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ABSTRACT 

Hagenia abyssinica (Bru Gmdin i n Gowcring plant that is widespread in the 

afromontane region f ntul :m \ hast rn Africa. It is an important medicinal plant that 

societies rcli ·<.1 m tlt 1U\ ·r. t i< ns for combating various ailments. Its inflorescence, for 

c ·ampl . i · u I l ditionally as an anthelmintic. Its roots are cooked in soup for 

tr ·ntm ·nt r malaria and the pounded bark is used for treatment of diarrhea. Besides 

b ing a ource of medicine, Hagenia has been utilized for various other purposes such as 

c nstruction. furniture, fuel and soil fertility management. As a result of its enormous 

significance, H abyssinica is at risk of becoming an endangered tree species due to 

overexploitation. The objective of this study was to carry out phytochemical investigation 

of its chemical constituents and screen it for in vitro anthelmintic and antimicrobial 

activities. 

The plant material was collected from South Kinangop, Nyandarua county in September, 

2009. Phytochemical tests showed that the plant powders contained alkaloids, tannins, 

saponins and cardiac glycosides. The plant extraction was done by maceration and 

percolation using petroleum ether chloroform dichloromethane I methanol mixture and 

methanol. The petroleum ether and chloroform extracts were subjected to open column 

chromatography using solvents of varying polarity as the mobile phas . Thin lay r 

hromatography was u ed to monitor the fraction . 'I wo cry talline compounds \ · rc 

i lat from th chlorofonn e ~tr ct d subject d to p tro n ol the 

com und w id ntifie a ~-sito t rol. Th in in u 1ci nt 

d thu i tructur c uld n t b 
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The in vitro anthelmintic activities of crude extracts of the stem bark and flowers were 

investigated. Screening for nth lminti activity was carried out using Panagrellus 

mdhan l and dichloromcthane/ methanol extracts exhibited 

activity. l· urth 1 t ·sr ' · H. .11 ri I out on the stem bark methanol extract. These were the 

who I · wot m m l lh ut w rm assays using Caenorhabditis elegans species. In these 

us· 1y ·• th f the methanol extract was compared to levamisole to show the 

p rc ntag f w rms alive after incubation at room temperature for 24 hours for whole 

worm as a): and the time in minutes taken to paralysis in cut worm assay. The extract 

showed significant but weaker activity than levamisole. 

Some of the plant extracts were screened for both antibacterial and antifungal activities 

using agar diffusion method. Petroleum ether and dichloromethane/ methanol extracts 

showed activity against: Staphylococcus aureus, Escherichia coli and Bacillus subtilis. 

The respective diameters of zones of inhibition were 17, 16 and 16 mm for petroleum 

ether extract; and 19 20 and 18 mm for dichloromethane/ methanol extract, while that of 

positive control was 20 mm for all the bacterial microorganisms. Chloroform extract at 

the same concentration only exhibited weak activity against Bacillus subtilis and the 

methanol e ·tract did not exhibit any activity. All the Hagenia extracts tested lacked an 

antifungal activity at a concentration of 50 mg/ml. 

Th pr s nt study show there may b a scientific basi for the tradition l u of lla cnia 

ab) inica an anthelmintic nd also or tr atm nt o diarrh an lh· t ck di cs 

b' ct ri . 



CHAPTER ONE: INTRODUCTION AND LITERATURE REVIEW 

1.1 General introdu tion 

The limited avail tbilit .m I .1 fotdability of medicines means that the majority of the. 

world's p )I ul1ti lll ·nd · on traditional medical remedies. The World Health 

rg mt .1ti 111 \ H e timates that approximately 80 % of world inhabitants rely mainly 

n traditi na.l medicines for their primary health care. Plant products also play an 

imp rtant role for the remaining 20 % of the population who mainly reside in developed 

nations. bout 20,000 species of higher plants are used medicinally throughout the world 

and about 74% of all plant derived pharmaceuticals are used in modern medicine in a 

way that correlates directly with their traditional use (Cragg and Newman, 2001; WHO, 

2003). Plants have played a vital role in the prevention and treatment of disease since 

prehistoric times. This can be traced back over five millennia to written documents of 

early civilization in Chma, India and the Near East (Santos et al., 2007). People in 

different parts of the world depend on plant resources for their basic needs and are aware 

of many useful species in their ecosystem. They have continuously developed their 

knowledge of traditional plant uses and plant resource management (Raedek and 

Rikoon 1997;Ellen and Harris, 2000· Warren eta/., 2000, tarzomski eta/. 2004). 

Traditional medicine is widely practiced in Ken ·a \\'ith anou u 

b n docum nt b_ variou ethnobotanical un•cys 1iaron t a/. 

"h r on for thi ran from th f: ct that in rur 1 th 

p ti nt much b t r 1: 7 m t 

tio hi h i 1 :7 1 2. 

of plant h vin 

· Kar tu t aT). 



of conventional drugs to the rural folk because pharmacies and hospitals are mainly 

located in major towns and iti ; nnd the imported conventional drugs are usually 

expensive. Tradition 1 m di in~: is p t" ivcd as being a cheaper option and is also 

thought to b · 

(Mun •uti. l ( t) 

m n1ional drug because it is obtained from natural sources 

(md 1 own son, 2001; Miaron et al., 2004). 

lndi' 'tnu h aler often claim to have learnt by observing that sick animals change their 

f d 1 r ferences to nibble at bitter herbs they would normally reject (Huffman, 2003). 

Field biologists have provided corroborating evidence based on observation of diverse 

species. Lowland gorillas take 90% of their diet from fruits of Aframomum melegueta, a 

relative of the ginger plant that is a potent antimicrobial and apparently keeps shigellosis 

at bay. Sick animals tend to forage plants rich in secondary metabolites such as tannins 

and alkaloids (Hutchings et al., 2003). Since these phytochemicals often have antiviral, 

antibacterial, antifungal and anthelminthic properties, a plausible case can be made for 

self-medication by animals in the wild. Researchers from Ohio Wesleyan University 

found that some birds select nesting material rich in antimicrobial agents which protect 

their young from harmful bacteria (Ichinda 2004). 

1.2 Plant a ource of drug 

Plants re the traditional source of many of the chemicals u cd a phannaccuti ls, 

bi h micals fragran e food colo and flavor . 1any plant synth iz ph tochcmic l 

.,., ..... ,"" ... ., th t r u ful in th maint n nc of h alth in hum n 1 i th r nim l . 

ch mi r tru tu 1 ompl ·ity. • in lu 

ti \ nnin . ln 

th m h ni 



microorganisms, insects and herbivor . Many of the herbs and spices used by humans to 

season food yield useful medi in l mp und (Tapsell et al., 2006). 

Many well-known dru li:t d in m dl.:lTl pharmacopoeia have their origin in nature. 

These indud tuinin lr r the 'inchona species for the treatment of malaria. 

uinin · · 1 v d · the lead for development of synthetic antimalarial drugs namely 

rhl r 1quin . rimaquine: amodiaquine and mefl.oquine. More recently the wider 

r c gniti n of the anti-malarial activity of artemisinin from the herb Artemesia annua has 

led to development of synthetic and semisynthetic derivatives like artemether, artesunate 

and arteether which are more active against resistant strains of Plasmodium than 

arternisinin (Cragg and Newman, 2001; Tagboto and Townson, 2001; Houghton, 2002). 

Ginseng from Panax ginseng and ginkgo from Ginkgo biloba have led to a herbal boom 

in Europe, USA, China and India (Cragg and Newman, 2001). Ginseng is one of the 

major botanical of US foreign trade. It is also used in Asia for treatment of anemia, 

diabetes, gastritis, sexual impotence, to decrease tiredness and invigorate patients. 

Ginkgo is used traditionally as an antiasthmatic, bronchodilator and for treatment of 

chilblains. Extracts of the leaf are used to improve peripheral and cerebral circulation in 

elderly patients with symptoms of loss of memory, hearing and concentration ( ·vans, 

-002. 

' r 1 anti-n opla tics in clinical use have b n isol t d rom plant or r 

of plant pro ucts. · mpl •inbl tin 

fr m ath ranthz 

·hi h in 



which was isolated from roots of various species of genus Podophyllum (Cragg and 

Newman, 2001; De wick, 200 . 

n i: )L\k i from plant and are in clinical use fo·r treatment of 

vurious ailm nt . mtl of thcs<..: include tabersonine fTom seeds of Voacanga 

afriwn 1 "hi h i u i as a central nervous depressant in geriatric patients. Reserpine, 

is )lat d fr m Ra 11 olfia serpentine, is an alkaloid used in psychiatric treatment and as an 

untihyp rten iYe. Iorphine is another alkaloid obtained from Papaver somniferum 

(PapaYeraceae) and is used to alleviate severe pain (Cragg and Newman, 2001; Evans, 

-002· Houghton, 2002; Mohammed, 2008). 

Glycosides such as digoxin, gitoxin and digitoxin are obtained from the foxglove plant, 

Digitalis purpurea (Scrophulariaceae). They are clinically used for the management of 

congestive cardiac failure (Cragg and ewman, 2001). 

Screening of compounds from plants for their pharmacological activity has been the vast 

source of innumerable therapeutic agents representing molecular diversity engineered by 

nature (Hammer et al 1999). 

1.3 Helminthia i 

Helminth i a general term for a parasitic worm. Worms cau ing infection in man fall 

eith r und r the phylum Platyhelminthe , which include the ce t de and Tr m tod 

or und r th emato a, ·hich includ th n mat 

1.1). Th mot imp rtant o th orm ar 

rh 

mi 

nd 

h 1 inth th m mm n rl 

orroundw nn 

• inh bit 

hum or 

tin tl m 

bl 

il-



communities. They include Ascari lumbrico ides, Trichuris trichiura, Ancylostoma 

duodenale and Necator ameri 1111 • 

Figure 1.1. n illu tration of male and female Trichinella roundw rm 

Image courtesy ofBIODIDAC a ailable at: 
http://biodida .bio.uotta\\a.calthumbnails/catquery.htm?kingdom=Animalia 'Ph ·lum=n 
matoda 



Table 1.1. Classification of helminthes (Reference: Baron, 1996) 

Class 

cstode. (Tap worm 

Trematode (Fluke ) 

Nematodes 
(Roundworms) 

lnl slinal 

l)il h llohothrium latum 
l ipylzdiwn caninum 
llym nolepis nana 
llymenolepis diminuta 
Taenia solium 
Taenia saginata 

Fasciolopsis buski 
Echinostoma ilocanum 
Heterophyes heterophyes 
Metagonimus yokogawai 

Ascaris lumbricoides 
Enterobius vermicularis 
Ancylostoma duodenale 
Necator americanus 
Strongyloides stercoralis 
Trichostrongylus species 
Trichuris trichiura 
Capillaria philippinensis 

1.3.1 :Microbiology of helminth 

Tissue (Larval Forms) 

Taenia solium 
Echinococcus granulosus 
Echinococcus multilocularis 
Taenia multiceps (formerly 
Multiceps multiceps) 
Taenia serialis 
Spirometra mansonoides 
Spirometra mansoni 
Diphyllobothrium species 

Schistosoma hematobium 
Schistosoma japonicum 
Schistosoma mansoni 
Paragonimus westermani 
Opisthorchis sinensis 
Fasciola hepatica 

Trichinella spiralis 
Visceral larva migrans 
(Ioxocara canis or 
Toxocara cati) 
Wuchereria bancrofti 
Brugia malayi 
Onchocerca volvulus 
Loa loa 
Dracunculus medinensis 

ompared to other eukaryotic parasites, most hclminthes are r latively large with m 

ding one meter in length. Their bodi haYe well-develop d or 'an ~ · t m 

ially r productiv org ns and no t an:: acti fi cd rs. Th 

by pl m m mbran 

nn 



possess elaborate attachment structures such as hooks, suckers, teeth or plates. These 

structures are usually locat d ant ri rl 1 (Nd on and William, 2007; Pornmervile, 2009). 

Nematodes are di · iu m I in m: n SJ ~.:ci s clear sexual dimorphism exists. Males are 

usually ·mall·c h n m.\1 · ,md both have copulatory organs. They are round non­

sc •m 11! • I w )I m . u ua\1 tapering at both ends and are bilaterally symmetrical (Nelson 

·md W 1lli m. 0 1 • 

1.3.- Tran mi ion of infection 

Helminths are transmitted to humans in many different ways. The simplest is by 

accidental ingestion of infective eggs of such species as Ascaris, Echinococcus, 

Enterobius, Trichuris or larvae of some hookworms. Other worms produce larvae that 

actively penetrate the skin (hookworms, schistosomes, Strongyloides). In several cases, 

infection requires an intermediate host vector. In some cases the intermediate vector 

transmits infective stages when it bites the host to take a blood meal as is the case with 

arthropod vectors of filarial worms. In other cases the larvae are contained in the tissues 

of the intermediate host and are taken in -when a human eats that host (Clonorchi in fish 

tapeworms in meat and fish, Trichinella in pork). The leYels of infection in humans 

therefore depend on: standards of hygiene the climate, \ ·ay in ' •hich fo d is pr par d 

and on the degree of e. ·posure to in ect vector (Pomm n·ile 200 ). 

mi lo 

H lminti infi am n th m mm n infi in m n· in ti n 1 m 

m riou m r tri.Th ibuti n tl 

7 



determined by climate, hygiene, di t and xposure to vectors (Wakelin, 1996). Parasitic 

helminthes infect more than _ billi n people in the world today (Table 1.2) and cause 

marked morbidity and di . ilit r 400 milli n of infected individuals are children of 

school ag and 00 milli n uti< r from a heavy worm burden (WHO, 2000; Hotez et al., 

200 ) 

al Pr alence and Distribution of Helminth Infections 

Helminth infections 
STH infections 
Ascariasis 

Trichuriasis 

Hookworm 

Schistosomiasis 
S. haematobium 

Total cases 
~ 2 billion 
1.221 billion 

795 million 

740 million 

187 million 
119 million 

S. mansoni 67 million 
S. japonicum 1 million 

Source: De Silva et a!., 2003 

Major geographical areas 

Sub-Saharan Africa, India, 
China and East Asia 
Sub-Saharan Africa, India, 
China and East Asia 
Sub-Saharan Africa, Americas, 
China and East Asia 

Sub-Saharan Africa 
Sub-Saharan Africa, Americas 
China and East Asia 

Parasitic nematodes are also among the most common and economically important 

infectious diseases of grazing livestock, especially in small ruminants in the tropics and 

subtropics. 

1. A Path n i 

I lminths po a threat to public health and contribute to hi h pn.:val n l.: 

m lnutrition o inophili and pn urn nia. lnft ti n c ntri 1t t m rbidit · 

i lly in childr n, throu h m lnutriti n 

r 1 1 2 2· iti n t th ir h lth h lmin i 



infections also impair physical and mental growth m childhood, thwart educational 

advancement and hinder ec n mi dt: d pm nt. 

Many of th . path m 

movement an 11 >n · 

qu n (,: 0 r w rm infestations are related to the size, 

parasites. This is because the host is exposed to long-term 

dam't' · md inn n11 timulation, as well as to the sheer physical consequences of being 

inha it ·d ) large fi reign bodies (Pommcrville, 2009). 

The mo t obYious forms of direct damage are those resulting from the blockage of 

internal organs or from the effects of pressure exerted by growing parasites. Large 

Ascaris or tapeworms can physically block the intestine, and this may occur after some 

forms of chemotherapy; migrating Ascaris may also block the bile duct. Capillaria 

philippensis and Strongyloides stercolaris causes diarrhoea and malabsorption whereas 

Enterobius vermicularis cause perianal pruritis. Trichostrongylus species cause anemia. 

Granulomas that form around schistosome eggs may block the flow of blood through the 

liver and this may lead to pathological changes in that organ and elsewhere. Blockage of 

lymph flow, leading to elephantiasis is associated with the presence of adult Wuchereria 

in l)mphatics. Pressure atrophy is characteristic of larval tapeworm infections (hydatid 

cyst, the larva of Echinococcus granulosus) where the parasite grows as a larg fluid­

fill d c:st in the liver, brain lung or body cavity. The multilocular hydatid cy ts cau ed 

by Echinococ us mulliloculari hav a differ nt growth form m ta t izin ' ·ithin 

d c u in n ro is. lb larv of Ta nia olium th p r 

lop in the ntr 1 n rvou m 



symptoms of the resulting condition, alled cysticercosis, are caused by the pressure 

exerted by the cysts (Pomm rville, _QQ ). 

Intestinal worm lU ,\ •. ri 1 ()f 1 athol gic changes in the mucosa, some reflecting 

to th~.: tissues, others resulting from immunopathologic 

l'l' ·pon · · ·. ll1 kw 111 • ti ely suck blood from mucosal capillaries. The anticoagulants 

rms cause the wounds to bleed for prolonged periods, resulting in 

con ·iderable blood loss. Heavy infections in malnourished hosts are associated with 

anemia and protein loss. Protein-losing enteropathies may also result from the 

inflammatory changes induced by other intestinal worms. Diversion of host nutrients by 

competition from worms is probably unimportant, but interference with normal digestion 

and absorption may well aggravate undernutrition (Pommerville, 2009). 

Many helminths undertake extensive migration through body tissues, which both damage 

tissues directly and initiate hypersensitivity reactions. The skin, lungs, liver and intestines 

are the organs most affected. Petechial hemorrhages, pneumonitis, eosinophilia urticaria 

and pruritus, organomegaly and granulomatous lesions are among the signs and 

symptoms produced during these migratory phases (Martindale, 2000; Pommcrville 

2009). 

·e ding by worms upon host tissue is an important cau c of p· tholo y particul rl · 

h n it in u hyp rpl tic and m ta la tic chan e in pith lia. I r ampl liv r 

n in[! tion bil du \ ith limn. hroni infl mm t r.: 

le 

ith n 

un in th 
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The continuous release by living worm of xcretory-secretory materials, many of which 

are known to have direct ffi t up n host cells and tissues, may also contribute to 

pathology (Pommervill , 

All hchniuth u · " l tci n bodies" thus they are antigenic and therefore stimulate 

iuununil . lmmun mediated inflammatory changes occur in the skin, lungs, liver, 

intestin . .._, and e ·es as worms migrate through these structures. Systemic changes 

·uch · e inophilia, edema and joint pain reflect local allergic responses to parasites. 

The pe1meability of the mucosa changes, fluid accumulates in the gut lumen and 

intestinal transit time is reduced. Prolonged changes of this type may lead to a protein­

losing enteropathy. Heavy infections with the whipworm Trichuris in the large bowel can 

lead to inflammatory changes, resulting in blood loss and rectal prolapse (Martindale, 

2000; Pomrnerville, 2009). 

Helminth infections are associated with down modulated responsiveness. In some cases 

there results in measurable attenuation of responses to bystander antigens, routine 

vaccination or allogenic tissue transplants. Helminthiasis is characterized by a strong type 

2 immune profile which can dov.n-regulate an anti-viral type 1 r action. Th 

immunological responses to frequent challenge from helminth parasites and th r 

pathogen may influence rates of infection by HIV and/or progre ion to IO (hncham 

tal. 2003· 1 izels et al. 2003 2004; Barko'· t a/. 2004 . tudic have hown that 

t) 1/typ 2 re pon e i si nificantly r l t d t l n 

m tion. 'h n th m t m 1 immun pr fil i imb l n • h lminthi in[! ti n 
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the risk of transmitting HIV to babies appears to increase (Imami et al., 2002; Gallagher 

eta!., 2005). 

1.3.5 Treatment of b lminthi:\sis 

Most of th umm nl u d anthclmintics belong to one of 3 chemical classes: 

. imida thiazoles or macrocyclic lactones. However, there are other 

'l1·s~.: · f unthelmintics as shown in Table 1.3. 

Th benzimidazoles are a large chemical family used to treat nematode and trematode 

infections in humans and domestic animals. They are characterized by a broad spectrum 

of activity against roundworms (nematodes), an ovicidal effect and a wide safety margin. 

They act by inhibiting microtubule synthesis that irreversibly impairs glucose uptake; 

thereby intestinal parasites are immobilized and die slowly. The adverse effects 

associated with this class of drugs include abdominal pain, nausea, vomiting, diarrhea 

and sometimes drowsiness and dizziness. However, thiabendazole may cause severe 

adverse effects such as erythema multiforme and fatal Stevens-Johnson syndrome. These 

drugs are contraindicated in pregnancy and in children below 2 years of age. 

Pyrantel pamoate is also a broad-spectrum anthelmintic and it acts as a d polarizing 

neuromuscular blocking agent leading to worm paralysi . Its side f~ ct arc 

gastrointestinal disturbance drowsiness h adache in omnia. ra h nd 1 \' r. 

ithin th •arious cl of anth lmintic 11 indi idu 1 comp un t in imil r 

hion. Thu re i tanc o on p i ul r compound m · mp m 

t oth r ou . Thi h nom n n 

ith 1t 



whereas that of benzimidazoles is as ociated with an alteration in beta- tubulin genes 

which interferes with the bindin b nzimidazoles to tubulin. Resistance to an 

anthelmintic is expr d or increased numbers of parasite eggs, higher 

survival rat· of t luh '' tm · in 111 host and greater numbers of larvae on the pasture 

aft~;t h "ltm nt th ut · ul b ccn if the parasites were susceptible to the drug. Reports 

h e cen made in every livestock host and to every anthelmintic class. 

Thi · may have been due to heavy use of drugs to control livestock parasites over several 

d cade . E'en resistance to anthelmintic drugs in humans has been reported (Prichard, 

1994: Geerts and Gryseels, 2001; Kaplan et al., 2004; Sanyal, 2005; Sanyal and Dubey, 

2010). To minimise the problem of drug resistance, the realistic strategy would be to 

develop novel approaches that decrease the need for treatment and to use the 

anthelrnintics that remain effective in a manner that minimizes the risk. 

Table 1.3. Classes of anthelmintic 

Anthelmintic class 

Benzimidazoles 

Imidazothiazoles 

1acrocyclic lactones 

Example 

mebendazole flubendazole, fenbendazole 

oxibendazole albendazole, thiabendazole, 

febantel : netobirnin, and triclabendazole 

Tetramisole, levamisole 

oxfendazole, 

thiophanate, 

Avermectins: ivennectin, abamectin doramectin. elum tin 

1ilbemycins: milb mycin o:im mo ·id tin 

Pyrant 1 pamoat pyrantel tartrate and o:ant 1 

urn pho 
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1.3.6 Role of traditional medicine in treatment of helminthiasis 

The traditional medical pr titi ncr l, t~n . iv ly uses plants in treatment of helminthiasis. 

A number of medi in•1l I l nts that may provide possible alternatives, and are used by 

pastorali L md m lllh I kr farm rs in Kenya as deworming agents for their livestock 

and ·quill · in lu : Aframomum sanguineum, Albizia anthelmintica, Hagenia 

abl',H/111 ·1. .1 ;m s comosus, Annona squamosa, Dodonea angustifolia, Hildebrandtia 

Tpalosa. Olea europaea var. africana, Azadirachta indica Myrsine africana and 

Rapanea melanophloeos (Githiori, 2004). 

A number of plants, either those used in African traditional medicine as anthelmintics or 

species closely related to them, have been tested elsewhere and some have been found to 

be useful. Raw garlic (Allium sativum), used in Nigeria as a vermifuge (Dalziel, 1937), 

was sho\.\.rn to have some activity against Ascaridia galli in chicken (Das and Thakuria, 

1977) and to inhibit the embryonation of the eggs of Necator americanus and 

Ancylostoma caninum (Bastidas, 1970). The juice of Citrus aurantifolia is used as a 

vermifuge in Senegal and Sierra Leone and for treatment of dysentery in West Africa 

(Dalziel, 1937). A number of Citrus species such as C. decumara, C. acida, 

aromaticum and C. medica have been found to be active again. t Ascaris lumbricoid . 

(Kaleysa. 197- . 

Dio p;. o m piliformi is u ed in ena s a vet rin r. •ermifu c nd a r mcd ' for 

,' nt ry in human (D lzi l 19 7). Dio p) ol fr m th pi nt Dio P. ro 

o ph nium in 1 

n n m 
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been used in antihookworm campaigns in Thailand (Sadavongvivad, 1980). Similarly 

several Cucurbita species, su h s . maxima, C. moschata and C. aromatica, have been 

shown to be taeniacid 1 in mi ~.: 1.1L :md man ( rivastava and Singh, 1967; Albert et al., 

1972; Plotnikov ·t J .. 1 7 · l 10 a, 1978). 

I ·d lll' I .. I 1pl 'X, have been used as a vermifuge for hundreds of years. Its 

n 'tiv ingr dient is called a.-kainic acid and is marketed as a broad-spectrum anthelmintic 

·1g1in t \\hipw rm, roundworm and tapeworm. A chemically related compound, domoic 

acid isolated from the red algae Chondria armata and Alsidium corallimum, also has 

anthelmintic properties (Evans, 2002). 

Evaluation of the effect of these plants contributes to the development of the scientific 

basis for their therapeutic application; and also considerably enriches the therapeutic 

arsenal for the treatment of a number of diseases (Castello et al., 2002). 

1.4 Infection diseases and challenge in their management 

Infectious diseases are the leading cause of premature deaths, killing almost 50,000 

people every day. These diseases are also a major cause of disability social and 

economic disruption for millions of people (\VH , 2003· Breman et a/. 2004). It i 

e timat d that infe tious diseases account fo r appro:imately on -half f , 11 d ath in 

tr pi I countri and that they ar th un rl ing cau o d ath in % of the d ath 

In 

urrin in th 

rl 
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inn r 1 a/. 1 
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th m b tri h b n rt ll ' r 
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In addition to this problem, antibioti are sometimes associated with adverse effects 

such as hypersensitivity and d plt.:tion f ben Gcial mucosal microorganisms. These 

negative health tr nd 11 f r r~:n1.\ d 1nt r st in infectious disease in the medical and 

public health ommuniti .tn I 1 n wed strategies for treatment and prevention. The 

dcvclopm ·nt 't n '" antimi robials is encouraged as one of the solutions to the problem 

D 'pite U1e e. ·istence of safe and effective interventions for the management of infectious 

di ease . many people lack access to needed preventive and treatment care. The lost 

productiYity due to morbidity and high health care costs caused by infectious diseases 

directly impact negatively on families and communities. The adverse impact is most 

severe amongst the people with limited or no access to integrated health care, prevention 

tools and medication. The emergence of new infectious diseases such as Human 

Immunodeficiency Virus (HIV) has further complicated the situation. Between 14 and 17 

million people still die each year due to infectious diseases- majority of whom live in 

resource limited countries (UNAIDS, WHO 2007). The emergence of the Human 

Immunodeficiency Virus (HIV) has spurred intensive inYestigation into the plant 

deriYatiYes \\ hich may be effecti e, especially for use in resource limited nation '' ith 

little ac ess to e.·pensi\'e Western medicines. 

Th public is b omm incr a in ly a \'ar of probl m ·ith the ov r pr ription , nd 

mt of ditional antibio ic . multitud of plant c mp un ft n f unr li, blc.: 

ily ' il bl 0 1-

'lh th comm n pl 
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Mainstream medicine is increasing! 'r ptivc to the use of antimicrobial and other drugs 

derived from plants. This i b , usc trnditi nal antibiotics, which are products of 

microorganisms or th ir ·mht. iz~. i i riv:1tiv , have become ineffective and also new 

diseases, parti ul1rl · 'i I, t m. in inlJ actabh.: to lhcse types of drugs. 

1.5 Js • >f plnnh :.t' • ntimicrobials 

'I h ugh m t clinicall used antibiotics are produced by soil microorganisms or fungi , 

higher plants have also been a source of antibiotics. Examples of plants with 

antimicrobial activity are Allium sativum (garlic) which contains allicin and Hydrastis 

canadensis (goldenseal) which contains berberine (Evans, 2002). 

Cranberry juice has antimicrobial effects and has been used traditionally to prevent and 

even cure urinary tract infections. Cranberry's ability to maintain urinary tract health is 

not due to the acids in the juice as commonly thought, but rather to distinct ilavonoids in 

cranberries known as proanthocyanidins (PACs). Proanthocyanidins help prevent urinary 

tract infections by blocking uropathogenic bacteria from adhering to the uroepithelium 

and proliferating to cause infection. These proanthocyanidins ha e an uncommon A-t) p 

intermolecular double linkage that appears to impart its unique antiadher nc effi ct 

( obota. 19 4· Zafriri et al. 1989: Kyu and MacArthur, 2004). B pre nting urinar 

tract inti tions, cr n IT)' can r du e the n d for antibiotic . whi h 

t nd n y for acteri to develop ntibioti resist n c. 
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1.6 Literature review of Haaen ia a bJ ssin ica 

Hagenia is one of the genera in R , t:>, family which is discussed below in 1.6.1. 

1.6.1 Rosaceae famil ' 

in th 01 dcr Rosales, is a large plant family containing more 

ut .000 species of trees, shrubs and herbs. The rose family is 

the ix most economically important crop plant families. Some of them 

m~ cultivated as edible fruit trees such as apples, pears, quinces, medlars, loquats, 

almond . peaches, apricots, plums, cherries, strawberries and raspberries. Others are 

highly valued ornamental shrubs such as Crataegu.s, Potentilla, Prunus, Pyracantha, 

Rhodotypos, Rosa, Sorbus and Spiraea (Watson and Dallwitz, 1992). 

All plants in this family have powerful therapeutic, esthetic and aromatherapy properties. 

This is due to their high content of volatile oils essential for use in perfume industry and 

also the high quantity of vitamins contained in the fruits. Rosaceae wood is used in 

carpentry whereas stems and roots are used for making tannin extract and young leaves 

are used as a substitute for tea (Beentje, 1994; Aslam, 2002). 

1.6.2 Hagenia aby inica (Bruce) m l 

It is a monotypic genu 1/agenia abyssinica •hich i a sp ies of f10\\crin l plant nati' 

to th romontan region of ntral and nca ntjc. 1 4 . ph t raph 

th plant i pr nt d in figur 1.3. 



Figure 1.2. A photograph of a mature Hagenia aby sinica tree 

(Photograph taken by H. C. D. de Wit, Biosystematics group; available at 

http://www.prota4u.org) 

Hagenia a by inica (Bruce) Gmel is known in English as African redwood and by various 1 cal 

name . The e local names are pre ented in Table 1.4 Kokwaro, 1976; achathi, 19 9; cntje, 

4 . It i commonly known as Ko o in thiopia. It was fonn rly known as Brayera 

nth lmintica Kunth, Banlcesia ab; inica Bruc . Hag nia anthclmintica unth I ~ggelin and 

If, ia ab.' inica (Bru m lin var. 'iridi olia Haum n J n n 19 \ 



Table 1.4. Various local name of Ha crenia abyssinica in Kenya 

Community 

Ki swahili 

Ki kuyu 

M ,, ., ,i 

Kipsigi· 

an eli 

Pokot 

lboldo 

Bondet 

A1ujogajoga 

Seweruya 

Mjororuet 

Sorwa 

Muinyeri, Mumondo or 

1.6.2.1 Ecology and distribution of Hagenia abyssinica 

Hagenia abyssinica is found in the mountainous regions of Ethiopia, Kenya, Tanzania 

Malawi, Zimbabwe, Zambia Democratic Republic of Congo, Burundi, Rwanda, Uganda 

and udan (Jansen 1981 ). This plant was once abundant in the semi-humid mountain 

woodlands with the altitudinal range of between 2 450 and 3.250 m. In forest 

depre sions. it can de cend to 2.000 m and give a wider altitudinal r. ng of 1 850 t 

3 700 m. Th sp cie o curs naturally within the undi r ntiakd fromont ne (mi. cd 

nd dry, sin I -dominant from ntanc for t Junip ru for t r 

min t by Ha nia. I o t n found in ith tr 

ini H nn ol 1 ii ·ith th m unt in b m 



Arundinaria alpine (Graham, 1960). In Kenya it is mainly dominant in the woodland 

zone just above the bamboo and nL in mai t for st below bamboo (Beentje, 1994). 

1.6.2.2 Botanical d t ipthm of llngeuia abyssinica 

Ila!!l'ttia ab ),. ·ini·' i .l l nd r tree 5 to 25 m tall, with a short trunk and has thick 

bnm:h · ·: '' ith t nchlet covered in silky brown hairs and ringed with leaf scars 

( a ·lmthi. L • It often has a crooked bole and the bark is thick, brown or reddish-

br \\11 and readil) peels as shown in figure 1.3. 

The plant has compound leaves with 3-6 pairs of leaflets plus a terminal leaflet (Fig 1.4), 

each about 10 em long. The leaflets are pale or bright green on the upper side with silvery 

hairs on the lower side but are normally reddish and sticky when young. The leaf margins 

are serrated and fringed with long hairs and the leaf stalks are 12 em long, with expanded 

wings formed from the stipules, and are densely hairy on the underside. 

The flowers form handsome multibranched, terminal, drooping panicles up to 60 em long 

and 30 em wide (Fig. 1.5). They are polygamo-dioecious with pinkish-red female heads 

' hile the male heads are feathery orange-buff to white. The fruits are usually small, dry, 

winged asymmetric, single seeded, brown syncarp with a single ovoid carpel and fragile 

peri carp (Beentje. 1994 ). 

..1 



Figure 1.3: A photograph showing a readily peeling Hagenia abbysinica bark 

i u . 1.4: in Jl 
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Figure 1.5: A photograph of Hagenia abyssinica flowers 

(Photograph taken by Jaroslav Stastny; available at http://www.biolib.czJen/irnage/idll58041) 

1.6.2.3 Uses of Hagenia abyssinica in traditional medicine 

Hagenia abyssinica (Bruce) Gmel is an important medicinal plant that was used traditionally for 

combating various ailments. Hagenia has served as an anthelmintic in ruminants and also against 

tapeworms in humans. Though all parts of this medicinal plant are important to local 

communities the mo t frequently used and mentioned part are the flowers, which are claim d to 

h e anth lmintic pr pertie Feyis aT., 2 6). 

up drunk fi r n I illn d 
an anth lmintic 
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water and the liquid drunk as a remed ' for diarrhea and stomach ache. Large quantities 

can be taken to induce abortions h. thi, 1989; Becntje, 1994; Kokwaro, 2009). 

In general, plant part t 1 l ,, ni 1 nr prOCi.:SScd either in fresh or dried forms. The 

mcdicin i u:u til tkt n < rall as a decoction or a paste. These can be taken in 

combinnti m wi h her plants such as Girardinia bullosa (Steudel) Wedd), pumpkin 

( 'm·11r iw · o .) seed, cabbage (Brassica oleracea L.) and fruits of Embelia 

schimp ri Yatke. The combinations could result in enhanced medicinal effect against 

taeniasis. help reduce bitterness of the medicine as well as nausea, a common side effect 

of Hagenia preparations. Another means of application includes the utilization of bark in 

the form of smoke where it is claimed to ease muscle aches and stiff joints, stimulate 

blood circulation and boost the immune system. In addition, people apply the powdered 

seeds on wounds and cuts of both humans and livestock (Birukatyet et al., 201 0). 

1.6.2.4 1 on-medicinal se of Hagenia abyssinica 

Hagenia abyssinica is a good source of firewood and charcoal. It is also used as timber 

and the wood is dark red, medium soft but not durable. It is used to make fumitur , pole 

flooring, carvings and cabinets. Young leaflets are spongy and are used as a mattr ss for 

mothers who have just given birth. Hagenia trees are employed in oil-con en·ati n 

cth i i for ero ion control. The fire-resi tant p cic can be u d a , fir br ak. 'l h 

pro 

omam ntal uit bl r pl tin in n nit ' 
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1.6.2.5 Previous work done on Hagenia abyssinica 

Hagenia abyssinica has be n n.: c. r h d on [rom as far back as 183 9. Various 

compounds have b n i l h m its dried D wers. Among them are phloroglucinol 

derivatives whi ·h h.1 .1b l ~.: n isolated from olher plant species. Phloroglucinol 

dcrivHtiv · · h 1V • h "n antimicrobial, antidepressant, anthelmintic, anti-tumour, 

1d anti-retro iral activities. They are also used as smooth muscle relaxants 

(Lollll' maa, 19T: ingh and Bharate, 2006). Examples of phloroglucinol derivatives 

i alated from Hagenia species include kosin (Fig. 1.7), a crystalline compound with a 

melting point of 142 °C (Hems and Todd, 1937). Other phloroglucinol derivatives 

include protokosin (Fig. 1.7) which is a colorless crystalline compound with no 

vermicidal properties. Kosidin and kosotoxin have also been isolated. Kosotoxin and 

kosin have anthelmintic activity against cestodes. These compounds have been used as a 

taenicide in veterinary medicine (Lounasmaa et al., 1974, 1993; Abegaz et al., 1999). 

(1) 

nti I oil fr m Ha nia ab inica 

m 

(2 

in ' ti t d 

I 5 . 7~ 

i ntih 
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volatile oil component. The oils exhibited trypanocidal activities with IC50 values of 

42.30 j.lg/ml (Nibret and Wink, ~010. 

1.7 Study problem 

The potcnti tl o hi h 1 1 l~m1 a · a source of new drugs is still largely unexplored. 

l!istod · dl ', ph 11mu I gical screening of compounds has been a source of many 

th ·r p ·uti ' a-. n \\ ith random screening being very productive in the area of antibiotics . 

• \m ng U1 e timated 250,000 to 500,000 plant species, only a small percentage has been 

inYe tigated ph)tochernically or screened for biological activity. Even for the few that 

haYe been studied, only a limited spectrum of activity has been investigated (Newman et. 

al, 2000). 

The plant Hagenia abyssinica has been used traditionally for management of diarrhea, 

stomach ache and as an anthelmintic. There is need to provide scientific proof to the 

traditional claim. This will provide an alternative to modern drugs, which are usually 

costly. Most literature cites it as being used against tapeworms and it would be necessary 

to test its activity against other species of worms to find out its scope of acti ity. 

Traditionally, the plants' flowers have been used and it is therefore nece sary to test 

acti\'it ' of other plant parts that unlike the flower , arc not seasonal. 

1. ar h ju tifi ti n 

for antimicrobi 1 activit ' m y :r v ti\'it.' not 

rt d and thi coul ro •id t mpl r d ' lo m nt n ' ' ru r 

ntht n ud nt. 



In addition, screening of other plant part b id th flowers may reveal activity and this would 

mean that the other plant part an b~.: u ~.:d \: h nth flowers are not in season. 

1.9 Objective 

1.9.1 Gt.·n ·r al ohj ·tiv 

1 h mmn bj ·eli\ e f thi study was to investigate the phytochemical composition of Hagenia 

aby ·inica and to e\ aluate its anthelmintic and antimicrobial activity. 

1.9.2 pecific objectives 

The specific objectives of this study were to: 

1. Isolate and characterize phytochemical constituents of Hagenia abyssinica. 

2. Screen the extracts of Hagenia abyssinica for anthelmintic activity. 

3. Screen the extracts of Hagenia abyssinica for antifungal and antibacterial activities. 

7 



CHAPTER TWO: EXPERI 1El rT L 

2.1 Plant collection, id ntifi ation and pre crvation 

The stem bark, \J ~ ~~ of l!agenia abyssinica were collected from the 

Aberdm · wn • · iu Kit utu T < t t 'tation and surrounding area in September 2009. The 

ini location, Kinangop division ofNyandarua South District. The 

pl mt w 1 · id ntified on ite and local traditional medicine practitioners provided detailed 

inf nnulion n folklore uses. The identity of the plant was confirmed by Mr. Mathenge at 

the ational 1useums of Kenya Herbarium. A voucher specimen designated HAP0036 

was deposited at the School of Pharmacy, University ofNairobi. 

The flowers were separated from stalks, leaves from branches and barks from stem. The 

stem bark was cut into small pieces. All parts were evenly spread to dry at room 

temperature. After drying, the plant parts were ground into coarse powder and stored in 

separate labeled plastic containers at room temperature until used. 

2.2 faterial , reagent and equipment 

2.2.1 faterial and reagent 

1ethanol was purchased from lpha Chemicals Ltd airobi, Kenya) while chloro[i rm, 

p troleum ether and dichloromethane \ ere obtained from Kobian K nya Ltd ir bi, 

Kenya . ·thyl a etate and ethanol were from Kanh Laboratory uppli 

Keny . 11 olvent •hi h w re of g n ral purp e 

nitric ob in from anh ry uppli . rti 1 i l 

ri n ri uid ( Pl· 



Thin layer chromatography (TLC) was performed using aluminium TLC plates pre­

coated with silica gel 60F254 ili ere} Of2s4 and iodine were obtained from Merck 

(Darmstadt, Germany). lumn lm m;1t )r·lphy was carried out using silica gel for 

column chromato nph • ' 1 < 10 ·it 2- 3 !-Lll1 from Sigma-Aldrich GmbH & Co., 

S clzc, it'lllllll '• 1 illJ,IIi n was done using Whatman filter paper No . 1 (Whatman 

lnt ~rn Hi mill ld. laid t ne, England). 

1° o w/v Yanillin ' ·as prepared using vanillin powder (BDH Chemicals Ltd., Poole, 

England) in concentrated sulphuric acid (Loba Chemie, PVT Ltd. Mumbai, India). Tween 

80 was obtained from BDH Chemicals (Poole, U.K), while dimethylsulfoxide (DMSO) 

was from Fischer Scientific (Leicester, U.K.). Sodium chloride and Ferric chloride were 

purchased from Associated Chemical Enterprises (Glenvista, South Africa). Potassium 

iodide was from Sigma Chemicals Company (Louis, U.S.A.). Glacial acetic acid was 

obtained from Farnitalia Carlo Erba (Milan, Italy) 

2.2.2 Equipment 

A grinding mill (Muharata Food Company, airobi, Kenya) was used to powder the dried 

plant material. A artorius top loading balance, artorius (Goettingen, Germany) was 

used to weigh samples abo e 500 mg and samples weighing up to 500 mg wer ' eighed 

using an analyti al balance (A W220D himadzu Corporation Kyoto Japan . 

The Ch mic I sol\' nt '·er distilled using el tr th nn lab ratory di till r 

nnan nn n Dru n ly i .nd 

h ni irobi eny . 



Extractions were done using a oxhlet apparatus (Quickfit, Birmingham, U.K.). The 

organic solvent extracts ,..., r r du l:d u ing u l otary Vacuum Evaporator, (Heidolph 

Electro GmbH & Co. K , K I he im 1 rmnny) onncctcd to a cooler (Polyscience, Niles, 

USA), a WB2000 '" tt 'I t. th llt 1dolph Electro GmbH & Co. KG, Kelheim, Germany) 

and n di tplu t •m 1 uum pump (KNF Neuberger Gmbii, Freiburg, Germany). The 

rl·du ·~:d · 1 ' IC torcd in a Samsung refrigerator (Samsung electronics, Seoul, 

maintained at 2-8 ° 

fractionating column with internal diameter of 25 mm and 1 m in length was used for 

fractionation. Fractions were collected using Superfrac automatic fraction collector from 

Pharmacia LKB Biotechnology (Uppsala,Sweden). A Min UV Nis box (Desaga GMBH, 

Heidelberg, Germany) was used for visualising TLC plates. 

The Nuclear Magnetic Resonance (NMR) spectroscopic data was obtained using a 

Varian-Mercury 200 MHz spectrometer (Varian Inc. Palo Alto, Carlifornia, U A) with a 

magnet from Oxford Instruments (Oxford, UK). The data was acquired using an on-line 

computer ( un Micro- ystems, California, U A) and anal sed using Varian software. 

·1ass spectrometric data was obtained by electron impact mass spectrometry u ing 

I rev. ·ourier Transform infrared (IR) sp ctrophotom ter (IRPrc tigc-21 himadzu 

Corporation. Kyoto. Japan was u ed for infrared pectro copy. hydr uli pr 

m hin erkin-l~lm r mbH Germany wa u d to pr p r th 1d 1 

olution 



2.3 Extraction of plant material 

About 600 g of th t m b r\... \l)\ ] r W8 ubjccted to Soxhlet extraction with 

chloroform for 48 h. 'l h uri i m.n was then extracted by cold maceration (due to a 

breakdown of th · hi t . 1 t .lt.ltll ) with methanol for a further 48 h. 

bout I 000 , ")r pi m p wdcr was packed into a percolating column and extracted with a 

0: 0 1 than ll Dichloromethane mixture. Another 700 g of stem bark powder was 

·ubjected to oxhlet extraction with petroleum ether for 48 h. All the extracts were 

filtered through \Vhatrnann filter paper and reduced in vacuo to dryness and then stored at 

2-8 °C. 

2.4 Preparation of reagents 

2.4.1 Dragendorff's reagent 

Bismuth nitrate 1.7 g , 20 g tartaric acid and 20 ml glacial acetic acid were dissolved in 

80 m1 of distilled water to obtain solution A. About 16 g potassium iodide was dissolved 

in 40 ml distilled water to obtain solution B. tock solution was obtained by mixing 

solution A and B in ratio 1:1 (v/v). To make Drangendorff's spray reagent 5 ml of the 

stock solution was added to a solution of 10 g tartaric acid in 50 ml wnter (Brain and 

Tum r 1 T. 

2A.2 lay r' rca nt 

und 1. 5 of m rcuri i did 0 ml · t r d lUll\ 

di in 20 ml · t r. h t o th n ni. · nd m ml 



with water to make Mayer's reagent also known as potassium mercuric iodide (Brain and 

Turner, 1975). 

2.4.3 Iodine 

Iodine vapot w t • 1 r · ar d b placing 5 g of iodine at the bottom of a glass 

·hnm'lt 1'nphi · unk \ hich was covered on top and the iodine allowed to sublime and 

satmul, lh ank '' ith iodine vapor for 1 h. Developed TLC plates were then introduced 

in U1 cl ed tank for 5 min. It was used for detection of compounds containing 

conjugated double bonds. 

2AA Vanillin in concentrated sulphuric acid 

One percent w/v vanillin in concentrated sulphuric acid was prepared by dissolving 0.5 g 

of anillin in 50 ml concentrated sulphuric acid. This was sprayed on the developed TLC 

plates and the plates heated in an oven at 11 0 ° C for 5 minutes for visualization. 

2.5 General phytochemical tests 

These tests were carried out to confirm the phytochemical constituents of Hagenia 

abyssinica. 

-.-.1 t f r ardia gl id 

The t m bark and inflorescence were ere ned or cardiac _lyco ide using K ll r-

Kiliani t t (Brain and Turner, 19r) and K dde t t -:.van , _QQ2 . 1 b ut 1 th~.: t m 

b , po d r • i h l 0 ml o 70 % lc hoi in r 2 min and 

10 ml o nd d 

th lution 11t r . 



which were filtered off. To the filtrate, 10 % v/v IhS04 was added dropwise until no 

further precipitation occurred. Th filtr. t wa then extracted with chloroform and the 

chloroform solution di\'i 1 imt I\ o p rtions, 1\. and B. Both portions were evaporated to 

dryness over a w 1t ,. l h ltl tion A wa · dissolved in 3 ml of 3.5 % FeC13, in glacial 

acetic uti I. I h · 11\ni n ' a then left to stand for 1 min and then transferred to a test 

tub·. nund l. ml f concentrated I hS04 acid was added slowly so that it ran down the 

wall l1f U1 tu e and formed a separate layer at the bottom. On standing, a brown color 

f nned at the interface indicating the presence of deoxy sugars; and a pale green color in 

the upper layer indicated the presence of a steroidal nucleus. 

To portion B. 1 drop of90% alcohol and 2 drops of2% 3, 5-dinitrobenzoic acid in 90% 

alcohol were added, and then made alkaline with 20 % sodium hydroxide solution. A 

purple color showed the presence of a five-membered lactone ring. 

The three tests taken together indicate presence of a cardiac glycoside. 

2.5.2 Te t for alkaloid 

Acid alcohol was made by mixing 1 ml of 1 % acetic acid with 99 ml of 75 % v/v 

ethanol. About 1 g of the bark powder and inflorescence powder was boiled with 10 ml 

of the acid alcohol in a boiling tube for 1 min and cooled. The sup rnatant wa filtcn::d 

into anoth r tube. To about 1 ml of the filtrate. 3 drop of Drag ndorff rl:ag nt ''U 

n e of al loid Brain and ·r urn r, 1 7- . 

.... •• t or· ap nm 

r nd in o p n ith 

m 



The extracts were dissolved in wat r and Tw en 80 used to help solubilise chloroform 

extract. Two ml of 1.8 °'o ' ' v dium hl rid lution was added into each of the two 

test tubes. To one tub 2 111 i. t!lk l at r was added and to the other 2 ml of the extract 

to make the con nit tti n t odnun hlm·idc in each tube isotonic with blood serum. 

m: drop >f 1! >>I " l < d into each tube and the tubes gently inverted to mix the 

cont ·n( ·. Ill mol_ i in the tube containing the extracts but not in the control indicated 

th pr · m:: f aponins. 

_.5.4 Te t for tannin 

Around 0.1 g of the plant powder was extracted with 10 ml hot water for 5 min and 

filtered while hot. The filtrate was cooled and to a 2 ml portion three drops of ferric 

chloride solution was added. To another 2 ml portion, 1 ml of lead subacetate was added. 

Development of a brown-green precipitate with ferric chloride and a creamy-brown 

precipitate with lead subacetate suggested the presence of tannins (Evans, 2002). 

2.6 creening for anthelmintic activity 

The plant extracts were first screened for anthelmintic activity against roundworms. Most 

literature cited refers to the plant's acti ity against tapeworms and this scr n ' as to 

a es if the plant also has activity against roundworm . 

2. .1 cr ning f r a tivity auain t r undw rm 

The Panagr llu . 
rrnm 

to roun 

u it i to 'nt in 



In this qualitative assay, one hundred mi rolitr s of worm suspension were placed in 96 

well plates and 5 ~1 of 60 °/o th, n 1 \ add d to the first two wells to serve as the 

negative control and 5 ~l 1 u ' ., l 0 m )/ml) was added to the next 2 wells to serve as 

positive contwl. H\' · mi 1 liltL of ~:ach of the plant extracts was added to the other 

w ·11: •tnd pill· in u' t I < r •l hour . The plate was observed from beneath by holding a 

1i ,hlt) it. ll'w 1m \ere killed by the plant extract, they stopped wriggling and collected 

in th b tt m f the u- shaped well. Extracts found to be active would be subjected to 

a ay using Caenorhabditis elegans. 

2.6.2 A ay u ing Caenorhabditis elegans 

2.6.2.1 Introduction 

The free living nematode, Caenorhabditis elegans was used as the model for anthelmintic 

activity testing. Unlike many parasitic worms, C. elegans of any stage can be obtained in 

large quantities by virtue of their simple and inexpensive cultivation method and their 

short generation time. It is maintained in the laboratory on nematode growth medium 

GM) agar which has been aseptically poured into petri dishes and se ded with 

Escherichia coli OP50 as a food source. Despite its wide use as a model rgani m C 

elegan cannot provide information about the adaptations ess ntial for or a ct t d with 

p i i m. The cuticle of C. elegans is a perm ability barrier to . · nobi tic and th 

obj tive of the cut worm a ay i to ov rcom thi b rrier. 

2 ... 2 

o 11 in pl 

n 
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int 



sterile falcon tube using sterile 19 buffer. The tube was centrifuged at 1 000 rpm at room 

temperature for 30 second . Th upem tnnt wn discarded and alkaline bleach solution 

(5 ml) added to the tub . 'l h tnl \i ns in ubatcd at room temperature with occasional 

shaking fo1 minut . I h tul was centrifuged and the supernatant discarded. The 

{ buffer three times to ensure all the alkaline bleach had been 

n.:m\)\'l'l,.l. 1 h w nn ere re-suspended in M9 buffer and left on a rocker at room 

tcmpcratW' f r da ·s. 

2.6.2. " 'hole worm a ay 

The media was prepared by addition of 7 ml OP50 to 62.3 ml of sterile M9 buffer. To the 

mixture 0.7 ml ampicillin was added and 2 ml of the media was pipetted into each well 

of a 48 well plate. 

The worm suspens10n was prepared by introducing the synchronized cultures into 

nematode growth media plates with OP50 and incubated at room temperature for 44 h. 

The plates were then washed with M9 buffer and the worms allowed to pellet by gravity. 

The worms were then re-suspended in 5 ml M9 buffer. One hundred microlitres of the 

worm suspension was pi petted into a microscopic slide and the wom1s counted. 1 he same 

pro edure was repeated using 50 }lL of the worm su p nsion. 

Fifty microlitr s of th worm usp nsion w pip tt d into a h "ell nd th worm in 

h \\ 11 · r count d. ·i 'e mi rolitre comp und 10 m 

20 mglml or e.~tr ct dth 

h 22 ° m 

t nnin b un 



microscope and the percentage of 'vorms urviving after 24 h incubation period was 

recorded. 

2.6.2.4 Cut worm a \ 

Wo11ns wet · '10\\ \ ll\ n m tic d rrowth media plates as described above. Adult worms 

wL:rt pi ·k u m i t 111 erred onto a slide containing artificial perienteric fluid (APF). 

E ·t1 1 ·t · w 1 dilu ed at a final concentration of lmg/ml in DMSO. The positive control 

(l vo..uni le was dissolved in artificial perienteric fluid, APF, to a final concentration of 

100 !..1 I. The negati e control was 5 % DMSO in APF. The worms were cut transversely 

between the anterior and middle segments, making sure that the cut was clean then 

transferred into 100 !...LL of the test solution in APF. The worms were observed under the 

microscope and the time taken to cause paralysis noted. 

The time to paralysis was analyzed using Survival Analysis Model. The software used to 

achieve this was STATA Version 12 (Corp, Texas, USA). The hazard ratio (HR) and 

their 95°/o confidence intervals (C.I) were displayed. P values of< 0.05 were regarded as 

statistically significant. 

2. In vitro te ting for antimicr bial a tivity 

Bact ri l te t micr organisms: raphylococculi aureu Escherichia coli nd Bacillu 

subrili ' ere ub ultur~:d onto lants of Tryptone oy gar and incubat d at 7 ° r _4 

fun al t t microorgani ms Icch rom ul ultur 

t 25 ° ~ r h u . 
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All the plant extracts were \veigh d and dis olved in dimethyl-sulphoxide (DMSO) to a 

final concentrations of about -o m /ml s luti ns. ~rytlu·omycin and nystatin solutions 

were used as standard n nir:11il ns of 10 ~Lg/ml and 100 f.Lg/ml respectively. 

I lati n f omp und 

in I r hrom to phy ' rfonn d to d t rmin th uit bl m bil 

lumn 

m hr n 



dichloromethane, ethyl acetate and methanol. In the second column, the chloroform 

extract was eluted isocraticall' \\'ith hl r G rm. 

Every other tenth tub th<.: h. tion.' from each of the columns was profiled by thin-

layer clu omato 'I 1ph \1 in c 0: I 0 % v/v chloroform I methanol as the mobile phase. The 

crudl: , · t11 ·1 w 1 u d · reference. The spots in the chromatograms were detected by 

visualiz•1ti n in rdinar light, observing under both short and long UV light (254 nm and 

mu r p cti\ely), exposure to iodine and spraying with 1% vanillin. The fractions 

hawing imilar TLC profile were pooled to give seven fractions, HAl, HA2, HA3 , HA4, 

HAS, HA6 and HA7. All the fractions were reduced in vacuo to a volume of about 10 ml 

and left to eYaporate at room temperature. 

Fraction HAl formed clear crystals on the sides of the wall of the test tube. The crystals 

were scrapped off and redissolved in methanol before recrystallising in acetone. This 

recrystallized portion was designated as compound KWE02. The quantity of KWE02 

obtained was 3 mg. 

Fraction HA4 formed a crystalline deposit after four days. The deposit was washed with 

methanol and dissolved in chloroform and left overnight and recrystalli d in aceton 

yielding 23 mg. The compound obtained was designat d 1. ll1in Ia ·cr 

chromatography of the crystals wa arried out and th n furth r r ry t lli tion c rrit:d 

out by di ol 'in in 10 % v/v m thanol in chloroform nd l 

luti n. 

th r onn lit 1 unt hu n rth r 



The two compounds, KWEOl and K\ E02, were subjected to mass spectrometry in an 

attempt to elucidate their tru tun:.: . Fm1hcr th NMR and IR spectra of KWEOl were 

obtained. 



CHAPTER THREE: RESULTS AND DISCUSSION 

3.1 Phytochemical compo ition of 1-ln~mia nbyssillica 

The results of th ph 't ·h mt :\1 t S(:) as depicted in Table 3.1, show that the leaves, 

flowers and t ·m l uk /fa enia abyssinica contain cardiac glycosides, saponins, 

Table .1. Ph~ tochemical groups present 

Phytochemical 

Alkaloid 

Cardiac glycosides 

Tannins 

Saponins 

Stem bark 

present 

present 

present 

present 

Flowers 

present 

present 

present 

present 

Leaves 

Present 

Present 

Present 

absent 

The phytochemicals previously reported in this plant are ilavonoids such as quercetin and 

rutin, phloroglucinol glycosides cyanidin glycosides and phenolic acids such a ellagic 

acid (Thomsen et al .• 20 12). 

This is the fir t time that alkaloids saponins and cardiac gl ·cosid s hav be n r p rteJ 

from thi pl nt. 

~ .2 \ i ld f pl. nt c tract 

obt in rom ri d plant mat ri l ~tr ction .2. 

1 



Table 3.2. Yields of crude plant extract 

Extract 

Dichloromcthnu ·/ m ·th m 

P ·tr(l kluu ·th ·t 

% 

0.345% 

2.9% 

9.81% 

ohxlet e\:traction ''as the method used except for dichloromethane/ methanol extracts 

3.3 Anthelmintic activity 

3.3.1 Activity against roundworms 

Flower 

7.8% 

0.2% 

2.43% 

7.02% 

This was a qualitative assay where the activity against roundworms was tested against 

Panagrellus redivivus. A positive result was deduced if worms stopped wriggling and 

collected in the bottom of the U- shaped wells. 

The methanol and the dichloromethane/ methanol crude extracts of all parts of the plant 

e. ·hibited anthelmintic activity while the petroleum ether and chlorofom1 extract show d 

no activity. The isolated compounds e:hibited no activit ·. 'I his sugg ts that anth 1m inti 

8 tivit. re id s in the polar component since non polar t=Xlract th it · . 

. . 2 \\ h 1 ' orm a :1.' 

innin o ' nn m h th 

fli e n 'th h r 



Table 3.3. Percentage of worm alive after incubation at room temperature for 24 h 

Test extract/ Compound 

M9 Buffer 

5% DMSO 

Lcvalllisol · I 0111 

Adult worms alive after 24 h (%) 

88 

77 

15 

fl. abl''·'·uu · 1 m ml le H extract 33 

Th anthelmintic acti ity of Hagenia methanol extract was determined by enumeration of 

li ing and dead nematodes using a microscope. The light stimulation during the 

microscopic investigation induced movement of living nematodes where agile nematodes 

were considered alive and immotile ones considered being dead. 5 % DMSO was the 

negative control and was not expected to affect the viability of worms. The buffer in 

which the worms were maintained was also not expected to affect their viability. 

Hov.;ever, 12 % of the test worms died in the buffer and 23 % died in the negative 

control. This may ha e resulted from the drying effects caused by light during 

microscopic investigation. 

The \\'Om1 incubat d with the kno·wn anthelmintic 20 mg/ml lcvami 1~:: rv d as a 

po itive .antral. Incubation re ulted in ~ %death of all the wom1 while incub tion with 

th t t drug r sulte in 67 % d ath. Thi sho\ • th t Hag nia ab ' inic t m b rk 

anth lmintic ti ity but it i l ctiv than l v mi l . 

in or cu ml 



The time taken for the worms to be ompl tely paralyzed was shortest for the positive 

control, levamisole, and long t for th n" ativc control. Hagenia extract showed 

moderate activity with th tim It ~ .n. I ~i~ b in) shorter than that of the negative control 

except for worm numl 1 1 ' hi h an be considered as an outlier. 

Tahh: ~ . ': Tim , man ul 'n for . elegans worms to be completely paralyzed after 

ndmini ·tt"lti u f drua mpounds/ extracts 

1 

2 

3 

4 

5 

6 

1ean 

Le am· ole 

lOO~M (Positive 

control) 

1.50 

1.55 

1.57 

1.37 

3.00 

3.20 

2.03 

5% DMSO in lmg/ml Hagenia 

APF abyssinica 

(Negative control) methanol extract 

6.40 5.52 

6.35 2.10 

6.41 2.52 

7.02 5.38 

6.38 8.07 

12.5 7.50 

7.51 5.18 



The mean time taken to paral 1ze the worms by Hagenia methanol extract was 1.7 times 

less than that taken b · th n 1iv" ntrol, DMSO. However, the evidence to support 

that was w ak (HR 1 7 , -% .1 0.5 1- 5.84, P= 0.38). 

t ntimi Tohi:t l a •ii it 

'I 1bl' '· present the mean diameters of the zones of inhibition produced by the stem 

b:.uk e. tracts of H abyssinica in comparison with standard antimicrobials. The extracts 

were used at a concentration of 50 mg/ml. There was a significant difference in 

antibacterial activity for extracts obtained using different solvents. 

The petroleum ether and dichloromethane/ methanol extracts each at a concentration of 

50 mg/ml were found to be active against all the bacterial micro-organisms and exhibited 

a high degree of antibacterial activity. The dichloromethane/ methanol extract at a 

concentration of 50 mg/ml, showed activity against Staphylococcus aureus (with a zone 

of inhibition of 19 mm), Escherichia coli (20 mm) and Bacillus subtilis (18 mm) whereas 

the petroleum ether extract at the same concentration showed activity against 

Staphylococcus aureus (with a zone of inhibition of 17 mm), Escherichia coli (16 mm) 

and Bacillus subtilis (16 rnrn) while that of erythromycin at a concentration of 0.01 

mg/ml was 22 mm. However the methanol extract exhibited no antibacterial acti it . 

The antibacterial activity against both the gram positive and gram ncgati e ba teria 

e. ·hibited by the dichloromethane/ methanol and the p trol urn thcr e:tra t auld b 

due to the phenolics alkaloids or the ph) to t rot · pr nt in the plant. 

11 our ·tr ct id not ·hibit any nti un in t th t 

Th r ult or ntifun 1 unlik m p 

t al , 2011 in 



mild activity against Colletotrichum kahawae, a fungus which causes Coffee Beny 

Disease. 

Table . : Zon s l.l inhibition (mm) of bacterial and fungal growth by llagenia 

aby. \ini tl 

Diameters of zones of inhibition (mm) T '·( oluH n 

0 mrr/ml Staphylococcus Escherichia Bacillus Saccharomyces Candida 

aureus 

dichloromethane/ 19.0 

methanol extract 

chloroform 8.0 

extract 

methanol extract 8.0 

petroleum ether 17.0 

extract 

Erythromycin 

O.Olmg/ml 

ystatin 

IOOmg/ml 

22.0 

coli 

20.0 

8.0 

8.0 

16.0 

20.0 

Zon of inhibition included 8.0 mm w 11 diam t r 

subtilis cerevisiae albicans 

18.0 8.0 8.0 

9.0 8.0 8.0 

8.0 8.0 8.0 

16.0 8.0 8.0 

20.0 

10.0 12.0 



3.5 Structure elucidation of i olatcd compounds 

3.5.1 KWE-01 

The compound wu l1k I .1::; lorlcss needle-like crystals in acetone with a melting point of 

1 5 - I 7° ', '1 h m und could not be visualized under UV but gave a yellow spot when 

tht TL pi l " put in a saturated iodine tank and a purple colour when sprayed with 1 % 

vanillin in ncentrated H2S04. In addition, KWE-0 1 gave the following spectroscopic data: 

lR Ama: (KBr) cm-1 3456.4(0-H str), 2935.6 (aliphatic C-H str), 2860.4 (CH2 C-H str), 

- 33.8, 1720.5, 1629.8(C=C str), 1466.9 (CH3 C- H bend), 1373.3, 1261.4, 1103.2, 1049.2, 

958.6(=C-H bend), 729.1, 472.5 

I 
H- lMR 8H (200MHz, acetone- d6): 8.14 (s, lH) , 5.31 (d, 2H, J = 5.2 Hz, H-6), 4.73 (s, 1H), 

3.71 (d, 1H, J= 4.8 Hz, H- 3), 3.38 (m, 2H, J= 5.4Hz), 2.88 (d, 24H, J= 6.2 Hz), 2.18 (d, 4H, 

J= 4.0 Hz), 0.85, 0.87, 0.90 (3H, d, CH3-21), 0.95, 1.02 (3H, s,64 CH3-19), 1.13, 1.16, 1.24, 

1.45, 1.53, 1.61, 1.85, 1.87, 1.99, 2.23, 

13c NMR(acetone,50MHz):8 141.7, 120.9, 71.0, 57.0, 56.3, 50.5, 46.0, 42.7, 42.4, 39.9, 

37.6, 36.6 36.3, 34.0, 32.1' 32.0, 31.8, 30.3, 28.3, 26.1) 24.3, 23.1) 21.1 19.4, 19.1 18.7 

1 .6, 11.6, 11.6 

1 rnlz437.19(M+.~ a) + 

Infrar d sp ctrum showed the pre n of hydro.- ·I group t -6.4 cm·1 nd n liph. tic 

y t m 2935.6 cm·1 II3 -H tr 66.9 m·1 
( -ll b nd . P m -1 , . 

nd n 5 

7 



The compound was identified as ~ - itosterol based on spectroscopic data which is in 

agreement with literatur . Infr r~d p trum showed hydroxyl (3456 cm-1) and a double-bond 

111 ·thyl •r )lll · l 

a mol ct1lar ion at m/z 437 .19 (M + Na), corresponding 

' I 1 0 , [! r ~-sito sterol. The H-NMR spectrum showed 2 tertiary 

and 1.02, corresponding to C-18 and C-19. Tlu·ee secondary methyls 

upp ard t • 0.92. 0.82 and 0.84, corresponding to C-21 , C-26 and C-27, respectively. C-29 

appeared as triplet at 8 0.85. 

HO 

Figure 1. 7: Chemical structure of beta-sitosterol 



Table 3.6: Comparison of K\VE-01 13C chemical shifts to the literature values for ~-

sitosterol 

Carbon arbon 13C chemical shifts 

(S- iWslt I'Ol WE-01 ~-sitosterol KWE-01 

7.2 37.57 16 28.2 28.31 

2 31.6 31.84 17 56.0 

71.8 71.04 18 11.9 11.58 

4 42.5 42.66 19 19.4 19.14 

5 141 141.68 20 36.1 36.27 

6 121.7 120.91 21 18.8 18.56 

7 31.8 31.97 22 33.9 34.02 

8 31.9 32.11 23 26.0 26.06 

9 50.1 50.53 24 45.8 46.03 

10 36.5 36.64 25 29.1 30.33 

11 21.1 21.14 26 19.8 19.44 

12 39.7 39.99 27 19.1 18 .67 

13 42.3 42.42 28 23.0 23.07 

14 56.7 56.9 29 12.0 11.62 

15 24.3 24.28 

3.-.2 KW -02 

The melting point of KWE02 was above 289 °C. IR )"'ll&: (KBR) cm·1 3423.65( -1 I tr) 

2862.36 H3 C-H tr) 2335.80, 146"' .97. 1"75.25.1051.20. -6. 9 -H bc.:nd , 7 . 0 

76. 2. 

Th comp und ' obt in d m in u tci nt uantity thu 1R . n t fll ut. 

Ho ult rm m t • indi t d it ul mi ·tu 



CHAPTER FOUR: CON LUSIONS AND RECOMMENDATIONS 

4.1 Conclu ion 

Phytochcmi \l ·m lit: s slww d that the plant powders contained alkaloids, saponins and 

. 1 h extraction was done by maceration and percolation. Thin layer 

u ing pre-coated aluminium plates was used to monitor the fractions. 

T' ' ry talline compounds were isolated and analyzed using spectroscopic methods. 

n of the compounds was identified as ~-sitosterol. The second was found to be impure 

and thus could not be identified. The in vitro antimicrobial and anthelmintic activities of 

crude extracts of the stem bark and flowers were investigated. Some extracts of the plant 

were prepared and screened for both antibacterial and antifungal activities using agar 

diffusion method. Petroleum ether extract and dichloromethane/methanol extracts 

showed activity against all the bacteria microorganisms tested namely; Staphylococcus 

aureus, Esherichia coli and Bacillus subtillis. The chloroform and the methanol extracts 

lacked antibacterial activity. All the extracts lacked any antifungal activity at a 

concentration of 50 mg/ml. 

The MeOH and DCM!MeOH stem bark and flower extracts exhibited anthelmintic 

activit while the petroleum ether and chloroform e,·tracts sho,.,·ed no acti\ it . Thi 

shows that anthelmintic activit) resides in th polar component . It also shows th t 

Hag nia abyssinica has broad spectrum of anthelmintic activity a earlier lit ratur cit 

it a ta niacide. 

_,.--· 



4.2 Recommendation 

The isolated comp un \ r from the nonpolar fraction which did not exhibit 

anthelminti a th it •. l h p \ar fraction should be fmiher worked on to isolate the 

I( r thi activity. 

Th · ·ttu ·t · fr m the stem bark had antibacterial and anthelmintic activity. Previously it 

w e fl \\ers that were known to have anthelmintic activity. The current study has 

'ho\\n that the bark also possesses similar activity. Thus the use of the plant does not 

haye to be limited to the time of the year when the flowers are available in season as the 

bark can be harvested all year round. 

The petroleum ether and dichloromethane/ methanol stem bark extracts had significant 

antibacterial activity. Further work is recommended in order to isolate the active 

compounds. 
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Appendix 2. Carbon NMR ofKWE-01 
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Appendix 3. DEPT NMR of KWE-01 
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Appendix 4. Expanded DEPT NMR. of KWE-01 
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Appendix 6. Mass spectrum of K\VE-0 1 

Qualitative Analysis Report 

xlO;. ·i=:SI S•::~.n (_0.29?. :nin) (=r;;g=17S.OV KWE.-01 0\.d Subl.rc.ct 

610.9827 
1.2: 186.9805 

1 . 
•. 

0 8! 

o.s . o17.?13::l 

I 

I 
I 

\ . 

O.Z • ! ,J \ :Iii I \ 995.0283 \ 

0, ~ 0 7 ' ~ • I 

0 ~u ...... -. . ._.t""':l • ..,.L....,u...,i...l.u.!.l....,
1 

.J: ............. ...._,..,J_,_,,.,. ... ~ ·...,.~ ...... ~..,~-' ~ . ...,·.......,L ........ ...,.I~l '-":!.'Ll.,_l~ ....... "':.'.......,.. __:.._· .._, -:-~-----'1--l..l ----'----.,....--..____;\ 

00 300 400 500 600 700 800 900 1 000 1100 1200 

k.' Peu~ Ust 
m/,z z AtJund 
185.9'84~ 2'\88 
186.9805 1 um 
213.8978 3575 
311.0897 1 3372 
501.219 1- 3232 
517.2133 1 4975 
610.9827 1 13586 
611.9857 1 4%1 

612.981 1 5119 
653.1827 1 2541 

Spectrum Sou~ 
Peak (1) In • .- TIC Scan' 

Count~ vs. Mass-to-Charge (m/z) 

Fragmerrtor Vottage 
175 

x10 s r·ESI Scan (0.2~ min) Frag=175.0V KWE-01 02.d Subtract 

Collision Energy 
C) 

\~~\ . 274.~~28 
.25 ~. 

1 . : 437.1924 599.1155 
~ ; 

1175.2430' 

0 .. 751 \; . 
0.5, t55,153?-' f-.\ ·• I • 

o.25~ .. 1 H'm·. 1 r-1-: ... il·i·r . -
• l •• I I . 0 i I I • I I ' . J 

I 

I 
\" 

983.2007 --J.9.+.-1.S+S------ ·- .. 
i 

loniDtlon Mode 
E:sl 

200 300 400 500 60o 700 800 900 1000 , 100 1200 1300 1400 
Counts vs. Mass-to-Charge (m/7.) 

231.1191 
27 .2.728 .; 1 175671 
288.2BS2 l l.5S227 

------------------------~ 
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Qualitative Analysis Report 
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