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Traditional medicinal practices play a key role health care systems in countries with
developing economies. The aim of this survey wasaldate the use of traditional medicine
within Northern African communities. In this reviewe summarize the ethnobotanical uses ¢/
selected plant species from the Northern Africamrdland attempt to correlate the activities of
the isolated bioactive principles with known loaases of the plant species in traditional
medicine. The literature is covered for the peri®¥1 to 2014. Part | of this series focuses o..
plant families with names beginning with lettersté C, with the ethnobotanical uses of 32

plant species correlated with the bioactivitiesldb compounds identified.
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1 Introduction

Before the advent modern or Western medicine, pcophe several
civilizations have depended on medicinal plant®hefor the
treatment of various diseases and ailments. Thgiscularly the
case in the Northern African civilization of EgyptAncient
Egyptians are known to have been familiar with @alogue of plant-
derived traditional remedies, having used a rarfgplant organs;
roots, rhizomes, flowers, leaves, fruits, seedd, @ils in the form of
powders, pills, suppositories, creams, pastes, @ntinents>* In

modern Egyptian society, plant-derived remediespagularly sold
in herbal shops and used by the local populatiofisn without the

need for scientific evidence for their Us&ome of the knowledge

This journal is © The Royal Society of Chemistry 2014

derived from the Ancient civilization of Egypt hbsen transmitted
throughout North Africa and the Middle East.

According to the United Nations Organization (UNOfhe
geographical region of Northern Africa compriseg ttountries;
Algeria, Egypt, Lybia, Morroco, North Sudan, So@®hdan, Tunisia
and Western Sahara (Fig. 1), covering a land sairémea of about
8,935,659 ki anda total population of 198,996,526 inhabitahts.
The inhabitants of North Africa are generally daddin a manner
roughly corresponding to the principal geograpleigions of North
Africa: the Maghreb, the Nile Valley, and the Saharhis region is
mostly desert (the Sahara), while the rest is mafdeases and
grasslands, with a few species of tréégcording to the analyses of
Vila et al, a total of 343 vascular plant species from 6ilias
non-native to this region were found in the litara® The authors
mentioned that alien species richness ranged frédn(Algeria) to
60 (Tunisia). Most of these were of Mediterraneard a@North
American origin® For the purposes of this study, the terminology
“North Africa” is slightly different from that defied by the World
Geographical Scheme for Recording Plant Distribstfosince the
latter excludes the countries of Northern and SenatiSudan.

Recently, our research team has started to exgleredmponents of
African traditional medicines, by documenting therent available
knowledge on the biological activities of naturabgucts (NPs)
isolated from the African flora (from dispersed albterature
sources), to aid in drug discovery programs ondtinent. This
includes the development of NP databases for usevirtual
screening campaigig® the pharmacokinetic profiling of NP
databases from African flor&*® developing focused reviews on
NPs isolated from floral matter from particular oties/regions:-*°
as well as NPs with interesting biological actegtiagainst specific
diseases/ailment8:?® Our focus has been on the NPs whose
measured biological activities correlate with thee wf the plant in
African traditional medicine (ATM), with the aim ofalidating the
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use of these plant species in traditional medidinehis survey, the

ethnobotanical uses of the plant species from Montl\fricaversus Daucus carota carotdApiaceae: celery, carrot or parsley family) is
the bioactivities of the derived NPs are presebtedlant family and native to the continents of Europe, Asia and Afrigatracts of the

in alphabetical order. Wherever the bioactivitis tiee isolated plant are used traditionally for the treatment epétic and renal
metabolites correlate with the ethnobotanical usésthe plant insufficiency as well as for skin disordéfsExtracts of the wild
species, these are highlighted in bold in the Table the first part plants are also known to exhibit antioxidative anmh-chelative

of this review series, only plant families with nesrbeginning with properties. Ahmedet al have isolated three new sesquiterpene

letters A to C have been considered. daucane derivativesl8 to 15) and four known compound4§ to
19) from the roots of wildD. carota carota that showed antifungal

2 Aloaceae (now Xanthorrhoeaceae- activity.®® The methanol extract of the seeds of this plasb al

Asphodeloideae), Anacardiaceae and Apiaceae showed antibacterial activit§.Marzouli et al investigated essential

oils and supercritical CQextracts of umbels from wildaucus

o . , . carota carotafrom two different sites in Tunisi.It was shown that
The traditional uses of the studied species froenabove families, eudesm-7(11)-en-4-0R20) (8.2 - 8.5%), carotol2(l) (3.5 - 5.2%)

as well as the isolated compounds and their reispebioactivities sabineneZ2) (12.0 - 14.5%)g-selinene 23) (7.4 - 8.6%) and 1#-
are shown in Table 1, while the chemical structm&l.s shown in (H)-himachal-4-en-B-ol (24) (12.7 - 17.4%) were dominant in the
Figs. 2 and 3. The species from the Aloacédee verd' andAloe 4" from the species harvested in Sejnane, whetkasoils from
sinkatand® from North Africa have been investigatedl. verais a 1 s were predominantly composed of elemi@8) (31.5 - 35.3%)
well known medicinal plant with diverse applicason in - anq carotol 21) (48.0 - 55.7%). The antimicrobial activity of the
horticulture, medicine and commerd¢€. Milardi et al investigated essential oils were assayed by using the brottiatiunethod on
the antioxidant properties of the ethanolic extafes. veraleaf skin  £ocherichia coliATCC 35218 andStaphylococcus aureusTCC
harvested in Kairouan, TunisiaThis was fractionated by liquid- 43300 "and clinical strains atandida albicansand C. tropicalis

liquid partition using hexane, ethyl acetate, chlorm-ethanol and 1311 RM. The MIC values obtained were all > 2.5%)v/
butanol. The chloroform-ethanol fraction showed thaghest

proportion of total phenolics (40.500 + 0.04iy gallic acid
equivalents/g of extract), the highest scavengiotivity and the
greatest reducing power, followed by ethyl acetdtetanol and
hexane extracts. ELhassanal also investigated the leavesAlbe 5 pave presented an extensive report on the hepégctive
sinkatana collected from Arkawit, Sudan. In Sudanese tfaddl fficacy of certain plants from the ApiacéeThis has warranted
medicine, the leaves and leaf exudates of thistdaa valued t0 g5me investigation of apiaceous species from ESypthe
treat a variety of ailments, including skin diseasmstipation, fever papatoprotection of the ethanolic extract and ivast of the aerial
and inflamed colofi; as well as in the treatment of diabete3he parts of Torilis radiata (Apiaceae), from Egypt, were assessed ..
phytochemical investigation of this plant led te tdentification of & (o ms of the reduction in histological damage, agganied by
new anthraquinone, ~ 2,8-dihydroxy-6-(hydroxymetid)- \estoration of the liver enzymes; alanine aminagferase, aspartate
methoxyané?racene-g,10-d|one D.( along with 10 known apming transferase, lactate dehydrogenase, and wtien in the
compounds.” The known compounds include; aloe-emod®), ( inflammatory markers (tumour necrosisitric oxide, N-acetylf-
feralolide ©), _ 1-hydroxy-5-methoxy-3-methyl-9,10 p_g|ycosaminidase and myloperoxidase) in  sefumAn
dihydroanthracene 9,10-diond),(p-sitosterol ), p-sitosterol with j,egtigation of the aqueous ethanolic extracthef aerial parts of
glycosidic bond ), microdontin ), homoaloins A§) and B ©) he plantyielded two triterpenes; lupeol aceta6)(and a-amyrin
and aloins A10) and B (1). Scientific evidence for the use of thi§7) "310ng with spinasterolg) from then-hexane fraction; while
plant in the treatment of diabetes lies in the thett compound.  gcacetin 29), scopoletin 30) and ferulic acid 1) were derived
also showed significant inhibitory effects agaighicose-induced fom the chloroform fraction and luteolin@-glucoside 82) from
advanced glycation end-produtts. the n-butanol fractior?® The isolated compounds have exhibited 2

. . number of bioactivities. Lupeol acetate, for exaenps known to
From the Anacardiaceae (cashew or sumac familiiage from the oy pipit anti-inflammator§? and antiarthritié" activities, while o-

pepper treeSchinus mollgis traditionally used as a repellent agai”%{myrin has shown anti-inflammatdf*® antihyperglycemit and

. . . . . 30 .
house fliesMusca domestican Ethiopia.™ It is also valuable as a gntimicrobiaf® activities, along with antinociceptive properties
purgative, diuretic, parasiticide and vulner&rirhe repellent ability mixture with B-amyrin®® In vivo studies clearly demonstrated that
spinasterol exhibits antitumorigenic activity agaiskin tumors with

of the ethanol and petroleum ether extracts froeri¢hves and fruits
neither co-tumour nor co-carcinogen promoter aitisf’ The

Traditional plant remedies have been extensivebluated for their
antihepatotoxic activity througin vivo and in vitro test models
(since effective treatments against liver diseaserare). Ozbelet

of S. molle against adult Blattella germanica have been

investigated” while hexane extracts from the leaves and thesrr“bompound exhibits its cytoprotective and anti-inftaatory effects
have been tested for repellent and insecticidalvities against ;s the induction of heme oxygenase-1 in murine hippggal and
nymphs and eggs of the Chagas' disease vectoioma microglial cell lines®® Acacetin is known to inhibit cell growth anc
infestans’® Abdel-Sattaret al have investigated the insecticidal andg| cycle progression, and induces apoptosis imam prostate
insect repellent activities of essential oils friime leaves and fruits gqcer cell4® along witﬁ other cancer typ& Scopoletin exhibits
of the plant speciesS. molle harvested in Saudi Arabia and, host of biological activities, including acetyttimesterase
attempted to establish a correlation with the cliamompositions jnpibitory activity>® hepatoprotective activity, xanthine oxidase
of these oils documentéi GC-MS analysis led to the identificationjnipition and uricosuric activitiéand antimicrobial activitie¥ >
of sixty five (65) components, showing that hydmbms dominated peryjic acid and some of its derivatives are knotwnexhibit
the oil composition, with monoterpenes occurring thie largest o tioxidant®® and hypoglycaemf&®! activities, among other
amounts in the fruits and leaves, 80.43% and 74,8@3pectively. ,ctivitiess? while luteolin-7O-glucoside displayed antiasthmattic,
Additionally, p-Cymene {2) was identified as a major component iy oxidant* antiviral®>® and antibacterial properti€&Thus, the

both oils. It could be concluded that the highdiahd efficacy o5. hepatoprotective activity of scopoletin could jistihe use of this
molle essential oil againsE. granariumand T. castaneunsuggest

that the oil may provide leads for active insedgtiagents°
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apiaceous plant in the treatment of liver disordensong other
ailments.

Dahiaet al also investigated the methanolic and aqueousa@stof

Pituranthos scopariysanother apiaceous medicinal plant harvestedlotroprocerol

from Southern Algeri&® Fifteen metabolites were identified
including two cinnamic acids; 6-caffeoyl quinic acid §3) and 5-

feruloyl quinic acid 84), along with thirteen known flavonoids,

including vicenin-2 85), six quercetin and six isorhamnetd-

glycosylated derivatives. Among the isolated meligdm 5O-

caffeoyl quinic acid was the main component, whitd, the
flavonoids, the isorhamnetin derivatives were pnese a greater
extent. The major component of this plant (compo88dis known
to exhibit several bioactivities, including antidant, antibacterial,
anticancer, antihistamic, and other biological &f&°

3 Arecaceae, Asclepiadaceae (now Apocynaceae-
Asclepiadoideae) and Asteraceae

The medicinal uses of plants in these plant famibee shown in
Table 2. Also indicated in the Table are the NBsfdifferent plant
species with some biological activity which can dmerelated with
ethnobotanical studies. The chemical structuresthef isolated
metabolites have been shown in Figs. 4 to 6.

From the Arecaceae (palm tree family), a numbetashpounds of
medicinal value were isolated and screened forogioal activities
against various diseases. A new flavone glycosidein 7-O-f-

glucopyranoside-2”-sulphate sodium sa#6) and fourteen known
flavonoids B87- 50 were isolated from the leaves bfvistona
australisand screened for antioxidant and cytotoxicity [rtips’®

Compound36 and the methanol extract of the leaves o&ustralis
significantly restored the reduced levels of GSHdiabetic rats.
Compound36 also indicated potent cytotoxic activity agairiset

carcinoma Hepg2, breast carcinoma MCF7 and colonimana
HCT116 cell lines, with Ig, values of 13.5, 15.2 and 16u§/mL,

respectively. The ethanol extract showed less iactimgainst
HEPG2 and MCF7 cell lines with §gvalues of 21.9 and 223/mL

respectively, and the weakest activity against molmrcinoma
HCT116 cell line, with IG, values of 45.8ug/mL.”* The known
compounds isolated, alongside compo@6dare genkwanin-&-p-

glucopyranoside 37), genkwanin 82-B-glucopyranoside 38),

isovitexin @9), isoorientin 40), orientin @1) tricin 7-O-B-

glucopyranoside4?), tricin 4'-O-p-glucopyranoside4Q), luteolin 7-

O-B-glucopyranoside 44), quercetin  39-p-glucopyranoside
(45),qurecetin 39-p-galactopyanoside4§), tricin (47), quercetin
(48), apigenin 49) and luteolin $0).

Calotropis procera (Aiton) (Asclepiadaceae)
medicinal plant that has been used for the treatnoérvarious
ailments in Africa and Asia. The root bark is usedreating skin
diseases, enlargement of the abdominal viscerstinal worms and
ascites. The root has also been used as a caveifatihe treatment
of indigestion. The latex of the plant is usedrnidia as a purgative
and the flowers as a digestive and has also showirasthmatic
properties? An aqueous extract of the latex inhibits cellul
infiltration as well as protecting against the depenent of
neoplastic changes in the transgenic mouse mode¢méditocellular
carcinoma? The chloroform extract of the root has been shawn
have protective activity against carbon tetrackieinduced liver
damagé? The ethanol extract of fresh vegetative part€aibtropis
procerafrom Egypt afforded three new metabolites: 5-hygi8,7-
dimethoxyflavone-4'©-B-glucopyranoside 1),  28,19-epoxy-
3B,14p-dihydroxy-19-methoxy-&-card-20(22)-enolide 54) and f-

This journal is © The Royal Society of Chemistry 2012
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anhydroepidigitoxigenin{8O-glucopyranosidess), along with two
known compounds, uzarigening2 and p-anhydroepidigitoxigenin
(53).”* Compounds6 was used as a reference for structural analysis.
Ibrahimet al. also isolated four new ursane-type triterpenesahg

A §7), calotroproceryl acetate A 58),

,calotroprocerone A5Q) and calotroproceryl acetate BOj from the

root bark of C. procera along with five known compounds:
pseudotaraxasterol acetatél), taraxasterol §2), calotropursenyl
acetate B§3), stigmasterol§4) and E)-octadec-7-enoic aci®F).”
The bioactivities of the newly identified metabestare still to be
determined.

Compounds51-55 were testedn vitro for cytotoxicity against the
human cells HT29 and Hepg2 and the mouse fibroldaKtline
NIH-3T3. Uzarigenine §2) decreased the metabolic activity of
HT29 and HEPG2 cells at 5M concentration by 59% and 35%,
respectively, and no decrease of the metabolivigctf the NIH-
3T3 cells was noted. Compoubd (50 uM) decreased the metabolic
activity of NIH-3T3 and HEPG2 cells by 18% and 10%,
respectively, but compound®, 53 and55 indicated no activity. The
metabolites displayed no significant antimicrolaativity against a
panel of bacterial straif$.Compounds$7 — 65were all evaluated
against three human cancer cell lines includingA549 non-small
cell lung cancer (NSCLC), the U373 glioblastoma (GBMd the
PC3 prostate cancer lines. Only compousid showed in vitro
growth inhibitory activity in all three cancer cdithes. Compounds
59 and64 indicated wealkn vitro inhibition in A549 NSCLC cancer
cell only. The presence of the OH group in compoGrdnay be
responsible for thén vitro growth inhibition of cancer cells as thic
property is lost when the OH is protected or oxddiZas opposed to
compound$8, 60, 6land63).

Two new taraxastane-type triterpené$ &nd 67), along with eight
known compounds 68 -75 were isolated fromPergularia
tomentosa(Asclepiadaceae) from Algerf&. The new compounds
were named pergularine A&) and pergularine B6{). The known
compounds were oleic aciflg), (92,122)-octadecadienoic aci®9),
a-amyrin (70), 3-acetyltaraxasterol7(), 3-taraxasterol 72), 16u-
hydroxytaraxasterol-3-acetat@3j, 3-epimicromeric acid 74) and
(92,127)-octadecadienoic acid glucosidés). Although this plant is
poisonous, it is used in folk medicine as a tanrsiggnt and for the
treatment of skin diseases in Nigeria. It is ussdaadepilatory, a
poultice, a laxative, an anthelmintic and an afeeient in Egypt. A
decoction of the leaves and stem is used as a yefoedronchitis
and tuberculosis as well as a molluscide. Unfottelgathe new
compounds were not tested for any biological aisi

A number of medicinal plants in the Asteraceae efastlaisy,
|composite, or sunflower family) have been invedtidain North
Africa, mostly for their antimicrobial and anticarcactivities!'°
From Artemisia herba-albaharvested from Eastern Algeria, Laiu
isolated six compounds, comprising two new sestpetee lactones
from the methylene chloride/methanol extract of Herial parts;
1b,9b-diacetoxyeudesm- 3-en-5a,6b,11bH-12,6-olideé6) ( and
1b,9b-diacetoxyeudesm-4-en- 6b,11bH-12,6-0lid&7),( together

ith 4 known compounds78 to 81).”” The speciesA. herba-albais
amous plant used tremendously in our folk medicirieea
preparations with components of this species haxgbied a
number of therapeutic properties, including anatgeantibacterial,
anthelminthic and diuretit. Among the popular compounds from
this plant are the terpenoid thujon82)¢' and the flavonoid
hispidulin 83).82 However, no correlation between the bioactivities
of the isolated metabolites and the ethnobotara€dhis plant has
been recorded.

RSC Adv., 2014, 00, 1-3 | 3



RSC Advances Page 4 of 26

apigenin 117), quercitin @18), eupafolin 119, kaempferol-3-
Hegazyet al isolated and characterized eight ne84 - 93 and methoxy-7-Oe-L-rhamnoside 120, apigenin-7-O3-D-
eight known metabolites92 - 99 from the CHCl,/MeOH (1:1) glucopyranosidel(21), o-amyrin (122 andp-sitosterol 123).%* The
extract of the aerial parts @hiliadenus montanu.In Egypt, this antiproliferative activity of these compounds wasleated against
plant is known locally as “haneida” and it usedadwerbal tea for the two human cell lines (breast (MCF7) and colon (HCTL16
treatment of renal problems and some of its carestils have shown Compounds114 and 115 isolated from the chloroform extract
anti-diabetic, antimicrobial, anti-obesity, antiatbgenic and indicated the highest cytotoxicity with 4¢values of 0.43, 0.32
antioxidant propertie®®® The new compounds include 3-oxo- pg/mL against MCF7 and 0.46, 0.34g/mL against HCT116,
costic acid p-D-glucopyranoside 84), 3p-methoxy isocostic acid respectively. Compound&22 and 123 isolated from the hexane

(85), 3u-methoxy isocostic acid86), eudesm-11,13-eneUp,7a-
triol  (87), chiliadenol

trimethyl-1,6-dodecadien-9-one)89), chiliadenol C (3-hydroxy-
3,11-dimethyl-@,9¢-epidioxy-dodeca-1,7(14),10-triene) aqy,

chiliadenol D (3-hydroxy-3,11-dimethylp@a-epidioxy-dodeca-
1,10,7(14)-eneq1) and the known ones include; 3-ox@ostic acid
(92), 3-oxoy-costic acid methyl este®8), 3u-acetyly-costic acid
(94), 5a-hydroxy-4s,15-dihydrocostic acid 96), 5a-hydroxycostic
acid @6), eudesmanefl4p,7a-triol (97), kaempferol-30-(6"-O-

acetyl)$-D-glucopyranoside98), and thymolg-D-glucopyranoside
(99). All these isolates were tested for antimicrolaiativity against
gram-positive bacterial strains, foBtaphylococcus aureusind
Bacillus subtilisand the gram-negative bacterial straikiebsiella
pneumoniaeAlcaligenes faecalignd Escherichia coli The fungal
yeasts used werBaccharomyces cerevisiagd Candida albicans
Compoundd8 indicated antimicrobial activity preventing theogith

of Staphylococcus aureuBacillus subtilis Klebsiella pneumoniae
Alcaligenes faecaliand Candida albicanswith MIC values 25, 25,

extract showed lower Kgvalues of 3.05, 2.3hg/mL against MCF7

A (3,6,7-trihydroxy-11-methoxy-3,7;11 and 2.9, 2.8g/mL against HCT116, respectively. The compounds
trimethyldodeca-1,9-diene)8®), chiliadenol B (3-hydroxy-3,7,11-

obtained from the EtOAc extract indicated the lavegsotoxicity.

The ornamental medicinal plam/edelia prostratgdAsteraceae) has
yielded known compounds from its callus cultffe® The
compounds consist of two methyl esters of fattydgcinamely,
methyl stearatel@4), methyl palmitate {25); four cinnamyl alcohol
derivatives, namely sinapyl alcohdi2g), coniferyl alcohol 127), p-
coumaryl alcohol 128) and coniferyl alcohol ©-glucoside {29.
These compounds were not tested for any biologazivity.
Meanwhile, essential oils have been extracted frQonyza
bonariensis (Asteraceae), an annual perennial weed endemic =
Tunisia®® The ethanol extract of the aerial parts ®&ntaurea
nicaeensidll. var. walliana M. (Asteraceae), yielded a new flavone
glucoside, apigenin 4’-(6"-methylglucosid&30), together with six
known compounds, namely, cirsilineol, jaceosidinglitansin,
apigenin, apigenin 7-(6”-methylglucuronide) and upasin®
Mamdouh et al also isolated and characterized fifteen known

25, 12.5 and 3.12pg/mL, respectively, using chloramphenicol (< 6lavonoids from the leaves d¥siadia punctulata(Asteraceae), but

pg/mL) as positive control.

the isolated compounds were not tested for anybical activity>*
The compounds include apigenin, acacetin, luteatimysoeriol,

Chrysanthemum macrocarpufAsteraceae) is an endemic speciefijteolin 7-glucoside, orientin 7-glucoside, isoatia, isoorientin 7-

which is used in traditional medicine as a scaleicaohd for the

glucoside, cirsilineol  5,4'-dihydroxy-6,7,3'-trimebxyflavone,

treatment of intestinal infections in Algeria. # also used in food gardenin B (5-hydroxy-6,7,8,4'-tetramethoxyflavonéyhydroxy-

flavoring and as a herbal tea by the Touaf&§SFrom the aerial
parts of this plant were isolated and characteritiecte new

metabolites: a triterpenic diestet0Q) and two natural cyclitols,

conduritol C (01) and viburnitol {02, in addition to four known
triterpenes 103 -10§ and seven known flavonoid4Q7 — 113.
Compound 100 was identified as 3,21-dipalmitoyloxy-f,@1la-

dihydroxy$-amyrine and compound$)1 and102 were determined
C) and
respectively. The

to be cyclohex-5-ene B128,3B,4a-tetraol (conduritol
cyclohexa-B,2a,3p,4a,5a-pentaol  (viburnitol),
chloroform, EtOAc anch-BuOH extracts and compound®3 and

106 were screened for antibacterial activity using tyvam-positive
bacterial strainsg. aureus and Enterococcus faecalis)d gram
negative bacterial strain®seudomonas aerugingda. coli andK.

pneumoniap using ampicillin as the standard. Compouh@3

(taraxasterol) showed weak antibacterial activityile compound
106 showed no activity on either bacterial strain. ldger, the
chloroform fraction showed good activity againstmgr negative
bacteria P. aeruginosa, K. pneumoniae, E. dolivith MICs of 0.5,
4 and 8 pg/mL, respectively. Both compound03 and the
chloroform extract were evaluated for their cytatoctivity against
human colon cancer HT-29 cells and human prostatiecer
carcinoma PC3 cells. The chloroform fraction andaxasterol
prevented cell proliferation of both HT-29 and PG®&iaer cells in a
dose-dependent manner. It was concluded that &teapd may be

responsible for the activity of the extract since iknown to possess

antiproliferative properties against various carums®® The search
for cytotoxic compounds has also led to the biedytguided
isolation of ten known compounds from the leavesGaillardia
aristata (Asteraceae). The compounds are, neopulchdllld){( 6o-
hydroxyneopulchellin 115), B-sitosterol-3-OB-D-glucoside 116),

4 | RSC Adv., 2014, 00, 1-3

3,6,7,8,4'-tetramethoxyflavone, 5,3'-dihydroxy-&75'-
tetramethoxyflavone, 5-hydroxy-6,7,3',4’,5'-pentaimaxyflavone,
and gardenin C (5,3'-dihydroxy-6,7,8,4",5'-pentanwetyflavone).

4 Balanitaceae, Bignoniaceae, Bombacaceae (now
Malvaceae-Bombacoideae) and Burseraceae

A summary of the medicinal uses and biological véitis of the
compounds of the plant families are indicated irbl&a3. The
chemical structures of the isolated compoundslaoess in Fig. 7

Balanites aegyptiaca(Balanitaceae) is used in Sudanese foll
medicine for the treatment of jaundice and thetdraire used in
Egypt for the treatment of diabef¥sApart coumarins, flavonoids,
saponins and steroids which, have been isolated Broaegyptiaca
new constituents such aktransferuloyltyramine $31) andN-cis-
feruloyltyramine (32 were isolated from the plant along with
vanillic acid, syringic acid, and 3-hydroxy-1-(4drgxy-3-
methoxyphenyl)-1-propanorié.These compounds were not tested
for any biological activities. The work of de Abretial led to the
isolation and characterization of a new glycosylatgnan, 5-
hydroxysesamin ®-p-D-glucopyranosyl-(+2)-[3-D-
glucopyranosyl-(36)]-B-D-glucopyranoside133), from the leaves
of Tabebuia argenteéBignoniaceae) and a new phenolic glycoside,
1-benzyl-[6p-hydroxybenzoyl]g-D-glucopyranosyl-(3>3)-p-D-
glucopyranoside(134) from the petioles ofCatalpa bignonioides
(Bignoniaceae), along with five known phenolic glyictes; 1,6-di-
O-p-hydroxybenzoylB-D-glucopyranoside, benzyl B-D-
glucopyrano-side, O-ethyl-6-(p-hydroxybenzoylp-D-
glucopyranoside, 1-@-hydroxybenzoyB-D-glucopyranoside, @-

This journal is © The Royal Society of Chemistry 2014
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hydroxybenzoyl-D-glucose a(B), along six flavonol glycosides; mansumbinone 160) and 3,4secemansumbinoic acid 161) and
kaempferol  30-p-D-glucopyranoside,  quercetin  @$-D- two sesquiterpenef:elemene 152 and T-cadinol 153 (Fig. 8)X%
glucopyranoside, kaempferol @G+utinoside, quercetin 8- These compounds were assessed for anti-staphyklcactivity
sambubioside, quercetinGrobinobioside, and rutif® T. tabebuia against multi-drug and methicillin-resistant steadf Staphylococcus
is used in Egyptian folk medicine as an anti-inflaatory and aureus The most significant anti-staphylococcal activityas
against influenza an@. bignonioideds known to have a sedativedisplayed by compounti51 It revealed the highest potency against
and a narcotic effect and it has also been usdabertreatment of the multi-drug effluxing strain SA1199B (MIC = gg/mL) two
whooping cough and asthma. Many iridoids from thelseits have times more potent than the control antibiotic redficin. The crude
been evaluated for their Hsp90 inhibitory activityJacaranda chloroform extract of the oleo-resin of. molmol indicated
mimosaefolia[Bignoniaceae) is a useful medicinal plant whosd bapotentiation of ciprofloxacin and tetracycline iveral strains of the
decoction has been used to treat veneral diseade® gurify blood bacteriat®®

in Ecuador”®®® The plant has also been reported to be used as an

antisyphilitc, astringent and in applications agtibuboes’ The 5 Celastraceae, Chenopodiaceae, Cleomaceae,
phytochemistry of the stem bark df mimosaefoliaafforded two i

new glycosides, 2-(3',4’-dihydroxyphenyl)  ethyl-3-@L- Cucurbitaceae and Cupressaceae
rhamnopyranosyl-©-p-hydroxyphenylacetyl-&-caffeoyl-D- A summary of the medicinal uses and biologicalvétés of the
glucopyranoside 136) and 2-(34-dihydroxyphenyl) ethyl-39-0-L- compounds of the plant families are indicated irbl&a4, while

rhamnopyranosyl-©-piperidine-3-carboxylic acid-@-caffeoylB- o omical structures of identified metabolites aneven in Figs. 8
D-glucopyranosidel@7). In addition, the known compounds lupeo ndo.

(138), betulinaldehyde 139), terminic acid {40, betulinic acid

(14D, maslinic acid 142, p-sitosterol glucoside 143 and

isoacteoside 135 were isolated and identified. Although differen
biological activities have been reported for thignp, such as
antimicrobial activity® and antioxidant activity® these new
metabolites were not tested for any biologicalvatisis.

Cleome paradoxdCleomaceae) has shown noticeable antidiabet.<
Betivity 24195 A new cembranoid diterpene, paradoxenoic atidl)
and a new alkaloid, paradoxoning56g and its tautomer165b)
were isolated and characterized fr@n paradoxa.No biological
activity has been reported of these metaboliteslefoction of the
root bark of Maytenus senegalensiCelastraceae: staff vine ol
Bittersweet family) is widely used folk medicine 8udan to treat
malaria. Bioactivity-guided fraction of the root kasf this plant led

to the isolation of a new quinonemethide triterpeif2u)-3-
hydroxy-2-ox0-24-nor-friedela-1(10),3,5,7-tetraearfoxylic  acid-
29)-methylester commonly known as pristimerlb). Pristimerin
evealedin vitro antiplasmodial activity against the chlorquine-
resistant strain (Dd2) oPlasmodium falciparum(ICsq = 0.50
ng/mL),1% thus supporting the local use of this plant asiozibn

for malaria. Pristimerin also showed antileishmbagtivity (ICsq=

: ; Lo 6.8 + 0.8 pg/mL against promostigotes of the WHO reference
(149, saponarin 146, cosmetin 147, isovitexin (48), vaccine strain of.eishmania majar The cytotoxic activity of this

; ; ; 100 ;
xanthomicrol {49 and apigenin 47) . (F'_g' 8). _T_hese pure compound was measured by the lymphocyte prolifematiodel and
compounds were not screened for biological activityt the n- was detected at ig= 6.8 + 0.8ug/mL

hexane and methanol extracts showed significaribxadant and
antimicrobial activity'®® The n-Hexane extract scavenged the fre
radical 1,1-diphenyl-2-picrylhydrazoyl (DPPH) ovemncentrations
ranging between 0.55 — 0.0343 mg/mL and the methaxiact
scavenged DPPH over the range 0.5 — 0.0312 mg/ntie
maximum scavenging being observed was 0.55 — 0.Animdor
both extracts. Both extracts were screened for &mntiial
activities against different bacterial, fungal ayehst strains using
tetracycline (antibacterial) and fluconazole (amtdal) as standard
drugs. The methanol extract showed significantvagtiagainst
Stapylococcus aureus, Bacillus subtilis, Strptooscc faecalis
(gram-positive strains)Escherichia coli, Neisserria gonorrhea
Pseudomonas aeruginos@gram negative strains) an@andida
albicans(yeast), but the hexane extract displayed betwesakwand
moderate activity against the tested microorganisthe n-hexane
extract indicated no antifungal activity agaiAspergillus niger and
Aspergillus flavus(filamentous fungi) but the methanol extrac
revealed moderate activities.

Bombax malabaricunDC (Bombacaceae: bignonias family) ha
been used in traditional medicine for the treatmehtenteritis,
dysentery, lymphadenoma, menorrhagia, and hep&fit& It has
also been employed as a diuretic, demulcent, aiaocgd and an
emetic and for curing impotence, in addition towimg significant
anti-Heliobacter pylori activity!> Seven flavones were isolate
from the methanol extract of the flowers Bf malabaricumbDC
(Bombacaceae) and fourteen compounds frormthexane extract
including cholesterol, stigmasterol, campestrmiamyrin and ten
hydrocarbons. The seven flavonols include, vicehi@i44), linarin

Bur survey of the Cucurbitaceae (gourd family) iathd three
species (Table 4). These aérullus colocynthis used in treating
_lseveral diseases such rheumatism and hypertenaiuh, many
contagious diseases such as dermatological, gygical, and
pulmonary infections?’ Citrullus lanatusvar. citroidesused to treat
rheumatism, swellings, gout and as a laxatRendCucurbita pepo
L., used in the remedy of several ailments (aribielia,
antihypertensive, antitumor, immunomodulation, lzatterial,
antihypercholsterollemia, intestinal antiparasitatalgic)!®® The
antibacterial and anticandidal activities of thai@ous and diluted
'acetone extracts of various parts (roots, stenaeke fruits and
seeds) ofC. colocynthiswere measured against gram-positive and
gram-negative bacteri&¢cherichia coliPseudomonas aerugingsa
Staphylococcus aureuand Enterococcus faecalisand various
Candida spp. Candida glabrata Candida albicans Candida
barapsilosis and Candida kreus3i™®” All the extracts showed
activity against all the strains with the highestivaty from the fruit
.aqueous extracts (MIC 0.10 mg/mL agai@stndida albicansand
ITandida glabrata 0.20 mg/mL againstEscherichia coli and
Pseudomonas aerugingsand the lowest activity from the roots.
These studies validate the use of this plant agoadsspectrum
antimicrobial agent. Cucurbitacin E157), extracted from the
powdered fruit pulp ofCitrullus lanatusexhibitedin vitro andin
Svivo anti-inflammatory activity through the inhibitioof COX and

Commiphora molmolfrom the Burseraceae (torchwood family)
indigenous to desert areas of Somalia, Ethiopiagartl of Kenya
and exudes a gum (oleo-resin), which has been aseah insect
repellent, antiseptic and an anti-inflammatory fbe remedy of
mouth and throat infections. In search of antidsyépcoccal agents
from plants, Rahmanret al isolated two octanordammarane

This journal is © The Royal Society of Chemistry 2012 RSC Adv., 2014, 00,1-3 | 5
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RNS enzymes but not reactive oxygen species (RO8pbmrating hydroxyoleanolic acid 2®-p-D-glucopyranoside 1(75.1*2 The
the use of this plant as anti-inflammatory. In &iddi compound extracts of the berries ofuniperus phoeniceaCupressaceae:
157 does not affect normal human liver cells. Batlial separated cypress family) indicated significant antioxidanttigity in the
six compounds from the rind, flesh and seeds of ghempkin, DPPH and ABTS assdy’ The berries of the plant are rich in
Cucurbita pepd® These compounds include, a triglyceride fattyinerals, unsaturated lipids and polyphenols winigty account for
acid mixture 158), tetrahydrothiophenel$9), linoleic acid (60, their antioxidant properties.

calotropoleanly estell61), cholesterol 162), and 13(18)-oleanen-3-

ol (_16_3). E)_(tracts qf _the vari(_)us parts of this plan_t \_Amqac_eped _for 6 Conclusions

antimicrobial, antiviral, antitumor and cytotoxigitactivities in

comparison with the isolated componelitsThe rind and flesh The results presented in this review represent \aview of the
extracts revealed moderate antimicrobial activityainst gram- biological activities of selected NPs isolated frgiants used in
positive bacteriaBacillus subtilisandBacillus cereuswhile the oil traditional medicine in North Africa, which coule luseful in drug
from the seeds displayed strong antifungal activigainst discovery programs. Our intention has been to faruthose plants
Saccharomyces cerevesia®n the contrary, the defatted seewhose ethnobotanical uses correlate with the bickb@ctivities of
showed no antimicrobial activity. Extracts of thiedr flesh and the the derived NPs. Even though this report does taitncto be
defatted seed showed significant antiviral activigainst Live exhaustive, the goal of documenting the baselimemMedge, from
Newcastle Disease Virus (NDV) vaccine strains aiw IInfectious which further investigations could be carried dws been achieved.
Bursitis Viruses (IBDV) vaccine strain, ;pin the range 4 — 6 The plant sources, geographical collection siteentcal structures
puL/mL at therapeutic indices of >100, >80 and 50peesively. of pure compounds as well as their spectroscopi, deere
Extracts of different parts of the pumpkin (rintesh, seed oil and retrieved from literature sources comprising datdlected from
defatted seeds) showed potémtvitro antitumor activities against major international journals on natural productd anme available
liver carcinoma (Hepg?2) (I§range from 0.6 — 5.08g). Apart from PhD theses, spanning the period 1971 to 2014. @uey consisted
the seed oil, the extracts exhibited cytotoxicityivaty against breast in collecting data from the literature sources, mhausing author
carcinoma (MCF7), with an kg in the range 0.40 — 1.0fg. queries in major natural product and medicinal ds&snjournals.
Comparing the extracts with the pure compounds, mbeic acid The collected data includes plant sources, usqdant material in
(160 showed potent antimicrobial activity against grpositive traditional medicine, plant families, region of lestion of plant
bacteria Btreptomyces viridochromogenea)d moderate activity material, isolated metabolites and type (e.g. ffeid, terpenoid,
against yeastQandida albicansand the fungiMucor miehi.The etc.), measured biological activities, etc. Theadaas collected on a
other compounds were inactive. Linoleic acid exeithi potent Excel sheet and analyzed. In the second part efrthiiew series,
cytotoxic activity against brine shrimp comparedthe rind and emphasis will be on the remaining plant families.

flesh extracts, while the other isolated compoundse inactive

against brine shrimp. The use of the plant as adgnfor several 7 Acknowledgements
diseases is justified.
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The genusSalsola(Chenopodiaceae: goosefoot family) consists gﬁ
several species found mostly in dry parts of Afrisaia and Europe,
very few of them having been utilized in folk madie. Oueslatiet
al. have isolated the new norisoprenoff#8/droxy-5,6a-epoxy5-
ionone-2-O-p-D-glucopyranoside 164 and the long-chain
hydroxyl fatty acids 9,12,13-trihydroxyoctadeca-BQ15)-dienoic
acid (165 and 9,12,13-trihydroxyoctadeca-BE)Xdienoic acid 166) 8 Notes and references

from Salsola tetrandra aerial parts, together with 3,4,5-* Department of Chemistry, Faculty of Science, Ursitg of Buea, P.O.
trimethoxyphenylg-D-glucopyranoside 167), 9-hydroxylinaloyl Box 63, Buea, Cameroon; Tel. +237 77915473; E-:mail
glucoside 168) taxiphyllin (169) transN-feruloyltyramine (70),  ptiekfidele@gmail.com or fidele.ntie-kang@ubuea.cm.

H 110 H
?Q?n cs)'lf;])égavggg'fgél:é%{:ggt?cg?gﬂi%i c::(r701bial a (ﬁti”' tihnest e:gt: ® Department of Chemistry, Chemical and Bioactivitiormation Centre,
P 0 9 Faculty of Science, University of Buea, P.O. Box B8ea, Cameroon; E-

positive evaluated against Gram-positi&aphylococcus aureus’ “~
ATCC 29213, Staphylococcus epidermidisiICIMB 8853, and ™Mail: joseph.yong@ubuea.cm.
Micrococcus luteusNCIMB 8166 and gram-negativeEscherichia T These authors contributed equally.
coli ATCC 35218 andPseudomonaageruginosaATCC 27853 using
microdilution methods on liquid medium. Compourd® and171 1
revealed moderate antimicrobial activity by prevmmthe growth of

S. aureugMIC 200 pg/mL). Two new compounds, tetranins A an%
B, 1-(3,5dihydroxy-4’-methoxyphenyl)-2 phenylethandl7@) and
5,2’-dihydroxy-5'-methoxy-6,7-methylenedioxy-isoflene  (73),

were isolated from the EtOAc extract ®élsola tetrandraroots*'? 3
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Figure captions

Fig. 1: Map showing geographical region of North Africa.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

2

: Chemical structures of compounds 1 to 28 and 138.

: Chemical structures of compounds 29 to 35.

: Chemical structures of compounds 36 to 69 and 75.

: Chemical structures of compounds 70 to 74 and 76 to 113.

: Chemical structures of compounds 114 to 130 and 143.

: Chemical structures of compounds 131 to 137 and 139 to 142.
: Chemical structures of compounds 144 to 155.

: Chemical structures of compounds 156 to 175.
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Table 1: Summary of ethnobotanical uses versus measured biological activities of isolated secondary

metabolites from Aloaceae, Anacardiaceae and Apiaceae plant families

Plant family Plant name Use in Part of | Active Measured Author and
(country) traditional plant principle | activity Reference
medicine studied
Aloaceae (now Aloe vera and Well known Whole | 1to11 inhibitory Miladi et
Xanthorrhoeaceae- | Aloe sinkatana | medicinal plants | plant effects against | al.,**
Asphodeloideae) (Tunisia, with diverse glucose- ELhassan
Sudan) applications, in induced et al”?®
horticulture, advanced
medicine and glycation end-
commerce products
Anacardiaceae Schinus molle Traditionally fruits 12 Insect Abdel-
(Saudi Arabia) | used as a and repellent Sattar et
repellent leaves activity al’®
against house
flies, Musca
domestica
Apiaceae Daucus carota | Used roots 13-19 antifungal Ahmed et
carota traditionally for activity al*
(Tunisia) the treatment of
hepatic and renal
insufficiency as
well as for skin
disorders
Torilis radiata | Hepatoprotective | aerial 26-32 Diverse Ezzat et
(Egypt) parts biological al®
activities
Pituranthos Used in aerial 33-34 Antioxidant, Dahia et
scoparius traditional parts antibacterial, al ®®
(Algeria) medicine in the anticancer,
treatment of antihistamic,
asthma and and other
rheumatism and biological
in food as effects

flavouring.
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Table 2: Summary of ethnobotanical uses versus measured biological activities of isolated secondary

metabolites from Arecaceae, Asclepiadaceae and Asteraceae plant families.

Plant family Plant name Use in Part of Active Measured Author and
(Country) traditional plant principle | activity Reference
medicine studied
Arecaceae Livistona To treat Leaves 36 Antioxidant, Kassem et
australis tumors cytotoxic al.”
(Egypt)
Asclepiadaceae | Caloptropis Indigestion, Vegetative | 51 -56, Cytotoxicity, Shaker et
procera stomach pains, | stems 57 - 60 anticancer al.,”!
(Egypt) tumors, snake Ibrahim et
bites, malaria, al”
skin diseases,
abdominal
viscera,
intestinal
worms,
dyspepsia
Pergularia Skin diseases, | Whole 66 -67 none Babaamer
tomentosa bronchitis, plant etal®
(Algeria) tuberculosis,
abortifacient,
worms,
scorpion bites,
stomach pains,
used as arrow
poisons, used
for tanning
Asteraceae Artemisia herba- | Tea Whole 68-83 Not determined | Laid”’
alba preparations plant
(Algeria) with

components of
this species
have exhibited
a number of
therapeutic
properties,

including
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analgesic,
antibacterial,
anthelminthic

and diuretic

Chiliadenus Renal Aerial 84 -91 Antimicrobial | Hegazy et
montanus problems, parts al.”®
(Egypt) used as herbal

tea
Chrysanthemum | Inflammation, | Aerial 103,106 | Antimicrobial, | Boutaghane
macrocarpum headache, parts anticancer et al®
(Algeria) ulcerative

colitis,

vertigo, eye

irritation,

hypertension,

intestinal

infections,

scabies
Gaillardia Used as a Leaves 76,77 Cytotoxicity Salama et
aristata diuretic, to al¥’
(Egypt) relieve painful

urination
Wedelia Kaurene Fresh Not tested Ahmed et
prostrata diterpenes young al®
(Egypt) have shown shoots

antibiotic

activity
Conyza Inflammation, | Leaves, Not tested Mabrouk et
bonariensis vermifuge, stem, roots al®
(Tunisia) diarrhoea,

haemorrhoids,

used as a

diuretic
Centaurea Aerial 120 Not tested Hammoud
nicaeensis parts etal”
(Algeria)
Psiadia Used in casts Leaves Abou-Zaid
punctulata for broken and stems et al’!
(Saudi Arabia) bones

Page 22 of 26



Page 23 of 26

RSC Advances

Table 3: Summary of ethnobotanical uses versus measured biological activities of isolated secondary

metabolites from Balantiaceae, Bignoniaceae, Bombacaceae and Burseraceae plant families

Plant family Plant name Use in Part of Active Measured Author and
traditional plant principle | activity Reference
medicine studied

Balanitaceae Balanites Treatment of Stem bark | 131,132 | Not tested Sarker et

aegyptiaca jaundice and al. ”*
(Mali) diabetes
Bignoniaceae Tabebuia Inflammation, leaves 131 Not tested de Abreu et

argentea influenza al”
(Mali)
Catalpa Whooping petioles 132 Not tested de Abreu et
bignonioides cough, asthma, al.”
(Egypt) asthmatic cough
Jacaranda Anti-malarial, Stem bark | 135-137 | Not tested Zaghloul et
mimosaefolia antioxidant, al.”
(Egypt) anti-

inflammatory,

antisyphilitic

astringent;

veneral diseases

Bombacaceae Bombax Diuretic, Flowers n-hexane, | Antioxidant, El-Hagrassi

(now malabaricum demulcent, methanol | antimicrobial | e al.'®

Malvaceae- (Egypt) aphrodisiac, extracts

Bombacoideae) emetic;
importance,
enteritis,
dysentery,
lymphadenoma,

menorrhagia,
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hepatitis

Burseraceae

Commiphora
molmol

(North Africa)

Insect repellent,
antiseptic, anti-
inflammatory;
mouth and
throat infections
including
gingivitis,
tonsillitis and

mouth ulcers.

Bark

151 -154,

extract

Antibacterial

Rahman et

88
al.
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Table 4: Summary of ethnobotanical uses versus measured biological activities of isolated secondary

metabolites from Celasterceae, Chenopodiaceae, Cleomaceae, Cucurbitaceae and Cupresaceae plant families

Plant family Plant name | Use in traditional Part of | Active Measured Author and
(Country) medicine plant principl | activity Reference
studie | e
d
Cleomaceae Cleome Treatment of diabetes Whole | 155, Not tested Azza R.
paradoxa plant 156a, Abdel-
(Saudi 156b Monem'"*
Arabia)
Celastraceae Maytenus Treatment of malaria Root 157 Antiplasmodia | Khalid et
senegalensi bark 1, al"®
s antileishmanial,
(Sudan) cytotoxicity
Cucurbitaceae | Citrullus Treatment of Fruit 158 Anti- Abdelwaha
lanatus var. | rheumatism, swelling, | pulp inflammatory | betal 107
citroides gout; used a laxative
(Sudan)
Citrullus Treatment of Roots, | Extracts | Antibacterial, Marzouk et
colcoynthis | rheumatism, stems anticandidal al'®
(Tunisia) hypertension and and
contagious infections. leaves
Cucurbita Treatment of diabetes, Ripe Extract | Antimicrobia, | Badr et
pepo hypertension, tumor, fruit s cytotoxicity al'”
(Egypt) immunomodulation;
used as an
antibacterial,

antihypercholesterolemi

a, intestinal
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antiparasitia, anti-

inflammatory
Chenopodiacea | Salsola Members of this genus Aerial | 165 - Antibacterial Oueslati et
e tetranda are used in folk parts 172 al. '’
(Tunisia) medicine as
antihypertensive and for
the treatment of
tapeworm infestations.
Salsola Treatment of Roots | 173, Antioxidant Beyaoui et
tetranda hypertension, tapeworm 174 al'
(Tunisia) infestations
Salsola Treatment of Roots | 175, Not tested Hamed et
imbricate inflammations; used as a 176 al'?
(Egypt) diuretic, an antioxidant
and CNS depressant
Cupressaceae Juniperus Treatment of cough; Berrie | Extract | Antioxidant Nasri et
phoenicea | also used as a s s al'b
(Tunisia) hypoglycaemic, an (seeds
antiseptic and a diuretic | )
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