
F.TIIM)BOTANY. BIOACIH'ln' ASO VARIATIOS STl !DlES Of 

TR.\OITIOSAL GIIASAIAN ASTI·MALARJAl. Pl.ANTS 

A TlI[SIS Sl \1HMITTEO 

AU:X ASASE. BSc (IiO('ljS) l£GON, GIIAHA 

ISID ."iO,: 100745100) 

IN PARTIAl. H U 'JlMENT 0 .. '" Ht.: IU:::Qt '1K}:!'t1E:'IITS I-'ON 

TlfE AWARD or flO<..TOR 0 .. PHII.OSOPHY Ut.:GREE OF 

UNf\'£RSln' 0 .. GHANA. Lf.GON 



Decla ration 

... the underslgneQ. AJex Asase do hereby declare that with the exception to other 

people's work that have been duly cited, this project work was done by me and that 

DO part of the work bas been presented for any other degree in this University or 

elsewhere 

Alex Asase 

(Candidate) 

Prof Monique S. J Simmonds 

(Supervisor) 

Signed~ 
Prof. William A. Asomaning 

(Supervisor) 

Signed~ 
Prof AJw'enS-Yeboah 

(principal Supervisor) 

Prof George T Odamnen 

(Supervisor) 

-I 

 University of Ghana http://ugspace.ug.edu.gh



Oed.ration 

1, toe unaetSlgnea.. Alex Asase do hereby declare that with the exception to other 

people's work that have been duly cited, this project work was done by me and that 

DO pan of the work bas been presented for any other degree in this University or 

elsewhere 

AJexAsase 

(Candidat_) 

Prof Monique S 1. Simmonds 

(Supervisor) 

S,gned~ 
Prof William A Asomaning 

(Supervisor) 

S,sned . ~17" 
ProfAl~-~ebOah 

(principaJ Supervisor) 

Signed 

Prof. George T Odamtten 

(Supervisor) 

 University of Ghana http://ugspace.ug.edu.gh



DEDICATION 

This thesis is ded.icaaed to my parents especiaJly my late father who never lived to enjoy the 

fruitsofhisllbour 

 University of Ghana http://ugspace.ug.edu.gh



ACKNOWLEDGEME~TS 

I am most: grateful to the Almighty God for the strength, wisdom and divine favour during 

me course of the work. I am grateful to my princi~ supervisor Prof. Alfred A Oteng­

Yeboah for his inspIration and fatherly love throughout the study. 1 sincerely acknowledge 

my other supctVisors namely. Prof MOIlique S J Simmonds for allowing me to work in 

her laboBlory and her critical comments, Prof George T Odamtten for his interest and 

general aSiistance throughout my university education and Prof William W Asomaning 

for his advice. 

I am rhankfullo the communities of the Wcchiau Community Hippopotamus Sanctuary for 

sharing informatIon with me and their hospitality during the course of the study. In 

particular, I thank the Sanctuary Managemcni BOald (SMB), Wochiau Naa, Naa Danyag" 

WaJatlWl -I S<ub.h (Sancnwy Chairman) and Naa Bandanna (Sanctuary Treasure), and 

Peac.c Corps VolunteetJ. MlIk Donahue and Leslie Ruyle. I appreciate the guidance and 

Ioc&1 knowledge ofBayon Mumuni and lsaku Abudulai during field studies 

I am abo thankful to Nature Conservation Research Centre (NCRC) and Eanhwatch 

Institute (EWI) for logiSIics support during the study. J am panicularly thankful to John 

Ma.son (Director, NCRC). Pazrick Adjewodah (Cornmurury Research Coordinator, NCRC). 

Larsey Ashirifie (Technician and Camp manager, NCRC). Andy Murphy (NCRe) Charles 

Dandowe (Accoon'anc NCRC). Mavis (Sccre,ary. NCRC), Roben (EWI, Europe), Robyn 

Reeve - Johnson (EWl, Europe). Alma Wood, Maria Petterson and Robin Jones (all EWI 

Voluntet:n) 

 University of Ghana http://ugspace.ug.edu.gh



I al!:>O enjoyed the company of the Principal Investigators and scaffofEWI funded Wildlife 

Conservation in West AfiiQ project especiillly Prof PauJ Beier and Dr. William Oduro. 

Zaclwiah Wareh and Batun Mohammed Working with all these people has taught me a 

101 

I am also grateful 10 the entire staff of the Department of Botany, Univers.ity of Ghana at 

ugon partiruwly, Emelllus Profs. Ebenezer Laing and G. C. Clerk, and Prof L. Enu­

Kwesi (Had of Depanment) To the staff of Ghana Herbarium namely, Patnck Ekpe. J Y 

Ampo$&h and D. K Abbiw, I say thank you for your patience and company. I am also 

grateful 10 other !ecMica! staff ofDepanment ofBolany in parucular Mr. George Larbi for 

hisasSIStanceduringanatomicalpreparationsandMr.Franc:isSelruforthemicrographs. I 

also thank all the technic:a.l saaffand students of the department (or their company. 1 am 

also grateful to Prof Danso and Mr. M. S. Elegba of ECOLAD at University ofGbana for 

theira.uistaoceduringanalysisofsoils.amples 

I received a Lot of assistance from various people during tbe c:ourse of my studies in the 

Royal Botanic Gardens., Ke"" I will first of aU like to thank the Keeper of Jodrdl 

LabOralory, Prof. Mike Benocn for allowing me to work in the lab. I thank Drs Paul Green, 

Elaine Porter, Teslu Kokubun, Phil Stevenson, Melanine Howes. Alison Scon- Brown, and 

Mariane Yule. Sandra Appiah. Lauretta Ofodalie. My Lin BUle, Rik.a Tasvoka, Sam 

Brethow. Julia and Julie all of lhe Biological Interaction section. I am aJso gratefuJ to On 

Geoff Kite and Nigel Vietch tor all the LCMS and NMR. experiments respectively in tbis 

thesis To Dr. Renne Grayer, lowe a lot for initialing me imo comparative pbytoche:m.iruy 

ofOavonoids. I am also thankful (0 Prof Mark Chase and Dr. Mike Fay for the moleculu 

,., RDbyn Co,"," and Slaty HanU of the lodTell Labomory 

 University of Ghana http://ugspace.ug.edu.gh



lor the moJec;ularteclUllqueS. J also appreciate the lUiSian« of Stephen Graham. Anita 

Bennen., Vivien Mundy. and Sue Thome dwing my stay at Kew 

J am also grateful to Dr Martin Cheek (or being the point ofcootaCt for me at Kew and his 

imere51 and concern during my Slay at Kew. I also thank Dr. Shuina Gzanfar, Tania Dw1 

and the entire API staff during my training in computcrisation and imaging of 'pecimens 

Thanks to my landlord and landlady John ROWiree and Pauline MacCarey for their 

hospilaJity during my stay.t Kew 

J am also thankful to Harriet Gillet of World Conservation Monitoring Cenue (WCMC) 

and Kerry Walter (RnG. Edinburgh) through the Darwin Initiative Project on Conservation 

alld IUstainabk U'I!' of medicinal plants in Ghana for training in BG-Base and for the 

distribution maps of the species 

I am 14r3leful to my dear mother. brothers and sisters for their concern and prayers during 

the courseoflhe study. I also enjoyed the company ormy lovely wife, Becky, truoughout 

my srudies especiaUy during our winter stay in the UK To my numerous mends, I 

appreciate your mncem, and com~y throughout my studies. 

The mam source of funding for this work carne from ENRECA - DANIDA, through the 

Accra-C~hagen Research Link on Milaria. I am abo gmeful to the UNU-INRA 

Univcnity for funds towards the study. I am most grateful to my sponsors. J Sincerely thank 

Profs. SorenChriSlcnsenandJerzyJaroszewski fortheirsuaajntJd intete5tand facilitation 

oflb( [t'II"RECA funding. 1.150 thank Dr. Archibald A. Sittie for loca.I coordin.ation of the 

1 

 University of Ghana http://ugspace.ug.edu.gh



-ENRECA project and .U my colleagues on the Accra- Copenhagen Research Link on 

malaria 

vii 

 University of Ghana http://ugspace.ug.edu.gh



ABSTRACT 

An invcSligatlOn on tnlditional plants used in the I(eatment of malaria in Ghana was 

conducted The srudy involved a collection of information from an indigenous group of 

people living in the Wechiau Community HippOpoianluS Sanctuary Ghana about their 

knowlutge on plant species used for the treatment ofmaJaria. II also involved a study of tile 

bioat:1i\:ilyand variations within selected plant species in the sanctuary. The investigation 

on the indigenous uses involved ethnobotanical interviews and field studies Forty - one 

species of plants in 19 families were mentioned as used for the treatment ofmaJaria in the 

sanctull)' Eight of the species of plants. namely. Ajratgle palllcuwta, Haemalostaphis 

banm. /lldIgoJtra pulchra, MOlJtJlhOlaxlS sp., Ozoroa illsign/s. Strycmws iluJOCUQ, 

Srrydw)()S spmosa and Xercx/e"iS SlUhlmQllwi have not been previously investigated for 

their anti·malarial uses. The efficacy of four orlhe .nti-malarial species. namely, CassIa 

neiwrlQlltl. HQtma,ostaphJ~ barterl, MltrOK}'1I1J merml$ and Puudocedrela kolSChYI was 

determined by testing their extracts against several organisms including PlaJmotlJUm. 

bacteria. fungi and an in$ec.t pest. The methods of the bioassays included mic:rodilution 

technique for in vitro antiplasmodial assay. TLC agar-overlay diffusion for microbial 

bioassay and a binary choice U53.y for insect anti-feedlOt testing. The extracts were 

mocSerately active against Plasmod,,,m and varied in their activity .l8ainst the test 

organisms_ From the stem and root barlcJ, of HaematostapIW barl('T1 three Slilbene 

compounds were isolated for the firsc time from a member of the family Anacardi3Ceic 

The identification of stilbenes was made through the usc of l'.'MR and APCI.MS 

expenmeruation. Variation study using data from a range of characters including 

morp~. anatomy of barks. ecoiogy. distribution, COmpan.tive phytochemistry and 

molecular (~ nw'\:en) \'\'-ere conducted 10 understand infrupecilic taxonomy of tbe 

four species of plants IDd for their conservation in the SlDCIUIry. Data obtained from the 

viii 
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morpnomemc O1COl:;UleIUI;U~'" maceration. field ecologica1 methods, specimen 

computerisation, phytochemical methods such as HPLC and LC-MS and AFLP 

methodologjes were used for the variations analysis. The variations iothe selected species 

were largely due to morphological and chemical variability. The variatKlns in the species of 

plants were found to be due to plasticity of environmental factors and thai the taxonomies 

oftbefour~iesarestableinlhesanctuary 
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CHAPTER ONE 

GESERAL LNTHOJ)UCTION AND LITERATURE REVIEW 

1.1.0.~d~r:a.IIdtroduclion 

The use of planu for medicinal purposes has existed for centuries. A medicinal plant is a 

~ieswhichconlainssubstancesthatpossesstherapeuticpropertiesthatcanbeusedas 

precunor for" drug synlhuis Medicinal plants are still used for the medical needs of the 

populalMmi of countries not fully developed economica.lly and often with limited medical 

resources. The efficacies of medicinal plants in treating diseases are well known 

Medicinal plants also provide lempJale5 for development of new drugs through further 

scientific research and they are often more accessible and cose effective (Sofowor1, 1981) 

The World Health Organisation (WlIO) has a policy ofenc:oUfilging the development and 

utiJisa1l01l of trulitional medicine in Prinwy Heahh Care delivery system in developing 

cou.nuies In Africa.. Asia and Latin America bclwl,'cn 60·90 % of populations reJy on 

medicinal plants eilncr lotaJly or partially (orheaJrncareneeds. lnGhana, the figure is 

about 10 ~. and rt is estimated that there is one tradilional doclor to every 400 people. as 

compared to one orthodox doctor to every 1200 (PORSP1. 1992) 

Many plants have been credited with curali\-c properties in Ghana. Some oflhese claim are 

authentic and othen doubtful. The amount of knowledge on medicinal uses of plant 

possessed by Glwtaians is ex1ensive. yet this knowledge is often undocumented and 

guarded with leCtecy and when those Ghanaians die t1Us knowledge is lost (Dokosi, 1969; 

r..tstwta et ai , 2001). Knowledge of alleged mcdicirW VIlues of plants is often acquired 

throuilhfamiIYinh~(ance.ndapprenticeship. OthcrpeoPIea1lOlearnthemedicinaJusel 

of planlS when treating themselves with plams. Some people also claim that they hI. ... e 
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n..;tl'OIfai thc.r knowlC(l8c '(Uf,j l' j'j.I ..... I.' "h.ines tlM'C'lIISh the prncess C'lfdivina,inn Thore 

is yet another group who claim they were k..idnapped by dWarfs and taught the medicinal 

uses of plants (Dokosi, 1969). 

There is hardly any disease in Ghana which has no claims of herbal trealmCni. For 

example, some Ghanaian herbalists report that they have used plants to cure people with 

the mv I AIDS (Addae-Mensah. 1999). Thus plant species are used in the treatment of a 

w)de lange of diseases and illnesses in Ghana including malaria. This study will 

concentrate on some of the species of plants reported to be effective for the treatment of 

malaria 

MaJam i.!. caused by single ~lIcd protozoan puasitcs of the genus Plasmodium in the 

phylum ApicompleXi and transmitted through Anopheles mosquito. In man, there are four 

species oftbe parasitic protozoa, which cause four kinds ofmalaria. The most important of 

these four is Plasmodium Jalclparum. It can be rapidly fatal and is responsible for the 

majority of malaria related deaths. Pkwnodium lalclporum occurs mostly in Afiica, New 

Guinea and Haiti J'lasmwlllm \'liar is the most widespread of the four species with 

infections reponed from India sutH:ontinent. Cental America but less in Africa. Both 

Plasmodlllm IftQlaTlo and PlasmodIUm ovate are found in most endemic Ifeas in sub-

Saharan Africa and abo common in Africa 

The symptoms of malaria throughout the tropic.s include severe chills. feven, sweating, 

enlarged and lender ipleen. confusion and great thirst. Ullimately. a victim ofmaJaria may 

die or anaemia, kjdney failure or brain damage (Raven and Johnson, 1996). Malaria i, one 
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of the moll fUaJ dIsease, ot the world ranking in this respect with ruberculosil, cancc.r and 

HIV I AlDS (Symth, 1994). The world number of clinical cases is estimated to be over 

3()()"SOO million cases per year with more than 1 .5~2 . ' million deaths each year (Sirisi lam 

and Vecresham. 2003).The situation is more complex usociated with two fumer 

problems, (I) the appearance of drug resistance strains of Plasmodium and (2) the 

discovery that man ala)' become infested willl simian (monkey) malaria (Symtb, 1994). 

The c:urrem distribution of malaria drug~resi~ance in the word is presented in figure I 
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1.1.2. Lire-cydcurulllhI,rh, 

N.fUraUv acquired malaria bcp;ins with the bite of 8 Pla,~mndillm-infeeted female 

AnopM/eS mosquilo after taking blood from an infected human being At least 65 different 

sp«ies of the AnopMA's genus are invol\'ed in the transmission of malaria (Raven and 

Johnson. 1996), The most common species in Africa is Anopheles gamb,ae, When the 

mouth pans of an Anopheles mOSQuito penetrates the human skin and obtains blood, it 

injects saliva mixed with an anticoagulant. If the mosquito is infected with PlasmodIUm its 

saliva will contain 'elongated plasmodium cells known as sporozoite! (a stage of the life 

cy~..:) aJloJ Oe..:sc wouloJ bc iIlJa;tc.d iUlo the ltIOOll)Ue;uJ1 Oflhc Vlctllfl 

The P;UlISiIC makes its way through the bloodstream to the liver, where it rapidly divides 

asexually, After the divilion ,pbase, mecozoites (which are the next wge of the life cycle) 

are formed, and these either reinvade other liver celli or enter the host ' s bloocbtream.. In 

the bloodstream, they invade the red blood cells dividing rapidly within tbemand causing 

cells to become enlarge and ultimately rupture Anlemia results and toxic substances are 

released lhroughout the body of the human hOSl bringing about the well - known cycle of 

IcvQ' _,-.lelull tJlatlschaJ&Cterillic:oflllaJaJla,11ICcycle.epc:als,tsdfregularlyevery4H 

hours, 72 hours 0( longer, depending on the species of plasmodium involved. !be 

IIIC1U.lA.HIC$ d_dop III the ~ut ur the mosquito to SpOfo~ltes when II takes meal from the 

iJll'=clc:dhwna.ll&ndlhecycle.ef>Ci'tsll~f 
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t'lfPJCC J. : ure CYCICOINllUClII CI. 
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Source; 
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.... the vector. gut. .porozo1te • 
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._ - . sporozoite. migrate to the 
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remale Ql "O""' ... 
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1.1.l.MaIarlacbemothuapy 

Effom to eradicate malaria have met with limited successes in many coumrics. Tbe 

AnopN/~j mosquito has become resistant to insecticides such as DDT due to inappropriate 

useofd.einseClicides. The development of vaccines 10 combat the disease is currently the 

order of the day. The different stages of the life cycle of Plasmodium produce different 

anrigens, and rhey are sensirive rodiffcrent controlasents. 

Cbemothcfapy has been of great importance in the treatment of malaria. Drugs developed 

for the treatment of malan. affect different stages of the life cycle of tbe parasite in man 

Hence anti-ma1anal drugs have been grouped on this basis. The tissue schizonticide act on 

the asexual el)1hrocytic parasite form effecting only a suppression of the clinical 

symplortl$ and have no effect on the liver stages of the parasite. Drug of this group lnelude 

mefloquine and the 4-amiooquinolincs. GamctocidaJ drugs also affect the sexual ronn of 

the p..-asite and prevent ils lransmission. Primaquine is known to be a very good 

gamecocidal drug. The other group of drug is the sporotocidal agents that inhibit the 

development of oocysts on the mOSQuito stomach wall. 

The success of chemotherapy in the treatment of malaria became limited with the 

development of drug re5istant strain of the parasite. Tbe first chJoroquine-resist&Dt 

PlasmoJ'IIIIf jalc'parlIm was observed in the 1960's (Warhurst, 1981). Chloroquine 

re&istance is now found throughout Africa and China. Theae issues have made the 

treatment ofmaJaria a big problem especially in Afiiea 
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Malaria bas been estimated to eause more than a million deaths ayelI in Africa. It is the 

leading cau5tS of under five mortality (20 %) and cause 10 % of the continents overall 

diseuc: bw-den. It is understood to be both a disease of poverty and the cause of poverty 

(WHO, 20(3). Tbe total cost of a case of fever associated with malaria in Africa was 

c!SlJII"'lcdcobe$9 .g-lUlI9tl1(Shc~detal .• I99I) 

The disease is a major cause of morbidity and mortality in Ghana. especially among infants 

and childrtn under five yean of ap.e who account for 40 % of the cases (Asenso-Okyere 

and OZltor, 1997). Official tepons indicatt that some 9 % of deaths in Ghana are 

anributable 10 malaria which accounts for 30 % of out patient visits and 9 % of hospital 

admiWoni (Asens.o-Okyere, 1994) When the losses to productive activities due to malaria 

mnthidity are uken into coraideration. the total averap;e COSI of an epiwde ofthe di$USC is 

us S 8.67 in Ghana (Asenso-Okyere and OUlor, 1997) 

One of me c:haJlcllges faCIAS Africa in the fight a8aUl~1 malaria is drug rC-sI:ilaJICC The 

para,ite h .. dcYd~ rcsiSlllnl "rain, llgain!lt chloroquine the most common and cheapest 

nnli·mnlAri..lll dOIB on Ihe m:ulcct To(hiy the commonest form of treatment for malaria in 

African including Ghana. is the u~ of natural remedies from plants 

Quinine. isolated from CmchollO spp., is the oIdea and in many areas it is sull an 

imponant anti-malarial druB. In the majority or eua.. quinine administration results in a 

"1\1I11pl (cllli~~ of 'ymjll1llllS and diu(lpearance of PID.vrtnJilim fafcipanlM and 

J'/tI.~muJIJ~m Io'IIUX rlUIU the bluod. A M ncw- anti-mahuial drug called Qinahlosu i. derived 

1;0111 tJlC , .... "t WUIIII",VUIJ lQeulSlwu) plaut in lhe getlU!> Arlo:ml:JlfI within Iho r.mily 
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Compositae. h bas been used ID l..ruoa for more than twO thousand yt..an to treat fevers 

associated with malaria The drug bas been shown to be effective in the treaunent of the 

most deadly forms of Plasmodium jalciJXU1lM malaria and has been effective against 

wains of Plasmodlllln falciporum thai are resistant to chloroquine. There are a large 

number of other plant spec:iesreported witbanti-maJarial propelties. A list ofplanl species 

with Inti-malarial compounds recently have been reviewed by Srisilam and Veersham, 

(2003) 

Species of plana ustd to treat malaria in Ghana has been documented by various aulhol'1 

(Ayiley-Smith, 1989, Abbiw, 1990, Mshana et aI., 2001). Some of the common plant 

species used to treal malari. in Ghana includes Azadirachta indica A. Juss., CrytoleplS 

sangumolmla (Lind!.) Schlu, Nauclea Ialljoba Sm, OClmum Vlride Wind., Alstonia 

boonel De Wi lid , MOfluda lucuitJ Benth., Jlemonia amygdalmQ Defile , Xhaya 

;J.~·II~·sul'·/UI .• 1\. Jus:.., ( ',,, hl ... ""·n,,.<l1I (lIId,H'1II111 1\ . Rich, ('".\.\/<1 }x.o.J" •. <II,/If.' Gui ll & 

PCfT~.Iotropho Cflrcas L. Momore/lea eharatJtlQ L., Ceibapenrandra (1...) Gaenn., Aspilta 

loti/olio (pen.) C. D. Adams and SterCJIlio foell~ L. But the list of tbe species used to 

treat malari. in Ghana is still far from compl~e 
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Theairn oflhecurrent srudy was therefore to fur'ther investigate plant species used 

tnlditionaJly to treat malaria in Ghana The objectives of the study were to; 

(I) conduct an echnobolanicaJ srudy to collate information from an indigenous group 

of peop~ in Ghana about their current traditional uses of plants for the treatment of 

malaria. 

(2) conduct bioactivity studies on selected plants identified from the ethnobotanical 

studies in order to evaluate the efficacy of the selected species by testing their 

extracts against several different organisms including PlasmodIum. It also involved 

bioassay-guided isolation of compounds and other ge.oerally bioactive compounds 

in the active extracts of the plants, and 

(3) study variations within populations of the selected species from the study area 

using data from a wjde range of characters (including morphology, anatomy. 

ec:oioRY. di!Cfrihution, phytochemistry and AFLP marlcen.) in order to undemand 

the infrupec:ilic taxonomy of the species and for tbeir conservation of the spccies 

ofplams 
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1.2.1.£.rhllobouny 

rthOtlhutilliV "'''V he defined ~~ Ihe siudy of the inler.relationships between people and 

rl:IRI' in lh(':ir envimnm('nl II includes ~n IIppl'1Iisal oflhe inrl;~enoll!'i knowlerl$te of plantl; 

00 ,h(' (,lIlIur('. ('1I'tom .... helier., nod II~'" ('If f'l1~nIS hv ,1M:; lOCAl r't"Op1c The- «<;ience nf 

elhnobolany relates and draws upon various academic disciplines $Uch as ecology. botany. 

plam taxonomy. economics., anthropology, sociology, linguistiC$, economic botany. 

pharllLaCOM,>gy &JKl Ct,H1)C,va.llon biology and thus malLillS eLlu}()oolany a mull, and ClOSS-

di5ciplinary subject (Mlltin., 1995,\1ahesbwari,1988) 

Ethnobotany involves basic dorumenlation of the indigenous knowledge on plants, a study 

of loc.al people understanding of their changing environment and appUed projects which 

,nlen":. tu i,IU.HI"' ... IIC h...:ull"-"&'I,!e ililhe o,;u,,),C,yatiun urlhcil bimJivl:.:.ily umJ ~elll:'lIll: 

",..:ut IiC IllIuuk:>l, o,: .. OlOut'~tll .. , .... ull~ ~ivilie. (MWlill, 1<J!l5, CUllIlilllSh.UII, 2001) 

large nllloll"l \lr inrmmlui,,,, on ('11.11' n:~nu'cc,. opccially Iheir IIl1ClI. i ... cOllfaincd in nr.1 

folk. knowledge of indtgcoow people. Most of this knowledge are lost through jealousy, 

acculturation, changes In life patterns, ecosystem and habitat loss (Mshana et aI., 2001). 

The u:.c. ur planl. incllklc rl.>Od. fil.llQ, medicine, dye:., ~Il:.trucliun, wllilucepllvc., 

apbtodtSl""S, de ")he I1IQ~1 popul&r and cruciallri&dliional UJeSof(he plants are lOr tbcir 

medicinaJvaJues 

II..: uew lu ..,. ........... · .. 1 .. "J :.Iu.ly the ..,Ia'" I>f.I'\XIC" 1:"",,: .. , .. lIy 11,,,,0.1''''''011 .,1111,11 Uililiul I".: 

uVCJelllpl~.t.aJ lullowlIIg Ihe adopuoil uf Ihe: CUliventJOIi on UlOlogu..:.J UlvezlOity (l:UU) 
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Articles 7 and 10 of the convcnllon are mainly devoted to issues concemi..og researcb and 

trainin~. and slI!>lainable uses ofcomronenls of biological diversity 

Th.:lchll'Vc .. cc" ... ""\ . • c", ... I.. .. I,I..:.I, ..... "l .• ;o;.flolUi .. v.,..i~ljUtlloulI.n,ligoIlOlllll1lodici" •• 1 

U~ .'(rbnh TIlNo(' ind ... i"", Ilt'vdorm"nt nf(l) tran'luiIli7.er re.'1per'lillc from RO'IIvolf", 

MqNlllille 8enth .• (2) anti~cancer agents vinblastine and vincristine from COlharandllls 

roseN.f (L.) G. Don, (3) quinine for the treatment of ma1aria from Cincho"a ledger#aJIQ 

Moens ex Tremen. (4) protein sweetener from Thaumalococcus domelli Benth .• (S) 

rnichtllamine thai potentially inhibits HJV-Virus from Allcisirociadus sp. (6) L-Dopa. 

used to Ileal Parkioson's disease from Mucutltl deeringlwlQ (bon) MelT .• (7) Epbednl, a 

decongestaJlt derived from Ephedra sill/co Stapf., (8) digitalin and digoxin, heart drugs 

abo derived from DigllOlts pUrpllrea SwaJlen, (9) picrotoxin used as a nervous system 

stimulant and cases ofbarbilurate poiwn is derived from AllamirlQ cocculus Wight & Am, 

and (10) aspirin was also tirst extracted from the leaves and bark of Saliz alba L and 

F,lIpmdula ulmaria L (Maxim) (Martin. 1995; Sofowora, 1987). 

With "" .. II "'Ajm t';IIII1T'h" clhnnhnl:II1;Cl\1 sludics now receive '"'ppnn from manv 

or~:anilJ1liom ;nd .. din~ N:uinnal Cancer Tn .. illlte (NCI) flcreeninR pl:lnt!> ror anli-cancer. 

1 .... ·1\11 '""flC'1tics " .. d ""Ii: 'lTV Olher IlfHAni".'inna !!tlch ''I!'i P.NRTi('A.OANJT)A Are 

""~·~Iig."ing 1.a;."I" r.. .... tlu;,·irllllli.nl",I:ariai properties TnslilulioflAlIuch 1'I l\ O:>lrwin Initiative 

(UK). United NatioN,. ndUCDlill''III, ~icnliric Dnd Cuhural 0'8.n;'.8liOIl (llNESCO) and 

Worldwide Fund (Of Nature (WWF) Mve I'IIl\o fluppnned varinus projec1S dealing with 

12 
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NUII~8UV~IIJII<:uLoll vtg.uIJ~IIUIl:O III .... IUWIIS WulIlI l.uU:.cJV .. UUII MOIUIUIIIIg t.:eUUc 

(WCMC) and BowUeal Gardens Inlcmalion.a.J and many small pharmaceutical companies 

such as those in USA. Europe and Japa.n including Phyto·R..ika in Ghana have also shown 

illluesc.s in medicinal plallls. There are Olher agencies and organialion:; involved in we 

doc:umentatioo of food plants and other indigenous uses of plants. These agencies and 

orpniz.acions include International Plant Genetic Resources Institute (LPGRI) and 

IntematiooallostiluteforTropica1 Agricuhure(DTA) 

One of me earliesl works on elhnobotany in West Africa was tlw of Dalziel (1937). He 

docwne.nled tbe uses of plant species for food, construction, medicines etc. BurkiU(1985· 

1999) laler expanded and revised the lists of plan I uses for tile Flora of West Tropical 

Africa. Othet works on the documentatioll of traditionaJ uses of West African plants 

includes lOOse of Ayensu (1978), Sofowora (1981), Singha (1963), Oliver.Bever (1983) 

and Anonymous (1985). The ptoneering works of Adjanohoun et al ., (1919, 1980, 

1983,1984,t989,1991 and 1993) llIereaJly admirable 

The documcnlatioo of uaditional uses of plants species in Ghana has received rcm3Ikable 

contribulhUla from the works or Irvine (1961), Abbiw (J990) and Dokosi (1998). Irvine's 

book documented We uses of woody species providing their vernacular names, synonym" 

homonyms, and notes on desc:ription, habitats and phenology. The work ofOuku!>I (1998) 

~aeootinuattonofthatorlrvioe(I96I)andlreatedmainJytheherbaceousspecies 

In his work. Abbiw (1990) pro"'ided a eompendium of useful plant species found in Ghana 

and scored them directly under their usage categories such as food, medicine, fodder, 

construction, industrial crops etc. LitentW'e on medicinal uses of plams in Ghana is very 

eli ..... and Uldudes the worlu of Ampofo (1983), Ent, (1988), Ay;tey-Smith, (1989~ 

13 
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PORSPJ (1992~ PIny (1997) and Mshana et aI. (2001). Tbese Iitentures contain some 

amounl of information on plants used for malaria treatments in Ghana. But the list is not 

exhaustive, there are still more plants to be identified and investigated for the treatment of 

malaria in Ghana 

1.2.2.8ioactivity 

The species that are reported used to treal malaria in the study area will vary in their 

,,,"'t'.)(:¥ To fi'r1I~ nur \In(h',,,,,.1l1(1i,,~ .. hn.,,1 their ~mcacy lind their active compounds. a 

scri('S of hinlnp:ic:al 161 will be undertaking on the extracts from the selected plants 

Several btoaetivecompounds have been iiOlated fromtraditionaJly u$ed speciesorpJants 

(Wrighl and Phillipson, 1990, Deharo et al., 2001). In fact, plants sampled from 

ethnobotanicaJ leads are known to show better activity when compared to species 

nndomly sampled (Khafagi and Dewedar, 2000) 

1.2.3.VarialionwitbiopopulalioDS 

Variations may be defined as divergence fi-om types in cenain characteristics AJI 

organisms vary to some extent and all variations rall within individuals genetic limits. The 

lu~ .. -th~1 lI' all)' une IIIIIC bc"::lIWC uf fellt",JI,:, tJl.llt they Il4Ive ill !';ullIn""lI (O.v;. Il.lld 

Ilc),,,,,uuJ,J%J) 

rhe VillJ .. uons within popul.IIUJl:i cas) Ill,: wlI:.uh~lcd as (1) iodividUAJ~ v&lialion. that is. 

variations amoOS individuals in populations and (2) collective or group variations among 

populalions (Davis and Heywood, J963). There are Wee buic types of variatioo, (1) 

lI~icorenvi,onment.lvllril!llion(2)contjnuousordi!lCOn1inuousvari.lion.nd(3)the 
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fonn of variation includm~ monomorphic, dimorphic.. polymorphic, and beteromorphic 

The basic taxonomic: prillciples on variation panerns include; (1) all taxonomic entities, 

including varietics or subspecies and ipCciesas well a5gcneraaod higher categories are 

DOC simple units but complex systems of populations, (2) any population will be constant 

fO( some characteristics and highly variable for Others. and (3) when a series of populations 

are compared they may oftetl be separated into t"'"o or more groups on the basis of 

discontinuities incertoiin c:haracters(Oteng-Yeboah, 1992) 

The causes of variations within individuaJs of a natural population include externaJ 

eftvironmental modification, mutation and genetic recombination (Davis and Heywood, 

1963; Lawrence, 1?66).Phenorypic plasticity in response 10 environmentaJ factors 

contribute to the differences among iodividuals in any populatkms. The environmentally 

caused variations such as in the quantitative features like stem height. girth s.iz.e,leaf 

dimension and pollen size etc. tend to be continues and follows a normal distributioD 

curve. Genet)c vari.1tions are lIansmiued from one genemtion to another by gene 

segrtplion and recombination. It is the recognition of kinds of organisms which is the 

rault ofvariiltions that aredestribed by theta.lConomist. 1berearehowever limitations 

such IS self fertilization. asexual reproduction. stabilizing selection that are placed on 

Vlriation in natural populatMlns. 

Species and lower tu.a. are formulated around natural populations. Davis and Heywood 

(1963) indicated that the inherent variability of species is accepted as • pbenomenon 

IS 
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requiring study and appropriale trea1menl, noejust as an inconvenience in that individuals 

deviale from a single paucm or type. 

1.2.4.0. Sources ordala rorlhevaJ"ialionsstudy 

Planl laxonomy is dependent on other sciences for its sources of data. The other sciences 

are equally degendent on plant taxonomy through its involvement in identification and 

nomenclature Sources of data used in taxonomic studies include morphology. anatomy, 

C)1Ology, genetics. ecology, palynology, physiology, phytOChemistry, embryo&ogy, 

Seology, geography, paJeobcuany and molecular dati. The sources of dati used for the 

varillionsaudiesincluded; 

12.4.1.Struclural5tuditS(morpbolo~icalandanatomicaistudies) 

Traditionally. morphological and JlIlalOmiCil characters were used for taxonomic studies 

(Divis and Heywood, 1963; Stace, 2000). Thus the early classifications of the angiosperms 

such as Bentham.nd Hooker (1862-1883) and Hutchinson (1926-1934) were based on 

structuraldlta 

1a spite of the fact that molt modem systems of classification are based on molecular 

studies. data &om morphology and atI.Itomy are still importanl Bes.ides, information on the 

morphology of plants is impor1atlt for identification and to usia us understand 

evolutionary development of plants The development of SCIJUling electron microscopy 

and ttlDSmission electIOn microscopy hu reinforced the use of st:rucnnJ data for 

t3XOllooUCSludies MorphologicaJstudies have beeour.ed tounderst.and the variatioos in 

OWly ipecies including Tarcaocum spp. (Taylor, 1917) and JusIICta helDII;", S L (Balkwill 

"~ . I994) 

16 
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t.2.4. 2. Ecological and distributioDaistudies 

EcolO8)' is the study of the inter-relationships among organisms and their environment 

The environment of an organism coosiSls of both l.iying (biotic) and poo-living (abiotic) 

components. Ecology is one of the traditional subject areas that continue to provide 

information for systematic uses (Davis and Heywood, 1963, Stace, 2000). Ecological areas 

of sySlem&tic value include habit!t. pheoology, adaptations, climatic factors, species 

association, plant-animal inte~clions.. pollination, sermination and soil (Davis and 

Heywood, I963). 

The distribution oftua is important in interpreting the origin, migration and evolution of 

species and floras. The local distribution of species is also imponant in the conservation of 

thespectes. The sources of data used for the variations study were; 

1.2 ... .3. Comparative phytochemical studies 

Chemical taxonomy often known as chemolaXonomy, chemosystematics, or comparative 

phytochemistry is lhe use of chemical methods to obtain infonnation about the occwreoce 

of different groups of compounds within a species or in species from different families and 

genera. The rapid developments in comparative chemisuy may be partly due to the 

development of new techniques such 15 HPLC, LC-MS, GC-MS and electrophoresis for 

rapid analysis of chemical compounds 

The group of compounds knov.-n assccondary mecabolites areusuaJly used as chatacters in 

thcmosystematic studies. The most weU known secondary metabolites used for 

17 
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cbemosystematic sludies included phenolics especially flavonoids., as well as alkaloids and 

terpenoids 

CIU,SjriC.llIIOns produced from both chemical and molecular chan.cten have often been 

COngtUetll (Grayeret aI., 1999). Chemica] clataC41l be used at all levels of the taxonomic 

hientchy to study the relationship among taxa. However. different types of compounds 

have to be used depending on the t ;l"~onomic level (Grayer el aI., 1999). For example. 

flavonoids can be used to study the relationship among species and genera within a family. 

There are a number of other groups of compounds lOch as betalins., glucosinolates, en,gic 

acid and ell:"lgllJnnins, polyacerylenes., anthraquinones., sequiterpenes lactones. various 

types of alkaloids., cyanogenic g1yc:osides, limonoids and iridoids that can be 

t3XonomicaJly imponant 31 the family level (DaJgren eI at., 1981 ; Grayer et aI .• 1999). 

Chemical characters have also been used toundersland variability in species. Flavonoids 

and essential oils have been the most important group of compounds in the assessment of 

inuupecirtc: variability in plants. For example. chemical variability in flavonoids hu been 

successfully studied in Oc/mll'" QmUtCtllJum (Vieria et aJ., 2003). Leaf flavonoids have 

also been used for infrupecific taxonomic studies (Chaves et aI., 1997; Grayer et aI .• 2000~ 

GrayeretaJ .• 2002). Essential oil has also been used to study infraspecificvariationsioa 

numbe1" of species including Ocimum basilicum (Grayer et aI., 1996), Cumla gQlloide~ 

Benth. (Echeverrigaray et at., 2003), and OCimllm gratllslmllm L (Vieria et aI., 2001). 

1.2.4.". Mol«ul",sludies 

Moleeular methodologies have been uled to investigate taxonomic problems at all levels; 

iDcludilJg evolulionary relaltonships and origin of island species (R..ichardsolJ et aJ ., 2003), 

., 1998) &Del populations (Soltis and Solti, 1m). DNA 
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sequence dall havebecn usea at tne population level to investigate variations and genetic 

relationships io populations of a species for assessment of their taxonomic and 

evolutionary affinities,. and for conservation programmes. Random amplified polymorphic 

DNAs (RAPDs) has been the moS! extensive DNA fmgerprinting technique used to 

investigate problems at the population level (Adams el at., 1990; Demeke and Adams, 

1994). However, ,he RAPD technique has quite a large number of limitations including 

~reproducibililY and difficulty for homology assessment 

Amplified fragment length polymorphism (AFLP) has been found to be a very useful 

technique in investigations at the population level (Sigh, 1999; Zoo etal., 1989). AFLP has 

been patented by Vos et &1., (1995) AFLP has been used to study genetic diversity in 

A::mIiracholO indiCD (Sigh, 1999) and sunflower (HongtrakuJ et al, 1997). Biodiversity in 

rice, hops and grapevine were .also successfully studied using AFLP (Zhu et at., 1998) 

Species delimitation and origin of island representatives of Phyllca has been studied using 

AFLP markers (Richardson et at, 2003). The advantages of the AFLP techniques include 

(I) no prior sequence information is needed, (2) produce a large number ofpolymorpltic 

bands and (3) the technique is highly reproducible. On the other Iwtd. the AFLP technique 

has the limitation of being expensive and require high quality DNA sample. However, the 

advanta~cs of AFLP arc enormous and exceed the limitations 

19 
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1.1.0.Sludyarea 

CllAPTER lWO 

~IATERIALS A.'W METHODS 

2.1.1. Selecrion ofsludy area 

The Wechiau Community Hippopotamus Sanctuary was selected for the study. The 

selection of the area for the study was based 00 the preliminary studies by Prof A A 

Otenp..Yeboah and the author. They found that the peopJe of the sanctuary area have a very 

rich botanical hcritageand the peopledepe:nd on plants for the treatment ofmosl of their 

ailmelllslflcludHlgIIL31aria 

The sanctuary was abo found ideal for the study because it is one of the first truly 

community-based conservation siles in Ghana where loca1 people ate taking fuJI control of 

the use5 and management of their own biological resources. The chiefs and people of the 

area have decided to protect one of the two remaining populations of Hippopotamus 

amph,blus in Ghana and Other biologic.al resources in a 40 km stretch of land along the 

Black Volta ruver. They hope to develop the ecotourism potentials for the area. The other 

rtmaining population of H,ppopotamus amplllbws in Ghana is found in the Sui National 

Park which is also under threat as the goverruneot plans to develop a dam on the river for 

from !llCic",isls whn uso fhe lueA •• tlUli, ecological 'ahnr:nory . In order In pnw;de more 

in(onnlllinn 10 those in the SIIncllI;UY IIlrea fhis study was undenaken 10 investigate the uses 

nf'lhe flla."s in the ~nclu;uy The aim wall; to rmvide recommendations (or the sultai",ble 

management of tbe plant resources in the sanctuary. lbere was abo an urgent need to 

20 
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document the indigenous knowledge on plants iD the area.. which is likely to become 

aduhen.ted through aco.Jltunuion when the area is fully opened to towls! 

AJ1ic1es.. 6, 8 and 10 of the Convention on Biological Diversity (CBD) refer to the 

conservation and suSl:ainabJe uses of Biological diversity. The CBD also rughli8hts the 

need to support local populations in the conservation and sustainable USei of their 

baological resources to enable them earn the full benefit of it. It was with all these ideas in 

miod thai the WedtilW Community Hippopotamus Sanctuary area was selected for study 

2.J.2.G~raphjcallocalionorsanctuarylrtl 

The study area is al WeclUau aboul 40 kin southwest of Wa in the Upper West Region of 

Ghana. The study area is positioned on latitudc 0g049'762 N and longjrude 02°40'965W 

(Map 1). The core of the sanctuary occupics an area orabaut 40 kml along the bank of tile 

Black Volta RiVef". TbeIodgcsand resean:hctntresin the sanctuary are situated in three 

communities namely Kantu in the northern JWt. Talcwona in the middle pomOD and 

Tankarainthe southem pan of the sanclUary. 

21 
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Map 1 Map ofWcchiau Community Hippopotamus Sanct\W)' 

22 
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1.103. Vegelatioll oflbesanCluary area 

The vegetation of the sanctuary area is primarily GuineailvanDl. Oteog-Yeboah & Asase 

(2001) in their ecological baseline sludies of the flora calegorised the vegetation of the 

sanctuary area into 3 types namely. the riverioe forest, flood plain and higher ground I 

Guinea savanna 

The riverine fore5l vegetation is located on the bank of the Black Volta River. It (onns a 

closed canopy with loose undergrowth with tree species such as Celtis IIIlegn/oila lam . 

Coin faun/olia Mast .. Prerocarl'us swltaJmiodes L' Her. Ex Dc., and Kige/;a ajrlcDlla 

(Lam) Benth. OccasKlnaJly, there are breaks in the canopy in areas with human 

interferences such as bushfires. farming and graz.ing by domesticated animals. Herbaceous 

species and climbers ..... ere oot very common in the Riverine forest and species found 

induded Andropogoll gayw'u.\ Kunth., Pamflora/ot!hda L and Glorioso superba L 

The flood plain vegetation is located next to riverine forest and is usually flooded during 

the rainy season but dry and patchy during the dry season. Thedorninant plant species are 

MuragYIJo IIJeTTmS (Willd.) Oktze and YetiveTlojulvibarbis (Trin.) Stapf. Other common 

species of the area are Acocla t1ilOlica (L) Willd. ex Delile. AcacIa gOlirmal'1Jsis A. Chev. 

and Tumma/ia IrJOCroplua Guill. & Perro The herbaceous plants include Cassia 

",illKlSVldes L and Crolaiona goor~lts,s Guill. & Perro 

The higher ground I Guinea savanna vegetation of tile sanctuary area is the main vegetation 

of the sanctuary area and dominated by typical savanna plants such asAfteliaafricana Sill, 

Cochlospermllm pblChot'ii Hook. Cochlo.fpamum Itnctorium A Rich. Par"'a btglobom 

lJaco \ Onn ,.""."11,,, nli_.-;,. 'Rolfe} lIutch. It. Da.lzjel and fllle/lana paradoxa G. F 
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Gaerm. Other species included Ttrm,llal,a avleelJoides Guill. & Par., Ozoroa Insigws 

Delile. S,'cllrilltiaca /ol1gepedUllCfI/ala Fresen. HymenocCITWa aeida Tw., Tamarl"dus 

flJd,CQ L and Parinari poIyQJ/dra (Benth) Dandy. The herbaceous speciei coOiisted of 

plants such ~s Amorphopllallll$ drQColiliodes (Engl.) N. E. Br .. Kaempfena oelhiopica 

Soim. ex. Engl .• Audropogot' spp.. H)perllwllQ spp., and Curcu}igo pilosa Engl 

2.1.4. Climatt orunc:tuary area 

The UJlCluaty MU experienc:es one r.ul1:-' season between June and October each year with 

a peak period in August. There is a long dry season from November to May. In the dry 

season, lhe Northeast Tl1lde Winds (Harmattan) blowing from the Sahara Desert brings in 

the hot and dusty weather. The average annual rainfall and temperature ranges are 1034.1 

mm f year and 11 ·e respetlively. The highesl dajly temperature ranges occur in March I 

April with the day's temperature reaching 42 ·C and the night temperatures can drop to 

between 15·e ·10· 20 "C. 

2.1.5. Hydroloo'.poloa,y and soils OrsallC:lUary area 

The Black Voll. River flows southwards from Burkina Faso and ilS main tributaries drain 

the entire WlCtuary atea. The river fonns the international boundary between Ghana in the 

west and Burkina Faso in the eas1 nowing downstream to Bui area, it joins with other 

bigger tributaries such as the Voila Rivers and eventuaUy enters into the VoIla Lake. There 

.,C it IIUlIlt..c:r of 11I1 ... k.ll) UII the Hla.,;1o. Vuha llivCl. which &Ie weD vegetated fUII .. ;II! • 

nlicrohabflol' fur wildlifcond placclI fUf" lhc hippos to bad: 

The 1~'miD of the sanctuary area is generally nat with • few isolated rocky hills, these 

areas ite very common in the Talewona area. The rocky hiUs consist of Jarse boWden of 
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granite I qLW1.Z With few herbaceous ~ies at the summits and provide habitats for most 

reptiles. ThesoilsoflhesancruaryareaaIegenenJlygravelyaod sandy in h.illy areas 

2.1.6. Biodiversity ortbeuncluary area 

Hippopotamus (Hlppopotonllls amphiblOflS) is the keystone or prime 5pedes iD the 

$UCIUII)' area both from the point of conservation and ecolounsm However, a large 

number of plant s,pecies and other wildli(e abound in the sanctuary area. lnanecologica1 

basellDe 5Ul"Vey conduCted between 1999-2002, over 210 species of plants belonging to 51 

families, about 200 species of birds. 16 species of bats belonging to five familie!, 26 

species of rodents., )3 species of snakes., 6 species of amphibians were encountered (EWI, 

2002). Species offish, molluscs and anhropods have not yet been srudied 

2.t.7.Loc.aJpolilicsand pOjJulalioli ofsancluary are. 

The chief of Wechiau (Wtchiau Naa) is the Paramount chief oflhe traditional area and all 

Olher chiefs ue di\'isionaJ chiefs under his authority. There are approximately 22 villages 

and 5ettJemc:nts In the sanctuary area. TileS include 2 Wale vIU~ge~ b lishing camps, and 

'4 Brifo villages. The estimated populatioo of the communities of the sanctuary area is 

"haul 8.700 people The IWO Wale villages. namely. Wechiau and TokaJi. are very 

imponant to the .. nettUlI')' bcCIIuse lhey both own the entire sanctuiU)' land and make up 

.1Ilt"'ll ;liO·/.nr,he SAnctuary Managemenl Roard 

I"he Sanctuacy ~1IIt:nl .u~d .. Lhe de~I!.IUII ollllunS body of the S&OClUU"y &lId 

implements many of the dccisicms as well. 

 University of Ghana http://ugspace.ug.edu.gh



2.1.1. Ethnic groups io sanCluary area 

There are IWO main emnic groups in the sanctuary area; Wale,andBirifor_Otherethnic 

SJOups such as Ewe, Dagaare and Hausa can be found in the sanctuary area. The Wale 

people are believed to be the landowners of the sanctuary. The Sirifos migrated to the 

prest;ftt land in the beginning of the 1tJl' century across the Black Volta River from Burkina 

Fuo in order to escape the rigid laws implemented by the French military. There are many 

Sirifo people still living in Tempare and Gao in BUIkina Faso today. They are traditionaJly 

great warriors as well as hunters and farmers. The Sirifo people speak the Lobi language 

2.1.9. Rdi,ioa illsa.C1uaryarea 
Three mai.o religiOUl groups namely, MIl~ims., Christians and traditional believers are 

found in the sanChW)' area. The Wale people are predominately Muslim$ with a few 

Christius and tradil~naJ bcJievus. The Sirifo people are mainly lr&ditional believers, but 

have been reccntly infiuenced by Christianily and Islam. 

1,1.10. Hcaltb facWties insa.cluary area 

The nearest hospital to the sanctuary area is al WI. The hospital bas a surgeon, medical 

assistants and nurses., and is siruatcd abOUl40 km from the sanctuary. Transportation to the 

hospital i. limilcd by fewer vehicles and poor roads. There is also a medicaJ clinic at 

Wcchiau. This dinic is powered by solar energy and equipped with only basic facilities for 

first aids for snakebites. diarrhoea and fevl!fJ 

2.1.11. Ottupltioa, agrit:ullure.ad comOltrct in .. actuary area 

Tht'penrle livinR clnse 10 the unctuary.rea are largely f'armen. hunlen.. eanle herdsmen 

'"Ie famous Lobi Kulpture and herbaJ practice is also 
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common. Other SOUICCS of livelihood very common among women are local beer (pito) 

brewingandponcry 

Crops cuJtlYoUed are 11I0SIIy loud crops such as Uamb&ta beans, com, lIulld., ~1Il~ corll, 

wood F"rnc Product, (NTWs) are principally she. nuts (V,tld/arlo paratinx(J) and 

daWidawa (Porklo blg/obosa), which are usually collected by the women and processed 

iOlo oil, cream and spices. fC:ip«lively. for the locaJ markets. Domesticaled animals 

includecattlc,sheepandgoats. 

There are markets in the big villages including W«hiau, Tokali and Oonye. but mo5t of 

the other sanctuary villagcs haw: smaJl matketswherepito, akpete:shie(loca.I gin),tobacco 

and fiiedbean cakC's(k:osae)are sok1 A varietyofilems such as meat, herbal prepar.uions, 

breid. candiel, egg.s. vegetables, groceries, cIolhing. fish are sold at these markeu. 
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1.2.0.Methods 

2.2.1..ErbnobollilnicIilISludies 

I. 2.1. 1. EtbDoboluic.aI sun-ey 

The following three techniques were used to oblain information about the species of plants 

used in the treatmento(malaria in the study area: 

I Field ip't noiews' involved walking with locaJ people in the areas where they 

normally collected their medicinal planlswbilesinterviewingtbem. Afterpiclc.ing a 

plant, they co~lted among themselves on the anti-malarial uses of the plant The 

three local people involved in this study were those ielected by the WlCtUary 

management board as having the greatest knowledge about the traditional uses of 

plants in iliearea. 

2 BO"$l~- 10 - home jllten'iewJ," rouneen local people were interviewed using a 

questionnaire. Locally trained guides served as interpreters during the conduct of 

the interviews The questionnaire had prompts for the source of information, 

identity of the plant species and methods of preparation, prescription and 

admini$ln.lion(Appendix I). 

3. Intmiews bllrd on anti-m,llrial 'Qed" tollet led by ht rb.1ifJ- four herbaJists 

in the area were identified with the assistance of the sanctuary management board. 

Itwuarrangedforlhemtocollectplanlstheyusedinthetreatmenl ofmaJariaupon 

which they wa-e interviewed. They were then interviewed about how they used the 

plants. 

In additlon to the above: lechniques, sample5 of the $peCies identified as baving anti­

malarial U~ were collected and funher informal interviews were cooducted in order to 
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collect more information on other uses oftbese species in the iWCtuary. Vouchers aftbe 

species collected during the study were deposiled al the Ghana Herbarium (GC). Legan. 

Ghana (pllte 1). The identification of the species was authenticated by comparison with 

herbarium vouchers and with the Flora of West Tropical Africa (Hutchioson, and Dalziel, 

1954-1972) 

Twenty-two people 17 from the Brefo and 5 from Wale areas were interviewed over a 

period of six months. Information on the people interviewed on species used to UeaI 

maJaria ia the sanctuary is presented in Appendix 2. In most wes they were interviewed 

on more than one occas.ion. Twelve out of the 22 (54.5 %) people interviewed were males 

and aU of them were older "lin 20 years. The people interviewed included Christians. 

Muslims and believers oflocaJ spiritual tradition and other non-religious people; only two 

ofthepeoplehad&amelcvciofformaleduation 

2.2. 1.2. DislribYlional ranges or anti- malarial s~cie5 in sanctuary 

To determine Ihe distributional ranges of the anti-malarial plants identified through the 

ethnobolanical surveys. quadrats ofsi1.eS 25 m x 25 m. 5 m x 5 m and J m x I m were 

randomJy taken in the 5lUdy area. Forty-one quadrats of each size were studied. The flfSt 

two sizes (25 m x2S mand 5 m x 5 m) were used 10 assess thetree. shrub species and the 

I m x I m size was used to IUSeS the hcrbaceous or ground cover SpeclCS 
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Pille J. PreIIiaB ipCCUDC:nt or ..... mawiaJ pJants idencificd from the field witb a local 
SUide.uhecomp. 
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2. 2.1.3. Analyses ofethoobotaDicaJ data 

The information oblained through the ethnobowUcal interviews was anal)'led with regard 

to the foUowing parameters 

(j) Taxonomic diversity, growth fanns and the parts of the plant used to treat 

malaria 

(il) The perccnlage of people who have knowledge about the use ofa species in the 

trC'.llmCnt of maJaria was evaluated by the fonnul&; (number of people 

interviewed ciling species I number of people interviewed) x 100 

(iii)Preference Rmking (PRJ -The protocol of preference ranking is similar to that 

uscdbyMartin(199S).lnthiscasethepJantswererankedaccordingtotheir 

level of effectiveness in the treatment of malaria by the local people. Each 

rank is given an integer (1, 2 or 3) with the most eJfective plants assigned a 

value of 3. For example. if a plant was thought to be very effective in the 

lrealmem of malaria it was given a value 3. 

The data from the ecological Slmpling were used ~ detc:nn.ine the distribution a.nd density 

of Ihe ami-malarial planls from the sanCluary area. The distribution of the plants was 

determined from the number of times a spec;ies occurred in the total DUmber of quadrats 

ex:am.ioed. The density of a species was aJso evaluated from the mean number of 

individuals of the species per unit area. 

2.2.1.4. Sd«lio. ofsptttes ror rurther studies 

The plaol species used by tbepeoplc living in the Slnctuarywill vary in tbeirefficacy in 

the b"ealmc:nl of malaria. In ordn !n !!!)vesti,plc the efficacy of planu used to treat malaria 
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in the sanctuary and their variabilities. four species of plaot were se1ected. The fonowing 

parameters were considered in the selection of plant species for further investigation of 

efficacy; 

(I) Thr eerrrniage of people who have knowledge on a !netis: bejng Uled to !reat 

maluia in the unrtu'ry' plants which a large number of the people have knowledge 

about lheir usc to treIt maJariawill continually be used by the people for their tteatmentof 

malaria, 

(2) Preferen"e rail king pfsoedes' plams which were indicated by the people as very 

e.ft'ective for the treatmellt ofmaJaria in the sanctuary will servcas leads in tbe searcb of 

active compoundi apnsr: PkunHXlium, 

(3) Dis'ribu!ional nmges orsDed" in !he sanstuaO'· plantswhicb are abundant and 

widely disuibuted in the sanctuary will most often be collected for their treatmem of 

maJariainthesanctuary,and 

(4) Spedes u!f'd alone-lOIre •• m.leria' thcanti-malarial propeniesofplantswhich arc 

used in combination ..... ith other species might be due to synerg.ism. 'The selection of species 

usedalonelOtreal m.laria was also to avoid Lhe screening of the so-caJled 'blindspecics' 

whicb might often be added 10herbaJ preparatioost.o hide the idcntity of the actual plant 

responsiblc for tbe aaive of the preparation 

Noncofthe above parameters was given prominence in the selectioD ofspccies for further 

studies. Four species of plant~ namely Cassia sie~rlDna DC. Haemalostaphis barren 

Hook f.. M'trOKY'1ll ;'~""',s (Willd.) O. Kuntze and PSIt1Idocedn/a M1SChyl (Scbwein.f) 

Harms. which are used by the people to treat malaria were selected 
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2.2.2.0. Bioactivity Studies 

2.2.1.1 InitialprtparationorplantsamplesrorbioactivirystudiCS 

Plant samples collected from the field were Immediately air-dried after collection from the 

field. lPe woody plant samplC=5 of roofS and stem barks were free:ze dried before milling 

The dried leave samples were ground using a benchtop mill (Pulvcrisette 14 Rotor Speed 

Mill. Fritsch). The rOO( and stem bark samples were ground using pestle and mortar and 

ma.oual cuning mill (Glen Creston SM 2000). 

2.1.1.2. SequrntiaJ ulnclion ofplanl,amplcs for bioactivity studies 

The powdered plant samples were ~uenlia1ly e.xtracted in n-hexane. acetone and 50-/. 

methanol (Figure 3). The aim of the sequential extraction was (0 selectively ematt 

compounds ttw vuy in their polarity. This can simplify the chromatographic process. The 

samples wefe Ii~ e'(traclc=d in II-hexane for 24 houn. The filtrates were evaporated 10 

dryness in \OOCIIO using a rotary evaporator (Buehl. RE III RotavaPOf~ Plate 2). 

concentrated and their "eights determined The residuaJ plant material was also rotary 

~'aporaled and elClractcd in a similar manner in aeecone for 24 hours. Both the filtrates and 

the ~Idue plant materi~ "ere rotary e\·aporated (Buehi. RIll Rotlvapor). The filtrates 

were dried coneentralc:d IIId their weights determined.. The residual plant materia..l were 

further em.cted in 50 % aqueous methanol for 48 hours, rotary evaporated (Bucru. R 114 

Rotavapor) to dryness and their weighls detennioed. The remaining residue after the 50-/. 

aqueous mcthanol exttactlon was discarded. 
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Figure J" Flow chart showing the sequential extrJCtioo of plant samples used for 
bloacth"itytestlng 

sample ~
' PI.nl 

" extractedin"lI·hexanefor:::4hours 

[HWn. nlrm] 
lCXlractedinacetoneror24hoUrs 

rl---- -- ---. 
I Ac::eloDeextrac::t I 

I extractedin 
500/. methanol 

Planlumpledisc::.arded 
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2.2.l.J.Jnvitroantipiasmodialbioass.y 

Extracts from thc stqutntw extracUonorthe plant samples were used fo.-theanti·maJarial 

testing, About Img ofextracls was submitted to the Danish University ofPbarmaccutiC4.1 

Sciences for ill ",/TO antiplasmodiaJ testing, The III vitro antiplasmodial assay was 

pcrformedwithrnodific:aJion.ccordingtotbernicrodilutiontechniqueofDesjardinsetal 

(1979). The sensitivity of the chloroquine ~ sensitive wain of Plasmodilml jaJciparum 

(3D7) lO the extracts from the four species was tested. The samples were dissolved in 

dimefhysulpooltoide (DMSO) with a final maximum concentration 0(0.5 '-0. 

JlUWC:YCl. llJl ur thll 1i&lIIpla. did Itot dissol ... e rully in DMSO, P.och extrDct was Iclted in 

J""li':;"l!. (n • 2) TIl(' lid:.iI Clr Ilk' h-rhniqne ror the m ,·ifm anti"lumodial assay is as 

dcaibed in Ziegler et aI. (2002). The inhibitory concentrations at SO percent OC~) were 

evalUited using reg.reuion equations of plots of parasite counts against logarithms of 

extract concenilltion. Microsoft Excd 2003 was used to calculate the ICso values. 

1.2.2.4.Anli·mit:robiJllbioJlSSJlY 

The lJllil1l ic.robi:r.1 bioasu')s ~ere based on s TLC • IUtobiographic procedure (Homans 

and fuch&, 1970; Raha.lilOn.,ctsl.. 1991) us1ng species of fungi and bacteria. 

Wta.',,\!tJ (lUlU CAlli O;",s.;icnce (r.Bh~m. Surrey. UK) Fu"Si wu kept on mah extract 

(2%)-agar(1 S%)mcdinm., "oe 

OIl('I('rilll 'pt"dr" lI .. d .Irllill: GrillO .qalivc bacterin. Huclllwr .\'Uhlllh., fM1 J41329 ex 

~ luh..·rulnltff CraIn ncsnlivc "Kleri, PSl#~It:u .'J""In1(Qe p .... '~"ROe IMJ 

34748 (ACTCCI93 10) ex. Spyrlngae vulgar/st!. 

 University of Ghana http://ugspace.ug.edu.gh



Media; ~tEPG; Mall extraCt (Oxiod, L39) r/.. Peptone (Oxoid, L39) 2% 

Glocuse 1% (product No. 1...39) obtained from OXOID (BuingslOke, H.a.mpsrnre, England) 

wasu.sedinculturingthe fungal species. 

Positive control,; Ny$tltin (mycostatin. Sigma St. Louis, USA product No. N-3503) was 

u~ as a positive control for the anti-fungal bioassay. Chloramphenicol (Sigma St. Louis., 

USA product No. COl7S) was used as a pos-itive conlfOl for the anti-bacterial bioassays 

Preparation orsampics forteSljng 

The extract$ from sequential ext~on of the plant samples were re-diSiOlved in the 

appropriate solvents to make a concentlltion of I mg of extract pet 100 pJ of solvent 

Approximately 10 pi o(tbc extracts were applied in 5Uips (1m length) onto the 11.C plates 

(1 .05554 AJuminium lhcets, 20 x 20 cm. Silica gel 6OFn .. MERCK). The n..c plates were 

developed using the following solvent systems; hexane extract in 100 % chloroform, 

acelone extracc in chtorofonn: acetone 9: I and SO % methanol extract in chloroform 

methanol: water 64: 36: 4. After the TLC pilla bad been developed, they were left in the 

fume cupboard to dry the solvents. The TLC plates were then observed under tN ligb! 

(250nlnand 300nm) 

:\ystalin (hng per 100 pJ for anti-fungal bioassay only) and chloramphenicol (for anti­

b6cteriaI bioassay only) was then applied onlO the n.c plates at three different 

conc.c:ntrations of l.,a~ 5 .,al and 10 ... 1 above the aolvent front. The TLC pltll1CS were then 

affixed to poIystreoe di>hca";lb thc aid of..uotape. 
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Talilllcrorallli-rungaJacLivity 

A suspension of the cultured fungi (CladosporlJlltf MrbanliM 1Ml3000461 ex. Wall 

coou-minant) was made in MEPG. An iuoculum of the fungus was then sprayed onto the 

prepared TLC plales in a fume cupboart.l. The TLC plates covered with polysUeoe were 

ioeubated at 25·30 oC for three day. 

Dt.tKtiHofanli--fun&allc.livity 

The incubated TLC plates were visually examined after three days. lnhibition of fungal 

growth was observed as colourless SpolS against a general 81ey background as evident 

from the poiitive control spots. 

Tcstin,roranti-bac.terial.ctiviry 

A sample (S.6 8) of ootrient agar was dis.solved in 200 ml of distilled Wlter. The agar 

JOIutaoa wu heated whHcs stirring occasionally until it was colowleu and was allowed to 

cool 10 about 60 °C. A smear of the cultured bacteria was suspended in about Iml of 

diSlilled water and sonicated. A small colony of the bacterial was taken into a 100 ml 

beaker and the agar IOlu1ion added to make up 50 mJ. The resulting solution was poured 

OniO the n.C plates, sprw:! evenly by shaking and excess solution was poured otT. This 

was done very quickly before the agar solidified. The TI.C plales were covered with 

polystreneandinc:ubatedat370Covemight 

Odedionoranli-bac.l~ri"ac(i"jIY 

The stain po-lodonitroc.rtra.lOlium violet wu made up by dissolvio8 Img p-­

lodonitroutrazolium in 1 ml of ~thaool . A 1000 ppm solution orthis was added (019 mJ 

of distilkd water and poured onto and soread cvea1y on 2 n..c plates (20 em x 10 em in 
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Ti.e(miautts) f>'owbll ) ·/.0 

4.50 25 .0 75.0 

2000 4 .50 100.0 0.0 

4.50 0.0 

4.50 25 .0 75 .0 

2.2.2.6.2. lsor.lion and idtntificatioll of scilbene comVouud. from lIo.~mllJosIlI.f1l';$ 

barteriBook.f. 

Initial HPLC analyses of SO % aqueous methanol root bark and IcelOne of stem extract. of 

HaellflJlo.flopllls harurj showed the presence of st.ilbenoid compounds., based 00 their 

tharacteristic UV sp~rum (UV absorbance at approximately 300 run). The acetone 

extract of stem bark was rediS$Olved in 90 % methanol for the HPLC analysis. The HPLC 

system conJilted ofWaten LC 600 pump. 996 photodiode array detector and autosampJer. 

Merck Licbrosphet IOORP·18 (511m) columns were used; 4.0 mm (i.d.»)( 250 mm columns 

~re used; 4.0 mm (i d)" 250 for analytica1 work and 10.0 mm (i.d.) x 250 mm for semi-

prcparat.ive isolations. A gradient profile or solvent system consisting or two soJveots 

denoted wi'" A (2'/0 HOA,) and B (MtOH-HOAt-H,o; 18: I : I) was used. 

The solvent systems ror sc:mi·prep~live I.oJatioN were denoted with A (lilO) &nd B 

(~~H) The aUlosampler made 40 J.l1 injections. Initial conditioas were 15 % A. 25 0/. B. 

with a linear gradient reacrung B - 100 % at t .. 20 minute.. nus wu followed by isocratic 

elutton (B -100 %) &I t ~ 24 minutes. after wtUch the programme returned to the initial 

solvent composilion. Column temperature was maima.i.ned at 30 0C and flow rates of 1.0 ml 

mins' and" 5 nIl mill-I were wed (or anaI)1icaJ and seoti·preparative HPLC respectively. 
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A delay of 13 rruoutes bClwecn injeelions was used in order to enable the system to 

equilibrate. 

41 

 University of Ghana http://ugspace.ug.edu.gh



(I) ('omroUer (2) PIIoto<tiode array detector (3) Pump (4) Autosampler (S) solvents 
(6) Computer (7) Carrier SIS 
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2.2.3.0. Variabihty ~tU(hC$ 

1.2.3.1. Sa,upHngproctdure 

The: "ud)' area was divided into three populations for sampling pwposes. These 

populations were lWlldy: KanlU area, T.lewona area and Tankara area. These populatlon~ 

were silUlled both neat the extreme end~ IS well as in the middle portion of the sanctUary 

and therefore represent • large proportion of the environmentaJ variations within the 

sanctuary Tht choice or the siteswu also associated with the availability ofruean;:h and 

lodgiDg&c.ilitiesinthethreeareasforfieJdwork 

1.2.l.2.Morpbologicalstudies 

Morphometric studies were carried out on I SO specimens of each of the four species 

These: specimens were selected from IS individuals from the three populations in the 

s.a.ncnwy_ The heigh! of individual I of plants was taken with Suunto Clinometer. The girth 

at breast height (1.3 m above the ground level) of the individuals of the plam species was 

also laken with a tape measure, Measurements were taken with a trlnSparent ruler and eye-

piecegnticule. 

e>r.w.y analysis ofvariincc (ANOVA) and Multiple range tests analyses were carried 

ustns SlJ8nphics package (Stagraphics Plus 3.0) and multivariate analysis namely 

Pincipe1 component analysis (PCA) W8I exeaned UJing PC.()RD venion 3.04 (McCune 

.I.lKlMclTon1.l997). 
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2.2.3.3.Maceratioop~p.ralioo 

A IOlal of 27 )Pl'cilllcn~ w ... r~· examined from 9 individuals of the populat~s in the 

sanctuary. SeJected Item and root barks of individuals were cut into loogitudinal pieces 

(about the size ora matchstick) and placed lola a beaker. A solution 0(50:50 by volume of 

hydrogen peroxide and acetic acid was then added (just enough to cover the pieces of bark) 

and the preparalion was kept overnight under a mild heat. The beaker. with ils, content was 

healed the next day on • water bath until the sticks appeared whitish I pale in colour. The 

sticks were removed and gendy washed in a sieve with water 

The macerated pieces were collected, stained in dilute glycerine and examined under the 

light microscope Me&$Urements of the fibres under the Leica Galen 111 microscope were 

taketl with the ocular microme1er in the same way as for the measurements of some floral 

patti. ANOVA alWl Mulliple l'1118e test analysis of anatomical data were analysed with the 

same procedures used for the morpholowcal studies. 

1.1.3.4.0. Ecoiosical a.d dislribulional studies 

1.1.l.4.1.Speciesb.bi18tiDsaaclliary 

A study was made of the general habitat conditions in which the individuals of the anti­

malarial species were found in the sanctuary. The habitat of the species were audied using 

transects. Tbetranscctswue footpaths wtUch cross each other at various irregular intervals 

in the $.aUCtu.uy. The footpaths varied In lengths and were UJed by the loea! people when 

collecting plants to treat malaria. The ami-malarial species were searched for within a 

radius of 20 m radius from transects. When an anti-malarial plant wu idcotified, data was 

collected on W tnnnDl'llnh ... ,... ..... "" ... "'Yer. nature of anthropogenic diSlWbance, elevalion 
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and geographical position The 8eo~ralmlc:a1 position and elevation of the individual anti­

malaria! species were recorded with Global Positioning System (GPS) Magellan 3.5 

2.2.3.".2. Pbenological Itudies 

Five individuals of the four anti-malarial species were selected and tagged in each 

population for phenologjcaJ studies. Only matured individuals at about I !em apart were 

selected flOm each population for observations. The selection of individuals for 

observations wu also bated on coDvenience for a local u-ajned person receiving no wages 

to ... isit me plants in between the IUlhor'l field visits, The individuaJ species were observed 

and notcstaken on leaf (flushing and shcdding),flower(flushing)and tiuit(fornwion and 

shedding) activities during visits. A general observation of all individuaJs in each locality 

was also undertaken dwing visit£. The numbers of individuals of the anti-malarial species 

counted in a particular phcnophase in a month wu used to determine the peak period of 

tbal:lClivity ina year 

2.2.3.4.3. Species anocialion Uudies 

In order to provide basis (or auociadoo of' anti-malarial 5peCies with other plants within 

Ihe 5Anctllary nnra q, .. dBtS sludies W8I undlert.ken. Quadrats of size ;'Ii m "" OS m were 

Ucu ... ~ "UUI~.IIt k.i:.& IUUI IIlJILluu,ly ltela;tcd ilM.lividuallii ur cadi Ilnti-maltuiaJ IIopec,;U:1> 

peipopuJaltOilLAJI.pa;IC»IUundtOUl""UlllqwtdrAtwcrclilft..:daullidcntilicd.Spccimcllli 

"r5Ilocieslh., (,(",td nntheirlenlified Inlhc field werecollccled lind Iilterdescrmined at the 

Ghana Ilerbarium (Gel orthe Depanntelll orBotany at Legon The study wu canied out 

during the rainy season (June{ July) when the vegetation was lush and not burnt. 
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Estimate of inter.population similarity (IPS) of species associated WIth aoti-maJarial 

species in the sanctuary was obtained using the formula; 

~ 
(5.,. S.,~ 

Where; 2S.,. is number of shared species between populations x and y, and Sn. + 

Sn,isnumbc:rorspcciesinpopulationsJ(andy,respcctively. 

An eitimate of the inter·population diversity (!PO) of species associated with the four anti· 

malarial plants wuthen evaluated as lI'!)·' t- IPS 

2.2.3.4.4. Soil pa"icle .in an~lysis 

Soil samples were collected Crom the top soil (O-IOcm depth) from five randomly selected 

spots in each of the three vegetation types of the sanctuary atta namely, Riverine forest. 

Flood plain and higher ground nora I Guinea Savanna (Oleng· Y eboah & Asase, 200 J). In 

each o(thethrcc \·tgctation types of the three locaJity areas the soil samples collected \\-'cre 

bulked together The soil samples were dried and then used for the particle size analysis 

Theprotocolo(soilpanic1esizeanalysili.afterBouyocous(l967) 

2.2.3.4.6. Distribulion or species in Chllna 

The dilUibutioo oftbe anti·maJarial spedes in Ghana was rtudied by examirung herbarium 

lpC'Cimens. Herbarium specimen data of collectiooJ of the four anti·maJariai species in the 

Ghana Herbarium (Ge) were pooled and computerised. The BG·Base Softwat!: (Waltet et 

lC herbarium specimen data. TOe lisu of $pecimec 
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examined and compulcriied' are presented in Appendix 3 The gazetteer of p1an1 c:oUeaing 

k>eaJitin in Gtw1.a by Hall (1980) was used to supplement specimen label data wbere 

coordinates of collections were not available. ESRJ AreView GIS and ArelMS pack.ages 

were used 10 senerate the disuibulion maps oftlle anti-malarial plants in GIlana 

2.2.l.5.Comparalivtpbylocbcmic.alstudics 

ForphytochemiaJstudies.leaves. stemand root barks of three individuals oftbesc.lected 

specie. were coUec:t~ (tom the same three populations in the sanctuary The same plant 

plltS of a specits from the same pOI)Ulation were bulked together and used for analysis 

The collection of plant pans from a large number of individuals from each population in 

largequllllilies for analysis was found not suitable due to problems with h&ndling. storage 

and immigration. This procedure was aJso adopted because it was the usual way the local 

pc:oplecQlIcacdthelpCtiestotreatmaJaria 

2.1.3.S .1. Ellnelioa and prtpuadon or plant uwples ror analysis or navonoids aad 

Olbtrphtnolin 

Pulverised plant samples were weighed and extracted in 80 ~I) methanol for 24 hours. The 

r.hIU'~·1i wetc ' ak ... " ht (h)'l~ u.ill~ tho rural)' CVllpl)flltor (Ruehi RI14 Rot.v.pol), 

("(~enll1ltt'd :lnd their W<"ltth'l rtetef"miMd. The dried extractll wcre rcdiunlvcd in RO o/. 

me<hanol (HPLC grade). filtered through nylon membranes (Nylon Acrodisc I3 0.45 pm 

Getman) imo HPLC vials 

The HPLC system cons.lled of Walers LC 600 pumP. 996 pbouKfiode array detector and 

auwaaulpll:,!_ Met.,;. ... 1.1.,;111 u.plll,:l I OOlU'·11 (S ~) COlumn. wue used; 4.0 mm (id., x 2.50 
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mm (PlillC xx). A gradienl profile of solvent system coosistiog of twO solvents denoted 

with A (2 % HOAc) and B (:vteOlI.HOAc-H20; 18:1:1) wu used. Injections of40 ~l were 

made by the aulosampler. The flavoooid and phenolic components in lhe plant samples 

were determin~d by their characteristic UV s~ua and retention times. Liquid 

Chromatography - Mass Spt:ClIOrneuy (LC·MS) in positive mode wa5 used to identify the 

main flavonoid compounds in lhc four species. 

The identification of flavonoids was similar to that of Grayer et at (2000). The LC-MS 

identifiC&l~ of the flavonoKl compounds wu done with Dr Re~e J. Grayer (RBG, Kew) 

2.103.5. 2. Ellracliou ud pr(puatill" "fpl.wl!ll:lmplesroralkaloidanalysis 

Powdered pWlI samples of known w(igilts wtft ~tracted in 100 % aqueous methanol for 

a minimum of24 hours. The filtrate! were dried in a fume chamber and their weights 'Were 

ckcetnUlled. The dried (·dracts were redissolved in Iml of methanol, suspended in SO ml 

of 0.5 M Hel in a separating funnel and then partitioned with an equal volume of 

ehloroform (CHel) three times to give Bcidic chlorofonn layer (A). The aqueous layers 

were basified with ammonia 0".1-1) to a pH of 10 and then partitioned with 50 ml CHell 

three times to give • basic chloroform layer (B). The remaining aqueous phases were 

concentrllrd and saared. The acidic and basic th1oroform layers were evaporar:ed to 

dryncssandrtdiuolvedinacclofle 

The lCC10ne dissolved chloroform layerl A and 0 were applied onto TLC platel (1.05553, 

20 II: 20 em, Silica gel 60, Merck) and developed using the solvent system chloroform • 

acetone (9: I). Galanthamine was used u a positive standard. The developed n.c plates 

were kept ill me fume chamber to completely dry otT solvent and the plates were theo 

JuemlyspnyedwithDragendorff'lreaseDl 
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One sample or each of the acidic ch1orororm layer (A) and basic ch)ororonn layer (B) 

extract per plant pan ror each ipeciCi was used ror LC~MS analysis The LC-MS system 

coasistcd ofa WaleB Model LC 600 pump (Waler. Watford), UK) coupled with a model 

996 photodiode amy defector. A Phcnomenex Polar RP (5J,1m) 1 SO mm x 4.6 mm column 

wu UICd. A linear pient or three solvents was used; waler (solvent Al, methanol 

(soIvtnt B) and S % aceLic aeid in methlnol (solvent C) 

Inilial conditions werelO% A and 20 % C {t - o Olin}, cbangingtO 80% B and 20% C at 

, == 20 nun. This was followed by isocntlc elU1K>n al t - 25 min with 80 % B and 20 % C. 

changing to 80 % A aad 20% B at 1 < 27 min for 10 tWn after wruch the programme 

ruu.mcd to the inilial solve.tll composilioD Mass- spectra were recorded using quadropoJe 

Ion tnlp MS (Finrug.in LCQ) fitted with an Almospheric Chemical Ionisation (APCf) using 

~pori ur tempcr.aIUfe. SSOoC, sheath and auxiliary nitrogen gas flows pressures of80 and 

10 Pfi. re5peClively, a capillary tempcmwe of ISO °c and a nc.-edle voltage (automatically 

adjusted by instrument). ca . .i 4kV. The mass spectrometer was controlled by XcaJibur 1. 1 

Software (Finnigin). 

The idenlifieation or the alkaloid ccmpounds WaJ by comparing the molecular masses of 

thecompouncU with an onlmealkaJoid library and IltandardS. Identification of the a.lkaloid 

compounds was done with Dr. G. Kilt: (RaG, Kew). 

2.U.!.l. utratlio ••• d preparaliuJI or plaa1 ..... ples ror UPLC~DAD uaJysiJ (0 

de(~r.i.e qU."lilJllive vanalions iu navo.oid, ud olber pbeQolks 

Ground plana Joampl~ of 500 mg lNtighl were cxuacced in acetone for 24 boors. The 

- ':IlIlined. PriorCOHPLCanaI)'Iia,tbefiltrates\lrfere 
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redissolved in 100.,190 % methanol fillered through nylon membrane (Nylon Acrodisc 13 

0.45 ~m Gelman) into HPLC viaJs. Each plant sample .... as prepared in triplicate The 

JIPLC system and conditions were the snl1lc as prcviously used in the analysi50fOlvonoid 

and phenolic componenls in the samples 

Then::sult wuanalyscd by using Millenniumll soitwarewhichaulomaticaJiy scored the 

peal; .u~.u ~,( rhe ditTerelll c'lfn~H."l(b However, Millennium'1, did not automatically 

~rc the peak aJeu of all the difT(lcnt compounds in the different samples of. species 

Since no qUaJilitivc variability was observed in the previous study, the reallts were 

manually edilcd 10 include only compounds with peaks UtlS in all the different samples of 

a species. Muhivariateanalyses of the peak areas were done with Mintab 

1.1.3.6.0. MoI«ular st.dies (Amplified Fnlgmcnt ~oglb Polymorpbism markcn) 

2.2.3.6.1. £lIraction or lolal genomic DNA 

Leaf samples were collecled from nUle indi"iduals of each 'Pecies. The leaf samples were 

collected from J individuals of each orlhe three populations in the sanctuary and stored in 

siJica·geJ , DNA wu exmcted from O,13~.32 g silica·gel dried indj"idualleaf samples. 

Total DNA extaclS were made using. 2X CTAB protocol modified trom Doyle and 

Doyle (1987), Most of the samples were extracted using 2X crAB methods in which 

DNA wu purified using QIAquick columns folluwing the manufacturer's protocols 

(QIAGEN, Crawley. West Sussex. UK) 

DNA from ODe Ample of each species was purified 00 caesium chloride I ethidium 

bromide gndienls and tbesc are stOfed al Kew in the DNA Bank. The DNA samples stored 

inch.M!ed wnples or Ca.mo si~~rlolla, HlUmatrulaphis harten, Muragyna 1I~:rmlS and 

10 
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r~lIQOCeOTew ~-II.Y' w.u ................... numbers 11539, 17541, 1742 and 17540. 

respectively DNA levt!:ls were checked by using electrophorelic agarose gel anal~s and 

photographs were taken under UV Itglu for later reference. 

2.2.J.6.2. QUlntification of DNA 

DNA was quanlilicd using Helena nio~jcllces Eppendorf Biophotometer following the 

prolocol of the manufacturer (Applied Diosystems). Data recorded on the concentration, 

absorbance Il wavelength 320 nm, and wavelength ratios 260 om I 280 nm and 260 IUD I 

'130 nm. Tbe concentration of the DNA in a sample was measured in nanograms per 

microlille of the wuple. Absorbance at 320 nm was the background reading and indicates 

a diny CUIVene or significant matter in the sample when the value is high. TIle 260 nm 1 

280 nm ratio measures the purity of the DNA sample. Pure DNA samples should have 

values between 1.8 and 1.9 and, lower ratio indicated protein contamination (proteins 

absorb at 280 nm). The 260' nm 1230 nm also measure the purity of the DNA. Proteins and 

reagent contaminates absorbs at 230 nm and pure DNA samples have 260 nm 1230 nm 

tatio greatClthan 2 

2.2.3.6.3. Amplified (ragment leugth polymorpbiaml (AFLPs) analysis 

The protocols R.lpplied by Applied Biosyllems (Warrington. Cheshire, UK) and after Vos 

~I 0/., (1995) were used for lhe amplified fragment length polymorphisms. DNA WlS 

restricted with cndonucleases Msel and &OR!, and fragments were ligated to double 

suanded adaptors DNA amplification procas consisted ofbotb praeleaive amplification 

using primers wilh one base pair (bp) and selective amplificatioa using dye labelled 

oligonucleotides primCB with lhree bue pair extension. The selective primers pain Wttc 
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CAT I ACT and eM I AGe for l.LW1U Meberiana. and CAT I ACT. for pseudoc~drela 

kolschyl. These primer pairs were selected after an initial srudy of a range of primer pairs 

Ofl Wee individuals from two populations of the sanctuary The two populations selected 

werclh,,)e s<parated with the largest goographically distance (also largest genetic distance) 

betwccn them. 'The chosen primer pain shared some: fragments between the two 

Individuals 1T0m the same population as well as from the other popuJation to allow for the 

recognit~n of the species. and at the same time gave sufficient variation for distinction of 

dosely related individuals 

AFlPs were sep.,.ed and visualised using an AB1377 automatic sequencer following the 

protoc::ols of the manufacture (Applied Dlosystems; Plate 4).The fragments were 5ized by 

running dye· labelled scandards in each Jane. The AFLPs profiles were edited using 

Genscan versH>n 202 and Geootyper veman 1.1 (Applied Biosystems). Genscan 

aUlomaticaJlyscoredfn.gmentsrangingbetwecn50.500bpinJengthbutfi'agmemsbelow 

50 bp are not auU)fnaticaJly scort.:d. fragments were thererore manually edited because 

some wese just below the threshokt permined by the software in some individuals. The 

ITagmenuwcret.hent.abulaledulbinasymauix. 

2.2.3.6 .... Analysis or AFLP markers 

Fragmencs were analysed using PAUP version 4.Od64 for Macintosh (Swofford 19(8) 

Algorithm wu dilllnCe neighbour jOininat l'PGMA and t.rea were produced using 

Jaccard's ()OCfficient ofsimilarity. The binary matrix was convtrted into a similarity matrix 

usinsMacClade (\tfaddison and Maddison 1992). Fragrnentsuniquetoapaniculargroup 

ofiadividuals in the species were identified by visual inspection using MacClade. Principal 

QlOrdinatc: analy§is wu then e"l.'Cutet! un the data. usioglc Progjciel R and Excel (Venion 
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(a) 

(b) ABlln ... ,,,,,,,ic:oequenar 
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3.1.0. r.lbnobotanicJlI s(udits 

3.1.1. Anli-malarial planU 

CHAPTER TIiREE 

RESUI.TS 

A It''' lll v r·\I I>f""....:n: ~ 1""11 1(, gem:t .. III 1<) phUlI r,,,"ilic:. W<,;II,: "h:lllificJ .. h,.niUH Ihe 

ethMhotanical ~urvey$ .1 i'w:inp. used In Irul malaria The species, their famillelll , <urvev 

method used to identify their uses, percentage of people interviewed with knowledge about 

Thcsrea1esl number of species used lotreaJ ma.laria in the sanctuaJ'y were idenLified during 

the house-la-house wet field interviews which identified 29 (70.'7-/.) and 14 (36.6%) of the 

species, respecliveJy. Six (85 ."10) of the seven species collected by persons being 

Lnler.'iewed were allO encountered during the house-to-house interviews. Mitrogyna 

IIIlrmis(Willd) O. Ktze. was lhe only species identify by all the three methods of survey. 

The otha' species frequenlly identified included Indigojera pulchra LiM. Azodirachta 

IItd/CQ. and MOJtglf~ra fJJdJCQ Linn. However. the spo;:ies reported most effective for the 

treatment of malaria in the sanct\lary included the mo~l frequently cited., Mlrragyna 

menms. as well u Ca.UlIl sIeberlOlIQ DC., CochloJPf!rmum fmctOT/um A. Rich., 

H .. matOSJDphis ixIrurl Hoole f.. Indil/O/'''' pulcluo. Pseudocedrdo kostchyl (Sehwe;nf.) 

Hmns., StrycJulm IlI/lUeUIl Otl., and VemQI/IQ amygclallna Dcl. 

Of the 19 families containin8 Inli-malariaJ species the most predominant in terms of 

number of species were An&eardiacae (4), CaesaJpiniaceae (4) and Papilionaceae (4) 
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followed by t,;ombn:Iaceae PJ, r.upUUIUI~ (3). Lamiaceae (3) and Rubiaceae (3) ( 

Figure 4) 

 University of Ghana http://ugspace.ug.edu.gh



FJg\R 4. NlDUf of specieS of families wllh plants LlSed for the treaunenl 
ofmaJanamWechiauConUTllIll!\ H~Sanctuar .... (hana 

NlJI1'i)erofspecie:sper(aniIy 
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Ie 1: Methods of identification and percentage ofpcople: with knowledge about their anti·malarial use (PPK) and Preference R.nking (PR) of 
i" used to lreal malaria in the Wechfau Community Hippopoturus Sanctuary Ghana. 

its (Vourher numbers) I Famil, Method of int~~· it;"i _ . "1 PPK-rPR1 

tr.clci : uu~ ~ 
houte I collected 

''''~p''mum.",''.JwmSchruk(GC47761) --E""" --E-l--
'."""""""'(S:.~m.tThoon.)!:n.I .(GC'7780) ~~ . 

t:lf.., .. '!frU->Sm. (GC ,n62) r_ ,------- '-;r---.---i-no--+.--l 

Anogmau klOCQrpus (De.) Guill & Perr. (Ge 47763) Combrela<xae I, , 

bypeopk 

---l-•• --h--

hDtJlfvdUatiiiiial A. JUI$. (GC 41164) T 
ea __ t:m:(OC4n6S) 

Gusian,lHrlanaDC. (GC4n99. AA ) CaesalpiDo<coe 

Cochlospe tfnclOrlflmA.Rlch(GC47766) Cochlospennaceae J~ 
CombrelllmgMsaleru, Ensr. &. D~I (GC47767) Combretaceac 

Combrehlm sp. Locf. (GC 47768) Combretaoeac 
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A lill oftbe kgJ names. habits and how the plants are wed in the treatment ofmaJaria in 

the area ~ presented in T.ble 2. Trees colUtituted 62 % of the tOla) plant species used by 

the communiti~s in the treatment of malui. in the study area and onJy two (S %) species 

were climbers. A totll of 45 herbal prepltltions were recorded as some preparations 

included the use of more than one species. For example, IIzodirachla IndIca and Ocimum 

Callum were oft en used in more than one of the preparations. Of the 45 herbal preparations 

reported (or the species used to treat malaria in the sanctuary, the leaves (including twigs), 

rOC)(s, stem b&rits ud whole plants accounted for 76.6 %, 9.4 %, 7.8 % and 6.3 %, 

respectively. Most of, the preparations involved boiling the leaves and then drinking the 

infusion. 
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:2 Iconlmuo;..!, 

SpHies 

Boil wboie pbnl witb Hyptls JfHCI~no .vxl dunk as 

required 

ljuoJnJh,,' . Tree 
. t~o IM3l1go 

~;;. 41.~ ,Yd a 

Bo,1 stems barks and dnnk as ~in:d 

(I) Boillcaves and t~I~, ;wI drinb. m Bvil t¥oias ,,·jlll ~hole 

plant orlndtgojim_ptJduu. DriDk3 times daily. 

MononJitoloxu sp ~""-A It4rw:I«JlDtljolia Shrub Gonpn Gounae 

&fll~aves and drink3t1mf!S dally. MasSl8c body with decoction 

(I) Pound f'OOl!, add lemon julee aod -jW-m wine. and drink as 

desircd. (2) Boil lcavcs and driDkas desircd 

Worob ...... (1) Boil whole plant with leaves of A.zadirQChta indica, Combr,ttuIt 

ghastitMlsandMltrgyonailltrmlsanddrlnk. (2) BOllleaveswitb 

thal or MangiftrP Indioa. MltruK.1MO /,,,nrtls and whole planu of 

Indigofero iMlCQ and donk. Use also for steam baths 
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Information about the other uses of Iht al'lIi-maJariaJ plants species in the sanct\W)' was 

outlined in Table 3. Infusions of some of the species have other mcdicina1 uses. For 

example. boiJed roots of Cassia si.lwrimIU were used to treat stomach aches and also as an 

aphrodisiac The bojl~ slem lw"k and te.wes of K/~ senega/ellsls was abo drunk as I 

blood tonic and the boiled roots of Monaloolaxis !p. (BaH.) Verdc. was also used to treat 

stomach aches. In contrast, many of the species Including Mirr0J:Y,ta mermis, LaIJ~a 

ocicJa. Xhayo ~mcgaletlsis and Xermdms stuh/mClluliJ were used as sources of timber. 

Some species were uw.d IS dOmeSlic source of energy. These species included Combretum 

gha.J:e/mfis, Ozoroa 1",sig1l1$ and Plerocarpus trinoceus Some of tbt: species such as 

Combre""" sp and Pltrocarpus UitklCf!r/$ \\-Cfe also used for feeding livestock and Ajze/ia 

ufrlCDJIl1 WIS used in carving the popular lobi sculpture 
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T.ble J Other UICS ofanti-malariaJ planls in the Wcc:biau Community HippopotamUS 
Sanctuary Ghana 

ISp<a.. 'art(s) wed Use(.) 

I 
1\001' Boil and drink dococtiOll' for 

l AJrt>!Ki-po",,,,,I.,. 
stomachaches. 

! 
Leaves, Stem Leaves used to feed livestock 

Stems are used in carving Lobi 

sculpture 
Af:dlllAf,lcoltD 

Stembatk Boil and drink for stomach 

acllcs. 
f , :~/()£.·I'i1I.~ h.'IOC"II'l'fJf 

Wht1leplant, Leaves Trees usually provide shade in 

front of bouses The leave 

deeoetionsaredrunkforfevers 
Azodtrachlaintl,co 

Fruits The peeled fruits are eaten raw 
. Car;ca~v 

Roots Boil and drink decoctions for 

stomacb ache. and as 

CassIa:rlc!heriD/1Q 
.phrodisia. 

Roots Boil and drink decoction for 

~",!,~-"" 
yeUowfever. 

Comh,el""'Kha...altlt5e 
Dranche, F.,lwood, 

COIIIbn", .. sj),. 
Leave. Leaves used to feed liveSlOCk. 
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Tobie 3 (oontinued) 

Put(S)ilSed U.e(') 
Sp~es __ . 

Boil and drink decoction for 

IF""sula,vnhvlla 
bodybuilding 

I Gonkma ' .... ,M,,, Schu", 

Whole plant Planted around houses and 

gardens as a hedge. 

rH .. _OJta11hil_ 
Fruits Fruits eaten raw 

! Hmfi.fl Ic,,~eru Wboleplant Insectrepelleot(mosquitoes). 

Whole plant. latex Planted around holl$CS and 

gardens as a hedge. The latex 

from twigs are used to treat 

mouth sores. 
JaITo/!haaircas 

Wboleplant Planted arourn! houses and 

gardens as a hcdge. 
~'.!luIIQ 

Slembuk&leaves Boil and drink as a blood tonic. 

Khul'UM!nt!mieflftJ 
Stem used for buiJding boat. 

IIAt""'QQclda 

Stem and branches Stems are used as beams and 

tbebranches for roofing bouses. 

~ Mall ireTa indica 
Fruil' Fruits eaten raw 

Mif1U1NntJme"";$ 
Brancbes BraocbesrorroofiogboU3CS. 

 University of Ghana http://ugspace.ug.edu.gh



Part(s)used 

lIonai_SIIP· 
Fruit. 

; Usc(.) J 
Boil and drin.k decoctions for I 

stomachaches 

1 

I 
So,kS<eds and apply in infU .• ion I 
10 eyes 10 treat eye troubles I 

""J-="'=-=---"B""ranc=hes-=------'I"'FUc:;cl7.:W::::ouci.· I 
:mwoa_"... 

Seeds 

ParJriab; loboJo 

Stetqbark.IfU!IS'Seedl,UOil a~ drink decoctlonl for! 

stomach aches. Fruit pulp eaten \ 

r,\w3ndthcsceduse ilsspice. ! 

Branehes For roofing houses 

PStUtioudrelakotschyt Stem bark. branches -, ~:=~e~~~ 
===="'--"n"...ra,--,oc.,-,hes.,..... '1 .. '--".---, LCIII\'cs UI>(:d to feC"d live,tock 

Ple,~erlnoca.s 

Whole plant 

Whole plant 

Senna occtdenlOlts 
B_bcs 

Srel'Clllra J¥tegoo 

Fruits 

and branches for fuel wood. 

Planted around houses and , 

gardens. as a hedge. ; 

Boil and drink decoctions with a 

swolienbody. 

Fo(roolioghouses. 

FNitpulpcatc-n 
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Spefia Part(s)ustd I UJC(s) 1 

~!!!.-----+'-Lea-ves,--;-fru-'-iti--- Leaves cooked with porrKlge to I 
make it taste sour and the fiuil 

eaten. , 

Branches For roofing houses 
¥m'Jdemsstuhlmannil 
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The species reported to be used for the trUlmefll of malaria were fuund around the: vicinity 

oftbeir habitation and in the wild. which is in the core area oftht S.l.Ilcruary. TbiJ1een of 

the 41 species uted in the treatment of maJaria were found around the vicinity of their 

habitation. These species were often those frequently found by their reiidenl, such as 

hDdiro&hla indica and Indigo/era puJchra, as well as Conca papaya, Mallglfcra il1di~a. 

A.~"".". hlspkbmt. Jatropha curcas, Jatropha gossyplifolio, Hypti! spicigero. 

1.Lw:as martinicrmis, OcimtUn canum, RlCIIlIlS communis, Senna occidelllolls, and 

occasiolllllyP"ldablg/q_ 

The remaining 28 species were found in the wild. The distribution and density of the 

reported anti-malarial species are presented io. 'fable 4. Of these species. the moll widely 

distributed species ~ Combrel1mr ghcua/fILfe, PIUOCUrpuS rTIIIUCeOIlS, Mitragy"a 

tnermls andNtopi:mu lelot:tJTpll.1. However, the most abundant anti-malariaJ planes were 

Psewloudnla kotxhyt, Combretum ghmoJellSl' I2ngl . &. Die!.. Combrehl1n sp . and 

MitragyntJ inumu The least dominant species used to treat malaria in the sanctuary , 

included Cochfospermum nnclorium. GardtIJJa tertll/olia, Nouclco 10IifoIl0.. OZDroa 

1n.1Igms and Sterculta setfgerla 

Some oftbe species found in the wild area of the sanctuary and used to treat mal:uia were 

oot (ouod during the quIdm ltudies. Such apedes were flagged If ',are' in the s.anctuary 

and included AftotP panJalIDID. FIcus gn"phalocmpa. Flcw.t p/qlyphylla. Khaya 

~nslJ. Pl71lfQT1 PO~ Strychnos if' I1fJOlQ, Strychnos spinosa, X~rode";$ 

sruhbttannii. Monathotaxis Ip and Y~motfJo atn."gdDllllo 

'3 
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Table 4: Distnbuboo aJId deDs.ity of" species used to treat malaria in the core area of 

W..,hiau Community Hippopotamus SIIld\Wy Ghana 

Species or Relative Deosity/m Relative 

quadntsiaduded frequency deasity 

IlotaJ 

Aju//Q~ 52 0.0061 42 

Anopi.sw,/eiocDrpW 12 00061 42 

c-a .. _ 4.3 0.0072 50 

I C""",-,," _lOrium 17 0.0016 1.1 

CombrehmlghastlJenM 25 22.6 0.034 23.4 

iCombrelUmsp. 9.5 0.012 8.3 

Gardmla llmijolia 0.0016 

~barten 0.0032 2.2 

Lanneoadda 43 0.0048 3.3 

MllTagynalnermi.J 15 
~~-

ili~-~ 

0.012 8.3 

,,-*a/attjo/kJ 0.0016 1.1 

OzorOQinsigni3 0.0016 1.1 

Parldabig/obosa 0.0016 

P_ednlakotJrhyr 0.042 289 

PU1'OCa1pfl.JeYfrlQlCftI.J 17 14.7 0.0057 3.9 
Surculioseugera 17 0.0016 
T01IfQf1ndusindktJ 0.0024 1.7 
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3.2.0. Bioaccivity.tudiu 

3.2.1. Initial urracrion of pint sa.ples 

RcsuJts of iDitjal exuaction of plant samples are presented in Table 5 ·8. Generally. the 

Ieavesofthefouranti-maIMial spec.iesproduced higberpercelltage yields when compared 

with stem barksud roots. Also, the percentage yields of the 50 % aqueous methanol 

extracts was tUgbertbaPtheacetoneand hexane extracts. Thus. resulls ofthe sequential 

aanc:tioc iodica1ethat the four anti-malarial species contained more polatcompounds 

withlittienon-polarcomponems 
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Table S: Resu.Its: of sequenlJal extractioo of Ca.mo sieberiana samples 

Pint pari Sohoutused j Weight ! Wtig.tor !%Yieldorl1lattrill! 

eIlracted(g) utnlct(lIIIg) e.l.tracted 

Leaf Hexane 100.Q1 2.32 

100.Q1 42 

SO'/tMeOH 100.Q1 12.3 1229 

Stembatk Hexane 928 0.014 0. 11 

: Acetone 9.28 0.90 9.70 

1
5O

%MeOH 
9.28 1.21 1303 

, Roo! 3.41 O.QI 0.18 
I 

H ..... 

i : Acetone 3.41 0.01 024 
L 

SO'/tMeOH 3.41 0.0099 0.29 
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Table 6: RelIJIt of sequential extnctioo ofHoemolostaphis barten samples 

"ant part I Sotveoc usei ~ Wii-gta' - - ! WrigbfQr -·r yield or ;aterial i 
1e.l.trattw(g) . utraCl(mg) jutracted 

Laf -------rHeXin-e' - - 100.83 U6 1.15 

Acelooe .! 100.83 2.46 2.44 

~;'OO8J 1146 11.37 

Stembt.rk Hexane 20.04 0.13 0.65 

Aeetone 0.17 0.85 

SD-I.MeOH 20.04 1.08 5.)9 

'Root - 3.05 0.01 0.92 

Aectone 001 0.27 

SO'/.MeOH , 3.0S --"004 1.31 

n 
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Tible 7: Resuk of sequentiaJ ext:rxtioD of MltragylJQ ",ennIs samples 

Ptaatpart ISohrenl.sed Weipt Weigbtof' 1-/0 yield of male rial I 

extracted (g) e.ltract(mc) i otrac::ted 

I Leo{ Hexane 100.07 232 

5.63 5.63 

50%MeOH loom 15)7 1537 

Stem bark Hexane 26.52 0.041 
! 
i 

26.52 0 .12 0.45 
I 

50%MeOH 124 4.68 

Root Hexane 2.74 0.026 
i 

274 0.001 0033 

SOO4McOH 274 3.4 
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Table s: IleiuJt ofsequential extraction of PseudoceJrelo kotschyr samples 

I PlaDtP..1-~ Weight- Weigblo( -i. yicld ofmaccri.-I l 

I ulraC(ed(g) eJ.trac(m~) cJ.tracted 

rLeaf H ..... 100.53 
1

2.30 -~ 

I 100.53 9.36 

SO%McOH 
1

100.53 25.99 2585 

! Slanbllk - ~Ieune p~ 2.37 
... 

J 
ACetQ;;- 16.01 2.62 I 

I SOY.McOH 16.01 5.12 1 
I ~ - 3.26 0.00027 0.083 I 

Acetone 3.26 0.0020 0061 

Isw.MeOH 326 0.017 052 
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3.l.l.1IlviJroutiplasJllodwbi0a5J1i1Y 

Anti-malarial bioassay was carried out on 21 randomJy selected extracts from the four anti­

maIariaJ species. The IC5(l foe the positive control chloroquine was 8.8 ±. 0.23 ng I mi. The 

Ie,. of e'OT"aCtS from the foot anti-malarial species rwlged from 4.75 pg I mJ to values > 

500 ~g I ml Only one of the 21 plant extracts tested for in VItro antiplasmodiaJ activity 

wu Icth"e nus wu the hexane extract of leaf of Pseudocedrela kolSchyJ that had an IC$O 

value leu thaD S P8/ mi. Eight oftbe extracts al$O exhibited some inhibition of growth of 

P-" jakifX'U1ll (307). The.e extract. had Ie" > 5 ~g I ml and < 50 ~g I ml 

These were elClnLCtS ftom stem bark of Cassia slebe,ialla. leaf and stem bark of 

HaemakJStaphu barten. leaf of MIITagy"a mermlS and stem bark of Pseudocedrela 

kotscJryi. TbtresuJlsoftheantiplamodiai testing are pn::sented in Table 9 

--.~ 1O 
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Tab1c9. Result of 10 VitrO anuplasmodiaJ (IC~ T S>EM» t~!iting of plant extracts 

~ Species Plaue part ~- l"i"i(ract fypt: Ic;T±s~ 

Leaf IlOtlcnown 26.42± I,S9 

Slembark he"",. 7.9200.54 

( 'assla Slebenana stem bark 9.65<2.55 

hexane 35.8403.32 

Leaf not known 8.47* 1.01 

HaematOSlOphlsbarten : stem bark >500 

stem bark 12.810181 

stem bark SO%MeOH 72.S0zl.ll 

Leaf 750.0.35 

stem baric. hexane 69.40 .. 69.86 
I ! Mltrogyna inemus stem bark 185H4143 

stem bark 50'ioMeOH >SOO 

7450'36.70 

SOO;"MeOH S4 .64± 4.68 

Leaf hexane 4.56>0.11 

Leaf 4435'4.92 

Leaf 50'/0 MeOH 54.04.1935 
P __ Iokolsc/ryo 

stem bark. hexane 5.96'0.30 

stem bark n5H 25.46 

stem bark not known 17.16'0.028 
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3.1.3. Aati-aicrobial bioassay 

Anti.microbW screening was c:arried out on 36 plant extracts from the four anti·ma.larial 

spec~. Each extract was tested on gram positive and negative bacteria, and fungaJ species 

Out of the 36 extracts tested. 23 of them inhibited growth of the micro--OfgaIlisms (Table 

10). SeYeD (30.4 %) oftbe 23 extracts inhibited the growth of Cladosporium herbarum IM1 

300461 ex. Wall contaminant These extracts were mainly from 50 % methanol extracts of 

the four species. However, of all the extracts tested, the acetone extract of root of 

Mitragyna irremrtS produced the most significant inhibition on the growth of Cladosporium 

h£,barwn (plate 5) 
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(From W\ to ri8hl (Assia siebenana. HaelftaI0J1t4"'u btrIerf. MitratJ.fta lnerml$ and 

P_Iok«KJryi. Fi", 4111111P1co-. -. .... 4I'00I barl< and loA boIdJof4 

..... barb) 
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Ahogether. 16 extracts inhibited growth oftbe bacterial species tested (plate 6). Twelve of 

\.hes.t extracts Inhibited the: growth of Bacillus 5lIb"lIis lMl 347329 ex. Solal1um hlberosum 

(gram _ positive bacteria) and 4 extracts inhibited growth of Pseudomonas syrillgo£ pv 

Spyn»gol IMl34748 (ACTCCI93 10) ex Spyri11gae yulgarue (gram-negati,,·e baCleria). 

1'bus2S % oftbe extractsscrcened for anti-microbial baoassay and 7S % of the (:xtracts 

which iDhibiud the growth of the microbes also inhibited the growth of the gram-positive 

The acetooe extracts 6-om all four species inhibited the growth of BacilllU subllllls The 

activity of SO % methaDol extr3CU against Bacil/Ul subtjl/is was in either the stem bark or 

mol olaJl four species. The benne extrncls from rootS of MItTag)IlIU lIIermlS was the only 

hcUDC exttacC to exhibit activity agaiuI &eli/lIS subllllis. The extracts whi.;b inhibited the 

gro'o1r1h of Boc,1I1U SIIbnllis were also obtained from stem barks and roots. 

Hexane extracts from the leaves of Ca.tsia sieber/ana. HaemalosUlphis baTten and 

Mitragyna inermis inhibited the growth of Pseudomonas syringae. Only one SO % 

metbaool leaf' ertrxl of H~lItaIosIl1phis barleTI inhibited growth of Pseudomonas 

syrtnglltlDdooacdOOCextrac1swercactive 
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(a) AoetoneextracU 

(b) so %mdhanolextnct 

[From left to right. CaaIa .• f!hmana. Ha..·fftaIOSklphu barten, Mitragyrra lnerMU and 

P~~kJ koI.w:hyr . F'mt 4 samples were leaves., nen 4 root bert and last batch of 4 

..... bub] 

as 
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Tmie 10: EXP"aCt of anti-malarial species anti-microbial activity 

! PI ••• Plrt I Emllct type GrlIm + \GrlIm - I Fungal : 

: bacteria bacteria l,ptC;" i 

He>WIe - I ~ 
I , 

Leaf Acetooe .Lt"I · - -

1"'''';;;''-1-0
-~ 

S.embark Ace.one + ~:=-1 
RDOt 50% methanol ~ + - ! -.=... 

Specia 

Leaf 50%methano! I ~-= .. Haefftatostaphi1 ban~n Slembark 50% methanol + I - I ' 
Root . Acetone: 

t--,:,-----l . ~ 

Hexane 

Leaf Acetone 

\.{;trog)mlMnffU 5OO/emethanol 

Stem bark 5OO!.metba.nol 

Root He>WIe 

Acetone 

Leaf H ..... 

Stemback Acetone 

' sndocedrelokutschyr "5O%~.m;;;ethano=:01 +----+---1---1 

50%metIw1ol 

Key- + means inhibited microb'-l growth and means no mhibltion of mIcrobial growth 
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l.l..4.lDSt.Ctuti-ftedantbioassay 

1berauJtsoftheinsect anti.feedant bioassaysare presented inTlble 11 . Of the 36 plant 

extracts te«ed. five showed significant anti·feedanr activity, whereas four stimulated 

feedi.oS. A1Itheexuactswithsisnificantanti.feedantpropert)eswerefromhexaneelCtraC1S 

The bexane extract of roots of Cassia sieberiolJQ was the most potent of the anti-feed ant 

exncts (Feeding index, % mean .1. SEM. 96 ::I:: 2.5). The other extracts with anti·feedant 

propatiel wen: from stem bark (Cassja jUberiana and Pseudocedrela Jcolschy,) and leaves 

(Mtrrag)1tIl ilwmls and HOOIIOloslophis barten) 

1be four extracts that significantly stimulated feeding were acetone extnlcts from leaves of 

CQSSIO sleberlona (FeedinS index, % mean .i SEM, -72. ± 14.6) and MitragynD memlls 

(Feeding index, % mean .t SEM, -512. 9.7) and nem bark of Pseudoudrela /wlSchy, 

(Feeding index, % mean ± SEM, -46 1: 4.7). The SO 0/. methanol extract of root of Cassia 

SleberilZ1Jll (Feeding index, -;. mean ± SEM,-66± 7 .9) also stimulated feeding. Thus, the 

aoti-feedaat properties of extracts from Cassia sieberlollo and MirragynQ mermlS varied 

dcpend.iDg OIl the triad of extract aod plaot. part. For eompJe, the hexane extract of root of 

Cama MMriDna showed a potent anti-feedant property whiles the 50010 methanol extnct 

ofrootmatc:rial stimuJaied feeding 

The anti·feedaot activity of materiaJs from a species collected from plants from three 

different populations varied (Table 12). For instance. the lUtone extract of MuragYIlD 

'numU from Tank.vl did DOC signi6caatly stimulate feeding whereas the extract! from 

plants sampled &om other two populations of the saocnwy did stimulate feeding. 

87 
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The anli-fecdaal activity of hexaoe extracts of Cama srebenana also varied significantly 

amoog populatiom. Howewr. the hexane extract of stem bark of Pselldocedrela kolschyl 

seemstobavereu.i.oedits poIeotaob-feedantproperty 
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Tab&e 12: Comparison ofami-feedant activity of species sampled from three difl"erent 

·18.6±-828 22/10/03 

Kantu .oH7.9 12/09/03 

MoOH Tanbra 3.2%9.62 22/10/03 

1 
KanIU -51 ±-9.70 12/09 /03 

MttragynlJt«n,,;s 1- Talewona -18.212.8 22/10/03 

Tankara 38.3 12.02 22/10/03 

Pseudtx:w.m KanIU 44.51906 22/10/03 

*'-hyr bark hexane Talewona 71 ±-5 .33 12/09/03 

Tanbra 51$1060 22/10/03 
___ __ ..l..-.--_ 
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3. LS. ..... ud ideatificatioo- or peaks rrom Cassia sieberUuul 

From the bexaoe extract of Cassia sieberiana, four major DOD-polar components were 

ideolifi«I III IN maximum at 254 DID (Figure 5). Repeated semi-prepantive IIPLC 

collections oflhe peaks produced FI (3 J mg), F2 (8.2 mg), F3 (0.9 mg) and F4 (1.7 mg). 

1beblckgroundsbe(weenpeaks(BI,B2andBJ)werealsocollecledforlosectcesting 

An attempt wu made to elucidate the structw'es of peaks Fl and F4 using available NMR 

spectro5COpic methods. The structure of the peaks could not be deteJll'tined. Mass spectra 

of the peaks wtn: studied by Atmospheric Pressure Chemical Ionisation (APCI) and 

EJectroo Spray (ES)LC-MS in positive and negative modes. However. the peaks could not 

fUUy ionise using the two LC-MS methods. The phytochemical study on Cassia sieherialla 

..... 1h<Rfi> .. dropped. 
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Fi .... 4: HPLCpr06lc of GUsrD subenaIta roo( (hexane extraCC rc-dissotved in 100 % 

metbaDol) at PDA 2S4am aDd 200p I injection volume 

--r 
i 

- - - = - - ~ 
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3.l.S.lJolatioil aod identification of compouow from HlU!moJ6SttJPlris IHu1eri 

The acecooe extract of the stem bark (3 .0 mg) of Haematostaplris baTteri was redissolved 

in 90 % methanol and yielded compounds (A) 1 S mg at 1.93 min. (B) 2.4 mg Ill .. 12.5 

min, (C) 0.5 mg at tit 13.9 min and (D) 0.5 mg at t .. IS.S min 00 iemi-preparative BYLe 

ilOlIrion. From the SO % methanol exuact of the root bark also were obtained 0, 1 and 2 

ArWytica1 HPLC showed that during isolation the compounds partly isomerised from E­

form to Z-fonD (compouod in theE-form have a UV maxjmum of approximately 300 nm, 

whereas the Z-fonn have their UV maximum at 280 nm) 

The HPLC profiles of stem and root barks are shown in Figures 6 and 7. The structures of 

c:ompounds &om the root bark were determined from positive ion APCl-MS The positive 

ioaAPCI·MSfintarderof2 showod an MS [M + 11)" atm l z243.1 (Figure 10). 

The structure of2 was identified as the aglycone of KEW 775. The ID IH NMR spectra 

data of 2 (KEW 791) confirmed that the sampJe was a trisubstituted aglycone with one 

melbaxy substitucot and onJy the (£) isomer was present. 10 IH NMR spectra data of 0 

lKt:W 793) Indicated that the sample was the same as KEW 79l. However, no funher 

NMR data. could be recorded on the compounds due to the same amount of sample 

available. IH, Il C HSQC and HMBS NMR experimeDts on a Bruker Avauce 400 NMR 

spectromelCl". Compound 8 (KEW 775) was idemified as a mixture of 5 - metho1ty (E) 

IDdS - methoxy(Z) reverastro13- 0- rutinoside (approximately 1:1). NMR spectra data 

ofKEW 77S are presented in Table 13. The spectra data are similar to those in literature 

(Wanjala and Majinda, 2001), however, the ':u (3', S') of 6.86 in the previous report is 

probably incorrect as are 6c C-3 + C-S which should be interchanged. Not all the IlC NMR 

assUmmenl (or KJ'W 77'" r"n ......... -mined because of the lmall amounl of sample 

93 
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available. This resuJIed iD oo.Iy UliJDDlCftll from iDdirec:tJy - delectoo IlC expe:rimenls 

(HSQC and HMBC) ndIer thao tho direct observe 10 "c NMR specuum 

From APCI-MS io positive mode, A ga ... rU'St onkr MS of 1M +H)' 537.0 (Fisure 8). 

COIIf*IDd A wu identified as resvcntroJ n.cinoside. The ID IH NMR data of sample C 

(OW 792) iDdica&ea thai: the sample c:ooWns the same mixture or stilbenes as KEW 77S 

and aD additional compound which does not appear 10 be a stilbene. Positive ion APCI-MS 

supported thai C CODtIiDed kEW 775 since the first order MS showed an [M .. HI' ", I z 

.. m .O(fi8uro9) 
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Figure S· HPLC profileofllClD bar1cofHt:IeIIIl1IIJSII$ barleri(aeetone extract re­

dWol,,-ed in 100% MeOH) 81 PDA 300nm and Injectioa volume S0)11 

~~LCprofileOf_bartofHQI!_O$IaplriSbaneri(80o/.MeOH ... ract). 

!5E
"" _.--J " --~ 

-----. 
. ~ 

-- 110 JiI -
i( ~ ·~ IJ 

!I.III! .111) .... _at 
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Table 13 NMR data ofKEW 715 in MeOH-d4, on Broker Avance 400 l"MR spectrometer 

POSmON 'H(E).ISOMER 
lie (h)- ISOMER 

,4 .. 6 

6.81M \08.7 

6.5SM 

6.76M 106.6 

•. '9,D(I6.3) 126.1 

1.05. D (16.l) 

7.30,D(8.., 

•• 78,D(8 •• ) 116.6 

GLVCOSE 

4.83 D (7.3) 

RHAMNOSE 

4.7ID(I.S) 

{1atenia1cbem.icalsbiftsn:fen::llcc.fotsamp&c: t.ctramethylsilane(TMS) • .rtbc:bem.icalshiftsvalues 
OfO.OOppramlDboda 'Hand I1C NMRIipCICtR. Standardpalsesequcnccs and paramctef'1 wcrc used 
ro.oD~J 
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Fipr'e 7: APCI· MS a.lyas of''' (Iru"'a.lly compound 0) fiomltem bark of 
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:isure 8: APCI. MS ")'SIs on.: (uuhaUy compound 3, KEW 792) frotll ttem bark of 
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n. strucIUfII oftbe compounds iom the root but were delennined from positive ion 

AJ'CI-MS. The positive ioo APCI-MS fim D<1ler of 2 showed an MS [M+Hf .1 "';z 

2431 (FiStft 10). Tbe structure of2 was identified as the aglycone ofKEW 775. The lD 

IU NMR spec:ua of1 (KEW 791) confimed tlwlhe ample was a trisubstituted aalycone 

wIth metboxy substnu. and only the (E) isome was present It wu HlentiflCd as 3, 4
1 

dohycj,oxyl-S-methoxygilbene and ID '0 NMR spectra 0[0 (KEW 793) indialed that the 

SUDpIe wu \be same as KEW ',I. However, no further NMR data c:ouki be recorded on 

"'~due",the small amowttofsaople available 
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l.l.o.Variatiepstudies 

3. 3.1. Morpbolopcal studies 

The morphological cbaractczs ofiodividuali oftbe four seJected species varied widlin and 

amoDIJ the popuJatioas ia me saoct\W)'. The variations were mainly quantitative in nature 

Statistical analyses oC morphological characters of the four selected species are presented 

in Appeodix 3. Some morphological feature5 of the four plants are presented in Plates 7-

In Ca.aa sleberitma, the vesetative cbuacters were the most variable characters. Four out 

oftbe fifteen morpbologicaJ chancters examined varied significantly (p > 0.05 %) among 

the three populations in the sanctuary (Table 14). These characters were; number ofleaflets 

per Jcal; leallet ~ leaIIet size aad petiolule lenS!h. The PCA analysis of 

morphological characten ia Ca:ma l1elw"aIta is prescnr.ed in Figure 11. The first three 

principal compoaeuts with eigeavalues 8.9, 0.020 and 0.012 explained 99.52 %, 0.23 "e 

aDd 0.13 % respectively of the total variation. The variation in the morphological 

:hncters was wen partitioned among the three popuiatiollJ of the sancttwy. However, 

:levi .. iadividuals were found among all the three populations in the sanctuary 

101 
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Figure 10: PCAanIlyIisoflS motpho~ charlctcnin ClIISnasleberlantJ from 

Weehiau Community Hippopotamus Sanctuary Ghua 

~ntu2 

.Tankar. 

Axis 1 

'02 

.Tankara 

.Tank.aral 

.K8nkJ.TfKlkaraj 
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Tabk ,-4 Comparison ofmorpbomctric charactas (mcaa ~ S. E. M) ofCIUSIQ SleberrallQ 

frommreepopubtK>llSi"tbcWecbiauConununityHippopOWftUSSanc::WaJyGhana 

Populations 

Kamuarea TaJewoaaarea Tank.n"".J 
bmheigbl(m) ! 47±0.20 5.6±0.96 4.3±0.40 I 

' «npth(m) OS.O.099 0.4tO.065 ·"'·'l ~per..,..-.. 14.HO.12 I7.HOSS 1l.4±0.75 

,eanelLenatb(cm)· i 64±0.26 5.HO)3 5hO.l6 -

.eallttwidth(cm) 25±0.21 2.4±020 3 [zO.12 "1 

.ea.fldsize(em2). 15.1 ± 1.01 127±OSO 7.lilOl ! 
,cafletlbii>e--- 281 to,O)3 2.l2±0.l4 2.6tO.41 

I 
:.cN,I~(cm) 1301:0.57 1I .9 tO.85 12.7 t o.52 

'd;oluleJength(cm)· 0,4t0020 0,5.0.022 OHO,16 I 
Calyxl..,.m(cm) 2.1 <~OS 2,0±0.047 2.04 ±O,OS)·· · i 

Calyxwidlh(cm) - tl±0041 1.1 to,OS I 1.0.075 I 
~fila ... -"i..iih( ... ) 2.9<01l 2.9 1 0.058 2,9 <0.067 

Longcsl filamenl anther Ie¥b (mm) l .h004 4,0 1 0.Ol7 4.0%0.051 

Fruit length (em) 64 5 ±4.10 56.-4±-4.30 60.5 <0016 

Fruilwidlb«m)' 1.410.014 I.HO.050 1.7tO,ll 
------ -

·Characun ~ slai-aicaJty significant variuioa (P:: O.OS). 
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'late 7 MorphokJsic:al features of t.assia SletJenana 

b)Clooo-uppiClUreofiat1oracence 
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With HaeWlO/Dllllphis barten, four OUI of tbe sevealccn morpbologa.l characters 

."..",;"edjodud;lIIlthebeighlofdleplan<, "..,sirth. JoatleIshapeandradlislenglb 

_ Jlllil<ica//y significant differeoce at p > 0.05 % among populations (Table IS) 

The (1tSt duet PeA accouared for 93.55 % of the total variation. The flf"St principal 

~ (PCI) wid> ......... 6.60 explained 73.35 % of variatioo, PC 2 with 

eigcnvaJue 1.23 abo explaiDed J3.67 % of the variatioD and PCl with eigenvalue 0.59 

IC<OWIled fur6.S3 % ofvariatioo. The spatial relationships ..,0118 die I1IOf»boIogi<a1 

clwactS'S of HtWIIfOJostopIIIS barUT/ are presented in Figure 12. There were DO however 

groupUIp in the morpbo&osJcal c:hncters Will the different populations in the. sanc:nwy 

asobiervedforCGSSklSltberuRtIl_ 
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figure 11 : PeA analysis of 17 morphologi.cal characlet1 from HcwllttllOSklphis barwri 

N 
1/1 

~ 

.. , . 

Axis 1 
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r ...... s: CompariSOPofmorpllometricciwllctefs( ...... S. EM )ofHaelOO/ostaphiS 

X1rtm ionI tine populations of the Wechiau Community Hippopotamus Sanctuary 

~ .-. PopWatK>as 

TaIcwolll.aJ"Ca T ......... 

IPl.-bclalI(m)· 3.4tO.24 4.1±O.29 2.UO.IS 

1 SICaIguth(m)· O.St.O.019 i O," O.13 0.5'0.017 
I 

, N ....... oflooll<tspel'loof 118.0 .:t O.85 16ltO.lS 
I 

I LcdIClJcoad!(") 6.6>0.22 S,9t.O.5' 

SLeaOdW>ddl(aD) 2.4:1::0.11 UtOOS .. ---~-

6o.1.caftec.1ZC(c:m) 17.1:12.02 ['.01:2.04 

7lcaf101 ....... • 2.7:t0069 2.9±0.ll 1_ ...... «00)· 2471:022 173tO.91 

,-~(",,) Q4 t O.O IS 

10. MaIc_\eooIhI_) 1.010.27 27 to.27 

1-IMaIc_ cal~"""li(ftvn) 2.1:t0.09O 2.1 to.06S 

12 Malcfloowcfcalyltwidib(mm) 1.2tO.07I l.OtO.1I 

IJ Sramcalcaalb(mm) 1.7 ±O.16 1.ltO.1I 1.8 to 1'1 

14 Fcma1cflowcr l=atb (em) 3.2 ±O.12 32:t0.14 ) ,1 ±O.28 

IS FcmaleOowercalyxleqdt(_) 2.S ±O.O82 12410.06. 2.3:t0.Q.47 

16Fcmalctlowa~""'(_) 1.8tO.052 l.S:tO. IS II to. 1I 

170"",,,,,",,,( .. ) 2.0 ± 0.0'76 2.2:t0.67 2.1:!::0.6. 

·Charact .... b' ... 1ngSUlisbcallysienificamvariatioo(p~O.05). 

I 
I 
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(b)Clo ..... p p_oI'mwaad I ..... 
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III Mitragyrta IM"""U. bod!. vqJCWive aDd 80raJ clww;aen wue variable. From the 

ANOVA aad mulIiplc rqe Icst aaaly>iI lb. elwoct .... of the leafwidlh. stipul. lensth, 

SIij>uI. oiu, anthe< widlb uxl stigma width showed sigllificaDt differeacc: (p > 005 0/.) 

UDOAI die populIIiou.L. the sanctuary The peA aaaJys.is oftbe morphological chuaccen 

ii pn!ICDted in Figure 13. The PCI with ei,seavale 29 explained 99.9*/ .. PC2 explained 

o Sl% and PC3 explained 0,034 of the total variation. The PCA analysis of the 

motpholosital ch&racten did noI show any particular panem ofvariiotion 
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Fipsre 12: PCA ID&lysia of'1JJ morphological characters ul Mitragytla mcrmB' from 

Wecbiua~yHippopotamu5SanctuaryGhana 

-. 
. ~. 

Axis 2 
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Table J 6: Comparison of morphometric cbar.lcters (mean t S. E. M.) of MttragYllo mennlS 

fiom three populat.ion$ in the Wecruau Community Hippopotamus Sanctuary Ghana 

PopuWlonS 

I Planthclght(m) S.6±O.96 4.2±O.3.5 

~ 2. S ..... SU1h(m) O.4tO.OJ4 

,3 . ...... kngth("") 8.8±O.44 1.2 t 0.37 

3.3tO.57 

I 

J 
I 

~~---+~~-­

~~~--------~,7.9~'O~.O~S4--~~~---h~~--~ 

fJ85t252 34.4 t2.04 

S. Supulewldt:h(cm) O.St0034 

9. Suplile SIZC (em')· 

,10 Stlpule.shape - - ----+.-:;:-:-;:-;-:;---1-;-:;--:-::-=:;--- -+:-:...,...,...,:::-----1 

II Flowertenph(cm) 

! 12.C"""Ia,-(cm) 

IlCon>lla ............ ("") 

~~I"'SIh(mm) 

16 StyIckngth(cm) 

1.6±0046 

III 

0.3.tO.04 

O.3tO.OI2 

I.HOW9 

O.6±O.023 O.7±O.018 

0.9tO.021 1.0tO.OS6 
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Pille 9: MorpbolOSlCll tellUJ"eS 01 MIUagynu mermls 

(.)Habit 

12 
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be largest DUmber of characters showing significant morphological difference among 

opuIations in the sanctuary was observed in Pseut:loudTela /Wcschyi Six out of the 23 

lwacteBex:amioed in tiui plant were sta1i$lically different Thesecharacun included 

.tiel Iea@th. leaflet size. ooroJ.la length. corolla size. calyx size and staminal column 

:n@th. The spatial reillionsbips among me morphological characters are presented in 

igure 14. The flI'st three PCA explained 99 % of the total variation. The PCI with 

genvaJue 2.93 explained 97.5 % of variation. PC2 with eigenvalue 0,057 explained 1.91 

, of variation and PC3 with eigenvalue 0.017 explained 0.58 % of variation. The high 

dference amoog the eigenvalues indicated that the character variations are not correlated 

Ithintbepopulationsinmesancn.wy 
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Fisurc 13: PCA analysis of23 morphological ebaractc:rs in pseudrJcedulll kotschyi from 

wec:biaJ Community Hippopotamus Sanctuary Ghana 

N 
IF) 

~ 

Axis 1 

 University of Ghana http://ugspace.ug.edu.gh



Tlhle 17: Comparison of morpbometric characters of pseudocedrela kolschyi from three 

populatioos oftbe Wechiau Community Hippopotamus Sancnwy Ghana 

populations 

I PlarUhaghr(m) 

2. Stcmpnb (m) J.2t-0.OS1 11.1:1:0.22 0.9 ± 0.089 

;l . NiinlberofICai'-etsper-~ -~511- 'i2~ 12.4 ± 0.71 

4. L.caIkI lcngab(an)· 9.1 ±O.~J 6.3±:O.3S 

! ~. ~WMUk(m) 
. 6. Lea1Ietsue (cm"')· 

~~--------+.,~~--~~.----+~~~ 

l 8. Racltis1c:Dglb(CQI,) 

~PeboIuk:IeDflb(cm) 

10· f1awcr1Clllllh(~) 

II . PedIcel IaIglb(aun) 

: Il CorollaWldlh(mm) 

! 14. CorWIIi&lC(mD 

, 16. CalyxJeQg&b.(ma) 

19. calyx IbIpe 

2O. StaminalcolumolaJ&lb(Jbm)· 

0.3:1:0.046-

O .9~ 0.088 

6.2:1:0.)7 6.61:0.047 

2.ltO.1I 

II.OtO.13 

IS 
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(a) Habit 

!;offiuitIDdleaves 
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The fearures of fibres of the four planls are presented in Plate 11 . The macerales of the 

species also contajned sclerids. Result of the measurements of fibres of stem and root barks 

of (be four SPCC:les ate preselUed in Tables 8 and 9.The characters of stem and root bark 

fibres were less variable. Only cbaracters of fibres from Haemaloslap/us bane" and 

PsnJdoc~dre/a kolsdtyl varied significantly at P !!': 0.5 % among the three populations in 

the sanctuary. These characters included stem bark fibre length: width ratio and root bark 

fibre length times width in Hae1lllJJafJaphis barteri and tOot bark fibre length: width ratio 

in PsewJoculnla kolsehy, Statistical analyses of the stern and root bark fibres of the four 

plams are presented in Appendix 4 
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18: Compansonofroot and stem bark fibres (mean t S.E M)of Cassiasltherlanaand HaematrulDl'hubarterl in three populalionsoflhc 

iau Community Hippopotamul Sanctuary Ghana 

Dusia siUJmalfa . Htl~-;;"ius(ylrisbtlrter; -" 

Kant •• rea : Tankaraarea TaJcwona.rca 1 Kantu area - ~a-;ea' l Tftitwon~a~; 

l .i: ,(nun) 0.97±0.1l 0.83%0.044 0.87±0026 0.97±0.064 1.04; 0.026 1 108±0.021 

i llj·' I (mm) 0.021 iO.00088 0.036< 0.018 0.016 t 0.0013 0025 , iioooD~2 

"i: i : x RBFW (mm ) 0.022±0.0017 0.020 t 0.005 0.01SiOoo15 0.027:>0.0067 0027.0.0012 0.024tO.0023 

IlUI L: RBFW ratio 42 .2±2.79 52.615.47 56.0±59 43.87±217 38.18 ±2.41 51.67t009 

I SBFL(mm) l.oo±0.032 1.0l±0.018 0.9l±0.082 1.06 ±0.021 120±0.022-- 0:89±0094 
SBFW(mm) 0.030 ± 0.0065 0.01S±0.0067 O.oJ8±0.0023 0.026 ± 0.00012 0029t000058 0.037±0.0087 

I SBFL x SBFW (mm') 0.023 <0.00058 0.02± 0.0012 0.023 ±O.OOOll 0.026 ±0.OO17 0.G75 ± 0.002 0.025<0.0015 

SBFL: SBFWratio 45.4<2.87 .9.411 .S5 46.0±2.S 33 .18± 1 31 37.6911.05 34.1l ± 456 

Kcyklc.bk: ROFL; fOOl bark fibreJcu&tb. RBFW; lOOIbark fibrcwidlh.R8F1.xRBFW. rootblrk librt Ieo&thtimelwidlh,RBFL: RBFW root bart fite Icoglh dUO 

S8FL: Item bart flblT length. SOFW. stem bart fibre ~1dth. SOFL x SBFW; stem bark fibre length urnes width. RDFL RBFW sacm bark fibfe k!ogth wtdth IWtO 
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19: Comparison o(root and stem bark fibres (mean :t S.E M) of MitTag)''''' ",tmt'1 and ~/" kOlschYI in three papula'ions from 

iau Community Hippopotamus Sanctuary in Ghana 

"ten 1 ";,;:Oil;;;;,·,, .. " ___ u -J---' _.. UPiiidocet/nlolW<schy; 

_Kantu area I Tankan area_ _ Talewona are~ ~ _ Kanlu area- - - -rrankara .re~-l ~alewopa area_ 

' (mm) ,104.00S9 ~ 110.0.026 09S,0.044 ----t-Jn t 0 048 11.10'0.026 

~i -~r(mm) 002HO.0037 0.031 to.OI$ 0.029 t 0.0055 ' 0.024tO.0033 0.020tO,0023 10019tQ,026 

'T- L xRBFW(mm) 0,020tO.0029 0.023.0,0035 0,039 t 0,0086 0.023 to .OO2I 0.023 ± 0.OOJ6 

i 1]1 L RBFW ralio 58 Si5,76 67.2 :t6.24 662".78 42 OH 3.87 66.14 . 614 64.95 .. 7 

SBFL(nun) 1.0HO.OS3 1.26 -!: 0.053 1,21.oOOS8 1,07 to,OS5 1.20 to.OS7 1.06 t 0.068 

~w(mm) 0.021 to.OOI 0.022.0.00067 0.022tO.0(1I8 0.021 to.0017 0,02HOOO17 0,022'0.0013 

SBFL x SBFW (nun ) 0.022 ± 0.0032 0.02HO.0015 0.046 t 0.022 0.023±0.004 0.025 to.0029 0.026 t 0.0035 

SBFL' SBFW ratio 57St501 61.H 1.88 56.4".26 58.55±577 52.33±3.67 5097±5.88 

Key 10 table; RBFL. rool baIt fibre leo.gth. RBFW: root bark fibre widlh. RBFL x RBFW. root barlr. fibn: lenglh lima \\I(hh. RBFL RDFW root b:n\.. fillle length: rauo 

SBfL; stem bait fibR Ieosth. SBFW. "em hMk fibre width. S8FL x SBFW; 5lem bark filn lerJIIh times width. RBfL: RBFW Slem bark fibre lenglh:y.idth I1Ilio. 
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ta,Stcmbarkfibreof('asslaslebenana 

(b) Rooc bark fibre of Hoemoto~laphts barren 

ScaIe.lcm o 30pm 
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:c) Stem bark fibre ofMilragyntI inl!rmLt. 

(d) Rooc bark fibre ofPsewJocedrela kotschyi 

Scale: t cm - 30pm 
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3.3.3.0 Ecological and diltributioaaJ studies 

J.J,3.1.lIabilatsorspet'iesinsanCluary 

The habitats of the four species varied in the sanctuary. Cassia sieberioJlo ''''is found in the 

Rhrerine forest vegetatioo, HaeltfOlostapJlIs IKrrten in rocky areas, MilTagyua mermls In 

floodplain and P~ud()udrtla kol:lch)'l in the gnIIveJy parts oftbe rugher ground vegetation. 

AtypicaJ babitat oftheHQJ.!mato.JtophisbtxttriiD the sanctuary is presented in Pllte 12 

Tbedistribution oftbe four species al50 varied in tbe three populations oftbe sancfUary. In 

particular, Cassra Sltbenana and HoematostaphlS barten were widely distributed in 

TalewoDl area of the SIDCtUII'y. The GPS dati 00 geogn.phicaJ distribution and elevation 

of individual plaotsofthe foW' spcciesin the saoctuary are presented in Appendix 5. From 

the 5tudyofthe individuaJsin thedifTerem populations in the sanctuaty the habitats oreach 

species did not varied significantly among the three populations in the sanctuary 

 University of Ghana http://ugspace.ug.edu.gh



I'JIIe U: A I)'pICaI naotUll or naemaro.VlOfHIu· lJuTieri in the Wedliau Community 
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t3.3.l.Pbeaologicalstudies 

(be pbenological stages of the row- species including formation of new leaves, leaf 

;bedding, flowering period and fiuitiDg period were studied. CassIa stebtril1Jlll flowered 

iuring February _ Marth, May • June and September - October. However, fruiting in 

:'arsia Sltberiana begua in late October and cootinued until December when the fruits 

;Wted to dmp. Fruits were continuously dispersed until February. New leaf formation 

JsuaUy starts after flower development. This plant was defoljatcd during flowering periods 

md oew leaf formation starts soon after flowerina 

With HatT1ll1llJSlaphls barttn, flowering was obseryed between February and May when 

:he miKe plant was defoliated. Fruits staned to develop in late May_ The fruiting period 

;ontinued through to Auftst. It was difficult to detennine the period when the fruits were 

shed because fiuits were plucked and eateaby tbe local people before they were sbed by 

tbe plants. The development of n~w leaves in HaemalostaphlS barten started in late 

February after flowers have developed and continued until Iller July. The leaves were shed 

in October WIIilI ... February 

Flower development inMtrragYIlQ menms was observed twice in a year. The development 

of new flowers begun in May and flowers developed into tiuits in july. The next flowering 

period started in September aod fiWts were formed in late October or November. These 

fiuirs fell between .December and January. Formation of leaves in MtITlI1011D I1l4:rml:!> 

begun in March after the species was defoliated. Leaf activity continued until July or 

Augusc- The Leaves were shed in late November and shedding continued until late 

February 
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lP#JIdocedrelolwtsdtyt fIowuing was observed between Februaf)' and March. The 

owen developed into fruits in Mayor lune and fruits were shed in July. New leaves 

.vtedfbrmiogonthi$plantinFebruaryandcootinueduntiJJuly. The leaves were shed in 

'CtOberWltilfebruary 

he: time of Oowering varied an CasstlI siebenana, HaemaloslOpll,s barten and 

wvdocQrla kblschyt among the three populations in the sanctuary. In particular Cama 

ebtrkma and Pseudocedrela kolSChyi flowered earuer in Kantu area of the sanctuary 

Ul11IQlOSIQphIS baTten was also obser.cd to have a Iooger flowering period in Talewona 

... of the saocnwy. There were however no observed variabililY in both new leaf 

.nnatiooandsheddingamongpopuJatiollSoftbesancruary 

lJ.l. Spuits usoc:i.atioa studies 

peciua550ciated with the four selected species of plant in the sanctuary are presented in 

ppeadix 6. The associated species be&oog to 31 families The most predominated families 

ere CaesaJpinac:eae, PapiJionaceae and Rubiaceae (Figure 15). Out of the 85 species 

emified., 8 (9 4IY.) of them were found auocimd with all the: four anti-maJariaJ species 

nest species mcluded AmorphophaJllI$ drant:onJo4du. Antlropogoll COlJtortus. Cmsta 

rmmosou:Jes, H,b,:u.,'lIS asper. Styl«luton Jancijolia. Synedre/Ia nodiflfXtJ and 7'ephros,a 

atyca1p<J. 

o .. -ever.spccie.sASsociatedwithonJyeacho(thcfout~ieswereaJsoobserved . For 

.ample. Cola knmjoha. pauJ/IIUQ pinntUO and ~rmum grandJj1Of11m were only 

socwed with Ca:s..na mbnwno. The species ASsociated with the four selected puts in 

vee popuWKIas in the sanctuary ind 
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perccaaage occurrenceoftbe total number of quadrats studied are prt:~entC'd I '~ <\pp~ .. J i\ ? 

JO 
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I De Glvenl", OI jpCClClI illi5oU\.liUt:U WIW URi ~uoJ! species of piant amonp: the three 

XIpUIalioAs of the 5aDCtUary js.pt"esenIed in Table 20. TbekiDdsofspecieilSsociaied with 

me four species ofplan1 varied among the tlu"ee popuJations in the sanctuary. In particular, 

here was a large iarer-popWatioa diversity of s.pecies associated with HaelllllllJSlaphij 

banm ODd P_iD !ouch)'"", the""" populations. Th.l .... diversity of 
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Table 20: Diversityofspccies associated with anti-malariaJ species in Wechiau---

CommunityHippopotamusSanctuaryGhana 

"Spcc..,:c:-I .. ,-------.----;-In-,--'e-r.p-op-,uU:-:',---ion-.d,-w.-rs7:"jty-;;(lP""D"'i-lI- Mean 

Ka.t ... Ka.tu· Talewon.a-

TakwoDa Tankara Tankara 

Cassia sieber/ana 0.56 0.77 068.012 

Haematostophisbarteri 0.79 0.92 86±0066 

Mjlragynainermis 0.49 0.55 0.12 1J39±023 

Pseudocedrelakotschyi 0.83 0.94 1> 75.020 
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.,3.) ••• Soil partidesiUc.OIllp05IhOn 

be wmposilJon of soil pt.rtic:Je size varied uaGQ8 the throe vegelation typei as well as 

1TIOII8 tbe three different populations of the saacruary. The iOili of the Riverine forest 

.,........-iaod IlleIaJp$l amounIs of cloy ..., sill."" Ihe IaR amount orsand. In 

""""Y. Ille hisJ>er ground vegdlItion cootained the Jarsest amount of.and and I .... 

lIIOWIUoflik lOcI cloy. The ooUsoftheftood plaiD vegeIaIion also contained """".and 

oarudesthan the Riverinc forestveguon but lesstlay and silt pvticles 

M largest amounts oftlay and silt particles in the: Ihree populations of the sanctuary were 

ound in lOas &om Kuru area. In t:OGUU:, the wFSt amo~ of sand particles in the 

anauary was found in the soils of Talewona area. The soils of Tankara also contained 

I'lOfC clay and And panicles thaD that oftbe Talewooa area. Details oftbe result of the soil 

lan.icle sizc analysis are presented in Table 21 
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Tlble21 SodpiltideS&Ucompo5iboaOfthrce v~typCS&omthreepopulationsin 

lhe Wecbilu ColnIIWAity HippopoWnJ' Sanctuary Ghana 

~'<ic .. ti.;j,typ< TPoP.;brio. Sud(%) -j Ciay(%j- -jS;it(%) -

:::- E;;::--:':--: 
floodplain Kantu .... 11 .71 2321 

TalewoGaarea "24 6.00 I 
T .......... 40.65 141.011 9.62 I 

Gu-i~;.--- ! Kantu area 5425 3906 6.25 I 
Sav.aa. TaIewooaan:a 66.55 3276 0.10 1 

Tankata .... 6343 30.36 5.36 l 
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be distributions of the four species of pa... in Gbana are presemed in MaP$ 2· S In 

encnJ. Cassia sieberlano and Mitmgyno meTJllll of tlIe four aDl:i·malarial species were 

Iidespread in Ghana occurrins m aD parts of the country eltccpt in the fort5t. The twO 

tbcr "i-maWiai speci ... JlllDdy H~ baner; IDd P_d,,/D Mischyl 

me resrricted 10 the nonbem pcu of GUn&. The GOIy specimen of Psewlot:ethla 

0Idry1 found in the coasW. area of Ghana was • specimen coUected by Akpabla, G. K., at 

\(;himota with collection number 186:'1. The specimen of Hat1lttllilllDphls barteri collected 

"1 Adams. C. D at Agogo Ashanai with collection DUmber 2560 WI$ found to be seedling 

.smightbeami~identification 

>cuils on the distribucion oflhe four alW:j·malariaJ species in Ghana in relltion 10 proaeaed 

.reu"habils,protcctcdarWandhabitats,elevattonandrainfaJlcouldbelocatedathttp 
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,fap3 ' l;II ..... diJlribuliOllofH~.Q"""inG_ 

... -._---
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.tap;, l-urrcm <USlnDUUon OJ rselltatOUaTeW /U.H.Wn>, in Gbam 
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l .5.I. Pb.- ............. ___ 

The results from 80 'til methanol extraetioa of sam,lcs of the four sl*ies of plaPt are 

_edia Tables 22· 23. n.c a_pcn:eotoge yield varied amoll8th<plaa.partsof 

be same spcciet. The extrKlS from the leaves on average produced the highest yield oftbe 

rypical HPLC profiles of lea( srem bark and root bark. of the four plants Iff: presented in 

flppeOOix 12-15. No qualilalive variability was ob,erved in the HPLC proftles of CasSia 

wbtril1lfll, H«mttIOIIIIpItJ3 btItVrt ud P~ID kQtsdryt amon, the difi't'tcnl 

populations of the sanctuary However. in MitragyntJ menms, the HPLC profiles of the 

root &om Taakara area was different to that oftbe CWO other populations 

Thcmurspecicsofplant<OltUiaedVlIriouspbcnolicc:ompoundJespecially flavoooids. In 

CasnQ sieb6ritznD. MiIT"KJ'I'ID IMmllS aDd P.uJoctdula koIsrhyr, the leaves. ~Iem bark 

IDdrootsc:onu.inaifla"oooI&lycosides. lDldditioa,tbesternbarkandroolso(MtlrogyI1Q 

",.,u conWned caffejc Kid ckrivaaes. The leaf of HaemaloslOphis bart,rl also eoruined 

both flavone-C ·g1ycosides and flavone-O-g1ycoside$. and ellagi-tlMins. Tbe stem and root 

bIB iD Iddltion to fiavonoids contained Slilbe:me compounds The main flavonotcs 

campounds identified &om the leaves oftbe (OW' pwa are pmenled in Table 24. POIiIive 

IOnAPC1-MSdataoftbec:ompowxJsarepreilealedilliAppeodix 16-19 
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1.5~ Detec:tio. ud ideatific.atioD ofalkaloids in sp«ies 

The resulr of detection of alkaloids in species using Dragendorfl'spray indicated the 

praeoce5 of aIbloid in only the basic ehlorofonn layer of leaf of MitragynD ine""is from 

TaJewooa area of the saDCUwy. The LC-MS analysis did sOOw the mass of any known 

aDWoids in samples of Cassia SJ~«nana. Haematostophis barerri and Ps*udtxtdrtla 

kotJclryt. However. alkaloid compouads were identified from samples of MitragytlD 

illmllis by comparing their molecular mass with standards. 

Four major alkaloid compoUDd& were identified from MltraKyna m~"""s These 

COIIIpOUIId$include<lisorchyocopbylJine(nn84),ciliaphylJine(m/z414),rhyncophylJine 

N-oUIe (noIz 400) IIDd _ifo1i .. N-oxide (nn 9416). The disuibu.ion oflhe Ilkaloid. 

in differeat parts of Mitrog)na .lItrmu are prescoted in Table 2S 
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Tlbte Z.): thSUlDuUOO or aJOJQIWi W IC<U., aem bJtk and root of Mltragyna mef11fis 

! Compouods Molecular I Plant parts 

weight [ leaf S"mbar_k~~ 
I 

flsorchyncophylline[CnH:aN1O .. ] 384 I + 

I C~iapbylline (C"Ii,.N,O,j 414 I + 

! Rhyncopbylline N-oxKJe (CnH2IN20SJ -H --
~W1djrotin:e N-o~de [CnHuN2~] 416 

- f----
+ -

L 142 
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3.5"'. Lite_leal vanaDwl11U "Va.._ ...lODg populations in sanctuary 

The HPLC analysis of peaks (compou!ld5) from the four species showed variations in the 

relative proportion of peaks among the three populations of the sanctuary In order to 

understand the peaks responsible for moSl oftlle ... ariability and the panerns of variations, 

pcaksareasweresubjectedtoPrincipalComponentanaJysis 

In Omia sulNnana. seventeen peaks were examined (Appendix IS). These peaks were 

seleaed from the Jeaf(peaks 1-6), stem barlt (peaks 7-12) and roots (peaks 13-17). The 

PCA analysis of the peaks partitiooed the variation into three distinct groups 

corrapoodill8 to the three populations oftbe sanctuary (Figure 16). The eigen analysis of 

correlation matrl)t and fattar loading of component are presented in Table 26. The FirSf 

Principal Compooent (PO) was weighted by peaks 2. J, 8 and I t. The PC2 alia: correlated 

withpc.aks S, 9, 13, 14 and 17 andPC3 was explained by peaks 4 and 10. 

143 
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FipR 14 I#LA p~ 01 pcaJc ate&$ Of pnc:nolics In (Qs.tlO sreherKmO from three: 

PQpuhulOI'I$ in Wechiau Communuy Hippopotamus Sanauary 

I 
I 
I 
I 
I 

o -----------------.------------------

L 

I 
I 
I 
I 
I 
I 
I 
I 

o I 

First Component 
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urix .. dfadorloadinSofI7peaks ..... of 

pbeDolicsinCassianebertm1ll 

.- [iienvaiu; · 5 7639 4.3729 

~rtioQ -- 1 0339 0.257 

t"('umulalive ~- -~ 
~ PCI PC£··· 

0.067 

0396 -0.060 

0.398 -0.086 

-0189 0086 

014-4 

' 25450 --

10150 -' 

10746 I 

. ~-PC-3-·- · 

-0\08 

-0.023 

0.060 I 
-0292 

i 
-0.345 

0.203 0.094 

-0.389 _ I 

-+,.-~-- -,-~o.o~" I 
0363 

0.369 0.205 

0.032 -0524 

0.381 -0050 

12 0.055 -0.378 -0.355 

;0-. 0.123 -0.399 0.226 

14-- -0.140 -0.023 0.176 

15 0.100 ..{)J86 0.237 

:16 0.183 0.072 -0.059 

0.082 -0.390 0.264 
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WIUI naemDlu'ilupru:. OUrU:H, I::Is,m ~ selected &om leaf (peaks 1· 6) and root (peaks 

7. ') was examined for panems of quantitative among popu.latiOO5 in the sanctuary 

(Appendix 16). The spatiaJ relatiorulUp of the peak areas are presented in Figure 17. Three 

distinct grouping were obKtved but were r.ol as right as observed in Cassia sleMrlana. 

The PCl was correWed with peaks 1· S which where sele<:ted from the leaf The pe2 

correllled with peak 7 &om root barlc The PC3 with was explained by peak 6 and 7 (Table 

27). Tbw the peaks from leaf were responsible fOf the variability among populations in me 

aanctuaryinHael1lDkJsttJpmsbarten 
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t'1@UI'e I:>: t"\...A PWIOt pea CUC::W; Ul put:uolic from HaemalOS1aphis barlen in three 

populatiOO$ in Wechiau Commuruty Hippopotamus SaDCTUU)' 
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Tabfe27' Eigen anaJysis ofeorrelation matrix and factorloadin8 or8 peak areas of 

phcnoliesmHaemutostaphlsharteri 
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len peakS were ITom nYLA. prowc:. UI nlltragy"o memif were used for invessigations 

The pc~ks their retention time (min) and UV mlX (nm) exammed in this ",Iants lie 

praemed in Ap~ndil( 17. The variability in the peaks areas was also panitioned among 

Iht: three populaoOflsofthesaoctuatV The: spatial relationships of the peak areas revealed 

by PCA are presenttd in Figure 18 The pel was explained by peaks 1·3, and S. The pe2 

correJaJed with peaks 4 and S. and PC3 aJso correlated with peaks 9 and 10 The 

eigenv~lue and COlTelation matrix of the peaks are presented in Table 18. Thus the peaks 

from the teafand Sl:em bark explained much of the variability in MllTagYIJQ mermlS 
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"'glue lu r-\"I"\ 1-'101 01 ~ .. _ ... ).----)lics from Mitrogyno mermls in three 

populations In the Wechial. Community Hjppopolamus SanctUary Ghana 
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11IU1~"'0 4'~"''' "'l<U''''~ u. """ ............. ~ ..... lrUt and factor ioading of 10 peak areas of 

~- 4.4511 -_~~319 
080-56---

P",porfj-on -~ 1 
0.363 ! 

Lumulahve 0445 
1-

08U8 0889 
-

PUkI"- - I......-- pC ·
J PO PO 

1-1 -
- ~ -0265 -0184 

[2 0.412 -0.299 

) onl -0225 -.-- ---+----,..,.-- -
. 0096 -0.403 -0.038 

r- 1 -04 17 -0.216 -0.006 
I r----1-OJ67 ------ .0.282 -0159 

7 "()374 -0.127 -i 
~, 8-----'-~- -0.062 -0.701 

1
9 -0.063 -0.424 04% 

1

10 0.030 -0.497 0,212 -1 

lSI 

 University of Ghana http://ugspace.ug.edu.gh



ln 'p~tJrekl kOUCI1yt. iJ. peakS were studied The information on the peaks is 

prtserlted in Appendix 18 The spatial relationships of the peak areas showed little 

paniooninS with samples from TaJewona area most widely dispersed in both PCA and 

cluster analysis (not shown) The peA plot of the peak areas is presenlcd in Figure 19 The 

PCI was weighted by peaks 8~ IO, PC2 was explained by peak J. 6, 10, 11 and PCl 

cocrdated ~llh peaks J~5 and 10·12 (Table 29) 
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fipre 17 PCA plot ofpeak areas ofpbenolics from Pseudocedre/Q I:otschyl in three 

populations in Wechiau Community Hippopotamus Sanctuary Ghana. 
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IlWn:: ~7 " J::.alSII;;U ....... :1"". u ........ , ...... -.." .. ..latrix and factor loading of 12 peak areas of 

phenohcsmPse~Jrelalwischyt 
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3.'. MOiecuial" stuDies (iU'Lt- ._'liiifiieiS) 

The AFLP technique requires hiBh quality DNA samples The poor quality of DNA 

extraCted from HeamalOSJaphlS barten and M,tragy"o memis was not suitable for AFLP 

ualysis. Only DNA samples extracted from individuals of Ccu..oa .{It-herlono and 

MjlTagyntl I/'JU1rIU could be used for complete AFLP anaIysjs 

111 Casslia siebreina, a total of 135 fragmenl.~ were obtained of which 23.53 % were 

polymorphic, that is, varied between two or more individuals. The number of unique bands 

for each population was 6 for Kantu area. I (or TaIewona area and 3 for Tankara area The 

four vectors of Principal Coordinate (PCO) ex.plained 90.36 0/. of variation (Figure 20) 

The eigenvaJues and tbeit pereentageofvariance are presented in Table 30 

There was low diverMty in mdividual within Tankara area than the other two populallons 

lndividuals lTom Kantu area were generally distantly isolated from TaJev.ona and Tankara 

area The neighbour joining ana1ysis revealed similar panitionins as PeO Deviant 

Individuals were fouad among populations (Figure 20) 
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Fiprc 18: PriClcipai coordiaatc (PCO) plot of Cassia sieberianQ 

0.1 

0.05 

~ - Talewon 
-<1.15 -<1.1 -<1.05 0.05 1 Tankara 

-<1.05 

-<1.1 

156 

 University of Ghana http://ugspace.ug.edu.gh



With r~uaoa""f:1U 1W1~"'''y., • II lI,,&,nents were obtained and 38.74% of the fragments 

",erepolymotphic . Thenumberofuniquefragmentto~bpopulationrangedIOforKanlu 

area, I for TaJewooa area and 4 for Tankara ate&. The result of PCO analysis is 

wmmarisedinFigure21 Muchofthevariation(9318%)wasexplainedbythetirstfivt 

\u:l0IS Eigenvalucsandtbeirpercentagevariancearepresented in Table 30. Thevarialion 

jp individuals Within populations was 8enerally higher than among populations In 

particular, there was a high genetic diversity in individuals of Kantu area. The result of 

lmfOOted phylogram produce from neighbour analysis revealed similar pancm to thai of 

PCO 

l _____ _ 
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table JU 1!Jgen ,-alues ana percentages of variance for peo analysi, of AFLP dala 

-Eiimviduts ; o/.orvan ... c(" . Eigennluts ~G·;':-v;~i.nce 
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Figure lU UlUoutcd pllyloglaw ullASSio Sleberiana from AFLP dala 

---O.05~ 
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Flguse II unrooted phyk>gram or y~,1a kotschyl from Afl...P datI 

Kantu2 

TanIwa 2 
KantuJ 

Talewona I 

TankAn I 
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PTERFOI'R 

DISCUSSION 

4.I.E~lIObotaniWS1.dtes 

ne pres.eoI. survey has provided infOrmalWn aboul the range of species of plantS used 1 n 

tbe treatment of maJaria in the WeclUau Corrununily Hippopotamus Sanctuat)' area The 

tpe'I~ used in the treatment of malaria represent 19.5 ~. of the 210 species reponed for 

lk ... ctUIl)'(Oteog-Yeboah and Aiase.2(01) 

The use of a combination of different methods of interviews has led to the identification of 

41 speciel of plants used in the sanctuary to treIl malaria. The study has also shown how 

d~ method of survey can influence the scope of information obtained about the uses of 

species. 10terviews based on plants coUected by persons being interviewed identified the 

lease number of species whereas the house - to - house interviews identified the most 

speciO. Tbe f.ad inlctViews were the most dfe<:tive time limited method because of the 

(twa" aumb~ of peopLe involved in the intervIews when compared [0 the house - to-- bouse 

IDUrVICW'l.Fieldinte.rviewsbaveproved verysuc.c:essfulinotherethnobotanical studies in 

GIwla(Oteng-Ycboah, 1999) 

Mea of the ~Ies used to treat malaria ia the YnCtuary are known to be anti-malarial 

pIoms and thus corrobcnl< daa from .... y other aoo.&n:es iocludiDglrvine (1961), PORSPI 

(19112). Ampofo (1983), DokDsi (1998), Ayitey-Smilh (1989), Abbiw (1990), ITe (1990), 

_Mshaoact aI .• (20CH). Tbestudy bas, however, also identified and documented for the 

rq tunc (Ight plant species namely. Afraegle palJlCuialD, H~matOSlaphls barte", 

Irtdigcfera pukhra. Monatlwtarts sp., Ozoroa IIU1g1US, Strychnos JmJOCua, Strychnos 

~ and Xerodems stuhlmaruJl/ wtUeb ale used i4 the treatment of malaria in Ghana 
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FIlII apeciel used an toe UQU1Ic:Ul ..... ....Jaria in the smctuarY area were derived from very 

~ plant groups. However, taxonomically important families comaiOlng plants used to 

oW malaria in the saocruary included Anacardiaceae. Caesa.lpinaceae. Papiliona
ceae

• 

~~ and Rubiac:ae The contributiOfl of species from these plant famLlies in the 

tfeIbDeOl of various illftcsscs and diseases is well known in Ghana (pORSPl. 1982. 

MshanI et aI .• 2001) Many species from Rubiaceae and Asterace&e including ('mchona 

JDdArfefJUSJlJatfIIIIO have been investigated fortbeirantiplasmodiaJ activity (SriSiilam and 

Veenbam. 2003) The families; with many species used for the treatment of malaria have 

..".lmlephylogeoetiCl<lationships(Cbaseetal., 1998; Takhlajan, 2001) 

The method of preparation and mode of administration of the plant species for the 

treIlCDCnl of malaria were mostly done by boiling and drinking. However, none of the 

people unerviewed provided any informatica about bow they might "standardize" 

treCJ'Qt1:Ils aDd the amounts wed were generally vague. Thus the quality could vary greatly 

amoagprescriptions This tac.kofstandardizatton andquwity control has been reported as 

ODe of the m.tJn disadvantageS of tmd.itiooaJ medicine (Evans·Anfom. 1986, Sofowora. 

1917) MaR of the species were wso reported to be used as nUlI:turcs, which makes it more 

complcx 10 standardize and investigate the active compounds in the mixtures 

The fact thai the most cornmon partS of the plant species used in the treatment of malaria 

MR lea\U aod twip toaether is very encouraging for IUStainable barvesting of th.e plants. 

RDo. and bark harvesting could easily lhrea.ten local populations of plants (Cunningham, 

20(1). Ifa conscrva1ion strategy is to be developed for the sanctuary then, priority should 

bt gj"en to those anti·malarial ptanu with others uses and tUgh preference ranking in the 

1&DCt\W'y. These species included CauIa ~benaJWl, MllTagyna lIIf!ml/~. HlN.mtJtOSfaplw 
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wwn. pseutitJadrla .toSlCJI)il. lIIaI u.mgoJera pv/Chro These species will be among the 

lIOItexpioited species in the sanctuary area and are thus likely lO be the most threatcned 

pUIs earmarked Ai ' rat'e' in the preseDI. study coi,Ud be cultivated as part of their home 

pr6enInglt1altgy Theresullofthissrudy rughlightstheimportanceuf idcntlfy,ngspecies 

II'IIl an used but are not abundant Th.is can assist with pnotizing the development of 

alll&inable harvesting suateg)es for species within the communiues. Developing this is 

UfJCllI since preseot observations bad shown that the conservation strategy IS very 

UPpon.anlasthe people living in the s.ancn.wyarea were not fully aw.areofthe fact that 

tome oftbeir mediCinal plant specaes were becoming threatened or extinct 

FW1her work shoukt be done on the comparative anti- malarial activity of the different 

lpCties VirtualIy • • U groups of people in the sanctuasyarea rely on medicinal plants for 

the ueatm~n( of their illnesses and diseases sinc~ the nearest hospital is.t Wa. about 42 km 

.... y accemualed by poor roads and means of transport. Plants species are used in many 

upecu of their lives including shetter, food, sculpture and medicine The p4.'Op1e in the 

IiUlCtU&r'y maximiu the use oftbeir flora in their day - to - day aClivities. It is important 

tJw the auire ethnoflora of the ~ctuary is dorumented so thaI informatKln about 

IUllaiaablcUleSofplantsisconscrved 
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.u.I.lnvilToantipiasaaodiaibioassay 

TIll: rcsutu or the III wtro antiplasmodiaI bioassay show that most of the extn.ClS from the 

four species were nol very active against the Plasmodium parasite. The poor activity of the 

ClClI1CUtcsled ITtlght be due 10 the facc that the sarnples did not dissolve fully in DMSO 

(die 1est:iD8 solvent) The most active extract was from the he)(ane extract of stem bark of 

f . 1oI:JchyI, a membel of the Meliaceae The anti-plasmodial activity ofmethanolic extract 

of leaves of P. Wlschyr in a previous study sbowed modest inhibition of growth of Dd2 

UIIllD7 strains of P. jaklparlllllt with lC~o of 1 5 and 50 ug I mt respectively (Tahir et al. 

1999). However, the hex.ane extract of Puudocedrela Iwtschy, could contain the non-polar 

luaoaoid&. wtuch are the major active components in Meliaceae and have been reponed to 

JKl'KN III ~.,trQ &nli-malarial activity (Bray et al., 1990, Tahir ct al. 199() . Dick .. et al ., 

2000) 

The various ulraCu. from different. parts of the three other species uadJllonally used to 

.a1aria only moderately inhibited the gro'Ntb of Plasmodium falc/porum (307). This lack 

ofaaivitycouJd be because the active compounds in the plant had not been extracted or 

the bioassay is DOt relevant to record the mode of actioDs of 'active' compound! in the 

emacts. Tht modetate activity of HaemaloslophlS barter' might be due to stilbenes which 

were tbe major compound$ present in the roots and stem bark. Stilbenes have been found 

10 posseu lntHnaJanaI properties (Booobksiri et aI., 2000) 

'he IC)O values of Mitragyna IMmru in me present study iJ generally similar to that 

CIbIaDcd In previous studies (Traore-Kena et at , 2000, T~ore et aJ • 2000 Mu~ofa et II 
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... , . e. T=" et aI. (2000) and Mustor. et aI. (2000) 

reported Ie" values ors ug I ml and 4S ug I mI respectively for M. mefflllS 

l'he padS of the species used traditionally to treat malaria corroborated with the extracts 

.1lh modest acti\;lty against plasmod,um parasite. For example. the moil acm'c pans of P. 

IitJIIrhyf aDd M. memu.J were &eaves which are the parts used to treat malaraa In the 

The species are traditionally used to [feat malaria, however, they might be more active 

apanst symptoms assoc~cd with malaria rather than having anti·plasmodium activity. 

Tbcre are many reasons why the extraCts might not have activity including the fact that the 

CODCCUlJ'Ition oractivc compound$ might be very low in the extracts or compounds are not 

ICDve iJltbe bioassay. Another reason Cor lack of activity could be associated with the fact 

_lDOIloftht~iesusedtoU'eatmaJariainthesanctuarywerepreparedasmixtures 

and lheiI K1lVilY might be dependent 00 the syntl8Y among groups of compounds 

1'be four telected speclCS where fOUDd to inhibit growth of micro-organisms. The ami· 

IIlicrobiaI aaj\llty against Bac,lIU.J Sflbtillis and Cladospanum herbarium was mostly 

-.ciated with tbe aCC10ne and SO % methanol extracts of stem barks and roots of the four 

..aes. In coatrasl, active extr.u:ts against Pseudomonas syrm~ae were hexane exu.as 

fmm lu\u. This means that the anti-mierobial properties of the species against Bacillus 

.-bo1li.J and Cladosporillm huban .. weR polar compound! found in the stem and roots 

-wles the acU'tIe compounds againsl PS~ollas synngae were non-polar compounds 
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IOc:IIICU UI un,. , ........... ~. _._ "r-'~-' _ JUS different types of compounds from different pans 

oft.be (out species were responsible for the anti-microbial propertlcs of the four species. 

Mo51 of the exttaa from the four species, however. inhibited the growth of BocJllus 

swim/lIs Most plant extncts are known 10 inhibit growth of gram-positive bacteria 

c:ompared 10 gram-negative and fungal growth inhlbition (TeslUO, pers. com). There were 

~. no previous ~rt on the anti-microbiaJ properties of Cassia sJebenano 

1I000nOlOSlaphlS bar1~n and PsewJocedrelo koI.Jl:h)lf . 

The potent ami-microbial activity of the tbur species used traditionally to treat mafaria in 

tbesaoctuary might lJIustratetbe fact that these species might rather be aclive againstothec 

Raman patbogeoic micro--orpru$ll1J which produce symptoms similar to malaria and not 

~. This is because of the poor inhibition of growth against Plusmodium 

obtervedln the pn!sent study In fact most people attribute all kinds of fevers to malaria 

U.l.lDsul aot ... rudaol bioassay 

The four Species. were also found to have anti-feedant properties. The anti-feedant 

pn:IpCrtics were observed with hexane extracts and this means that the compounds 

rtIIpOOsible fur the anli-feedaot propertjesofthe species are non-polar compounds These 

... include COmpounds sucb as Quinones from Cassia SJeNrtana and limonoids from 

P-.docedreJa Iwtsdryr. The anti-feedant properties of limonoicb art well investigated 

(Ley aI., 1981. Ley et aJ. 1989, AbdelgaJcil et aI., 2001). The anti-feedant activity of 

- baa abo beet! rescarch<d by Mori_o .. &I, (1999 and 2(02) and 

Knshanakuaari .. " .. 120011 
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uUJU:t':- ::''::=:-.'': =- .. - ..... ,: ........ ;; responsible for the anti·fecdant properties of the 

!iJl»"spec:ie5arcbetterextractedinhcxanc- 'The acetone and 50% methanol extraCts on the 

• baDd. COGIained compounds that stimulated feeding of the insect larvae 

TbeIl)()5t signifiG&DIlnsed anti·feedant activity was found in bexane extract of rOO( of 

Ctzgia ~beTUllID . Species from the genus Cossw are known to possess biological activit y 

..,ansa various mSW pests (Lienard et aI., 2003, Belmain et aJ • 2002). The variability in 

eiicICy of Cama sreberiana from tbe three differeru populations might be due to lost of 

ac:cMty since the extraCts wete not tested on the same day. Lost of anti-feedant activity 

we time bas been observed in extracts ofa related species, Cassia lora (Simmonds, ~rs 

a»7J). In a previous srudy. BellOlin ct: at (2002) bu also indicated that Ml1ragyno mermJS 

ucdaspOSl-harvest protea.antsin Ghana bas some abihty to control Itorage pest Thisis.. 

1Iowcver, to the best of my knowledge tlle first repon on the biologi~ activity of extrBl;t5 

ofH~hlSbaru"andPsew:Jocedre/a!otschYI against insects 

TlelDti-fDcdant proper!le5oftbe four speeies varied depending on extract typcand plant 

pllt.ODiycenalDpar1sofeachplamspecieshavepocential anti-feedant propertieswrules 

.. parts stimulated feeding. The anti·feedant properties oftbe 'Pecies also varied among 

.. three Uennt populations of the sanctuary. Some of the extracts might have also lost 

dIeir activity with time llUl infon:nation is impoc1ant when considering using botanicals 

b'c:ontrolofin&cctpest 

4.1 .... Isolatioa aDd idealirautioa of eo.pounds from pints 

1 WIS QQl possible to determine the ltJUeIUtes of peaks isolated from CllS.JIQ SI~M"Q1JQ 

nilcouJd beduc to thelGlvau composition used for the isolation which was D'IOre polar 
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fat die non-po .... hexane extrat.i fl am the leaf of Cassia SltbenatlO, The peaks isolated 

(lCIIIIId therefore conuin several particles on the HPLC cctumn that had the same retention 

nee If 1M peaks n..s the NMR spectrum (not shown in this repon) of peak t (KEW 

1J5) contained approximuely 95 % contaminants and there was a trice of phenolic 

compound with two exchangeable OH protons at 0" 12.02 and 12. 12 (CDCh) The 10 lH 

N)4ofl (KEW 786) indicates thlt the sample is most probably a common terpenoids 

1br: SlCPI Ind root barlc:s of H~maloraplNs Ixwten contained stilbenes as the major 

COIIIpOWlds The (E) isomer of 5~ methoxy (f.) reve~ol J. 0 - rutinoside has only been 

~y identified by Wanj~a and Majinda (2001) as a constituent oflhe root bark of 

fJtpIttftotrlum goetzel (Fabaceae). The (Z) isomer of the present study is an artefact . The 

Qtbc:r stilbenes from Hoeml11osraphls banen were (A) reverastrol rutinoside and the 

I8fyconc of stilbene B The activity of Hoematostplus bar/en in the biological testing 

a;Ud Wref'ore be due to stilbenes which are the main oon:lIilUents of the stem and root 

bart.. Stilbene!! have been reported to be active against several organisms lncluding 

PlamoodJ.m, bacterial, fungi (Godwn, 1989; Booosiaksiri, <t aI., 2000) 
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4,J.1. Morpbological variations 

The present SlUdy has shown morphological variability in the four species The variabilities 

III the cUracten were quantitarive and the ,,-arialions wc:re continuous. This kind of 

vanation i. DOl useful for delimitation of infraspecific groupings (Davis and He)"Nood. 

1960; Pollard and Briggs., 1982). Oftbe four selected species, P. Mlschyl and M. mermls 

..aemorpbologicallymostvariable 

Mucb of variability associated with morphological characters such as stem glrth size. leaf 

IaWlh and plant height have been shown to be phenotypically plastic: (Davis and Heywood, 

1963. Pollard and Briggs, 1982). Given the fact that the present study was based on 

ampfescollectcdffompopulatioosofasmallgeographicaJ area it is likely that a rangc of 

IXlf'pboIypcI will be recognised in the plants when specimens from their entin~ geograpruc: 

ruer:areexamincd 

The llUdy has however sbown diagnostic characters which will be useful for investigations 

of io.fraspecific taxonomy of the row- species. For example, the characters of the leaf of 

Cas.sta Slebrnana were more variable compued to the characters of the fruit as initially 

4.J.2. AnatoMiea("ariations 

Tbe characten of fibres .... 'etc less sigoifleamly variable compared to the morphotosic:aJ 

dI:atacters. 'This wa! not surprising since morphological characters are phenotypically more 

plastjc.ac::ompaed toanatomic.aJ characters (&silfie. 2(02). HOW't'Vet, some levels or 

- ->OfJlbo1og;caJlymon:vviableP_klkoodrytu 
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.. U H(lemalUSJpna otu"lt'n .:tlhce features of fibrC$ ale generaJ ly stable. the 

CIicfoSJ1lPhs and mea.surements of fibres of the four $peciC$ could be used with other data 

b~oisa.mple$ofthefourspeciesintbesanctuary. 

O.3.Sp«.iababitatiDsaactuary 

ne babdats oftbe four anti-malarial species in the sanctuary were different and similar to 

t.b116escribod by HutchlniOn and DaJnel (1954-72) and Irvine (1961) for each of the 

tpeeia Tbevariatiom in the habitats ofa species among populations have been used to 

IIUdy the infraspecifie taxonomy ofspecies (MOlton, 1967; Balkwlil et aI .• 1994; Philips, 

1994). la the present study, the habitat of the four species was not significantly different 

11lOIII the popLllations in the sanctuary. Thus the habitats of the selected species in the 

ci5trcntpopulationsin the WlCtUary will tberefore oot contribute to biological separation 

oIlbep.la.ats,foriDllaDce,tlvougbattnctioaofdifferentpollinators 

4 .. U.Pbeaologit.alstudies 

Pfaoaosjc:aJ variltions are very important in the study of variation within populations ofl 

IPICM:l For illJlanCe, Baikwill et aI (1994) used phenological variation to assign in 

idupecific caJegories to JustlclQ Mlomca S L. Differences in flowering time would 

iIgIlIficantty reduce gene flow among iDdjviduals within populations. The phenological 

vviuions of the four selected taxa were not significantly different among Ihe three 

pap,aIations IQ the WtCtuary. It is therefore possible for gene exchange among individuals 

01 C submUlkl. H. barten. M menwil aDd P. Icotschyl within the populations in 

~ This possibility of exchange or genetic material among different populations 

"'OOtJc.dllOtberc:coQnit.ionnrAi'ltinct.types' oftbefuurspccies in the aanctuaty 

-I 
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The ttmeI ot phenuklglca.l S1ages ooserved io the four species were similar to thal of 

,....,... _ (llutclUnson and DameJ, 1954-1972, lrvioe 1961. Kay et aI., (964). In 

(!(1fIrWY to tbe presef11 observation for Casna siebenata, Ewus~ (1968) reported that lb.S 

pUI &ui1ed and produced new ~ves througbout the year in the coastal pla.ins of Ghana. It 

IJpossible that this species bave patterns ofpbenologjcaJ variation influenced by different 

CQV110nments This could cocfirm the pbeDOiogicaJ plastkity of C. sleberiana in the 

4.3.5.Specia usociation studies 

The &ssaC14110n of plant with other species in its flora is important in understanding 

rtla.tionships such as symbiosis and competition which might exist among them The 

~ a.moog plants could be structural, functional or cbernical. The release of 

~ by one plant species that affe<:t other species in ils vicinity. usuaUy to their 

dcmm(Tlt iii termed alIelopltby (Min An et aI., 2003). Allelopathic substances are usually 

IIeCODdary planl metabolites such as gaseous compounds and terpenoids and they are 

rtJeueeilhcrthrough tbe air on soil 

The prCienl audy &bowed a high diversity of species associated with the four ~Iected 

plaots varied among tbe populations in the sanctuary. In particular, there was a high inter­

popuiatlOG diversity of species associated with H. barten and P. KOI.rhyr &monK 

POpulatIOnS in the sanctuary This IUgb diversity of species assocwcd with the four 

Ideaed pIaN: among populations could be responsible for some of the differences in the 

~ among the populations. The allelopathic effect of plant growing in the vicinity or 

~ pLw hu been reponed 1loweYer, funIter ecological-biochemical IIUdies are 
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fIIIUII"eU lU "C;11I1 ....... ........ ........... ~.lOC of the liiOCiated SpetlCS arc: known exhibit 

oIIdopalhy 

0.6. Soil partidesiu: aaaJysis 

ne compositM>n of soil particles s.i.z.e differed among the three vegetations as well as 

populations of the sanctuaty Thus Cas.DQ Slebtruzna. HaemlJlostaplus bar'~rl. M,uogynD 

lIftmIisaodPseJldocedrewltolschy/derived on different soil conditions in me sanctuary 

T1I'ou8b cootact with soil, planu may have to cope with toxic heavy melal or excess 

lo&Iimty . EquaJly plants have to be subjected to biochemical SItW due to mineral 

Lawson (1985) has also shown that soil factors are important in giving local variations to 

die savannas Thus, differences in soil particle size composition (condition) among 

di&'e.at populatioQi of the sanctuary could affect the growth. functioning and chcmisuy 

ofthel'ourplantsiatheSl..DCtU&l'y. This difference in tbc soil conditions among populations 

ollht s.anctuary could abo be responsible for lOme of me variations in the fOUl plafils 

0.7. D"trib.lio. oflDti-.. atariaJ species in Gbana 

l\e current distribution of species in Ghana was bued mainly on herbarium material The 

productioo of tpeCies distribution maps based on herbarium materiaJ alone docs not present 

• U\Ie pic:ttft oflheir distribution due to the way coUectioOi could be targeted However, it 

does provide the some information oeeded to usess the CODservattoo Slltus and plan for 

kare coUections and coaservatioo at the species The distribution maps in the prc!oCnt 

IIIdy of !he four anti-malarial opecia bay< shown that the lOur speci .. C<lUId be fOWld in 

-
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.-e of the protecud areas In uoana Most of the species could be found in the Mole 

National Park which is the most developed Wildlife Reserve in Ghana. None of the four 

JllJ-mabriaI species is; thus tln:atened in Ghana. The creation of the Wechiau Conununity 

Hippop0wnu5 Sanctuary will be an additional refuge for these species in Ghana 

...., ... C .. pantivt playtocbemkal studies of pbenolics and alkaloids ill species 

1le phytochemical studies have indicated the main phenolic constituents in the four 

~. Within a species. the diversity of compounds in the lea( stem and root barks 

diffcRd Thi. is coWd reflect the ecological role the compounds Ilave in the plants or 

adapcation in the plants The different pans of the plant will therefore not have the same 

dticacyin biological test as obselVed duringtbe bioactivity investigations recorded in this 

AUdy. 

The HPLC profiles of the same organ from a species did nol vary greatly among 

popu1Itions However. the chemistry of the roolS of Mltrag}'nO IIlermlS did vary 

Tabyama Cl aI. (1998) has indicated that species ofMltragyno could show chemotypes in 

di.ffeRoc an:as. However, a larger number of individuals would have to be sampled in order 

to coa6.rm the eltistence of chemotypcs in Mltragyna merml5 from tile sanctuary. 

lie most common Ravonoid compounds in the leaves of Cassia steberllJllo. MltragytlQ 

tnmnl5 and P~~drd(J JwlJchyI were quercetin and myric.etin glycoside •. From Cos.no 

JJe~nanu, JWeviou.s pbytoc.hemica1 reports have ooIy indiClkd the presences of condensed 

IInnias, &\IODOids and anthracene derivates in the leaf and root (Paris et aI., 1967; 

~isIDdAnto"I968)F""".petroIetber_OrrootaorthisPIIllt. small 

InY'II_M~"'!:"'il -:. :-.'" " ' .· .~ilO1ated(Waterma.nandFauJ.kner,1979). No~ 
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~ IqNU UII ......... ..... _~ •••. fIIragma mernw. andPseudocedrela kouchy' were 

i:JUOd. In c.ootrarY. to the leaf constituent foWld in those three species. the leaves of 

HaeftfQlOSll1pltb banen contained vitexin and its glycosides 

ne saClD and root barks of HaemaJOStapllls bamn contain stilbene compounds. Stilbenes 

"limited distribulkx:i in the plant kingdom (Gorham, 1989). Thi~ group of compounds 

ft ImoWll to occur in the Orthidaceae, Combrelaceae, Discoraceae, Hydranageaceae and 

HqJIlic.ae There are also rcpons of Slilbenel in the farmlies Cypcraceae and Moraceae 

TbiI is, however. the fitst repon of stilbene compounds in the family Anacardiaceae The 

~ of ttilbene compouncli in the ramily Anacardiaceae could throw mOle lighl 

Lillo the taxooomy of the group. Perhaps. further chemical studies on different species of 

Anawdiaceae could clarify the position of HMmatostapJuS barter; within the family 

ne detection of alka1mds In Mltragyna mlmllS was expected since they are common in 

tilt limiIy Rubiaceae. Many pbywch.emicaJ studies have been carried out on indole 

...,.fromthil$.p«lcs(ShellardandSarpong, 1969, 1970. Shellatdetll. 1971 ; 

Bubay. 1988. Takayama" al .. 2000). Recently. Cheng CI aJ (2002) isolated two 27-

IIOrtriletpenold g.Jycosides, named inermside I and n, from MlfrofO'lID mermis. Indole and 

obodole aJk.alOlds especially. rhynchophylline, rhyncholine., ciliaphylline. 

ilcxthynchophylline. rotundifoline. aDd i5OftUDd.ifoline have been identified from many 

ipCciesofMlrrag}fttl Thisgroup~falbloidsbaveallObeenidentifiedfromspeciesof 

!mcr::rno aDd NaMC/~a (Philipson et 11 .. 1973). Thus the presence oflhis group of alkaloid 

c:ompouads ia the three genen. supports their taxonomic affinily in the lU~family 

CiDc.boindcae of tbe family Jlubi.aceae. Although. there are many repons on the anti. 
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~iaJ acuvlly of .po:;ICS ot Mltog)7J1l and /knJdeo there is no prevIous report 00 

1fIll.maa.rial propen:ies of species of Uncaria. It must be worth investigating species of the 

.... u--.a for Iheit anti-malarial propenies 

The only published phytochemical investigation on Psewdocedrela kolSChYI dealt with 

~ (Niven and Tayw,r, 1987) and essential oils (Boyom et. &1 .• 20(4) nus group of 

trilupenOld compounds are common ia the MeJiaceae. The III-VItro plasmodial activity of 

htIIdocedrelD koIschyr is mostly likely to be limonotds which are the active compounds in 

odIer speclCS in the family Mehaceae However further phytochemistry as they needs to be 

uadertakea oa tbe extracts 10 confirm thishypotbesis 

0.9. Oemic.al variability in species aOIoog populations in sanctuary 

n. raub of this study has shown variability in the relative proportions of the main peaks 

ill HPLC b"K:cI of the four species. The relative proportions of the peaks (compounds) 

daffaW Slgrufic:aDr.ly among populations from the different areas of the sanctuary. The 

\1ri&biliry in the peaks was well partitioned during peA analysis and correlated with the 

*tie populations of tbe sanctuary Each sample of a species used for the analysis 

rqrueots a typical prescription used by herbalist for the treatment of malaria in the 

-.:tuary. If the differences in peaks (compounds) are usoc::illed with witb differences in 

KIM: compounds then the efficacy of preKriptioflJ for the treaunenl of malaria will vary 

SlBDlficantly depeodingOG where the plam: &ample was eoUected within the sanClUll)'. 

Tbt '+'Iriability in the relative proportions of the peab among populations in the sanctuary 

CD.id alJo illdicatc possible ebernotypea ia the sanctUU)' However, a laJljer I&mpling 

~ is rcQ"UU"ed to orofile the qu&ntit.ative varia.tions in the fow pl&nlt from the 
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~ IOC..-.'" ........ __ . __ • ..he four species were responsible for most of the 

cMaucaivariability among popuJatioD5 of the sanctuary 

TbephynologicaldevcJoprnentalstageofaplantcaninfluencetbeProportion ofsec.ondary 

JDCUbolism ill different tissues within a plant. The variability observed among the 

popWatiomcould be because the wnplecootained individuals in different stages of their 

drwlopment., Ihhough attempts were made to collect only from malUre plants 

McdiciGaI plants may be wittingly or unwittingly substituted by other samples, some of 

which may be toxic (Kite et al , 2002). Crude samples of medicinal plant might also be 

mixedwitb plaratbat look similar inappean.nce For the authentication of herbal species 

dIeu chemicaJ infrupecific variability should be known (Vieira, et aI., 2003). The HPLC 

pro61esorthe four species studied here could be used to authenticate herbaJ products made 

froID the f'ow'species in the sanctuary. However, more information is required to correlate 

me profile of compounds in the plant with the activity of a plant before we can use this 

rypeormethodtO&SRSthequalityofa!peCies 

4.3. ... Mol«ular studies (AFLP markers) 

Tbe raul! of AFLP showed high 8enet~ diversity witrun population compared 10 among 

populaalOlU tJI the sanctuary in both Cama srt~riano and Pseudocedrela /couchyr , 

Deriant individuals W'tre a.Iway!. observed among groups in both the peo and neighbour 

joiUng analys.i.s. This c:ouJd be due to extensive gene flow amana the tlvee populations of 

III: sanctuary (Zawko ct al . 200 I) Thus the three populations of Cawa SIeNna"" and 
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~eanlD/llJi5l;ny, w (uo; iiD.;;.·..:..l area are Dot geoetically isolated and individuals of 

p!aDl'Sindifferem popula!K>nsexcbangegeoetic material 

Gc:DeraIty. there were a high genetic diversity within individuals from Kantu area and this 

popuIaIion was also genetically distant from the other twO populations in the sanctuary 

This could be because Kantu area ii geographically farther from the other two populations 

• .3.11. 'atterns and correlatioDs of "ari.bility from all data sources 

The morphological and pbytocbemica.l analYSIS of variability in individuals of Cassia 

SJtbmal1tl showed three groups for each species. 1bese groups corresponded to the three 

populations in the sanctuary. However, only the H. barterl. M. mermu and P. Kotchyi 

tbowed as revealed by the PCA analysis. The use of morphological characters as 

daalpcon sep.arue to plants among the three populations in the sanctuary is difficult due 

., tbev continuous vanations Although. • limited number or samples were for the 

piIytoc:bemjcaJ analysis, the panmlS of the variability as observed from PCA suggest that 

die 5IIIlpiescoUected from tbe three populations in the sancruary are well differentiated 

While the phytochemical analysis showed a good discrimination among population in the 

sanctuary, the use of secondary metabolites as infraspecific markers is influenced by 

fIcta:n such as enwonment. plant 4evelopment and method UJCd for extraction (ViM et 

al. 200I). ID order to use the variatioos in secondary meiaboiites as infi'aspecific markers 

_the sanctuary, a large rlJ.lDber of individuals at the same stage of their development will 

"'tobeused for analysis 

The AFLP markers were obtained raodomIy from the total DNA of C. sIebertantJ aod P. 

!otJchyt However, the pa£t.ema of variability from the AFLP markers were comll1ed to 
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.. of lbe morpboklgical and pbytocbemical cJwacters. Genetic variations among 

~'1lduab: within the same populatMln were generaJly rugher than intrapopulation genetic 

\..naUons Hence deviant individuals were observed among populations from both the 

PCO atId neighbour JOlmng analysis of the AFLP markers Deviant individuals were also 

observed among populations during the PCA anatysis of morphologica] cbaracu:ts in all 

die four plaDts. With this s.ampling in the present study. the variability among populations 

suggests tbat it is possible for gene exchange among the three populations in the sanctuary 

rrus the variabiliry in morphological and chemical characters could be due to phenotypic 

pIuDcity This is abo confirmed by the fact that individuals from the three populations of 

the SMCtuary flower at the same time. Phenotypic variability among populations of species 

QlDOt IUl'pri.singdue to the differences in !Oil conditions and species associated with the 

ilur pWu in the t1vee populations in the sanctuary. It is possible that further sampling will 

c:onfu'mtbephenotyplcvariabilityofthefourspeciesfromdifferentareasofthesanctuary 
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__ .AJ"fERFIVE 

CONCLUSIONS AND RECOM~U;NDA nONS 

l)epresentiDveGigation bas identificd a range of species used by an indigenous group of 

peopk ID Ghana to treat malaria, The species of plams used for the ueauneut of malaCIa 

fonnedc:a. 20 % of their entire flora and eight ofthcse plants have not previously been 

U1v~gatedfortheiranti.ma1arialactivity This study has shown that there arc still plants 

UNd by indigenous people to tre.at malaria which have not yet been investigated. This 

tOJdy has also shown that the sc.ope of knowledge obtained about traditional uses of plants 

wiU depend 00 the methods used to interview people. The results have also indicated that 

species thai arc used to treat malaria are not the most abundant. Thus if their use was to 

1lKlUK, It is importaM: that. strategy is drawn up for the conservation oftbese plants 

lDthis srudy. the blOloglcaJ aaivitie:s of extracts of the four speciesuscd traditionally to 

tRa1 malaria were not very active in the bioassay used to evaluate activity anainSl the 

parISIle This means that further experiments using different bioassays should be 

WIda1.akeo to evaluate the use of Cassia Slelwnana, Haemolostaphls barlen. Mltragyl/D 

.."., ud P4InIttioudrtla kouchyf for (be treatment of malaria. However. it could be thai 

tbeCOGlpOUDdsiDtbeexttactsdoootcurethed.i!oeuc but might have effeas on symptoms 

~edw1thma!aria 

Tbeextraasoftbese spccies were active against some micro-organismsand an insect pest 

1bepeopleiatbesanctuarybadootreportedlhatthesePlaotshadanti_insectanda.nti_ 

microblal activity . This 600inB highJightsthe need tosc:reen extnctsoftradition&lly used 

mcdicioaJ pla.ot species in differem. assays in order to fully evaluate their biological 
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1divitY. II is recommended tIW ITI-WI(O antiptasmodiaJ bioassay should be conducted on 

dteomerspec;esofplaot used to treat maJaria in the sancruary 

Tberesult of the variations studies has sbown that the four species selected for this study 

varied aJDOO8 different areas of the sanctuary. The variability in the four species was 

maWy quantitative aDd included a range of characters largely from morphology and 

cbemiwy The differences in chemistry could mean that the efficacy of plant collected 

from different paltsofthe sanctuary to treat malaria will differ. TheseasonaJ variability in 

die efficacy of the four species was not investigated in the present study. It is important 

dlltfidurestudiessbouldlookattheseasonalvaria1ionsinefficacyofthefourplantsin 

oniIrlDdcterminetbeperiod of optimal yield of the active compounds 

1be variability iD the species, at least, in Cassia .('e~rialla and Pseudocedreln kotschYI 

was not genetic as extensive gene flow amona the different populations was observed. The 

variability in morpbology, chemistry and efficacy of Cassia siebenQlla, Hoemafossaphl$ 

baTten. MllTagytJQ memES and Pseudocedrela kolschyi in the sanctuary was therefore due 

todiffc:rencea in environmental factors. It is impoltant that the entire sanctuary area is 

a:aerved loordG'to maintain the genetic diversity of the four species in the sanctuary 

The preIeOl study bas also demonslnlted that tbe taXonomy of tbe four species in the 

IIDClUary IS stabJe 

If is hoped that the conununitia living in the sanctuary area as well as the Sanctuary 

Management Board (SMB), Noo-govemmentaJ organi~tions (NGOs) especially Nature 

Conservation Research Centre (NCRq and Earthwatch Institute, and institutions such as 

tbe CouaciI tor Scieatific and 1ndu!uiaJ Research (CSIR. Ghana) Qlrrently wOrking in the 
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sefuJrefercncefortbeconservalionandsustifnable--­
I 

UllSolplaatsintbesancwaryarultlSalsobeJievedthatthlslhesiswillserveasageneraJ 

JUtreDCe fur people inlerested iD the investigation of tnditional uses of plants.. their 

COItICfVIliOnalidsustainableus.es 
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tMlmJJOUPS 606136 0.505113 

TOUI {Carr I 

~RangcTc:slS 

5.282 
5928 
6.42 

'-ma.Talewonaan:t 
'-u1la-T .... 1RIl 
"'*"'=maarta·TIDkaaIla 

HomogencousGroups 

x 
XX 

X 

lOS 
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SwnofSquares Of McanSqwrc F-R.atio P-Valuc -­..... ..- 0.79572 

"".. 
2 

12 

IiIlHeIIfoapI 51.3191 25.6595 
WldilapQllp& 46.462 3.87114 

r .. (Con.) 

Il7ll X 
15.0"1 XX 
17252 X 

0.)'1786 
017689 

labraara-TaIewon.ara 2.336 PHS 
a..t_-T-*arlIarc:a -21'}4 27115 
lIbcuan:a-T-.aVC3 • ... UJ DIU 

·O"S • ....au,.Slpllficanl.ddrereocc 

AHOVATIbJe 
AnaI)'Sl$ofVlNDot 

~ Sumor~ Of ManSquare F-Rauo P-Value 

=:a: ~.!o~ °O~7 
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.\.Io()VA1.lbk 
AnaI)'Si5of V:m.1I\CC 

s-.d'Squacc5 Of Mc:anSquare f·Rauo P-Value 

a.rwec-...,.., 31954S 
Widlmpoups 272114 

ToIaI(Corr) 

AH{JVATtbIc 
AnalySis or Vanancc 

159773 
221,",", 

SWDofSq~ Of Mcaa.sq..e F·Ratio P-Val~ 

1hccG~ o.Olm33 2. 0.001&8667 .-goups O.o.U72 12 0.00347667 

T.a{Corr.) 

J,AGod. "Opm:cmLSD 

0'" 
0.3S1 
0.446 

Tlllbmara·T ...... 1rCI 
T .... ImI.TaIcwonaarca 
"*"'-at:I-TMtar.tarea 

·..0.012 
'()024 
1'1,0511 

x 
XX 
X 

-----

~ysuofVanance 

O.OKI2S17 
u.ulIl2517 
0.0812517 

Ioart:e S-olSqams Of ~~ f-Rabo P-Value 

=:-: 0g:JJ3 ~:~~~ 
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I!.NOVA TaMt 
AaaI)'Sis of Vananc:e 

SwnolSquares Of Me;mSquare F·R..;.uo P-Value 

!llcrMaF"'P' 0.0)0,1 0.01526 1.17 
w_~ _O_"_"_' ____ O_O_I~_26_7 ______ _ 

T_ICGIT) 

SlaaalSquares or MealJSquare F-Rauo P-Va1ue 

IctweeDpwps 002921)) 00146067 
MIIiI~ 4.12S68 0.)4)807 

r_(cOIT., 

ANt}"SlSor Vanarux 

... SumorSqu.ares Of Mcu~ F-RMIC) P-Valuc 

a....,ouf'S 0.004 
'1I'iIfIiII8f'OUPI 0072 

TotaIiCon-l 

ItIwee.pwpt 4"70729 135.)65 
..... &rwps 2612.1" 217.618 

TaocCon.) 
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.\NOVATabk 
~"SISo(VananCC 

SumofSquam Of MeanSquan: F·Rabo P·VaIue 

S--SJ'DII'I' 0.+$201) o 22100i 
... puaps 018656 OO)2:?1)) 

~: 9S,O pacalLSD 
CouIII McaJI HomogcocousGroups 

"-'~ $ J}(H X 
T~naan:a ~ IJ76 X 
TIIbn.u ~ 1,734 X 

K-.WI::I·Takwoaaan:a 

=~~an:~ 

ll. HamuuonapJris barren 

.0.011 
·"()17 

Bawea pOIp ) 17519 1 1.58765 
Wlduopoups ))148 12 0.271123 

McdIod' '1(,Oj)It.TtX"rCI.SU 

0.247325 
0247)25 
0247115 

CownMean ~Grnups. 

, .... .a, \ 2.972 X 
c..... 5 J)9-1 XX 
1'*"onam:a '4081 X 

ItInruIfQl-TakwoMlftII 
'-.. ·T ..... .. 
'Nc-..aoa.T .... area 

.726726 

0·~~4 
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ADal}SlSO(Varww:e 

S_ul~ Of McanSquareF·R;tuo P·Vlllue 

IkIM:CIlgr0up5 04299~ 
WlIIYIf'OIIP' 0.3 1018 

0.214978 
002112071 

T_(Corr) 0,7-10236 13 

Tankar,ljl('t:,l j 0.41 

::--alU~1 O~~ 
x 
X 
X 

·.0 342 tl.247973 
0078 0,233791 
"ll. .. 2 0,247973 

·Deaotcsasutistica1lysig.aificanldifferencc 

AWJVATlble 

Anat)'S1sofVa.naoce 

Swaac_Of 

lknrPeeagrtJUpS 9~292 

Widlialf'OlPS 11.3"31 

TOIII(Con') 

Anat)SISor Vmaacc 

-....... --
210 

4.77146 
U2859 
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LaIkt_i*ll: 

SulnuCSquIim or McallSquan: ----ToIaI(Corrl 

A..tyDsoiVanIDOC 

000354661 
0.0-'122 

-_ .. . _--_ .... _-------------------
SumalSqu.tn,a or 

..... puIIJII 1112JI 
WIiiIIJO'U9' 165)4 

SumofSqua.rcs Dr 

IIIM:eopoups 098752 
~poapI 0.561"-' 

kaaarea-T .... .. 
'-_-T ...... m:::III 

T*"oaa .. . T ..... 1ftI 

2 
12 

-0,"16 
,,{)616 

0.2 

Ml;ioInSqIllll\: F·Rauo P-Value 

211 

856105 
lJ.17U 

MeanSqWlJ't F·Ra1JO P-Valuc 

0.291066 
o.~ 

0.298066 
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SumofSquan:& DC Mc:anSquarc 

8dwceogroups 21.\617 
""'gr0up5 358313 

ToaI(CCIff.) 

106.S08 
2.98594 

_ .... "T= ... =---___________ _ 
NIdIDd.<)5 .0pen;c1~~ 

-----------

ANOVATlblc 

AnalystsofVanIIIQC 

Sam" ........ Of 

Ibecn~ 0.0113733 2 
WlllilllpotIp5 O.Ol~6 12 

MeanSquare F·R.allO PNalue 

0.00568667 
0.00299667 

IIhm::.P'o.pI o.m16 0.111618 
""-l:ftJapS 1.61421 0140357 
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Bct.uG1JOUPS 1.1)321 2 0.S66607 
Wi!bapoupl ] .94916 12 0329097 

Toui(ColT) 

MUn(J'lll'~ruJY1"'idth : 

SumofSQu.ues Of Mcan~F.Ratio p·VaJue 

Bervo'Wlgr0up5 0 17836 2 0.03918 
W ..... JJOUP5 0 399" 12 0.0332833 

- ...... WlIbuIgroups 

Total (Con.) 

A.naJ)"Sl50rvanancc 

SwuotSqUllle:. Of Mca.nSquare F·lbuo p·VaJue 

8choee'I!l1JOlll'5 0400]6 0.20018 
WlAmgJ0Up5 201] 0.16n5 

TOUiI(Corr.) 
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ANQVATable 

AJIall'Slsof",lIWlCC 

SwuolSquaresDf Mcan~ 

~goup 0117184 041592 
WQia poops J.673 O.l39·U7 

Feaa*ulY1Widtb 

s.r.oI"Sq~ Of McuSquan: F·R.loItto p.Value ---_. ._. __ ._---_. 
8c:tMIenVOUP' 171>481 0.882407 
Wl1Iungroups 044976 0.0)748 

T~(Con.) 

Anal)Sl5 of Van.1l1CC 

SumQ(SqI.lllm Of MeanSquare 

1IiIIMlcDCJ'OUPS OOSlO'}) 2 0.0440207 
W ....... 027.50-1 12 0.02292 

TOIII(Con.) 

AnalysIS of Vanana: 

a..ca.poaps 02U41J 2 0.1«207 
WIIIiI .... 6.23996 120.519997 

r...ICon.) 
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ANOVATabIc 
AII31),SISolVanaDCC 

SumofSqlllRS or Meu~ F·Ratio 

8crMeD~ 031972 0 .15916 
Wl&lMPIIJUIIPS 2.1..tlO-l 0.17&42 

A.na1ySl5of Vanancc ----=------_ .. _--_ .. _------
SwnofSqwues Df MeanSquare F·RaIJO P~Ve.U 

----------------- ...... WlhlPgroups 

To&aIICo«.) 

Lal"wldIb: 
ANOVATalIk 

1.80521 
72 .. 9415 

AnalyslSofVartlIDcc 

0.902607 
O.6O..t123 

_____ S_wn_.f_Sqc..""" __ Df _____ M<aD-.:..Sq~~~~_ PNal~ __ 

8ctwcca.poups 42)745 
w.. .... 3.641184 

__ T"" 

, __ ... 5 1.322 X 

t __ .. J 4168 XX 

1aDtu_ 5 " .Wl X 

2. 11873 
0.720737 

~-- ---------

'-- T*'"maan:a -121 
Kmruma-T...... 04}<t 
TaJewo..ma-Triarama -0846 

21S 

1169117 
1169117 

116937 
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AJ/tJVATJtie 
AmI)"SlSo(V.-unoe 

SwoofSq~ or t.bn~ F·R,abo p·Valve 

BeIMO groups 16 2118 43 IJS9 
W"~gJ'OUPS 624.216 52.018 

t_/Carr.) 

AnallSlSofVanaDIX 

sumorSquarcs_Df ___ M_ .... _s..-__ F._ ..... __ P._V~_"'_ 

01 .. .561) 

059176 ~~'!~~~ 

......... O.Wl89) 2 0.)01""7 
WithiD~ 0.31228 12 0.0260233 

IoWIrpIcRanJ:CTcsu 

~~~_"_.U_--__ C~ _______ ~~e~G~ -.... ....... -.... 
1.044 
I.H8 
1.512 

lamoarea-TaJ.e.-GQII.a • ..(IJ6.4 
'-IrQ ·Taar.:na 0.104 
T*"'oaIarct·T .... 1rt;I "'0.461 
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~"Wtll: 

A)l{)VATItIIe 

-,..... --
SdpIJktilC 

----

~'SlSofVanance 

SumolSquara 

000292 
0.14708 

AnaJ)'SlSorVIl1lllflCC _ol_ 
0.298S73 
0.34156 

0.42 ."" 0.762 

I){ 

D( 

..... ,.,... 
0 .00146 
O.D122S67 

MaoSq"", 

U. 149217 
0.0289633 

x 
XX 
X 

F·Rlluo P-Value 

• . BU1 

F·Raoo 

l U 

::-"'---::'-:-~"'-"'-""-----"-.'-"--.-ll-"-17-··----·--· ··--····· ·- .. .. 
laI!qlRll-T .... au 0.118 02}4SI1 
T ..... area.Tmkanlft:I "'OlU 0.2)4511 :-:._--......... - . -,-........ -.---"", 

Arlat)liISofVan.::e 

s..... Somal_ or 

~pt11p5 0.933613 :---:-. ... -:-"'-="',:--------
'-mgroup S746O! U.473M 

TOWf'Orn.) 

217 
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Slate#Squan:$ DC MeanSq~ F·Raoo P·Vahae 

acrv.u:ngroups 0.021 )33) 
"' .. groups. 0.08S76 

0.722 X 

00111667 
OOO"I~7 

07.&.& XX 
V.1S2 X 

c.oara-T*,,-,,__ 0092",39.f 
'-JICI-Tanbraan:a ·"().093 0.0924394 
"'*'"-.a-T ..... .u ..(1.076 (1.11'1243'1'-4 

Coml1alobt ..... : 

___ ~"WofVanancc 

---_--:-.~-~-'-,~-ll- Of :~=7 F.~~ :~~;~ 
"*m&J'OUPS OOIlIl 11.00109333 

ToaItt.r.) 
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A}IIOVATablt 
ADIt)_ofVIfiaDt;lt 

DC MeaaSquare F·RatJO 

UQ6.S25)~ 2 0.0)2 1267 
02&544 12 0,02)7867 

ToIaI(Con) O.:W96Yl 14 

AJl(JVATIWe 
AIW)"SlSOrv:anance 

~~M;;;;-~;--F:~~-O ~ ____ _ 
8crM:aISJWP5 0.03508 
WIllwIIJOUPS 0.0.11 " . 

rl&ll(Corr.) 

=:-~ t ~:r 

0.01154 6.69 0.0112 
0.00262331 

_0 ...... 
x 

XX 
X ---_ ...... _ ... -----

lallaarCil - T~naarea 0,0105793 
l-.-a-T...... ~M 0.01'M7iJ3 
T*'"'n.aarea~TIlIIwIIJU - .(IIIX oU705793 

AHOVATabte 

...... ~ 0.0152" 2 0.OO7b2 
'WIIIm~ 0.1136 U 0.00946667 

: 1'tIIItlCowl 

219 
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SumofSquarcs Of Mc4~ F·Rat)o p·Value 

0OO5tJ..&6b7 1.190.3314 
000421667 

1ktwCa18f0UP5 OGl00'I33 
"..poaps 0.050&4 

Total(Con) 

IiN)VATabJc 
AmI)"Sl5 of V:uunce 

--------:-:--:---::._ .. _--_._ .... _. 
Sum of Squares Of MeanSquare F·Raoo P·Value 

IdwccDpoups 0.2624532 0.131227 
.... B"JUII' 0.4352412 0.04().1.)67 

aMDd.:9j.O~~SD Homot;raeousGnlUp& 

1·~"':-4 --~------

1.1164 X 

'-_-""""ara 0.164 o.znlOI 
1Irmaan:a-~1fta -0.160.217101 
T*-.Ift:I. ~ Tanka1aarca ·~324 0.277101 

ANaYAT .. 
'-""ofVananc:c 

T_.Corr.) 
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1*-aftII 5 0_632 X 

~~ara ; ~~~!. ___ x: __ 
KaIII'IIIm3-Tan'ONlare.l 011 0.17:'i968 
KaalU.1fCl TanUraarc;:J ~.074 U175968 
Tatewonaarca- Tankaraarea '-OIU 0175968 

5cyk + Stigma Icllgth: 

MeanSquare f-Ratio P-VaJue 

Bcr1I'CCII~ 0.05137)) 0.02~867 
Wldungroups 0.2326 0.0193833 

lOlaJ(COIT) 

.5.4. PmllJocedreia *otschyj 

1'lao1hdl:tll: 

AHOVATable 
Ana!ysuo(Vanancc 

BIrwoengroups 1.41741 07-43707 
WilhiaPGUll' 610212 050851 

'-i<c.r.) 7.53953 14 
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AfoKWATabJe 
AaI)"lisofVanance 

A1«JVATIWc 
A.n2lySlSofVananoc _01_ 

MeanSquan: F·R.atJO 

ikhea~ 3.10191 2 ISS096 
...... poups 213085 12 215'J04 

fGlll(Con.) 

A.n3Iysaso{VanasQ 

Sumof_Of ........... 

8ncaJlOaPl 10.5477 1027)1 _poups 111345 0.986207 

TI&II(Con) 

HomogeneoosGrwpI -... -.... -... 
a-Ml.falewoo.aarea 
&-.aa.T .... ara 
""1IQ·Tanbraarea 

6.248 
7.142 
9.0S4 

222 
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LelfkCwi"",' 

OOVATailk 
AnaJ),'SlsofVananot 

SwaofSquarcs or -- 2.39116 -- 6.161 

ToIIIIColT.) 

"""'.,. 
AHOVATabk 

ADII)--molVenaDCe 

Sum of Squares or -- 5804.904 ........... 8·'·4.1·'2 

K-. .. · Tak\.oruare! 'IJ1211 
x.:.area·T.mbr.ul12 ·13.362 
T*"oaama.Tanabaarca 0.214 

iNOVATabie 

M~II'Squwe 

119558 
0.57175 

M ... Squono 

292.0452 
70.4035 

x 
X 
X 

~ SlDmSq.ms Of MeaoSquare 

am..pa!IIpI 0.19917] 2 0.0998S67 
"-group& 1.60\4 12 Ol.lJ45 

'''(COfr.) 

223 

2.09 0.1663 
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11.5624 
11.5624 
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o\NO'A'~ 
AnaJPMOf V.::'''''''''=-_______ -::-:-:-:--. 

~ Swo ofSqI.l3f'eS Of 

Id'I*IISfOUP'l 2 )9116 
.... 1JOOP5 6.861 

...... -
1JKjVATabk 

Aaafysls of VIll"WlCX 

1.19~58 

0.57175 

SumOfSqU.1re5 Of MeanSq~_~~~_ •• _ .•. ••• _ •. 

a.....1fOIIP5 584.904 292-152 
"MIIun~ 344.!-12 70.4035 

TcaI(Corr.1 

24.1))6 

24.27 
37.)98 

"-1ftiI-Taiewonaarca tl)121 
ltIaruara·T.tanlRl t13.)62 
T*-oa;aIlQ·Tanakraarca 0.234 

11.562" 
IU624 
11..5624 

S!xuu: S ... ofSq.rea Dr McanSquan: F·Raoo P-Valuc 

Irenca~ 019'"fT13 O.09'J8361 
~croups 1.6014 01))45 
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A.NOvo\Table 
AaaiyAIO(V 

SumofSquarci Of Mean$quare 

9clweaJft1UP5 56.3192 
W"'1CtOUP' 7496JI 

~95.0pcnalL~1IIII 

..... &RI · Takwoftaarea 
~lImI·Tankarnarta 
TaInIocu-.·Taaur.an:a 

16.332 
2o.z.58 
21416 

23.0% 
6_ 2~92 

HomOgencDuaGroups 

• • . Stu 
1.151 

-3 426 

x 
XX 

X 

344417 
344417 
3..14417 

s.c:c SwaoCSqua Of Me:m$4Jwc F·Rauo P.Valoe 

:.::-= ::~~I733) 00~)12:OS::37 
ToraJ(Corr) 

ANOYATable 
AIUI)"5IsofV:mance 

TOIaI(Con) " .31)33 __ """T"" 

M~_ 

0952667 
0.200667 
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!ddhOd 9511 pcn:t'TllSD 
Count Mean 

~aR8 ) 5.66 
TaIIwoMIJCII ~ 6.21 
TrianlrU j 6 .52 

~1I'CI.TalCWOCIIarea 
tt-._.T ..... .rea 
rwwou· Tanlwllatea 

ANOVATable 

x 
XX 
X 

'..0.56 ..,,, 
.." 

ADltySisoiVar,.-;e 

0.617289 
0617289 
0.617289 

SutnofSqw.res; Of MeanSljWIJc F·Raoo P-Valuc 

AnaJy5JSofVanaocc 

SumofSquates Of Mcan~ F-R.auo P·Value 

~CJ0UP5 0-43S41) 2 0.217707 
w.rePUIIIIIS 055976 12 00466467 

lmr.U'CI 0.97 
~area 1.042 
TlllblaIlCl l.362 

0.297619 
0.297619 

0297619 

225 

 University of Ghana http://ugspace.ug.edu.gh



Sum of Squares Dr MaaSqure F-R.aho P-V-': ----
AHOVATabIe 

O.0744IJJ 
0.27236 

Swnoi_Df 

1!IctwcaIS"O"P ()86032 
W"ldwIpoups l.66n4 

Tout,eM) 

l-.ma S 0.628 
1"*'"-ara j 0.812 
1'ItIbII_ S 1.212 

l.-M:l - Ta.Iewouarca 
IIIItDImI - Tld:araarea 
1'*"'-8fta.TllIbnarca 

ANOYATalIk 
AoaI)"ltSofVoWaDCC 

.... cc-.) 

, 
" 

x 
XX 
X 

MeanSquate F-Ratio 

0.43016 
0.1389)1 

0.513641 
0.511641 
0513641 
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Ii1'lOVATabie 

catpwWP: 

AnaJy51S0rVananoc: 

SumoCSqua.res 

TotaI(Corr) 

AmJ)"Usorvanancc 

AaIIysIIo(Vanance 

McanSquarc 

0.000606667 
0.01949 

... SumorSquarcs Dr MeanSq&e F-Rauo P-Valuc 

Total (Con.) 
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..... 950~LSD 

~an::a 5 1906 X 
T ..... .a S 2.001 XX 
~ma 5 2.116 X 

KIIII.a-T~OAIIarelI .{I 096 0.20202" 
Kml1Ima-T ....... arm ·"().21 020202" 
T*"-1Id-T .... UR. ..Q.1I4 0202024 

AnalySisolVIIIItIa -----_ .... _ ._. __ ._ ... _ ...... _ ... _-_. 
S .... ofSqulr"cs Of MeaoSquare 

Ilf'Ma:lpoups 0 45012 0 22506 WbIUI.... 0.677"" O.05M!lU 

T-.I<Con) 

....... "-r_ 

-----

----- -_ .... __ .-._-_ .. _-_ .... _ .... 
MdIItId950~ILS~ 

TlllbDara 5 
1.-1ra 5 2116 
T*--__ S 2.116 

..... -T*""'nIan:a 0121-'1) 
IalDIna-T ...... u.066 0'214 1' 
""""'ara-Tankar.!area · 0196 On141) 

· Drt.aa.GiIWlJall)!ilt9Iilkul~ 

228 
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!\NOVATabk 

AAIi)"5IsofVa.nana: 

SumofSquam Of MCOlIISquare F-Rauo P-Vah-= 

BetI\'CCIIIgrGdP5 0.4662:5.1 0.23)127 
wa.~ 6.74948 0 . .56lo157 

r"'(Con) 

AnaI)"suofV.-iIDce 

SwnofSquares or MeanSquare F-R.:iuo 

Icnrouapupl 0.0246533 2 0.012)267 
WIdt.i:II~ 0.37461 12 O.O1l2233 

TOUII(Corr.) 

AJulyysofVanancc 

;-----,---------------------------------
SwnofSquares or MeauSq~ F-Raoo P-Value 

IIrwecDpuups 13.36 6.68001 
ww.~ 63.912) 5.32602 

T*(Corr.) 
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Appcuu ....... ,-,UC-y .. ,,; .... -J~- ¥:varianCt (ANOVA) aDd mulliplt range test anaJyris 

(whcJY varia,ions ",'cre sigamaot only) of anatomical data) 

Sum of Squares Of MeaoSqurue F-Rauo 

~Ifa.p 0.00961221 
ffemcrooPl 0.0)4«167 

TOIil(Cotl' I 

0.1104111111 
0.00567778 

___ Suro_o_CSq_tweS. OfMcaoSqIall: F-RattO -- P-VaJl.Ie 

~groups 00005-1121189 ! o.~m91#4 0.93 - 0.4461 
~P'OUIII nUUllIlSlt60.OUUJI4667 

~1"'0A9 1---'----

-.ebuknbrtliu: 

AIIl)VATablt 

:::-: ;=1722 h~.=:lllltll 1.40 0.3171 

TCII(Con.) 00002641189 1 
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----
NIal)1iISof Vanancc 

SumofSqu.arcs Of McanSquare f-Rauo 

8ctMn~ OmSK 2 0.0079 
.... pups O.04U 6nOO80~'3J 

s..orSquara orMcatiSquate F·RatlO P·Value 

Bcrwte~ O.OOU)6012220.00011S01l1 
WldiDIfOUIII OOOO'SS)3l 60.0000915556 

TOIIl{COfT) O.OOO9ISSS6 8 

ANO\'ATable 

"-I)1uofVINDCI: 

S-oCSqr.te& Ot'McaoSquatt' f.RMJo-- P.Vabic 

1I::rwm.8ftIIIPI OOOOOOI5SSj6 2 7.77778~_7 --paps O.OOOOIIB3:t 6O.CD)OOJ8X1Ut'} 

T"'ICM I oooool21U9 II 
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Somar_Df ...... _F ...... -- 2764772 lJI239 12.02 OOOXO -- 68.9nS 6 IU%l 

Total (Corr.) 

TIIewonaarea '\ 1114)) 
'-_ 3 43 8667 
T ..... area ) .H.6667 

x 
X 
X 

K-.._·T~~ 

Kmtuarc:a -TankarBarta 
572)33 

· -7.8 
- - 13.523] 

6_ ~7~~~12 
T ...... -T ....... .uca 6,7741 2 

S_otSquarCb or McanSquate F·Ralio 

..... groops 0.0704667 20.01~23]] 
wtdIiD~ 0.0581n360.00972222 

Total ICon.) 

ANOV .... Table 

AaUysasorv.-.mce 

Soon:c SIIIIIaf'Squra DfMcanSquan F-Ralio P-Valte 

..... ..,. o.oOOlllU~ 20.rooown78 

....... gmtJps 0.00046866160.0000711111 

TCUI(Corr.) O,0006j()2228 
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ANQVATek 

SuIIIo(Squan:$ OrMeaDSquare F·Rauo 

BcrWCCllPOUJIl 0.0050026720,002501]327123 
~8RIGP' 00000553331 6O.00.JUtN1122~ 

00246667 X 
laI1III8JQ 1 0.026 X 
t*"OUIfa ) 0,U7j333) 

laDtuarea · TalcwoRaIJ'el ·~.049)))) 000606725 
K.DI_·T .... 1ftI o.oonn)) O.006061H 
TlkMmaarca·Taakaaiarca -o.0S06661 000606725 

StutlotSqWUC5 Of MAa~ F·Raoo 

aa-c. pvups )) 119118 2 Ib.~94 
"1IbiD .... 141.171623.6235 

T<UlICon-.) 
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Ml/JVATabie 

---~~~~~Squarc F-Rauo P-Valuc 

emvce:-PIIP' lW18.j.8S9 2 0.00924444 O. ~1 04654 
WilllalpoIIpI 0.0636667600106111 

~;-;5;-----;-----

1IIIMoI~ OOOOI2066720JJOOIW3333 0.24 
___ ~ 000152333 60.000253&&9 

------------.-------
n.i(Con) 8 

AnalystsofYanance 

SumofSqIYnS Of Mc.!SqIldfC F-Ratio P-VaJue 

~;;:~~;~~--;-;;~ 0.1141 
"-poaps 0.000574 6UUOO!.J95hb67 

T_{Con) 

ANOYATab\c 

~ S-ofSqawa; Of M..Square- ;;;;- p.Value 

~ ~3a:~7 62 :~15 
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BeIMa pvup!i O,OSYlf222 2 0.0299111 
WltbiDgroups OOSKI3l360.00968&89 

fGUl(Corr) 

Swa batkftbre width 

IkIwIaI~U.4JO(JOO2(,bc.C.720.000001l3333 
WiIIWlIJfOlilll' O, ()I1OO27l]3~ 61),00000455556 

AnaI)'S150fVanancc 

_ --. -....... _smn-:-:'-:S89Of :=*F-a:: 0,4241 

WiIhiII&ft11411 0.00214361 (, oooo47471X 

'*I (Carr.) 000319156 8 

~5ofVanance 

- -"'Square.Df ..... ·~F"...., 

::::-= ~:~ 6
2 :,:!;S 

T«aI(Corr.) 
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A.o.tOVATable 

BetMaIVOUPS 00571556 1 0,0235778 
Wllhmguups 00284667 6000474444 

HomogencousGroups --- , r .... 1R8 3 _ ... , 

,-__ Tlkwouara t..(l. 1933n 0111615 
lCaldauea~TaotarallR8 ..(l12 0 1 3161~ 
___ -T .... area 00133J33 0137615 

AJlK)VATabk 

.......... I)us or Vanance 

~ofSquarCl> DtMeanSquareF-RallO 

a.-ptIDJIS 0.000042 2 u.000021 170 0.2596 
~sn-pI 0.0000(4600000 1233)3 

T"'(~.) 
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!\I'IOVATIiIk 

AJIaIy5isofVanancc 

S.f#Squam. DfMeanSquare F-Ralio 

_--...... --0.-00000II· 2 0.000004 
.... .,.,.. OJJOO14260JlOO0236667 

T-'IConI 

.... b.rttfibre ..... pe: 

Analyslso(Vanance 

SumorSquares DfMeanSquare F-Ratio 

BchcaI9OIIP5 1099.38 2 549.692 
W"emgroups 453.051 6 75S086 

TO(al(Con.) 

::-:_ .... _. ~_.0_-:-_ ... _~_:~_7_H_Om-':g'-eDeo. US Groups 

1.a.. .. 3 64.8333 X 
1IIewonama 3 !)t>1l67 X 

------
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ANOV .... Tabk 

AmIySlSorvanaDCC 

··~~~P'ValUC 

00024886 200012"'44 
011673160.0194556 ----ToIaItCorT.) 

.. .,.rt..flb~widtb: 

IilfteaptlUlpl 0.00000"22222 20.0000021]111 
W .... .,.... 0.000044 60.00000731133 

TawlCarr.) 00000&&2222 8 

AnaI)"SlSor Vanancc 

Sum of Square.. OfMeaoSquarc F·Ratw PNa1uc 

8ehw:c:ftpoups 0,0000135556 lO.OOIM)()677T111 018 
.... &nqIS 0.000220661611.000036711x 

T_fCorr.) 00002.\4222 K 

s..buiLfi~ •• pe: 

ANOVATabie 

AnalysIs of Vananc: 

-.. Smoot"""", Of .... s.-. F ..... 

..... groups 9'7810.5248.9052 
WIIbiD ..... 482 ,6596804432 

TCIII(COIT.) 
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"'PJ"Cpuu. .... 'U'..v-v ...... v ____ ._.JdOd or ant .. malarial species in the Wechiau 

Commu.iry Bippopol8JDUI Sanctuary Gbana 

!.l.CassiIJ~nlJ 

C1f 43 81S N. 002° 47 058 W. 227m; 09° 43 66N, 002°46927 W. 225m; 09° 451 N. 002° 

46117 W, 235m. 09° 43 491 N, 0026° 46 802 W, 243m, 09° 43 882 N, 002° 47 063 w. 

244m; ryf 43 453 N. 002' 46 480 W. 209m. 09' 42 288 N. 002' 46 964 N. 229m. 09' 43 

343 N. 002' 46 900 W. 225m; 09' 42 762 N, 002' 47103 W, 226m; 09' 45 104 N, 002' 47 

OOW, 218m; ryf44 706 N, 002'47·347 W. 227m; 09' 45104 N, 002' 47 043 N, 002' 47 

043 W. 218m; ryf 41 122N, 002' 46 238 W, 229m; 09' 45 037 N, 002' 47 028 W, 228m 

~.2.H(JenuuostllPlWblUteri 

rtf 41 805N, 002' 45 670W, 251m; 09' 41 , 912N, 002' 45 644W 259m, 090 01 818N. 

002" 46 97BW. 241m; 0<1' 41 BI2N. 002' 45 700W, 256m, 09' 43 975N, 002' 46 841W. 

2SOm. 09' 42 226N, 002' 46824W, 242m 

fYI 43 . 975N, 002'. 47 037W, 220m; ryf 44 563N, 002'. 47 108W, 226m; 09' 43 

483N, 002' 46 484W, 252m; ryf 45. 725N, 002' 46. 350W, 249m, 09' 43 259N, 002' 46 

!68W 255m; ryf 43 '90N, 002' 46 570W, 240m; 09' 43 445N, 002' 46 450W, 244m; 09' 

43 429N, 002°. 46, 241W. 247~ 09°. 43 . 430N. oot'. 46. 888W, 09°, 43 . 430N. 002°, -46 

!91W, 227m; 09'. 43 406N, 002' 46 908W, 198m, ryf 45 153N, 002' 46 796W 233m, 09' 

45040N, 002' 47. 026W, 234m; ryf 41 3B5N, 002' 48 9BOW, 236m, 09' 41 . 535N. 002' 

41 'DOW, 2S6m, ryf 41 195N, 002' 46103W, 232m, 09'41 295N. OO2' 45 915N, 231m, 

09'01 18N, 002' 45 B'6W, 22B; 09' 41 BI2N, 002' 45 700W, 256m, 09' 45 I 53N. 002', 

4626296W, 233m 
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S. .. PUrtd«drdllkflSlCIIJ'I 

r1t44 786N. OOi ' 46838W. 232m. 090 4466IN. 002° 46 978W. 241m; 09° 41 405N. 0020 

45 744W. 237m. 09° 41 387N. 002° 45 893W. 229m; 09° 43 887N. 002° 46 229W, 229m. 

aif43 948N. 002° 46 570W. 228m: CYJ' 41 3S3N. 002° 45 786W, 264m. 09° 41 343N. 0020 

4S 72IW. 243m. o</' 44 08IN. 002' 46 956W. 223m; r:tI' 43 611N. 0020 46 047W. 240. 

(If 41 490N. 002° 46 S70W. 240m 
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AppeudiJ: 6; Spec:in assO(lateG with anti~ .. aJ.riai plants in Wechiau Community 

Hippopotamus Sanctuary Cilua. 

family 

~~ 
Paplhonac~ 

~hockllDeWllld"-----

l Aax1Dmlon&QCLUUl.)W;Iid'EX'Def- - -

rAaJnthospermumhlSpidu",OC 

1 ~«JtftonusLUUl_ Poaccae 

' .(Monosenegale1lSlsPers Shrub AnnOflaCe.1C 

bptIraps/logeJlons(KwlIhIBak 

AIpIhDQfn~(Pcn)C D_Adams 

"""&irefioradJol';OC­

I"""""""DI .. IScl>-;;mad,-,C EH"bboud 

",.bafo""gr-oBcnth ­

_--~~T I 
Shrub - - As1eraCQ-'-~ 

- ---..=-
• Herb _ _ Nyaagillolccac 

Herb Ruma..;cac 

iG;a;s-- I -~ - . 

Small tree 

: ~w~~~ -------~=­SmaJltree 

r.Jiolpermum grondljloru", Climber/\'tne 

Heo-b 

r~~~~n-------~=--Hc<b 

Ctmu popalM, 0.1111 &. Perr 

t/Jlltf tTuadrrmculont Lmn 

242 

Cllmber/shrub -

Climber/shrub 

Hat. 

Euphorbiaccac 
_oj 

Caesafpinac~ 

ConvollfOlaceae 

Mlmosaceae---
lC-aesa.lpmace:ac 

V,_ 
V_ 
CappandacQc 
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C~IInQbengltole,.,ul.tM 

h~~~~~ .. =Q~~A~C~~~.-------------t.~~---· I::, ..... -: 
C~febrifuRQ(AfzcI.ExGDon. l8cnth RubEac:caC 

~nQgoorenSIJGuul8: Pcrr---- f HCrb - -·1 P"3P.honaceac ·· , 

[CfInXII1t'Dplfow(Schum &Thonn).~~~~ 
()pt''!dlpocrlDrtuRoab 

~('lIlOollw"J(iOFe)H~·-

---~-

--l; -
I H)-poxu:!accac 

i <\pU.&ccac -_._, 

.f ("~l'lna':':"l': 

I Ca.csalptnacc.ac 

hoi :"':'-'~""~"'-"'-';=I;~~m-"=H'-~-"-;_~h -------I-" :~::_b_ -- [:m~ 
-- ~LIce i M~-: Elta/aafrtconoGuII1. &Perr. 
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-~hror;- .~iiY .. 

(inwlQCQrp,"~loJla Joss 
-------I--S~hru~b- - - i=r-d",,-ca-e-~·--

, Grewtovtllo,.", - - - :""' ---T~,:daaoe 
Hlblu:tIJtuperaHook f 

\Wgort'rgpulc:/lraWt1ld 

! l«"""rfD«tJwoPI~o(Schwe'nf)Sotms"Laub 

PapllJOna.ccac 

Zlnglberaccac 

1 ~)~JIJfRQ. - -~ 

=~&K~= 
l.JppuI_l_jlun:JMokIenke 

'M.""....."Hatms 

_taufo/loSm 

_""J""bosoLuw -

........-..., I 
- -""Vct~C.:.l .. -----1 

V~CdC: 

------~Shrub~-----~~ 

--------+=Shru-b--- -- RulKa<CiC - ---

. ! RubLaccae - - - 1 

SmaJltree An=nIiaceae I 
Herb 

Sapindaceae I 

Euphorlliaceae -j 
- -jsi;rub-

~npJ/f;;.t;;,;"(JI:n8I .&· o.C:i'--- - --~ 

l ""'fOM~POU -

Ca;&iPIMCQ~ 

--e<;;;b,,,,,,,,,,, ---

~loppncro lmn(Juss) 

Ea~i""g~~ 

244 
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• ...... gro/lQMlI(stapI)~ 

~Smu'iMga VI,osa (Roxb. E-XW'iiJd.) Badl 

~:~: .. _----
SpondIaJmombtnLtnn .. -- ---------h-~-

Cypcrnceae 

Anacardiacea.e 

~O srngrro Del . - ---I-S'-maJ"l-'--tt .. -- --+.:S"'--,"--,.uilac""'''''':c:-:-----1 

~1'IInI"'h4lfl1tIOI1U"'cham Tree t-8I8nOn~accac-

j)ychnos spmosa tam-

TtIIlfIIt'InmulldafL.um 

~rOS.aPla~rpo~II&~_ 

Herb 

Shrub 

---fScrophulanaccac- 1 

!LogaJUa~c 

Paptl tttnacCle 

" Mchaccac ITrfClNllo""~/._(FOrsk)Ch.oV 
: Truiupro,:unMrul1M _ -··-----+..,.He~rb--·- -. -----_1 

T"""fmQ"'''''fo/""A Rich_ Hen> - - -j;; ..... :-
Ijlrllanaf"O~:taGacrm , ( 

~""'''''';''!'OPlanch _ E.'Benlh 
Zlaplnumaunn",",_Lam 

------
SmalltTee 

iPoaccac 

!Sapocaceac 

Iv~eae 
Rhaman.caic· 
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I.-.,,-.n~ 
r __ "nmca- -

ArMI'phophollwsdrGcottwuks 

A'IdI'opogoncontomlS 

BO';"~- --

It<</uQnQrodl(lte 

:ClJtflwspe,.".",grotttl-;ji~",m 

, rQUla /1Ilm_ouk, 

I:):~::~gn 
I "-,,, """,,"/Oha 

!KAntuarea IT~:::a::: ~ --r-=----' rokaraare;;-l'otaI I 
t--_ - ~ __ : -- + ~- .,. S88 . 

:SS-!I 

, . . 

" --1-

2,. 
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s;;c;.--- Popull'ioBS OJ. of 

Talc_ona area f t"'k~;;;- lOW 

11 .76 

15 liii 

r''''"'I)'IQlnermIS 
-1-___ +-_,--_ l!t lis .. 

IPtIIIlhnJapttfftOlQ 

~g.-;;;;;;o - 1 -E-! - -t 
Ir.::::~=_=-_ ---+--- - -- -- -.-

,w,aiINJ - --~ .., 

15100.00''''''''' --­
, St,lochllOlflortoft.iio 

S)~~ 

[r,pI>ro,,,p""!K"'pa 
: Jr"wl'JQ/ulvlhofVIs 

t""''''''"=pa _ 

247 

1176 , 

~J 

2-" 29.41 

17.65 

Sig' 

f S8H- 1 

:: 1765 
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APlWadiI 8: Sp«ics assOCiated wi'" Hlllntlllostaphis barren in 15 plots studies in 

Weclli •• Co •• unity Hippopotamus Saoduary Ghaoa. 

"".Dlphoplwllhu droconloide~ t 
ANJropogongayonUli 

!AsparagttS~IIQ"S 

Ic ......... "n><>I>" .. ,.;_·· 

I t;JblIJ 1w",lwIkftjl! 

~lQnagOOr;,d,,----· 

rr""'fIl.fjpo«~hn 

Ilb,,~IIIt1oJ,.,.rn -

t-" .... _".. .. 

: ~R 82 

1 i9"i1 
---2- 23.53 

I 11 ,16 

-~~~~-~17-.65-~ 
2' _.- ·--2-

f- _._- 17.6$ 

Tf76" 

17.65 

-2.----+--11-76- J 

I 
1176

1 
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~-----,--- ~- -~ 

IKard. area ITaJewonaarea ~ Tankara8~ea l'~~ ! 
flJtlc}vyosItJClt)'SCfttentJ --f-- -------~: --_ 1 I :'iSH ' 

I ~~ii I 

- ' ~-~ 

,-::::::;.;-- -1----0---+-, _=p=l~ _~! 
Gfr'ftnVlIIOSJlffl - 1-----= ~ II~ 

I 
H.'."",,,,,,,,,, - - - - I fTIs 
IrtdiRQflra {RIkhra - - --rrss-~ 

-hw-j 
I 'i)U~ 

~~:~--
5 .. 

r~"o~ 

F,--,:·,-=----:--+--
Snychnos'f'lftflJO ---I--

--.~--- rrn--i 
176",5" -1 

-- -----,~.--

2.9 
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oAt or 

_ ~-----I----~K8"'_2·_,.~~=·a,.. ="",. -
.\,rrrJ'~/lDf'Dt.M'OfTJ 

Tlnkaraaru total 

J 116l 

'-- - ---=--~ 

Trphnll,aplol)'COrptJ 

J ~~ 

~,.;,.ru - -f--, I S .. " 

~--~---~~~ J::~ J 

llO 
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1 -­
~ ArrtOrpJwphallYSdroamtollkl 

. j -

E=~.nw ~--
:- ---',--+=-1 

l S.OO 

~u';;glJ/'.fU'r --+-,--1----1--

'8.75 

J7.SO 

- 25.00 

COUlatora 6.25 

6.25 -

~Ia;;;,-g~;,,,,,, -- · . : -

~,----- -t--,--+-----I---r;::::- ~ -~.-,---t--.---I---

:~ 6 .2S 

2(00 ', 

~-ii-71 

'fiB 

1 
, 

12 50 

'250 

25' 
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Specin 

t Otk_CM}:h~'O 
; hMl#tv",sp 

,~;'~a ­

I SlUlnDbarbo'D 

, SJaronhfo/la 

1 __ _ 

-~ .. 
%

0i1 
·' K;"nf. un , TaJewooa area ; 

--' , " 21 .00 

6:ff 

6.21 

6.21 

~- I 

6.21 

r -~2 --1----1--

212 
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Appeadi .. to: Species anot: .. leG wi" Pwl40cedrela AotscJ.?i iD . 7 plots s tudied 

----_. 
IA('O(l(,prmaenslJ 

t"'~"rm'~~/;'~k'-

~~---

Cama_WII1IIJSOUies 

E","pmPK" 

~rh,aC~",,(Jfv1IJ;;J;.f 

hrtttn",....Jan-,;;;;:;;-- · 

. Popu,,,i;;;;, - - ~·!%-;;r l 

T -T;J~-;-,o;3a;~a 1 Tuk;ra are. 1 1utal 

T --,--' 

;£t=­_ , I -
- '" '--.-- ' -- -

I 
, . 

253 

-t "7f> \ 

1 /1111 \ 

1 "76 

r 's88 

i '83 
t " ~ 76 
'1 S88-

,- ··i2)]3 
"' SilK 

- - -~-l 

' SRX 
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ApipCDCWlIU. ~I.UUI.&UU_l 

, Sr,-Io .. :hllQII/QnajOllQ 

t .~tfttdreIlQnodl/fo,a 

T(JIIIIQrl~"$lttJJ~~--

7;-pJl'I'~/Q7;.;r;;:Or~ 

Populations __ ~.t.o(1 
r K~~IU ar~a ~i ~T~a1,-wo-•• -m-. ~I Tank.fa area I total I 

~--,-" 

--r- .. .. :---] - , 

~-fi8 .. '.--" 

214 
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Appeada 11: SpKiDltD' 01 aDu_maJlrialspecitS tIJImined at tht Ghana herbarium 

(CC! 

Schmidt. H H ef 01 1841' Mole National Park (November: fru iting), Monon. 1 K & 

Ookosa A A 145 1 Fume road (March, flowering) , Kumi, 1 A. GC430)4 ! Legan Botanical 

Glrden (March. flowering) , Enti, A. A FE2620' Pokuase (September), Enti, A A & 

AaYakwa GC 35139' Bui Villaae (August); Sir Albert Kitson' Samdre River (March, 

flowering) . Andoh. 1 E 56981 lema., Kintampo (March, flowering); I-Iall & Enti . GC 

358701 Mole Reserve (November); Irvine. F R 15031 Krobo Odumase (February. 

f1o'o1r-enng) . Johnson. W H. 6521 Afram plains (March; flowering) , Asamany. V T K 

2211 Ac:hunola sehool Avenue (February, flowuing); Bucknor 21 Accra (December, 

fiwting). Monon, 1. K 8829! Tumu(March, flo\lrcr!Og & fruitiniJ) 

Motton, 1. K. 9001 1 Gambaga (April; flowering); Hall & HoustonGC 450431 Mole Game 

Resa.e(lune), Monon, I K 7319' Gambage Scarp (May); Akp.bl., G K 704! Gambaga 

(lODe; fiurtiq). Adams, C D. S46B! Wa (June, flowering), Adam$, C 0 616! 80ft) (June, 

&uiting), Oarto, K W 28S! Bole (April. flowering), Easterly, N. W. M. 2461 Gambaga 

(April; flowering) , Ent;, A. A., F H.8208' (1 ... 0), Hall, I B GC367961 Mole Gamo 

Reserve (April), Adam., C 0 2S6O' A808P Ashant; (April) 

2SS 
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II. l. MitralO'na;nnw,;s 

SchmMh. H H et aJ.1792' \.fole !'o:alional Park (November. fruting); Hossain & Agyakwa 

0078651 Boisatanga (August. flowering). Dokosi, O. W Bt Kete K.rachi (December, 

tiuits); Harris. B J! Ho (November, fruits) . Boughey. A. S! Kpolame (November. flowers 

& fiuiu.) ~ Enti. A. A 6O1! Sodankope ~River Volta (November. flowers and fruits) . 

Morton. J. K. GC927P Ada (June; flowerinS & fruits); Goodall. D. W. 15894 t Oaboya 

(September; fiuits), Brown, T W 929' Accra (February; flowers); Anderson, J. J lSI' 

Krachi (flowering); Irvine. F R. 816' Achimota (October. flowen), Enti, A.A & 

AgyIkwa, C W. GC3S136! Bui Dam site (October. flowers) , Enli. A. A. 1057' Komi 

fOtell Reserw (August). Monon. J K 7510' Twnu (May, flowering); Hall & Enti 

GC427I5! Agoe. Volta region (May). Enti, A. A & Agyakwa, C. W. vnS482' Yapei 

(January); Enti. A A 81; Alyakwa, C W' VB42J! Mile 221 Kumasi~Tamale road 

(Juuary); Monon, J K A206J' Tefle (May. flowering); Monon, J K. 9840' Tamale 

(December). Adams.. C D. 4S97' Kete Krach, (December) 

Sdunidt, If H. et al. 1826! Mole Nation&J Park (November); Bona, S.G. GC 4621 Mole 

National Parlt' (October); Goodall. OW 15450! Bclf!lllanf!ll (April). Goodall. O. W 

1'179' Damonao (March); Akpabla. G. K 415! Tamale~Yendi road (December). Adams, 

C 0 IJO' WI (June), Adams, C 0 745! Wa (June). Akpabla, G. K 1865' Ach.imoll 

(February . flo ..... enng). GoodaU, D. W 151813' Oamonao (March), Monon, J K 

(1(7500' Tumu! (May)~£nri. A A Ge3S177! Mole Game Reserve (FebruaIy), Akpabla, 

G K. 4151 TamaJe-Yench road (December) 
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ApJW'ndl.'l; 12 : NYIA ... prollih U' , .. :assN siOJeriana ulracled in 80 DID melhBnol 

12 .. I.. HPLC chromatogram o(lea( at PDA ;!54 nm 

D',~, ~'.~> . , 
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;.. ~ 
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12.2. "PLC dtrolUtoKram or stem bark a. PDA JJ5 nm 
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1%. 3. UPI.C cllroaalQlran:l 011'001 bark al PDA 335 nm 
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Appeadix 13: HPI..(: proiliel 01 Hae" .. tlUlapltis barluj ~xlracled in 80 ." methanol 

11.1. HPLCc .... omllloc .. am ofleafal PDA 254 nm 

10.l. HPLC cbromalogram of 'I~m bark III' PDAJJ5 nm 
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Appendil 14: HPLC profiles 01 Mitroxy"o ;nunili eltr8cled in 80 % m('thanol 

11.1. HPLC Cll,.omafognm of leaf at PDA 254 pm 

nrfl~rof~' ·!P::~-·:'~'I·~mr<:~ 
~ ~~\r .. ! l' l.~~I'li_i ~~,~!J~li, 1_ 

-i I ,~ 

" I Ii I 

..j ~,;" ,~'" ~.; 

1". 2. HPLC ch .... atoaram of.le .. bark at PDA 254 nm 

... _ .;. ,:e-.-.... -
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i 143. BPLC (bromalogra .. 01 root bark of samples (rom Kantu and Talewona at POA 

154nm 
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AppeDdiI. 15: HPLC profi .... of PsatI«~ Aoaclqt ulracled in 10 -AI. AI~lh .. oI 
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15.1. UPI.e: daromatoan .... of stem bark at PDA 254 nm 
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15.3. HPLC c:bro.atolra. e(nM)t bark at PDA 1S4 aID 

U
-·-I··. ·:iP-:'Fn~ -: "";'-"''':"r·-~~ .. -.:'. ':;" -'!:-i'· ';'f'~-i" R' II .' . ' ii ' • I: ! s I .. t • t, 

, I . . ' a , 
I ! " I ' ,I i 

i , "1' .i"J'· ), , j ' . . . ' i<, •• 
. I-,-;: ,~ . I" .~ . I- Ii:. III' f, 'S: ~,.' ~ . ~ 
JL.L ' ""::'.1 '. . ~~, ..: !_ .,,-J.L'~ ;[ 
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AppudiJ: .,: APCI- MS d.l. 0( ... !yld orlur Ulmples of CM5Ul5ieberiana 

16.1. MyritetitlJ- ....... oside 

16. 2. QUfrtetin.).. rhamnoside 
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Appcodu. zo: Peaks used ror PCA ••• lysis orv.n.lioll, Iheir relenlioa time Ind l'V 

.11. aDd 11IIe p.rts of Cassia ~;f!:beriD"d .1IIere they wert idutified 

reak No/co_pouad Plantplrt RL(Min) t,;V mu (nm) 

lear 21 239. 274 

lear 27 235. 273 

lear 115 229. 324 

4(MyriCC1loJ-rtwnnoside) leaf 12.0 260. 351 

S(QuercetJn- Jrhamnoside) leaf 14.2 256.3l0 

leaf 207, 2l7 

113 236, 279 

stem bark 11.7 236.278 

!tanbark 123 237,278 

stem bark 12l 237.276 

Slembark I3l 236. 277 

stem bark 236, 278 

root bark 12.2 237.276, 316 

root bark 13.0 237,277 

root bark 13.3 238.277 

rOOlbark 14.l 238,278 

root bark Il .3 238.277 
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Appt'ddill 21: Puks ustd ror PeA analysis ohariatlod. tbrir "'t('nlion lim~ and CV 

lau. _ltd tltt: pam or Ha~nllllOSlllj1his barteri ~'btrt Ih ey M'ere Idtnlifitd 

PtakNv/cUiapound PI_nlpari RL(Min) rVmas.(nm) 

I""f 218.314. 

1 (Vilcx.in) leaf 114 268.3)7 

I .. f 12.3 269,331 

4 (Vilninor lSOvitexinU-glycoside) leaf 12.1 269,336 

leaf 14.0 264.323 

leaf 18.0 265,296. 349 

1 (Stilbene) 201.231.301 

23.1 236,288 
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Appc_dU. ll: rUM! useo lor rCA IDllysu of nriatiop. their reltntion time and UV 

.ax. and .lte parts of J\rllr(Jgynll illunUs where they were ideR,ifitd 

PukNo Plu'pare RI.(Min) t:Vma:a:(om) 

I .. r 2358. :788 

1-.( ' .5 2385.326A 

I .. r 12.7 229.6. 2558.3558 

leaf 138 230.2.2534. 

8A 246.6. 3270 

rOOl.bark 134 243.0.3282 

root bark 205.8. 2390.326.6 

6.0 244.0 

scembatk 85 2048. 238' 

275.2.377.0 
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Appaldi.J. 23: Pe.ks used for rcA analysis oh.riatioa, their relenlion time .and UV 

mal., afld lite parts of Pseudoctdrel. kotscbyi where tbey were idtntllitd 

reakNo Mantpart RL(Min) uv mu (om) 

I .. f 10.7 2330.263 2,3562 

leo[ 261.2,351.8 

l..c 2306. 260.6, 3552 

Ieof 12.8 2564, 354.4 

l..c !l.8 20 16, 23 1.8, 2848 

lear 14.2 2562, 3506 

lear 15.9 231.2. 263.8,3426 

stem b.t ~ 2188, 2ll .6 

2066, 229.6, 3218 

Ilembark 22.0 206.6, 228.0, 354 

51embark 233 2182, 241.4, 290 2 

root bark 21.9 210.4, 270.2 
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