

e(
as
tr
ag
al
in
),

qu
er
ce
tin

-3
-O

-g
lu
co
sid

e(
iso

qu
er
ci
tr
in
),

(+
)-
ca
te
ch

[2
93
,2
94
]

E.
fa
sc
icu

la
ta
W
al
l.

N
ot

sig
na
liz
ed

Le
av
es

M
au
rit
iu
s

M
od

ul
at
et
he

ex
pr
es
sio

n
of

th
e

an
tio

xi
da
nt

en
zy
m
eg

en
es
.

Q
ue
rc
et
in
-3
-O

-g
al
ac
to
sid

e(
hy
pe
ro
sid

e)
,

ka
em

pf
er
ol
-3
-g
lu
co
sid

e(
as
tr
ag
al
in
),

qu
er
ce
tin

-3
-O

-g
lu
co
sid

e(
iso

qu
er
ci
tr
in
),

(+
)-
ca
te
ch
.

pr
oc
ya
ni
di
n
B2

di
m
er

an
d
(-
)-
ep
ic
at
ec
hi
n

[2
93
]

E.
or
bi
cu
la
ta

La
m
.

N
ot

sig
na
liz
ed

Le
av
es

M
au
rit
iu
s

M
od

ul
at
et
he

ex
pr
es
sio

n
of

th
e

an
tio

xi
da
nt

en
zy
m
eg

en
es
.

Q
ue
rc
et
in
-3
-O

-g
al
ac
to
sid

e(
hy
pe
ro
sid

e)
,

ka
em

pf
er
ol
-3
-g
lu
co
sid

e(
as
tr
ag
al
in
),

qu
er
ce
tin

-3
-O

-g
lu
co
sid

e(
iso

qu
er
ci
tr
in
),

(+
)-
ca
te
ch
.

qu
er
ce
tin

-3
-O

-r
ut
in
os
id
e(
ru
tin

),

[2
93
,2
95
]



Evidence-Based Complementary and Alternative Medicine 17

Ta
bl
e
1:
C
on

tin
ue
d.

Fa
m
ily

an
d
pl
an

tn
am

e
Ve

rn
ac
ul
ar

na
m
e

Pl
an

tp
ar
t

C
ou

nt
ry

/a
re
a

M
ed

ic
in
al
us
ea

nd
/o
re

xp
er
im

en
ta
l

va
lid

at
io
n

C
om

po
un

ds
is
ol
at
ed

Re
fe
re
nc
e

E.
po
lli
cin

a
J.G

ue
ho

&
A
.J.
Sc
ot
t

N
ot

sig
na
liz
ed

Le
av
es

M
au
rit
iu
s

M
od

ul
at
et
he

ex
pr
es
sio

n
of

th
e

an
tio

xi
da
nt

en
zy
m
eg

en
es
.

Q
ue
rc
et
in
-3
-O

-g
al
ac
to
sid

e(
hy
pe
ro
sid

e)
,

ka
em

pf
er
ol
-3
-g
lu
co
sid

e(
as
tr
ag
al
in
),

qu
er
ce
tin

-3
-O

-g
lu
co
sid

e(
iso

qu
er
ci
tr
in
),

(+
)-
ca
te
ch
.

(-
)-
ep
ic
at
ec
hi
n
ga
lla
te

[2
93
,2
96
]

M
on
im

ia
str
um

ac
ut
ise

pa
lu
m

J.
G
ue
ho

&
A
.J.
Sc
ot
t.

N
ot

sig
na
liz
ed

Le
av
es

M
au
rit
iu
s

M
od

ul
at
et
he

ex
pr
es
sio

n
of

th
e

an
tio

xi
da
nt

en
zy
m
eg

en
es
.

Q
ue
rc
et
in
-3
-O

-g
al
ac
to
sid

e(
hy
pe
ro
sid

e)
,

ka
em

pf
er
ol
-3
-g
lu
co
sid

e(
as
tr
ag
al
in
),
an
d

qu
er
ce
tin

-3
-O

-g
lu
co
sid

e(
iso

qu
er
ci
tr
in
).

(+
)-
ca
te
ch
in

[2
93
–2
95
]

M
.g
lo
bo
su
m

J.G
ue
ho

&
A
.J.
Sc
ot
t

N
ot

sig
na
liz
ed

Le
av
es

M
au
rit
iu
s

M
od

ul
at
et
he

ex
pr
es
sio

n
of

th
e

an
tio

xi
da
nt

en
zy
m
eg

en
es
.

Q
ue
rc
et
in
-3
-O

-g
al
ac
to
sid

e(
hy
pe
ro
sid

e)
,

ka
em

pf
er
ol
-3
-g
lu
co
sid

e(
as
tr
ag
al
in
),
an
d

qu
er
ce
tin

-3
-O

-g
lu
co
sid

e(
iso

qu
er
ci
tr
in
).

(-
)-
ep
ic
at
ec
hi
n
ga
lla
te

[2
93
]

Sy
zy
giu

m
ar
om

at
icu

m
(L
.)

M
er
r.
&
L.
M
.P
er
ry

Cl
ov
eb

ud
D
rie

d
flo

we
rs

Bu
ds

M
ad
ag
as
ca
r

Su
da
n

A
nt
io
xi
da
nt

an
d
an
tim

ic
ro
bi
al
ac
tiv

iti
es
.

U
se
d
to

tre
at
to
ot
h
ac
he

an
d
th
ro
at

in
fla
m
m
at
io
n.

Eu
ge
no

l
M
et
hy
le
ug
en
ol

[2
3,
29
7,
29
8]

S.
co
ria

ce
um

J.B
os
se
r&

J.G
ué
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Figure 2: Mechanism of antioxidant action in wounds.

hydrogen peroxide (H
2
O
2
) and other free radicals [348, 349].

Furthermore, increasing evidence suggests a relationship
between metal overload and several chronic diseases through
the induction of oxidative stress [350]. Therefore, inhibition
of free radical formation using metal ions as targets could be
useful therapeutically. Antioxidant assays designed for this
purpose include the cupric and ferric reducing antioxidant
power (CUPRAC/FRAP).Thesemethods measure the ability
of antioxidants to reduce cupric (Cu2+) and ferric (Fe3+) ions,
respectively.

Another mechanism bywhich antioxidants act is through
the suppression of oxidative stress by directly scaveng-
ing active free radicals. Most commonly reported antioxi-
dant assays such as 2,2󸀠-azino-bis(3-ethylbenzthiazoline-6-
sulfonic acid) (ABTS), 2,2󸀠-diphenyl-p-picrylhydrazyl radi-
cal (DPPH), oxygen radical absorbance capacity (ORAC),
Trolox equivalent antioxidant capacity (TEAC), total oxyrad-
ical scavenging capacity (TOSC), and total radical antioxi-
dant parameter (TRAP) are focused on testing the ability to
scavenge free radicals. Furthermore, there are diverse cellular
antioxidant assays that assess the ability of antioxidant com-
pounds and substances to protect cells against excessive free
radical generation. Such assays involve the use of a fluorescent
compound such as 2,7-dichlorofluoroscein to determine the
ability of test samples to quench intracellularly generated free
radicals and inhibit radical formation and lipid peroxidation
[345].

There are also numerous reports of the ability of antioxi-
dants to repair damaged tissues and improve healing. Topical
application of kojic acid and deferiprone, two compounds
with the ability to scavenge free radicals, enhanced healing of
wounds in rats [351]. Also, the mitochondria-targeted antiox-
idant, 10-(6󸀠-plastoquinonyl) decyltriphenylphosphonium,

acceleratedwound closure, stimulated epithelialization, gran-
ulation tissue formation, and vascularization, and lowered
lipid peroxidation in mice [352]. Moreover, an antioxidant
peptide (cathelicidin-OA1) promoted wound healing in a
mouse model with full-thickness skin wounds, acceler-
ated reepithelialization and granulation tissue formation by
enhancing the recruitment of macrophages to the wound
site, and induced cell proliferation and migration [353].
Some antioxidants have also been reported to contribute to
healing by enhancing the activity of endogenous antioxidant
compounds and enzymes.The induction of the nuclear factor
E2-related factor 2-(Nrf2)mediated antioxidative pathway by
a rhomboid family protein (RHBDF2) promoted healing of
injured tissues, suggesting a relationship between antioxidant
gene induction and healing [354]. Niconyl-peptide enhanced
wound healing and protected against hydrogen peroxide-
induced cell death by increasing the expression of Nrf2
expression in human keratinocytes [355].

The most common tests used to determine the antiox-
idant activity of samples included the assessment of the
ability to scavenge free radicals such as DPPH, ABTS+ [16,
19, 35, 62, 85, 94, 98, 99, 139, 158, 175, 184, 187, 266, 282,
302, 356–364], or the hydroxyl radicals [79, 188, 267, 365,
366], as well as the hydroperoxyl radicals by the Briggs-
Rauscher reaction [104]. The ability of the extracts to chelate
metal ions was also determined as further indication of
their ability to contribute in the reduction of free radicals
such as the hydroxyl radical [114]. In addition, assessment
of the ability of these medicinal plant extracts to protect
against lipid peroxidation was also included, which in turn
was measured by the malondialdehyde-thiobarbituric acid
(MDA) test [320, 367], the modified thiobarbituric acid
reactive species (TBARS) assay [18, 22], or conjugated diene
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formation [367]. Moreover, lipid peroxidation was assessed
using the fluorescent probe, diphenyl-1-pyrenylphosphine
(DPPP) [188], or using the inhibition of Cu(2+)-mediated
oxidation of human low-density lipoprotein (LDL) [187, 367].
The ability of extracts to protect against damage toDNAusing
the Comet assay was also employed [114, 188].

The antioxidant capacity of the medicinal plant extracts
was determined using either the TEAC or FRAP assays [11,
85, 302, 313, 321, 368]. The ability of extracts to modulate
the gene expression of the antioxidant enzymes, such as
Cu, Zn-superoxide dismutase (Cu, Zn-SOD),Mn-superoxide
dismutase (Mn-SOD), catalase, and glutathione peroxidase
(GPx), was also used as a measure of their antioxidant
properties [293]. The photochemilumiescence (PLC) assay is
a more recent antioxidant capacity assessment method and
was employed for the evaluation of antioxidant capacity of
baobab fruit pulp extracts [369].

Anti-inflammatory properties of these extracts were
assessed by their ability to inhibit 5-lipoxygenases [94, 370,
371] or cyclooxygenase (COX-1 and COX-2) activities [65,
275, 317, 372, 373]. Using the former [374] and the latter
[264, 331] methodologies, respectively, a great number of
South African medicinal plant extracts were screened for
their anti-inflammatory properties. The effect of medicinal
extracts on the biosynthesis of different prostaglandins was
assessed as a measure of their anti-inflammatory effect
[239, 337, 375]. Extracts of Podocarpus species were shown
to inhibit the activities of the COX enzymes [317]. Once
again, using this test, the anti-inflammatory properties of
the aqueous and ethanolic extracts of 39 plants used in
traditional Zulu medicine were screened [376].TheHen’s Egg
Test-Chorioallantoic Membrane (HET-CAM) assay which
utilizes the CAM’s capillary system in bred hen eggs was
also used to assess the anti-inflammatory activity through
antiangiogenic effects of the ethanol and aqueous extracts of
Drosera rotundifolia and D. madagascariensis [155].

The antioxidant and anti-inflammatory abilities of the
herbal extracts were further assessed by evaluating their abil-
ity to control the production of ROS produced by oxidative
burst in neutrophils stimulated with L-formyl-L-methionyl-
L-leucyl-L-phenylalanine (FMLP) [21, 246]. The inhibition
of neutrophils elastase was used as a measure of anti-
inflammatory property and it was proposed that the presence
of flavonoids such as hyperoside, quercetin, and isoquercitrin
in D. rotundifolia [377] and five flavonoid compounds in
two Polypodium species (P. decumanum and P. triseriale)
[378] were thought to contribute to this anti-inflammatory
activity. These and other in vitro tests were used to assess the
antioxidant properties of three Ghanaian species: Spathodea
campanulata, Commelina diffusa, and Secamone afzelii [63].

Inflammation is a complex mechanism with many path-
ways. Several extracts derived from medicinal plants have
been shown to modulate or inhibit the activities of mediators
of inflammation. For instance, kolaviron, a bioflavonoid
compound isolated from the seeds of Garcinia kola, has
been reported to possess anti-inflammatory and antioxidant
activities via its effects on COX-2 and inducible nitric oxide
synthase (iNOS) by inhibiting the expression of nuclear factor
kappa B (NF-𝜅B) [115]. Quercetin is a flavonoid molecule

ubiquitous in nature and functions as an antioxidant and
anti-inflammatory agent. Dose- and time-dependent effects
of quercetin have been investigated on proinflammatory
cytokine expression and iNOS, focusing on its effects on
NF-𝜅B signal transduction pathways in lipopolysaccharide-
stimulated RAW 264.7 cells by using real time polymerase
chain reaction (RT-PCR) and immunoblotting. Curcumin, a
yellow pigment of turmeric, has been shown to exhibit anti-
inflammatory activity. Curcumin has been found effective
in the treatment or control of chronic inflammatory condi-
tions such as rheumatism, atherosclerosis, type II diabetes,
and cancer [203]. Calixto et al. reported that the anti-
inflammatory action of active spice-derived components
results from the disruption of the production of various
inflammatory proteins (e.g., cytokines such as tumour necro-
sis factor-alpha (TNF-𝛼), iNOS, and COX-2) [379].

Animal studies were also conducted to assess the
antioxidant properties of several medicinal extracts. The
antioxidant potential of Hypericum perforatum, containing
many polyphenolic compounds, was evaluated on splanch-
nic artery occlusion (SAO) shock-mediated injury [477]
and also against elevated brain oxidative status induced by
amnestic dose of scopolamine in rats [126]. Some medic-
inal plant extracts were tested for their ability to protect
against carbon tetrachloride-, 2-acetylaminofluorene- (2-
AAF-), and galactosamine-induced liver as well as aflatoxin
B1-(AFB1-)induced genotoxicity. Using this test, it was found
that an extract of Garcinia kola seeds [116, 478, 479], a
decoction of Trichilia roka root [270], extracts of Entada
africana [442], and Thonningia sanguinea [98, 480] pos-
sessed protective abilities. The antioxidant properties of
plant extracts against potassium bromate (KBrO(3))-induced
kidney damage showed the ability of G. kola seed extract to
protect the kidneys [481].

Animal studies were also used to assess the anti-
inflammatory ability of a great number of medicinal plant
extracts using the carrageenan-induced rat paw oedema
model. Plants investigated include seed extracts of Picral-
ima nitida [399], crude methanol extract of the root of
Moringa oleifera [469], powdered leaves and root ofMallotus
oppositifolium [167], methanolic extract of Picralima nitida
fruit [400], hot water extract of Alstonia boonei root-bark,
Rauvolfia vomitoria root-bark, andElaeis guineensisnuts [56],
secondary root aqueous extract of Harpagophytum procum-
bens [303], crude extracts of Sphenocentrum jollyanum [272],
aqueous and methanolic extracts of Hypoxis hemerocallidea
corm [482], aqueous and methanolic extracts of Sclerocarya
birrea stem-bark [483], aqueous extract of Mangifera indica
stem-bark [13], aqueous extracts of Leonotis leonurus leaves
[484], leaf extracts of Bryophyllum pinnatum [148], methanol
extracts of the stem-bark of Alstonia boonei [485], aerial
parts of Amaranthus caudatus [486], methanolic extracts
of Kigelia pinnata flower [415], and leaf and twig extracts
of Dorstenia barteri [276]. In all of these studies, the anti-
inflammatory effect against carrageenan-induced rat paw
oedema was attributed to flavonoids and other polyphenolic
compounds. Animal tests also employed to assess the anti-
inflammatory effects of the medicinal plant extracts included
inflammatory cell response such as neutrophil chemotaxis
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and degranulation [112, 487], antiatherosclerosis effects [486],
and pain assessment in experimental animals [117].

The effect of the medicinal plants on the induction or
inhibition of drug metabolizing enzymes was also studied in
animals. The effect of the aqueous extract ofThonningia san-
guinea on 7-ethoxyresorufin O-deethylase (EROD, CYP1A1),
7-pentoxyresorufin O-dealkylase (PROD, CYP2B1/2), 7-
methoxyresorufin O-demethylase (MROD, CYP1A2), ani-
line hydroxylase (aniline, CYP2E1), p-nitrophenol hydrox-
ylase (PNPH, CYP2E1), and erythromycin N-demethylase
(ERDM, CYP3A1) in rat liver was found to selectively
modulate CYP isoenzymes [100] and suppress CYP3A2 and
CYP1A2 gene expression [101].

3. Compounds Isolated from African
Medicinal Plant Extracts with Confirmed
Antioxidant Activities

Several medicinal plant extracts were studied at research cen-
tres in African countries for their antioxidant properties. The
major findings of these investigations have indicated that, in
addition to known antioxidant compounds such as ascorbic
acid in the seeds of Parkia biglobosa [204] and fruits pulp
of Adansonia digitata [369], alpha-tocopherol in methanol
extracts of the stems of Secamone afzelii [62] or from the
seeds [38] and methanol extracts of leaves of Amaranthus
caudatus [39], and apigenin and luteolin in aerial parts of
Bulbine capitata [66], several other antioxidant compounds
were identified. Although known antioxidant compounds
such as ascorbic acid have been confirmed to promote wound
healing, not all the newly identified compounds have been
tested for such activity [488–491].

The identified compounds included mainly flavonoids
such as flavones and flavonols, flavone and flavonol
glycosides, chalcones and dihydrochalcones, and flavonones,
although some anthocyanins, proanthocyanidins, and
anthrones were also isolated with antioxidant properties.
A wide range of plant extracts investigated have been
shown to contain flavonoids. Dorstenia species are rich
in flavonoids some of which are unique to this genus
[67, 205], namely, prenylated flavonoids as found in
Dorstenia kameruniana and twigs of D. mannii [206, 207].
Earlier studies have shown that prenylated flavonoids had
antioxidant properties, which protected human LDL from
oxidation [208].Those isolated from African medicinal plant
extracts were also tested and their antioxidant properties
confirmed. The antioxidant activities of three prenylated
flavonoids from D. mannii (6,8-diprenyleriodictyol,
dorsmanin C, 7,8-(2,2-dimethylchromeno)-6-geranyl-
3,5,3󸀠,4󸀠-tetrahydroxyflavonol and dorsmanin F, (+)-
7,8-[2󸀠󸀠-(1-hydroxy-1-methylethyl)-dihydrofurano]-6-
prenyl-5,3󸀠,4󸀠-trihydroxyflavanone) against LDL oxidation
and also their free radical scavenging activity have
been indicated [187]. Similarly, a diprenylated chalcone,
Bartericin A, present in D. barteri leaf and twig extracts
was shown to have potent antioxidant properties. It was
found that this and other prenylated and geranylated
chalcones were as active as the prenylated flavones and

may account for the anti-inflammatory action of these
extracts [276]. Free radical scavenging activity was also
confirmed for prenylated anthronoids isolated from the
stem-bark of Harungana madagascariensis [121] and for
proanthocyanidins isolated from the bark of Burkea africana
[175]. The anti-inflammatory and antioxidant activities of
kolaviron, a biflavonoid isolated from a Garcinia kola seed
extract to scavenge free radicals, which protect against lipid
peroxidation and H

2
O
2
-induced DNA strand breaks and

oxidized bases, were also reported [114, 116–119, 209]. In
addition, the ability of free radical scavenging activity and
ability to inhibit lipid peroxidation of Thonningianin A and
Thonningianin B, ellagitannins, isolated from Thonningia
sanguinea have been shown [99, 366].The anti-inflammatory
ability of Griffonianone D ((7E)-(6󸀠󸀠,7󸀠󸀠-dihydroxy-
3󸀠󸀠,7󸀠󸀠-dimethyloct-2󸀠󸀠-enyl)oxy-4󸀠-methoxyisoflavone),
an isoflavone present in Millettia griffoniana, has
been established [195]. Prenylated anthronoids,
harunmadagascarins A (8,9-dihydroxy-4,4-bis-(3,3-
dimethylallyl)-6-methyl-2,3-(2,2-dimethylpyrano)anthrone
and B (8,9-dihydroxy-4,4,5-tris-(3,3-dimethylallyl)-6-
methyl-2,3-(2,2-dimethylpyrano)anthrone), harunganol B,
and harungin anthrone from the stem-bark of Harungana
madagascariensis have exhibited significant antioxidant
activity [121]. Saponins and isofuranonaphthoquinones
isolated from different medicinal plant extracts showed
antioxidant properties and include the saponin, Balanin
1 (3𝛽,12𝛽,14𝛽,16𝛽) cholest-5-ene-3,16-diyl bis (𝛽-d-
glucopyranoside)-12-sulphate, sterol sulfonated, Balanin
2 (3𝛽,20S,22R,25R)-26-hydroxy-22-acetoxyfurost-5-en-
3-yl-rhamnopyranosyl-(1󳨀→2)-glucopyranoside, and a
furostanol saponin isolated from Balanites aegyptiaca [104].
Isofuranonaphthoquinones isolated from the roots of Bulbine
capitata, 5,8-dihydroxy-1-tigloylmethylnaphtho[2,3-c]furan-
4,9-dione, 1-acetoxymethyl-8-hydroxynaphtho [2,3-c]furan-
4,9-dione, and 1-acetoxymethyl-5,8-dihydroxynaphtho[2,3-
c]furan-4,9-dione possess antioxidant activities [68].Though
none of these antioxidant compounds has been directly
assessed for wound healing potential, the enhanced wound
closure observed with treatment of prenylated flavonoids
such as genistein [492] and the demonstrated effect of
chalcones on the inflammation process [493] attest to the
potential of isolated antioxidants in wound management.

4. Crude Extracts of African Medicinal Plants
with Confirmed Antioxidant Activities

The antioxidant properties of a larger proportion of African
medicinal plants listed in Tables 1 and 2 were tested using
either aqueous or organic plant extracts. After confirming
antioxidant properties, a correlation was proposed between
this property and the general groups of antioxidant com-
pounds that are present in these extracts. No further attempts
were made to isolate the specific compounds that may
have contributed towards this property. Flavonoids in Aloe
barbadensis [32], chromone glycosides in A. claviflora [35],
essential oils in Artemisia abyssinica, and Juniperus procera
[79] as well as Helichrysum dasyanthum, H. felinum, H.
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excisum, and H. petiolare [94], proanthocyanidins in Burkea
africana bark [175], polyphenols in extracts of Crataegus
monogyna [321], saponins, and alkaloids in extracts of Leu-
cosidea sericea [210, 211] are all considered as major com-
pounds that have contributed to the antioxidant properties
of these plants. Reports on a number of Barleria species,
which includes B. albostellata, B. greenii, and B. prionitis,
have indicated their anti-inflammatory [212] and antioxidant
capacities [213]. Unlike the isolated compounds, most of the
plants listed for possessing antioxidant activity, including
extracts of Agerantum conyzoides, Euphorbia hirta, Kigelia
africana, and Nauclea latifolia, have been shown to possess
wound healing ability [494–496].

Furthermore, studies have focused on screening a vast
number of plants, used in a specific region, so as to determine
their antioxidant properties, Mali [357], South Africa [19, 188,
267, 364], Cameroon [182, 313], Algeria [85], Ghana [98],
Burkina Faso [266], Madagascar [23], and Mauritius [293],
and anti-inflammatory properties, South Africa [168, 264,
374, 376] and West Africa [400].

5. Discussion and Conclusion

Theuse of traditional herbal remedies as alternative medicine
plays a significant role in Africa since it features extensively
in primary health care. The search for natural antioxidants,
especially from plant sources, as a potential intervention for
treatment of free radical mediated diseases is an important
research field, especially for those in developing countries.
Many polyphenols, including phenolic acids, flavonoids
(anthocyanins and anthoxanthins), tannins, and lignans, are
known to act as antioxidants and protect against various
pathological conditions such as coronary artery disease and
wounds, in addition to their anti-inflammatory, antimicro-
bial, and anticancer activities [214–216].

Flavonoids are a large group of compounds contain-
ing several hydroxyl groups on their ring structures and
include isoflavonoids and isoflavonoid glycosides, flavones,
and flavone glycosides, flavonols and flavonol glycosides,
anthocyanins, chalcones and dihydrochalcones, aurones,
flavonones and dihydroflavonols, and flavans and biflavonyls.
To date, approximately 9000 different flavonoids have been
identified from plant sources [217]. Great interest has been
dedicated to the antioxidant properties of flavonoids that
may function as potent free radical scavengers, reducing
agents, and protectors against peroxidation of lipids [208,
218]. Reviews have been published documenting numerous
studies on antioxidant efficacy of flavonoids and phenolic
compounds as well as on the relationship between their
antioxidant activities, as hydrogen donating free radical scav-
engers, in relation to their chemical structures. The impor-
tance of the unsaturation in the C ring of quercetin compared
to catechin in the increased antioxidant activity of the former
has been presented [216, 219–223]. Also, the importance of
the position and number of hydroxyl groups on the phenolic
rings in increasing or decreasing the antioxidant properties
of these compounds has been emphasized [216, 219–223].

Although many flavonoids have been isolated
from different African medicinal plant extracts, the

structure-activity relationship of these compounds
has not yet been investigated. Recent studies have
also shown that some flavonoids are modulators of
proinflammatory gene expression, thus leading to the
attenuation of the inflammatory response [224]. Examples
of these include the lipophilic flavones and flavonols 5,7-
dihydroxy-2󸀠,3󸀠,4󸀠,5󸀠-tetramethoxyflavone, 5,4󸀠-dihydroxy-
7,2󸀠,3󸀠,5󸀠-tetramethoxyflavone, and 5,7,4󸀠-trihydroxy-2󸀠 ,3󸀠,5󸀠-
trimethoxyflavone isolated from Psiadia punctulata [225] and
Dinklagin B and C isolated from Dorstenia dinklagei [226].
Isolated flavone and flavonol glycosides include kaempferide
3-O-beta-xylosyl (1󳨀→2)-beta-glucoside, kaempferol 3-O-
alpha-rhamnoside-7,4󸀠-di-O-beta-galactoside, kaempferol
3,7,4󸀠-tri-O-beta-glucoside and quercetin 3-O-[alpha-
rhamnosyl (1󳨀→6)] [beta-glucosyl (1󳨀→2)]-beta-glucoside-
7-O-alpha-rhamnoside from Warburgia ugandensis, and
quercetin-7,4󸀠-disulphate from Alchornea laxiflora [159].
Flavanones and dihydroflavonols include dorsmanin I
and J and epidorsmanin F and G isolated from Dorstenia
mannii [227] and Dinklagins A, isolated from the twigs
of Dorstenia dinklagei [226] and two flavones isolated
from the twigs of Eriosema robustum [182] and 1𝛼,3𝛽-
dihydroxy-12-oleanen-29-oic (1), 1-hydroxy-12-olean-30-oic
acid (2), 3,30-dihydroxyl-12-oleanen-22-one (3), and 1,3,24-
trihydroxyl-12-olean-29-oic acid (4), a new pentacyclic
triterpenoid (1𝛼, 23-dihydroxy-12-oleanen-29-oic acid-3𝛽-
O-2,4-di-acetyl-l-rhamnopyranoside) (5) from Combretum
imberbe [138]. Anthocyanins isolated include the cyanidins 3-
O-(2󸀠󸀠-galloyl-𝛽-galactopyranoside) and 3-O-(2󸀠󸀠-galloyl-6󸀠󸀠-
O-𝛼-rhamnopyranosyl-𝛽-galactopyranoside) from Acalypha
hispida [228] and cyanidin 3-O-𝛽-D-glucopyranoside
and cyanidin 3-O-(2-O-𝛽-D-xylopyranosyl)-𝛽-D-
glucopyranoside from Hibiscus sabdariffa [266]. When
revising the literature, it became apparent that even though
most of these medicinal plants and compounds have
confirmed antioxidant activity, not many of them have
been screened for wound healing potential. As there is
an association between antioxidative therapy and wound
healing, research in this direction is as imminent as it is
important. Furthermore, structure-activity studies on the
isolated compounds from African medicinal extracts will be
of great interest.

Antioxidants may exert their protective effects via differ-
ent mechanisms at different stages of the oxidation process.
There are those that are able to inhibit the production of free
radicals via their ability to chelate transition metal ions and
those that are able to quench and stabilise free radicals [229,
230]. Additionally, they are further subdivided into categories
according to their functions [230]. Such classification of
the newly isolated antioxidant compounds from African
medicinal plant extracts is warranted to better understand
their antioxidant properties.

It should be noted that the antioxidant activity of the
extracts and compounds listed in this review was mostly
determined using either single assays or in vitro analysis. It is
therefore possible that some of these extracts and compounds
may not show antioxidant activity when alternative testing
methods are used. Furthermore, although in vivo studies
are encouraged, most studies cited used in vitro assays. As
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antioxidant activity in vitro does not necessarily translate to
activity in vivo, due to pharmacokinetic and pharmacody-
namic processes that occurs in vivo, it is possible that samples
may not be active when tested in animals. Activity of such
samples should therefore be confirmed using animal models.

Additionally, attempts should be made to identify the
compounds responsible for the proven antioxidant properties
where not yet done, and in cases where they have been iso-
lated, their wound healing properties should be investigated.
If the activity of the compounds and plants identified in this
review is confirmed in vivo, they could serve as viable sources
for the treatment of wounds in future.
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[270] M. P. Germanò, V. D’Angelo, R. Sanogo, A. Morabito, S.
Pergolizzi, and R. De Pasquale, “Hepatoprotective activity of
Trichilia roka on carbon tetrachloride-induced liver damage in
rats,” Journal of Pharmacy and Pharmacology, vol. 53, no. 11, pp.
1569–1574, 2001.



Evidence-Based Complementary and Alternative Medicine 51

[271] O. Nana, J. Momeni Nzangué, R. Tepongning, M. B. Ngassoum,
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“Ethnopharmacological survey of different uses of sevenmedic-
inal plants from Mali, (West Africa) in the regions Doila,
Kolokani and Siby,” Journal of Ethnobiology and Ethnomedicine,
vol. 1, article 7, 2005.

[420] A. M. Emam, R. Elias, A. M. Moussa, R. Faure, L. Debrauwer,
and G. Balansard, “Two flavonoid triglycosides from Buddleja
madagascariensis,” Phytochemistry, vol. 48, no. 4, pp. 739–742,
1998.

[421] L. O. A. Manguro, I. Ugi, R. Hermann, and P. Lemmen,
“Flavonol and drimane-type sesquiterpene glycosides of War-
burgia stuhlmannii leaves,” Phytochemistry, vol. 63, no. 4, pp.
497–502, 2003.



56 Evidence-Based Complementary and Alternative Medicine

[422] L. O. Arot Manguro, I. Ugi, P. Lemmen, and R. Hermann,
“Flavonol glycosides of Warburgia ugandensis leaves,” Phyto-
chemistry, vol. 64, no. 4, pp. 891–896, 2003.

[423] A. A. Wube, F. Bucar, K. Asres, S. Gibbons, L. Rattray, and S. L.
Croft, “Antimalarial compounds from Kniphofia foliosa roots,”
Phytotherapy Research, vol. 19, no. 6, pp. 472–476, 2005.

[424] A. A.Wube, F. Bucar, S. Gibbons, and K. Asres, “Sesquiterpenes
from Warburgia ugandensis and their antimycobacterial activ-
ity,” Phytochemistry, vol. 66, no. 19, pp. 2309–2315, 2005.

[425] B. M. Abegaz and Y. Woldu, “Isoflavonoids from the roots of
Salsola somalensis,”Phytochemistry, vol. 30, no. 4, pp. 1281–1284,
1991.
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