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ABSTRACT 

• 

The major elhnomedical uses of Alstonia Boonei (AB) by indigenes o f  Tropical 

West African countries are in \he treatment of malaria and rheumatoid arthritis. In the 

pathophysiology of rheumatoid arthritis, the complement and polymorphonuciear 

neutrophils (PMNs) have been implicated. The main purpose of this study was to isolate 

the antimalarial and lmmunomodulatory constituents of the plant using a bloassay 

guided fracllonation technique. 

Samples of the stem bar!( of the plant (Collection number. Lowe 2323; Herbarium 

number U.L H. 1313'1) were sun-dried, coarsely ground and subjected to soxhlet 

eidractlon SU<X'.8ssively ,vilh petroleum ether (PE), diethyl ether (DE), ethylacetate 

(EIOAc) and ethanol (EIOH). Subsequenliy, tho mare was renuxed In water (AO). 

Extracts were dried by evaporation under reduced pressure (PE, DE, EtOAc, and EtOH) 

or by freeze dtylng (AQ) 

Tho <rude extracts ond / tho pure anti-malarial compound Isolated from the most 

active eldrad wero assossod against Plasmodium yoeli nfgerlensls (P.y. n/geriensis) and

P bef;hoi ANKA in!'Odlons tn mlco ond rats, respectively Activities or the extracts or
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isolated compound were investigated in early infection (4-day test) and established 

infection (Rane's test). Their repository activities were also investigated. Chloroquine 

and pyrimethamine served as reference anti-malarial drugs. The effects of  the crude 

extracts were also Investigated on the Immune system in vitro using complement system 

end polymorphonuclear (PMN) neutrophils as immunological parameters. 

Anlicomplemenlary (classical (CP) and allermalive (AP) pathway) actlvitles were 

assessed using human serum end antibody-sensitized sheep erythrocytes for CP and 

rabbit erytt,rocytes for AP. Effects of extracts on phagocytic activities of PMNs were 

assessed by using PMNs isolated from venous blood of healthy volunteers. Apocynin 

was used as lhe reference compound. 

In Py. nigeriensls infections, the order or anti-malarial activity of the extracts ,vas 

DE<EtOAc <AO< ElOH. The doses or the extract screened ranged from 100 lo 800 mg 

/ kg and the mean suppression of parasitaemla in early Infections end repository test 

ranged from 1.23 to 61 4°� and 3.3 to 56.7°/4, respectively The chemosuppressive effect 

� chloroquine (Smg/kg) and pyrimelhamine (1.5mg/l<g) were 85.9°/4 and 87 7% 

respectively, None of the extracts showed strong activity In established Infection. 

HaNevet, mice treated with the highest dose or EtOH extract had prolonged survival 

flffll Iha controls Activity guided fmct1ona1Jon of EtOH extract using dilferonl 

eh� tocm� yielded a pure alkaloidal constituent called AB-1, molling 
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point 208 - 21 o•c. Doses of 1 o - 80 mg/kg of AB-1 produced chemosuppressive effect of 

41.3 to 81.9% in early infection and 52.0 to 86.5% in repository tesl In established 

infection, chlorogulne (5 mg/kg) and AB-1 (80 mg/kg) produced chemosuppressive 

effects of 98.0 and 88.5%, respectively on day 8 post infection. The mean survival 

periods in the control, AB-1-treated and chloroquine-treated mice were 7.4 ± o.n, 

25.7 :t 1.23 and over 30 days, respectively. All doses of AB-1 produced higher 

chemosuppressive effects in P. yoehi Jnigeriensis infection than in P .  berghei ANKA 

infection. 

The order or anlicomplementary activity or the extracts was OE = EtOAc > EIOH >

AQ. The antlcomplementary activity of DE and EtOAc extracts was mediated through the 

classical pathways. None or the extracts lnhlblted AP-mediated haemolysis and 

chemtluminescence, generated by stimulated PMNs. A triterpenoid, called AB-2, Isolated 

from EtOAc extract, slY.lwed very strong anticomplementary activity. The concentration 

producing SOok 1nhibi1Jon or CP-medlated haemolysis ,vas 1.4 mg/ml. The 

articomplementary activity increased with increase In temperature and time or 

Pfeirnbation AB-2 s1gruficant1y inhibited zymosan-lnducad mouse footpad swelling 

AO extracts contracted both guinea pig Ileum and rat stomach strip. Th8 

ca'trac:t,on was antagonised by methyscrg1do 1n o compotltivo manner 
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The efficacy of the anti-malarial and anti-inflammatory constituents isolated from 

Alstonia boonei lend strong support for the elhnomedical use of the plant extracts. This is 

the first report on the anti-<:omplementary activity of Alston/a boonei extracts. 
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CHAPTER ONE 

INTRODUCTION 

Plants are a biologically and chemically diverse resource ,vith estimates of 

250,000 - 500,000 species occurring on our planet (Cox and Balick, 1994; Borris, 

1996). To date, less than 10% of the total plant kingdom have been examined 

scientifically for their potential in medicine (The Lancet, 1994). 

The use of medicinal plants, a major component of Indigenous/traditional 

med1c1ne, for treating diseases can be traced back to written documents of the 

early civilizations 1n China and India as far back as 168 BC (Hamburger and 

Hostettman. 1991 The Lancet-edilorial-1994; Holland, 1994). Although modern 

medicine has lessened the dependence on medicinal plants as the sole source of 

drugs, nonetheless. the use of plants is still the almost exclusive source or drugs 

for over 80% of the world's population which utilise plant-based medicines for 

primary health care (Hamburger and Hostettmann, 1991, Phillipson and Wright, 

1991, Ph1ll1pson 1994 Borns, 1996) The greater proportion of the world 

popota11on that still use exlracls from plants to treat wide ranging diseases can 

bo found 1n dovclop1ng countries (Cox and Balick, 1994). In lnduslriollsed 

countnos, �lsnccs derived from higher plants constitute about 25% of 
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prescribed medicines (Farnsworth and Bingel, 1977; Principe, 1989; The Lancet 

editorial-1994). Furthermore, the use of plants in the form of phytomedicines is 

increasingly becoming widespread in some developed countries of Europe like 

Germany, France, The Netherlands, and Sweden (Bohlin, 1993; King, et al., 

1996) 

Interest in natural products research particularly that based on medicinal 

plant has been a cyclical phenomenon over the years. An early scientific 

approach 10\vards the treasure of traditional medicine In Europe was documented 

,n the late 18th century. In 1785, the British physician William Wilhering reported 

that ingestion of dried leaves of the Foxglove (Digitalis purpurea) eased dropsy, 

nowadays known to be caused by heart failure (Cox and Balick, 1994) His 

ong1nal source of information \Vas an old woman knO\vn for her great herbal 

knowledge. Oig1lalis 1nciud1ng its active glycosides, and the pure compounds 

d1goxin and dig1loxin Isolated from Iha plant were later made available for many 

cardiac pahents. This event represents one way by which the medical potential 

of the plant kingdom together with its diversity or chemical resources can be used 

for I.ho benefit of mankind. Following the lsolotlon or dlg1talls compounds, many 

important substances like morphine, quinine, tubocurarine, pllocarpine, codeine, 

vinblastino, v1nCt1slfne (oil of which have been known for yoars) havo boon 
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prescribed medicines (Farnsworth and B1ngel, 1977, Principe, 1989; The Lancet

editorial-1994) Furthermore, the use of plants in the form of phytomedicines is 

increasingly becoming widespread 1n some developed countries of Europe like 

Germany, France, The Netherlands, and Sweden (Bohlin, 1993; King, et al., 

1996) 

Interest in natural products research particularly that based on medicinal 

plant has been a cyclical phenomenon over the years. An early scientific 

approach towards the treasure of traditional medicine in Europe was documented 

1n the late 18th century In 1785, the British physician William Withering reported 

that ingestion or dried leaves of the Foxglove (Dig/la/is purpurea) eased dropsy, 

nov,adays known to be caused by heart failure (Cox and Ballek, 1994). His 

original source of information was an old woman known ror her great herbal 

knowledge Dig1tahs 1nclud1ng its active glycosldes, and the pure compounds 

d1gox1n and d1g1toxin isolated rrom the plant were later made available for many 

cardiac patients This event represents one way by ,vhich the medical potential 
• 

of the plant kingdom together with its diversity or chemical resources can be used 

for the benefit of mankind Following the Isolation or digitalis compounds, many 

irn;,oruint &ubstancos hke morphine, quinine, tubocurarine, pilocarp1ne, codeine, 

vinblastino, v1ncns1tno (all of which have been known lor years) have been 
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discovered through scientific investigahon of folklore claims. Some of them, for 

example, digitalis cardiac glycosides, are stlll the drug of choice ,n their 

respective areas of therapy (The Lancet, 1994, Cox and Balick, 1994). 

Around the 1950s, interest ,n medicinal plant consumption and research 

waned after storming advances In synthetic chemistry and molecular biology 

promised to supply new means for designing drugs in the laboratory 

Consequently most pharmaceullcal firms abandoned the search for therapeutic 

compounds ,n higher plants (Cox and Balick, 1994, Borns, 1996; Turner, 1996) 

However, since 1970 there has been a resurgence of interest in medicinal plant 

research and plant-<lerived products. Ecological a\vareness and an Increased 

demand for non-classical therapies have been advanced as reasons for the 

revival of interest (Hamburger and Hostenmann. 1991, Turner, 1996, Borris, 

1996) Another maJor reason is the undisputed cllnlcal efficacy of several plant 

denved drugs An example 1s the use of artemisinlne, derived from a Chinese 

medicinal plant Artem1s1a annua L(Qinghao) in severe malaria for which 

chloroqu,ne may not be helpful (UNDP/World Bank/WHO, 1991) Other 

examples of ciin1cal!y important plant-<lerived drugs are taxtds (from Taxus UNIV
ERSITY O
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ADAN LI
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The awareness that compounds with less direct therapeutic potential may

offer new molecular templates for the design of  more effective drugs has also 

contributed lo the renaissance of interest in medicinal plant research (King el al., 

1996: Turner, 1996; Borris, 1996). 

Bearing in mind the rene,ved interest in medicinal plant research, it has 

been reported that the alarmingly rapid rate o r  species extinction which is 

currently occurring, due in part to habitat destruction calls for certain urgency to 

the quest for plant-derived drugs (King et al., 1996, Boris, 1996, Turner, 1996). 

Moreover since the system of Indigenous medicine are based on a vast amount 

of empincal knowledge about the treatment or diseases, it 1s recognised that the 

gradual ·ext1nclion· or the trad1t1onal medicine prachlloners. together with their 

wealth of knowledge about folk medicine ,vould mean a big loss or valuable and 

vital e1hnomed1cal 1nrormation 

The studies carried out 1n this thesis are in recognition or the resurgence 

of interest 1n med1c1nal plant research II is behaved that a concerted effort using 

the approach of elhnobotany/ethnopharmacognosy and elhnopharmacology may 

lead to the d,scovery of yet more novel compounds which may be used directly 

as tno(Bpeot1c agent, oc offer medicinal chemists leads In lhe design of more 
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effective therapeutic agents This prompted investigation of some of the 

ethnomedical uses of Alston,a boonei de wild (Apocynaceae)in this study 

A boonei de wild (Apocynaceae), the medicinal plant inveshgaled 1n this 

thesis, ,s used 1n indigenous medicine ,n the continents of Alrica and Asia to treat 

a number of diseases including malaria, fever, rheumatoid arthritis, dysentery, 

insomnia. abdominal discomfort, hypertension, and painlul m1cturihon (Burkhil, 

1935 Perry and Metzger, 1980, Ojewole, 1984, Asuzu and Anaga, 1991) The 

plant extract has also been given after child birth lo help the delivery or the 

placenta (Dalziel, 1937, Irvine, 1961). The plant 1s widely grown in West Africa 

In Nigeria 11 1s mainly used 1n trad11ional medicine to treat malana, raver and 

rheumatic pa,ns (Ojewole, 1984), In Ghana, 1t Is used primarily to lreat 

rheumatoid arthritis (Kwe1fio-Oka11 1991(a); 1991(b) 

The use or the plant to treat malaria by far outweighs other uses and 11 is 

not surpr1s1ng that sc1ent1f1c investigation of the ethnopharmacology or lhe plant 

have IOOJssed more on the antimalarial properly than on other biolog,cal effects 

Howe,er the many studies that have so far been earned out have failed to 

identify a prom1s1ng anhmatonal compound which can e1lher be used directly as a 

thefapeut c �nt or as a template ror the synthesis or a more etfecllve 

00fflP(UlCI Fur1hermore there exists considerable controversies on the efficacy 
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of extracts of Alston,a species or their constituents 1n malaria (Wright, et al, 

1993) Studies ,n v,tro using several compounds isolated from the plant have not 

proven it to be a prom1s1ng ethnomedlcine from which an effective antimalarial 

drug can be developed However, the results lend some support to the use of 

Alstonia species 1n trad1honal medicine (Phillipson et al, 1993) It must be 

pointed out however that many of the chemical constituents from the plant have 

not been isolated following activity-guided isolation procedure. Therefore ll Is 

probable that the most active antimalarial conshtuent(s) of the plant has not been 

isolated (might have been missed). Furthermore, it has been reported thal 

nothing appears to be kno\vn about the ,n vivo achv1hes of Alstonia species 

(Ph1lhpson el al, 1993) This underscores a need for ,n vivo studies. This is more 

pertinent 1f 11 1s assumed that pro-drugs are the active constituents of Als/onia

species 

In this thesis, two elhnomed1cal uses of the plant, antimalarial and 

,mmuoomodulatory (antunOammatory) were investigated The choice of these 

diseases 1s based on the prevalent use of the plant extract 1n the two conditions 

1t1 Nra Ant,matarial acllv1ty was 1nves11gated in 111vo using drug-sensitive end 

resistonl-<odont malaria poros,tos AntlinOammotoryllmmunomodulotory activity 

wa, 1nvoi'.Jgo'ed 1n VI ,o using zymosan-,nduced footpad Inflammatory modal In 
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resistant-rodent malaria parasites Ant1innammatory/immunomodulatory activity 

was invesltgated 1n vivo using zymosan-1nduced footpad innammatory model in 

mice and 1n vitro on complement system and polymorphonuclear (PMN) 

leukocytes The choice of the two immunological parameters is based on their 

close assoc1allon with acute inflammatory responses and the impllcalion of 

complement 1n the pathogenesis of a variety of rheumatic disorders (Benencia et 

al, 1994, Morgan 1990; Pamham et al, 1984). 

OBJECTIVES OF THE STUDY 

The experiments descnbed tn this thesis were designed 10 achieve the 

following objechves 

1 lnveshgale the efficacy or Alstonia boonei stem bark extracts in 

rodent malaria using Plasmodium yoelil n1geriensis and Plasmodium 

berghe1 (ANKA) 

2 Investigate the modulatory elfecls of the plant extracts on human 

complement and neutrophil oxidative burs!. UNIV
ERSITY O
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BRARY
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3. Activity-guided isolation of the antimalarial and immunomodulatory

(antiinnammatory) compounds 1n the plant extract.

4 Investigate the efficacy of the isolated compounds in experimentally

induced rodent malaria 1n mice, and experimental rheumatoid arthritis

1n rat 

5 Investigate the influence of the trad111onal preparation process on the 

antimalarial activity of the plant extract The rationale for this 

1nvesligation is that most drugs derived from medicinal plants are too 

expensive for populations which use them (Waller, 1993) as is the case 

with ar\heether which is 10 times more expensive than chloroquine If 

80°4 of the population 1n developing countries are directly dependent 

on herbal drugs (Phillipson & Wright, 1991, The Lancet, 1994) and 

these populations cannot afford the cost or synthellc drugs ( especially 

those denved from herbal drugs) then we reel that the elficacy of the 

medicinal plant extract and the traditional preparahon methods should 

be investigated with a view to standard1z1ng and optimizing the 

methods In this way lhe poor populations that use the ethnomed1c1ne 

can derive utmost benefit from 11 
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CHAPTER TWO 

• • 

LITERATURE REVIEW 

MALARIA 

2.1 Introduction 

Malaria is an Infectious disease caused by paraslllc protozoa or the genus 

Plasmodium. The disease Is a major cause or high rales of morbidity and mortality 

in many tropical and sub-tropical regions of the world (WHO, 1989). The discovery 

in 1897 by Ronald Ross \hat mosquitoes transmit malaria not only contributed lo the 

understanding of the life cycle of Pfasmodium but perhaps prematurely motivated 

people to think that malana could be easily eradicated Since that time, eradlcahon 

of lhe parasite and mosquito vector via chemical and mechanical means has been 

only part1alli successful owing to financial constraints (I.e., confinement of \he 

d:s.ease pnman!y to developing countries) and the appearance or pesticide and drug 

re� st:ans of mosquito and pllrasite. respectively Evon the control of the 

rloc:tJon h3s not been completely successful OW1ng lo several factors Including 

m ea1 ::,g l.nCtdenco of drug res1s1anco to virtually all existing anlimalariol drugs 

(\'lltO 1990'. 1�1). 81Stcrse reactions to soma or the available onlimalorlal drugs 

•
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and staggenng cost of new drugs (WHO 1984, 1990) These conslrainls have 

necessitated the search for ne,v antimalarial drugs (WHO, 1984, 1990). 

In the search for now drugs, apart lrom molecular mod1ricallon or existing 

compounds 1ntens1ve sc,eon1ng ol plants ror btoaclivo ogonts hos boon recognized 

as a vahd approach (Fans\\-orth and Morns, 1976, Warburton. 1984 Wallor, 1993, 

Bohhn 1993 The Lancet 199-1, Cox ond Ballek. 1994) 

In thts thesis anllmalanol ochv111es or Als/on,s boone, (Apocynecoao) woro 

inves1rgated using rod1.:nl matana tnduced by Plasmoc,um yoc/11 n1ganonS1s (P y 

nipenen.s:s) nnd Pbsmocium bcrghci (Anka) P y nigeriensis or P berghe1 

lftettons m IT\ICO f un:rc:i:cd nro normally always lethal, paralleling lo some extent 

ec:..ans � '.h Pfasmocf. m fJ!cparum in humans 

The uso 01 an anmu model offers a method of adm1n1stenng the extracts or 

• might O!hcM1so be unoD101nablc 1n humans for ethical or

� a!Sd.' rOdenl pbsmod1a tiave played an 1mpo<1an1 role 1n 

nn..., M,;..,•� a;a:nst luNln plosmod1a as thoy oro econom,cal and 

B!'\JC1 c:tr.r.i" 1986 Po�e,s 1982) The discovery ond 

blood ld't!2on"OddeS I ko chloroqu nc pr\m.'.lqUene and 

b:� on ;-. act 'Y OQ3 nsl P GasJJOOeum (PC?tca nnct 
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Howells 1978). The above advantages nonetheless, caution should be exercised in 

interpreting the results obtained from the animal model, which may not necessarily 

apply to P. falciparum infections ,n humans. 

2.2 Malaria parasites 

Many species of malaria parasites are known Those that are utilized in 

research either because of their stmilarilies in life cycle or response to drugs cut 

across different families including Elmeri1dae, Toxoplasmidae, Plasmodi1dae, 

Haemoprofeidae and teucocytozidae. 

The only species which occur In man are lhose belonging to lhe genus 

plasmod1um (Plasmod1idae). The human parasiles and the types of malaria 

infecltons associated w1lh them are as follows 

Plasmodium falc,parum 

Plasmodlum vivax 

Plasmodium matariae 

Plasmod1um ovale 

Malignant lertlan malaria 

Benign lerlian malaria 

Quartan malaria 

MIider form or benign tertian malaria 

The lorms 'lort1an' end 'quartan· rarer 10 lhe penod1c1ly or lhe bouls or fever. 

In l81'11an malaria, fever occurs every 48 hours while in quartan malaria II occurs 
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every 72 hours The term ·malignant refers to the high incidence of severe brain 

involvement and other complicahons associated with malaria produced by P.

falciparum which is the most palhogenic species (Sayers, 1960) 

2.2.1 Plasmodium falciparum: It 1s the most pathogenic of the human plasmodia 

and 1s noted for producing cerebral malaria, a life threatening disease common in 

children Infection due to P fatc,parum accounts for more than 90% of malaria 

cases 1n Nigerian (Ekanem, Weisfeld, Salako, Nahlem, Ezed1nach1, Walker, Breman, 

Laoye, Hedbrergle, 1990) The parasite is essentially tropical and sub-tropical 1n its 

d1stnbulion 

2.2.2 Plasmodlum vivax and Plasmodlum ovalo: P I/IV8K 1s widely distributed, 

occuring 1n tropical, sub-tropical and some parts of the temperate regions On the 

other hand. P ovate 1s essentially tropical. Both produce milder clinical attack than 

P falciparum They are responsible for true relapsing malaria due to  lhe presence 

of the latent exoerythrocytic forms of the parasite In lhe liver (WliO, 1984) 

2.2.3 Plasmodlum molorloo: Although it Is widely distributed, it is more sub-tropical, 

and relatively rare. Relapses of Iha infection lo P malariae 1s attributed 10 the 

exoerythrocyhc forms remaining 1n the body for a considerable hme (WHO, 1984) 
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• 

2.3 Animal Plasmodia 

Animal Pfasmodia, especially rodent malaria parasites play an important role 

in antimalarial drug development against human plasmodia (Bruce-ch\vatt, 1986). 

The reason is that they are economical and convenient to handle (Peters, 1982). 

The discovery and development of certain blood schizontocides like chloroqUJne, 

primaqu1ne and proguanil were largely based on their activity against Plasmod1um 

ga/1/naceum (Peters and Howells, 1978). 

Before the advent of chloroquine-resistant parasites, rodent malaria 

(Plasmodlum bergheQ provided the basis for the search for new anlimalarlals (blood 

schizontocldes) In drug screening programmes. Rodent malaria therefore served as 

a standard model based on drug-sensitive strain of rodent P/asmodia. Arter the 

emergence of chloroquine-resistant Plasmodlum fa/clporum, another model, 

chloroquine-resistant screening model was developed At present, there ere a 

ballery or drug-resistant models O\Vlng to the development of resistance lo other 

anhmalanal drugs other than chloroquine. Notwithstanding the ,vldespread 

occurrence or multldrug resislant Plosmodlum folclparum, the standard drug

sensitive rodent malaria model still soems to be o highly relevant one In relation to 

human malaria (Peters and Howells, 1978; Phillipson and Wright, 1991). 

•
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• 

• 

2.3 Animal Plasmodia 

Animal Plasmodia, especially rodent malaria parasites play an important role 

in antimalarial drug development against human plasmodia (Bruce-chwatt, 1986). 

The reason ,s that they are economical and convenient to handle (Peters, 1982). 

The discovery and development or certain blood schizontocides like chloroquine, 

primaquine and proguanil were largely based on their activity against Plasmodium 

gallinaceum (Peters and Howells. 1978). 

Before the advent of chloroquine-resistant parasites, rodent malaria 

(Plasmod/um bergheQ provided the basis for the search for new anUmalarlals (blood 

schizontoc1des) in drug screening programmes. Rodent malaria therefore served as 

a standard model based on drug-sensitive strain of rodent Plasmodia Arter the 

emergence of chloroquine-resistant Plasmodium faldparum, another model, 

chloroquine-resistant screoning model was developed. At presont, there are a 

battery of drug-resistant models owing to the development or resistance to other 

ant1malarlal drugs other than chloroquine. Notv,tlhstandlng Iha ,Yldespread 

occurrence of multldrug resistant Plasmodtum falciparum, the standard drug

sensitive rodent malarla model still seems to be a highly relevant one In relallon to 

human malaria (Peters and Howells, 1976; Phllllpson and Wright, 1991). 

•
• 
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Numerous species and sub-species of rodent Plasmodia have been isolated 

and divided into tv,o main groups, namely, the berghe, group and the vinckei group 

(Ager 1984) The berghei group is widely used 1n chemotherapeutic studies They 

include P berghei (KBG-173) isolated by Vinckei and Lips (1948), P yoeli, 17 x 

(Landau and K1llick-Kendnck, 1966) and P yoe/11 n,geriensis (N67) (Killick-Kendrick, 

1973) Both P berghei and P yoe/11 nigenens1s are lethal to white mice and young 

rats (Landau and Soulard 1978, Killick-Kendrick, 1978; Wyler, 1982) Resistance to 

both species increases with the age of mice since reticulocytes are re,ver ,n the older 

animals ( Ott, 1968) and trophozoltes of both species show a predlleclton for 

reliculocytes In Iha circulation 

The course or rodent malaria has been reported lo be inOuanced by certain 

factors 1n addlllon to age These Include the following: 

Sex: Clear sexual differences 1n mice 1nfecled with Plasmod,um berghel malaria 

have been reported (Konopka et al., 1966); the females are reported to be more 

susceptible to 1nfect1on than the males 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



IS 

Pregnancy; Pregnant mice are more susceptible to plasmod,um berghe, malaria 

than non-pregnant mice (Oduola. et at., 1982 Aklngbade, 1986). 

Diet: Absence or para-amino benzo1c acid from diet can lead to unusual low 

paras1tem1a (Peters, 1973) 

Concomitant Infections: This can alter the course of parasite growth (Barort, 

1977. Gothe and Kreiver 1977) 

After inoculation or Plasmodium berghel into an uninfected mouse, degree of 

parasitem,a rises steadily until 50% - 80°/4 or the erythrocytes are paresilized 

Untreated mouse may die \vith1n 5 days or more after infection depending on the 

strength or inoculum (Raether and Fink, 1979), 

2.3.1 Plosmodlum bcrgho/ 

Discovered by Vincke1 and Lips (1948), P berghei has been found to be an 

excellent model for primary screening or dftJgs for eventual use against human 

plasrnod,a (Peters, 1975, WHO 1973) Aboul 200 different strains or p berghet 

have been isolated These parasites can be transm1ttod easily by 1n1ec1ton of bloOd 
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conta1n1ng 11 into laboratory animals such as mice (Bruce-Chwatt, 1980). Maturation 

of exo-erythrocylic stages of P berghei takes about 50 hours after sporozoite 

inoculallon and can be found 1n the parenchyma cells of lhe Liver The asexual 

cycle ,n the blood, from trophozo1te to schizonts, takes about 24 hours 

P berghei has been ,v1dely used for experimental work on the parasitology, 

immunology and chemotherapy of malaria. This rodent Plasmod1um has been 

extensively used in the United States In the development or potent antimalarial drugs 

(Peters, 1965; 1975) This has been possible because the parasite is readily 

transmitted to mice by syringe - passage In addition, the 1ntrapentoneal injection in 

mice has been found to be as good as the intravenous one (Thurston, 1950); 

penetrallon of the peritoneal wall lnto the blood stream occurs within 60 seconds 

(Black 1952) 

2.3.2 Pl;,smodium yoe/11 (P. yoe/lQ 

P yoe/11 17 x and P yoeh1 nigenens,s are subspecies of P yoe/11 (Kilhck • 

Kendrick 1978) They wf!re formerly thOught to be strains of P berghe, p yoe/11 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



17 

nigeriensis has gained prominence as a useful model for primary screening of drugs 

for eventual use against human plasmodia 

2.4 The Life Cycle of P/asmodium Species The life cycle of Plasmodium can be 

d1v1ded into four phases, occurring in the host and the mosquito (genus Anopheles). 

Figure 2 1 shows the division into one sexual and three asexual phases 

Phase 1: Fertilization (sexual stage in the mosquito) 

A female Anopheles sucks a blood meal containing both sexual and asexual 

forms of the malaria parasite. The asexual forms are destroyed in the mosquitos 

stomach However, the sexual forms (macro[female) and micro[male] gametocytes) 

are resistant to the d1ges11ve Juices of the mosquito and are freed from the 

erythrocytes to become free macro- and micro-gametes The mlcrogametocyte 

produces flagellated m1crogametes If contact with a macrogamete occurs, then 

feit1lrza1Jon results in the production of a zygote. The zygote develops into an 

1nvasrve oolunete, which plants itself In the stomach wall, migrates through the wall, 

then difforentiates ,nto an oocyst on the outside of the stomach wall 
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Phase 2: Sporogony (Asexual Development in the Mosquito) 
• 

This phase occurs entirely in the mosquito. The oocyst develops into 

thousands of (Invasive) sporozoites which rupture through the mature cyst and 

migrate through the body of the mosquito to invade her salivary glands. 

Phase 3: Hepatic schizogony (Asexual Development in the Liver) 

Toe subsequent feeding of the mosquito results in the release of sporozoiles into the 

blood stream where they remain for 30 - 60 minutes (Garnham, 1984). Many are 

phagocytosed, but a varying proportion Invade liver cells and become hepatic 

trophozoites, Exo-erylhrocylic schizogony in the liver produces thousands of 

invasive merozoites which are then released into the blood. A latent tissue forms 

(hypnozoites) may persist in the hepatic cells (in P. vivax and P. ovate Infections) 

causing relapses of malaria with clinical symptoms (WHO, 1986). 

Phase 4: Erythrocytic Schlzogony (Asexual Development in tho Blood) 

The exoe,ythrocytlc merozoites (released from the schizonts) which Invade 

the erythrocytes are first visible as tiny rings and then trophozoltes v1hich feed on the 

haemoglobin (protein portion) of the erythrocytes which Is ingested by phagocytosis, 

•
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The haem portion of the haemoglobin ls not digested. The trophozoites grow and 

divide into 8- 30 new merozoites. The merozoites together \vith pyrogens and 

undigested part of haemoglobin are subsequently released into the plasma when the 

disorganized erythrocytes bursL Attacks of fever coincides with the release of 

pyrogens and merozoites into the plasma. The cycle is repeated and as the disease 

progresses, some merozoltes develop into male or female gametocytes which 

circulate, but only develop further if they ere taken up by a mosquito to continua that 

part of the cycle (phase 1 ). 

2.5 MALARIA CHEMOTHERAPY AND CHEMOPROPHYLAXIS: 

Types of antimalarial activity 

Anllmalarial drugs may be classified by their selective actions on different 

phases of lhe parasisto's life cycle. The stages or the life cycle in men which may be 

susocptible to drug action include sporozolles, developing tissue schizonts or latent 

hypnozo,tes In the hver, blood achizonts, and gametocytes. 

2.5.1 Blood Schlzontocldos 

Theso ere auppresslvo agents which cause Interruption or erythrocytlc 
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schizogony of malaria parasites and subsequently terminate the clinical attack. 

Blood schizontocides include chloroquine, quinine, halofantrlne, artermisinin . 

Chloroquine is a highly effective blood schizontocide and is the most ,videly 

prescribed antimalarial drug (WHO, 1984). The effectiveness and widespread use 

or the drug is however limited owing to the development and spread of chloroquine

resistant strains or Plasmodium fa/ciparum (WHO, 1987). Different mechanisms or 

action have been described for chloroquine, including DNA Intercalation, 

alkalinizalion of parasite's lysosomes and formation or a toxic complex with 

ferriprotoporphynn 1X (FPIX). Although no one mechanism has been generally 

accepted, it is believed that chloroquine-concentrating mechanism In parasitized 

cells Is important for selective toxicity to malaria parasites. 

2.5.2 Tlssuo Schlzontocldos • 

This class of antimalarial drugs are used primarily because they eliminate 

developing tissue schizonts or latent hypnozoitos In the liver. They complolely 

eliminate bolh the erylhrocylic and exo-erylhrocytlc schlzonts, (perslsllng liver 

hypnom,tes of Ptasmodium vivax and Plosmodlum ova/a) thus prevonting relapses 

oC the d aease caused by these parasites ond offectlng radical curo. Drugs In this 

c,oup include lho S.anunoqu,nohnos ospocially primaqulno In felciparum malaria 
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where there are no hypnozoites, blood schizontocides will achieve radical cure 

(Rollo, 1970). The mechanism of action of primaqulne Is poorly understood. It is 

however thought to act as an oxidant through Its quinoline-quinone Intermediates. 

Another agent that can be used for radical cure (in matariae malaria) is quinacrine . 
• 

2.5.3 Gametocldes/Sporontocidal drugs 

Gametocides are suppresive drugs used to prevent infection by mosquitoes 

by destroying gametocytes in the blood. They include primaquine for Plasmodium 

falciparum and chloroquine for Plasmodium vivax, Plasmodium malariae and 

Plasmodlum ovale. Sporontocidal drugs are used to render gametocytes non

infective in the mosquitoe but do not destroy the gametocytes. Examples are 

pyrimelhamine and proguanll. 

In malaria chemoprophylax1s, the objective is to prevent Infection by 

suppressing the malaria parasites (sporozoltes). The range of drugs available for 

suppression includes the 4-anlmoquinollnes (chloroquine), lhe dlhydropte<oate

synthase inhibitors (sulphonos and sulphonamides), the tetrahydrofolale

dehydrogenase inhibitors (pyrimelhamine and proguanil), menoqulne and 

doxycycl,no It has been reported however, thal none of these drugs is acllvo 

against forms of tho parasite inoculated by mosquitoes, lhe sporozolles Hence 
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infection is not truly prevented. That Is, there is no true causal prophylaxis (WHO, 

1988). 

2.6 ANTIMALARIAL DRUG DEVELOPMENT 

Too first chemotherapeutic agent to be used In lhe treatment of malaria in 

modem times was quinine which Is the chief alkaloid and the active component of 

the bark or a tree called Cinchona Toe Isolation of quinine and other alkaloids from 

Cinchona bark was earned out In 1820 (Pinder, 1970) while lls synthesis, which was 

cumbersome and very expensive, was accomplished about 1944. 

PnOC' to  the synthesis of quinine, pamaqulne was synthesized by the Germans 

V'I 1924 Thus the drvg became the first synthetic enUmalarial drug to be developed. 

Howevef, due to a number of limilations including some measure of toxicity and 

irterior ac:tW,:y aga nst P. talciparvm (Peters, 1980), another drug, mepocr,ne was 

syrt.'lei'lzed In 1930 shortly before the outbreak of hoslllities during lhe second 

Vlort-.1 \'lar. The drug WllS effective In the treatment of acute attacks aAd for 

,._ .. 9:,r'..$ t.o fm moro offectJve antimalanal drugs by th� Germans resulted In 

,- dr� o! compounds oC the 4-em·noqu,noHnes (Sontochin ond Rosochin) 

.,. ��i� adHillos we,o mit comidorod to bo ,upcriOf to Mepacnno 
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Among lhe several 4-aminoquinoline derivatives subsequently developed, 

chloroquine was found in 1944 to have a faster therapeutic action than mepacrlne or 

sonloch1n and ,vas less toxic (Bruce-ch,vall 1986). Amodiaqulne, another 4-

am,noquinohne was found lo be atmosl as elfechve as chloroquine. 

The extensive research programme at that time also led to the development or 

lhe 6-am1noqu1nohnes (pentaqu1ne, 1sopentaqulne and primaquine). Pnmaquine 

was better tolerated and gained prominence in the radical cure of lnfechon w11h lhe 

relapsing malarias (Bruce-chwall 1986). 

In England and the United Slates, the search for anltmalarial drugs 

cullTllnated ,n the synthes,s of proguanil in 1944 and pyrimelhamine 1n 1951 

Ar.hough resistance has developed to the two drugs, they are still 1n use for 

prophylaxis (VJHO 1990) 

Fci1o-Mng the re•oase of chloroqu,no around 1946 and until early 1960s, 1 t  

remained the� cl c:no,ce fOf lho treatment of malaria and together with proguanil 

INS v,n�nam..ne P1.avoo a maJOf role ,n snhmolanal prophyla,us However, the 

e,ne,panoe a! P flt!apalum res,stant to c;hlo(oqu1no coupled with the outbreak of 

�deme· ;, inacilled the &eorch fOf new snlimalanals, P<Jrhcutarly 
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against the resistant parasites (Peters. 1980) The result of the screening exercise 

was the discovery of the potentials of sulphonamides and the value of combination 

drugs such as sulphonamides and pyrimelham1ne, the synergistic action of which nol 

only overcame or  delayed resistance to the sulphonamides bul \Vere also effective 

against chloroqu1ne-res1stan1 P falcrparum (BnJce-chwall 1986) The continued 

search for antimalanal possessing high ac11v1ty against chloroquine-resistant P 

faloparum also led to the development of  menoqu1ne and halofantnne. Although, 

mefloqu1ne 1s offecltve against chloroquine- and quinine-res1s1ant P falciparum 

(WHO, 1990, 1991), resistant strains have emerged lo it (WHO, 1990) 

Ano:ner prom1s1ng antimalanal drug is artemisinlne derived from Qinghaosu -

a SUbstance extracted from a Chinese planl Artem1s1a annua L Artemisin1ne is 

prcman\y of use m the lteatment or severe malaria (WHO. 1991) Denva11ves of 

artem� no w:h as artemether and arteether are ,n chn,cal use 1n China to lroat 
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2.7 DRUG RESISTANCE 

• 
• • 

Drug resistance in malaria has been defined as the ability of a parasite strain 

to survive and/or to multiply despite the administration and absorption of a drug 

given in doses equal to or higher than those usually recommended but within the 

limits of the subject (WHO, 1965, 1973). 

A major problem inhibiting the control of malaria Is the Increasing incidence or 

drug resistance especla11y that due to multi-<lrug resistant • Plasmodium falciparum 

(WHO. 1990). The extent of spread, the degree or resistance and the mechanism(s) 

of resistance (where ii Is known) vary from one drug to another. 

Chloroqulno 

The geographical distribution of chloroquine-resistant P. falciparum is very 

wide It extends from Its original foci In South and Central America lo most countries 

in Asia and recenUy to many African countries (WHO, 1984, 1986). From its focal 

point ,n Kenya (East Africa) where it was first discovered on the continent (Kean, 

1979) 11 has spread within a short time to other countries within and outside tho 

reglOl'l (WHO, 1986; Oduola, 1992). It has been pointed out that the ropldlly of 

spread oC tho paros,10 In Africa may not be unconnected with uncontrolled 

•
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2.7 DRUG RESISTANCE 

• 
• • 

Drug resistance in  malaria has been defined as the ability of a parasite strain 

to survive and/or to multiply despite the administration and absorption of a drug 

given in doses equal to or higher than those usually recommended but within the 

limits of the subject (WHO, 1965, 1973). 

A major problem inhibiting the control of malaria is the increasing incidence of 

drug resistance especlally that due to multi-drug resistant - Plasmodium falciparum 

(WHO, 1990). The extent of spread, the degree of resistance and the mechanism(s) 

of resistance (where ii Is known) vary from one drug to another. 

Chloroquine 

The geographical distribution or chloroquine-resistant P. falciparum is very 
• 

wide. It extends from its original foci in South and Central America to most countries 

in Asia end recently to many African countries (WHO, 1984, 1986). From its focal 

point in Kenya (East Africa) v,hero It was first discovered on lhe continent (Kean, 

1979) 1t has spread W11h1n a short time to olhor countries within and outside lho 

region (WHO, 1986; Oduola, 1992). It hos been pointed out that lho ropldlty of 

IJ)fNd of lho Pilf8S1te In Africa may not be unconnected with uncontrollod

•
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2.7 DRUG RESISTANCE 

Drug resistance in malaria has been defined as the ability of a parasite strain 

lo survive and/or to multiply despite the administration and absorption of a drug 

given in doses equal to or higher than those usually recommended but within the 

limits of the subject (WHO, 1965, 1973). 

A ma1or problem inhibiting the control of malaria Is the increasing incidence of 

drug resistance especially that due to multl-drug resistant - Plasmodium falcfparum

(WHO, 1990) The extent or spread, the degree of resistance and the mechanlsm(s) 

of resistance (where it is known) vary from one drug to another. 

Chtoroqulno 
• 

The geographical distribution or chloroquine-resistant P. felciperum ls very 

wide. It extends from Us original foci In South and Central America to most countries 

in Asia and recently to many Afncan countries (WHO, 1984, 1986). From its local 

point ,n Kenya (East Africa) where II was first discovered on the continent (Kean, 

1979) 1t has spread within a short time to other countries within and outside the

reg10n (WHO, 1986; Oduola, 1992). It has boon pointed out that the rapidity of 

spcead of the parasite In Africa may not bo unconnected with uncontrolled 

•
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• 

transmission, owing to lack of vector control measures and wide occurrence of drug 

pressure (WHO, 1986). 

Quinine 

Quinine Is a drug of choice for cases of severe and complicated malaria 

(WHO, 1984; UNOP/WORLD BANK/WHO, 1991). It is also used for uncomplicated 

malaria Resistance to this drug occurred many years before the advent of synthetic 

antimalarial (WHO, 1984), and has spread al an alarming rate especially In South

East Asia (UNDP/WORLD BANK/WHO, 1991). Earlier reports from that land 

(Jaroonvesama et al., 1974; Migasena et al., 1980; Chongsuphajaisiddhi et al., 
• 

1981) had shown Widespread occurrence of quinine-resistance P. falciparum. In 

Africa. resistance to the drug has been reported In Tanzania, Burundi, Kenya, Zaire 

(WHO, 1987). 

Although less widespread than chloroquine resistance, quinine resistance is 

nevertheless or great concern because or Its great utility in severe and complicated 

malana. 

Sulphadoxlne/Pyrimothamlno combination 

SulphadOJ1.Jne/pyt1methamine combination was the first drug developed 

against chiofoqu1n!Hesistant P folclporum (WHO, 1984), The combined drug 

exarts a more rapid eod potent octlon than either of the drug In comblnollon 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



28 

Resistance lo the polenllallng combination observed shortly after its introduction is 

now well documented 1n South-East Asia, South America and in Africa (Reacher el 

a/., 1980, Pinichpongse et at., 1982; Eichenlaub et al., 1983. 

Mofloqulne and Halofantrine 

Mefloquine and halofantrine are among the most recent antimalarial drugs 

developed against chloroquine-resistant P falc1parum. Cases of mefloquine 

resistance in in vivo and in vitro have been reported in Thailand (Boudreau et al, 

1982) and 1n Africa (Bygbjerg et al 1983, Burchard, 1983, Oduola et al, 1987: 

1992) Report on hatofantrine resistance 1s scanty However recent report 

(Ringwald et al, 1990) demonstrating reduced in vitro susceptibility to the drug 1n 

some West Afncan countries where this drug had not been introduced has been 

tal(en to imply the presence of innate resistance to the drug as 1n mefloquine

(Oduota et al 1987) 

Artemlslnln: It ts a new antimalarial drug which is used primarily in treating severe 

mataua (UNOPIWORLD BANK/WHO 1991) It 1s yet to be licensed for use 1n many 

coun111es In Nigeria (Wrst Africa) where this drug 1s still undergoing clinical trials, 

lnlm191'1t res stance ,n v,tro has been observed (Oduola et al. 1992) 
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2.8 ANTIMALARIAL MEDICINAL PLANTS 

Many medicinal plants belonging to different families are utilized in traditional 

medicine for treating fevers and malaria. Scientific investigation or the antimalarial 

activities of these plants using in Vivo and In vitro methods have not only provided 

experimental support for the traditional use or some or the medicinal plants, bul it 

has also led to the isolation of antimalarial principles In them. Toe follo\'ling are 

some medicinal plants which are used either alone or in combination ,vith other 

plants to treat fever and malaria 

Azadlrachta lndlca Juss (Mcllaceac): II is an evergreen tree which 1s ebout 80 feel 

tall. It 1s nahve to India, but it has naturalized in West Africa. In Nigeria, the chief 

use of the plant 1s in the treatment of fever and malaria However, !here are 

confhd1ng reports regarding Its antimalanol activity. For example, whereas Tella 

(1976) reported that high concentration of the loaf extract ,vas not effective in 

Pfasmooum berghe, malona, Ekanem (1978), Obih end Maklnde (1985) reported 

.-.im&lanal act1v1ty against Plasmodium falciparum end Plasmodium berphe/, 

,.ll)edively However. ont1meloriel effect against Plasmod,um berghel malaria was 

emonsttated In early in!ection but not In established lnfoclion High conconlrallon of 

.. INf � has been reported to cause liver domago (Basak, 1968), 
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Plcra/ima nitida lApocynaceae) 

It is a deciduous tree reaching 25m 1n height - ii is widely but sparsely 

distributed ,n Ghana and Nigeria (Irvine, 1961 ). Exlraclives or the stem bark, the 

seed, the root and the fruit have been reported to be used 1n lhe treatment or fever, 

malaria, and jaundice (Dalziel, 1937) The \Valer suspension or the plant was round 

to have achv1ty 1n P yoelii nigeriensis-induced early 1nfecllon, and repository test but 

not active in established 1nfechon (Taiwo, 1989) The main alkaloids from Picralima 

n11tda include akuamm1ne, pseudoakuammidine, akuammillne and akuamicine 

{Raymond-Hamel 1951) Akuammine, has been reported to be inactive in malaria 

both in pharmacolog1cal and clinical trials. It ho\vever has a local anaesthetic action 

almost equal lo that or cocaine (Reymond-Hamel, 1951) Akuammiline has 

sympatholylic, hypotensive and local anaesthetic actions (Raymond-Hamel, 1944). 

Marinda /ucida (Rubiacoae): The stem bark. roots and leaves are bitter and 

astringent The leaves are \V1dely used in the treatment or fever and malaria 1n 

Nigeria (Dalziel 1937 Ohver, 1960) Monnda /ucida is also used in combination 

therapy with other medicinal plants such as Alstonia boone,. Cassia podocarpa, 

Cimbopogon otralus for treating malaria and fever (Gb1le, 1986) Odetola and 

Bass1r (1986) reported that the extractive or the leaf suppressed Plasmod,um 

gatlinaceum 1n chicks but not Plasmod1um berghei in mice Ob1h and Makinde 

( 1985) hcr1tcver reported anlimalarial act1v1ty against Plasmod,um berghel In mice 

Laoye (1988), using ,n VIVO and ,n vitro methods confirmed the antimalarlal effect of 

Motlnda IIICida ,n Plasmod,um berghel malaria and also reported ochv1ty against 
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Plasmodium falciparum. Some active principles isolated from Marinda fucida include 

oruwal, oruwalol, oruwac1n (Adesogan, 1973; 1979). 

Khaya species (Meliaceae) All khaya species found in West Africa are reported to 

be used as anhmalarial agents (Adesina, 1988). The species Include Khaya 

senegalens,s. Khaya ivorensis, Khaya grand,foliola. All of them are used either 

alone or In comb1nat1on with other antimalarial plants Awe and Makinde (1991) 

compared the antimalarial activity of 3 khaya species against Pfasmodium berghei 

infection in mice and reported that Khaya ,vorensls produced the highest chemo

suppress1on of parasitemia ,vhile Khaya senegalensis produced the least 

chemosuppress1ve effect 1n early infection Surprisingly, they reported that Khaya 

grand,ofoliofa v,h1ch produced an 1ntermediale sch1zon1ocidal effect 1n early infection 

was the ooty active species 1n established infection The extracllves from lhe stem 

ball\ of these plants are used 1n Indigenous med1c1ne The stem bark 1s either 

soaked 1n water or boiled for a few hours Alternatively, alcohol is used as the 

med1U111 fAosl active compounds from Khaya species are steroids and tnterpenes. 

The tr,terpcnes aro very biller and the antlmalanal activity of the species are linked 

to the blllCf pnnc:aples 
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Spathodea campanulata: The water or alcoholic decoctton of the leaves and stem 

bark of \he plan\ is used 1n indigenous medicine for the treatment of malaria 

Mak1nde, Adesogan, Amusan, 1987, Makinde, Awe, Agbedahunsi,1988; Makinde, 

Amusan, Adesogan, 1990) reported the antimalarial etfecls of lhe crude extracts of 

the leaves and stem bark of the plant and also of the chromatographic fractions of 

the stem bark extract The crude extracts and the chromatographic frachons were 

more active 1n early infection than 1n established infection. 

The foregoing plants are widely used in Nigeria either alone or as a 

decocllon. Other plants used locally and which have been Investigated scientifically 

using ,n v,vo methods in mice or rats and reported to be active Include Solanum 

enanthum (Mak1nde Obth and Jimoh, 1987) and Cymbopogon c,/ratus (Obth and 

Mak1nde, 1986) 

To date the most important antimalarial plants are Cinchona and Arlem,sla 

annual L (01nghao), furnishing quinine and artcm1slnine respectively Other 

p,om1s,ng anlimalarial plants undergoing 1nvesligalion include Dichroea febnfuga 

�ragacea) and Tncl1sla subcordata The former 1s a Chinese plant with o strong 

reputalJOO for the treatment or malaria (Anon, 1975, 1985) Although considered 

IOXIC for uie as an antima1a11a1 drug 11 has been used clinically for tho trootmont or 

•
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-smod1um ovate and Plasmodium vivax malaria (Phillipson and Wright, 1991)

ifnc/,sia subcordata on the other hand is a Togolese plant vtidely used lo treat 

malaria An alkaloid from this plant has been reported Lo possess activity against 

drug-resistant forms of Plasmodium falciparum (Richardson et al , 1991). 

Some other anltmalarial plants, and lhe countries ,n which they are used (1n 

parentheses) include Brucea javanica (China, Thailand), Eurycoma long,folta 

(Malaysia); Simarcuba amara, Picramnia an/1desma (Central America) and Celas/rus 

paniculatus (Thailand). Extracts of these plants have been investigated for 

antimalarial effect on drug-resistant forms of Plasmodium falciparum, and the 

concentrations of the extracts that inhibited 50°/4 of asexual parasite grO\vth to 

schizont stage were reported to be 1n order of ug/mt (Phillipson and Wright, 1991) 

2.9 ANTIMALARIAL COMPOUNDS FROM MEDICINAL PLANTS 

A range of chemical compounds belonging to different groups including 

alkato1ds, sesqu1terpenes, terpenolds. qulnones and phonolics have boon isolated 

from antimalarial plants used tradllionally at different foci around the world The 

follOW1ng are some of the important compounds and their activity 
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Quasslnolds 

Quassino1ds are the biller principles of the plant family Simaroubacea 

(Polansky, 1973) They are terpeno1ds biosynlhelically obtained from lnterpenoids 

Quass1no1ds have been 1solaled from some medicinal plants thal have trad1lional 

reputattons for anhmalanal or other antiprotozoal activities Such medicinal plants 

include Brucea 1avanica (South East Asia, China, Thailand), Eurycoma long1fo/1a 

(Malaysia), A1/anthus al/issima �nd1a) S,marouba amara (Central America) and 

Picramn,a antldesma (Central America) 

Following the observation that extracts of 51maroubaceae are active against 

avian malarias several species including those mentioned above were Investigated 

for ant1malana1 act1v1ty and were reported to be active against Plasmodium 

faloparum (K1. multi-drug resistant strain) (Ph1lltpson et al 1993) 

Several reports relahng to the anttmalanat activity of quassino1ds ,n v,tro have 

appeared m the hterau.e (Trager and Polonsky, 1981, Guru, et al 1983 Fandeur, 

Mor� and Po.'ons'.-.y 1985, O Neill et al. 1986, Bray et al. 1987). All ot the reports 

n1a a'� llmt 1"1311'/ of the quass1no1ds tested showed superior act1v1ty 10

du� m"d q,.rn:no under I.he same test cond1t1ons There 1s paucity of

qi on •.>,e an' �artal aclJVtty in VIVO of quass1no1ds ow,ng to hm1tod in \11\10
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studies (O'Neill et al, 1987). However, the few studies carried oul indicate a level or 

activity comparable 1n some cases to qu1n1ne in P berghei infected mice (Bray et al., 

1987) 

The mechanism of antimalarial action or quass1nolds has been reported to be 

related lo disruption of normal ribosome funclton and Irreversible Inhibition or 

protein synthesis 1n eukaryo11c cells (Liao et al, 1976, Fresno et al, 1978, Beran et 

al. 1980. Hall et al 1983 Patel et al 1989, Kirby et al, 1989) 

In add1t1on to antimalanal offects. ac1tv11y against other protozoal. and 

neoplasm have been reported for quass,noids For example acllv1ly or quass1no1ds 

against Le,shman,a donovan, promasligotes and amoebic dysentery has been 

reported lRobert-Gero et al, 1985 Keene et al. 1986) Further, several 

quass:oo:ds have also been reported to possess cy1otoxlc achv1ty against KB cells 

(tunan cp:dermold cancef of the mouth} However, It has been reported thal 

O,'m'.trJJO •:,- docs not necessanly parallel antiplasm0d1al acttv11y (Anderson e/ al 

1991 1992) 

lnquiterpene 

�s- in llt'llJna!afrol med1C1nal plant resoarch has been sllmulatOd by 

ftlP0'1I d 21 u,e � the endopcroiido sesqu1torpeno tactono, artom1s1n1no, 
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'Nhlch has been identified as the active principle of the Chinese traditional 

antimalarial herb Artem1sia annua. Artemisia annua has been used for centuries ,n 

China for treating fever and malaria (Phillipson and Wright, 1991 ). Artemisinine has 

been reported to be effective i n  lhe treatment of cerebral malaria caused by P.

falciparum resistant to chloroquine tWHO, 1990) and lls action Is superior to that of 

quinine or chloroquine (O'Neill et al., 1985). The drug localizes in parasite 

membrane and may have an oxidant mode of action due to the presence of the 

trioxane structure (Vennerstrom and Eaton, 1988). 

Owing lo the lipophilic nature of artemlsinine there are problems associated 

with Its administrallon. To circumvent lho problem and improve on Its 

pharmacoldnetics, a series of derivatives have been synthesized, and the most 

active include ertemether, arteether and sodium artesunate. All these derivatives, in 

various dosage forms Including oral, suppository and injectable are used cllnlcally In 

China (WHO, 1991), 

Another novel sesqulterpene which hos boon roportod to hove ant1maloriol 

activity Is parthonln, an active principle Isolated from Parlhonium hysleropl:,onJs. 

Par1henln has boen reported to be active In vitro against e mullidrug resistant strain 

of P. falclpanJm (Kl) (Phillipson and Wright. 1991 ).
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Alkaloids 

Quinine, from Cinchona is the first alkaloid 1n nature. I t  has been in use for 

many years as an antimalarial agenL Many Important anlimalanal drugs such as 

chloroquine and meOoquine have been obtained using the quinine molecule as a 

template (Phillipson and Wright, 1991 ). In recent limes, many alkaloids \vilh \vide 

distribution in plant families including Annoaceae (Berberine alka!oids), 

Menispermaceae (Bisbenzylisoquinoline and Berberine alkaloids), Papaveraceae 

(Berberine alkaloids), Slmaroubaceae (8 - carbonine alkaloids) are now known to be 

in wide use In traditional medicine, including for the treatment of malaria 

(Vennerstram and Kleyman, 1988; Phillipson el al., 1993). Most of the alkaloids 

have been tested for antimalarial activity uslng In vitro and/or in vivo systems, and 

many of them have been reported to have activity against sensitive and multldrug 

resistant P falcfparum comparable to that of chloroquine and other standard 

antimalarial drugs. 

Blsbenzyllsoqulnollno alkaloids: Many blsbenzyllsoquine alkaloids have been 

iaotated from the plant family monispermaceae. They Include phaeanthlno, 

pyenamlne, aromoline (from Triclislo potans - one of the most active medicinal plant 

used ,n Sierra Leone for the treatment of fevers and malaria (Partridge e/ al., 1988).

'The ICSO value of lho 3 olkalolds against Plasmodium falclparvm (Kl) ranged from 
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0.15-1.43 ug/ml under the same test conditions (Tackie el a/., 1974; Dwuma-Badu et 

a/., 1975). 

Other bisbenzylisoquinoline alkaloids include tiliacorine, tiliacorinine and 

nortiliacorinine A. They have been isolated from TI/acora triandra (Menispennaceae) 

which is used as an antimalarial In Thailand. Their ICSO values against P .

falclparum ranged betv,een 0.56 and 3.5 ug/ml (Parvanand et al., 1989). 

The in vitro activities of blsbenzylisoquinoline alkaloids and the crude extracts 

from which the alkaloids have been Isolated have been reported to lend support for 

\he traditional reputallons or the species of plants In Sierra Leone and Thailand as 

remedies for the treatment or malaria (Phllllpson et al., 1993). 

Berberlne and Related Alkaloids: Berberine and related alkaloids (Protoberberine 

alkaloids) have been Isolated from Ensntla chlorontha, and are ,vldely used in the 

treatment of Protozoa! diseases Including malaria, omoobiosls and lelshmanlasls 

(Vennerstrom and Klayman, 1988). Three closely related alkaloids, borberlne, 

palmat1ne, and Jatrororrhlzine have been reported lo have activity against l\vo 

chloroqu1no-rosistant strains, (D-6 and W-2) of P falciparum {Partridge et al., 1990) . 
• 

The IC50 rangod bol\voen O 14 ond 0.36 ugfml for borborino, 0.16-0.28 ug/ml for 

pelmaUne and 0.42-1.6 ug/ml for Jatrorrhizine •
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Cryptoleplne: Crytolepine is an alkaloid isolated from Cryptolepis sanguinolenta. It 

has been reported to be highly active against P. fa/ciparum (Kl). Its In vitro activity is 

comparable to that of chloroquine base under the same test conditions (Noamesi et 

a/., 1991 ). Tho alkaloid however lacked i n  vivo activity against P. bergher, no 

reduction in  parasltaemla occurred. The alkaloid has anli-innammatory activity as it 

reduced carageenin-induced oedema in rat paw (Bamgbose and Noamesi, 1981). 

The root bark from which cryptolepine Is Isolated is used to treat malanal patients. 

The anti-Inflammatory property has been proposed to be contributory to Its effect in 

malaria. 

2.10 THE COMPLEMENT SYSTEM AND POLYMORPHONUCLEAR 

LEUKOCYTES (PMNs): GENERAL FEATURES AND ROLES IN INFLAMMATION 

Rheumatoid arthritis ls an inflammatory disease In v,hich cure has remained 

elusive (Brune, 1989; Paulus et al., 1992). Although the lnhlbllors or phosphollpld

clerived medialors of tnnammalion, mainly the cyclo-oxygenaso lnhlbilors, are 

effective, they are limited by their oflon deleterious side effecls, and dlolery 
• 

management has provided only transient benefits (Kremer et al., 1985) As such,

other unexplored area or arthritis manegemont Including immunomodulollon based 
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on demonstrated antibodies to joint components (Hayner et al., 1986; Morgan, 

1990) are receiving attention. 

The immune system is an important system Involved in the maintenance 

of homeostasis by defending the body against microbial infections. It is 

composed of cellular and humoral elements which act in concert to build an 

immune response and to regulate it. One of the many processes in which 

Immune responses are involved ls Inflammation. Inflammation is a reaction 

resulting from and accompanying an immune response to usually a foreign 

particle called antigen. It may be acute, Involving the complement and 

polymorphonuclear neutrophils (PMNs) or chronic, involving T-lymphocytes, 

lymphokines and macrophages in addition to the Involvement of complement 

and PMNs (Hood et al, 1984). In a rheumatoid joint, immune complexes 

((antigen (Ag) - antlbody(Ab)J often including rheumatoid factors (RF) activate 

complement via the classical and allernallve pathways. Complement 

activation leads to the release or complement chemotactic factors (C3a, CSa) 

Which attract phagocytlc cells Into the Joint. Toe phagocytes are activated by 

complement products (e.g. C3b) and while phagocytoslng the Immune 

complex. they release lysosomal enzymes, a variety or proinflammatory 
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molecules including reactive oxygen metabolites (ROM) which Initiate tissue 

injury In such diseases as rheumatoid arthritis (Fantone and Ward, 1985). 

The demonstration or complement consumption In biological fluids and 

of complement deposition In the affected tissues in human disease and animal 

models, together with the ameliorating effects of decomplementation on the 

model diseases, strongly implicates complement In the pathogenesis of a 

vanety of rheumatic disorders (Morgan, 1990). Although the initiating factors 

and copathogens may differ among the diverse diseases, the possibilities 

remain that measures aimed at specifically Inhibiting complement activation 

might be of therapeutic value In many of the conditions (Morgan, 1990; 

Fantone and Ward, 1985). 

In the foll0W1ng sections, some aspects or the biological effects of 

complement and PMNs activation are highlighted 
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2.10.1 THE COMPLEMENT SYSTEM 

Complement is an umbrella name for a complex series or proteins which 

forms one or the enzyme systems present 1n the plasma. The system is composed 

of at least 25 proteins of wh1ch 12 components C,-C8, factors B, D and Pare directly 

involved ,n the pathv,ays constituting lhe system, while the remainder functions as 

essential regulators (Morgan, 1990) Activation of the system 1n1liales a sequence or 

biochemical reactions, each component activating the next 1n a cascade fashion. 

The cascade mechanism allows rapid and considerable amplification to occur 1n the 

system thus leading to the formation or large quanltlles of active products The 

consequences of complement activation Include opsonization or antigenic particles 

(including microorgan1sms), activation of leucocytes and lysis of target cells (Frank, 

1992. Liszewski and Atkinson, 1993). 

Four functional units can be distinguished. two activation pathways, an 

amplif1callon loop, and a terminal achvohon route (Klerx, 1985). The two activation 

pathways are known as the classical and altemotlve path\vays (CP and AP 

respectively) Acttvat,on of complement via either or these pathways results in the 

proteolytic cleavage of complement factors resulting In small split products, end the 

generation or high rnolewtar cornplo>Ces or complomenl components 
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The complexes may eventually lead to the lys,s of target cells, whereas the small 

fragments play a role in many ,mmunoregulatory processes {Fig 2.2, Ro,lt et al., 

1989) 

2.10.1.1 Classical Pathway Activation 

The classical complement pathway (CP) can be triggered by lhe 

immunoglobulins lgG1, lgG3 and lgM. but also by olher substances as certain micro

organisms (Z,ccard,, 1984, L1szewsk1 and Atkinson, 1993) or the lipid A part or 

bacterial lipopolysacchandes (Cooper and Morrision, 1978). CP activation ,s 

1n111ated by the direct b1nd1ng of the C1 q subunit of C 1 to the target. and leads to a 

conformattonal change ,n the whole C 1 complex which results 1n the activation of 

subcomponents C1r and C1s. C1 activation ,s dependent on lhe presence of Ca2
'

(Johnson, 1977), s1nco the C 1 q, r end s complox 1s held together by a calcium ,on 

Activated C1s sphls factor C4 into a small fragment C4e, and a large fragment C4b, 

which binds to the target In the presence or Mg1
' C2 binds to the membrane-bound

C4b and in close proximity of acttvaled C 1, C2 Is converted 1010 C2a by splllling olf 

the fragment C2b The C4b2a complex Is l(nown as lhe CP-dependent C3-

convertaso C2a ,n this complex clea11es C3 into C3a and C3b. The loller binds to 
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route, the CP.<:fependent CS 

(C4b2a3b) (Law and Levine, 1977). 

�0.1� Altematlve Pathway Activation and the Amplification Loop 

The alternative pathway (AP) of complement can be activated by 

Pangburn, 1983; Muller-Eberhard and Schreiber, 1980) AP activity is based on the 

pre1tnce of low levels of spontaneously formed, extremely labile C3 Intermediate 

(+(C-0) - C3-($)-] in serum (Fearon and Austen, 19n) When this intermediate 

blndl to a aultable (sugar-containing) surface, it forms a covalent ester \\lhlch carries 

a binding site for factor B which Is In tum dependent on Mg
2
' Aller cteovago by 

factor D, the small fragment Ba splits orr and the lnltlal enzyme or the AP, C3(sugar) 

8b II fonned. This complex Is knO\Yll as the AP.<:fopondent C3 converlase, and 

converts C3 Into C3a and C3b C3b behaves functionally like Iha labile C3 

ate; it binds to sugar moieties end has also on aceoptor site for factor B

riH to C3b(sugar) Bb. Factor P(propord1n) acts os o stablllzor or C3b(sugar) 

fi,s promoting AP-dopondont complement eclivolion. L1ko C3(sugor) Bb, 

8b Is 1110 a CJ converlase, which givos nso to o conltnuous gonorolion 

C3b molecules (the amphficat1on loop). Eventually, C3b(sugor) BbC3b (end 
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C3 (sugar) BpC3BJ complexes are formed which constitute the AP-dependent CS 

convertase (Roltt et al. 1989: Medicus et al, 1976}. 

2.10.1.3 The Terminal Route 

The terminal route of complement 1s ln1Uated by the activation of CS by CS 

convertases formed via either the CP(C4b2a3b) or the AP [C3b(sugar} Bb C3bJ routes 

Dunng act1vat1on, CS 1s cleaved into the smaller fragment CSa and CSb The latter 

Interacts with CS to form the meta-stable CSbC6 complex, which may reversibly bind to 

surfaces, bot may also be released into watery solullons Arter binding or C7, a 

short-hved CSbC67 Is produced which is either 1nac11vated by soluble 1nh1b1tors tn 

serum (vittonecUn or clustenn) or inserts into cell membranes After the b1nd1ng or 

C8 the C5bC678 complex 1s formed ,..,t,lch mediates the polymerization of C9 (Klerx, 

1985) C5t>di78 and lhe potymenzed product of C9 can cause cell death through 

membrane damage (tys1s) The complex of CS through C9 is known as the 

merrttane at� comple:i tMAC) (Heideman et al 1988) 

Z.10 2 mo&oglul Actlv1llts Associated with Complement AcUvollon 

�al 1:1.ttog'tal adJV ttes have been attributed to complement split 

p,000, T� ,..,...ri peptides (oboUt 12t<Da) liberated dunno complement

' 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



act,vat,on mediate lhe tnggenng of several cell-dependent immune functions

(Morgan et at, 1983, Sundsmo, 1983). Fragments C3a and C5a have anaphylachc

properties (Muller-Eberhard, 1975; Minta and Mova\, 1979) They cause

degranulalton of mast cells, enhance vascular permeability and induce smooth

muscle contract1on, although the laller effects may also be partly due lo histamine

release from mast cells. Moreover, CSa is a maior chemotactic factor and priming

agent for neutroph1ls, promoting their migration from blood vessels into lissues Sphl

product C3b (and to a lesser extent C4b) are opson1ZJng agents (Liszewski and

Atkinson, 1993) The coating of mlcroorganlsms with C3b belongs to the most

important funcuon of complement Neutrophyl monocytes end macrophages have

receptors for C3b and therefore, covering (Pathogenic) micro-organisms with C3b

facilitates their recognition and uptake by these phagocytes

Complement has both negalive and posi1111e roles Complement helps

rna1nta1n immune complex 1n sotullon, preventing tholr doposltlon 1n the tissues, and

also solub11tzes prec1p1lated complexes (Morgan, 1990) However, II Is one or the

ma)O( ,nihallon pathWays 1n the process ol lnOommat1on, and complement !actors are

,nttmatety 1nvolvod ,n rheumatoid inOammalion (Pamham cl a/, 1984) Activation of

complement by immune complexes 1n the tissues will exacerbate lnOammohon and
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Complement is harmful under several circumstances including the 

• 

lf ac:tlvated systemically on a large scale; e.g in Gram-negative septicaemia 

1f activated by tissue necrosis, e.g. during myocardial infarction. 

if activated by an autoimmune response to host tissues For instance, 1n 

auto-Immune disorders involving auto antigen-antibody complexes, 

complement activity can cause tissue damage. Some examples of auto

Immune diseases, In which complement activation has adverse effects 1ncludo 

gout, rashes and innammetory events associated with rheumatoid arthritis end 

systemic lupus erythematosus 

�10,3 POL YMORPHONUCLEAR LEUKOCYTES 

The role of complement In the dofenco ol lhe human body towards Infections 

,- been discussed. Other components of the Immune system ,vh1ch play a key role 

1t19 nonspecif,c host defence are polymorphonuclear leukocytes (PMNs) end 

• The two coils are speclahzod in phagocytosls and PMNs In par11culer

1tw pnma,y cellular defenco against bacteria In humans and are en 

component or the acute 1nnommatory response (Fantone ond Ward, 1985, 
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it al., 1990). In addition, P.MNs are involved ,n the extracellular killing of 

ed and tumour cells (Simons et al., 1990). 

phagocytlc process comprises of the binding of usually opsonized 

, the fonnatlon of a phagosome by endocytosis and the 1nact1vation of the 

material after fusion of phagosomes with lysosomes (Cline, and Territo, 

980). 'The latter inactivation Is mediated by proteolytic enzymes, and reacllve 

tie consumption of oxygen. This phenomenon is callod respiratory or oxidative 

ofcygen burst (Barbior et al., 1973). In the respiratory burst, free molecular oxygen 

(O;) 11 enzymatically reduced to superoxide anions (OJ") by a membrane-bound 

NADPH-dependent oxido-reductese (NADPH-oxldase). The superoxlde onion which 

i regarded as a low toxic metabolite Is further converted into other ROS (hydrogen 

(HA), hydroxyl radical (OH"), hypohalltes (OCL. 01") with much moro 

11101,Rllld bactericidal and cytotoxic octiv1tlos (Barblor, 1984, Bellovito, 1988). 

The ectlvity of ROS are both beneficial and harmful. Whereas tho 

dal effects and toxicity towards vlrus-lnfectod cells or tumour cells ere 

!heir cytotoxlclty may causo harmful effects For example, 1n a number or 

disease,. such as rheumatoid arthritis, ROS are behoved to be 

rar lhe lesion, In the joint Us sue (Halliwell et al. 1988). 
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and Ethnopharmacology 

i11t1 Introduction: 

• 

• 

Alston/a Is the generic name of a group of trees belonging to a ramify callod 

�ae. They show a wide ranging properties which ore suitable ror Industrial 

and fflldk:inal exploitation. This review rocus on the med1c1nal properties There are 

about 50 species or Alston,a. widely d1stnbuted 1n the continents or Africa, Asia and 

Amlrfca (Perry and Metzger, 1980, Maberty, 1990). Those species that have been 

lnw.llJglled ror chemical constituents and biological activities include A scholaris. 

A. �. A. boonel, A ooriaceoe, A constricts, A. oongonsis, A macrophyfla,

� muererlana, A venensta, A undulata. A yunnsnansls The most ,VJdely 

1ll1ll.1A1cl IJllcies ls A. scholans occurring throughout Asia from India to South 

�- Indonesia, the Phil pl)lnes and the Solomon Islands (Perry and Metzger, 

.., ,. Pacdlc (Mabetly 1990) In West Afnca, the prevalent species are A

O,W.-nd A. oongonsis (OJOWOle, 1984, 0 tvcr-Bevor, 1986, Koay (1989)

epeoe1 have been extcruivoly lnvost1gated for tho,r ch4mlcal

and e.otooc• ectN os (Goodson, 1932, Foporusl and Boss r, 1972; 
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984 Kwe1flO-Okai, 1991, Awe and Opeke. 1990, Vasanth et al., 1990; 

et, al 1993; Makinde and Taiwo, 1996) Virtually all the publicat,ons on the

constituents of the species are in agreement, but reports on the biological 

Npeeially those concerning antimalarial effects have been controversial 

Extensive phytochem1cal studies have been earned out on A/stonia species 

It reflected 1n the vast amount of publicattons since 1934 when a monograph 1n 

h British Pharmaceutical codex defined Alston,a as the bark of either Alston,a

or ol A constncla F Muell from Australia (Anon, 1934) II seems much of 

�mlcal work has not been borno out or desire lo Isolate compounds 

may be of therapeutic interest but 11 has boen out of des,re to draw a

between plant chemistry and phylogeny Llllle wonder then that many or 

compounds lack the b1orog1cal (medicinal) properties associated with tho 

Ill 1cie1 from wtuch they have been isolated 
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lcal constituents reported can be d1v1ded into several structure 

alkaloids, terpenes and steroids Over 90% or the Isolated 

constituents of the genus are alkaloids (Goodson, 1932, Hamilton, et at. 

and Chatteriee, 1968, Faparusi and Bassir, 1972, Kucera et al  1972, 

, 1984, Kweif10-0ka1, 1991, Wright et al. 1993) 

maJC)f' alkaloid 1s ech1tamine (Goodson, 1932; Kucera et al, 1972, 

and Bass1r, 1972; Wright et al., 1993) Like ech,1am1ne, many or the 

.. of the indole types (Hamilton et al 1962 Wright et al., 1993) Others 

dl1ydroindole moieties similar ,n structure to the ,ndole types However, 

...i... and conalston1d1ne from the ne\v caledonran spec,es A coriacea have 

moitles similar rn structure to the alkaloids of the qu1n1ne type (Wnghl et 

) AnUplasmod,al act,v,ty of the alkaloids have been rnveshgaled ,n vitro 

drug sens1t,ve and res,stant strains of P falCJparum In one such screen, 

of -42 6 • 34 uM, 5 71 • O 033 and 5 4 • 0 11 uM were reported for 

corialstontne and conalston1d1no respoc11vely (Wright et al 1993) 

ciphospNrte and qu1n1ne hydrochloride had ICSO values of O 44 and 
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• 

0.56 uM, respectively in the test system. The report concluded that echitamine had 

no significant antiplasmodial activity in vitro. 

Over 130 alkaloids have been isolated from the genus Alston,a, and only a 

small number has been assessed for antimalarial activity with a preponderance of in  

vitro studies (Wright et al., 1993, Phillipson and Wright, 1993). The only recent 

publication on the 1n vivo antimalarial activity or echilamlne v,as by Vasanth et al. 

(1990). The authors reported an EOSO or 1 6 mg/kg against P berghei in mice. 

2.11.3 Ethnomedlcal Use/Ethnopharmacology 

Alstonia species are used in traditional medicine to treat a variety or diseases 

1nclud1ng malaria, fever, heart diseases, hypertension, painful micturilion, insomnia, 

chronic diarrhoea, and rheumatic pains (Dalziel, 1937; Burkhlll, 1935; Irvine, 1961; 

Faparusl and Bassir, 1972; Perry and Metzger, 1980, Ojo\volo, 1984; Oliver-Bever, 

1986, Abblw, 1990, Asuzu and Anaga, 1991, Kweifio-Oke1 (1991 (a) and (b) Wright 

et al, 1993) The most often cited disease for which extracts or tho spocios ere 

Indicated (1n ttad•llonal medic1no) are fever and malaria Consequently, most 

ethnopharmacolog,cal investigahon of the speoes have focussed on the anhmalarial 

pn,r:,lllty Howevor, tho result has been disappointing as no candidate compound 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



53 
• 

which can be used directly in therapeutics or as templates· for the synthesis or 

effective compound has been found. 

The species that have received the most attention are A. boonel, A scholoris, 

A conQensis, A constricta, A. macrophylla, and A. cortacea. Anllmelarial screen or 

alkaloids from the barks of four or the species, namely, A scholaris, A constricts, A

maet0phytla and A. congensis have been done on av,an malaria, P/asmodium 

inconstants. The total alkaloids from the first two species showed activity at oral 

doses of 125 mg/kg and 500 mg/kg respechvoly, for 6 days. The total alkaloids from

the two rema1n1ng species did not ShO\Y activity (Wnght et al., 1993 citing Goodson 

et al. 1930) More recently, extracts of A. scholoris were reported to be active 

against P. berghel malona (Ghandl and Vinayak, 1990, Awe and Opeka, 1990). 

HcMe\'w, Awe and Opeka (1990) d fferentiated between two tests, oorly supptessive 

INt (4-day test) and Rane test (established infection). The extract was found to 

haii'U lignlflcanl suppressive ectiV1ty In the former but no activity In the latter. 

n. many e:hnophannae01og cal studios carried out on Alslonla species seem

na1 ahan!f,e enough._ This ts reOCded in the conclusion cf Wnght et al, (1993) 

1111 .. over pcs :o, of AJstonia and its ant,matarlal etrods are still not cloar, and 

,. NPCWlld llf'!.ct,eness of the 11pocloa in trad,11onat mod,one could be duo to 
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lffects In humans including antipyrellc, antiinflammatory and 

atory actions. 

A/slonia boonei (Ahun in Yoruba) Is a large perennial tree widely distributed in 

Africa (Ojewole, 1984). It ls distinguished from A. congolensis Engl which is 

prevalent in tropical Africa, by a glabrous 1nnorescence and shorter corolla tuble 

et al 1993). Different parts or A. boonel are widely used in traditional medicine 

treat various diseases such as malaria. fever, painful mlcturilion, Insomnia, chronic 

a, rheumatic pains (Oalzlel, 1937; Ojewole, 1986; Ohver-Bevor, 1986; Abbl\v, 

'There Is a paucity or rnrormallon on the antimolorial ocllvilles or A. boonei. The 

aqueous extract or the plant was reported to have strong schizontocldal activity In early 

Wedlon (�IY test) and also strong repository activity, but inetrocllve In oslasbhshed 

(Rena's test) (Makinde, Ob1h and Salako, 1987; Jimoh 1985, Awe, 1991) The 

edJVlly was found to be more thon the schlzontocidol oc11on In eorly lnloclfon 

chemical con1t1tuonts thol have boon lsololod from A. booncl include

(eommon to most species of Alston/a), and och1lomldlno (Goodson, ·1932; 

1872; Binlll, 1985) 
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In addition, a lactone, and triterpines, amyrin and lupeol and ursolic acid as \veil

as steroids, sitosterol and sapogenin have been reported (Faparusi and Bassir, 1972).

A. boonei is either boiled in water and taken in form of aqueous teas or soaked in

alcohol. The possibility therefore exlsts that lhe alkaloid constituents from them may be

responsiblo for antimalarial activity. Echilamine, the major alkaloid in A. boonei has

been extensively investigated for antimalarial activity. So far, the reports have been

controversial. Whereas Marquis and Ojewole (1976) and Wright et al (1993) reported

Ineffectiveness of echltamlne In vivo against P. berghel and in vitro against P.

falclparum respectively, Vasanth et al. (1990) reported that echltamine was effective

against P. berghei in mice Ursolic acid, isolated from Spalhodea campanulata has

been reported to be active against P. berghei malaria in mice (Amusan, 1990). The

antimalarial activity or ursolic acid Isolated from A. boonei has not boan reported

In addition to the v1ldespread use or extracts or Alston/a to treat malaria end

fever, they also have a reputation or use In the treatment or Joint S\vellings and

rheumatoid arthritis tn West Africa (Nigeria and Ghana). the species used ror

Inflammatory disease mentioned abovo Is Alston/a boonel. There is paucity or

Information on the elhnopharmacotogy or Iha plant In arthritis. Some or the recent

studies on the Indigenous use of the plant to treat rheumatoid arthril!s were carried
• 

out by Kweilio-OkD1 (1991 (I) and (II)). He reported that a decoctfon or the root bark
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of A. boonei and Rauwolfia vomitora and E/aeis guineensis nuts suppressed the 

early and late phases of carrageenin oedema in rats. The decoclion was also 
• 

effective in adjuvant athritis in rats. 

•

• 
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CHAPTER THREE 

• 

GENERAL MATERIALS AND METHODS 

3.1 Anlm1l1: Male Swiss alblno mice (18-20g) and male Wisler rats (150-

200g) were used. The mice were bred in the Animal house of the Department 

of Pharmacology and Therapeutics, College or Medicine, University or lbodan . 

They were maintained at room temperaturo and kept In groups or five in plastic 

cage, (48cm x 12cm x 12cm) with wood shavings for their beddings and fed 

ltandard mouse cubes and water ad /lbilum Tho rats were obtained from the 

arulle: Ptasmod,um yoel1 n,gen·cnSJs (P y. n,gerlensls) and chloroquin&

PlnmO(lum berphel strain (P. borphel )ANKA were used P y 

wu obtained rrom Nigerian Institute of Medical Research (NJMIR), 

•

• 
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Lagos. The P. berghei used was obtained from R1jks lnstituut voor 

Volksgezondhe1d en Milieuhgy1ene (R. I V.M), 81lthoven, the Netherlands. The. 

parasites were maintained by serial passage of blood from mouse to mouse or 

from rat to rat. 

3.3 Syringes, needles and microscope: Sterile disposable plastic synnges 

and needles (10G and 25 G) were used The Leilz laborlux 12 research light 

microscope (Leitz Welzlar, Germany) and 100x oil immersion obJectlve and 6-

8 X eye pieces Y1ere used Immersion oil (olympus) and a graticule (25 

squares) wore used to facilitate counting and improve accuracy 

3.4 Slldos: Clean grease free microscope glass slfdos (7 .5cm x 2.5cm) were 

used Commercially pre-cleaned slides ,vere sooked In ,voter with a detorgont 

for a few days. They wore removed and pieced in several chongos or clean 

water. Each slide was wtped dry and polished wtlh a dry, clean l,nt free cloth. 

Uaed slides were first sooked In a detergent solution for 24 hours The slides 

were then cleaned with o pledge! of cotton wool until all tracos or blood film 

and oil have t,een removed Toereanor, tho alidos wore lronsforrod to e rrosh 

•
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IOlutlon of detergent and later to running water or several changes of clean

water, before drying with clean cotton wool. 

3.5 Oesophageal Cannula: A syringe carrying an oesophageal cannula was

used for the oral adm1n1stration or drug preparations lo the animals.

3.6 Glemsa Stain: The Giemsa stain was prepared from Giemsa powder

(Difeo laboratories) using the method or Bruce-chwatt (1980).

G1emsa powder 3.8g 

Methanol 250ml 

Glycerol 250ml 

Preparation: Thirty solid glass beads were pul Into o dark bottle. Tho

measa'ed amount or methanol was pourod Into the bottle rollowed by addition·

ol !he measured stain pc,1<1er. The bOttlo v,as tightly stoppered The stain

powder' was allaNed to s,nl< sl0"11ly through tho methanol until It settled to the

l:loU0m. Tne bOUlo Nall shD1'.en v,ith o clrculor motion for 2-3 mlnutos Then,

,_ meCKurod amount or glycerol v,01 oddod ond lho mixture wos shokon 2-3

� at half-hourly Interval• 1lx limo• Tho bOlllo wt11 lofl unusod for 4

df11 beUllJ &hol'.on 3 limOI ooch doy until tho atoln was thoroughly mlxod
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The prepared stock solution was filtered to remove the undissolved pmvder

and was kept in a dar1< bottle with a close fitting polythene stopper at 4°C .

• 

3.7 Normal Saline: 0 9% Nacl solution w/v v,as prepared by dissolving 9g or

Nacl ln 1 litre or distilled v,ater The solution was sterilized by autoclaving and

kept i n  a refrigerator. 

3.8 Buffer Solution: A phosphate buffer solulion (pH 7.2) was used. A

concentrated solution was prepared by dissolving 3.0g or disodium hydrogen

Phosphate (Na2 HPO,) anhydrous and 2.1 g of Potassium dlhydrogen

phosphate (KH2 PO,) in 25ml of distilled water. The pH was adjusted up to 7.2

by adding small quantities or a 2%Na2 HPO, solution or down to 7.2 by adding

small quontitlos of a 2°� solullon of KH2 PO,. The solution was storod In a

dark bottle at 4°C ond usually ano,ved to reach room temperature before use,'

A working solution was mado by dllullng 1ml of the concentrate to 20ml of

distilled water 

•
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3.9 Drugs: • 

1. 

2. 

Chloroquine diphosphate (May & Baker Nig. Pie.) 

Pyrimethamine (Ciba Nlg. Pie.) 

3. Extracts of Alstonia boonei slem bark (ABSB)

- Petroleum ether extract

- Diethyl ether extract

- Ethyl acetate extract

- Ethanolic extract

- Aqueous extract

4. Isolated anlimaledel active consliluent (AB-1) or A. booneistem bark.

3.10 Drug Solutions: 

All drugs Including extracts, rracUons, subrraclions and the pure 

antimalarial compound were dissolved In 1 % ·rween BO" In preparing 

chloroquine solution, the ratio or base to sell was taken Into consideration. 

Foe example. the salt of chloroquine used was lho diphosphate 

tAofecular weight of chloroquine dlphospheto = 515.9g 

Molecular weight or lhe 2 phosphate groups (2 (HlPO.) = 2

(3+3097+64) = 195 94g 

•

• 
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Molecular weight of chloroquine (the active substance) = 515.9 - 195.94 

= 319.969 

Therefore, 319 96g of chloroquine base 1s contained 1n 515.99 

chloroquine diphosphate 

Ratio of base to sail= 319.96. 515.9 

= 1 1.6124 

= 1 1 6 

Thus 1 g of chloroquine base is contained 1n 1.61g or the diphosphate This 

was taken into account when weighing chloroquine d1phosphale. For example, 

to weigh 20mg of chloroquine base, 20 x 1.61 = 32.2mg or chloroquine 

d1phosphate was weighed and dissolved in 5°k 'Tween 80' in distllled water 

The solution was made up to 20ml to give a final solution or 1 mg/ml of 

chloroquine base 

3.11 Administration of Drug/Extract: Drugs or extracts were administered to

ITUCE!lrats orally (Per 0s) or subcutaneously (Sc) In Oral adm1n1stration, drugs

or extracts were given in a volume of 0.4ml per 20g mouse or O 6ml per 200g

rat with the aid of on oral cannula For subeutaneous adm1n1stra11on drugs or
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extracts were given in volumes of 0.1 ml per 20g mouse and O 3ml per 200g 

rat A short needle (25G) was used for rats and a smaller needle for mice 

3.12 Preparation of Blood Films and Staining Technique: 

A small drop of blood was obtained from the caudal vein or animal 

{mouse/rat) by carefully cutting the lip of the tall wilh a pair of fine dissection 

scissors It was placed on a clean grease free slide and smeared along the 

full length of the slide with the edge of another slide (placed at an angle of 

abOut 40 degrees to the surface of the first sllde) to make a thin film The film 

was allowed to dry and was fixed by dabbing gently with a pledge! or cotton 

wool dampened with methanol, or by dipping 11 in a conlainer or methanol for a 

few seconds After drying, the slides were placed back to back In a staining 

trough A 3o,_ G1emsa solution ,n pH 7 2 buffered distilled water in sulficient 

quantity to fill the number of troughs being used was prepared The stain 

solution was poured gently Into the trough until the slides \Vere totally covered 

The film was allowed to stain for 30-45 minutes Clean water v,as poured into 

the trough to float off the 1ndescent scum on the surface or the slain The 

remaining sta,n wns gently poured olf and the slides were rinsed in clean 
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water for a few seconds After pouring off the water, the slides were removed 

one by one and placed ,n a shde rack to drain and dry 

3.13 Evaluation of Parasltaemla: 

To,n blood films ,vere made from infected animals os described above 

A parasite count was made under 01I immersion with the objective lens of the 

microscope us,ng a tally counter In each field the total number of red blood 

cells was first counted and then the number of parasillzed red blood cells v,as 

also counted The degree of paras11aemia expressed as percentage 

parasitacm1a for each animal ,vas catulated as follows 

% Paras taemia "' 
Number of paras11tzed red blood cells 

---------,---�--- X 100

Total number or red blood cells 

Ten f :t1s Wi?l'O coumed on each shde and the mean percentage paras1taem1a

wn ca�ed fOt ea:h animal

3.1• Preparation of lnoculum:

Thn � r :?lS o! tnfec:.c,d animals were made end stained between 3-

-,. .t-,. ne dlrJ � inoa/-3Ul0 Arumal(5) with a paras,uiemla of between
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35-40°Ai were chosen as donors The range of parasilaemia indicated that

infection was established and the parasites were viable 1ntraperiloneally

An haemocytometer was used to determine the number of red blood

cells per m1llimeter of the blood of the donor animal Knowledge or the

percentage paras,taemia and the number of red blood cells per unit volume

enabled the calculation of the number or parasitized red blood cells in any

volume and the number of red blood cells 1n the volume of interest Blood

was obtained from the donor animal by cardiac puncture using a sterilized

syringe cota1ning about 10.1.u of heparin The blood ,vas suitably diluted with

sterile normal saline so that the final lnocutum or 0.2ml for each mouse would

contain the required number of parasitized red blood cells which is

recommended to be 10
1 

(Peters, 1975; Knight and Peters, 1980)

Ounng each experiment, a s,ngle donor animal was used to Infect all the

animals 1n order to m1n1m1ze vanabihty in ensuing paras1taemla or the test

animals 

•
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Example of calculation of inoculum size: 

ercentage parasitaemia in donor mouse = 40.0%, 

80 small squares o f  haemocytometer had 450 red blood cells (RBCs) .

1 

Volume of 1 small square of haemocytometer = 

Volume of 80 small squares = 80 

Dilution factor 

80 

4000 

=200 

mm' 

mm' diluted blood contains 450 RBCs 

4000 

mm3

4000 

• 

1 mm' diluted blood contains 450x4000 • 

x RBCs 

80 

1nvn� undiluted blood contains 450 x 4000

x200 RBCs 

80 
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ml undiluted blood contains 450 x 4000 

-- x 200 x 10
3 RBCs 

80 

= 4.5 x 109 RBCs 

Since percentage parasitaemia = 40.0°/4, then 

1 ml undiluted blood contains 40 

_ x 4.5 x 109 parasllized RBCs (pRBCs) 

• 

100 • 

If 107 pRBCs are required In 0.2 ml of blood, then 1 ml of blood is 

required to contain 5 x 10
7 pRBCs.

Dilution factor = 0.4 x 4.5 x 1 o'

-----

5 X 10
1 

=36 

Thus the amount of blood collected from the donor animal should be diluted 36

times with normal saline so \hat 0.2ml of the resultant suspension ,viii contain

10
7 pRBCs. which is lhe standard lnocutum for the infection of a single animal

• 

• 

•
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.3. 15 Infection of Anlm11l1: 

lnfedli.VI v.-as tn hDlod 1n c:tch n1ouso or rol by lnlroporllono 11 (I P) 

1!11c:t<in of O � ,,.t1N1 01 u 1nooulum pnip11rotl as lfoscr1L'otJ obovo· 

.-n•1ct1�usc�'n\1 

l.11 Evatuatton c,.f the Blood Sc.111:ontocldnl Activity of l:xtrnct on �.1rly 

1t•• ctlon (4-dlly Test) 

c.."Q,e11.-,ern w s t� dcterm no 1r t.hCI e:ctrocl1 or lho pion I 

.._'."! • �)11.'.1'1� ,..,.,.,.. a."I ""1"'-· 'oet!lln Tho method usod wos doscr1bcd 

•gee Art"c -s \\ 1nOCUIDlod wilh on lnoculum of

' • F.;�d:.,: }'t)er!J. 1Qtnel1SU or P. berphel Anka The 

rw�--'y �:X:C:ed �I> scverol groups or 5 on,rnals

• on Ul8 dl>$es cf the extract pre�od •

,at,ed l:'t.:> 2 con!tOI groups, ono group

� (a r '•cnc:a drug) �le lhO aec:ond 

1 '.-c(� W • thO vehide The (by

4 0 f0o) and � cbyt o, o,

weto •dn' "' 'erod oro 'iy 

d J* • t -t d.Jyl (d y 0
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3.15 lnfectlon of Animals: 

Infection was initiated in each mouse or rat by intraperitoneal (1.P)

injection of 0.2ml suspension or the inoculum prepared as described above

Into each mouse/rat. 

3.16 Evaluation of the Blood Schizontocldal Activity o f  Extract on Early

Infection (4-day Test) 

The aim or this experiment was to determine if the extracts of the plant

had a suppresive effect in an early inrectlon. The method used was described

by Knight and Peters (1980). Anlmals were Inoculated ,vlth an lnoculum of

0.2ml containing 107 Plasmodlum yoe/J1 nigerlensis or P. berghel Anka The

Infected animals v,ere randomly allocated Into several groups or 5 enlmals

each. The number or groups depended on the doses or lho extroct praparod._

However, mice wero usually allocated Into 2 control groups, one group

(positive control) received chloroquine (a reference drug) ,vhlle the second

group (negative control) received 1 % ·r,vaen 80" - the vehicle. The day

infection was initiated was regardod as day O (Do) and subsequent days D,, 02

and so on. Different dosage or drug/oxtracVvehlcle v,ere administered orally

or subcutaneously within ono hour of lnoculallon of paraslle for 4 days (day 0,

1, 2. 3). Ol'\lgs woro administered once or twice dolly On day 4, a thin blood

•
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film of each animal was made and the percentage parasitaemia calculated. 

Animals were monitored for 30 days post infection, and survival period was 

calculated. 

The average percentage suppression of parasitaemia by each dose of drug ,vas 

determined using the formula below 

Average• 

percentage = 

suppression 

Av. percentage 

parasitaemia in  

untreated controls 

Av. percentage 

parasilaemia in 

treated group 

Av. percentage parasltaemia In 

untreated controls 

Source (Knights and Peters, 1980). 

A suppression of parasitaemia greater than 50% 1s regarded as Indicating drug 

activity. 

3.17 Evaluation of the Blood Schlzontocldol Activity of Extract In on 

Establlshod lnfoctfon (Rano Tost): 

AA established disease Is less sensilive to treatment then a disease In early 

stages of development. In order to investlgolo tho actions of the extrncls In 

Rene's test, treatment was withheld until 72 hr post Infection Tho mothod or 

•
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Ryley and Peters (1970) was used Animal distribution and dosage or 

inoculum were as described above Administration or drug/extracVvehicle 

started after 72h (day 3) or 1n1tiahon of patent inreclton and continued daily for 

4 days (day 6) Drugs were administered once or twice daily Thin blood nlms 

were prepared from each animal 1mmed1alely berore drug administration on 

days 3 - 8. Thereafter It was prepared weekly. Parasitaemia was enumerated 

from each thin smear to monitor responses or 1nfecltons to treatment. Efficacy 

and effects of route of adm1n1stration of drug/extract were assessed by 

comparing survival times of 1nrected treated and infected non-treated animals. 

Death occumng 1n infected treated animals before day 6 or 7 when infected, 

untreated controls started to die was attributed to drug loxlcity 

A survival time on the treated animals greater than twice that or the 

control animals indicated drug activity Animals surv1v1ng for 30 days post 

1noculat1on with negattve parasilaem1a were regarded cured or 1nfecllon 

3.18 Evaluation of the Repository actlvlty of the Extract: 

The mctnod used wa, s1m1lar to that descnbed by Peters (1965) 

Animals wero d,v,dod ,nto several groups of 5 animals each The number or 

groups depended on the number of doses or extract prepared Pynmelhamine 
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(1.Smg/kg) served as a reference drug. Pyrimetham1ne (1 Smg/kg), vehicle 

and various doses of the extract in volumes of 0.4ml per 20g mouse were 

administered to animals orally or subcutaneously once or twice daily for 3, 

consecutive days (day 0, 1, 2) On day 3, animals \vere inoculated wllh 0.2ml 

of 1noculum conta1n1ng x10
7 

paras11tzed red blood cells Thin blood films were

made from the animals 72h arter inoculation and the average percenlage 

suppression of parasitaem1a determined Animals were monitored until their 

death 

3.19 IMMUNOMOOULATORY TEST. 

Haemolytic Assays for Human Complomont Activity. 

Buffers Required. 

Slock of 5 times concentrDtod Voronol Solino Buffer (SxVSB). Naef 

(41 Sg) and veronal (SOdlum Barbital) (5.1g) ,vere dissolved rn 800ml or 

d1strllad water The pH was adiuslod lo 7.35 and the volume made up lo 1 

lrtre 

Stock Ca/Mg Solution. Mgcl1.6H10 (10.17g) and Cacl2 2H20 (2 21g) were 

d11S01ved ,n 100ml of dish locl water 
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Stock of ethyleneglycol-bis (2-aminoethyl) tetraacetlc acid (EGTA) 

Solution. EGT A (7 .6g) were dissolved in 200ml distilled water. The pH was 

adjusted lo 7.35; Mg504.7H20 (3.075g) was added and the solution made up to 

1 litre with distilled water 

VSB ... VSB stock solution (200ml) was mixed vlith Ca/Mg stock solution (1ml) . 

The solution was made up to 1 litre and the pH adjusled to 7.35. 

EGTA-VSB. VSB stock solution (200ml) v,as mixed ,vith EGTA-stock solution 

(40ml). The solution ,vas made up to 100ml and the pH adjusted to 7.35. 

Saline. Neel (9g) wes dissolved in 1 litre distilled water. 

Alsever's Solution. Glucose (2 OSg), hydrated sodium citrate (0.8g) and Nacl 

(0.42g) were dissolved In distilled ,vater (50ml). The pH ,vas edjusled to 6.1 

using a 10% sodium citrate 

solution. The solution was made up to 90ml and served out in 15ml-portions.· 

The solution was sterilized at 121°c for 15 minutes 

3.20 Reagont.s. 

Sheep eryUvocytos in Alsover's solutton for CP activity 

Rabbit ef)'UVocytos In Alsever's solution for AP activity 
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Amboceptor Anti-sheep erythrocyte antibodies 

Human pooled serum (HPS) 

Heat inactivated human pooled serum {iHPS) 

3.21 Matorials 

Microtitre plates 

Plastic tubes ( 12ml) 

Plastic tubes (50ml) 

3.22 Chorniluminesccnce Assay 

3.22.1 Buffers and rea gents for the measurement or the oxidative burst o r  

polymorphonuclear neutrophlls. 

3.22.1.1 Phosphato Buffered Saline (PBS) (44 9g/L or distilled water) \vas 

added to a solutton of K:HPOA (33 7g/L or dislilled water) until pH= 7 4 10ml 

of the resulhng solulton was mixed with 100ml or Nact (87 Sg/L of d1stllled 

water) The r,nat solution was made up to 1 htre w,th dlslilled v,ater 

3.22. 1.2 PBSfHeparln 100ml of PBS was mixed w,th 200 ul of a 5000 IE/ml 

hepann solution 
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3.22.1.3 Percoll Solution 10ml or (87.5 g/L) Nacl was mixed with 55ml of 

Percoll and 35ml or deionized water, The solution was stored at 4 °c until 

use 

3.22.1.4 Lysls Buffer 8.3g NH.Cl and 1g KHC03 and 37.2mg Na, EDTA were 

dissolved in 1 litre of dishlled water 

3.22.1.5 Gelatin 10g of gelatin were dissolved in 100ml of boiling distilled 

water on a heated magnetic stirrer The solution of gelahn was dispensed In 

1ml aliquots and stored at 37 °c 

3.22.1.6 HBSS-gel Hanks Buffured Salt Solution (HBSS) was prepared by 

d1ssolv1ng 9 75g or Hanks Buffer Salt (Gibco) and 350mg of NaHCOJ in 1 hire 

of distilled water HBSS-gel was prepared by mixing 100ml of HBSS \vllh 1ml 

of gelatin solution The buffer was made fresh daily Gel prevents PMN from 

aggregating 

3.22. 1. 7 Turk Solution 5mg ctistal violet was dissolved in 1 ml acehc acid 

The solution vros made up to 1 htro wrth dlslllled water 

3.22.1.8 Serum Tro.itod Zymos.in A mixture of 62 5mg of zymosan (sigma) 
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and 100ml of HBSS was incubated for 1 hour in a boiling ,valer bath The 

solution was cooled lo room temperature and centrifuged for 10 minutes al 

2500rpm The pellet ,vas resuspended in 10ml HBSS and 30ml or human 

pooled serum added The mixture was shaken continuosly during a 30 minute 

incubation at 37 °c Follo,ving cenlnfugalion (10 minutes al 2500rpm, 1250xg) 

the pellet was suspended 1n 37 5 ml or HBSS The serum treated zymosan 

was stored at -20 °c in 2 6ml aliquots 

3.22.1.9 Luminol Stock Solution 13.3g of lumlnol (5 amino 2, 3 d1hydro 1, 4 

phtalaz1nedione was dissolved in 5ml DMSO The solution was made up lo 

30ml with HBSS It was dispensed in 400 ul aliquots and stored at -20 °C 

3.23 Statistical analysis Data were eXJ)ressed as mean ! standard error of 

the mean (mean!_s e m), and analysed using Student's t-test, Dunnet t-test or 

Duncan's t.1u11tple range Test Level or s1gn11icance was set at P � 0.05 
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CHAPTER FOUR 

4.1 EXTRACTION AND CHROMATOGRAPHY 

4.1.1 Plant Material: Stem barks of Alstonia boone1were collected 1n February 

I March 1991. 1992, 1993, from the Department or Botany, University or 

lbadan The collection and Herbarium numbers were Lowe 2323 and u I H 

13134, respectively The plant material was cut into small pieces and oven 

dried (35°C) 

4.1.2 Extraction Procoduro: 

4.1.2.1 Soxhlct oxtroct: Coarsely ground plant material was extracted in e 

Soxhlel apparatus with petroleum ether (PE, 10hr), Diethyl ether (DE, 10hr), 

Ethyl acetate (ElOAC, 10hr) and Ethanol (EtOH, 10hr) The mare \Vas dried 

and refluxed ,n ,vater (AO, 3hr) The soxhlel fractions were concentrated 

under reduced pressure, ond subsequently lyoph11lzed olong wtlh aqueous 

extract 

4.1.2.2 Cold Extract: In order to rule out any posstblhty that application or

heat as 1n soxhlel extraction effects the ac11v1ty or the extracts. the extracllon 
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s carried out In \he cold so that the activity of soxhlet and cold extracts 

could be compared 

Coarsely ground plant material was steeped in petroleum ether for 3 

nights followed by filtration The residue which ,vas dried et room temperature 

was weighed end soaked 1n diethyl ether for 3 nights and filtered The mere 

was dned, weighed and steeped 1n ethytaeetete ro� 3 nights and filtered The 

mare from ethylacetato was dned, weighed and steeped In ethanol ror 3 nights 

fol10'Ned by f11lratron Finally, the mare from alcohol extraction ,vas dried, 

weighed and steeped ,n distilled water for 3 nights followed by flllratton The 

extracts of petroleum ether, diethyl ether ethyl acetate and alcohol were first 

concentrated l/1 vacuo They v.-ere later lyoph1hzed together with aqueous 

extract The e,ctracts of petroleum ether diethyl ether ethylacetete ethanol 

rad aqueous extract were referred to as cPE, cOE, cEtOAc, eEtOH and cAQ, 

rnpec:1 r.-el</ 

4.1.3 Fractionation of EtOH extract The EtOH P.xtract was dissolved 1n 

did*>tome-.i-rane (CHJ Cl,) end sub;Cded to hquld • liquid extreclton with 

•••arSwr� The rr: ,...'.lfc wns ma�.on ror aboul 15 minutes afle< which two 
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layers developed, namely, the lipophilic layer and the hydrophilic layer. Both 

layers were separated 1n round bottom nasks, and each was evaporated under 

reduced pressure and lyoph1hzed The concentrate from the llpophillc and 

hydrophilic layers were referred to as EtOHL and EIOHN. respectively ElOHh was 

part1honed into MeOH soluble (Ms) and MeOH insoluble (Ml) subfracllons The 

Ms subfract,on later crystallized out on coollng (refrigeration) to give while 

Clystals The crystals, called Alston/a boonei -1 (AB-1 ), were separated from 

the mixture by ,vash1ng ,vtth MeOH 1n a bucknner funnel under low pressure and 

thereafter dried The filtrate (Msf) and the MeOH insoluble subfractlon (Mi) were 

concentrated under reduced pressure and a stream of nitrogen followed by 

4.1.4 Extract prepared by prolonged boiling 

Ttn tost was carried out 1n order 10 find out how the 1radlt1onal method or 

pr9Pa1mg the decOC:OOn of A ooonei using water can be ophm1zed Whole, 

�OU'ld A boonei stmn bark was d1v!Cled 1n10 7 equal parts of 1g each One part 

.... steeped rn d:s!::!ed wntOf for 3 days Each of the roma1n1ng 6 parts was 

� in en• 'Cd wa!a fOf varym9 tcmes (2-64 hrs) The start,ng volume of 
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stilled water 1n all 6 parts was the same (2L). At each reflux, a constant starting 

olume was maintained All extracts were concentrated 1n vacuo and lyophihzed 

4.1.5 Determination of the Purity of the Antimalarial Compound (AB-1) 

In pharmaceutical preparations, natural products from higher plants are used

either as pure compounds or as extracts (Phillipson, 1994) In traditional medicine, one

plant or several are combined 1n one prescription whereas in modem medicine a single

active ingredient, (usually synthesized) 1s prescribed (Phillipson, 1994) Thus in

traditional medicine, unlike 1n modem medicine, the activity and clinical efficacy of 

prescriptions cannot be attributed to a single achve ingredient (Phillipson, 1994). When 

plants are extracted and fractionated 1n order to obtain a single active ingredient, the 

purity of the constituents isolated can be checked by TLC HPLC and spectroscopy In 

1h11 seclton TLC and HPLC melhods are used as described below
• 

4.1.8 HPLC analysts. 

Apparatus: HPLC analysis was performed on a Kralos hqu1d chromatograph 

equipped Wllh 8 Kratos spoctronow 400 solvent delivery system type 5140

I (K Pp & Zn) and Rheodyne model 7125 iniector TheIO vent programmer 1 

Injector was connected to a HP , 040A dfode-erray detector (Hewlett-Packard) 

•
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With HP series 9000 workstahan (Purity determ,natton) or Ktatos spectroOow 

757 absorbance detector with CRIB chromatopac data processor (shimadzu. 

quantitative analysis) A chromspher St 200x3mm I D column (Chrompack 

Cal No. 28277) was used. Mixtures of EtOAcJMeoH = 70 30 served as eluent 

(Oow rate O 5m1/mln) 

Methods: Solutions or 100.ug/ml or AB-1 were prepared and aliquots or 20,uL 

were 1n1ected into the HPLC The mobile phase consisted or EtOAcJMeoH =

70 30 The spectrum v,as scanned from 220 to 320nm 

4.1.7 Thin Layer Chromatography (TLC) of AB-1 

TLC ls a chromatographic technique which effects the physical 

separation or two or more components 1n a mixture on a plane surface 

Separation 1s achtoved by the differences In adsorpllon of components or Iha 

mixture on the stationary phase (solid) and the solubility in the mobile phase ll 

can be used to detennine a suitable solvent or so!venl system for separallng

comPonents of, ror example a plant extract II can also be used lo detenn1ne

the purity of an organic material 
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TLC was performed on pre-coated plates (silica gel 60F254, Merck, Cat. 

No 5729) with a thickness of O 25mm Volumes of Sul of the solution of the 

compound (4mg/ml) in MeoH were applied to the TLC plates in bands 

The plates were developed with EtOAc/MeoH = 70:30 in a saturated chamber 

Spots were sprayed with vanillin - H2SO. (Vanillin 1 % ,n ethanol and H2SO., 5% 

1n EtOH), fast blue (1mg/100ml of H20) and Draggendolfs reagents A & B UV 

detection was at 254 and 366nm 

4.2 RESULTS AND DISCUSSION 

The yield or the extracts ranged rrom 0.3°/4 lo 3 5°.4 ror soxhlel extracts and 0.26 

to 3 1°/4 for cold extracts (Table 4 1) The percent yield relates lo the polanly or

extracting solvent, the more polar the solvent the higher the yield This observallon 

applies to both solvent and cold extracts For each solvent extract, the yield of soxhlet 

extract was higher than those or cold extracts Th,s observation suggosts lhal

Bpphcat1on of heat may olule more extractlves rrom 1he planl material 
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Tabla 4.1 Yield of Soxhlet and Cold extracts 

of A. boonel stem bark 

Extract 01. yield

Soxhlet 

DE extract 0.30 

EtOAc extract 0.44 

EtOH extract 2.90 

AO extract 3.60 

Cold 

cDE extract 0.26 

cEtOAc extract 0.35 

cEtOH extract 2.19 

cAQ extract 3.10 

c = Cold. 
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• 

Liquid-liquid partitioning of EtOH extract Into lipophilic fraction (EtOHj ahd 

hydrophilic fraction (EtOH11) led to simple purification of EtOH extract. The yield of 

EtOHh was approximately 21n times higher than that of EtOHL(Table 4.2). Part of EtOHL 

was lost during lyophilisation, and may account for the smaller weight of EtOHL, In

addition, the loss during lyophilisatlon suggests that EtOHL may be volatile. As the

antimalarial activity of EtOHL was much lower than that of EtOHh, the yield of the

former ls not or interest EtOHh was Incompletely soluble in methanol. This partial

solubility enabled the separation or EtOHh into methanol soluble subrraction (Ms) and

methanol insoluble subfracllon (M,). The yield or Ms was approximately 6 times higher

than M, (Table 4.2). Ms accounted for lho bulk weight of EtOHh and exhibllod �igher

activity than the parent extract (EtOHh), The yield of ontimelarlel constituent (AB-1)

crystallizing from Ms was approximately 21 °A> or the starting material (Table 4.2).

4,2.1 Extract prepared by prolongod balling

The yield of extract prepared by steeping A boonef stem bark In water (et room

temperature) was iower comparod to those obtained by renuxlng the stem bark In water

for between 2-64 hr (Table 4 3). There was no difference In the yield or renuxed

extracta (4-64 hr), howover, the yield of A. boono, rertuxod in v,eter for 2 hr \vas slighlly

•
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lower compared to those refluxed for between 4-64 hr (Table 4.3). It would appear that 

boiling of A. boonei stem bark in water for more than 2 hrs may not significantly 

increase the total amount of extractive� eluted from the planL 

• 

• 

•
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Table 4.2 Yield of fractions from EtOH extract and Isolated 

active antimalarial constituent AB-1 

Extract % Yield 

Lipophilic fraction of EtOH extract (EtOHL} 

Hydrophilic fraction of EtOH extract (EtOHh) 70.1 

Methanol Soluble fraction of EtOH� extract (Ms)S0.9 

28.5 

Methanol insoluble fraction of EIOH�extract (M1) 14.2 

AB-1 (crystallizing from Ms) 21.4 
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Table 4.3 Yield of e xtracts of A. boonei stem bark 
obtained by varying the time or boiling 

Extract % Yield 

cAQw 7 1 

rAQw (2hr) 11 2 

rAQw(4hr) 13.5 

rAQw(8hr) 13.6 

rAQw (16hr) 14 1 

rAQw (32hr) 14.0 

rAQw (64hr) 13.9 

c = \Valer extract obtained by steeping A .  boonei stem bark in water (at room temperature) '°' 2 
nights. 

r = water extract obtained by refluxing A boone, stem bark in ,vater for d,fferenl ume intervals 
1nd1cated 

"" = whole plant material (A. boone, stem bark). The water extraci in this extraction 1s d,fferent from 

the AO 

extract earlier described in ,vtiich the mare rema1n1ng after extracting w1lh diethyl ether, ethyl ll08Ulle

and ethanol 

was later refluxed in water
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4,2.2 Purity of (AB-1) 

.
. 

The TLC chromatogram of AB-1 in EtOAc: MeOH (70:30) showed a single spot 

with a retardation factor (Rf) of 0.56 (Fig. 4.1 ). 

Distance moved from origin by a solute 

Rf= 

Distance moved from the origin by solvent front 

AB-1 neither produced quenching in UV-254nm nor fluoresced in UV-365nm. 

Treatment of the chromatogram with Dragendorff reagent gave a red-brown glO\ving 

8Pol which was not stable, disappearing within 3 mln The posilivo lest of AB-1 with 

Dragendorif reagent indicates that AB-1 ls an alkaloid. AB-1 melted between 280 •

210"c indfcallng that AB-1 Is pure. HPLC analysis of AB-1 further showed that It is very

P\lre (Fig. 4 2) Tho constituent giving tho sharp peak was eluted at retention lime of
2 07 min. Tho mobile phase was EtOAc/MoOH (70:30). 

•
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Fig. 4.1 Chromatogram of AB-1 on tic plate 
Eluent: EtOAc: MeOH = 70:30 
Detection = Dragendorfr reagent 

•

• 
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• 

• 

• 
- -

• 
-

Flg. -l 2. HPLC of AB,1 
Eluont = EtOAc: '11eOH (70:JO) 
). = from 220 • 320nm

I 

The oluent was Injected first Into tho HPLC 
be'aro Injecting tho sample 

•

• 
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• 

• 

-

-

• 

-

Fig, 4 2. HPLC of AB-1 
Eluent = EtOAc: MeOH (70:30) 
l.. = from 220 • 320nm 

' 

The eluent was Injected first Into the HPLC 
be'orc lnjcctrng lho sample 

•

• 
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�CUTE TOXICITY STUDY 

5.1 Introduction 

90 

CHAPTER FIVE 

The aim of acute toxicity test is to define the potential risk associated with the 

adm1n1stralion of a drug In this work, AB-1, the isolated antimalarial constituent from A

boonei stem bark was used The study was designed to determine the medial lethal 

dose and to establish the dose-response relationship of the lethal action or AB-1 using

orat and subcutaneous routes The data from this study may provide preliminary and 

valuable insight into the pharmacolog\cal responses which may be associated with

8CCidental poisoning with AB-1 Knowledge of LOSO may also be used as a guide for 

selecting screening doses of a drug for efficacy test This is one reason why the acute 

toic1c1ty test was carried out 1n this work 

5,2 Materials and Methods 

s.2.1 Oral LOSO Dotormlnatton The Up-and-Down method of Bruce (1985) ,vas used

Thirty-two Swiss Albino mice d1v1ded Into 8 equal groups were given single doses or
UNIV

ERSITY O
F IB

ADAN LI
BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



• 

91 • 

AB-1 orally. The control group of 4 mice received normal saline. All mice were 

obser.,ed over a period of 14 days 

5.2.2 Subcutaneous (Sc) LOSO detennlnation 

The same method as in oral LOSO determination \•,as used. Filly-six Swiss 

Albino mice were divided into 14 equal groups. Single doses or AB-1 ,vere 

administered subcutaneously. The control group received equivalent volume or normal 

saline. All mice were observed over a period of  14 days. 

5.3 RESULTS AND DISCUSSION 

Lethality and behavioural changes 

Death did not occur In mice treated with an oral dosage of AB-1 ranging from

10mg/kg to 1,280mgl1<g (Tabla 5.1 ). No observable symptoms ,vere also seen for one

week alter dosing the mice. This shO\VS that the oral LOSO of AB-1 must be greater

than 1.280mg/kg When AB-1 was admlnfslered sutx:olaneously, tho LOSO \vas

lpptoJtimate\y 7somgl1<g.Percent mortallly at dlfrerent doses are shown In Tablo 5.2.

0e8lh of mice occurred 45 min oiler the Injection of AB-1 Mice lteated with AB-1 else
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showed toxic signs including crawling gait and shaking of heads at a dos.lge of 

SSOmg/kg and above. 

The absence of lethality at 1,280mg/kg oral dose of AB-1 and the very high 

subcutaneous LOSO suggest that AB-1 is better tolerated orally than subcutaneously 11 

is possible that the rate of detoxification and excretion of AB-1 ,vas more rapid when

administered orally than when given subcutaneously II could also be that the 

bioavailabilily of AB-1 was reduced orally then subcutaneously. Other possible 

explanation are inactivation of AB-1 by enzymes In gastrointestinal tract (GIT) or liver

or both. 

•

• 
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Table 5.1: LOSO {oral) or AB-1 In male albino mice 

Group or mice• Doso or AB-1

(mg/kg) 

t.Jlortality Mortality(%) 

1 10 0/6 0 

2 20 016 0 

3 40 0/6 0 

4 80 016 0 

5 160 0/6 0 

6 320 0/6 0 

7 640 OJ6 0 

8 
1280 0/6 0 

9 (control normal saline) 0.2ml 0/6 0 

•n=6

The oral LOSO of AB-1 must be greater than 1,280 mg/kg.

LOSO 

(mg/kg) 
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Table 5.2 : LOSO (subcutaneous) or AB-1 in male albino mice. 

Group of mice• Dose of AB-1 
(mglkg) 

1 300 
2 350 
3 400 
4 450 
5 500 

6 550• 

7 600 

8 650 

9 700 

10 750 

11 800 

12 900 
1000 13 

14 (normal saline) 0.2ml

• n=6
• 

toxic signs from 550 mg/kg

Mortality Mortality (%) 
(mg/kg) 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 
0 0 

0 0 

1/6 16.7 

3/6 so 

5/6 83.3 

6/6 100 

6/6 100 

0/6 0 

LD50 

-750
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CHAPTER SIX 

Antimalarial study of A. boonei stem bark extracts, fractions and isolated 

antimalarial constituent (AB-1)

6.1 Introduction 

It has been mentioned 1n Chapter 1 thal A boonel (AB) is widely used to treat 

fever and malaria ,n 1radil1onal medicine. The culture of using lhe plant as a remedy ror 

malaria may continue for a long time. Studies on the antimalarial activities of the plant 

have been restncled largely lo in vitro models, results from such studies lend support
lo the trad1l1onal use of A/ston1a species (Phillipson e/ al., 1993) However, nothing

appears 10 be known of the in v,vo activity or mode or action or these plants (Ph1lhpson 
et at. 1993. Wright el al. 1993) 

Consldenng lhe prevatenl use or AB to treat malaria and the pauc,1y or
lllforma1ion, particularly on the In vivo anlimalanal activities, lhere 1s a need for further

1tUd1es on the plant extracts to put to rest the question whether AB or lls chemical 

tonstituents have anlimalorlol properties for which they are used In traditional medicine
lo lreat malaria A systematic bloassay guided rraclionatton wlll be required to resolve

lhe QUestion
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In this chapter the activities of crude extracts, fractions and the isolated 

hmalanal chemical constituent (AB-1) were assessed 1n chloroquine sensitive p y

n,genens,s and chloroquine resistant P berghei ANKA infections in mice 

6.2 Experimental procedure 

6.2.1 Evaluation of the blood schizontocidal activity of soxhlet extracts o f  A. 

boone/ stem bark in early infection (4-day test). 

The method of Knight and Peters (1980) descnbed 1n 3 16 was used Mice

infected on Do were allocated into several groups or 5 mice eech, and doses or 100
• 

200, 400 and 800mg/kg of each of DE, EIOAc, EIOH and AO extracls or the plant were

administered orally e1lher once or l\vice dally One group or mice received orally a dose

of Smg/kg chloroquine (the reference drug) whlle another group received orally o 4ml of

lhe vehicle csoAi Tween 80) Administrahon of lhe exlracl I chloroquine/ vehicle was
repeated on o, o, and o3 A thin blood film of each mouse was made on 04 and lhe

P8rcontage parasilaem,a calculated using the formula 1n secllon 3 16 
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2.2 Evaluation of the blood schlzontocidal activity of soxhlet and cold exracts 

A. boonei stem bark In early infection

The aim of this experiment was lo find out whether the blood sch12onloc1dal

ion of the soxhlet extracts used ,n the previous test ,vas affected by heal In this 

experiment, a single high dose {400mg/kg) of each of the soxhlet or cold extracts was 

adm1n1stered orally to groups of 5 mice as shown 1n Table 6 0 The extracts, 

Chloroquine or 5% 'Tween 80' were administered on Do, D,, Dz and Dl A thin blood film 

of each mouse was made on D. and the percentage parasitaemia or each mouse 

calculated using the formula in section 3 16 

6.2.3 Evaluation of blood schlzontocldal activity of EtOH and AO extracts of A. 

boonei stem bark In an established infoclion. 

The method of Ryley and Peters (1970) descnbed 1n 317 was used. Seventy

1t11ce infected as decribed prevlously were allocated In fives into 10 groups Doses or 

100, 200. 400 and 800mg/kg or either EtOH or AO extracts were administered orally

72hr P<>st infection (DJ). In some cases, EtOH was administered twice dally 10 groups or

ll'liCe Chloroquine {Smg/kg) end o 4ml of 5°/4 'Tween 80' were administered to p0silive
(Chloroquine treated) end negative control (Tween SO-treated) groups respectively
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Table 6.0 

Group of 

mice 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

C = cold. 

Extractor 

drug 

97 

OE extract 

cDE extract 

ElOAc extract 

cElOAc extract 

ElOH extract 

cElOH extract 

AO 

cAQ 

Chloroquine 

5% 'Tween so·

Dose (mg/kg) 

400 

400 

400 

400 

400 

400 

400 

400 

5 

0.4ml 
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Drug administration continued daily up to Ds- Thin blood films were made daily ror s

days (0:,.0.,) and average percentage parasitaemia plotted against lime in days. The 

number of deaths in each group was recorded daily for 30 days to give the mean 

survival period (MSP) for each extract, chloroquine and 5% 'T\veen 80' and their 

respective doses. 

8.2.4 Evaluation of the repository activity of EtOH extract of A. boone/ stem bark 

The method used has been described in 3.18. Fifty mice were allocated In fives 

Into 10 groups. One group served as the positive control and received 1.Smg/kg of

pyrimethamine. Another group, a negative control, received 5°A. Tween 80. Toe
remaining e groupo received 100, 200, 400 or 800mg/kg or ElOH extract eilher once or
twice dally. Drugs were administered orally for 3 conseculive days (Do, D,, Dz ). On DJ

,

all the mice were challenged vlilh 1x107 pRBCs. Thin blood smears \Vere made from
eact, mouse 72hr post Infection (D,) and the overage percentoga poroslloemla
determined. Number of death In each group v,as recorded and tho MSP detonnined
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1.2.5 Evaluation of blood schlzontocldal activity of EtOHL and EtOHh in an 

lltabllshed Infection. 

Twenty five mlce were allocated In fives into 5 groups. Mice ,vere Infected with 

P. y. nigeriensis as previously described A dose or 400mg/kg or EtOH, EtOHh end

EtOHL (see section 4.1.3) was administered orally 72hr post Infection (D,), The

activities of EtOHh and EtOHL ,vere compared with the parent extract (EtOH).

Chloroquine (Smg/kg) and 5°� 'Tween 80' served as poslllvo end negative controls, 

respectively Drug administration continued up to D, .  Assessment of drug activity was
as described in 6.2.3 

1,2.6 Evaluation of tho repository octlvlty of EtOHL ond EtOH" 

The procedure was essentially similar to that described in section 6.5. Twenty 
lllQ wero allocated into rour groups One group received pyrlmethamlne (1 Smg/kg). 

The rernaiOUY.1 groups received 400mg/kQ of either EtOHi.. EtOHh or EtOH. Drugs were 

�tec'ed Ol'atly for 3 consoo.,tive days (Do, D,, 02 ). On day 3, all mlco· were

� w,:h 1x101 pRBCs. Toe remainder or the procedure wos ldont1�l to that

des.ullOed ln 6 24 
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1.2.7 Evaluation of blood schlzontocldal activity of methanol soluble (Ms) and 

methanol lnsolublo (M1) subfractlons of EtOHh In an ostabllshod Infection. 

Twenty mice infected as previously described were allocated In fives Into 4 

groups. One group received 100mg/kg of Ms while another group received 100mg/kg of 

Mi The remaining 2 groups received either chloroquine (Smg/kg) or 5°/4 'T,veen 80'

Drug administralton continued up to D, Drug acllvlty ,vas assessed as descnbed In 

62.3 

1.2.8 Evaluation of blood schlzontocldal activity of (AB-1) In P. y. nfgorfonsfs

tstabllshod lnfoctlon. 

Thirty five mice infected as previously described were allocated In fives into 7 

l>'oups Doses of s, 10. 20 • .io and aomg/kg or AB-1 were administered orally to s

s,ou;,s of mice. The remaining 2 groups received either 5mg/kg chloroquine or 0.4ml or

5% •Yt11en 80'. Drugs were adrTUnlstered between D, and D, postlnfecllon. Assessment
ac dr� attr11:y was as desctibed Ill secuon 6.2.3.
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S.2.9 Evaluation of blood schlzontocldal activi t y  of AB-1 In P. borghel ANKA

established infection. 

Thirty rats were used. Infection of rats ,vas as previously described, Animals 

were allocated In fives into 6 groups. Doses of 10, 20, 40 end 80mg/kg or AB-1 ,vere 

administered orally to 4 groups of rats. The remaining 2 .groups received either Smg/kg 

chloroquine or s0Ai 'T,veen 80' Drugs ,vere administered for 4 days starting from D3, 

post infechon Assessment of drug acllvily was as described In section 6.2.3.

6.2.10 Evaluation of  the blood schlzontocldal activi t y  or AB-1 In early Infection (4-

day test).

The procedure has been descnbed In 6.2.1 Thirty mice ,vere used. Doses or 1 o,

20, 40 and BOmg/kg of AB-1 were administered orally to P Y n/geriensls Infected mice.

Ctt:roqu,.ne (Smg/1<.g) and S% -r .... -een 80' were administered to positive and negative

�ots. respectively. 

1.2.11 Evaluatlon or lh• repository activity or AB-1 In P. y. nlgorlonsls Infection. 

'lllt �OOidLIJO was ldefl1,cal to U\llt descnbed in 6.2.4 Thirty mico were used Doses of 
10 20 •o and Slltngr,.g d AB--1 "'1lf8 odm1n1stered orally or subcutaneously to p y
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nigeriensis infected mice. Pyrimethamine (1.Smg/kg) and 5% 'T,veen 80' served es 

controls. 

8.2.12 Evaluation of the effect of prolongod boiling on tho blood schlzontocldnl 

activity of water extract of whole stom bark of A. boonol

Extracts of A. boone, stem bark obtained by reOuxlng the crushed stem bark In 

water for varying lime Intervals ,vere assessed ror onllmolarlal activity In P. berghel

ANKA infection as described In 6.2.4 Thirty five rats ,vere used. 400mg/kg of each of

the refluxed extracts was administered orally lo rats which wore lotor challenged with

1x107 rRBCs of p berghei ANKA. Thin blood smears were made and percent

ll.lppress1on of parasitaemle was calOJlated 

6.3 RESULTS 

1.3.1 Course of lnfocUon of P. y. nlgorlcnsls and P. borgho/ ANKA

ln!ectlon lnduCed by intrapentoneal inoculation of 1x107 red blood coils 

si.as:!!Zcd v.'\!h p Y n!gerienSJS or P. berghei ANKA was viable In mice lnfoded,

�Q!ed mlcO wero usua'Jy p:11ont oo 03, 72hr post-Inoculation (post-lnfectf�) With

�
.:n rang�from 1S-16�.
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Parasltaemia increased rapidly initially, and then slowly until between 06 and 08 

(post-infection) when infected, non-treated controls began to die. Thal Is, the mean 

survival period (MSP) ranged from 6-8 days. Parasltaemla before death of animals was 

usually above 50°k The course of Infection of P y. nigeriensis In mice and P berghel

ANKA in rats was similar. Ho,vaver, death in P berghel Infected rats usually occurred 

between 08 and 010. 

6.3.2 Blood schlzontocidal actions of oxtracts of A. boonol stom bark In oarly 

Infections (4-day test). 

The degree of parasltaemla In mice treated with doses or dlethylother extract
(DE) of A. boone, ranging from 10Q-800mg/kg did not differ significantly from that of the

eontrot (P � O,OS) (Table 6.1 ). WhP.n OE was admlnisterd 1',vlce dally, there was lilUe or

no di!feronce in the chemosuppression produced compared with single daily 

a-Jr?tnis:ra\ion (Fig 6 1 ). 

!,tee treated with EtOAc (100-400mg/kg) otso experienced e high level or

Pa-ai:-.aemia tllal was not significantly different from the control (Table 6.2) It was only

•
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Table 6.1: Schizontocidal action of DE in early inrectron (4 - day test). 

Extract 

DE 

DE 

OE 

DE 

ea 

Dose 

(mg/kg} 

100 

200 

400 

800 

5 

5°A. 'Tween 80' 0.4ml 

Average % Average % 

parasitaemla suppression 

16.4 ± 1.35 -0.60

16.0 ± 1.39 1.84 

15.2 ± 2.10 6.75 

16.1 .± 1.60 1.23 

2.3 .! 0.41· 85.9 

16.3 + 1.66 -
-

Drug was administered once daily for 4 days. 

• Significant compared with control (OuMet I -test}.
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Table 6.2: Schizontocidal action or EtOAc in early infection (4 - day test). 

Extract 

EtOAc 

EtOAc 

ElOAc 

EtOAc 

ea 

Dose 

(mg/kg) 

100 

200 

400 

800 

5 

5°,(, 'Tween 80' 0.4ml 

Average% 

paras,taemia 

16.0 .! 1.56 

15.7 .! 0.98 

15.8 .!: 0.56 

13.4 .!: 1.20· 

2.3 .! 0.41" 

16.3 .!: 1.66 

Drug ,vas administered once daily for 4 days. 

• Significant compared with control (Dunnet t-test)

Average% 

suppression 

1.64 

3.7 

3.1 

17.8 

85.9 
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at the highest dosage of 800mg/kg that the degree of parasitaemia was slalislically 

significant compared with the control (P �0.05); the suppression of parasitaemia al this 

dose was 17.8% (Table 6.2). Chloroquine gave a chemosuppression of 85.9%. Tvlice 

daily administration of ElOAc did not produce an appreciable Increase 1n 

chemosuppression over once dally regimen (Fig. 6.2). The schizontocidal action 
of EtOH is shown in Table 6.3 and Fig. 6.3. NI mice treated ,vith EtOH with the
exception of the lowest dosage group experienced decrease or parasitaemia

significantly different from the control (P�0.05). The extract produced a dose 

dependent chemosuppresslve effect with the highest dose (800mg/kg) giving the 

lllaltimum effect of 61.4°/4, while Smg/kg Chloroquine produced as.so-ii

Chemosupprossivo offoct (Table 6.3). When EtOH was administered twico dolly,_ thore

was a small increase in chemosuppressive effect produced by each dose tested (Fig.

8.3). Al the highest dose or aoomg/kg, the chemosupprossion produced by twice dally

,_ime I t 1 720,_ compared with that or single odmlnlstretlon which ,vas""'V n was approx ma e y "' 

57%. The result or the schizontocldal action or oquoous extract (AO) Is sho\vn in Table

6,4 8nd FI Th chemosuppresslon produced by lhe octlvo dosos (400 andg. 6.4 e 

�-- 6 6 nd 27"/4 respoctivoly. CO gave chemosupprosslvo offecl
---ll\JIKQ) or AO wero 1 . o 
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of 85.9°4. When AQ was administered twice daily, the active doses gave 

chemosuppressive effects that ,vere significantly higher than those produced by single 

daily regimen (Fig. 6.4). 

Comparison of chemosuppressive effect or EICH and AO shows lhet for- each 

dose of extract above 100mg/kg, the chemosuppression produced by EtOH v,as more

than twice that or AQ (Table 6.5). 

The result of the test comparing the schizontocidal actions or soxhlet and cold 
8lttracts or A. boone/ stem bark Is shown in Fig 6.5. The dose or ell extracts tested ,vas 

400mg!kg The chemosuppressive actions or the cold ( c) and soxhlet extracts ,vere 

COmparable and for the most part similar (Fig. 6.5). The chemosuppresslon produced 
by cold and soxhlet extracts or  OE and EtOAc were belov, 10% and were not

SiQnificanUy different from each other. Also, the suppresslon or paresltecmia produced
by SOXhlat extracts of EtOH and AO was not significantly different from that produced
by the cold extract or either Et OH or AO (Fig. 6.5).
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Table 6.3: Schizontocldal action of EtOH extract in early infection 
( 4 -day test). 

Extract Dose Average% Average% 
(mg/kg) parasilaemia suppression 

EtOH 100 160± 1.44 3.1 

EtOH 200 13.4 ± 1.67" 17.2 

EtOH 400 9.8± 0.98" 39.9 

EtOH 800 6.3 ± 1.0· 61.4 

CQ 5 2.3 ± 0.41 • 85.9 

5% 'Tween 80' 0.4ml 163± 1.66 

Drug was administered once daily for 4 days. 
• Significant compared with control (Ounnet t-test).
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Table 6.4: Schizonlocidal action of AO in early infection (4 - day lest). 

Extract 

AQ 

AQ 

AQ 

AQ 

ea 

Dose 

(mg/kg) 

100 

200 

400 

800 

5 

5°/4 'Tween 80' 0.4ml 

Average% 

parasilaemia 

15.9 .:!: 1.54 

14.9 ± 1.46 

'13.6± 0.09" 

11.7±2.12· 

2.3 ± 0.41" 

16.3 + 1.66 

Drug was administered once daily for 4 days. 

Average% 

suppression 

2.5 

8.9 

16.6 

27.0 

85.9 

-

• Significant compared ,vilh control (Dunne! t-test).
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Ta blc 6.5: Percent Suppression of soxhlet extracts and chloroquine. 

Perce.nt Suppression 

Extract/Doses 100 200 400 

(mg/kg) 

DE -0.60 1.84 6.75 

EtOAC 7.9 3.7 3.1 

E10H 3.1 17.2 39.9 

AQ 2.S 8.9 16.6 

CQ (Smg/kg) 85 9 

800 

1.23 

17.8 

61.4 

27,0 
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1·3·3 Effect of EtOH on an established infection (Rane's test)

Control mice experienced a gradual increase in parasltaemia rrom 03 to 07 (Fig 

661- One mouse died on OS. Mice that received chloroquine (Smg/kg) expenenced a

lllar1<8d reduction 1n parasitaem1a daily (Fig, 6 6). By 08, the parasitaemia 1n these

llltce had dropped from 15 1 :!: 1 4°/4 to 0,9 ±0 32 The mean survival period (MSP) of
COntrol mice was 7 3 .! 0.37 days.

Mice that were infected and treated with lower doses (100 and 200mg/kg) or

EtOH either once or twice dally, did not experience a reduction In parasitaemia that

'ttas s1gn1flcant1y different rrom that or the control mice (Figs 6.6 and 6. 7) All hough
mice treated with 400 and

�g or EtOH extract, either once or twice dally, did not experience a decrease In 

Paras1taemia. the parasitaemlas in these mice were never1heless s19nir1cant1y different

ltorn the control and the two low-dosed groups (Figs 6 6 and 6. 7). Similarly the MSPs 
01 the h ,.. .. 1 ficantly different (P < 0 05) from those or the IO\v-10, ....,osed groups were s gn1 

� g lh applicallons the MSPs or the group treated With roups (Table 6 6). In et er 

� of EtOH extract were s1gn1ficantly higher (P :: 0 .05) than the MSPs or mice
\'.,,._� t (Table 6 6) In eddilion the MSP or the group � �Ith lo11er doses or the e.xtrac 
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II 6 

Ible 6 .. 6 �fcan survival period of infected n1ice trected once nnd t,vicc dnily with
OH �tract, CQ and S¾ Tween 80' (once daily) in Ranc's test.

rug/ extract Dose Average percent Suppression 

(mg /kg) Once dailv application 

1f1Plication 

Eton 100 7.4 ± 0.4 • 7 3 ±0.421

200 8.2 ± 0 5 °1"'

400 
c• 

9..t ± 0.5 I I 2 + 0 711,c• 
-

800 I O 6 + 0 IJ' 17 2 ± 0.51 •• 

5 30 + o.or

O .tml 7.3 :t 0,37' 

Si 
< 0 05 ) using Dunnct t • test 

�tanr c0tnp:ircd ,,11h control 
(p_ 1 column or roll are notfollo"et.1 by the s.1111c letters 111 

;;��,ving Duncan's Multiple Rnngc
.. f1tai11J) different :it (P:: 0 OS ) 
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Days Post infeclion. 

-

7 8 9 

0 

• 
0 

EIOH I 00 mg/1-g 

E10H 200 mgtlo.11 

EtOH 400 mgfl.g 
E10H 800 mgl\g 

Cq s m,glltg 
s� .,_ so· <O • ml> 

•s.gr.ficant compared ..,,lh canrrol
(OuMet t·test; P 4: O.OS), i-.o con� 
"'� made on day 7 or,y,¥ds- because 
cantrol ani�ls were dud. 

Fig. 6. 7 Effect of soxhlet extracts of EtOH on P .  y. nlgerims,s par;asit.1r-m1.1 In 
Rane's Test. Extracts v.ere ;administered orally and ,,..ice d,;.Jy 
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nated twice d ·1 ·th ai Y wi 800mg/kg of EtOH twice daily ,vas more than twice that of the
COl1trol (Table 6 6). Mice treated with CO (Smg/kg) lived for more than 30 days 

6·3·4 Effect of AO o n  an established Infection (Rane's test). 

Control mice experienced a rapid daily Increase In parasltaem1a from 03 to 07
'

Yitien death occurred (Fig 6 8). In contrast, mice treated with chloroquine expenenced

a drashc daily reduction 1n parasltaem1a up to 06 when the drop 1n parasitaem1a

became gradual By 08, the parasitaem1a had dropped from approximately 15°� to 
0904 

Mice treated with lower doses (100 and 200mg/kg) or AO exhibited a daily 

�ease 1n parasitaemia comparable t o  that or the control (Fig 6.8) Mice treated with

4(X) alld 800 mg/kg or AO also experienced an increase ,n paras1team1a with hme, but

ll'ie lflCrease was rather gradual unlike 1n control and mice treated with lower doses of

"O e�ract in which the daily increase in paras1taem1a was drashc The MSPs of the

�01 m h t calved aoomglkg or AO extract were 7 6 and g gtee and the group t a re 
�fl re Th roup treated with ea extract lived beyond the 30• Spect111ely (Table 6 7) e 9 
� 1'11'\.o__ r the group treated with 800mglkg was sfgn1ficanlly-AWVat1on period The MSP o 

�..., b t not up to iw,ce lhal or the control (Table 6 7)(P � O OS)lhan the control u 
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Fig. 6.8 

Extracts 

4 s 6 7 8 

Days Post ,nfect1on. 

Effect of AQ on 
were administered

P .  y. n19enens1s par1.taemi:, in Rpne's 
� 
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Table 6.7: Mean survival period of infected mice treated once daily with AO, 

CQ and 5% 'Tween 80' in Rane tesL 

Drug/extract Dose (mg/kg) Mean survival period (days)± sem 

AQ 100 7 .5 .:!: 0.49 

AQ 200 7.4 .:!: 0.55 

AQ 400 8. 7 .:!: 0.39

AO 800 9.9;!: 0.72 

CQ 5 30 .:!: 0.0 

5°/4 'Tween 80' 0.4 ml 7 .6 .:!: 0.51 
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• 

1·3·5 Repository action of EtOH

The results are shown in Fig. 6.9 and Tables 6.8 and 6.9. EtOH was 

administered orally, once and twice daily to mice. Percent parasitaemia in the control
was app rox1mately 15%. In contrast, percent parasitaemla in the group treated \Vith

P'frimethamine (1.5 mg/kg) was 2.1 °/4 \Vith a chemosuppression or 86. 7% (Table 6.8). 

EtOH at the doses used did not prevent infection. The percent parasitaemla in the

k>Ne5i-<10se group was comparable to that or the control. Higher doses, especially 400 

lrld BOOmg/kg or EIOH produced marked reduction In parasitaemia (Fig. 6.9) with the 

hlohest dose producing a chemosuppresion of approximately 47 and 53°/4 \vhen given
0nce or twice daily, respectively.

The percent perasitaemie exhibited \vhen doses or 400 end 800mglkg v,ere

idrninistered once dally were approxlmately 9% end 7-8%, respectively. When the

laine doses were administered hvice dally, the percent parasltaemlas slightly dropped

lo aPJ>roximately 8 and 70�. The parent parasllaemia exhibited by 400 and 800mg/kg in

tie tNO • • 11 d'fferent rrom that or the control. In addition theyregimens were s1gn1fican Y 1 

"Ire <1A,. _ -.u-related (Fig 6.9). 
1'1.,_ ed with iower dosos of EtOH (100 and 200mglkg)""' t'1SPs or the m1co treat 

.._ . nificanllY different from that of the control \Yhlch 0n0o Of tNJce daily wore not ,,g 

•
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O+-----

• 

-
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• 

Once daily 11dm1nistratlon 

ra •00£� 
El 200 EtOlf 

0 400EIOH 

CJ BOOEtOH 

D Py·mlhamne 1s �) 

0 S % Tl'o'Nltl 80' (0.4 in) 

• Slgnlftilllt compared wn.h CDntrol
(INMet !·test; P< 0.0SJ

20--------------------, 

18 

16 

14 

12 

10 

' 
8 

6 

4 

2 

O+------'

1 

• 
'• 

• ' 

'•

,,,,,,,,,s . . _- .I T . 

• 

Twice daily administration 

� lOOEtOH 
@ 200EtOH 
0 400EtOH 
[Il 800 EtOH 

0 Pynmethamule ( 1.� mg/ l.g) 

D s � 'Twttn eo· co.4 m> 

Fig. 6.9. Repository activity of EtOH on P y. rngenensis p�rasit11em1.1. EtOH .. ,s 
administered or.illy (Top) once daily ;and (borcom} twice d,dy, l').r1�1ham/M 

was 11dm,n,s1ered orally and once da,/y. Vertical lmts ,ndlc111e ,.e.m. 
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7 9 days In contrast, the MSPs of mice treated with higher doses (400 and 800
g) were significantly higher than that of the control (P<0.05; Table 6.9) In addition,
MSP of the group treated with 800 mg/kg, twice daily, ,vas more than twice thal of 

t,_ tontrol M,ce treated w,th pynmethamine lived longer than 30 days (the observation
llerl()d) 

l.3,g 
Blood schizontocidal actions of EtOH subfractions (EtOHL and EtOH�) in

Rane's test. 

EtOHl (lypoph,lic portion) and EtOHh (hydrophilic portion) were the sub-fractions

�E
t
OH obtained by liquid-liquid extraction As shown In Fig 6 10, the control mice and

� ll\1rft 
1 

. d 8 dally Increase ,n paras,taemia All the """' reated with EtOHl expenence 
-.,'Tlals I th 07 415 of the mice treated with EtOHl died by 07n e control group died by 
'"4 rerna 6 Th's mouse experienced a somewhat erratic1nder did not die until 01 1 

, t parasitoemta increased to 32°Ai on 05 Byin percent parasitaem1a The percen 

I>', (he 7% 11 started to rise again by 08 and the
i>aras1taem1a had dropped to 1 

�
ease h occurred (not shown in the graph)

wa, gradual up to 016 when deal 
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Please turn to page 124 
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le� 8 Schizontocidal action ofEtOl I extract administered once or twice daily in
SIIOry IC$! 

Dose (n1g /l<g) 1\ vcragc percent Suppression

Once dnily npplicntion Twice dnily 

1PP1ica t ion 

100 3.3 0.3 

200 16 7 18 

400 
40.0 48 

EIOH
800 

46.7 53 3 

P)nrnc1han1inc I 5 
86.7 

S• • iwccn 80' 0,4n1I .......__ 
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Table 6.9: Mean survival period of mice rn which residual activ11y of EtOH extrael was 1nvest1gated. 

Drug/extract Dose {mg/kg) Mean survival p eriod (days).:!: sem 

Once daily apphcalion Twice daily apphcatJon 

EtOH 100 7.3 .:!: 0.53a 7 .9 .:!: 0.51 a 

EtOH 200 7 0 .:!: 0 46a 7 3 .:!: 0 37ab 

EtOH 400 10.3 .:!: 0.41b 11 98.:!:077b0 

EtOH 800 12.3 .:!: 0 61b" 18.8 .:!: 0 83c· 

Pynmethamine 5 30 .:!: O.OOd· 

5 °/4 'Tween 80' 0.4ml 7 9 .:!: 0.45a 

Pyrimethamine served as a reference drug 

• Significant compared ,vith control (p � 0.05) Dunne! I -test

Means followed by the same letters in each column or row are not significantly dtfferenr at (Pi O 05)

following Duncan's Multiple Range TestUNIV
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erratic parasitaemia expressed by this particular mouse may be due to sequestration of

i>arasite in tissues. 

Mice treated with EtOH and EtOHh experienced daily increases in parasilaemia 
"'1l ich were significantly lower (P � 0.05) compared lo the control and ElOHL -treated

l!lice. II should be pointed out that mice treated ,vilh EtOHh experienced a fall in 

llatasitaemla on 05 before their percent parasilaemia gradually increased on D6 up to

Da (Fig 6.10). Mice treated with ea experienced a steady decrease in parasitaemia up
lo OS When lhe experiment was terminated.

8·3·7 Repository action of EtOH, EtOhL and EtOHh

The degree or parasltaemia In the negative control group v,as approximately
16'4 

Pyrimelhamlne gave a chemosuppresslon or aao/4 ,vhlle EtOH, EtOhL and EtOHh

�Odoced eh . ff 15 or 46 2 and 63%, respectively (Fig, 6.11 ). Theemosuppress1ve e ec 
1fJ>os,to

ry 
. 1 5 tlmes higher than that or the parent extract (EtOH)activity or EtOHh was . 

"'1ereas u, . f EtOh wns 23 times lower than that or the parente repository activity o L 

t,;,,,ic:l

•
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• 

l3.S Blood schlzontocldal actions of M1, M, and AB-1 In Rano tost. 

The result is  shown in Fig. 6.12. Tho mothonol Insoluble froolion (M,) or EtOHh

was not active against P y nigeriensls. The percont poroslloomlo lncroosod dolly os In

eie control. In contrast Ms, Iha mothonol solublo rrocllon of EtOl lh ahowod o modoroto 

IChizootocJdal action Although the dogreo or porosltoomlo lncroosod dally, tho 
ra-ease was less rapid comporod to M,-trootod ond control mlco.

Unh!<e M,, AB-1 tho crystolli:od compound from Ms ahowod strong 

�al oct:on Mice trootod \\,th AB-1 hko those trootod With chloroquine 

�'r..g) OX?efiencod drashc reduction In poreslloomlo By day 8, the parasltoomla In 
e: 
.:Qroqu..no- ond AB-t-treatod mice hod dropped to opproxlmately 6% and 1'4,

""�•'ely Doa:h in 011 f\1.-tteatod and control mice occurred on D7 Mico trootod with 

�, and c:hloroqu!nO lived up to 15 days post Infection whon the mice were 

,,. •-71'!" • 1 lg rlonsls ind P. bo(1JhOI ANKA Infection ' '/O AS-1 In P.y.n • 

I 

..... , ...... ,__., ore� in F.,� 6 13 and Toti:o 6 10 All conltOI mlco Wectoo w.:h

,__.,ffl In p:lflUlteomla unld 07 v.tion d�th -.....:__; e::r:;,a.encad O dl '/ II' .... ....--

�·-.. TIMI ,arr. rdS d'� en 08 Tho mun PMtenl paras_aemJa
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4'astic decrease in parasilaemia each day. The mean percent parasilaemia on 07 in
11!$8 mice was a · · pproXJmately 1 % corresponding to a chemosuppress1on or 98. 1 °-<,
(Fig 6-13 and Table 6.1ct).

Mice treated with AB-1 (5mg/kg) experieced a daily increase in parasitaemia 
� th was somewhat less rapid compared with the control group (Fig. 6.13). In 
COnttast · , mice treated with 20..SOmg/kg or AB-1 experienced a decrease 1n
Patasitae · · • 80 g/k m1a until 06 when it started to rise. Parasilaem1a 1n m 9 group fell again 
�08 T · ha percent parasltaemla and suppression In the highest dosed group on 08

'fleres.2% and 88.5"/4, respectively (Table 6.1cf). The chemosuppresslon of AB-1 was

�8PBndent and the mean survival period 1vas also dose dependent with values
r
anging from 10.9 days in the least dosed group to 19.4 In the highest dosed group.

'the Msp or the groups administered with 40 and 80mg/kg or AB-1 ivas more tharr!lvice
11\at Of lh 8 control.

On day 15, the blood film rrom mlco dosed ,vith 5mg/kg of ea was parasite

flegative .,,_,1 11 d 30 whon the eicperimenl 1vas terminated. All mice· ''' s remained so uni oy 
�,ated Wilh 10 dead by day 15. Three or the mice treated vlith

-20mg/kg or AB-1 ware

�.g Vt" malnder died on doy 17 In the group troetod with... re dead by day 15; !ho re 
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Tablo 6.1 O. Activity of AB-1 administered orally once daily to male mice infected Willi P y

A. 

B 

nigeriensis 

(Table 6 10A) and to male rats infected with P berghe1 ANKA (Table 6.10B) ,n Rane·s tesL 

Drug Dose 
(mg/kg) 

AB-1 10 
AB-1 20 
AB-1 40 
AB-1 80 
co 5 
5°/4 ·Tween 80' 0.4ml 

n=3 

Drug Dose 
(mg/kg) 

AB-1 10 
AB-1 20 
AB-1 40 
AB-1 80 
co 5 

5% ·Tween so· 0.4ml 

0/4 Paras1taem1s 

1 7 .0 :!: 2.9· 
131 ! 2.2· 
111:!;17· 
6 2 :!: 1 s·

1 0 ! 09· 
54.0 :!: 1 6 

0/4 Paras1taemia 

35 5 .:t 3.5 
33.6 .:t 2 9· 
29 2 .! 3 1 • 
189_± 1 9• 
6 3 ± 1 5·

622 .! 23

0/4 Suppression 
08 

68.5 !..._2.1 
757 ! 1 . 9
79 0 :!: 1 1 
66.5+ 2 9
981:!;0 6 
-

•.4 Suppression 
08 

43.0 
46.0 
53.0 
69.5 
89.9 
-

• Sign,ficant co,nparecl to control 01 P � 0 05 (Dunnat t--tosl)

tAean Survival 
Period {days) 

10.9 +042 
10.0 +0.72 
14.8 + 0.92 
19.4 -+ 1 2 
> 30days
7 4 -+ 0.77 

Mean Survival 
Period {days) 

9.6 
10.1 
12.7 
15.0 

22.2 
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• 

�g. one died on day 15, 3 on day 19 and the last one died on day 25. AB-1 was 

-� ive on P .  berghei ANKA but less so compared to Its activity on P .y. nigeriensis.

The par ·1 as, aem1a and the chemosuppresive action of 5mg/kg or CO on day 8 were

17 s�1 5 - · and 71.2%, respectively (Table 6.108
). The parasltaemia rose to 52.4°/4 by 

day 15· One animal died by day 17, 2 by  day 22, one on day 24 and the remainder died

�da
y 26. Doses of AB-1 ranging from 10-SOmg/kg produced chemosuppressive effect

� 
43 to 69.5°/4. The MSP ranged from 9.6 to 15.0 days. All the mice dosed ,vith 10 -

�g or AB-1 died before day 15. In mice treated with 80mg/kg, one died by day 13,
1
110 by day 15 (one before blood mm ,vas taken) and the remaining 2 by day 16. The

�asitaernias of the mice alive on day 15 and 16 were 71.5 and 69.6%. respectively

(d;ii,a 1101 Showr,)

Blood schlzontocldal actions of AB-1 In early lnfoctlon (4-day-test)

In a ,4,. 8 suppression or 88.67 percent (Table 6.11).
"ay test', chloroquine gave 

'a.1.1rea1,,,. . 8 effects ronglng from 41.3°-' (10\vest dose =
"" mice gave chemosuppressiv 

1
�·,,01 lo 8 g/kg) Al dosages of 20 end 40mg/kg, the

1.9% (highest dose = eom 
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Table 6.11: Blood schizontocidal actions of AB-1 in P. y nigenensis early 

infection. 

Drug 

AB-1 

AB-1 

AB-1 

AB-1 

cq 

Dose 

(mg/kg) 

10 

20 

40 

80 

5 

% Suppressiolon 

41.3 

60.1 

71.2 

81.9 

88.6 
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Cl'emosupp ressive effects were 60 and 71 2°,{,. These show a dose dependent effect
!Table 6-11 ). Al the highest dose of 80mg/kg, the chemosuppressive effect of AB-1 is
C0mparabte to that of Smg/kg chloroquine.
l.3.11 Repository action of AB-1

In the repository test, doses of 10, 20, 40 and 80mg/kg produced 

themosuppressive effects of 52, 62.4, 79.9 and 86.5 percent, respectively (Table 6.12).

PYJllllethamine (1.Smg/kg), produced a suppression or 89.4°-'. The actions of AB-1 in

TeJio
s
ilory test were also dose dependent. Further, a dosage of 80mg/kg produced

lehiz
ontocidal effects that were similar to that of pyrimethamine (1.5mg/kg). In addition,

!loses 
of AB-1 used in this study, as ,veil as the dose of pyrimelhamlne did not prevent

rtectio 7 · 7 RBC n 2 hou rs after inoculation of mica with 1x1 O P s.

When AB-1 was administered orally and subCULaneously in o repository te�t, the

diernosuppres I rr d d ,8 both routes of administration ,vere similar ends ve e eels pro uce v1 
�arabte (Fig 6.14).
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Table 6.12: Repository action of AB-1 in P.y. nigeriensis induced malaria 

Drug Dose % Suppression 

(mgfkg) 

AB-1 

AB-1 

AB-1 

AB-1 

Pyrimelhamine 

10 

20 

40 

80 

5 

52 

62.4 

79.9 

86.5 

89.4 
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• 

U.12 Effects f 0 prolonged boiling on tho ontlmolorlal octlvlly of A. boonol atom

'-•xtract 

Wnote plant material (pulverized) ,vos either stooped In woter or ronuxod In

� cont inuosly for times ranging from 2-64 hours As shown In Fig. 8 15, tho

�ossion produced by tho whole plant molorlol 11oopod In wnlor (cAQw) woa

��loly 33%: those or extrocls ronuxod for 2 to 16 hours rongod from

''l'lalely 32 10 33% Those values wore similar lo tha t  of cold whole oxtroct

� lhat prolonged boiling for up to 16 tiours may not otroct the enlimeleriol 

1 Of A. booneJ stom bark extrael When plant moterlol was ronuxed for 32 ond 64

:i lh& llC-ocr.t suppression dtoppod to approximately 19, end 16, respeclivoly 

""l � be!: f �" ,...,,,.1ng rrom 32-64 hOurs resulted in a slgn11ican1
::,g or"""'.,.._,_,. 

1'11.he e:tM:Y o! the ptnnl cxtreci (Fig 6 15)
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J .,,. ..... ;;-.. 1EvT"ACTS;:= 

I 

D cAQw 1Re1ogen,ec1 tor 2 ,..11hu 

D rAQw(21v1 
0 rAQw(4 IY) 

Q rAQw :e hrl 
D rAQw 061v1 
8 rAQw (32 ht) 
El rAQw (6'4 hr)

Dose o1 each «UXt • 400 mg 
,. relluatd; -hole 

F,g.6. 1 S Effects or prolonged "°''"'11 on rh� .,,r,,na/aru/ .1cin11ry of Alst«Ma l>ootl� sr,m b.ir4 
RC!'pos..rory .ac:rnnty was ,nvesc,g;,t�. Wholt- plane m.:trer'IM """ su:�p«l tn dtrr-ll.«J �at«-- (AQJ 
or ,�nu,-.-c, "' disr,lllfld ware-,. fo, "'� hours (2�6"f hr) 
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DISCUSSION 

In lh. 19 v,ork, the blood schizontocidal activities or active antimalarial constiluent
dAJstan, b a oonei stem bark were assessed in P. y. nigeriensis and P. berghei ANKA
'1ectioo s 10 male swiss a lbino mice and male Wistar rats, respectively. Bioassay
� fractionation was performed to isolate the active antimalarial constituent.

In all tests In which the blood schlzontocidal actions or extracts were assessed In
� Infections (4-day test), an lnoculum of 0.2mls containing 1x107 pRBCs produced
• 

Parasitaem1a or approximately 16% in Infected, non-treated controls and a
!:ara 

s11aemia of approximately 2% In chloroquine (5 mg/kg)-treated group. The

�ession of parasilaemia in  this fatter group was 85.9%. This level or

'suppreslon is adequate for the purpose of the present study as it indicates the
�ISite 

.. 
sensitivity to the drug (blood film ,vas parasite

t�QIJv
e on 015). So Iha use of chloroqulno as a reference drug In this ,vork Is

I.\Lfiabl 8,
• 

In earl I r di thyfother extract (OE) tes1ed did not show
Y nreclion, all lho doses o 8 

' &chlz presslon of parasltaemla at the highest
0nlocidal activity. The chemosup 

' Of Boo Thi Is oxtremely 10,v compared ,vith thot or
mg/kg v1as only 1.23°� s 

'
<lq\i1ne ( Evon ,vhen OE ,vas given twico dolly, lhoro

85.9%) al a doso of 5 mg/1<9 
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llaS ijttle or no i ncrease 1n the chemosuppressive effect indicating lhal DE was nol
� 111 tile test. 

Tile a I c ivity of EtOAc extract compared wilh thal of DE exlracl. The percent
rl'as1taem1as in mtce dosed with 100-400 mg/kg of EtOAc exlracl did not differ

'91.1;canuy from the control Indicating thal the extract at lhe doses indicated, lacked 

� SChizontoc1dal activity Al a higher dosage or BOO mg/kg, lhere was a slgn1f1cant 
�100. . in paras,taemia (P � o.05) compared with the control The chemosuppres1ve 
t&=cl of 17 8 associated with this dosage is probably due to the Increase in lhe amount
:i 

�/1\alanal active consliluenls in the 800 mg/kg compared with lower ( 100 • 400

)• ·�1 dosages

The blOOd sch,zontocidal action of aq extract was higher lhan lhose of DE
� 

iilld EtOAc extract At the highest dose or BOOmg/kg, the chemosuppress1ve

ttt*al 27% The effect of AO extract was dose related When AO extract was
I). 

1�0d "·· b t nual and significant Increase ,n the, .. ,ce daily, a su s a 
-� 

o-� ..... e- h doses (400 and SOOmg/kg) occurred This is a
• '""'""', produced by h1g er 
� -ze fiorn ,� th OE and EtOAC elCtracls

u,u trend not.ced wi 

• snows that tho extract was effechve ,no! ottr111y of EtOH extract 

:n,, The extract produced a dose-<lependent 
· ..., P Y lbf10ncnsis infocuon ,n mice
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lhlniosupp ressive effect in the dose range of 100-800mg/kg; the highest dose
l'Oduclng a chemosuppression of 57-61.4% (once daily regimen) and 72% (twice dally

� n) compared to Smg/kg of chloroquine which produced 85.9%. This observation• 

�les that ethanolic extract of A. boonel stem bark had some blood schlzontocldal
"ect in early infection initiated by P. y. nigeriensls In mice.

At the highest dose of SOOmg/kg, the activity of EtOH extract was more than
"-.ce 1h at 

or AQ extract, approximately 3 limes that of EtOAc extract and about 50 times

l'laj 
01 

DE extract This strongly suggests that tho most active anllmalerlal 

�tuent(s) of A. boonei is present in the EtOH extrecL Furthor, it suggests that the
�!anal active constituents are of intermediate polarity.

\�en EtOH was administered !\vice daily, there ,vas a slgnmcant Increase in
_.. _ _

-oUSUppressive effect of each dose (with the exception of 100mg/kg}. This again is
1
�e fr,.._ lh d "th OE and EtOAc ,mere twice daily odministrollonvu, e trend notice WI � ".(;acts in chemosuppression This obscryetion

PfOdueod llttlo or no Increase r�
Iha f OE EtOAC may not have on ImportantI tv.1ce daily administrallon ° 

� 
,Jc irnen Moreover, lhe smell lncroase in ad'lllruage over once daily reg 

• • �-
dose was Increased, as a consequence or-�&is 'on that occurred wtien the

� da:_ to fot any likely odvorso effect which tho'/ �a!;on may not compcn� 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



144 

. 

IQact may show. In contrast, twice dally administration of EtOH and AQ extracts may 
be beneficial. 

Con ·d 51 ering the results of the above tests, It can be concluded that DE extract
Iii! not cont · a,n antimalarial active constituent; EtOAc contained trace amounts of
l'timalarial a 1-c tve constituent \vhereas ElOH and AO contained a large proportion or
1-e ant1ma1 anal acltve constituents present In the stem bark of A. boonel. It Is possible
�ElOH and AQ contained the same active constituents. II so, then the compound(s) 
tarno re In EIOH then In AO. Thus, ethanol ,vould appear to be the most appropriate 
�½ot for preparing a decoclion of A. boonef stem bark. 

lho actions of the stem bark extracts of A boonel reported In this work is at 
� 

� With that reported by A\ve (1991 ). In that study, crushed stem bark of the plant

� e�acted With distilled water In 8 soxhlet apparatus. The resulting aq extract was

�18d us tor end tested against P berghel berghel in mice. 
� ,ng a rotary evapora 
... �st do od --" 0 chamosuppresslon of 58.2% while lhose of 200mg/kg pr u,..,,,, 
�1 doso f 2 eh  osupp'8ssion of 18. 5%.

o Smg/kg produced o em 
kl 1.;,.,, et (AO) was obtained by renwung the more ""' present study, the eq extra 

�-
d A t,o0nel stem bark with diolhylolher, 

--� a!tet oxtract,ng the ctUshO 
�-�- ) in O soxhlel apparatus At 200 mg/kg, !ho AO

._..., lll'US ct.hanol (in that order 

""� � 8 ch0tn0supprosslve effect or only a 9% 
0?a:Cd lr/ this IDtler mc!hOd gave

· 
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n.s Shows that th A e O extract used by  Awe (1991) ,vas more potent than that used Jn
'-j:fesent Work. S everal factors may be responsible for the discrepancy In the two
�. 

Flrst is 1h d. e 1fferent methods of preparing the AO extracts. Ethanolic extract was
�e active 1h an AQ extract in the present ,vork. Thus the use or ethanol before water
I\ the extra I c ion procedure described In this thesis may have removed some active
�Ltuent 5 Which would be present Jn the AO extract used by A,ve (1991) as no 

� v,as used In that work. Second, the rodent Plssmodls used In both studies 11,ere 
e• Erent -,.,._ · 111

0 P berghel berghel used by A,ve (1991) ,vould appear to be more
�,e . . . 10 the AQ extract than P y n,genenSJS ,s

� Aoother remote source of discrepancy Js seasonal variallon Plants growing in

'°11 � are subject to certain influences including climatic factors, seasonal variation

d:sease (Ph"II Thi Implies that the composition or secondary
t 

, 1pson, 1994). s 
�'e nm.. (Waller 1993). This phenomenom has been 

1 ··-, vary according to season 
�� to - f rta n chemical constiluents or Marinda /uclda

0118d the OOmp0Sitl00 0 C8 I 

' 197 _,.,ariol activity of cn.ido extracts or M ludda
II:-

9) and to  affect the anti ..... 
t � (Mokin<fe, Awe ond Saloko, 1993). Samples 

11 � during d,fforent seasons 
., t,..J'l,,.., 1 . ...., were collocied In February whilo those 

-,.:, t'.£m b:lrk usod in the p,esont s .., ... , 
"" t--, It ( 1991) v1Cto cotl!lded in AlJOUSI.

•
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In Its indige nous use, A. boone, stem bark is either soaked in alcohol or boiled in
tier and take n in the form of aqueous tea. This melhod of preparalion or the exlract
�s that most of the compounds present in the solution or the tea are poler In
ta1lre That is, the active antimalarial constituenls In the lee are polar or or

�iate polarity In the present sludy, it has been demonstrated that the ethanollc

lllract (EtOH) and the aqueous extract (AO) showed considerably higher blood

�toe ·  ldaJ action than dlethylether (DE) and ethylacetale extracts (EtOAc) The two

l:t,e extracts invariably contain polar or semipolar constituents. Thus there ls good

�la�0 • . 

n between the extracts found active 1n this study and the extract used for

� ll'lalaria in traditional medicine. Hence, this presenl sludy lends some support

tie SOivent used In the extraction of an11malarial sap or A boonei stem bark.

A.s "1entioned earlier, A ooonel stem bar1< fs either soaked In alcohol or boiled In 

� a.."ld (!n ... i. 1 . tlmalarial activities or cold extracts obtained by
• w, "'- n this study, the an 

� A. boo . ·rr I organic solvents wore compared with those
�i 

!lb! 
nc, stem bark ,n di

ere
: .. , t eppa

ratus. Too result shows that the
:a nod by the uso of so ... , 8 

� 

� 8 not significantly different
�s nt effects of oold extracts wer 

: � � , H-un'lflr exposure or plant material to heat
om those of &OXhlol extracts ""-

• �,. � lh9 ch8fTIOSUPP'8SSlV8 olfocl.
Cbove :.!pn;ric:ant1y redoced
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In the 4-da 
. 

· Y test, only EtQH and AQ extracts showed strong blood
�tocidal a r c ion. So they were tested for activity In established Infection {Rene's

"') Both ext racts were not curative 1n the test as there was a dally Increase In

rl'asilaemia I n the control However, the Increase was less rapid In the case or mice

lla!ec1 With 400 end BOOmg/kg dose of EIOH and AO extracts. The low mulllpllcallon or

�1te 10 1h e mice treated with higher doses of both EtOH and AO extracts probably

�led for their prolonged survival over the controls Further, the observation thet

��ISP of mlce treated l\vice dally {\vith 800 mg/kg of EtOH) was more than twice that

:,� 
COntrol is indicative of blood schlzontocidal action of ElOH extracts according to

� � (1983).

The results of the Rene's test shows that extracts or A. boonel wore not effective

t� 

, Shed infection. This observation agrees with the findings of Jlmoh (1985) and

�
11991) Howa 8 th .,....,, t sed In the present study produced some bonor,ts ,n

� 

V r, 8 8,-u.,C U 

Of PI'"'--. . riod of treated mice ovor the control The longer

lt-:i 
-..., '1:11ng the SUNIV8l p8 

h L'lr.! ,_._ posed to  the shorter MSP In lho control mice
.. ._ treated with extract as op 

� t. �a..� rt of tho �act which hove boon roportod

• '-'Y'.od to additional ptope 18' 

'�-'-- . nd oalgf!IC effects (Wrights et al. 1993). The
-...... � inciudo antipytotac o 0 

' t"� ,_,_,., since according to Asuzu and Anaga

ma-, hotto',tf be absent ot m•11111-

'-o ,_ xlf8d of thO stem bark of the plant did not

"' 200ml)r,.g of !ho oquoOUS 8 
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toN analgesic effect h w en used alone, but potentiated morphine-induced analgesia in
tar:e 

. 

Results of l h  e repository test shows that the most active extract (EtOH extract) Jn 
te 4-<Jay and R ane s test, like pyrlmethamine (1.5 mg/kg) did not prevent paraslt!!emle
72 hours POSti f n ectton in mice, but significantly reduced parasite mulllpllcatlon rate. 

�treated . ,vilh 800mg/kg had prolonged survival period over the control. When the

�9 was ad ministered !\vice daily, the MSP ,vas more than twice that of the control.

�may be taken a s  an evidence of drug activity.
It is not knO\vn whether A. boonel stem bark extract Is used for prophylactic

� 

�
s 

The activity observed ror EtOH extract In the repository test would suggest

".11 

Some benefits may be derived from the plant extract Thus Iha plant may be

�ded as having a great potential tor residual antimalarial activity. 

�. °'4 
or all the oxtracts of A boonel stem bark testod for blood schlzontocidal

� ll;lalnst p . . s1 1 the abOve tests EtOH extract has shown the most

� Y nlflonen s n 

·� -�-ty 1• .,.,act wos considered for bioassay guided
� -..v1 So the othano ,c o .... 

� ... . onumalorlal constituent In the extrocl 
·' ordt?r to isolate the active 

�J&1.1 ._.,_. d chlO(OlllDthSne (CHi=CH2) end water yiolded
-......,;v extraction u sing 1 

".t -: � ._ f -A 10 as EtOHL and CtOH� rospect1vely Tho

, .-,'drophyl11c: exUac.ts ro orruv
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_, SIJbfractions were t t d f es e or blood sch1zontoc1dal activity using Rane's test and 

�10!Y test 

In the Rane' t s est, the actions of EtOHl and EtOHh ,vere similar to  Iha parent 

'Oact(EtOH) i • n that mice treated with the extracts genprally experienced an increase

n Paras1taemt a untll death. However, the observation that mice treated with EtCHh

�'elleedl . ess rapid increase In parasitaemia compared 10 mice treated ,vllh EtCHl Is

'land d. in 1c ate thel ElOHh contained more acttve antimalarial constltuent(s) than

� This f 
, 1

in erence has been strengthened by the result of the repository tesl (Fig 

• '1) in,.hlct, Iha order of activity of the extracts ,vould be EtOH., > EICH >> EtCHl

� luruie r strengthened the suspicions that the acttve antimalarial principle Is of

'ei.ia, eJ high polarity 

�-The antimalanal action of EtCH., is 1 4 times 10\ver than that of pynmelham1ne 1n 

��If/� 
test Although the subtraction was far fess offecuve than chloroquine 1n

... le$1, the pro! d I f m,ce treated with the extract 1n the latter test

. .,'° 
onge surv1va o 

.ea 't<,!ti tno pr . pository test ted 10 further fractionation of EICH.

� om1s1ng achv1ty ,n re 

� SOiubie (Ms) and methanol insoluble (M,) parts 

h :ie Rane· f Ms was approxtmatoly 7 limes higher than that

It 
s test. the activity o 

1'- • �f;:.arJ action of M, 
c;ompared 10 the ,noderate act1v1ly of Ms may mean

-
� ... _ _  . ,�nat constituents whereas Ms coots1nod 

---nea t:nco amounts of antima ... • 
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� amounts Th i is nference is based on lhe assumption that M1 and Ms contained

'- same an11m I a anal pr incipes. If not, then It woud mean that the antimalarial

�uent(s) r M 0 s was more potent than that of M1. In the same test, AB-1, the

�ltuen1 ClYst8hz1ng from Ms had a blood sch1zontocldal action comparable to that or

�0q\J1ne By 07 . . · , the degrees of paras1taemla 1n AB· 1 • and choroquine-treated mice

'i(e 7 and 1-5%, respectively (Fig 6 3)

Data on the activity of AB-1 1n p y. nlgenensis and P berg/lei ANKA showed

1-.t !he e
fficacy of AB-1 was greater against the former than against lhe latter Eighty

�� 

• g or AB-1 produced 8 chemosuppression of 88 5 and a MSP or 19 4 days In 

"t 

� 
t'ttrJenensis infection whereas the same dose produced a tower chemosuppresslve

0
' 69 5 and 8 MSP of 15 days ,n p berghei ANKA infection This result must be

� ,....:t\ c,,,,.., ·m r d f'erences in the strains of animals used 
...., specuon because o 1 , 

"'hen AS 1 . 1 p n,g· enensis ,n a 4-doy and repos11ory tests,

� 
• was tested aga1ns Y 

· ltt_-on, ,,. A8 1 .18, Thus 11 would appear that AB-1 was

• 

"" • 1 ,n both tests were s m• · 

1'*ear 1 (1987) and Awe (1991) have reported that
18 tn both tests Mak1nde et a 

� t'.r· _,..1vty 10 the repository test than 1n the 4-
ict o1 A. boone, shO',V8d greater -· 

lhe drBW" frotn the present study
tame condusion can not b8
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1n lhe study co mpanng lhe effectiveness of oral or subcutaneous AB-1
�at1on of the antimalanal compound via the subcutaneous route did not seem to 
11:ease th e effectiveness of the compound So. 11 would appear that A B -1 did not 

il'llergo considerabl f .  . e irst-pass effect So, 11 seems reasonable to consider oral route

'-t.lrAe lor ad ministering AB-1 for the reason of conven ience

On the Whole the activity of AB· 1 reported In this thesis ,s promising It is 10\V

�red lo 
.. 

th8 actlvlly of echitam1ne against P bergher reported by Vasanth et al.

f',()J I 
, n that study echitamine was found to be effective by subcutaneous route at

� 'll/r.g aga· inst P berghe, 1n mice In the present study, AB-1 at 80mg/kg did not cure

�e lrlfect10 n induced by p y nigeriens,s and P berghe1 ANKA However, 1t

"tv.antlan 
Y suppressed the Infections The observation that up to 1 200mg/kg oral

¾�AB 
,
, 

., was 001 lelhal In mica shows 1hel AB-1 may be sale'" m,ca The ral,o ol

�. 9 {causing no mortality) 10 aomg/1<9 causing 85% suppression of 

�1ta 8ll'lia In Ra , . 5 Thi implies that higher dosos (more than 80mglkg)

� 
ne s test 1s 1 1 . s 

'l Still b 8 lolerated
It may not b th activity or ochitamine egolnst P bergher ,vith

� 
e vahd to compare e 

� AS.1 8 1 . p berghci ANKA The reason Is that p y

·� 
ga nst P y nigeriens1s or 

., .. ·lls,s Is k . i t"nce to chlorOClutno white P borghet ANKA
nown to have 1ntrins1c res s " 
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• resistant t h 0 c loroqu1ne a t  a low level The P berghei used by Vasanth et al (1990)

112Scti1ocoq u1ne sensitive 
In view of the activity of AB-1 in the present studies, this chemical constiluent

-..,hav 8 a great potential In the treatment of chloroquine resistant P falciparum

la'Q'ia 

in 
humans This 1s because p y nigeriensis 1n vivo model used 1n this study 

�alwa, Ys been used as a model for chloroquine-resistant P falciparum malana (W
� .. ·:ets

Personal Communication). Mechanistic, spectroscop1c, pharmacokinetic and
•. 

--�' 
st

udies on AB-1 may shed more light on 1he utility or the compound in human

'"aria
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CHAPTER SEVEN 

-.,UNOM 0DULATORY
looNEt 

AND ANTIINFLAMMATORY STUDY OF ALSTON/A

)1 INTRooucr10N 

Rheumatoid . . . 
r � 

arthnhs 1s one of the many diseases for which A boonei is indicated

�,t1ona1 
t� 

medicine. The water-soluble principle or the stem bark is used as an

l\al appli 
'-'" 

cation for rheumatoid pains (Oje,vole, 1986) and the stem bark latex 1s

-a, .... -on•c 

. .  

,1 
afabar swellings' caused by filarial worms 1n Nigeria (OJewole, 1986) A

•on of 
� 

the root bark of A boonei, rool bark or Rauvollia vom,toria and Elals

·�n 

�� 
Without pencarp) is used ror the management of rhema101d anhritis InSrs (nut 

ll<weir 
� 

10-okal, 1991 a· 1991 b; 1995 Tho composition or A boona, In the mixture

�01J,n 

' ately 95% (Kwelfio-okOI, 1991(•1 A boanel 1' ,o,ponSlblo fo, lhe 

�. illatold effect of the decoctlon (Dalziel, 1937), R vom,tona provides sedative

tf ISorow 

, .. , 
ora, 19a2) whlle � gufnoonSJS reduced the toxiclly of R vom,tona

'l¼k,ai 19 • 91a
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n 1s ts  an 1nflammatory disease that affects millions of peopleRheumatoid arth · t . 
tt 'IO!ld over o esp1te 1ntens1ve research into the disease and the development or

� new an11arth · 
· - -

nllc drugs over the years, cures of the cond1t1on remain elusive

� 1989) Although the use or phospholipid-denved mediators of 1nnammahon

�, lhe cyclooxygenase) play a maior role in alleviating the condition they are

lt-itedby their often deleterious side effects (Kweifio-oka1, 1991 b lmmunomodulallon

·� 

t 
been reported (Hayner e/ a/ , 1986; Mollenhauer and Brune, 1966) to be a factor in

t Palhog enes1s of the disesase Regrettably, this area or arthnlls management has

'!:,.. d ned la rgely unexplored (Kweifio-okat, 1991b

In this chapter, the activ11tes of A boone1 on complement system and

Po:ymo,Phonuclear (PMNs) leukocytes were invesugated ,n vitro and ,n vivo

!t.t,.,nllarnmatory test) The rallonale being that 1f acttvallon of these 

�Po
n 

I es are responsible In port

lar 
ents of immune system, by immune comP ex 

rheornat 
. 1 Uher the complement activation or

01d arthritis then inhibitors O e 
Pi.,N a rnay be beneficial in rheumatoid arthnlisUNIV

ERSITY O
F IB

ADAN LI
BRARY
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1.2 MATERIALS AND METHODS 

72.1 B' 10-assays

�emolytic A ssay for Human complement Activity (Procedure)

imes-concentrated veronal saline buffer, pH 7 35 (VSB-5x),
Five 1 

��Pored according to Mayer ( 1961 ), served as stock solution for the

n of (i)VSB2
• containing o.5 mMg2

' and O 15 mM Ca2
•• (i1) EGTA·

�eiiara110 

'JS. conta irung 2.5 mM Mg2
' and 8 mM ethyleneglycol-bis(B-aninoethyl ether)·

�.tl.N N' ' ·tetraacetic acid (EGTA, Aldrich). 

Sheep and rabbit blood diluted 1 ·2 in citrate-buffered glucose (Alsever's

IOhition) served as sources of sheep erythrocytes (ShE) and rabbit

�
0Cy1es (RaE) respectively To elute possibly adsorbed serum proteins

!Freed man and Massey, 1979), the erythrocytes were washed three limes with

isoton1c Sodium chloride (0 154M) before use 

S
he were suspended ,n vsa,• 10 8 concen1rot1on of 3x101 cells/ml and 

1
�8 sons1tt�ed b h equal volume of 1 800 diluted anti-ShE

.. y 1ncubahon wit an 

"onal 1.,11c omboceptor. RIVM. Blllhoven) et

antibody solution (haemo , 

'Coin romp"' ( slt1zed cons are rur1her referred lo os

,.,rature for 10 minutes son 

ShtA) 
Sub I n ,..,as c;entrifuk)ed at 1,500 x g for 10 min,

sequently, the suspens 0 
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teShEA once With VSB and resuspended in VSB,. to a finalwere washed ,. 

x10 cells/ml RaE were resuspended in EGTA-VB to a¾:entration of 1 5 a 

�tonce ntration of 1 5x1 o' cells/ml 

poo ed serum (HPS) from healthy volunteers was used as a
Human I 

�ceof complement Classical (CP) and alternative pathway (AP) ac11v1ties

�edeterm , 
. 

ined by a modified version of the microassay described by Klerx et

i' (1983) The lest was performed in u-,vell m1crot1tre plates (no. 650102

Cre1ner 
' Germany) Logarithmic dilutions of extract/fractions/isolated

�POund were prepared 1n vss
2• (CP) or EGTA-VB (AP) To each ,veil 

tonta1n1 
. 

. 

ng SO ul (CP) or 100 ul (AP) or these dilutions 50 ut or HPS d1luhon 1n

Vs91, 

(CP) or 25 ul dilution of HPS (104') in EGTA-VB (AP) were added efler 

�-Ch
the mlctolitre plales we re prefncub eted at 37 oc for 30 minutes

%bseq 
u
enuy 50 ul of ShEA (CP) or 25 ul or RaE (AP) ,vere added The 

ere Incubated at 37 oc for 60 m
inutes (CP) or 30 mlnules (AP) Aller

l>fates w 

� auon the pi t I d at 1 500 )( g for 5 minutes to prec1p llate

� 
a os were centn uge , 

COIis and 11 d t ,...10e Iha degree of haomolysls, 50 ul of

, 
co ghosts To e e,, .. 

llatants I of doml·WOtor In 96 wells nat-bollom

� 
wore mixed with 200 LI 

0!1tre Plates (no  655102 Greiner) Absorbance at 405 nm was moasurod
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1411g an automatic ELISA reader (SL T instruments, model SF-plus). Controls

r.11iese assa .. ys consisted of similarly treated incubates without sample but

"lh buffer (Vss2· or EGTA-VB, 0°/4 1nhibition), incubates in which HPS was

fSPlaced by dilultons of heat-inactivated (56 °C for 30 minutes) serum (0°/4

��rno1 . . 
. 

ysis), and incubates of erythrocytes and deminerahzed water (100°/4

"aernotys· IS) See Fig 7 O for outline of plate 

12.2 Che mllumlncscenco Assay (Procodure)

Experiments were performed In Hank's balanced salt solution buffered

-35 with NaHCOa (HBSS, GibCO, paisly, Scotland) Before use, O 1 °/4
ii PH 7 

t-/·i) of 
HBSS 

gelattn was added to the buffer to avoid coll aggregallon ( -gel). 

Polymo h (PMNS) were Isolated lrom venous blood
rp onuclear leukocytes 

q hcia111. 
1 (1978) Zymosan was

· "'Y 1101unleers as descnbed by verbrv9h et O · 

�-
oc 

( l0rt1zed b d HPS for 30 minutes at 37 serum-

� 
Y incubation with dllule 

lateo zy vials (Sterlin Ltd Middlesex. UK), 

SO 
mosan. STZ) 1n 2 ml natbottom

111 of a 
1 Its/ml HBSS-gel), 100 ul of a luminol

suspension of PMNs (1 x 10 ce 

'°v.!On (30 
I spin bar wore added to 500 ul of 

uM In HBSS-gol) and a meta 

�a,•Uim· HBSS-gel Subseq1uentty, the

ic dilutions of ,solaled compound in
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r�ts were I P aced 1n a Packard Pichte Model 6500 Lum1nometer (Packard

�ed Tech nolog1es, Downers Grave IL, USA) to equilibrate at 37 °c under

Qentle Stirri ng Chem1lum1nescence was induced by adding 50 ul of STZ (O 6

�ml)and monitored every 2 minutes for 5 sees The peak levels (PL). ,vhich

c ed after 8 to 1 o minutes, v,ere used to calculate the acl1v1ty of lhe�re rea h 

lainpie 1n companson with a control (identical incubates without the test

CcinPO.J nd or mixture) Modulatory effects on the chem1lum1nescence are

• ·'Pie ssed as PL .. �PL_.,., x 100% resls were performed in duphcale 

7.2 3 p 

. 
lant Material: The stem bark of the plant was collected ,n August 1995

�Orn lhe 
Department of Botany, Uni11ersity of lbaden. lbadan Nigeria The

�•on and h . 
were 1owe 2323 and U 1.H 13134

erbarium numbers 
!h,.__ 

0 

�1ve1y T I into small pieces, ovon dried (35 C)
he plant material was cu 

llans Por1ed to the Netherlands by olr

1,4 

lie 
4naivucat Method

: P,1 60 F,.s (Merck) 
1:0ated plates (0 25mm), slllCll gel 
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Pac: Pre-<:oated I 

Pre 

p ates (0.5mm); silica gel 60 F2.s (Merck)

Piratlve C olumn Chromat 

,..., . 

ography, M,n,pr09 LC appararus (Jobin y.,,

l .  Column d. 1mens1on· 1 4 

'lti6() 

cm , d x 4Qcm; Column pressure. 8 bar, Silica

F24s (Merck) S ' ephadex LH-20 (Pharmacia) Column Chromatography

72.S HPLC (straight phase)

Soiwe nt syste 

-., 
m. Elhyl acelato, Melhanol (SO 15 vN); ,yciohe< MoOH

OH:: 24· 8 8, Methanol.

'i, EXTRACTION 

Coarse1 
"- Y ground planl matorial was eX1racted ,_,,.,ely In e So.,lel

• atus with P 
'Ii.,_ 

Woleum elher I PE, 12hr), Diethyl ethe< I OE, 14hll, Ethyl ecetele

14hr)
'<> 

and Elhanol (EIOH 18hl) n,o m•"' was dned end '°'"""' In walo,

�) Th 
,,,_ 

8 eX11act10n was monitO'ed by TLC n,e ""tracts - ooncent,ated

' 
1�

· --' 1 'th 

\ 
p,essu,e, and subsequentlY 1yoph•I"= ,ong '" equoous eXlract 

........ 
a

ge y,eld ol eeoh 0,11act wa• dolOrm,ned, end lhel, actlville, "'"

Per�, 

ioassay descnbed In 7 2 1 in llie b. 
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U.7 Purtficar ion of the most active extract. 

c extracts showed the most inh1b1tory effect 1n the assay described
OE and EtOA 

721 Each of the extract was partitioned in methanol into methanol soluble part (Ms)

l'd�han That is, for OE, the methanol soluble and methanol
01 insoluble part 

�epart s were  DEm. and OEM, respectively The methanol soluble and methanol

• 
s of EtOAc are likewise referred to as EtOAc,,&s and EtOAan respect1cely 

�8 Part 
.. r • ()Jr ext racts were assessed for activity aceord1ng to the b1oasay previously

�'bed 1117 2 1 and 7 2 2. 
• 

il•coi umn chromatography of EtOAcMS-Uslng Mlnlprep (LC) method

EtQAc.u and DE nt1comp1ementary acov111es On account of a

,11 
,.., showed strong a 

� Y1eld E 
. ron steps It ,vas fractionated by

� 
tOAc..., was selected for further fractions 1 

,q ctiromat 1 mlniprop LC apparatus desctibod 1n 7 2.4

\ 
ography on silica gel us ng a 

• �n d 
4cm Id x 40cm and 8 bar, respocllvely 

� 
imens1on and pressu re were 1 · 

� IOl�e t 
OH ::: 24 8 8 end the solvent pressure

'q 
n 5 were cyclohex MeOH 1sopr 

2 bar F 
d concen1rated under N2 to a small

� 
racttons of 3ml wore co11ec1od an 

A to 
ciasslcol (CP) pathW8Y ac11v1ttes or the

�... 
lal of 53 fractions were couectod 

� wu F
. 7 1) The rracuoos were combined

re determined on volume basis ( 19
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� lo their achv1ty (Fig 7 1 an 

,.. 131 Th 

d TLC Pattem onto 5 pootod t,act�ns labelled A·E

· e pooled fractions w 

...._, 

ere eoocenl/atod uoder N, and tyoph,t•ed The

fractions were t 

,..., 

ested on the assay fo, acii"IY 00 CP-med,ated haemolY'"

in Table 7.3 

>i, Column chro matography of Pooled fraction C (from Table 7.3)

23mg or P I 

's.,. 
ooed frachoo C (Table 7 3) was d"sol"d '" 1ml of MeOH aod

led over S 
� 1 

ephade, LH-20 (Phermacia, column dimeo"ons· 1 4 an t d, 40an)

"eQu ., as el 

"'a 
ut,ng sot,ent (flow o ,smumon) A to18I of 29 Fracl�s of 5ml we,e

eel (Fig 7 2 
�. 

l and tested on ,otume basiS ;n the a,ss1cal compl8meot assay

�tly desc, 
..... 

•bed The fractions'""" combined -"',ng to tt,elr eclMIY o,,d TLC

• 1nto 4 
' 

P001ed fractions labelled A-0 (Teble 7 4) Th8 pooled f,acltons were

ated 
� under N, and lyophlliZod The tyophilizod, po0lod frecllons were tosl8d \0<

'0-abte 7 4) in the complement assay desCtlbed previously 

l i,0P '1Pa ranvo TLC of poolod fraction 8 (Tablo 7•4), 

11tc 

, � l•lica gol ,, •• 0 smm) of p0�ed 11,a1on B (from Tobie 7 •I wa• done

01\c 
MeOH = 85 15 as eluting solvent Ttie chromatogram wos observed
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wi Van-H,S04 and fast blue solutions Based on the patttem of theIller W. sprayed · th 

rn and reactions with the reagents, sections of it called Plfc1 Ptlc2, Ptlc3'r.xt
atogra . . 

l'c Puc4 (T able 7 5) were scraped Each of the saaped silica was eluted using dry

'°t�I SOI utions The methanol solutions of each were concentrated under reduced 

�\\le · aOd lyophilize d  They were assessed for activity, using the test described in

Irr.: on 7 2 1

1l11 l'h in layer chromatography of the fractions obtained from Ptlc

½,�layer ehfomalography (lie) or each PIie r,achon was don• "''"' EIOAc

¾ • 85 15 and CHCI, MaOH = 80 · 20 as .,,vanl syslams 1' 2 •"" Smg 01

PtJc lracllon . OH d developed with the solvent system or

i,. 
was dissolved 1n Me en 

'?r tlOAc M OH M OH (80 20) The chromatograms were

� 
e (85 15) or cHCb e 

"l'lder UV 254 d then treated with d1fferont reagents PTLC 3

,� 
and 365nm an 

Pore end subsequently named AB-2

I 
l120 •te 

, 
rrnlnotlon of purity of AB-2

�, d ror ,AB·1 In 4 1 6 was used The

.. HPLC method previously describe · 

'Pha 16 however, unlike In
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/.B-i was EtOAc MeOH = 90 10 The spectrum was similarly scanned from

�I0320nm 

7 2.13 Analysis r 0 the Antlcomplemen t  Effect of AB·2 in vitro:

In this s t 
1 

ec ion, effects of preincubation, Ca2+/Mg2+ che lation and

• were studied Accurate ly w eighed amounts of the compound
'�of AB 2

1 
" • few miaolll,es of OMSO and fonhe< dil<>t•d '"lh vse''�e d issolved 

e nh1b11ion of haemolytic complement actlv11y were performed as
�e son th I 

�be d Prev iously using the next var iations

lt14 Ca2+/Mg2+ chelation: To excl ude a Ca,.. or Mgz• -chelating effect,

'I C ,, 
,, d O 5 1 2 4

•,, • •ndMg'',ons(015,03,060f12mMC• '" • 0' 

� were added to the vse'' butter The s1ondard procedure ,vas
'1\gh) 

..,, '19dtod eterm1ne complement 1nhlb1hon 

l l.15 l(fneu 
I components was studied by

cs: Achvahon or comp1emen 

� d 1 
37 oc or o0c for difforenl lime

ttr 
'uted HPS (10·

11
) w11h A8·2 31

� (0 15 30 30 -inutes respeclivoly)

• and 60 minutes. or "' 

I 

I 
I 

I 
I 
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IJ.11 Ac ute Toxicity Study. 

M Up.and- Down procedure for acute toxicity testing desctibed in 5.2.1 ,vas

,rty six Balb/c mice divided into a equal groups were used. Sing le doses or AB-
'led Th "  

g en orally. The control group received 2·� OMSO. All mice ,vere observed2 ._e iv 

'-" a P8ri0d or 7 days. 

7-2. 17 / N VIVO ANTI-INFLAMMATORY ACTIVITY OF AB-2 

Anll-inflammatory aclivily or AB-2 was tested In a zymosan-induced 

faotpad I nnammallon model.

7.2, 18 Animals 

Male BALB/c mice were obtained rrom ond maintained ol the central

�14y or lh 
t ry animals (Gemoonschoppolljk

8 Unlverslloil Utrechl for labora 0 

�en I 
. dltlons; temperature 22 °C, 

aboratorlum) under lhe 1011ov11ng con 

'llativo h 
tllalion 15 cyclos/h, Animals

umtd,ty 60%, lighting 12 hfdaY, 8nd van 

"tie r 
cat. no. 1110) and ,voter ad

9d slandard rodent chOW (Hope Forms,

�,,,
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7119 z ymosan-lnduced Inflammation

Effects of AB-2 on zymosan-lnduced 1nnammalion ,vere studied ,vilh 20

c mice of 16 weeks old. The animals ,vere enocated Into 4 groups
l:'Qle BALBI 

cf S animal s each. Inflammation was Induced In all the animals by Injecting 300

� 01 lYmosan (suspended in 25 ul of sterlllzed saline) ln the left hind footpad.

apocynin (the reference drug) dissolved in saline was administered
Aa-2 or 

rt,,a-pe ntoneally (l.p.) 1 hour before zymosen tn)ectlon The mice from the

group received the vehicle (saline). Footpad swelling was measured
�ot 

�e 
and 4 hrs after Induction of 1nnammat1on ,vllh en antomated

� Ylmometer.

7-tio 
Statistical Analysts

� Anat· 
. ud nrs • t • test or Duncan's Multlple 

, 
,-s,s was performed using st e 

lest d terminod at P < 0.05 Data are-

' 
Ind level of sign1ficaflC8 was 8 

as mean !. sem. UNIV
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IJ 
RESULTS 

IJ.1 An U-compl ementary activity

lclvttyofs oxhlct extract 
ci...., 

s and cold extracts of A. booncl stom bark oxtract

""""'"' 

on 

·mediated haemolysls.

The yields or th 
.. l9' 

8 extracts, DE, EtDAc, EtDH end AO wero 0.25%, 0.39%, 3.4%

' respective! 

-...,, 
Y The ectivtttes ol the e,trects wero e.,rosSod es the ., .. e1 

,ion (ug/ 
tjt 

ml) causing e SO% Inhibition (tCSO) ol heemotysts. The towor the

, lhe i,.;h ,....,her the I .. 

�... 
nh1bUo,y activity. The soxhtet (bOlled) extracts end cold extrects ot

� ......_. s,mttar onhlbtto,Y effect on th• CP essaY, but little o< no ectMty on the

'•, 
18 7, 1 ). The tCSO of DE cDE, EtOAc ""' cEtOAc e�ract• were 17 •

ls\a-, CTab 
• 1• 

' 

-

'-· -
13, 2 2 ; 0.30 ond 2 3 , o.22, ,aspecli••IY· ToOS• tCSOs wero stmll,r end

9•o 

..,.. �2 ai-,j 

-

15 times lo.ver than those or EtOH (IC50 = 26.0 .! 0.62) and AO e.xtiacts

' I 32 5 
� 0 79) respectively Each of the extract displayed dose-dependent

�,e-• � 11'1 lho CP assay. 

...; ..,, EIOAc wtud> ,,-od strong """'°"pie-••'>' octNily t-"'• CP·

� 

..... ...,,.. -· ...,,,iOf>Od lnlO .,.....,. ,olubl8 (De.. end EtOAoa) '"'

�� (OE 
rt (Tablo 7 2) VJheroas DEio ond ElOAc.i,

1a end EtOAoti) pD 5 
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in 1 1 ion of complement than the parent (DE and EtOAc) fractions*OWed stronger · h·b·t· 

� and ElOAcu, produced little inhibition of complement activity (Tables 7.1 and 7.2).

OEi..s and EtOAcMS were the most active subfraclions of A. boonel slam bark. The

�Of DE ws and EtOAc'-IS were 1.2 and 1. 7 ug/ml, respectively (Table 7.2). Those

�were not significantly different. on account of greeter yield or EtO� - DE�,,.

l'4 looner was fractionated by preparative column chromatography on silica gel H

� cat no. 7736) using a miniprep LC apparatus ,vith cyclohexane · methanol

� 
alcohol = 24:8:8 as eluting solvent Fractions of 10ml wore collected and

' ated under N,
In F"ig 7 1 h . . b rpt·on 405nm) were plotted against fraction

, w ere ext1nct1ons (a so 1 

'· to,., extinct· _.,ntage or 1ysls of the sheop erythrocytes, and 

100 relates to low pe,.,.. 

"'-� ""'L .  

. bets 10-14 particularly fractions 11 end

""-"v1ty of the fraction. FracUon num 
11-t:i 

� lhe kmest ext,nctions (Fig 7 1)

lt-11 
, 

10-14) ,ererrod to as pooled fraction C,

POoeo fracllons (fraction numbe'5

� 
_ 2 5 + 0 9, Tobie 7.3). The inhibitory

the hlg."lcst 1nhib1lotY activ•IY (IC50 - . 
-

, t4 
_ 4 8 + 2.0). However, Iha oxtlndlon

Poo',e1 fraction e wns also hiQh (IC50 - -

• led rrsct1on numbers 33-53 wns olso

� bas:,) ectrcspondtnO to thG pOO 

� 
tMIY) or \h8 pooled frod.1ons 33-53

71) lhe tligh c� (foW 1nh1bi!otY SC 
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Table 7,1: Anticomplementary activity of crude soxhlet (boiled) and
cold extracts of Alston/a boonel stem bnrk 

Cunct 

ltQJe1 

ll£ 
fJoAc 
Eiott 

tb£ 
'�.\ct�H 
t� 

� 

'.>.�Pathway
11o �e pathway 

�Ire llltin+ac.m.;o-t

IC50 (ug/ml) 

CP 

!7+0.19°
-

2.2 +0.30. 
26.0-± 0.62b
32.6 ± 0 79' 

19±0 13' 
0 .,., •2.J ± ---

24 8± 1.0• 
37 4 ± 0 .9 ' 

184 ± I IJ 4

200 + J.604 

208 ± 2.46"'

206 ± 3.90 .. 

., 

20S :!;I 90 •
223+ I.SO 

-
. 

214 + 2.0 
-

.

301 ± 2.s 

I&... ._,r, II'/ di!Tcrcnl al P s.,o OS
.� ,....,._ 1 arc S11Y_can 
�:....�ed by different lcuers in e3ch co umn 

[).� •• �tultiplc JwlgC TCSI 

•
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Table 7.2 : Ant,complementary act1v1ty· of DEws, DE,.., ElOAo..s
and EtOAon 

Extract ICSO (uglml) 

% Yield CP AP 

soxhlet 

OEMS 0.19 12±0� 201 ±"\,42" 

DE.,. 0.6 46.9 + 1 ,� 
-

199 + 1,76. 
-

EtOAc,.15 0.29 17.z.09' 250 • 2.92" 
-

EtOAc,A, 011 34.6 + 0 8" 
- . 

225 .! 1.87" 

• Means followed by lhe same letters in each column are not sign,hcantfy d1ffcrrn1 01 P! 0
following Duncan's Mulhpfe Range Test.
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350 

3Z5 

300 
"'tl 

275 
C 

250 

22S 

C: 200 

175 

150 

1Z5 

100 

75 

so 

25 

0 

0 

Fi9, 7. I 
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C • • C 

C C Cl'VO'C � " C " C -
• 
C 

C)'O'<I " " • " ..., C>gO<l 

" 

s 10 15 20 25 30 3S 40 4S so 

Fraction numb<!t 

Anttcomp/C'menr•ry acr,.,,cy of mm,p,rp lract,ons. Fr�r,o,u ,.«r fl•st«I
on volume' b.-su ,nd dJutrd IOO·fold. Solv«tt ,,�,- for u;,v,,rrp 

- Cycloht1• • M � ·  IS-o,,,,OII• ."'4 If B r  F/D,Ac-m, .. �• �''YI'*""""'-

SS 60 
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Table 7.3: Anlicomplementary activity of pooled mlniprep fractions 
Solvent system= cyclohex MeOH. isoprOH = 24:8:8. 

Pooled Tubes % Yield IC 50 (ugfml) 

fractions CP' AP' 

A 1-7 0.3 28.1 ± 2.701 240 ;t3.00' 

B 8-9 0.2 30.4 i 1.90' 190.0 ± 3.1<t 

C 10-14 2.8 2.5 ± 0.9Gd 170.8 ±31Cf 

D 15-32 3.1 9.7 ± ,.so
b 154 2 ± 4.90' 

E 33-53 1.6 4.8 i2.oct 1921 + 4.87. 
-

EtOAc extract 3.2 +-0.3<f 
-

200 i 3.10• 

EtOAcms- 1.7 + 0.904

-
240 .± 1.9" 

Pooled fractions were concentrated, lyophillzed and tested on weight b.Js,s, 
• Values represent the mean± sem (n=3). Means followed by tho $Dmtl /otters
in each column are not significantly d1fferont at P., 0 .  05 followrng Duna,n'6
Multiple Rongo Tost.
- EtOAcms wo• chromatographiKI

, 
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cou a due to non-homogenous volume basis Id b solution or the 

The activity profil f h 
. 

C'rcrna 
I e o t e fractions obtained via Sephadex LH-20

tography was h . . 

� 
s own 1n Fig. 7.2. Lo,v extinctions (high Inhibitory activity) were

"11 by fraction b 
� 

num ers 8-13 (pooled fraction B) and 26-27 (pooled fraction D)

9si>on<1Jng to IC 
1�1 

50 values of 2.1 :!: 0.86 and 7.9 :!: 1.1 ug/ml, respectively (Table

� tontraSt the extinction o f  fractions 1-7 (pooled rraction A) and 14-25 (pooled

C) Were 't 
� 

qu1 e high corresponding to ICSO values of 42.1 .± 3.0 and 19.6 _t1.4 

, ,respecr 
, 

rvely (Table 7.4). The IC50 values of pooled fraction D ,vas slgnlflcanlly

11\an 1h 

� 
at of pooled fraction E so pooled fraction B ,vas selected fo r further

l �
raphlc work. Preparative thin layer chromatography (PIie) of pooled fraction

'\rig ethyt
� 

acetate . methanol = 85 . 15 as a carrier (mobile phase) yielded a pure

.. :::: ""'"' gave a quenching al !JI/ 254nm, reacted ,,lh ,an-H,S0, (red oolour)

ltti "
a
P0ur The compound v,as referred to as AB-2. Too M P of AB-2 ,vas 211•

PJ Of 0 
, 

75 The ICSO value o f  AB-2 was 1 4 :!: 0.94 ug/ml (Table 7.5) lhls value

" �ICaouy low ( d .. Jth u,8 tC50 of Pllc2 which was 9.5 +1 2

, 
er p � 0.05) compare w, 

-

? 5)
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SOO 

475 

4S0 

425 

400 

375 

3S0 

32S 

I.I') 300 

27S 
...... 

250 
C 

22S 
·-

200 

17S 

150 
<( 

125 

100 

75 

so 

25 

0 

0 s 10 IS 20 25 30 

Fraction number 

Ftg.7.2 Anttcomp/ementary acu .. ty of LH·ZO Column chrom.tr�apll,)- tr«rlClftS.. 
Fr.Jct1ons ware testtd on vo/umo b.Js,s Fr11er-.s ....,.... 6JurNI l00-10k1. l'lui-., 

sol.,.,nr - /WoOH. Poolrd fn,crlon C (T•bk- T.J) "'" �hra,nyt� 
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Table 7.4: Anticomplementary activity• of pooled fradions from Sephadex 
LH-20 column chromatography. Eluting solvent MeOH 

Pooled Tubes % Ylold IC 50 (ug/ml) 
fractions CP 

A 1-7 0.43 42.1:t3 et 

B 8-13 '\.8 2.1 :t o.864 

C '\4-25 2.1 19.6 :t '\ 4'"

D 26-27 2.91 79:t'\,'\� 

• Values represent the mean :t sem (n=3). Means followed by the same leuers
are not significantly different at P � 0.05 following Duncan's Multiple Range Tesl

Pooled fraction C (Table 7.3) ,vas chromalographed and lested on welghl basis.

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



176 

Table 7.5 Anticomplementary activity of AB-2 obtained by PIie 

Solvent system EtOAC MeOH = 85: 15. 

Scraped part 

of Ptlc 

PIie 1 

Pllc2 

PIie 3 (AB-2) 

PIie 4 

Yield 

(mg) 

7 1 

24 

21 8 

41.2 

Yield 

("/•) 

1 O'\ 

0.34 

3 11 

589 

IC 50 ug Im\ 

CP• 

40.6:t2 g-

9.5 ± 1 2· 

1 91_0.94
d

26.1±1,9b

AB-2 scraped from the third layer of PIie plate was the most active and also the only pure froct,on 

Pooled fraction (Table 7 4) was chromatographed 

Means followed by ll"le some letror (s) IJf"O not sign,f,e4ntly dtlferant nt P • 0 05 lollettons:, 

Ounca1tn·• Mu111pl• R•noo To•t 
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IJ.2 Antlco I mp ementary analysls of AB-2 

The mecha · · . n1sm o r  action of anhcomplementary effect or AB-2 was investigated

e.,_ CP 

• 
-mediated haemolysis using different preincubation conditions as shown In

173.The . . .. anticomplementary act1v1t1es of AB-2 ,vere affected by changes In pre-

�tion .. 
cond1t1ons; Increases In temperature and lime of pre-Incubation are

�onate t 0 increases 1n anticomplementary effecl

When the concentrations or ca2• and / or Mg
1
• Ions ,vere lncresed up to 8 times

�Vse1• 
lhere was no significant alteration In complement Inhibition under standard

1 

(dala not shown). 
��Ii 
.... 

Sty of soxhlot ext,acts of A. boonol stom ba<k on lum;no! .. nh,ncod

"lll
ln

escence generated by s tlmulatlng pMNs with opsonlzed zymosan. 

none of th . . d 1 ·nol-dependent chemilumlnescence (CLIZ)

a. 
e extracts 1nh1b1te um, 

� h.. 7 6) Tho ICSO of each oxtroct was
" 

' vr lYmosan stimulated PMN (Tobie · . 

� 250 tho referonce compound usod in this

', 
ugtml In contrast, apocyntn, 

l� 'an ICSO of 1 7 + 0. 94 ug/ml.

4� 
-

""•mmatory activity of AB-2 

lh.r, root pod of mice 4 hours aner

was a algn,rcant swelling or th8 

'lltl!Jcn lficanllY reducod tho root pod S\volllng

Of lymosan (Tablo 7.7), AB-2 sign 

•
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Table 7.6: Activity of soxhlet exracts of Alstonia boonei stem 
bark on lumlnol-enhanced chemiluminescence 
generated by stimulaUng Pt-1Ns with opsoolzed 
zymosan. 

Extract Cone. (ug tml) causing 50°A. Inhibition 
of chemiluminescence IC 50 

DE >250

EtOAc > 250

ElOH > 250

Aq > 250

Apocynin (standard drug) 1.7 + 0.94
-
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Table 7.7: Effect or AB-2 on zyrnosan-induced mouse footpad swelling 

Group Treatment Average Increase In •;. lnhlblUon 
paw diameter (mm) 
Mean± som 

Control 
(saline) 

2.2 + 0.19 

.. 
A B -2 II 1.5 :t 0.14 31.80 
{5 mg/ kg) 

... 

AB-2 0.93 :t 0.21· 57.70 Ill 

{10 mg/ kg) 

. 
AB-2 IV o.ss ± o,s· 73.64 
(20 mg I kg) 

V Apocynin 0.8 + 0.16· 63.64 
(10 mg I kg) 

Number or mice per group = 5 
• Significantly different (P s 0.05) from control using Student I-test.

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



I 81 

� lllQ'ease in foot pad swelling was significantly higher in control mice than· in all
-.a given AB 2 • d" • 1n 1cahng that AB-2 was active. The effect or AB-2 was dose

�nt With the lowest (5 mg/l<g) and the highest dose (20 mg/kg) causing 31.8 and
136' inhibi lion of foot pad swelling, respectively. At the highest dose of AB-2, the

"'l'Enl inh·b·1· 1 1 ion of mice fool pad s\velling ,vas greater than that or apocynin (1 O
11;',.g). (Tabte 7. 7).

l,1.5 l 9lha1Ity of AB-2

� lh
e oral LOSO or AB-2 ,vas approximate ly 1000 mg/Kg. Percent mortality at

ent dosages a h . T bi 7 8 Death of mice occurred bet-veon 2 and 3

"¼ 
re s own ,n a e . . 

after o . . 

l�
-1.

rat adm1n1stration of AB-2.

Oetenn, PLC with diode-array detection.
nation of purity of AB-2 by H 

� °'"d . . olutlons or 100 ug/ml or AB·2 ,vero
, er to investigate the purity of AB·2• 5 

IO� b.18 phase conslstod or diethylother.
'i., 

Subjected to HPLC analysis Tho mo 1 
� � 80 . from 220 • 320nm. chromatograms wore

' 
• 20 Scanning lho spectrum 

� trum obtained for the poak was11 Shown In Fig 7 4. The UV spec 

od Tho peak ,vas shown to be
11100 and the plot supenmpos 

' , lhO corro�ponding UV spectrum.
�Uy poro by tho oxocJ colncidonco O 
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Table 7.8: LOSO (oral) of AB-2 in male BALB/C mice 

Group of Dose or Mortalily •4 Mortality LOSO
mice AB-2 

(mg/l<g) 

1 100 016 0 

2 200 016 0 

3 400 0/6 0 

4 800 1/6 16.6 

5 1,000 3/6 50 - ,,ooo

6 1,200 6/6 100 

7 1,400 6/6 100 

B {2% DMSO) 0.6ml 0/6 0 

Oral LOSO of AB-2 is 1,000mg/kg UNIV
ERSITY O
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.. 

'\� ' . 

\, ., 
' 

', 14 Chrom 
obsor 

ctogn,m or AB-2 recorded os 3-D plots of

lime �ence es 1.1 function of w1.1ve1englh 1.1nd retenllon

Plots v spectre wes computer-norm1111sed end the 

supenmposed 

•
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1A DISCUSSION 

In the present stud th 
bleit 

Y, e modulatory activity of A. boonei stem bark extracts has

assessed in 
� . 

vitro using human complement haemoly1ic assay and

luminescence as 
� 

say. The 1mmnunological models selected for the screening of

illOdulatory a r 
, 

c tvlt1es all deal \vith inflammatory and degenerative diseases. The

ent system . 
, 

is an important source of pro-inflammatory mediators, especially In

ne disord 
� 

ers where the cascade 1s generally triggerred by antigen-antibody

f!Xes (Mor 
�� 

gan, 1990). Phagocytes can give rise to severe tissue lesions by the 

llular Prod 
� 

ucuon of reactive oxygen species (Fantone and Ward, 1985). The 

Of the 
� 

present study show that the complement system ,vas Inhibited by the 

Of A. b 
� 

oonel stem bark The observation that the diethylether (DE) and the 

�te (E 
� 

lOAc) extracts exhibited the strongest cmplement Inhibition Indicates

.. illltico 
� 

mplementary conslttuents 1n u,e stem bark of the plant ere most likely

� 

", , 
or I .. or lnlermediale po1ar,1Y, s1nco lnhibllOIY ocilon of .,o eX1racts was 

b 

'""'•• "'• classical polhW•Y (CP) a1on•, ii 15 most llkoly "'" only o few

or th0 complement cascade aro 1nvo1ved.

l-i 
"- Contrast to th complement activation, none of the extracts

"11:l 
o offoct found on 

!tit Oh,....._ �1 N I k-,185 so ii weuld oppoar !hot A. boonel

, 
�-� c oct1v1ty of PM ou v<,:,· · 

�--
1 pMN II has been reported thot tho 

...... do not offoci tho runctionolttY 0 
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l8tration of PMNs into in· 

fisen 19 

Jured tissues is induced by complement chemotactic factors

· TT). The inhibitio f 

'-1ack 
n o the complement by the extracts may therefore explain

of effect of th e extracts on PMNs functionality.

The use or silica I 6 

"1.., 
ge O F,., in classical column chromatog,aphy (ioto,modlalo

Sephadex LH 2 
�.., 

• 0 In columo ch,omotog,aphy uode< tow p,essu,e was suitebto

ily-guided f 
t.i 

ractlonation of AB-2. Each of the above method yielded fractions

'lfere more act' 
, 

we thao the origloat sample "'"""''°""'phod. The u,e of

t. 
aye, chromatography (PIie) proved effective in the Isolation of one or

live thin I 
lllost act· 

),,;., _  
icomplementary constituents of A boonel stem bark. A particular 

ive anr 

�wi 
....., 

th lhe use of p ttc is poo< sep"euoo of oompooeot, of tho m""u"

;()graphed 
,...._ 

· The p,obtom was ci<C<Jmveotod by th• "'"of• p,opon>lt" plate thot 

0 the
..,, 

enely!icat grado, aod tho 1mm p,epa<0t1ve g,oda t hat ls, the 0.5mm

�b1to 
\,. 

0 of Clessical path"8Y of th8 humoo oomptem<>ot mey be eca>mptished

..... 
.
..,_ Of test 1,oct1on/SUbSIOOC" with CP component, °' by cl,eloUog 

...... -.,, Ca'' end Mo" (t(os8'i, ·;Hort, voo Oltk ood Labadie. 1989) To

\1:1, '°'•lbte •nte<action with oomptement component•, AB·2 wos IMestlgoted In

�i.r.ed ha . d If ... 1 proiricubelion conditions as shown In Fig

l,-.. omolys,s usino I ero,, 

� effoct of A9·2 wu• docressod wt,en pre incubollon wns performed et
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ft ilc!icar ing that the interferen 
fl length 

ce may occur at the enzymatic level. Also increase in

of preincubatio I 
M,. _  

n ed to enhancement or antlcomplementary activity Th 

-��su 

. ese

ggest that the m 

� 

ode of action of AB-2 involves complement activation and

depletio 

�au 
n of complement components rather than a direct functional

on. 
Re suits or th 

ia,2 
· e anticomplementary activity of AB-2 stimulated the evaluation or

for in Vi 

� 
vo antl-inOammatory test. Graded doses of AB-2 were tested ror' their

t;y tewards 
lo,., 

acute Inflammatory P"'"'"· In u,e ,ymo,en,tnd,ced lnflammellon,

SWellln 

,, 
0 we, mea'",ed 4 ho,n< ane, t,<fuctlon, o,noo II """e,e,t, a, a"'ta

� OfY response  Toe exudate in this type of inflammation consists mainly of 

°llhils (S .. 
' 

"'1alkva1k et al. 1985). The ant1-1,nammotory "'""' of do,g, towan" 

"¾, """"'• toflammatlon may oe d"8 to 1,1,�e,e,CO ,eth oompt,meot o, PMN

"- (R
oitt, B,o,toff and Male, 1909). AB-2 h" ,t,own high lnhlbilloo of CP-

� ha 
", 

a..,tytlc es,ay, b<Jt has 11111e 0, no offact on U>e d>emll,mt,oscence

¾, by 'Ymosan-stlm,tated PMN• Th•"''"'" It 1• ,easooeble to otlrib"'e the

',,, " 'Ymosa,-lnducad footpad ,welling '" mice "'ed 1" u,e p,oseot ,.,dy to

�With complement function. 
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e very high oral LOSO of AB-2; about 50 times lhe effective doseConsidering th . 
lllbti ng lhe footpad swelling, then the compound probably has a wide margin or

�in mice.

c ivated complement is involved in inflammatory responses by IncreasingSince a t· 

�ry PE!nneability, degranulating mast cells or promoting neutrophll activation end

�axis lh · 
d · lh' th . I rt 

• e inhibition of complement activation reporte 1n 1s es1s may n pa 

�in lhe anti-inflammatory (antirheumatoid) effects claimed for Alston/a boonel stem

� 'Xiracts . d' . 
preparations in lraditonal systems of me icine.

•

• 
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CHAPTER EIGHT 

CO!nRAc TILE ACTIVITY

""' 
OF AQUEOUS EXTRACT OF ALSTON/A BOONE/ STEM

It lliT Rooucr10N

A boonei stem b 

..... 
a,k ext<acts ha•• been used ,n tradotionat medicine to t<eat

affecting 
...... 

gast<o-mtestinat t,act (Gil} Fo< e,empte, ,t is used to t<eat

(01ewo1 8· 1984, Wright et al., 1993)

'"'-, 
Chem,cat constituents or the plant. ,chilam,ne, has been su�eded to 

One or the 

..... 
acolog,cal tests based on the indigenous use or the crude e,tracts or 

of Phann 

'Peeies t 

. 
. 

... 
0 t<eat many diseases some or the actoons or ect,otam,ne include

'lg Of arterial bi 

h . . 

'< t 
ood  p,essu,e  ,n nonnoteo"" anaasl eto'8d anomals (OJewolo, 

,, 1
•n blood p,essu,e in hypertenso•• "'" (Kuce,o et at 1973, Ma,quls, 

� a fall 

'-.., 
a "' been reported to nduce negat"a c1>,ono1<opoc and ,not,opic

h.ia I 

,._, � 
o
sora,ea a1<lar muscles stnps ,.,.,.,,ion or ,sotated ,ascula< and .,.,. •

....... .._, muscles, ,nhobotoon or electncally-P"''okod and agonlot-mdueed

Or r'.!laxat1ons of isolated smooth muscle preparations, porolys1s or

f'1t',�ed !keletal muscle twiicnos. and 1nduc11on of d1uros1s co1ewole, 1984) 
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Ectutamine and a f 
_, 

ew alkaloids of Alstonia species have been assessed for in

activity against Gi d. . . . 
�

ar ta 1ntest1nahs, the organism responsible for giardiasis All the

s were inactive against G inteshnahs at the concentrations tested (Wright et al.

� The aqueous extract of Alston,a boonei and ech1tam1ne isolated from it have also

l!lvest1gated . . 

, 
for achv1ty on isolated smooth muscle preparations. Whereas the 

s extract f 
� 

0 the plant neither contracted nor relaxed Isolated gu inea pig Ileum

� a(\(j Anaga, 1991 ), echitamine Isolated from it relaxed the guinea pig isolated

Ill a co ncentrated-dependent manner (OJe,vole, 1984) Further the alkaloid

� or
¾ abolished the agonist (acatylchOline· h1stomine-, nicotine-. S-

ltln>tam1 
· r · · i 1 

"� 
ne-. potassium-. or  baflurn·) induced contractions o guinea pig so ated

flado 3e-related manner (01ewole 1984) 

°the t
wo 

rep0r1s above on the relaxant acttvity of echitam1ne and the lack of

..... • Oqueo,s ext,act or A boonei on gu,nea p,g tsolatod ,taum a,e not ,n
, C( lh!! 
� 11'1 the p r lyophllized aqueous extract or A boone,

� 
resent study the action o 

�-..., 
I 00 pig isolated 11oum 

'"'"8511galed 1n rat stomach stnp and gu n UNIV
ERSITY O
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MATERIALS AND METHODS 
1 Plant mate . I na and extract preparation
� stem bark r 0 the plant was collected 1n March from the Department or 
i .  Univers1t f . . Y O lbadan, Nigeria Its Identity (collection number Lowe 2323. 

r I H 13134) was confirmed by Dr Joyce Lowe or the same numbe U 

m ark of the plant was air dned and powdered The powdered ,ty The ste b 
tQ was st eeped 1n water for 3 nights to allow for sufficient extraction The

Was fill ered and the filtrate was concentrated into a dark bro,vn dried

�'Ilg a lyophyhzer (Lab Conco-Lyph lock 6) The yield \Yas 8.3% It \Yas

'"-ned1ate1 Y or after storage in the Deep freezer
Pre Parar •on of rat stomach strip 
ti 

9ilhe
r sex (200-300 g) were stunned and blod The stomach strip was

�as descnbed by Vane (1957) Bneny the abdomen \vas cut open and

. "-1 Of the st d A 1ongit1Jdinal stnp \YSS made

t. 
omach removed and croane • 

'l.omach O I organ bath containing Tyrode
and suspended ,n a 2 m 

1,, 1 O t<CI 2 7 caCI,, 1,8, MgCI,, 1 0,

U 
I ion mmoVL, NaCl 136 · ' 

t O 3 gt ntairied 81 37'C ond �ossod

\. l 
UCose, 5 5 and NaH,CO 12 O) mai 

� Pr r,der O resting 1ens1on or 1 g
&pa,01,on was ollO'�d to equ1l1bf11tO u 
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b6() m1n d · unng which the Tyrode solution was changed at 20 m1n intervals

�ic contractions (Magnification x 7) were recorded on a smoked paper

tr� 8 frontal writing lever 

l2.3 Pre paratlon of guinea pig ileum 
�lg uinea Pig of either sex (300-350 g) ,vere stunned and bled Segments of

toe Ileum ( 4 cm l ong) were removed 1 O cm from the caecum, and treated as in

hecase f0 stomach strip. 

'-2,4 Ph armacologlcal test
..,series 10 expenments were carried out 

1 
r __ """"lC8ntratton-response curves were constructed to different agonists

�/l 
ctlohne (Ach) and 5-hydroxytryptamine (5-Hn lollO\VOd by the oxtreot The

actions were d rcentage of the maximal response induced by

"' 
expresse as pe 

2 
&:aocia,d agon1st (5-HT) 

'vCaoon, .... 1 eh stnp) concentrauon- response curves

"-
'"" o the extract (rat stoma 

I 

t.Qostrua th bsence and then In the presence or two

" 
!!<I to the extract 1n e a 

"';-'\its BDH) and me1hyserg1do (Sandoz)
°'1L- atrop,no sulphate ( 
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heact, ea se of the extract-antagonist pair. the stomach strip was incubated with
tarliantag on,st for 30 min before constructing concentration-response curves to
'-extract

h a.1 the above experiments five animals each were used The pH of the extract,

lt!cie add tng to the organ bath and when ,n the bath was measured Contact

� �Of extract or standard agonist was maintained at S min intervals

1-ls Statistics
�1� 

caJ analysis was performed using Student's t-test and a P value less than

•CSrras Considered significant Data are presented as mean ± sem.

l3 

RESULTS 

1 CoNT T OF A, BOONE!
RACTILE ACTIVITY OF AO EXTRAC 

The pu I the Otgon bath. and 1n the organ bath.,, of the extract before adding 0 

'11:19170
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Contractile effect of the extract 

The extra t h 
'h. 

c ad a conlractile effecl on rat slomach slrip and guinea pig Ileum.

'ton1ract1le 
, 

response was concentration-dependent The onset of action \vas aboul

J tt.111 anc1 th e duration or action ranged between 1 and 2 mln The contractile effect

�"-'re on rat stomach strip than on guinea pig ileum The concentration of extract 

��to develop 50°,{, or the maximal response on the rat stomach stnp and the

�Pig ileum (ECSO) were 2 7 + o 1 mg/ml and 4 4 ! 0.2 mg/ml respectively These

�we 

-

re significantly different (P 5. 0 05). 

The max,mal response by extract on guinea pig ileum was 62°,{, (n =5) or that

�bys. 
1-1 

HT on the same ttssue 
l��go I n sm to extract 

�� 

, �"" (up to lmg/mt) did not h"• sny sffsct on ths a,ntracltons ,ndueed by

!1'1!, 

let (Fag a 1) In contrast methysergide (1 ond 10 ugfml) Inhibited the Induced

'(Fu. 8 2) C 
-sponse curves 1n the presenco of methysergtde

,, .• oncentrotton•,u 
c.. �ess,.,01 

hl m"iumum respanso was achieved by a highor

Y sh11tad 10 the na , .. 

� 

. 

•s10r1 Of e,tract (Fig 8 3)
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Fig. 8·1: Responses of stomach strip to aqueous e-xtroct of 

Alstonia boonei stem bark alone and of ter incubation 

with Atropine ( Atr.) 
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-
-
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(10.ugfml) (utroct, mgfml) 

(Extract, mg/ml) ( 1.ugf ml) ( Extract. mgjml)

Fig. 8· 2.: Responses of stomach strip to aqueous extract of Alstonia boonei

stem bark atone and after incubation with methysergidt' (MT Z) 
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I 

• Control 196 

• MethyscrgNle ( I ug/mll

0 Mtlhyicrg,dc l 10 ug/ml

10 
20 

cone ol ABSBI mo/rnll Log Scot•
40 

f:°ig. 8·3 · 
• Alstonio boonti stem bark- stimulated concentration - effect

curve in tht absence (•control) and In the presense of 

methysergidt, 1 JJg/ ml ( xl and 10 ug/ ml·(•>: mean values ore 

shown; v er ticol lints indicate sem I n• 5, Tissue = rot stomach 

strip. 

•
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l4 DISCUSSION 

The aim or this study was to determine the effect of Alstonia boonei stem bark

0 a ed stomach strip and guinea pig ileum As low as 1 mg/ml or the extractb'.ract on is I t 

� contracttle response on both smooth muscles That the extract produced a

�ficanu h. Y igher contractile effect on stomach strip than that produced on guinea pig

"" 
SUgge5ls that the former is more sens111ve than the laller to the extract As the pH 

act before and after adding to the tissue 1n the organ bath remained constant, itr:te� 

1"�hkel . . 
Y that pH contributed to the acll111ty of the extract

1
" an earlier study, Asuzu and Anaga (1991) reported that up t o  40mg/ml or the

's stem bark extract or the same plant neither contracted nor relaxed isolated 

� Pig ileum. Their report ls a t  vanance with that presented 1n this thesis Seasonal

1-ij 

-.,."-'oo
<ar ,adation '°"'d p,obebly be the "'"'8 of 1•• "'"8P'"'' '" , .. two

The contra 
extract of A boonet reported in !his thesis 

,� 
ctile achv1ty or the aqueous

II �a,,,. .. __ f f  t f echitomine reported by OJewolo (1984) 11

, -""' with the relaxant e ec 0 

"�, , .. _ 
ther a,;u"'e pnnc1ple thot may have 8

� 
""'t A boone1 moy contain ano 

effea on isolated gu1noa pig 11eum
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The laek of effect of atropine on the tonic conlractions induced by the extract

e involvement or acetylchohne 1n the contracl1on On the other hand, the�-Mth 
· · · 

�e or the induced contraction by metnysergide may suggesl the ro11ow1ng First,

tt extr act may contain 5-HT like substances Second, the extract may cause the

� or 5-HT from the tissue ir the second possibihly 1s considered, then it may

".I.an 1h 9 relatively delayed onset of action or the extract 

The nature of antagonism bel\veen methysergide and the exlract may be

,
t
,trve as there ,s a progressive shirting or the dose-response curve to the right

..., 'tiaximum response could be  ma1nta1ned WJth higher doses or extract. 

•
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CHAPTER NINE 

I.O G ENERAL DISCUSSION, SUMMARY, CONCLUSION AND SUGGESTIONS

FOR FURTHER STUDIES. 

The main use of A/stonia species 1n Africa, Lalin America and Asia 1s lo  1real

�� In West Africa, A boonel is the prevalent species and is mainly used to treal

�a and · . 
. inflammatory diseases particularly rheurna101d arthritis These two

'dical uses of the plant have been investigated in lhls thesis

8 anlimalarial studies the diethylether and ethylacetate extracls showed
In th 

� or no sctuzontocidal action whereas the ethanol and ,vater extracts showed some

, SCh,zontocidal effect This finding agrees with the 1rad111onal preparatory melhods

� 
th8 plant matenal is soaked in alcohol or boiled in ,valer In all the tests, lhe

� ex
tract consistenlly shO\vt..d higher blood 5c111zontoc1dal action than the ,vater

�

... n,, •mpllas lhal Iha alhaool a�<acl was"'°'" po1ao1 '"" '"""""' lhao lhO

'4ract He I h 1 ,n the trad1ttonal preparation of the plan!

� 
nee, the use of a co o 

let IS
Suggested 

1he use f 
II requires bo11Jng the plan! material It has

, 
0 aqueous extract usua Y 

� It d thal 0pphCDlfon or heol (bo111ng of plant

" aled 1 n  tho present stu Y 

ll'l '"71t 
es tile 0treci1veness of the wator extract 

er) for 32hr or more deCT885 
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I.though lhis finding may be consider�d academic for lhe simple reason that the plant

su Jecled to heat continuously for that length of time, the observation
t;lerial is not b .  

l'Clnetheless Indicates that the constituents responsible for enlimalarial 

�iaboo ne, stem bark are probably heat labile.

effect or

The chemosuppression produced by boiling plant sample for between 2 and 16 

ti:us is not · · 
d 

s1gn1ficanlfy different from that of the extract prepare by steeping the plant

in water (without boiling). Thus the extract may be prepared cold in ,vater. This
taterial 

�.hod h owever necessitates steeping the plant sample in water for a few days before

'
ing it The issue of quick intervention or the disease (malaria) process may then 

� an Important consideration. 

The blood schizontoc!dal effect of ethanolic and aqueous extracts was observed

� 111 lhe ear1 . r • ,. t t) and repository test whereas II vtas absent in

Y 1n action (..-...ay es 

�Sh9<1 lnf . Thi s ggests that the extracts ore not curative In

actions (Rane's test). s u 

'Shed p 1. Toe reduction In tho rote or parasite

� 
y nigorlensls lnfec ion.

'PGc:atJon • 1 Infection end repository tests may be the

ti 
vmtch occurred 1n ear Y 

� be 
of the plant to treat malaria in traditional

'lr 
'-.a nefit derivable from the use

"the 
entimafariol constituent fsoloted from A.

� �!hod or lsolaUon of AB·1· tho

... ...._ 11� Th 051 active rrocuon or subrroctlon from

--n bark In 1h15 studY is simple
e m 

' 
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�I extract at each fractionation step had higher blood schizontocidal effect than

rac . The effectiveness of AB-1 in early and established infections as
� parent ext 1 

le! as \he strong blood schizontocidal action in repository test removes any doubt

ll'o.Jt lhe antimalarial property of Alstonia boonei in rodent malaria initiated by P. y.

and P. berghei ANKA. Although caution has always been exercised in 
"-'�nsls

ing animal data to humans, nevertheless, the strong activity or AB-1 In the
�ap01ar 

�n
t study coupled with the reported moderate to high activity or certain constituents

am1ly of Alstonia against P. fa/cJparum in vitro strongly suggests that the plant
�lhe f 

a great potential as 8 candidate plant  for the development or new antimalarial
� 

� f"urthermore, the fact that Afs/onia species have been in use for centuries as a

� for malaria means that some benefit is derived from It.

ihe second ethnopharmacological property or Alston/a boonel stem bark

�led in lh. . t veal rheumatoid artnrllls and rheumatic pains.

, 
1s thesis 1s Its use o 

COnditi . onent and the Immune systom Is known to bo

� 
ons have 1nnammatory comP 

�-Th d lymorphonuctear leukocytes are compononts

� 

8 complement system on Po 

, 1 1• ted in thO pathogenesis or rheumatoid

'tr 
yatom which havo been imp ,ea 

� lhe 
cascade via the c1ass1cal pathway (CP) and

• achvallon of the complement

' ».... 
-mosan-lnduced 1uminol dependent

---native (APl ond .. , 
pathWaY 
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ce Z) by PMNs have been used as immunological parameters in
t."em1lum1nescen (CLI 

t s study 

Theoretically, the inhibition of CP-aclivtty could be beneficial in some

processes 1n which immune reactions are deranged, by preventing the
rtiammatory . . 

10 091cally active complement split products (Vogt 1985). ll has been
�t,on or b .  I 

'l;ino,,Slrated 1n the present study that diethyl ether and elhytacetate extracts or A 

too.,, 
e,

stem bark strongly inhibited the CP-activ1ty whereas the AP-activity 1vas little

the activity guided fract1onat1on of ethylacetate extract, the use or a

�.binat 

i" !tted In 

ton of m1n1prep column chromatography and Sephadex LH-20 systems proved

'"�1 9 for purifying the extracts and for the 1sotatton of the active constituent, AB-2 

AB-2 showed 8 strong ant1complomen1ary activity on the CP assay and also

"�e
d Z)'mosan-tnduced footpad sWelhng in mice Thus the ,n v,vo ant1-1nOammatory

�,., of 
'a. 

< rnay be mediated via the classical pa1hway or human complemenL This 

r� 

etence with immune reacuon might be an explanation for the therapeutic

• _,o,y) elfea, c1Dimod ro, A "'°""' ,i,m oort< ••""''" 1,adlllon,1 ,,,,.m

.. �
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nee LIZ) by PMNs have been used as immunological parameters 1n
�dum1nesce (C 

tlsstudy 

Theoretically, the inhibition of GP-activity could be beneficial in some

rocesses 1n which Immune reactions are deranged, by preventing the
�atory p . . 

1olog1cally active complement spht products (Vogt 1985). It has been
bmat1on of b .  

�!rated 1n the present study that diethyl ether and ethylacetate extracts of A 

�e, st8m bark strongly inhibited the GP-activity whereas the AP-activity \Vas little

n the activity guided rractionat1on of ethylacetate extract the use of a
�8d t 

�lion of m1n1prep column chromatography and Sephadex LH-20 systems proved
�,b 

or purifying the extracts and for the isolation of the active constituent, AB-2 
"'°.able t 

AB-2 showed a strong ant,complementary activity on the CP assay and also

teo �mosan-,nduced footpad swethng 1n mice Thus the In v,vo antl-lnOemmatory
'"-ti 

�l'lly Of 

'a.i
may be mediated v,a the classtcal pathway of human complemenL This

� 

erence with immune reaction might be an explanatron for the thorapeutlc

•
""-aior,) effect, cle;med ro, A "'°"" ,iem"""' •"'°"'" i,ado1,onol ,,.,em

� 

�
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On the whole, studies carried out in this thesis lend support for the

ltrlomedical uses of A boonei stem bark to treat malaria and rheumatoid arthnlls

� two diseases are somehow affected by  the complement system II has been

"liorted that complement factors are intimately involved in rheumatoid 1nnammalion

!P�m et al, 1984). In the two pathways of complement acllvallon, the CP initiated

� the immune complexes ,s reported to be of greatest importance 1n rheumatoid

organ, 1990). The effect of complement in malaria has also been reported 
l".l-r1t1s (M 
?. 
�,um. the protozoan responsible for malaria Is an obligatory intracellular

�as,te 
· r 

res1d1n g  tn erythrocytes. 11 has been reported that 1n ecled erythrocytes

!Qr,ate lhe CP via the AP ,n the presence of antibOdY (Morgan. 1990). CP activation

' lo stimulation of phagocytosis, thus clearing infected cells (Morgan 1990) The

�ai, 

k 

COntribulton of this phenomenon 10 parasite destruction ,s not nown 

In lh' 
d AB-2 isolated from A boone, stem bark

15 thes,s. the compounds, AB-1 an 

� � have be 
timalario (AB-1) and 1mmunomodulalory and

en shown 10 have an 

'•lie (A th 2 maJor othnomod1cal uses of the plant

'lOr 
B-2) effects These ore a 

11:ta The 
h the suggosllon by Wnghl et al (1993) that

1 
59 f1nd1ngs agree, 1n part wit 

w,"'c!.� 
d 110001 mod1c1ne may bo due to such effocts

Ila 
ss of Afslon,o speelos 1n tra 1 

-o-,, 
Qdulot()()' actions

etJc an1J-1nflammat0()' and ,mmunom 
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SUMMARY

The bloOd schl zontocidal activities or C(Ude extracts or Alston/8 boonel stem bar1< were

against e. yoelii nfqeriensis _(in mice) and e.. �erohei ANKA (In rats).
assessed

�,ties of th e extracts and the active constituent (AB-1) Isolated rrom the ethanolic

,nveshgated In early tnrection ( 4 - day test) and established infection
b!ract were · 

st · Their repository activities were also ,nvestlgated. Chloroquine and
\Rane·s te ) 
t) iTlrlle1ham1 ne served as rererence antimalarial drugs.

The effects or the crude extracts were also ,nvestigated on the Immune system In

'ff•o • ll . sing complement system and polymorphonucfear leukocytes (PMNs) as

�logical parameior,. Anlloomplomool.,Y (cl"''"'' (CPI aod ollemo1i,e (AP)

� Bc:tivlties were assessed using human serum and onllbOdY - sensitized sheep

� 

�" o, rabbll e,ylh,ocyl•• ElfeciS of e,trscl• on phogocytic aciMlle, of PMNS

� as..,,.. by uslno PMNS 1,01818• from ""°"' 
blood o f  heallhy ,olunloe,s.

•flliti served os a ,ereronce c;ompound 

"'- boo .
..., hOd repository sctlv1ty and o high blood

":> 
na1 atom bOrk o)(lrS"'s 

� 
b I no 8,roct In ostabhshed lnfoctfon Induced by

act,on In eorty 1nroct1on u 
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ens,s The anllplasmodial activity was concentrated in the ethanolic and the
PY nigeri 

aaterextract 

The antiplasmod1al constituent (AB-1) of the plant isolated via activity guided

�ation was very active in early and established infections as ,veil as having a

1t00g repository act1on 

A high oral dose of 1 200 mgll<g of AB-1 did not cause any mortality in mice in

xic ty study This shows that the constituent Is well tolerated when administered
�eto I 
°'111 I

The extracts of A boonel stem bark had an ant1comp1ementary activity mediated

�Ule C P However this activity unlike the antlmatanal effect ,vas concentrated 1n the

ar extracts of dlethylether and ethylacetale The extracts appered not to bo
Iii, Pol 

-� 

.._ "'\he AP of lhe oo,np,.,.eni •""' and on lho ,i,em,1,m,nescenoo auay """"

··<-i:i tnulated PMNs

Th@ antico I t Juent (AB-2) Isolated from ethylacetate extract of

, 
- mp ementary cons 1 

' stem b h bited zymosan ,nduced footpad sWelllng in mice 

•, ark ,n this study 1n 1 

1 � 1 f th plant extract to treat rheumatoid arthritis in

'¼, 
8nds support for the use o 8 

<lnat 
that A t,o0ne1 stem bark extract or 115

, O'le(j,ono This ,s the rirst ume

� WIii bo shoWn to have anticompJernenta,Y ecuv,ly
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The inhibition of complement activation by AB-2 increased with an increase in

te lime of preincubalion. This finding suggests that the mode of anticomplementary

� or AB-2 involves complement activation and hence depletion of complement

CCrnpOnenL 

The water extract of A. boonei stem ban< had a contractile effect on isolated 

�'lea Pig ileum and rat stomach strip. The contraction Induced by the extract was

�go· 
· b h 

n1sed by methysergide but not by atropine. The antegon1sm y met ysergide

�red to be competitive. 

The antimalarial conslltuent of A. boonel stem ban< (AB-1) Is probably heel

labiie as continuous application of heat ror 32h and abOve reduced the antimalarial

�ty or aqueous extract of A boneei stem bark.
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CONCLUSION 

a1ned 1n this study sho,ved that ethanolic and equeovs extracts or A/stonia

Results obt · 

1 st8m bark have some blood schizontocidal activity in e. yoeh1 nlqeriensls -

boone· 

�d infection in mice. AB-1, the antimalarial constituent Isolated rrom the stem bark

� 
lhe plant showed stronger blood schizontocidal effect than the parent, crude

lOiaoouc extract. The potency or AB-1 is 10,ver than that or chloroquine in both P yoelii

ll?enen Sis and P. berghel ANKA infections. 

l>e!hy1 ether and ethylacetate extracts of the stem bark or Alston/a boonel had strong

�mplementary activity mediated via the classical path,vay. The anticompleentary

lct."•ty Increased with an increase In temperature end Ume or prelnCtJbation. AB-2

W.icanuy inhibited zymosan • induced mouse footpad S\vel(lng. 

l'r. anticompl . r AB 2 meY bo the In vitro correlate or I.ho In vlvo

ementary activity o • 

'tri11 amtnatory activity.
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Suggestion for further studies.

Elhanohc extract and the pure antimalarial constituent (AB-1) isolated rrom 1t

should be further assessed for antimalarial activity using human plasmodia The

0 in vitro model 1s strongly recommendeduse f · 

AB-2. the anlicomplementary and antiinflammatory conshluent Isolated from

elhylacetate extract should further be investigated for antllnflammatory activity

using carragennan as a phlogistic agent

S!ructure elucidatton or AB-1 and AB·2 should be undertaken

A detailed study of the conuactile activity of aqueous extract of Afs/onia boonel

sterm bark should be carried out. Since the contractile effect or aqueous extract

or the plant was antagonised by methysergfde, other drugs such as 

tetrOdotoxin, morphine, Ca,. channel blockers - D • 600 could be used to

'IMther elucidate the action of the exuact
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please turn to page 21 O 
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