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Abstract

As aresult of the inherent problems associated with the current anti-inflammatory agents, there is
continuous search especially from natural sources for alternative agents. A good number of plants are
employed in the treatment of inflammatory disorders by natural healers. Some of these plants include
Aloe vera, Consolida regalis, Chasmanthera dependens, Culcasia scandens, Crataeva religiosa,
Tanacetum vulgare, Holmskioldia sanguinea, Mitracar pus scaber, Turner ulmifolia, etc. Most of these
plants have demonstrated varying activities in the various in vivo and in vitro inflammatory models.
The potency of these plants is attributed to several active principles present in them, which may act at
any of the multiple targets in the inflammatory response pathway. In addition to anti-inflammatory
activity, some of these plants al so possessbeneficial propertiessuch asantimicrobial, analgesic, antipyretic
and antiulcer effects. These additional effects complement the inherent anti-inflammatory activity and
may confer advantage on these plants. Some active anti-inflammatory principles of these plants have
been identified, isolated and characterized. They include — lupeol, premnazole, (+) — usnic acid, (+) —
pinitol, zanhasaponins A and B, sasanquol, parthenolide etc. These compounds could provide drugs
with comparative advantage over existing agents and may aswell serve asleadsfor further development
into more active drugs with lesser adverse effects. This review discusses some of these plants with
putative anti-inflammatory properties.

Keywords: Inflammation, anti-inflammatory plants, natural products.

1. Introduction

Inflammation is the reactive state of invasion[1]. Itisatissuereaction by the body
hyperemia and exudation from blood vessels ~ to injury and involves a complex array of
with consequent redness, heat, swelling and enzyme activation, mediator release,
pain which a tissue manifests in response to extravasations of fluid, cell migration, tissue
physical or chemical injury or bacterial breakdown and repair [2].
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Three components of the inflammatory
response have been distinguished [3, 4] and
these may involve vasoactive substances [5]
chemotactic factors[6, 7], degradative enzymes
and superoxides [8] and the neuropeptide,
Substance P [9].

Rheumatoid arthritis represents the commonest
form of chronicinflammatory joint disease[10].
Arthritis is one of the most distressing and
disabling syndromes encountered in medical
practice [11]. An estimated 1-2% of adult
populationisaffected [12]. Inthe United States,
approximately 0.1% of the population
experience rheumatoid arthritis in childhood
[13]. Steroids e.g. betamethasone and the non-
steroidal anti-inflammatory drugs (NSAIDS)
e.g. acetylsalicylic acid are the mainstay in the
treatment/management of inflammation and
inflammatory disease conditions.

However, these agents are fraught with severe
adverse effects such as adrenal suppression for
steroids and gastric ulceration and perforation
for NSAIDs. Most NSAIDs are known to exert
potentially adverse effectson the gastrointestinal
tract [14, 15]. These have seriously limited the
employment of these agentsin inflammation and
inflammatory diseases therapy.

Severa efforts have been made to reduce the
adverse effects of NSAIDs. It is now accepted
that cyclooxygenase (COX) enzymeexistsintwo
isoforms — COX | (constitutive) and COX |l
(inducible). Thetherapeutic activitiesof NSAIDs
are attributed to the inhibition of COX 1.

Therefore, an ideal anti-inflammatory drug is
expected to inhibit prostaglandin synthesis
mediated by COX |l while sparing COX | [16],
inhibition of which is believed to mediate the
side effects. Much as it would seem that the
selective COX 11 inhibitors such as celecoxib
and rofecoxib might be cost effective for
patientsat high risk of ulcer complications[17],

serious theoretical concerns exist due to the
potential risk of thrombosis [18]. And so,
though arthritis is one of the oldest known
diseases, there is yet no drug leading to a
permanent cure [11] and which is devoid of
adverse effects.

Nature endows the world with medicinal plants
to take care of health needs. The potentials of
plants as sources of drugs have long been
recognized. Several medicinal plantsspeciesare
commonly used in traditional medicine as
inflammatory remedies. Some of these plants
are shown in Table 1.

There are representative anti-inflammatory
herbs in almost each family in the plant
kingdom. Many of these plantshave provenora
and documented evidence of their use in the
treatment of inflammatory disorders in
traditional medicine. For some plants, inherent
anti-inflammatory activity isinferred from other
identified pharmacological activities related to
modulation of the complex inflammatory
response.

At present, thereismounting scientific evidence
for the anti-inflammatory activity of many
herbs. For some, the anti-inflammatory activity
has been extensively studied while preliminary
evidence has been established for others. A
number of anti-inflammatory constituents have
been isolated and characterized structurally and
pharmacologically.

2. Plants with reported anti-iflammatory
activity

2.1 Aegle marmelos Roxb. (Rutaceae)

A. marmelos, also known as Bilva, is a
commonly growing deciduous tree with sharp
axillary thorns. It has been reported that aqueous
root and bark extracts significantly decreased
therat paw edemainduced by carrageenan [25].
The activity was comparable to that of
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Tabel 1.
Some common anti-inflammatory plants
Plant Parts used Reference

APIACEAE
Coniummaculantum L. Aerid 23
Heteromorphatrifoliate (Wendl.) Eckl and Zeyh Leaves 21
ASTERACEAE
Tenacetumvulgare Aerid 189
Feliciamuricata (Thunb.) Nees Stem bark 21
BERBERIDACEAE
Berberisvulgaris L. Root 23
BURSERACEAE
Commiphora molmol Engl. - 22
CAESALPINACEAE
Erythropheumlasianthum Corbishley Stem bark 21
CAPARIDACEAE
Crataevareligiosa Forst. F Stem bark 186
Crataevanurvala Stem bark 21
CHENOPODIACEAE
Betavulgaris L. Root 22
Chenopodium botrys L. Aerid 23
COMBRETACEAE
Combretum molle Young leaves 20
COMPOSITAE
Latuca sativa L. Seeds 22
EUPHOBIACEAE
Brideliaferruginea Aerid 20
LABIATAE
Mentha piperita L. Leaves 22
LAMIACEAE
Marrubium peregrimum L. Aerid 23
Scutellaria baicalensis Georgi Root bark 24
LAURACEAE
Cinnamonum zeylaniacum L Bark 22
MORINGACEAE
Moringa pterygosperm Root 19
MYRICACEAE
Myrtaceae serrata Lam Root bark 21
MY RTACEAE
Eucalyptus camaldulentis Dehn Leaves 22
OLEACEAE
Oleaeuropea L. Leaves 21
Jasminumofficinale L. Flower 22
PAPAVERACEAE
Glauciumflavum Crantz Aerid 23
PINACEAE
Abiespindrow Spach Leaves 190, 101
RANUNCULACEAE
Consolida regalis S. F. Grey Aerid 23
Coptischinensis Franch Root 24
Isopyrumthalictroides L. Root 23

Thalictruminus L. Aerid 23
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Plant Parts used Reference
ROCCELLACEAE
Roccellamontagnei Bel Wholeplant 196, 201
RUTACEAE
Phollodendron amurense Rupr. Root 24
Ruta graveolens L. Leaves 22
Zanthoxylum zanthoxyl oides Root 185
SAPINDACEAE
Ptaeroxylon obliquum (Thunb). Radlk. Wood 21
THYMELAECEAE
Gridiaanthylloides (LE) Gilg. Leaves 21
UMBELLIFERAE
Apium graveolens L. Seeds 22
VERBENACEAE
Gmelina arborae Roxb Leaves 195
Premnaintegrifolia Linn Leaves 195
ZYGOPHYLLACEAE
Pegamum harmala L. Aerid 23

ibuprofen. The extracts also significantly
decreased granuloma weight and were thus
found effective in both acute and chronic
inflammation [25].

2.2 Ageratum conyzoides L. (Asteraceae)

A. conyzoidesisaplant knownin Brazil variousy
as “Mentrasto”, “Erva de So Joao” and used in
traditional medicine for its anti-inflammatory,
analgesic and anti-diarrhoeal properties [26]. In
someAfrican countries, A. conyzoides isused as
an antienteralgic and antipyretic drug [27].

Experimentally, the leaf extract has been shown
to be effective in the treatment of chronic pain
inosteoarthritis[28] andin causing afall inrecta
temperature [29]. Reports showed that the
essential oil exhibited significant anti-
inflammatory effect [30] whilethewater-soluble
fraction of the 70% ethanol leaf extract exhibited
anti-inflammatory and analgesic properties[31].

Further experimental evidence suggest that the
water-soluble fraction of the 70% ethanol |eaf
extract inhibited zymosan-induced neutrophil
migration into the peritoneal cavity [32]. The
fraction was however ineffective on zymosan

and dextran-induced edema[32], suggesting that
the extract could act by inhibiting cyclooxy-
genase enzyme [32].

2.3 Aloe vera Linn Burm. f. (Liliaceae)

A. vera is a pineapple-like plant with rosettes
of fleshy, sword-shaped toothed leaves found
in rocky hills and near streams in swampy
places [33].

Theanti-inflammatory activity of thefreshjuice
has been reported [34]. Thefresh juice obtained
from leaves of the plant inhibited carrageenan-
induced rat paw edemato a degree comparable
to that of ibuprofen. However, in chronic
inflammation model, the extract did not
significantly reduce granulomaweight in treated
animals. The fresh juice was effective in acute
inflammation but exhibited no effect in chronic
inflammation [34].

Atta and Alkofahi [22] have reported that the
ethanolic extract significantly reduced the
weight of xylene-induced ear edema in mice
with acalculated inhibition of 71%. In separate
investigations, Aloe gel has been reported
effective in inflammation induced by kaolin,
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carrageenan, albumin, gelatin, mustard and
croton oil [35]. Aqueous or chloroform extracts
of the gel have been reported to inhibit
carrageenan-induced inflammation and
migration of neutrophils [36].

2.4 Ambrosia artemisiaefolia L. (Compositae)

A. artemisiaefolia isalso known as“ Tamaris’
in Mexican folk medicine. Theleaves are used
astopical anti-inflammatory remedy. Thelocal
population use the juice of the leaves
administered externally and systemically to
relieve different states of arthritis and
rheumatism. [37]

The ethanolic leaf extract was reported to
inhibit the development of granulomatous
tissue produced by croton oil-induced
inflammation in rats. The extract also
significantly reduced carrageenan-induced
inflammationin rats, and inhibited early stages
of formaldehyde induced arthritisin rats. The
extract was more active topically than oraly
and believed to be more suited for use in
arthritis. [37]

2.5 Anthurium cerrocampanense Croat (Araceae)

A. cerrocampanense is a rarely epiphytic
terrestrial and deeply rooted plant [38]. The
anti-inflammatory activity of the aqueous,
ethanolic and dichloromethane extract on topical
inflammation of the mouse ear, and edema of
the rat paw induced by carrageenan, dextran,
arachidonic acid, zymosanand C -PAF wasa so
reported [38]. The report indicated that all the
extracts exhibited anti-inflammatory activity
with the dichloromethane extract as the most
active in both acute and topical inflammation.

Further investigation of the dichloromethane
extract revealed that it inhibited dextran,
carrageenan and zymosan-induced rat paw
edema which is associated with histamine and
serotonin release [39, 40, 41]. The extract was

however not active in arachidonic acid-induced
inflammation of the rat paw suggesting the
absence of involvement of the lipoxygenase
pathway. [38]

2.6 Aspilia africana CD Adams (Compositae)

A. africana formerly known as Wedelia
africana Pers or Aspilia latifolia is a weed
widespread inAfrica[42]. The crushed leaves
have been used for patients suffering from
rheumatic pains [43]. Healing of wounds
occurs when treated with the crushed leaves.
[44]

Theanti-inflammatory activity of isosalineand
ethanolic leaf extracts based on their effects
on heat and hypotonicity-induced lysis of
bovine red blood cells has been reported [45].
Both extracts stabilized bovine red blood cell
membrane against heat and hypotonicity-
induced lysis, producing effects comparable to
that of indomethacin, a standard anti-
inflammatory drug [45].

2.7 Bryophyllum pinnatum S. Kurz
(Crassulaceae)

B. pinnatum ispopularly known as* abamoda”
in the Yoruba tribe of Nigeria. The leaves are
used in folk medicine, rubbed with shell butter
or palm oil on abscesses or other inflammatory
conditions[46, 47]. It isalso claimed to be used
for thetreatment of sprains, dysmenorrhoeaand
common cold. [48]

In experimental animal models, the anti-
inflammatory activity of the methanolic leaf
extract in acute and chronic inflammation has
been demonstrated [49]. The extract
significantly inhibited carrageenan-induced rat
paw edema and inhibited the weight of
granuloma tissue in cotton pellet test. The
observed activity in cotton pellet granulomatest
was attributed to the ability of the extract to
decrease fibroblasts number and synthesis of
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collagen and mucopolysaccharides [49], which
are natural proliferative agents of granulation
tissue formation [50].

2.8 Butea frondosa Koen. Ex Roxb.

(Papilionaceae)

B. frondosa leaves are used in inflammatory
conditions, skin diseases, worm infestations,
and haemorrhoids [51, 52]. The aqueous |eaf
extract was shown to exhibit dose dependent
anti-inflammatory activity in carrageenan-
induced rat paw edema [53]. The observed
activity was significant and comparableto that
of ibuprofen. [53]

2.9 Calligonum comosum (L.) Hert.
(Polygonaceae)

C. comosum is a shrub distributed throughout
Arabia and growing in sandy deserts, and used
by the local healers to treat stomach ailments.
The stems and leaves are chewed as an ailment
in toothache. [54]

Experimental evidence suggests that 10%
ethanolic extract of the aerial parts of C.
comosum significantly reduced increasein hind
paw edema induced by carrageenan [55]. The
extract was reported to significantly reduce
increase in weight of cotton pellet, and exhibit
anti-ulcer and cytoprotective effect against
gastric ulcers induced experimentally by
NSAIDs and necrotizing agents. [55]

2.10 Calotropis procera (Ait) R. Br.
(Asclepiadaceae)

C. procera is a wild growing tropical plant. It
possesses multifarious medicinal properties
including anti-inflammatory effects [56, 57].
Extracts from different parts of the plant have
been reported to possessanti-inflammatory effect.
The ethanolic extract of flowers [58], the
chloroform-solublefraction of roots[59] and the
dry latex [57] have been reported to possess anti-
inflammatory activity. The petroleum ether,

acetone, methanol and agueous extracts of the
dry latex significantly inhibited carrageenan-
induced paw edema in rats [60]. The acetone
and aqueous extracts produced the greatest
inhibition.

2.11 Caralluma tuberculata N.E. Brown.
(Asclepiadaceae)

C. tuberculata is a plant largely grown in
Pakistan and India[61]. It is consumed as food
and used in ethnomedicine in the treatment of
rheumatism, leprosy, blood disorders and as an
anthelmintic [62-64]

The ethanolic extract has been reported to
possess significant anti-inflammatory and
analgesic activities [61]. Experimental data
indicated that the ethanolic extract
significantly inhibited carrageenan-induced
inflammation in rats. The extract also
decreased granuloma formation by cotton
pellets in treated rats [61].

2.12 Cassia spp (Caesal pinaceae)

Plants of the genus Cassiaare mainly tropical
or subtropical trees, shrubs or very rarely
herbs or scramblers [65]. They form an
important source of medicinal decoctions
[66]. Some of the species are cultivated on
plantation scale and are known to be good
fodder though the leaves and pods contain
constituents found toxic to livestock [67, 68].
Species of this genus include - Cassia absus
Linn, C. alata Linn, C. occidentalis Linn,
C. sieberiana DC, C. podocarpa Guill and
Perr. In native medicine, the leaves are used
as dressing for ulcers, swellings or
inflammatory conditions [66].

It has been reported that the ethanolic |eaf
extract of some of the Cassia spp (C.
sieberiana, C. spectabilis, C. siamea, C. alata
and C. nodasa ) inhibited increasein paw volume
induced by carrageenan [66].
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2.13 Cedrus deodara (Roxb.) Loud. (Pinaceae)

C. deodara variously known as“Devadaru” in
Sanskrit, “Deodar” in Hindi/Marathi, India and
“Cedar” in English, is a graceful, ornamental
evergreen tree growing extensively onthe slopes
of the Himalayas. Deodar forests are common
from Kashmir (1500-3000 m altitude)
especially, Krishnaganga, Kishtwar and Jhelum
to Garhwal. [69]

The effect of the essential oil of C. deodara
wood on 48/80 — and nystatin- induced paw
edema in rats and membrane stabilization has
been reported [70]. The wood oil significantly
inhibited edema formation produced by 48/80,
known to release histamine [70]. The ail also
significantly inhibited nystatin-induced edema
dose dependently. Further findingsindicate that
the wood oil exhibited membrane stabilization
by inhibiting erythrocyte hemolysisinduced by
heat and hypotonicity.

2.14 Centaurea cyanus L. (Asteraceae)

C. cyanus flower-heads are used in European
traditional medicine in the treatment of minor
ocular inflammation [71]. A polysaccharide
fraction of the aqueous extract of C. cyanus
inflorescences has been reported to inhibit
carrageenan and zymosan-induced paw edema
inrats [72]. The effect of the extract compared
favourably with those of indomethacin and
acetylsalicylic acid. The extract also dose-
dependently inhibited croton oil-induced ear
edemain mice. The polysaccharidefraction also
induced the formation of anaphylatoxin-like
activity in vitro.

2.15 Chasmanthera dependens Hochst
(Menispermaceae)

The leaves of C. dependens are used as a
dressing for fractures and as an embrocation for
sprains and muscular pains [47, 48, 73]. The
methanolic leaf extract was reported to

significantly and dose-dependently inhibit paw
edemainduced by carrageenaninrats[74]. The
extract inhibited cotton pellet granulomain rats
producing effect comparable to that of
indomethacin.

The extract also reduced the intensity of
peritoneal inflammation by reducing dyeleakage
induced by acetic acid in the mice peritoneum.
The effect on peritoneal inflammation was
attributed to the ability of the extract to inhibit
the release of inflammatory mediators, which
causeincreasein vascular permeability of small
blood vessels and enhance inflammation [74].

2.16 Cissus trifoliata Rott. (Mtaceae)

C. trifoliate commonly known as “bolontibi”
isreportedly used by practitioners of traditional
medicine in the northern states of Sonora,
Mexico, as a cure against rheumatic arthritis
[75]. The ethanol root extract exhibited marked
anti-inflammatory activity in carrageenan-
induced edema in rats and mice and in
formaldehyde- and adjuvant-induced arthritisin
rats [75].

The extract was found more potent than
phenylbutazone in acute inflammation and has
similar potency of phenylbutazone in chronic
inflammation [75]. The extract inhibited heat-
induced erythrocytelysis, whichisabiochemical
index of anti-inflammatory activity [75].

2.17 Culcasia scandens P. Beauv (Araceae)

C. scandens is atal climbing epiphyte [76].
Themorphology and distribution have been fully
described [77]. It is abundantly present in the
Southern parts of Nigeria. C. scandens iswidely
acclaimed as a potent anti-inflammatory herb.
A poultice of the leaves mixed with Capsicum
frutescens is usually applied to the affected or
inflamed part [78]. In the eastern parts of
Nigeria, the leaves of the plant are chewed with
seeds of Aframomum meleguetaand swallowed
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to treat tonsillitis. A poultice of the leaves is
placed on an aching tooth to relieve toothache.
A single treatment is claimed to be highly
efficacious.

Theanti-inflammatory activity of themethanolic
leaf extract and TLC fractions in egg albumin-
induced acute inflammation in rats has been
reported [79]. In addition, the crude extract
effectively suppressedincreasein rat paw edema.

2.18 Curcuma longa Haldi (Zingiberaceae)

C.longa rhizome, also known as“turmeric” is
cultivated in India, West Pakistan, China and
Malaya [80]. It has been used as a household
remedy for local application in inflammatory
conditions and other painful afflictions,
including sprain [81]. Intramuscular injection
of avolatile ail fraction of the dried rhizome of
C. longa was found to inhibit formaldehyde
and carrageenan-induced paw edemain rats[82].
Thevolatileoil and asterol fraction were shown
to possess anti-inflammatory activity in the
cotton pellet and granuloma pouch tests. [83]

Also, the anti-inflammatory activity of the
volatileoil on Freund’s adjuvant-induced arthritis
inratsand tal c-induced teno-synovitisin pigeons
are documented [84]. The results indicate that
thevolatileoil exhibited ahighly significant early
anti-inflammatory effect, probably related to its
antihistaminic and histamine depleting effect [82,
83]. The effect was more marked than that
obtained with cortisone acetate. The antiarthritic
effect of thevolatileail of C. longawasattributed
to apossible mediation through the hypophyseal
adrena axis [84].

2.19 Dalbergia sissoo Roxb. (Fabaceae)

Plants of the genus Dalbergia have been
reported to be useful in thetreatment of arthritis,
gonorrhoea and rheumatic pains [85-87]. The
scientific evidence for the anti-inflammatory
activity of D. sissoo leaves has been recently

provided [88]. The ethanolic leaf extract
inhibited the edema induced by carrageenan,
kaolin and nystatin in the rat paw. The extract
was reported to reduce the weight of granuloma,
implying an effect on the proliferative phase of
inflammation. It also reduced the intensity of
the peritoneal inflammation produced by acetic
acid in mice, indicating its ability to inhibit the
permeability of small blood vessels [88].

The anti-inflammatory activity was attributed
to possible inhibition of autocoids such as
prostaglandins or lysosomal membrane
stabilization [88]. The evidence seem more in
favour of prostaglandininhibition sincearelated
species D. odorifera has been found to
significantly inhibit prostaglandin synthesisand
platel et aggregation induced by arachidonic acid.
[89, 90]

2.20 Dicliptera chinensis Juss (Acanthaceae)

Aerial parts of D. chinensis is among the
constituents of “Wuu-joa-jin-ing” used as folk
medicine in Taiwan [91]. It is employed in the
treatment of hepatitis, cystitisand jaundice. [92]

The anti-inflammatory activity of D. chinensis
has been reported [91]. Aqueous extract of the
aerial part inhibited increase in paw edema
induced by carrageenan. The extract wasfound
effective in inhibiting the two phases of
inflammatory response induced by
carrageenan. [91]

2.21 Diodia scandens Swartz (Rubiaceae)

D. scandens is a straggling woody perennial
herb growing wild in Southern Nigeria. It hasa
remarkable activity to surviveinthedry season.
Thebotanical characteristics have been described
[42]. The leaves of this plant are used in the
folkloric treatment of snake bites, rheumatic
inflammatory disorders, earache and venered
diseases [73]. The antivenom property of the
plant has been reported. [93, 94]
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The scientific evidence for the anti-
inflammatory effect of the aeria parts has been
documented [95]. The petroleum ether extract
of the plant dose-relatedly suppressed the rat
paw edema induced by egg albumin. The
suppression of edema was significant from 30
min after edema induction and lasted for about
3 h. The effect of the extract was attributed to a
possible inhibition of the release of mediators
of inflammation [95]. This is consistent with
earlier reportsthat D. scandens extract blocked
the stimulant effect of 5-HT and histamine on
guinea pig ileum [93].

2.22 Emilia sonchifolia (L.) DC (Asteraceae)

E. sonchifolia is a weed predominant in the
grassland regions of West Africa. In the Igbo-
speaking parts of Nigeria, the plant is used in
folkloric medicine for inflammation, eye sores
and convulsion [96]. It is commonly used by the
tribes of keralain the treatment of inflammation,
insect bites, conjunctivitis, rheumatism, cutsand
wounds[97]. In Cameroon, fresh juice squeezed
from the fresh leaves is utilized in the dressing
of fresh wounds. [98]

Themethanol |leaf extract wasreported toinhibit
paw edemainduced by carrageenan in rats[99].
The anti-inflammatory activities of the two
extracts were attributed to their flavonoid
contents. [99]

The pharmacological evidence for the anti-
inflammatory effect of E. sonchifolia has been
further provided [98]. Methanol and aqueous
leaf extracts of the plant was shown to reduce
paw edema induced by egg albumin. The
aqueous extract was found more potent than the
methanolic extract. [98]

2.23 Entada abyssinica Steud. exA. Rich.
(Mimosaceae)

E. abyssinica is atree found all over tropica
Africa [100]. The plant has been used for the

treatment of bronchitis, cough, and to alleviate
arthritic pains[78]. The juice of E. abyissinica
is employed as an instillation for eye
inflammation. [47, 101]

The defatted methanolic leaf extract of E.
abyssinica has been demonstrated to possess
anti-inflammatory activity [100]. The results
indicate that the methanolic extract significantly
inhibited the devel opment of paw edemainduced
by carrageenan. The extract also exhibited a
dose dependent and significant inhibition of dry
weight of the cotton pellet granuloma tissue
formation in rats. The inhibition produced by
the extract was greater than that produced by
hydrocortisone. [100]

2.24 Euphorbiaroyleana Boiss (Euphorbiaceae)

E. royleana isashrub growing up to 15 ft high
and commonly found on the outer dry slopes of
the Western Himalayas, India [102]. In
traditional medicine, it is used as a remedy for
joint pains[102]. Theanti-inflammatory activity
of the latex of E. royleana has been established
[102]. The ethylacetate extract obtained from
the residue of an 85% ethanol extract of the
latex of the plant displayed marked anti-
inflammatory activity in acute inflammation
induced by various phlogistic agents.

The extract produced significant antiarthritic
activity in subacute and chronic models of
formaldehyde and adjuvant-induced arthritis.
It also inhibited the exudate volume, leucocyte
migration in rats and vascular permeability in
mice. However, the extract exhibited poor
inhibitory effect on the granuloma formation
by cotton pellet and croton oil [102].

Subsequent investigation revealed that the
hydrosoluble fraction of the latex significantly
inhibited edema induced by dextran, and
carrageenan, and dose dependently inhibited
arthritis induced by formaldehyde in rats by as
much as 35%. The extract displayed significant
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and dose dependent inhibition of the exudate
volumeandthetotal leucocytecountinthepleura
cavity [103]. The anti-inflammatory activity of
the extract was attributed to possible multiple
interactions with several components of the
different acuteand chronicinflammatory reactions
e.g. leucocyte migration inhibition [103].

2.25 Ficus platyphylla Del- Holl (Moraceae)

F. platyphylla isaso known as “gamji” among
the Hausa tribes of Northern Nigeria [104]. It
is atree that commonly grows in the savannah
region of West Africa. The soft gummy resin
of thetreeispopularly used in Northern Nigeria
as a birdlime while cold water extracts,
decoctions and powder made from the root and
bark are used in the treatment of insomnia, pain,
depression and persons said to be possessed by
the spirits [104].

Experimental evidence suggests that the
methanol bark extract of F. platyphylla
markedly inhibited egg a bumin-induced rat paw
edema in a dose-related manner [104]. There
was significant difference between the activity
of the extract and acetylsalicylic acid. The
activity of the extract was attributed to its
flavonoid content [104].

2.26 Gentianella achalensis (Gilg.) T. N. Ho et
S W Liu (Gentianaceae)

G. achalensis isasmall herb distributed in the
northwestern and central regions of Argentina
[105] where it is locally known variously as
“pasto amargo” (bitter grass), or “nencia’. The
infusion of the aerial parts of the plant has been
used in place of the European Gentiana
preparation extensively as stomachic or appetite
stimulant and bitter tonic for digestive and liver
problems [106-108].

The anti-inflammatory activities of the
petroleum ether, dichloromethane and methanol
extracts and a fraction F, (obtained from

chromatographic separation of the
dichloromethane extract) of G. achalensis have
been reported [123]. In the mice ear edema
induced by 12-0-tetradecanoylphorbol—-13-
acetate (TPA), only the dichloromethane extract
produced significant inhibition. Of the seven
fractions obtained from its chromatographic
separation, one fraction exhibited activity
comparable to that of indomethacin and the
fraction was shown to contain two triterpenoids
— oleanolic and ursolic acids as major
constituents.

2.27 Heterotheca inul oides Cass (Asteraceae)

H. inuloides grows abundantly in the cooler
temperate regions of Mexico. The flowers of
this plant are widely used in traditional
medicine in Mexico for the treatment of
inflammatory diseases, fever, and other
disorders [109].

It has been reported that an active fraction
obtained from the purification of aqueous
extract of H. inuloides exhibited potent anti-
inflammatory effect [109]. The fraction
inhibited inflammation induced by carrageenan
and dextran and weakly reduced arachidonic
acid induced edema, and al so produced gastric
erythma on gastric mucosa of rats [109]. It
was concluded that inhibition of prostaglandin
bisosynthesis might be involved in the anti-
inflammatory activity of H. inuloides though
other mechanisms may also be involved [109].

2.28 Holmskioldia sanguinea Retz (Verbenacea)

H. sanguinea also known as“Kapni” isalarge
scrambling shrub [110] distributed in regions
of India. The antinociceptive and anticancer
activities of H. sanguinea have been reported
[111, 112].

The agueous extract and chloroform fractions
of the leaves were reported to have inhibited
carrageenan-induced paw edemain rats[113].
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The activities of the aqueous extract and
butanol fraction were greater than that of
hydrocortisone [113].

2.29 lcacina trichantha Pflamzenfam
(Icacinaceae)

. trichantha ethanol tuber extract isacommon
medicine in many Nigerian homes [114].
Traditionally, the alcohalic extract of the tuber
is drunk to relieve pains and other symptoms. It
is also used to treat cases of poisoning,
constipation and yellowness of the eye commonly
associated with malariaand hepatitis[114, 115].

The liver and kidney protective activities of
methanol the tuber extract in carbon
tetrachl oride-poisoned rats have been reported
[116]. Thiseffect of the extract wasreportedly
suspected to be associated with a free radical
scavenging activity characteristic of many anti-
inflammatory agents [117].

The inhibitory effect of the hexane,
chloroform, ethylacetate, methanol and water
extracts of the tuber on croton oil-induced ear
edema in mice has been reported [117]. The
chloroform extract, which exhibited the highest
activity, was shown to have significantly
inhibited ear edema in a dose dependent
manner. The chloroform fraction also
significantly inhibited paw edema induced by
carrageenan. [117]

2.30 Mitracarpus scaber Zucc (Rubiaceae)

M. scaber is a herb indigenous to Nigeria,
Senegal, Ghanaand Gambiaand generally found
inthetropics. Itisan annual woody weed up to
1 m high which grows erect with a highly
branched tough stem[42]. Infolkloric medicine,
the powdered |eaves are applied to arrow wounds
and the decoction drunk as antidote to arrow
poison[73]. Squeezed extract of thefresh leaves
is used to treat eczema infections of the skin
and as anti-inflammatory agent [118].

In experimental animal models, the anti-
inflammatory and antimicrobial activitiesof the
petroleum ether and methanol extracts of the
leaves of M. scaber have been reported [118].
Both extracts progressively exhibited sustained
inhibition of increasein paw edemainduced by
fresh egg albumin. The methanolic extract
exhibited a higher antimicrobia activity than
the petroleum ether extract. Thiswas suggested
probably toimply that the extract might be more
effective in inflammation caused by infectious
microorganisms [118]. The petroleum ether
extract was however more potent than the
methanolic extract [118].

2.31 Moringa oleifera Lam (Moringaceae)

M. oleifera grows on sandy soil to a small or
medium-sized tree and is commonly planted as
fencetree[119]. InIndig, it iscultivated mainly
foritsfruit, whichisusedin curiesanditsleaves,
which substitute as fodder for cattle [25]. The
leaves and young buds are used as vegetable in
soup and rubbed on the temples to relieve
headache. The root bark are regarded as anti-
scorbutic and are used externally as counter
irritants. A poultice of the root mixed with salt
iseffective against inflammatory swellings[73].

Themethanoal root extract inhibited carrageenan-
induced paw edema in rats [119]. The extract
dose-dependently inhibited increased paw weight
comparable to indomethacin. The extract also
produced inhibitory effects against Freund's
adjuvant-induced chronic inflammation [119].
These findings suggest that the root extract is
effectivein both acute and chronic inflammation
and inhibits both the cell and fluid accumulation
tothe sameextent in both acute and chronic forms
of pouch inflammation [119].

The aqueous root and root bark extracts have
been reported to effectively decreasetherat paw
edemainduced by carrageenan [25]. The effect
was comparable to that of ibuprofen.
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2.32 Myracrodroun urundeuva Fr. All
(Anacardiaceae)

M. urundeuva isapopularly used medicinal plant
in Northern Brazil [120]. Experimental studies
have demonstrated significant anti-inflammatory
activity of the aqueous and hydroal cohol extracts
of the bark in several animal models[121]. The
ethylacetate extract has been reported to have
demonstrated highest anti-inflammatory activity
when compared to the activities of hexane,
chloroform, ethylalcohol, methylalcohol and
water extracts [120].

It has been reported that the ethylacetate extract
has two main fractions - a predominant group
of substances of a chalcone nature and another
group of mainly catechin tannins [122].

The catechin tannin fraction obtained by column
chromatography of the ethylacetate bark extract
of M. urundeura was reported effective in
inhibiting carrageenan- and dextran-induced
paw edema [120]. The tannin fraction also
inhibited leucocyte and neutrophil migrations
induced by carrageenan and N-formyl-
methionyl-L-leucyl-L-phenyalanine (fMLP).

The tannin fraction was also demonstrated to
inhibit vesicle oedema and increased vascular
permeability that occur at the onset of
cyclophosphamide-induced haemorrhagic
cystitis[120]. Thetannin fraction was suggested
to act on polymorphonuclear and leucocyte
dependent and independent inflammatory
responses and may also inhibit the release of
tumour necrosis factor alpha (TNF-a),
interleukin-1 (IL-1) and other secondary
mediators of inflammation [120].

2.33 Newbouldia laevis (Bignoniaceae)

N. laevis isacommon tropical plant with vast
therapeutic uses in traditional system of
medicine in Nigeria[123]. A decoction of the
bark is given to children in Ivory Coast and

Nigeriafor epilepsy and convulsions [123]. A
pulp of the bark is used in Senegal for
rheumatism, especially painful arthritisin the
knee [73]. In Ghana and Nigeria, the bark and
leaves are used for the treatment of breast
tumors [124].

Experimental evidence suggest that a 95%
ethanol leaf extract reduced the paw edema
induced by fresh egg albumin and was
significantly more potent than indomethacin
[123]. The effectiveness of the extract asan anti-
inflammatory agent was attributed to possible
suppression of the release of inflammatory
mediators [123].

2.34 Opuntia fiscus-indica Mill (Cactaceae)

O. fiscus-indica, the “pricky pear” and also
known as “cactus’ is a native of America,
sometimes grown as a hedge [80]. The fresh
stems have been used in folk medicine for the
treatment of burns, wounds, edema and
indigestion [125]. Alcoholic stem extracts have
been reported to possess anti-inflammatory
activity [125, 126].

In a recent report, it has been shown that
adjuvant-induced pouch granuloma guided
fractionation of the methanolic extract has led
to theisolation and identification of -sitosterol
as the active principle. The anti-inflammatory
activity was however reported to be weak
compared to hydrocortisone [127].

2.35 Orbignya phalerata Mart [Arecaceae
(Palmae)]

The mesocarp fruits of O. phalerata isafood
rich in carbohydrates and mineral salts [128],
with acclaimed anti-inflammatory and
analgesic properties. In traditional medicine,
it has been used for the treatment of menstrual
pains, arthritis, leukemia, rheumatism,
ulcerations, tumors, and inflammation of
uterus and ovarium [128].
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The chloroform extract of the dried fruits was
reported to have exhibited potent anti-
inflammatory activity by inhibiting carrageenan-
induced acute inflammation, cotton pellet
granuloma and formalin-induced arthritisin rats
[129]. In arecent report, the isolation of an anti-
inflammatory and immunomodulatory
polysaccharide from the powdered fruit mesocarp
hasbeen demonstrated [128]. The polysaccharide
fraction, significantly inhibited the increase in
vascular permeability caused by acetic acid. The
polysaccharidewasal so reported to have enhanced
phagocytosisin vivo [128].

2.36 Pothomorphe peltata (L.) Migq.
(Piperaceae)

P. peltata leavesare extensively used as an anti-
inflammatory agent throughout tropical South
and Central America [128-133]. The in vitro
antioxidant and freeradical scavenging activities
of different leaf extracts of the plant have been
demonstrated [134-137].

The methanolic leaf extract has been
demonstrated to significantly reduced the
edematous response induced by carrageenan
[137]. The effect was comparable to that of
phenylbutazone. The methanolic extract was
shown to contain 4-nerolidylcatechol (4-NC).
Theanti-inflammatory activity of themethanolic
extract was attributed to the ability of 4-NC to
suppresslipid peroxidation, which occursduring
inflammation [137-138].

2.37 Premna herbacea Roxb. (Verbenaceae)

[Syn. Pygmacopremna herbacea (Roxb.) Mold.
(Verbenaceae)]

P. herbacea is also known as “sirutekku” in
Tamil and used in the traditional system of
medicine practised in South India called
“Siddha’ [139]. P. herbacea is claimed to be
useful in the treatment of fevers, inflammation,
rheumatism, respiratory disorders and as a
sedative [140, 141].

Experimental evidence suggests that the
ethanolic root extract did not reduce paw edema
induced by carrageenan [139]. However the
extract produced a mild but statistically
significant reduction in the weight of cotton
pellets in treated animals. The results indicate
that the extract of P. herbacea may be effective
only in chronic inflammation upon repeated
administration [139].

2.38 Psidium guianense Pers (Myrtaceae)

P. guianense isasmall fruitiferoustree, largely
grown in Northeast of Brazil and popularly
known as “araca azedo” (sour araca) [142].
Infusions prepared from the leaves of Psidium
spp are popul ar medicine used for the treatment
of swollen gums, mouth ulcers, and to aleviate
abdominal pain [143 — 145].

In experimental animals, the essentia ail of P.
guianense obtained by steam distillation of fresh
leaves was reported to have exhibited dose-
dependent inhibition of edema in the rats hind
paw [142]. The anti-inflammatory activity was
found to be comparableto that of indomethacin.

The magjor volatile constituents of the essential
oil have been reported [ 146]. Theseweremainly
terpenes and include — 1,8-cineole, a-pinene,
B-pinene, elemol and sesquiterpenoid alcohols
- y-eudesmol and [3-aidesmol.

2.39 Rheo spathacea (Swartz) (Commelinaceae)

R. spathacea also known as “maguey” in
Mexico, isused by thelocal populacein Tabasco
State. The powder of the aerial partsisused in
the treatment of arthritis [37]. The leaves are
boiled in water to obtain acup of clear yellowish
liquid, which is drunk daily for chronic
inflammation [37].

The ethanolic leaf extract inhibited the
development of croton oil induced granulomatous
tissue and the early stages of formaldehyde-
induced arthritis in rats. The extract also
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significantly inhibited carrageenan induced
inflammation in the rat paw and was found to be
more active topicaly than oraly [37].

2.40 Sambucus ebulus (Caprifoliaceae)

S ebulus also known as “Dwarf elder”, grows
extensively inthe northern regions of Iranand is
popular for its anti-inflammatory and analgesic
effects in lranian traditional medicine [147],
wheretheleavesand rhizomes are used topically
for treating inflammatory joint diseases. Coastal
people of the Caspian seausetheleaves, rhizomes
and rootsfor treating bee and nettle bites, arthritis
and sore throats [148-152].

Pharmacological evidence indicates that the
methanolic rhizome extract produced anti-
inflammatory activity in both acute and chronic
inflammatory tests [147]. S. ebulus extract
inhibited the formalin induced edema to an
extent not significantly different from the effect
of sodium salicylate. Theextract also chronically
inhibited the development of formalin-induced
edema. The observed activities were attributed
to the plant constituents such as flavonoids,
steroids, glycosides and tannins but most
probably flavonoids and steroids [148].

2.41 Sderitis spp (Lamiaceae)

Different species of the genus Sderitis are used
as folk remedy in the treatment of inflammatory
disordersin Spain [153]. Some of these are native
of Granada, Spain include — Sderitisincana L.
var. virgata (Desf) Font Quer, S funkiana WIk.
and S hirsuta L. [153].

The anti-inflammatory and anti-ulcerogenic
activities of 20% decoctions of the flowering
apices of these Sideritis spp have been
demonstrated [175]. The extracts clearly
reduced plantar edemainduced by carrageenan
with S incana virgata being the most active.
Thiswasfollowed by S hirsuta. Only S. hirsuta
and S. incana were orally active.

2.42 Syzygium cumini L. Skeels (Myrtaceae)

S cumini is a medicinal plant also known as
“Brahaspati” in Sanskrit and “Jamun” or
“Jaman” in Hindi. The bark is reportedly
employed in folk medicine for the treatment
of inflammation [154] and the anti-
inflammatory and antiulcerogenic activities
have been reported [ 155]. Ethanol bark extract
of the plant demonstrated significant anti-
inflammatory activity in the rat paw edema
induced by carrageenan, kaolin-carrageenan
and formaldehyde and in the cotton pellet
granuloma test in rats.

In the ulcerogenic screening, the extract did
not show any ulcerogenic effect in both acute
and chronic tests. This suggests that
prostaglandin inhibition or cyclo-oxygenase-
1 may not beinvolved in the anti-inflammatory
activity of Syzygium cumini  bark. However,
the observed anti-inflammatory activity was
attributed to a possible inhibition of
inflammatory mediators [155].

2.43 Tanacetum parthenium L. Schutz-Bip
(Asteraceae)

T. parthenium aso known as “feverfew” is a
perennial herb with astrong smell and greenish
yellow feather-like leaves [156].

In native medicine, the leaves of T. parthenium
are eaten or the infusion drunk in the treatment of
arthritis, migraine and asthma. It is also claimed
useful for tinnitus, vertigo, fever, menstrual
disorders, difficulty of labour, stomachache,
toothache and insect bites [157, 158].

In carrageenan-induced rat paw edema, it has
been reported that ethanolic leaf extract exhibited
dose dependent anti-inflammatory activity
comparable to that of nimesulide [156]. The
observed activity was attributed to parthenolide,
a sesquiterpene lactone and active anti-
inflammatory constituent in fever few extract
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[156]. Parthenolide is also considered the most
important biologically active principle of
feverfew [158, 159].

In earlier studies, feverfew has been shown
effective in prophylactic treatment of migraine
[159] probably due to its inhibition of platelet
aggregation, histamine release from mast cells
[160] and the production of prostaglandins,
thromboxanes and leukotrienes [156]. These
effects may be the mechanisms responsible for
the anti-inflammatory activity of feverfew.

2.44 Taxodiumdistichum L. Rich (Taxodiaceae)

T. distichum is one of the most valuable trees
of North America. It is native to Europe and
United States and grows to about 40 m high
[161, 162]. In Egypt, it is cultivated for
ornamental and economic purposes [163, 164].
The leaves and seeds are used for the treatment
of malaria and liver diseases [165]. The seeds
were reported to possess antitumor activities
[166, 167].

The anti-inflammatory activity of essentia oil
of the fruit has been reported [168]. The
essential oil obtained by hydrodistillation of the
fresh crushed fruits exhibited a strong anti-
inflammatory activity intherat paw edematest.
The oil was as effective asdiclofenac. The anti-
inflammatory activity of the oil was attributed
to the presence of a-pinene found to be the
principal component of the oil [168].

2.45 Teucrium buxifolium Schreber (Lamiaceae)

The aerial parts of T. buxifolium, have
traditionally been used for the treatment of
rheumatic and other inflammatory effectsinthe
Mediterranean region [169]. Also reported is
the anti-inflammatory activity of the hexaneand
methanolic extracts against adjuvant-
carrageenan-induced inflammation [170].

Further experimental evidence has been
provided for the anti-inflammatory activity of

T. buxifolium [169]. The hexane and methanol
extracts inhibited both the acute and chronic
phases of arthritis. The methanolic extract was
more active against the chronic than the acute
phase. The agueous extract was, however,
effective against both phases with activity
comparable to phenylbutazone.

In carrageenan-induced plantar edema, all the
extracts were found effective. The methanolic
extract was the most active. The activities of
the hexane and aqueous extracts were
comparable to that of phenylbutazone. The
extracts also exhibited antiulcerogenic effect
indicating apossible selective COX Il inhibition
by the extracts [169].

2.46 Tithonia diversifolia (Hemsl.) Gray
(Compositae)

Aerial parts of T. diversifolia are among the
constituents of the herbal remedy “Wuu-jao-jih-
ing” [171] usedinfolk medicinein Taiwan [172].
It is employed in the treatment of hepatitis,
cystitis and jaundice [173]. The anti-
inflammatory activity of agueous extract of the
aeria part has been reported [172]. The results
show that the aqueousextract inhibited paw edema
induced by carrageenan. The extract was found
effective in the two phases of the carrageenan-
induced inflammatory response [172].

2.47 Trema spp (Ulmaceae)

Many species of the genus Trema are used in
traditional medicine [174]. Infusions prepared
from the fruits and flowers of T. guineense
(Schum et Thonn) are administered to children
as therapy for bronchitis, pneumonia and
pleurisy, in Tanzania [175].

The petroleum ether, ethanolic and aqueous | eaf
extracts were found active in carrageenan-
induced edema and produced significant
antiarthritic activity. In acute inflammation,
T. micrantha ether extract caused the highest
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percent inhibition comparable to that of
indomethacin [174]. The observed anti-
inflammatory and antiarthritic activities were
attributed in part to the B-sitosterol in these
species and perhaps to contributions from other
constituentse.g. flavonoidstriterpenesetc[174].

2.48 Tripterygium wilfordii Hook. F.
(Celastraceae)
T. wilfordii, also known as “Thunder-God-

Vine’, is apopular remedy for rheumatism in
Southern China[176]. It is atype of vine-like
plant mainly grown in the Southern province
of China [177]. An ethanolic roots wood
extract hasbeen used in thetreatment of various
kinds of rheumatism and autoimmune diseases
including rheumatoid arthritis[177, 178]. The
extract was reported to have significantly
improved joint symptoms in arthritic patients
with onset of symptoms relief ranging from 3
days to 2-3 weeks [178].

There are evidence that the ethanolic root wood
extract significantly inhibited carrageenan-
induced paw edema in rats [179] and inhibited
adjuvant-induced paw inflammation [176]. The
extract exerted modulatory effect on mediators
of inflammation, inhibited lysozyme release,
decreased superoxide production and significantly
reduced prostaglandin levels [176].

2.49 Turner ulmifolia L. (Turnderaceae)

T. ulmifolia aso known as“Chanand’ isaweed
widely distributed in Brazil [180]. Some Turnera
species are employed for the treatment of
inflammatory diseases in traditional medicine
[181 - 183]. Among these species, T. ulmifoliais
widely used as an anti-inflammatory agent [184].

The hydroalcoholic extract of T. ulmifolia and
the ethylacetate, aqueous and ethanol fractions
have been reported to exhibit anti-inflammatory
effect in acute edema induced by carrageenan
[208]. The crude hydroal coholic extract and the

aqueous and ethanolic fractionsinhibited edema
in the rat paws at 3 h.

In antiedematogenic response in carrageenan-
induced inflammation, the hydroalcoholic
extract and ethanolic fraction inhibited the
inflammation with an ED,, of about 3 g/kg and
150 mg/kg respectively [84] while a marked
inhibition of the transudative phase and the
proliferative phase was observed in cotton pellet
granuloma test.

The ethanolic fraction was reported to inhibit
leucocyte migration, and markedly reduced the
vascular permeability induced by PGE,,
histamine and 5-HT but not bradykinin [185].
The anti-inflammatory activity of the extract
and fractions was attributed to inhibition of
mediators of early or immediate inflammatory
response. Thissuggestion is consistent with the
activity observed in the cotton pellet granuloma
test. Also consistent with the suggested
mechanism of action is the effect of the
hydroal coholic extract on gastric lesions [184].

The extract inhibited gastric lesionsinduced by
pyloric ligature, indomethacin and ethanol but
was not effective in that induced by stress. The
antiulcerogenic effect of the extract was
postulated to be due to inhibition of histamine
(pyrolic-ligature ulcers) and enhancement of
mucosal defensivefactors such asgastric mucus
(ethanol and indomethacin induced ulcers)
[184]. The extract was also found effective in
inhibiting arachidonic acid induced platelet
aggregation thought to be due to a selective
cyclooxygenase |l inhibition and consistent with
the anti-ulcerogenic effect [184].

3. Isolated anti-inflammatory plant
constitutents

3.1 Fagaramide and DBA

Fagaramide (piperonyl-4-acryliciso-
butylamide) and DBA (3,4-dihydro-2-dimethyl-
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2H-1-benzopyran-6-butyric acid), abenzopyran
butyric acid derivative of xanthoxylol, are
extractives from fagara plant, Zanthoxylum
zanthoxyloides (Rutaceae) [185]. Root extracts
of fagara plant are widely used locally in the
treatment of fevers of various aetiologies and
sickle cell [185].

DBA is a bezopyran butyric acid derivative
of xanthoxylol from the fagara plant.
Fagaramide, an unmodified extractive from
fagara plant was found effective against
carrageenan-induced paw edema in rats at a
potency approximately twenty timesless than
that of indomethacin [185].

Faragamide was also effective against the
prostaglandin phase of acute inflammatory
response whereit dose-dependently inhibitedin
vitro prostaglandin synthesis. However, it
showed no effect on PGE, -induced potentiation
of carrageenan edema in indomethacin treated
rats. [185]

3.2 Lupeol and lupeol lineolate

The isolation of an anti-inflammatory
triterpenoid, lupeol, from the n-haxane stem
bark extract of Crataeva religiosa Forst. F.
(Caparidaceae) has been reported [186]. It has
also been documented that lupeol is a major
triterpene constituent of the stem bark of
Crataeva nurva Buch-Ham (Caparidaceae)
[11]. C. nurvala had been shown to possess
anti-inflammatory and antiarthritic activities
[187].

In an extensive and detailed anti-inflammatory
activity studies, it was reported that lupeol
exhibited anti-inflammatory effect in a variety
of acute and chronic anti-inflammatory test
modelsin rats and mice [186]. The highest oral
activity was obtained in the carrageenan-induced
edema. Lupeol exhibited significant anti-
inflammatory effect in developing adjuvant

arthritis in rats to a degree better that that of
acetylsalicylic acid. The same activity was
obtained in mice arthritis model.

In formaldehyde arthritis, lupeol was effective
in the development and pattern of inflammation
comparedto asimilar dose of acetylsalicylic acid.
Lupeol aso reduced exudate volume, inhibited
vascular permeability induced by acetic acid in
mice and also reduced tota leucocyte count.

However, lupeol was not effective in inhibiting
cotton pellet granulomain rats. It exhibited no
ulcerogenic, analgesic and antipyretic effects
[186], It was thus suggested that the anti-
inflammatory activity of lupeol might be due
to immunosuppression and inhibition of cell
migration into sites of inflammation [186]. The
latter, in turn, reduces proinflammatory
chemotactic factor release.

Further experimental evidence has been
provided for the anti-inflammatory activity of
lupeol and also lupeol lineolate whichisan ester
of lupeol [11]. Lupeol lineolate was obtained
from esterification of lupeol with linoleoyl
chloride [188].

In adjuvant-induced arthritis, lupeol and lupeol
lineolate caused inhibition in paw diameter by
39 and 58% respectively [11]. The synovial
cavity of lupeol treated arthritic joint wasfound
more or less obliterated with granuloma-like
lesion consisting of fibrin, and inflammatory
cellular infiltration. Arthritic rats treated with
lupeol lineolate showed synovial cavity withless
cellular infiltration. These findings suggest that
the antiarthritic activity of lupeol lineolate is
greater than that of lupeol.

Thereasonfor lupeol’slack of activity in cotton
pellet granuloma test [186] and the activity
observed in adjuvant-induced arthritis [11] is
not known. However, it may be due to
differences in pharmacological characteristics
of the two models of chronic inflammation.
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3.3 Parthenolide and the methoxyflavones
(jaceosidin, eupatorin, chrysoeriol and
diosmetin).

Parthenolide and the methoxyflavones
(jaceosidin, eupatorin, chysoeriol and
diosmetin) have been isolated and identified
from dichloromethane and methane extracts of
aerial parts of Tanacetumwulgare (Asteraceae)
[189].

These constituents have been reported to be
responsible for the anti-inflammatory activity
of the plant against 12-0-tetrdecanoy! phorbol-
13-acetate (TPA) induced mouse ear edema.
Parthenolide caused inhibition of mouse ear
edema (ID,,=0.18um/ear). The methoxy-
flavone jaceosidin caused inhibition with ID,
of 0.5um/ear. Parthenolide was reportedly
found to be nearly threetimes (in molar terms)
more potent than that of the most active of the
flavones. [189]

3.4 (+) — Pinitol

Abies pindrow Spach (Pinaceae) known as the
“Talisapatr” tree in Sanskrit and “Morinda” in
Hindi is found in abundance in the deciduous
forestsof Himalayas[112]. Theleaveshave been
used in Ayurvedic medicine for fever,
respiratory and inflammatory disorders [190].
The leaf extracts and fractions of have been
reported to possess anti-inflammeatory, analgesic,
hypnotic and antiulcerogenic activities in rats,
hypotensive effect in dogs and endurance
enhancing in swim stressin mice [191-193].

(+)-Pinitol inhibited edema induced by
carrageenan in the rat paw in a dose-related
manner [194]. The activity of the highest dose
was comparableto that of phenylbutazone[194].

3.5 Premnazole

Premnazole is an isoxazole alkaoid derivative
isolated from theleaves of Gmelina arborea Roxb
and Premnaintegrifolia Linn (Verbenaceae) [195].

G. arbeoreawasintroduced into West Africafrom
tropical Asia as a shade and fuel tee [33] and is
important in afforestation programme in the
savannah zones of Nigeria [76]. The drupes,
leaves, flowers, roots and bark are used in
medicine [186]. A leaf paste is applied on the
head to relieve headache in fever [196].

P. integrifolia tender plant is used for rheumatism
and neuralgia [197]. The leaves also possess
carminative and gal actagogue properties. Theleaf
decoction is used for colic and flatulence [195].

Premnazole, an alkaloid was earlier prepared
by total synthesis[198]. Theisolated premnazole
was shown to significantly reduce cotton pellet
granuloma weight in treated animals [195]. It
also reduced the weight of adrenal gland and
spleen and also reduced ascorbic acid content
inadrenal glands. Theaction of premnazolewas
attributed to a probable control of the activity
of adrenocorticotropic hormone and inhibition
of bradykinin synthesisthrough reductionin the
activitiesof glutamate pyruvate transaminaseand
glutamate oxal oacetate transaminase [195].

3.6 Sarsanquol

The isolation of an anti-inflammatory 3,
4-secotriterpene alcohol, sasanquol, from the
non-saponifiable lipids of seed oil of Camellia
sasanqua THUNB has been reported [199].
The structure was established by spectroscopy
as 3, 4-seco-D:B-friedobacchara-4, 21-dien-3-
ol. In anti-inflammatory test, sasanquol
inhibited ear edemainduced by TPA with ID,,
of 0.4 mg/ear [199].

3.7 Triterpene alcohols

Theisolation of seven novel naturally occurring
triterpene a coholsfrom non-saponifiablelipids
of seeds of Camelliajaponica L. and sasanqua
oil from seeds of C. sasanqua has equdly been
documented [199]. The compounds include
tirucal-5, 7, 24-trine-3-beta—ol, lemmaphylla-7,
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21-dien—3-beta—ol, isoeuphol, isotirucallol,
(24R)-24, 25—epoxybutyrospermol and its
24S-epimer, and isoaglaial. Theanti-inflammatory
effect of these compounds in the mouse ear has
been reported [200].

Isoeuphol, isotirucallol, a mixture of
(24R) —24, 25 —epoxybutyrospermol and its 24S
epimer and a mixture of isoaglaiol and its 24S
epimer (aglaiol) inhibited mouse ear edema
induced by 12-0-tetradecanoylphorbol —13—acetate
(TPA) with an 1D, of 0.2 -0.9 mg/ear.

3.8 (+)-Usnic acid

(+)- Usnic acid has been isolated from the
whole plant of the lichen Roccella montagnel
Bel. (Fam. Roccellaceae) [201]. Activities of
(+)-usnic acid earlier reported include
antibacterial [202], antitubercular [203 —205],
analgesic and antipyretic [206] and other
pharmacological activities [207, 208]. The
anti-inflammatory activity of (+)-usnic acid
has been studied [196].

(+)-Usnic acid produced dose-dependent
inhibition of carrageenan-induced paw edema
and also produced dose-dependent reductionin
the weight of cotton pellet after chronic
treatment. The activity of (+)-usnic acid was
attributed possibly to uncoupling of oxidative
phosphorylation[209] likened to acetylsalicylic
acid [201].

3.9 Zanhasaponins A and B, and cyclitol pinitol

The methanolic extract of Zanha africana was
found active against arachidonic acid acute
edema, 12 —O-tetradecanoylphorbol —13-acetate
(TPA) induced chronic inflammation and
oxazolone delayed-type hypersensitivity in mice
[210]. The extract also exhibited significant
inhibitory activity against Naja naja
phospholipase A, using polarographic method
[210]. Oleanane —type triterpene saponins
zanhasaponinsA, B and C and the cyclitol pinitol

were isolated from the methanolic extract of
Zanha africana [210].

Out of the four isolated constituents,
zanhasaponins A and B and the cyclitol pinitol
were reported to inhibit phospholipase A,
enzyme necessary for therelease of arachidonic
acid. Phospholipase A, inhibition prevents the
formation of prostaglandins, thromboxanesand
leukotrienes and is the main basis for the anti-
inflammatory effect of steroids [211 — 214].

4, Discussion

It is evident from the documentations that a
number of medicinal plantsare employed inthe
treatment of inflammatory disease conditions.
These anti-inflammatory plants have
demonstrated effect in acute and chronic
inflammation in experimental animal models.
The effect of these various family of herbs may
be due to the different structurally complex
active principlesor constituents present in these
plants and the possible multiple targetsfor drug
action in the complex inflammatory response.

The anti-inflammatory activity of plants is
attributed mainly to the constituents such as
alkaloids [195], flavonoids [215- 226], tannins
[227], sterols [216], triterpenes [186, 228 —
233], sesquiterpeneslactones[234], volatile oils
[222, 235], resins [222], carbohydrates or
polysaccharides [70, 128, 222, 236 — 23§],
flavone glycosides[240], polyunsaturated fatty
acidse.g. pamitic, oleicandlinoleic acids[24Q].
These structural forms have variously been
shown to exhibit pharmacol ogical activity inthe
inflammatory response process - naturally by
interfering with the response pathway.

Consequently, flavonoids have been reported
to inhibit arachidonic acid metabolism [241,
242] and prostaglandin synthetase [243, 244].
Tannins inhibit prostaglandin synthesis [227]
while plant catechols e.g. 4-nerolidyl-catechol
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(4-NC) have been shown to exhibit peroxyl
radical scavenging and lipid peroxidation[135,
245 - 247]. Glucan-type polysaccharides have
been reported to inhibit increase in vascular
permeability [128] while polysaccharides
exhibited anti-complementary activity [70,
236, 237].

Of al the mechanismsfor the anti-inflammatory
effects of these plants, their actions on
endogenous pro-inflammatory mediators are
remarkable. Theinflammatory reactionsinduced
by the phlogistic agents used in the screening
of these herbs are mediated by different
endogenous mediators.

Carrageenan-induced edema is mediated by
histamine, 5-HT [248], kinin, polymorpho-
nuclear leukocytes, prostanoids, nitric oxide,
neuropeptides and cytokines [249 - 253].
Substance P, bradykinin, histamine, 5-HT and
prostaglandins mediate formaldehyde edema
[254]. Zymosan edema is mediated by
complement system, mast cell amines,
polymorphomuclear leucocytes, prostanoids and
PAF-acether [252, 255, 256] while prostanoids
and leucocytes mediate croton oil-induced
inflammation [257].

Inhibition or modulation of edema induced by
these agents as well as membrane stabilization
often imply inhibition of the action or release
of these endogenous mediators. Inhibition of
leucocyte (cell) migration can also lead to
inhibition or modulation of edema formation
[258]. These apply to inflammation whether
acute or chronic.

However, in chronic inflammation models, such
as adjuvant-induced arthritis, inflammation is
attenuated through the inhibition of leucocyte
(cell) migration [259] and immunosuppression.
Adjuvant-induced arthritis exhibits clinical and
pathological changes comparable to those seen
in human rheumatoid arthritis [260].

It is thus obvious that the efficacy of anti-
inflammatory plants in the treatment of
inflammatory diseases possibly derive from a
multifaceted assault ontheinflammatory response
cascade. The mechanism of action varies from
plant to plant and certainly determines the
observed potency of the plant. In addition to
anti-inflammatory activity, some of these plants
also possess antinociceptive, antiulcer and
antimicrobial activities.

Ageratum conyzoides [32], Chasmanthera
dependens [74], Culcasia scandens [79, 263],
Diodia scandens [95], Premna herbacea
[139], and Tanacetum parthenium [156] have
all been reported to possess analgesic as well
as anti-inflammatory properties. Analgesic
property isessential inrelieving pain associated
with inflammation and is a beneficial effect of
the NSAIDs.

However, NSAIDs by inhibiting the
cyclooxygenase induce gastric lesions [261].
Therefore, plantsthat possess antiulcer property
in addition to anti-inflammatory effect are
immensely valuable in the search for ideal anti-
inflammatory agent. Euphorbiaroyleana [103],
Calligonumcomosum [55], Sderitishirsuta var
virgata [53)], etc have all been shown to possess
antiulcer and cytoprotective properties in
addition to anti-inflammatory effect. Thiseffect
confersadvantage on these medicinal plantsover
available NSAIDs.

Also this effect is of greater importance for
plants, which have shown activity in chronic
inflammation. Perhaps the safety of such plants
in chronic use may be better appreciated by
considering the severe limitations experienced
in short term use of NSAIDs.

Antimicrobial activity has been exhibited by
Cyphostemma natalitium, Rhoicissus
rhomboidea and R. tomentosa in addition to
cyclooxygenase (prostaglandin syntheses)
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inhibition [262]. Desirability of antimicrobial
effect derives from modulation of
inflammation caused by microbial infections.
All these contributory mechanisms add to the
efficacy of these anti-inflammatory herbs.

In a continued effort to develop more
effective anti-inflammatory agentsfrom plant
sources, a number of active principles have
been isolated and identified. The anti-
inflammatory activity of 3-sitosterol isolated
from Cactus, Opuntia ficus-indica has been
reported [127].

Parthenolide, a sesquiterpene lactone isolated
from Tanacetum vulgare [189] and active
principle of Tanacetum parthenium (feverfew)
[156] has demonstrated potent anti-
inflammatory and analgesic properties [156,
189]. Lupeol, an anti-inflammatory triterpenoid
compound has been shown to possess antiulcer
property [186].

Besides their inherent anti-inflammatory and
other pharmacological activities, these active

principles could serve as “leads” for the
development of drugs with enhanced activity
profile. Already, lupeol lineolate, an ester of
lupeol, obtained by esterification of lupeol
with linoleoyl chloride, has been reported to
exhibit greater antiarthritic activity than
lupeol [11].

5. Conclusion

The existence of multiple targets for drug action
in the inflammatory response pathway offers
numeroussitesof actionto themultitude of active
congtituents of these medicinal plants. Duetotheir
efficacy in the herbal treatment of inflammatory
disease conditions, these plants have continued
to serve as alternative and complementary
therapies. Mounting experimental evidence has
continued to lend credence to this fact and to
establish rationale for the ethnomedicina use.

In addition, these medicinal plantswill continue
to serve asreservoir for development of potent
drugs with less serious and life-threatening
adverse effects.

Reference

1. Macdonald C. (1988) Butterworth’s Medical
Dictionary. 7th ed. Butterworthand Co. Ltd:
Kent.

2. Vane JR, Bolting RM. (1995) Inflammation
Research. 44(1): 1-10.

3. DavisRH, Parker WL, Samson RT, Murdoch DP.
(1991) J. Am. Podias. Med. Assoc. 81: 473-
478.

4. DavisRH, Parker WL, Samson RT, Murdoch DP.
(1991) J. Am. Podias. Med. Assoc. 81: 258-
261.

5. Meager A. (1990) Cytokines. Open University
Press: Buckingham; 166-261.

6. Denman AM, Pelton BK, Winsome H, Denman
0J. (1991) In: Baxter A, Ross R (Eds.)
Cytokines interactions and their control,
John Wiley and Sons: New York; 154.

7. Simpson SA, Stevens P. (1993) In: Bonney RJ,
Doherty NS, Morgan DW, Welton AF (Eds)
Inflammatory diseases therapy: preclinical
and clinical developments, Birkhauser
Verlag: Boston; 195.

8. Halliwell B, Gutterridge JMC. (1989) Free
radicalsin biology and medicine, 2nd edn.,
Clarendon Press: Oxford; 372-390.

9. JamesLH. (1993) In: Bonny RJ, Doherty NS,
Morgan DW, Welton AF (eds.) Agents



22 C. O. Okoali etal. / Journal of Natural Remedies, Vol. 3/1 (2003) 01 - 30

Actions suppl. Birkhauser Verlag: Boston;
75-83.

10. Nuki G. (1993) In: Christopher Rw, Edward I,
Boucher AD (Eds.) Davidson'sprinciplesand
practice of medicine, 16th edn. Longman
Group: London; 726-763.

11. Geetha T, Varalakshmi P. (1998) Fitotherapia
69(1): 13-19.

12. Ukwe CV. (1996) In: Aguwa CN (Ed.)
Therapeutic basis of clinical pharmacy in
the tropics, 2nd edn. Optional Publisher:
Enugu Nigeria; 283-290.

13. Emery HE, Miller ML. (1993) In: Dershewitz
RA (ed.) Ambulatory pediatric care, 2nd
edn., Lippincott-Raven: Philadelphia;
505.

14. McCarthy DM. (1991) Current Opinion in
Gastroenterology 7/6: 876-880.

15. Allison MC, Howatson AG, Torrance CJ, Lee
FD, Russall RI. (1992) New Engl. J. Med.
327: 749 — 754.

16. SmithWL, Meade EA, DeWitt DL. (1994) Ann.
NY Acad. Sci. 714: 136-142.

17. Peterson WL, Cryer B. (1999) JAMA 282:
1961-1963.

18. Brooks PM. (2000) Australian Prescriber 23:
30-32.

19. Singha, SC. (1962) Medicinal plants of
Nigeria, Nigerian National Press Ltd:
Nigeria; 11-75.

20. Assi LA, Guinko S. (1991) Plants used in
traditional medicine in West Africa, Swiss
Center of Scientific Researchin lvory Coast;
13-184.

21. McGaw LJ, Jager AK, van Staden J. (1997)
Phytother. Res. 11: 113-117.

22. Atta AH, Alkohafi A.
Ethnopharmacol. 60: 117-124

(1998) J.

23. lvanovska N, Philipov S, Istatkova R. (1997)
Fitoterapia 68(5): 417-422.

24. Cueller MJ, Giner RM, Recio MC, Manez S,
Rios JL. (2001) Fitoterapia 72: 221 — 229.

25. Udupa SL, Udupa AL, Kulkarni DR. (1994)
Fitoterapia 65(2): 119 — 123.

26. CorreiraMP. (1926) Dicionariodasplanta uteis
do Brasil e das exaticas cultivadas. Vol 11,
Imprensa Naciona: Riode Janeiro; 139.

27.Kerharo J, Adam JG. (1974) La pharmacopee
senegalaise traditionelle: plantes
medicinales et toxiques. Vol 1, Vigot: Paris;
1011.

28. Marques NJF, Costalat LTL, Fernandes SRM,
Napoli MDM, SamaraAM. (1988) Rev. Bras.
Reumatol. 28: 109.

29. Abena AA, Kintasngoula-Mbaya GS,
Diantama J, Bioka D. (1993) L’ Encephale
19: 329.

30. Abena AA, Ouamba JM, Keita A. (1996)
Phytother. Res. 10: S164.

31. Magalhaes JFG, Viana CFG, Aragao Jr AGM,
Moraes VG, Ribeiro RA, Vae MR (1997)
Phytother. Res. 11: 183.

32. Viaria CFG, Aragao J- AGM, Ribeiro RA,
Magalhaes JFG, Vale MR. (1998) Fitoterapia
69 (LXIX) (4): 349 —354.

33. Nielsen MS. (1965) Introduction to the
flowering plants of West Africa. University
of London Press Ltd.: London; 161, 213

34. Udupa SL, Udupa AL, Kulkarni DR. (1994)
Fitoterapia 65(2): 141-145.

35. DaviesRH, Leither MG, Russo M, ByrneME.
(1989) J. Am. Podias. Med. Assoc. 79: 263-
276.

36. Vazquez B, Avila G, Segura D, Escalante B.
(1996) J. Ethnopharmacol. 55: 69-75.

37. Perez GRM. (1996) Phytomed. 3(2): 163-
167.

38. Segura L, VilaR, Gupta MP, Esposito-Avella
M, Adzet T, Canigneral S. (1998)
J. Ethonopharmacol. 61: 243-248.



C. O. Okali etal. /Journa of Natural Remedies, Vol. 3/1 (2003) 01 - 30 23

39. Nishida S, Tomezawa S. (1980) Biochem.
Pharmacol. 29: 1073-1075.

40. Tarayre JP, Delhon A, Aliaga M et al. (1989)
Pharmacol. Res. 21: 385-395.

41. Gado K, Gigler G. (1991) Agents and Actions
32: 119-121.

42. Hutchinson J Dalziel JM. (1962) Flora of
West Tropical Africa, 2nd edn. Vol I1. Crown
Agents for Oversea Government and
Administration, Millbank: London SW;
237-239.

43. Bep O. (1960) Medicinal plantsin Nigeria.
Nigerian College of Arts and Science and
Technology: Lagos Nigeria; 13-14.

44. lwu MM. (1986) Handbook of African
Medicinal plants. CRC Press: London; 27.

45. Oyedapo OO0, Akindele VR, Okunfolami OK.
(1997) Phytother. Res. 11(4): 305 — 306.

46. Aindie JR. (1937) List of plantsused in native
medicine in Nigeria. Imperial Forestry
Institute: Oxford; 30.

47. lwu MM. (1993) Handbook of African
Medicinal plants. CRC Press: Florida;
135-136.

48. Oliver-Bever B. (1986) Medicinal plants in
tropical West Africa. Cambridge University
Press: Cambridge; 129-130.

49.0lgjide OA, Awe SO, Makinde JM. (1998)
Fitoterapia 69(3): 249-252.

50. Arrigoni-martelli E. (1977) Inflammation and
anti-inflammatories, Spectrum Publications
Inc. : New York; 119-120.

51. Jain SK. (1991) Dictionary of Indian folk
medicine and ethnobotany. Deep
Publications: New Delhi; 340.

52. SivrgjanVV, Balachandran J. (1994) Ayurvedic
drugs and their plant sources. Oxford and
IBH Publishing Co Pvt Ltd.: New Delhi; 340.

53. Mengi SA, Deshpande SG. (1999) Fitoterapia
70: 521-522.

54. Ghazanfar SA. (1994) Handbook of Arabian
Medicinal Plants. CRC Press. London.

55. Liu XM, Zakaria MNM, Islam MW,
Radhakrishnan R, Ismail A, Chen HB,
Chank, Al-Attas A. (2001) Fitoterapia 72:
487-491.

56. Anonymous (1992) The Wealth of India Raw
materials, Vol. 3 Publication and Information
Directorate CSIR: New Delhi; 78- 84.

57. Kumar VL, Basin N. (1994) J.
Ethnopharmacol. 44: 123-125.

58. Mascolo N, Sharma R, Jain SC, Capasso F.
(1988) J. Ethnopharmacol. 22: 211-221.

59. Basu A, Nagchoudhuri AK. (1991) J.
Ethnopharmacol. 31: 319-324.

60. Mgunder PK, Kumar VL. (1997) Phytother.
Res. 11: 166-167.

61. Ahmed MM, Qureshi S, Al-bekairaAM. (1993)
Fitoterapia 64(4): 359-362.

62. Chopra RN, Nayar SL, Chopra IC. (1956)
Glossary of Indian Medicinal Plants. CSIR:
New Delhi; 51.

63.Ali SI. (1983) In: Nasir E, Ali Sl (eds.) Flora of
Pakistan, Shamin Printing Press: Karedin;
150: 48.

64. Ahmed MM, Shaikh MM. (1989) Pak. J. Zoal.
21; 325.

65. Hutchinson J, Dalziel IM. (1954) Flora of West
tropical Africa 2nd edn. Vol. | Part 2. Crown
Agents: London.

66. Abatan MO. (1990) Fitoterapia LXI(4):
336-338.

67. lyenger MA, Dollahite JN. (1966) Am. J. \et.
Res. 27: 947.

68. Simpson CF, Damron BL, Harms RH. (1971)
Avian Dis. 5: 284.

69. Gulati BC. (1977) In: Atal CK, Kapur BM
(Eds.) Cultivation and utilization of
aromatic plants. Regional Research
Laboratory; Jammu-Tawi, India; 640-652.



24 C. O. Okoali etal. / Journal of Natural Remedies, Vol. 3/1 (2003) 01 - 30

70. Shinde UA, PhadkeAS, Nari AM, Munantiwar
AA, DikshitVJ, Saraf MN. (1999) Fitoterapia
70: 251-257.

71. Bruneton J. (1995) Pharmacognosy,
phytochemistry, medicinal plants. Tec. Doc.
Lavoisier: New York; 310-311.

72. Garbacki N, Gloaguen V, Damas J, Bodart P,
Tits M, Angenot, L. (1999)
J. Ethonopharmacol. 68: 235-241.

73. Dalziel IM. (1937) The useful plants of West
Africa. Crown Agents: London.

74. Morebise O, Awe EO, Makinde JM, Olgjide
OA. (2001) Fitoterapia 72: 497-502.

75. RosaM, Perez G, Salud PG, Guanhtemoc PG,
Miguel A, Zavala S, Guanhtemoc PGLZ.
(1994) Fitoterapia 64(2): 103-107.

76. Olorade O. (1984) Taxonomy of West African
flowering plants. Longman publishers: New
York; 117-178, 78.

77. Morton JK. (1961) West African lilies and
orchids. William Cloves and Sons Ltd.:
London; 184.

78. Kokwaro JO (1976) Medicinal plants of East
Africa, 2nd edn. General Printers Ltd.:
Kenya; 230.

79. Okoli CO, Akah PA. (2000) J. Altern. Comp.
Med. 6(5): 423 —427.

80. EvansWC. (1989) Trease and Evan’s Textbook
of Pharmacognosy. Bailliere Tindall;
London; 467.

81. Chopra RN, Chopra IC, Handa KL, Kapoor
LD. (1958) Chopra’s Indigenous drugs of
India, 2nd edn., Dhar and Sons Pvt. Ltd.:
Calcutta; 325-327.

82. Gupta SS, Modh PR. (1969) Indian J.
Pharmacol. 1: 22.

83. AroraRB, Basu N, Jain AP. (1969) New anti-
inflammatory principleform Curcumalonga
turmeric, a rhizome indigenous to India.
Abstract of 1V international Congress on

Pharmacology July 14-18, 1969, Basle,
Switzerland; 512.

84. Chandra D, Gupta, SS. (1972) Indian J. Med.
Res. 60(1): 138-142.

85. Anonymous. (1950) Wealth of India Raw
Materials Vol. 3. CSIR: New Delhi.

86. Singh RH, Chaturvedi GN. (1966) Indian J.
Med. Res. 54: 188.

87. Nadkarni AK. (1982) India Materia Medica,
Vol. 1. Popular Prakashan: Bombay; 432.

88. Hagjare SW, Chandra S, SharmaJ, Tandan SK,
La J, Telang AG. (2001) Fitoterapia 72
131-139.

89. GodaY, Katuyama M, Ichikawa K, Shibuya
M, Kiuchi F, Sankawa V. (1985) Chem.
Pharm. Bull. 33: 5606.

90. Goday, Kuchi F, ShibuyaM, SankawaV. (1992)
Chem. Pharm. Bull. 40: 2452.

91. Lin CC, Lin ML, Lin MJ. (1993) Phytother.
Res. Asclepiadaceae.: 305-309.

92. Koa MT. (1988) Popular herbal remedies of
Taiwan ( 2). Southern Materials Centrelnc.:
Taipei Taiwan ROC; 166.

93. Mital GC, AguwaCN, EzeiruVU, Akubue PI.
(1981) Nig. J. Pharm. 12: 432-436.

94. Onuaguluchi G, Okeke PC. (1989) Phytother.
Res. 3: 11-14.

95. Akah PA, Okogun JI, Ekpendu TO. (1993)
Phytother. Res. 7: 317-319.

96. lwu MM. (1986) Igbo traditional medicine.
Institute of African studies, University of
Nigeria, Nsukka: Nigeria; 30- 35.

97. Warrier PK, Nambiar VPK, Raman KC. (1994)
In: Vaidyarathnam PS (ed.) Indian medicinal
plants, a compendium of 500 species, vol.
2. Varier's Orient Longman Ltd.: Madras;
372-373.

98. Muko KN, Ohiri FC. (2000) Fitoterapia 71:
65-68.



C. O. Okali etal. /Journa of Natural Remedies, Vol. 3/1 (2003) 01 - 30 25

99. Shylesh BS, Padikkala J. (1999) Fitoterapia
70: 275-278.

100. Olgjide OA, Alada RA. (2001) Fitoterapia
72: 492-496.

101. Watt JM, Breyer-Brandwijk MG. (1962)
Medicinal and poisonous plants of
Southern and Eastern Africa. E and S
Livingstone: Edinburgh; 1457.

102. Bani S, Chand D, Suri KA, Suri OP, Sharma
OP. (1996) Phytother. Res. 10: 285-291.

103. Bani S, Kaul A, Jaggi, BS, Suri KA, Suri
OPR, Sharma OP. (2000) Fitoterapia 71:
655-662.

104. Amos S, Chindo B, Edmond I, Akah P,
Wambebe C, Gamaniel K. (2002) J. Herbs,
Soices and Medicinal Plants 9(1): 47-53.

105. Nadinic E, Gorzalczany S, RojoA, van Baren
C, Debenddette S, Acevedo C. (1999)
Fitoterapia 70: 166-171.

106. Saggese D. (1959) Yerbas medicinales
Argentinas. 10th edn. 71, 97.

107. Toursarkissian M. (1980) Plantas medicinales
de la Argentinal. 1st edn. Hemisferio Sur:
BuenosAires; 55.

108. RateraEL, RateraMD. (1980) Plantasdela
flora argentian empleadas en medicina
popular. Hemisferio Sur: Buenos Aires;
134.

109. Gene MR, Segura L, Adzet T, Marin E,
Iglesias J. (1998) J. Ethnopharmacol. 60:
157-162.

110. Anonymous (1959) Wealth of India Raw
material, New Delhi, India, 5: 108-109.

111. Jain SK. (1990) Contribution to Indian
Ethnobotany. 201-213.

112. Asolkar LV, Kakkar KK, Chakre OJ. (1992)
Second supplement to glossary of Indian
medicinal plantswith activeprinciples (part
1) Publication and Information Directorate
CSIR: New Delhi; 357.

113. Pal M, Singh M, Chandhuri PK, Sharma RP.
(1996) Phytother. Res. 10: 357-358.

114. Asuzu |U, Abubakar 11. (1995) Phytother. Res.
9: 21-25.

115. Asuzu IU, Ugwueze EE. (1990) J.
Ethnopharmacol. 28: 151-156.

116. Asuzu 1U, Abubakar I1 (1995) J. Herbs. Spices
Med. Plants. 3: 9-20.

117.AsuzulU, SosaS, Della, L R. (1999) Phytomed.
6(4): 267- 272.

118. Ekpendu TO, Akah PA, Adesomoju AA,
Okogun Ji. (1994) Int. J. Pharmacog. 32(2):
191-196.

119. Ezeamuzie K, Ambakederemo, AW, Shode FO,
Ekwebelem SC. (1993) Afr. J. Pharmacol.
Pharm ci. 23(1): 13-20.

120. Viana GSB, Bandeira MAM, Moura LC,
Souza-Filho MV P, Matos FJA, Ribeiro RA.
(1997) Phytother. Res. 11: 118-122.

121. Menezes AMS. (1986) Atividade anti-
inflamatoria e antiulcerogenica de
Astroniumurundeuva Engl (MastersThesis)
Fortaleza, UFC.

122. Bandeira MAM. (1993) Contribuicao ao
conhecimento quicmico de plantas do
Nordeste, Myrocrodroun urundeuva Fr. All
(Syn. Astroniumurundeuva Engl.) aroeira-do-
sertao (Masters Thesis) Fortaleza; UFC, 205.

123. Azuine MA, lbrahim K, Enwerem MN,
Wambebe C. (1996) J. Pharm. Res. Dev. 1(1):
16-21.

124. Bukill HM. (1985) The useful plants of West
tropical Africa. TheWhiteFrairsPressLtd.:
London.

125. Park EH, Kahng, JH, Paek EA. (1998) Arch.
Pharm. Res. 21: 30.

126. Park EH, Hwang, SH, Kahng H, Lee SH, Yakkak
H. (1998) Arch . Pharm. Res. 42: 621.

127. Park EH, Kahang JH, Lee SH, ShinKH. (2001)
Fitoterapia 72: 288-290.



26 C. O. Okoali etal. / Journal of Natural Remedies, Vol. 3/1 (2003) 01 - 30

128. Pereira da Silva B, Parente JP. (2001)
Fitoterapia 72: 887- 893.

129. Maia MBS, Rao VS. (1989) Phytother. Res.
3: 170.

130. Arvigo R, Balick M. (1993) Rainforest
Remedies: one hundred healing herbs of
Belize. Lotus Press: Belize.

131. DeFeo V. (1991) Fitoterapia 62: 481.

132. Di Stasi L, HirumaC, Guimaraes E, Santos C.
(1994) Fitoterapia 65: 529.

133. Desmarchelier C. Gurni A, CicciaG, Guilletti
AM. (1996) J. Ethnopharmacol. 52: 45.

134. Desmarchelier C. Mongelli E, CoussioJ. Ciccia
G. (1997) Braz. J. Med. Biol. Res. 30: 85.

135. Desmarchelier C, Barros S, Reppotto M et al.
(1997) Planta Med. 63: 561.

136. Desmarchelier C, Slowing K, CicciaG. (2000)
Fitoterapia 71: 556-558.

137. Gustafson K, Cardellina H, McMahon J,
Pannell L, Cragg, G, Boyd M. (1992) J. Org.
Chem. 57: 2809.

138.YudaY, TanakaJ, Hirano F, Igarashi K, Satch
T. (1991) Pharm. Bull. 39: 505.

139. Narayanan N, Thirugnanasambantham P,
Viswanathan S, Reddy MK, Vijayasekaran
V, Sukumar E. (2000) Fitoterapia 71:
147-153.

140. Nadkarni KM. (1954) Indian Materia Medica.
Popular Prakashan Pvt. Ltd.: Bombay, Indig;
1009.

141. Murugesa MKS. (1969) Materia Medica,
Part-1. 3rd edn. Govt. of Tamil Nadu; 169.

142. Santos FA, Rao VSN, Silveira ER. (1997)
Fitoterapia 68(1): 65-68.

143. Nadkarni AK. (1976) Indian Materia Medica.
Popular Prakashan: Bombay; 1017.

144 Vandenberg ME, Silva MHL. (1988) Acta
Amazonica 18: 23.

145. Lozoya X, Osunal. (1989) Rev. Med. IMSS,
27: 305

146. Andrade NM, Alencar W, GunhaAN, Silveira
FR. (1994) J. Essential OilsRes. 6: 299.

147. Ahmadianai A, Fereidoni M, Semnanian S,
Kamalingjad M, Saremi S. (1998)
J. Ethnopharmacol. 61: 229 235.

148. Ognyanov |, Popov A, IvanovaB, Dinkov D,
Petkov V. (1979) Rivista Italiana Essenze,
Profumi, Piante Officinali, Aromi, Saponi,
Cosmetice Aerosol 61: 114-118.

149. Samsamshariat H, M oattar F. Afsharypour S.
(1981) Treatments with plants. Marshal
Press: Iran; 61-253.

150. Zargari A. (1981) Medicinal plants. Vol. 3.
Tehran University Press: Iran; 5-10.

151. Petkov V. (1986) J. Ethnopharmacol. 15:
121-132.

152. Mirhaydar H. (1994) Plant information: plant
usage in disease treatment. Farhang Islami
Press: Iran; 303-304.

153. Zarznelo A, GarciaE, Jimenez J, Ocete MA,
Utrilla P, Socorro O. (1993) Fitoterapia
64(1): 26-30.

154. Sudarsanam G, Reddy MB, Nagargju N. (1995)
Int. J. Pharmacog. 33. 52.

155. Muruganadan S, Srinivasan K, Chandra S,
Tandam SK, Lal J, Raviprakash V. (2001)
Fitoterapia 72: 369 — 375.

156. Jain NK, Kulkarni SK. (1999) J.
Ethnopharmacol. 68: 251 — 259.

157. Berry MI. (1984) Pharmacy J. 232: 611-
614.

158. Murphy H, Mitchell JR, Heptinstall S. (1988)
Lancet 11: 189-192.

159. Johnson ES, Kadam NP, Hylands DM,
Hylands, PJ. (1985) Brit. Med. Journal. 291:
569-573.

160. Haynes NA, Foreman JC. (1987) J. Pharm.
Pharmacol. 39: 466 — 470.



C. O. Okali etal. /Journa of Natural Remedies, Vol. 3/1 (2003) 01 - 30 27

161. Tutin GT. Heywood VH, BurgesNA, Valentine
DH, Walters SM, Webb DA, Ball PW, Chater
AO. (1964) Flora Europea. Vol 1. Cambridge
University Press: London; 36.

162. Huxley A, Griffiths M, Levy M. (1992)
Dictionary of Gardening. The Macmillan
Press Ltd.: London; 4, 437.

163. Bailey LH. (1958) Manual of cultivated plants.
Macmillan Publishers: New York; 118.

164. EL Morshedy MM, Hassan FA. (1996) Biomass
characteristics of Taxodiumdistichum grown
inNorth Egypt. Theforth Arabic Conference
for Horticulture crops, Minia University,
Faculty of Agriculture, Egypt.

165. Sharaf M. (1928) An English Arabic
Dictionary of Medicine, Biology anAllied
Science. Government Press: Cairo; 878.

166. Kupchan SM, Karim A, Marks C. (1968) J.
Am. Chem. Soc. 90: 5923-5924.

167. Kupchan SM, Karim A, Marcks C. (1969) J.
Org. Chem. 34: 3912-3918.

168. EL Tantawy ME. EL Shakhawy FS, EL Sohly
MA, Ross SA. (1999) J. Essent. Oil Res. 11:
386-392.

169. Puntero BF, Peinado 11, Villar del FresnoAM.
(1997) J. Ethnopharmacol. 55: 93 — 98.

170. Alveraz P, Benedi J, Coma |, Iglesias I,
Rebuelta M, Villar A. (1990) Plantes
Medicinales et phytotherapie 24: 92-97.

171. Linn CC, Lin ML, Chin HF. (1991) The
pharmacognostical, pharmacological and
pathological studies of “Wuu-jao-jin-ing’
from Taiwan. 6th Symposium on natural
products and medicinal chemistry,
Kaohsiung medical college, Kaohsiung,
Taiwan ROC, August, 31.

172. Lin CC, Lin ML, Lin MJ. (1993) Phytother.
Res. 7: 305-309.

173. Kao MT. (1988) Popular herbal remedies of
Taiwan Il. Southern Materials Center Inc.:
Taipei, Taiwan ROC; 166.

174. Barbera R, Trovato A, Rapisarda A, Ragusa
S. (1992) Phytother. Res. 6: 146-148.

175. Bally PRO. (1937) Kew Bull. 1: 10-26.

176. Chung-Tei C. (1997) Phytother. Res. 11: 152-
154.

177. JalLl. (1985) Yao Xue Tong Boa 20: 101-105.

178. Tao XL, SunY, Dong Y et al. (1987) J. Clin.
Med. 26: 399-402.

179. Zheng JR, Xu L, MaL.Wang D, Gao J. (1993)
Acta Acad. Med. Snica. 5: 1-6.

180. Schultz AR. (1987) Botanical sistematica.
3rd edn. vol 2. Editorial Globo: Rio de
Janiero 212-213.

181. PioCM. (1984) Dicionario dasplantasuteis
do Brasil edasExoticascultivados. 3rd edn.
Vol. 1 Impresna Nacional: Rio de Janeiro;
49-50.

182. Fryer FA. (1965) Specialites 112: 21-25.

183. Perez RM, Ocegued GA, Munoz JL, AvilaJG,
Morrow, WW. (1984) J. Ethnopharmacaol.
123: 253-262.

184. Antonio MA, Souza-Britto ARM (1998) J.
Ethnopharmacol. 61: 215-228.

185. Oriowo MA.. (1982) Planta Med. 44: 54-56.

186. Singh S, Bani S, Singh GB, Gupta, BD,
Banergjee SK, Singh B. (1997) Fitoterapia
68(1): 9-16.

187. DasPK, Rather, RS, Lal R. Tripathi RM, Ram
AK, BiswasM. (1974) J. Res. Ind. Med. 9: 9.

188. Okai GK, Bird D, Field B, Ambrose R, Carrol
AR, Smith P, Valdes R. (1995) J.
Ethnopharmacol. 46: 7.

189. Schinella GR, Giner RM, Reccio MC,
Mordujorich de Buschiazzo P, Rios JL,
Manez S. (1998) J. Pharm. Pharmacol.
50(9): 1069-1074.

190. ChatterjeeA, Pakrashi SC. (1991) Thetreatise
on Indian medicinal plants. CSIR: New
Delhi, India; 13.



28 C. O. Okoali etal. / Journal of Natural Remedies, Vol. 3/1 (2003) 01 - 30

191. Singh RK, Pandey BL. (1997) J. Basic Appl.
Biomed. 5: 25.

192. Singh RK, Pandey BL. (1997) Phytother. Res.
11: 535.

193. Singh RK, Nath G, Goel RK, Bhattacharya
SK. (1998) Indian J. Exp. Biol. 36: 187.

194. Singh RK, Pandey BL, Tripathi M, Pandey
VB. (2001) Fitoterapia 72: 168-170.

195. Barik BR, Bhowmik T, Dey AK, Patra A,
Chatterjee A. (1992) Fitoterapia 295-299.

196. Anonymous. (1965) Wealth of India. Vol.4
Publication and Information Directorate,
CSIR: New Delhi, India; 155.

197. Anonymous. (1969) Wealth of India. Vol.8
Publication and Information Directorate,
CSIR: New Delhi, India; 240.

198. Madesen U, Brehm L, Krogagaard-Larsen P.
(1988) J. Chem. Soc. Perkin. 1: 359.

199. AkihisaT, YasukawaK, KimuraY, Yamanouchi
S, TamuraT. (1998) Phytochemistry 48(2):
301-305.

200. AkihisaT, Yasukawa K, KimuraY, Takase S,
Yamanouchi S, Tamura T. (1997) Chem.
Pharm. Bull. 45(2): 2016-2023.

201. Vijayakumar CS, Viswanathan S, Reddy MK,
Parvathavarthini S, Kundu AB, Sukumar E.
(2000) Fitoterapia 71: 564-566.

202. Stoll A, Brack A, Reng J. (1947) Experientia
3: 115.

203. PatidlaR, PetidlaJ, SiitolaS, HeilalaP. (1949)
Suom Kemistil A21: 217.

204.Marshak A, Kushner M. (1950) US Publ.
Health Rep. 65: 131.

205. Zatulovsky BG. (1954) Mikrobiol Zhur Akad
Nauk Ukr. RSR. 16: 54.

206. Okuyama, E, Umeyama K, Yamazaki M,
Kinoshita Y, Yamamoto Y. (1995) Planta
Med. 61: 113.

207. Vincent C, Cifuentes B. (1980) Biochem.
Biophys. Res. Commun. 95: 1550.

208. Correche ER. Carrasco M, Escudero ME et
al. (1998) Fitoterapia 69: 493.

209. AbokhatwaAN, Al Robai AA, Al Jawhari DA.
(1996) Nat. Toxins 4: 96.

210. Cueller MJ, Giner RM, Recio MC, Just MJ,
Mamez S, Cerda M, Hostettmann K, Rios
JL. (1997) J. Nat. Products 60(1): 1158-
1160.

211. Blackwell GJ, Flower RJ Nijkamp FP, Vane
JR. (1978) Br. J. Pharm. 62: 79-89.

212. Flower RJ. (1985) Agents and Action 17:
255-262.

213. Flower RJ. (1988) Br. J. Pharmacol. 94: 987-
1015.

214. Vane JR, Botting RM. (1992) Aspirin and
other salicylates. Chapman and Hall
Medicals: London; 31, 166-212.

215. Garbor M. (1972) The anti-inflammatory
actions of flavonoids. Akademia kiado:
Budapest, Hungary.

216. Parmer NS, Ghosh MN. (1980) Indian J.
Pharm. 12: 213.

217. Middleton E Jr. (1984) Trendsin Pharmacol.
Sci. 8: 335.

218. Alcaraz MJ, Jimerenez M J. (1988) Fitoterapia
21: 209

219. Lewis DA. (1989) Anti-inflammatory drugs
from plant and marine sources. Birkhuser
Verlag: Basel; 137-165.

220. Panthong A, Tassaneeykul W, Kanjanapothi
D, Tantiwachwuttikul D, Reutrakul V. (1989)
Planta Med. 55: 133-136.

221.Ernst S, Irmgard M. (1991) Bio Mass Spec. V
20: 11.

222. Duke JA. (1992) Handbook of biologically
active phytochemicals and their activities.
CRC Press: BocaRaton, FL.



C. O. Okali etal. /Journa of Natural Remedies, Vol. 3/1 (2003) 01 - 30 29

223. Middleton E, Kandaswami C. (1992)
Biochem. Pharmacol. 43: 1167-1179.

224. Rates SMK, Schaporal EES, Souza IA,
HenriquesAT. (1993) Int. J. Pharmacog. 31:
288-294.

225. Read MA. (1995) Am. J. Pathol. 147: 235-
237.

226. Recio MC, Giner RM, Manes S, Gubells L,
Gueh J, Julien HR, Hostsittmann K, Rios JL.
(1995) Planta Med. 61: 502-504.

227. Nakazato K, Takeo T, Nippon-Nogei kagaku-
kaishi. (1998) Fitoterapia 72: 51.

228. Finney RSH, Somers GF. (1958) J. Pharm.
10: 613.

229. Gupta MB, Bhdla TN, Gupta GP, Mitra CR,
BhargaraKP (1969) Eur. J. Pharmacol. 6: 67.

230. GuptaMB, Bhalls TN, Tangri KK, Bhargara
KP. (1971) Biochem. Pharmacol. 20: 401.

231. Chaturvedi AK, Parmar SS, Bhatnagar SC,
Misra G, Nieam SK. (1974) Res. Commun.
Chem. Path. Pharmacol. 9: 11.

232. Okai GK, Carrol AR. (1992) In:
Gopalakrishnakine P, Tan CK (eds.) Recent
advances in toxicology research Vol. 3
VTRG Publishers: Singapore; 19-28.

233. Liu J. (1995) J. Ethnopharmacol. 49: 57.

234. Hall LH, LeeKH, Stanres, CO, SumidaT, Wu
RY, Waddell TG, Cochran JW, Gerhart KG.
(1979) J. Pharm. ci. 68(5): 537-542.

235.Aydin S, Ozturk Y, BeisR, Baser KHC. (1996)
Phytother. Res. 10: 342-344.

236. Franz G. (1989) Planta Med. 55: 493-497.

237. Srivastava R, Kulshreshta, DK. (1989)
Phytochemistry 28: 2877-2883.

238. Czarnecki R, Grzybek J. (1995) Phytother.
Res. 9: 123.

239. Ramesh M, Nageshwar RaoY, AppaRaoAVN,
Prabhakar MC, Muralidher N, Seshagiri Rao

C, Madhara Reddy B.
Ethnopharmacol. 62: 63-66.

(1998) J.

240. Bauer R, ProbstleA, Latter H, Wagher-redecker
W, Matthiesen U. (1996) Phytomedicine
2(4): 305-308.

241. Alcaraz MJ, Kerrandiz ML. (1987) J.
Ethnopharmacol. 21: 209.

242. Ferrandiz ML, Alcaraz MJ. (1991) Agents
Actions 22: 283.

243. Cavallini L, Bindoli A, Siliprandi N. (1978)
Pharmac. Res. Commun. 10: 133.

244. Baumann J. Wurm G, Bruchausen N. (1980)
Arch. Pharmazie. 313, 330.

245. Dure K, White P. (1991) J. Am. Oil Chem.
Soc. 68: 365.

246. Gustafson K, Cardellina H, McMahon J,
Pannell L Cragg G, Boyd M. (1992) J. Org.
Chem. 57: 2809.

247.BarrosC, TeixeiraD, Aznar A, Moreiral, | shii
[, Freitas C. (1996) Cienc Cult Sao Paulo.
48: 114.

248. DiRosaM, Giroud JP, Willoughby DA. (1971)
J. Pathol. 104: 15.

249. DamasJ, BourdonV, Remacle-Volon G, Adam
A. (1990) Br. J. Pharmacol. 101: 418- 422.

250. Raychaudhuri A, Colombo C, Pastor G, Wong
M, Jeng AY. (1991) Agents Action. 34: 251-
253.

251. Utsunomiyal, Nagal S, Oh-ishi S. (1991) J.
Immunol. 147: 1803-1809.

252. Damas J. Remacle-Volon G. (1992) Eur. J.
Pharmacol. 211: 81-86.

253. laenti A, lanaro A, Moncada S, DiRosa M.
(1992) Eur. J. Pharmacol. 211: 177-82.

254. Wheeler-Aceto H, Cowan A. (1991) Agents
Actions 34: 264

255. Damas J, Remacle-Volon G, Deflandre E.
(1986) Naunyn-Schmiedebergs Archiv fur
Pharmakol. 332: 196-200.



30 C. O. Okali etal. /Journal of Natural Remedies, Vol. 3/1 (2003) 01 - 30

256. Damas J, Remacle-Volon G, Nguyen TP,
(1990) Arch. Int. Pharmacodyn. 306: 161-
1609.

257. TubaroA, Dri B, Delbdlo G. Zilli C, DellaLoggia
R. (1985) Agents Actions 17: 347-349.

258. DiRosaM, Willoghby DA. (1971) Arch. Exp.
Pathol. 269: 482.

259. Meacock SCR, Kitchen BA. (1979) J. Pharm.
Pharmacol. 31: 366.

260. Ramsford KD, (1982) AgentsActions 12: 452.

261. Brooks PM, Day RO. (1991) New Engl. J.
Med. 324: 1716-1725.

262. Lin J, Opoku AR, Geheeb-Keller M,
Hutchings AD, Terblanche SE, Jager AK,
van Staden J. (1999) J. Ethnopharmacol.
68: 267-274.

263. Okoli CO, Akah PA. (2001) Nig. J.
Neuroscience 4: 17-20.





