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Abstract

Sweet potato is an important food crop worldwidecsi it is drought tolerant and acts as a
famine relief crop. However, its production is lied by viral, fungal and bacterial infections.
Lack of rapid and sensitive techniques for detectib infections inhibits their control. Use of
synthetic chemicals to manage microbial infecticasises is discouraged since they ar non-
biodegradable. The aim of this study was to idgntifuses infecting sweet potato in western
Kenya, develop a multiplex PCR protocol for det@ttdf major viruses of the crop, and evaluate
efficacy of medicinal plants for antimicrobial adty against the crop pathogens. Symptomatic
sweet potato vines obtained from farmers’ fieldsemestes for ten viruses using NCM-ELISA.
The mPCR protocol for detection of SPFMV and SPG®$ optimized through variation of
test parameters under standard PCR conditions.adgtrfrom Warburgia ugandensis,
Elaeodendron schweinfurthianu@nd Terminalia brownii, which are traditionally used to
manage microbial infections, were fractionated gsthromatographic methods to obtain pure
compounds. Structures of isolates were determirs@aguspectroscopic and physical methods.
Extracts and isolates were tested for antimicrob@ivity againstAlternaria spp, Aspergillus
niger, Fusarium oxysporum, F. solanum, Rhizoputosti@r (fungi), Ralstonia solanacearum
and Streptomyces ipomoeéeacteria). Five viruses namely SPFMV, SPCSV, SPMEVCFV
and CMV were detected. Eighty nine percent of sasyplad viral infection with over 80%
showing multiple infections. Occurrence of CMV irea was recorded for the first time. An
mPCR protocol was successfully developed that tetsPFMV and SPCSV. Phytochemical
studies afforded 26 compounds including-atetylugandensolide that was isolated frgvn
Ugandensidor the first time. All the methanol, ethyl acetatnd n-hexane extracts of the three
plants were active against one or more of theasgnisms. Methanol extract W. ugandensis
exhibited significantly higher activity (24.50 mrtt)an positive controls againB. stolonifer
Eighteen out of the twenty six compounds isolatddl®ted antimicrobial activity against one or
more of the test pathogens at concentrati230 pg/ml. Polygodial, warbuganal, mukaadial,
ugandensidial, ugandensolide, deacetoxyugandessaiidi muzigadial, exhibited low MIC
(MIC < 50 pg/ml) against one or more pathogens that wagparable to those exhibited by
standard drugs. This study provided a quantiteassgessment of viruses infecting sweet potato
in western Kenya and a simplified mPCR protocol rfautine rapid detection of SPFMV and
SPCSV. Scientific proof for the efficacy of extrmdfW. ugandensis, E. schweifurthianamd

T. brownii as antimicrobial agents against sweet potato petie and perhaps other crop
pathogens was also provided.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Sweet potato

Sweet potatolpomoeabatatasL.) is one of mankind’s highest yielding crops witigher
food value and total production per unit area tbder staple crops such as maize, rice, sorghum
and millet (FAO, 2002). Worldwide, the importandesaeet potato is exceeded only by cereals
(wheat, maize, rice and barley) and potad&ml&énumtuberosum (Careyet al, 1997; FAO,
2002). Although the crop is grown in more than t@@ntries around the globe, about 90% is
produced in Asia with just below 5% in Africa (Wéml 1992). Sweet potato serves as a staple
diet in many parts of Africa (Carest al, 1996). China is the world’s highest producerhwit
annual harvest of 100 million tones followed by Wdda, Nigeria, Indonesia and Vietham (FAO,
2002).

Sweet potato is adaptable to a wide range of agotegical conditions and performs
well in low - input agriculture (CIP, 1996). Theogpluction of the crop in Africa is concentrated
in East Africa around the Great Lake regions (Gibsb al, 1997). The presence and the
adaptation of sweet potato to the tropical areasreyber capitaincomes are generally low and
its nutritional value make the crop an importannponent in food production and consumption.
Sweet potato is an important food security and fenmelief crop during seasons of crop failure
(CIP, 1998). The production of the crop can be ggagd, while harvesting can be done in

piecemeal thereby ensuring continuous source af foofarm families.

In the last decade, the importance of sweet pdtateased greatly in many African
regions due to frequent droughts and prevalengesis and diseases which adversely affect the
production of staple food crops such as maize,avasand banana (Thottappikt al., 1993;
Otim-Napeet al.,2000; Tushemereirwet al.,2004). Kenya is the seventh largest African sweet
potato producer with average yield of 8.2 tonesap@inst a potential of 50 tons/ha (FAO, 2002;
2003). With the increasing population and diminigharable land per house hold, there is a need
to increase sweet potato yields to meet the denfandhe crop. The main sweet potato

producing regions of Kenya are western, eastentraleand coastal areas (MOA, 1999).



Despite its high potential for food security, protdan of sweet potato is constrained by
pests and diseases (Castyal, 1997; Karyeijeet al.,1998; Gibson and Aritua, 2002; Ariteh
al., 2007). Several viruses (Is Hak al, 2003; Mukasat al.,2003; Atekaet al.,2004; Tairoet
al., 2004; Mianoet al, 2006), fungi and bacteria (Lenne, 1991; Skuglendl.1990; Clark and
Hoy, 1994; Onuegbu, 2002; Aritw al.,2007; Osiruet al.,2007) infect the crofSweet potato
feathery mottle viru¢SPFMV) is the most widespread in many parts ofwioeld (Moyer and
Salazar, 1989; Nishiguclet al, 1995; Sakaet al.,1997). When infecting alone, SPFMV seem
insignificant in its effects on sweet potato (Gibsd al., 1998; Karyeijaet al.,2000). A greater
damage is realized when SPFMV infects sweet patatbe presence ddweet potato chlorotic
stunt virus(SPCSV), leading to sweet potato virus disease [§Pthe most harmful disease of
the crop (Geddes, 1990; Gibsehal.,1998; Gibson and Aritua, 2002). Some of the fungl a
bacteria associated with pathogenesis of sweet@oieludeMacrophomina phaseoli, Diplodia
gossypina, Monilochaetes infuscans, Alternaria gxgpergellus niger, Fusarium oxysporum, F.
solanum, Rhizopus stolonifefFungi), Ralstonia solanacearum, Streptomyces scabies, S.
ipomoea, Erwinia carotovora and E. chrysanth€bacteria) (Clark and Moyer, 1988; Skuglund
et al.,1990; Lenne, 1991, Ristaino, 1993; Clark and H®84,; Clarket al., 1998). Apart from
reducing the yield, these infections cause rottihgweet potato in the field, during storage and
transportation, making the produce unpalatables@Peand Martin 1940; Clark and Moyer,
1988; Snowdown, 1991, Clark and Hoy, 1994; Clatkal., 1998). Some of the symptoms

exhibited by sweet potato infections are shownign End 2.

Lake Victoria Crescent has higher infection lewvé® to favourable climatic conditions
for the pathogens infection and disease develop(henine, 1991; Skuglunet al.,1990; Aritua
et al., 2007; Osiruet al., 2007). However, information on viruses infectingegt potato in

western Kenya is scanty.

Viral infections are mainly managed by preventiod aontrolling their spread (Aritust
al., 1998; Gibson and Aritua, 2002; Ghosh and Aglaw#)72. Farmers use cultural practices
such as crop rotation, removal and destructiomfidcied plants as soon as they are detected
(Dent, 1995). Farmers also select relatively hgaltimes as the parent of the next crop as a
control measure (Arituat al., 1998; Gibson and Aritua, 2002). Such practicesehaot been
effective due to absence of visible symptoms (QGiketoal., 1998; Karyeijeet al., 2000). Since

in most, cases viral infections co-exist, rapid affective methods of multiple virus detection

2



will enable selection of ‘clean’ planting materiaks number of enzyme-linked immunosorbent
assays (ELISA) protocols have are uses for virugatien. However, the protocols are not
applicable unless antibodies specific to the vipetng tested is available. Polymerase chain
reaction (PCR) technique is an alternative rapidhoe for virus detection. Several multiplex
PCR protocols have been developed for virus detedti other crops such as citrus and pepper
but there is none for detection of sweet potatosés.

4 Y

Fig. 1: Some virus symptoms observed on sweet@@lants (A) purpling of leaves in plants
infected with SPCSV, (B) symptomless leaves of tslanfected with SPFMV, (C) vein

clearing in leaves of plants infected with SPMMWD) (deformed leaves of plants infected

with SPFMV and SPCSV, (E) interveinal chlorosis leaves of plants infected with
SPMMV, (F) chlorotic, small deformed leaves in gamfected with SPFMV and SPCSV,
(G) severe symptoms in plants infected with SPFPCSV, SPMMV and SPCFV, (H)
chlorotic spots on leaves of plants infected withFSIV and SPMMV (Adapted from
Nyabogeet al.,2008).



Fig. 2 Some of the symptoms exhibited by microbial itifets in sweet potatoA() Healthy
roots, B) Cross section of root with symptoms of Fusariwnotrrot (left) and Fusarium
surface rot (right), @) Internal and external views of roots infected hwiblack rot
(Ceratocystis fimbriatg (D) Roots with black rot lesions (left and right) and-infected
roots (center), E) Internal and external views of roots with Javachk| rot Diplodia
gossypina at different stages of developmef) (Sweet potatoes with symptoms of scurf
(Monilochaetes infuscahs(G) Internal views of root with charcoal roMécrophomina
phaseol), (H) Internal and external views of roots infected hwRhizopus soft rotK.
stolonife) and () Sweet potato with symptoms of bacterial soft(Exwinia chrysanthan)i
(Adapted from Sikaro, 1995).



The use of synthetic chemicals to manage infectiongops is discouraged since they
are not easily biodegradable therefore accumutatiea environment and are gradually absorbed
into the food chain (Khannet al., 1989). The use of biodegradable agrochemicals frataral
origin is an attractive possibility. A biologicalethod of control is preferred in most cases
because it is selective with no side effect and iisually cheap compared to the conventional
synthetic chemicals. Resistance to biological @dns rare and biological control agents are
self-propagating and self-perpetuating (Okigbo dkediugwu, 2000; Okigbo, 2003, 2004,
2005). Extracts from medicinal plants are tradiibn known to control diseases in plants and
tuber crops (Sivropoat al.,1997; Kimet al.,1998; Pereet al.,1999; Amadioha, 2003; Okigbo
and Emoghene, 2004; Okigbo and Nmeka, 2005). Bsta®Varburgia ugandensis, Terminalia
brownii andElaeodendron schweinfurthianuane used in ethnomedicine to manage viral, fungal
and bacterial infections (Kokwaro, 2009; Wilson awbldo, 1979; Heine and Brenzinger,
1988). Phytochemical studies Wfarburgia, Terminalia and Elaendendr@pecies have lead to
isolation of different compounds some of which haméimicrobial activities. Scientic proof for
the medicinal claims is lacking It is necessaryetaluate the extracts of these plants for their

possible use in managing infections of sweet potato
1.2 Statement of the problem

Sweet potato is an important crop which acts asl feecurity and famine relief crop.
However, its production is constrained by virahdal and bacterial infections. Information on
identity and distribution of viruses infecting irestern Kenya is lacking. Effective methods of
detecting multiple virus infection are lacking.fé&ftive methods of managing the fungal and
bacterial infections are lacking.



1.3

Objectives of the study

The aim of this study was to identify the virusefecting ordinary sweet potato grown by

rural folk in western Kenya, develop a protocol f&imultaneous detection of major viral

infections and investigate the efficacy of someittmnally used medicinal plant extracts in the

management of fungal and bacterial infections efdtop.

The specific objectives were to:-

1.4

V.

Determine the identity and distribution of virusesich infect sweet potato in
western Kenya.

Develop a mPCR protocol for the simultaneous deteaif SPFMV and SPCSV, the
most economically important viruses of sweet potato

Isolate and characterize the chemical constitueafs W. ugandensis, E.
schweifurthianunandT. brownit

Evaluate the antimicrobial activity oMWarburgia ugandensis, Elaeodendron
schweifurthianumand Terminalia browniiextracts against fungi and bacteria which
infect sweet potato.

Determine the antimicrobial principles from tharis.

Null hypotheses

No more viruses rather than the reported onestisfeeet potato in western Kenya
with possible multiple interactions.

Multiplex PCR-based technique may not enable semngibus detection of several
viruses.

Medicinal plant extracts do not contain secondargtaiolites which exhibit

antimicrobial activity against fungi and bactehat infect sweet potato.



1.5 Justification of the study

Sweet potato is important root crop in developiogrdries since it is inexpensive and
rich source of carbohydrates, vitamins and esdantizgerals. It serves as an important source of
quality nourishment to the urban and rural peoph® Wve below the poverty line. Increased
cultivation of the crop is being encouraged in édri where vitamin A deficiency is a serious
health problem (http://en.wikipedia.org/wiki/Swegttato 5 June, 2010). However, the
production of sweet potato is limited by viral, §ai and bacterial infections (Careyal., 1997).
Losses induced by these infections range from 1%0@% (Gibsoret al., 1998; FAO, 2002;
Gutierrezet al, 2003). Information on the identity and distriloat of sweet potato viruses in

western Kenya, which is the main sweet potato peimduregion in the country, is scanty.

Since the control of viral diseases is largely preive, reliable and rapid methods of
detection and diagnosis are neccessary. Enzymediimkmunosorbent assay (ELISA) such as
nitrocellulose membrane (NCM)-ELISA, double antiposhndwich (DAS)-ELISA and triple
antibody sandwich (TAS)-ELISA have been used ralyirfor virus detection. However, the
method is not applicable unless the antibody sjgetifthe virus studied is available. Since the
viruses co-infect sweet potato leading to more ieudections (Mukasat al., 2003; Atekaet
al., 2004; Taircet al.,2004), a technique that allows simultaneous detecs highly called for.
There are reports of multiplex polymerase chairctiea (MPCR) systems for the detection of
two or even more plant viruses infecting crop @af@hosh and Aglave, 2007). However such

system for sweet potato has not been developed.

Synthetic chemicals have been used to control tiofes in crops (Clark and Moyer,
1988). However, the use of such chemicals aparh floeir potential danger to both human
health and environment (Cameron and Julian, 198%kg@u et al., 1997; Osman and Al-
Rehiayam, 2003; Masuduzzaman al., 2008; Sivaet al., 2008), are unaffordable for most
farmers. Moreover, resistance by pathogens to shemicals has rendered some of them
ineffective (Cameron and Julian 1984; Zhonghua Bhchailides, 2005). In order to fully
exploit the potential of the sweet potato cropre¢his a need to search for affordable, readily
available, sustainable and environmentally frienailgans of managing the problems posed by

these pathogens.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1  Origin and distribution of sweet potato

Sweet potato Ipomoea batatastam) originated from Central and South America,
probably in the region between the Yucatan PenmnsiflMexico and the mouth of Orinoco
River in Venezuela (Onwueme, 1978). Its dissemimatd Polynesia is associated with voyages
of early Peruvian or Polynesian explorers and tsad€he crop was brought to Europe much
later, in the 1% century by Christopher Columbus, a Portugueseoeaplon his return journey
from South America. By thef6Century, the crop reached Africa, India and Eastsia
through the Portuguese traders and explorers (Omeu£978).

2.2 Importance of sweet potato

Staple crops such as maize, rice, sorghum andtrdoleot match the yield per unit area
of sweet potato that also has higher food valueQFA&002). On a worldwide scale, the
importance of sweet potato is exceeded only byater@vheat, maize, rice and barley) and
potato Solanumtuberosun (Careyet al, 1997; FAO, 2002). Although the crop is grown in
more than 100 countries around the globe, about i8Q8toduced in Asia with just below 5% in
Africa (Woolfe, 1992). About 75% of African sweebtpto production is concentrated in East
Africa, especially around Lake Victoria, where st a basic subsistence crop, grown by rural
women near their homes to feed their families (Kgpet al., 1995; Gibsoret al.,1997; Gibson
and Aritua, 2002). The crop is dependable singg drought tolerant and acts as food security
and famine relief crop during periods of crop feas (Karyeijaet al, 1998). The presence and
the adaptation of sweet potato to the tropical axelaereper capitaincomes are generally low
and its nutritional value make the crop an impdrtaomponent in food production and
consumption. The importance of sweet potato ine@ageatly in many African regions due to
frequent droughts and prevalence of pests andstiseshich adversely affect the production of
staple food crops (Thottappilbt al.,1993; Otim-Napet al.,2000; Tushemereirwet al.,2004).



Tuberous storage roots of sweet potato are gepeatén while steamed, baked, fried or
boiled (Careyet al.,1997). The crop is one of the most nutritionallynplete foods, especially
useful in vegetarian dishes (www.recipes4us.col July, 2010). Besides simple starches,
sweet potato is rich in carbohydrates, dietary rfideeta carotene (a vitamin A equivalent
nutrient), vitamin C, and vitamindwww.recipes4us.co.uk, 2uly, 2010). Important minerals
found in the crop include calcium, phosphorousn,irsodium and potassium (Woolfe, 1992).
Young sweet potato leaves are also used as nufitiegetables and are rich sources of vitamin
A, B iron and protein (Woolfe, 1992). Its vines are gdadry animal feed supplements because
of the high protein content and are easily digéstiivww.recipes4us.co.uk,{112th July, 2010;
www.cipotato.org/sasha/07, "t August, 2010). Sweet potato is a very populanité local and
regional trade especially in East and Central Afrregions (CIP, 1996; 1998). It is also a
potential source of raw material for industries evhproduce snacks, starch, flour, crisps dyes,
ethanol and spirits (CIP, 1996; 1998). Due to thmerous uses of sweet potato, there is a need

to improve its production in order to meet its decha
2.3 Constraints to sweet potato production

Sweet potato withstands adverse climatic conditioetser than most agricultural crops.
However, a wide range of pathogens such as furgiteba, nematodes and viruses infect the
crop (Moyer and Salazar, 1989; Geddes, 1990; C#5;1Careyet al, 1997). Apart from
reducing photosynthetic area and transport of enits, these diseases also cause rotting of tubers
both in fields and storage hence causing signifitasses (Skoglund and Smit, 1994; Carey,
1996; Ristaino, 1993; Clark and Hoy, 1994; Clarkl &moyer, 1988; Clarlet al., 1998). The
persistence of high incidences of infections on etwgotato is attributed to use of infected
planting materials. The vegetative propagationaligulone using cuttings from a previous crop
to establish a new crop also increases the riskudfl-up of the pathogens (Karyeig al.,

1998). Search for effective method for managingifections is necessary.



2.3.1 Virus infection in sweet potato

Among the biological factors, virus diseases raaskosd to weevil in causing yield
reduction in sweet potato (Karyegd al., 1998; Gibson and Aritua, 2002). Several virusesha
been reported infecting sweet potato includBgeet potato feathery mottle virgSPFMV),
Sweet potato chlorotic stunt vir/SPCSV),Sweet potato mild mottle virlSPMMV), Sweet
potato chlorotic fleck virugSPCFV), Sweepotato latent virugSPLV), Sweet potato caulimo-
like virus (SPCa-LV),Cucumber mosaic virufCMV), Sweet potato virus Y (SPVY), C-6,
Sweet potato virus G (SPV&@weet potato mild speckling vir(BPMSV) andSweet potato leaf
curl virus (SPLCV) (Is Haket al, 2003; Mukasat al., 2003; Atekaet al., 2004; Tairoet al.,
2004; Mianoet al, 2006). SPFMV, SPCSV, SPMMV, SPCFV and SPLCV Hasen detected
in some parts of East Africa (Miaret al, 2006). However, there is little information dmet
distribution of sweet potato viruses in western ¥&rwhich is the main sweet potato producing

region in the country.

Sweet potato feathery mottle vir(SPFMV) is the most prevalent and widespread in
many parts of the world where sweet potato is vatiéid (Moyer and Salazar, 1989; Nishiguchi
et al, 1995; Sakaet al.,1997). When infecting alone, SPFMV seem insignifica its effects
on sweet potato (Gibsoet al., 1998; Karyeijaet al., 2000). A greater economic impact is
realized when SPFMV infects sweet potato in thesgmee ofSweet potato chlorotic stunt virus
(SPCSV), leading to sweet potato virus disease [HPWe most harmful disease of the crop in
Africa and elsewhere (Geddes, 1990; Gibsbal.,1998; Gibson and Aritua, 2002). In preveous
studies (Ateka, 2004; Atekat al., 2004; Mianoet al., 2006; Nyabogaet al., 2008), apparently
symptomatic plants tested negative in NCM-ELISAidating that there are viruses in sweet

potato not yet identified. There is need for furttests to identify the unknown infections.
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2.3.2 Fungal and bacterial infection in sweet potat

Several fungi are reported to be associated widliaon of yield and rotting of sweet
potato including Monilochaetes infuscansFusarium oxysporum Ceratocysts fimbriata
Rhizopus stolonifer Macrophomina phaseolinaF. solani and Botryodiplodia theobromae
Alternaria spp. Penicilliumspp, Certocystis fimbriataDiaporthe batatalis Aspergillus niger
and A. flavushave been implicated as fungi responsible for yl@éeSweet potato roots (Clark
and Hoy, 1994; Onuegbu, 2002). Fungi associatetl witst harvest fungal rots to include
Mortierella ramanniana Rhizopus stolonifer Mucor pusillus Botrytis cinerea Erysiphe
polygoniandA. flavus(Oyewale, 2006).

Bacteria that cause infection in sweet potato mekigrobacterium tumefaciens, Erwinia
carotovora, E. chrisanthemi, Streptomyces scalSescidiscabieand Ralstonia salanacearum
(Clark and Moyer, 1988; Ristaino, 1993; Clark anayH1994; Bartoret al., 1997; Lemangat
al., 1997; Clarket al., 1998). These pathogens invade the host througmd#oand cracks and
sources of inocula include soil, infected motheanpd or contaminated water and harvesting
equipments (Sikaro, 1995The infections create local discolouration and upson of
surrounding tissues of infected tubé&nowdon, 1991), resulting in changes in appearance
deterioration of texture and flavor, hence reductiothe market value and misfortune to farmers
(Person and Martin, 1940; Clark and Moyer, 198&rkCkt al., 1998). Search for effective

methods of cotroling these fungal and bacteriadahbns is necessary.
2.3.3 Management of sweet potato infections

Viral infections in plants are generally managed gdogvention and controlling their
spread (Arituaet al., 1998; Gibson and Aritua, 2002; Ghosh and AglaweQ72. Cultural
practices such as crop rotation, removal and dsgtru of plants as soon as they become
infected and eradication of sources of infectiod amoculum are used to control the spread of
sweet potato diseases (Dent, 1995). Farmers dlsct selatively healthy vines as the parent of
the next crop as a control measure (Ariétial., 1998; Gibson and Aritua, 2002). These cultural
methods of managing the crop infections have beeffective since some infections do not

exhibit visible symptoms, making it impossible telext safe seeds or to employ cultural
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methods of management. Availability of fast andeetive methods of virus detection may

enable safe selection of clean planting materiadsedfective control of spread of the viruses.

While ELISA is used routinely for virus detectidhe method is not applicable unless the
antibody for the virus studied is available. Sedpnthe ELISA technique is only sensitive
during dry seasons of the year when the virusesardmations in plant are high (Ghosh and
Aglave, 2007). Polymerase chain reaction (PCRhiglgernative rapid virus detection method.
Several singlex PCR (sPCR) — based methods haverbperted for a number of sweet potato
viruses (Nishiguchet al., 1995; Ki and Sun, 2002; Kokkinos and Clark, 200&ce sweet
potato infecting viruses in East Africa mostly ocas multiple infections (Gibsoet al, 1998;
Karyeija et al, 2000; Mukasat al, 2003), availability of multiplex virus deteatiqorotocols
could lower the time and cost of detection. Theeeraports of multiplex PCR (mPCR) systems
for the detection of two or even more plant virugdgecting crop plants including rice, citrus,
pepper, grapes potato and sugar beets (Manifr&daddli, 1994; Nie and Singh, 2000; Bertolini
et al., 2001; Meunieret al., 2003; Periasamyt al., 2006; Bhat and Siju, 2007; Ghosh and

Aglave, 2007). However, there is no such systeniabla for sweet potato.

Synthetic chemicals such as virazol§, [pyrazofurin P], azaguanined], carbaryl #],
dichloronitroaniline $] and blitox (copper oxychloridep] are used to manage plant infections
(Lozoya et al., 1984; Clark and Moyer, 1988). Such chemicals padeerse effects on
ecosystems and are possible carcinogenic risks é@emand Julian, 1984; Osman and Al-
Rehiayam, 2003; Masuduzzameanal., 2008; Sivaet al., 2008). Some of these chemicals are
not easily biodegradable therefore they accumuiatéhe environment and are gradually
absorbed into the food chain (Khanegal., 1989). Furthermore, the synthetic chemicals are
costly and are out of reach of most subsistenamdes (Obagwiet al., 1997; Amienyo and
Ataga, 2007). It is necessary to search for affbkel environmentally friendly antimicrobial

agents.
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2.4  The use of plant extracts in disease management

The use of medicinal plants in managing diseasesdespread (Farnsworth, 1994). The
production of medicines and the pharmacologicatitnent of diseases began with the use of
herbs (Tyler, 1997). Other than for the purposesctentific inquiry, plants have served as
models in drug development for three reasons. ,Féath plant is a unique chemical factory
capable of synthesizing a large number of highijglex and unusual chemical substances. In
United States of America, about 25 % of prescriptiougs contain active principles that are still
sourced from higher plants and there is increagiogularity in the use of plant-derived
prescriptions (Farnsworth and Morris, 1976). TherM/Health Organization (WHO) estimates
that about 80% of the population of the develomagntries relies exclusively on plants to meet
their healthcare needs (Farnswathal., 1986). Secondly, the biologically active subse&nc
derived from plants have served as templates fathegis of pharmaceutical formulations. Such
compounds may have poor pharmaceutical and toxgamb profiles that may be improved
through derivatization. Thirdly, many highly actisecondary metabolites from plants have been

instrumental as pharmacological tools to evaluatesiplogical processes (Farnsworth, 1984).



In Nigeria, plant extracts have been used to confwogal diseases in cowpea
(Amadioha, 2003), banana (Okigbo and Emoghene,)28@4 yam (Okigbo and Nmeka, 2005).
Galangin ] isolated fromHelichrysum aureonitenshowed antiviral activity against HSV-1 and
Cox B1 (Meyeret al, 1997), while quercetin8] which is widely distributed in the plant
kingdom exhibited activity against HIV (Kinet al, 1998; www.herbalextractsplus.com/
quercetin.cfm, 1% July, 2010; www.florahealth.com/floralhome /Canfatislthinformation,
10" August, 2010). A triterpene lactone, lancilactd®d9)] isolated from stems and roots of
Kadsuralancilimba inhibited HIV replication with an E&g value of 1.4 mg/ml (Cheet al.,
1999). Essential oil extracted from aerial partSaflviafructiosa exhibited virucidal activity
against Herpes Simplex Virus 1 and the active jplas were found to be 1, 8-cineol&(],
thujone [L1] and camphorl2] (Sivropouet al, 1997; Deans and Waterman, 1993).

o &

10 11 12

The essential oil oMelaleucaalternifolia was effective in decreasing local lesions of
tobacco mosaic virugTMV) in Nicotiana glutinosa (Bishop, 1995). Extracts ofhuja
occidentallisandPsidiumguajavainhibited the growth obean common masaic virBCMV)
(Prasacet al.,2007) while the growtthomato mosaic virugh tomato (ToMV) was checked by
extracts from decomposed tomato plants (Avgelis Mutios, 1989). Essential oils from
Ocimum sancturandPeperomia pelluciddave inhibitory activity againgtowpea mosaic virus
(CPMV), mung bean mosaic virugMBMV), bean commonil mosaic viruBCMV) and
southern bean mosaic vir(SBMV). Ocimum sanctuncrude extracts concentration of 3,000
ppm yielded inhibition of 89.6, 90, 92.7, 88.2% iagah CPMV, MBMV, BCMV, and SBMV,
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respectively. Other reports showed 62% inhibitiggaiast tobacco mosaic virugTMV) by
essential oil from fresh carrot leaves (Kharetaal., 1989) whileTagetesminutaoil was active
againstcarnation ring spo{CaRSV) andarnationvein mottle viruseCaVMV) (Khannaetal.,
1989).

Seed extracts d¥loringa oleiferaexhibited antimicrobial activity against soil pajems
namely Pasturella multocida, Escherichia coli, Bacillus b$lis, Staphylocuccus aureus,
Fusarium solaniand Rhizopus solaniJabeenet al, 2008). Water extracts oAlchornea
cordifolia, Annona muricataAllium sativum, Gacinia coland Zingiber officinale exhibited
antifungal activity againsAspergillus flavus, A. niger, Botryodiplodia theohbrae, Fusarium
solani, Fusarium oxysporumand Rhizopus stolonifewhich cause disease in sweet potato
(Amienyo and Ataga, 2007). In another study (Mekdtilal., 2007), crude extracts of medicinal
plants includingAchyranthus aspera, Tribulus terrestris, Withaniamsifera, Acacia seyal,
Dolichos oliver, Cissus quadrangularend Mirabilis jalapa exhibited antimicrobial activity
against plant and food-borne pathogens nar8éigella sonnei, Staphylococcus epidermidis, S.
faecalis, Salmonella typhimurium, Pseudomonas ggen Ralstonia solanacearum,
Xanthomonas campestris, Penicillium digitum, Gebtrm candidum and Phytophthora
nicotianae. Crude extracts ofOcimum gratissimunmand Aframomum melegueteaere active
against fungal pathogen namehspergillus niger, A. flavus, Fusarium oxsporiumizRpus
stolonifer, Botryodiplodia theobromaendPenicillium chrysogenumwhich cause soft rot of yam
tuber (Okigbo and Ogbonnaya, 2006). The need tesinyate the antifungal and antibacterial

activities of medicinal plant extracts against swesato pathogens is highly called for.
2.5 Plants and antimicrobial production

Plants have several ways of generating antimictaaapounds to protect them against
pathogens (Kuc, 1990). External plant surfacesoften protected by biopolymers e.g. waxes
and fatty acid esters such as cutin and suberiraduition, external tissues can be rich in
phenolic compounds, alkaloids, steroid glycoallkddoand other compounds, which inhibit the
development of fungi and bacteria (Kuc, 1985). Qudlls of some monocotyledons contain

antimicrobial protein, referred to as thionins (Camd Klessig, 1989).
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Plant cells containing sequestered glycosides sel¢éaem when ruptured by injury or
infection. These glycosides may have antimicrobizivity against the invading pathogens or
may be hydrolyzed by glycosidases to yield morevacaglycones. In the case of phenolic
compounds, these may be oxidized to highly reactiwéimicrobial quinone and free radicals
(Kuc, 1985; Dean and Kuc, 1987). Thus, damagefewecells may rapidly create an extremely
hostile environment for a developing pathogen. Tasd, but restricted disruption of a few cells
after infection can also result in the biosynthesisl accumulation of phytoalexins at sites of
infections (Kuc, 1985; Carr and Klessig, 1989; Daad Kuc, 1987). Phytoalexins are degraded
by some pathogens and by the plant, thus theyamsiént constituents and their accumulation is
a reflection of both biosynthesis and degradatidnc( 1985). Biopolymers including lignin,
callose and suberin are often associated with hiygoplexin accumulation at the site of injury or
infection. These provide both mechanical and chahrstriction of development of pathogens
(Kuc, 1985; Carr and Klessig, 1989; Rao and Ku®Q0)9The macromolecules produced after
infection or certain forms of physiological strésslude enzymes which can hydrolyze the walls
of some pathogens including chitinases and proseéSarr and Klessig, 1989). Unlike the
phytoalexins and structural biopolymers, the amewitthese enzymes increase systematically
in infected plants even in response to localizédciiion. These enzymes are part of a group of
stress or infection-related proteins commonly reiérto as pathogenesis-related (PR) proteins.
The function of many of these proteins is unkno®ome may be defense compounds while
others may regulate the response to infection (@ad Klessig, 1989; Boller, 1987; Rao and
Kuc, 1990).

Another group of systematically produced biopolymefense compounds comprises the
peroxidases and phenoloxidases (Hammerschatidl., 1982, Rao and Kuc, 1990). Both can
oxidize phenols to generate protective barriermfiection, including lignin. Phenolic oxidation
products can also cross-link to carbohydrates aoekins in the cell walls of the plants and fungi
to restrict further microbial development (Sterraad Hammerschmidt, 1987). Peroxidases also
generate hydrogen peroxide, which is strongly aotmbial. Associated with peroxidative
reactions after infection is the transient localizzzcumulation of hydroxyl radicals and super
oxide anion, both of which are highly reactive aaxic to cells (Hammerschmidt al., 1982,
Rao and Kuc, 1990).
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Plants therefore have several mechanisms to coantenicrobial attack. Some of the
antimicrobial compounds in plants may be exploifed use against fungal and bacterial
diseases. Plants have developed an arsenal of ne#psurvive attacks by microbial invasions.
These include physical barriers as well as chenuooak, i.e. the presence or accumulation of
antimicrobial metabolites. These are either produoeplant (prohibitins) or are induced after
infection, the so-called phytoalexins. Since phigrias can also be induced by abiotic factors
such as UV irradiation, they have been definedrabiatics formed in plants via a metabolic
sequence induced either biotically or in responsghemical or environmental factors (Grager
al., 1994).

When an infection or damage to plant takes plagayraber of processes are activated
and some of the compounds produced become actiirateddiately whereas phytoalexins take
two to three days to be produced. Sometimes iiffiswt to determine whether the compounds
are phytoalexins or prohibitins and moreover, tame compound may be antimicrobial in one
species and a phytoalexinin another (Gragkearl., 1994). Since the advent of antibiotics in
1950s, the use of plant derivative as antimicrgbiies been virtually non-existence but the pace
is rapidly on the increase as we begin to reaheented for new and effective treatments. Since
the use antimicrobial principles from natural anigs environmentally safe and resistance is rear,

further such geared towards identification of mafrsuch principles is necessary.
2.6 Medicinal plants used in this study

2.6.1Warburgia ugandensis

The genusWarburgia (Conellaceae) consists of two species widely disted in East
Africa, namelyW. stuhlmaniiEngl. andW. ugandensisW. ugandensi$Sprague is one of the
most highly utilized medicinal plants in tropicahda subtropical Africa and is now highly
endangered in the wild (Kioket al, 2005). It is rated as the second highest priorigdicinal
plant species in Kenya (Kariuki and Simiyu, 20(3jied bark of the tree is commonly chewed
and the juice swallowed as a remedy for stomacte,acbnstipation, toothache, venereal
diseases, cough, fever, muscle pains, weak joimtgl @eneral body pains (www
Worldagroforetsrycentre. org/sea/products/AFDbasksip/ Specie sinfo, f2une, 2010). The

leaf decoction baths are used as a cure for skeades while the bark, roots or leaves can be
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boiled in water and drunk to treat malaria, altHoulis causes violent vomiting (Kokwaro,

2009). In addition, the leaves ¥Wf. ugandensiare sometimes used locally as a spice for food.

Warburgiaplants are characterized by the presence of densasquiterpenes (Kiast
al., 1990a; 1990b; Mohanlall and Odh&009; Xuet al., 2009a). Some of the sesquiterpenes
isolated from the plants include polygodi&B], warbuganal 14], mukaadial 15|, ugandensidial
[16], cinnamolide 17], 9a, 1lo-dihydroxycinnamolide 178, 90, 1lo-dihydroxy-63-
acetylcinnamolide 17b], 9a-hydroxycinnamolide 17d, 1la-hydroxycinnamolide 17d],
cinnamolide-B-ol [18], cinnamolide-B-acetate 19|, ugandensolide?0], deacetylugandensolide
[21], muzigadial 2], 6B-hydroxymuzigadial 23], muzigadiolide 4] dendocarbins LZ5] and
M [26] (Kubo et al., 1976; 1977; Kioyet al., 1989; 1990a; 1990b; Mashimbwt al., 1999;
Manguroet al., 2003a; 2003b; Wubet al., 2005; Clarksoret al., 2007; Xu et al, 2009a) .
Drimane-type sesquiterpenes glycosides; mukad@fb-glucopyranosided7] and mukadial
6-O-a-L-rhamnoside 28] were isolated from the methanolic leaf extractWf stuhlmannii

(Manguroet al.,2003Db).
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Flavonoids and flavonol glycosides including Kaeerpf [29], kaempferol 3-glucoside
[30], kaempferol 3-rhamnosid&]], kaempferol 3-arabinos&2], kaempferol 7-glucoside3f],
kaempferol 3-rhamnoside 7,'-digalactoside 34], kaempferol 3, 7, '4triglucoside B9,
kaempferol 3-rhamnoside’-dalactoside 36|, quercetin B7], quercetin 3-glucoside 38,
guercetin 3-rhamnoside 7;-digalactoside 39|, quercetin 3-rhamnosidet(], myricetin {1],

myricetin 3-galactosidedp] and myricetin 3-rhamnosiddd] (Manguroet al.,2003a; 2003b).
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Extracts fromWarburgia species have been reported to exhibit humeroudazll

activities including antibacterial, antifungal, miral activity and trypanocidal effects (Kubo and
Nakanishi, 1979; Kioyet al, 1990a; Wubet al., 2005; Clarksoret al.,2007; Mbwambeet al.,
2009). Crude extract from stem barkWf ugandensishowed activity againsflycobacterium
tuberculosisH37Rv and M. Bovis BCG Pasteur (Madikagteal.,2007). A study (Rugutt al.,
2006) showed that crude extracts from leaves aech stark of W. ugandensiso be active
against soil pathogens namdhlusarium oxysporum, Alternaria passifloraand Aspergillus
niger. Olila et al. (2001; 2002) demonstrated that this plant has boitiviral, antibacterial and
antifungal activities. Some of the antimicrobialingiples from Warburgia species include
polygodial [L3], warbuganal 14] and muzigadial 32] (Kioy et al, 1990a; Wubeet al., 2005;
Ruguttet al.,2006). However, there is little or no work on #aluation of efficacy of extracts
Warburgia species in the management of plant pathogens iaipgdant fungal and bacterial
infections.
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2.6.2Elaeodendron schweinfurthianum

Elaeodendronspeciesare used widely for a number of medicinal applmadi For
example, Kokwaro (2009) reported that dry powdeoeds ofE. schweinfurthianunare used in
the management of wounds and primary symptoms piky. Chewing of the plant has been
said to cure diarrhoea. On the other hand, ingesifcE. schweinfurthianuntieaves, fruits or
bark is said to cause sudden death. The genusaraathrized by the presence of terpenoids,
(Anjaneyulu and Rao, 1980b; Weeraturggaal, 1982; Weeratunga and Kumar, 1985; Ko
al., 1990), steroids (Shimada al, 1982; Yasukeet al, 1985) and flavonoids (Weeratungta
al., 1985).

Friedooleanane derivatives; friedelid4], canophyllal #5 canophyllol, B6], 28-
acetoxycanophyllol47], methylfriedoolean-3-one-28-oatdq, friedelan-3-one-25-al4Q)], 25-
hydroxyfriedelin pQ], 25-acetoxyfriedeline 1], elaeodendrol §2] and elaeodendadiol5§]
were isolated from root bark d&. glaucum(Anjaneyulu and Rao, 1980a). Weeratunga and
Kumar (1985) isolated 25, 28-dihydroxyfriedooleant® b4], 25-hydroxy-3-oxofriedoolean-
28-al p5] and friedoolean-5-ene329-diol [56] from the root bark oE. balae In other studies
(Kubo et al., 1990; Anjeneyulu and Rao, 1980b), elaburwd|,[lupeol B8] and its derivatives;
betulin 49|, 23-hydroxybetulin §0] and betulinic acidgl] were isolated fronkt. buchananii A
sesquiterpene of the eudesmane type, with fivedxydlifunctions, mutanging2] was isolated

from E. buchanani(Tsanouet al, 1993).

R R
44 Me Me
45 Me CHO
46 Me CHDH
47 Me CHDAC
48 Me OAc
49 CHO Me

50 CHOH Me
51 CHOAc Me
Me

53 CHOH Me
54 CHOH CHOH
55 CHOH CHO
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Phytochemical studies @&laeodendrornspecies resulted into the isolation fa$itosterol
[63], sitosterol-B-glucoside $4], Buchaninosideq5] (Yasukoet al., 1995), elaeodendroside A,
D,E,F G, I J,H, O, Band &6- 76 and elaeodendrogenii{] (Shimadaet al, 1982).

Elaeocyanidin T8] ourateacatechin/p] and ouratea-proancyanidin 8(Q] were isolated
from ethyl acetate extract of the root barkobalae(Weeratungat al, 1985).
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Previous biological activity studies &laeodendronspecies showed that their extracts
are cytotoxic. In a study by Shimadhal (1982), ethanol extract of seedsofjlaucumshowed
inhibitory in-vitro activity against cells derived from human nasopharcarcinoma. The
cytotoxic compounds fror& glaucumare elaeodendroside A, D, E, I, and O, compo@&is7,

68, 71, 74 andlupeol [58] (Shimadaet al.,1982; 1985; Kupchart al, 1977). Phytochemistry,

antifungal and antibacterial activitiesBf scweifurthianunmave not been reported.

2.6.3Terminalia brownii

Terminalia browniiFries (Combretaceae) is found in many parts ofcafrand it has
different uses. The leaves are used by traditibealers in Tanzania to control diarrhoea and
stomach ache, gastric ulcers, colic, and heartMbuyaet al.,1994; Fyhrquiset al.,2002). In
the Democratic Republic of Congo barks from themstebranches, and trunks are used to
manage urogenital infections, urethral pain, endaotise cystitis, leucorrhoea, syphilis, and
gonorrhoea (Dhetchuvi and Lejoly, 1990). Traditidmaalers in Kenya use leaves of the plant to
treat malaria (Heine and Heine, 1988). The deconatibthe stem bark, trunk and branches is
taken orally to treat dysmenorrhoea, nervosity, térys, epilepsy, beriberi, dyspepsia,
stomachache, gastric ulcers, and colitis (Lindsal/ ldepper, 1978; Fyhrquist al.,2002). Stem
barks are chewed to treat cough and as emetigianfof barks and leaves are mixed with meat
to treat hepatitis (Timberlake, 1987). Traditiohalalers in Ethiopia use the stem and barks to
treat jaundice, hepatitis, liver cirrhosis, andigel fever (Kokwaro, 2009; Wilson and Woldo,
1979; Heine and Brenzinger, 1988).

Phytochemical studies of somEerminalia species have reported the presence of
terpenoids and flavonoids (Reddyal., 1994; Fayez and Mahmoud, 1998; Gareeal., 2006;
Caoet al., 2010). Terpenoids previously isolated fr@marminalia species include arjunic acid
[81], arjunetin B2], arjungenin 83], arjunglucoside 184], arjunolic acid 85|, arjunlucoside Il
[86], 23-galloylarjunglucoside 11g7], betulinic acid 88], ursonic acid 89] (Kong et al., 1954;
Rowet al.,1970; Hondaet al.,1976a; 1976b; Tsuyulat al.,1979; Anjaneyulu and Rama, 1982;
Reddyet al., 1994, Pettitet al., 1996; Conrackt al, 1998; Singtet al., 2004; 2008; Garceet
al., 2006; Haqueet al, 2008). Steroids such as sitoster6B][and stigmasterol90] were
reported from the species (Garegal.,2006; Haquet al.,2008).
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Flavonoids isolated from Terminalia species inclndéngenin-4 7-dimethyl etherq1],
isosakuranetin92], naringenin 93], liquiritigenin-4, 7-dimethyl ether 94], liquiritigenin-4-
methyl ether 95|, liquiritigenin-7-methyl ether 96], sukuranetin 97], 7, 4-dimethyl 3-
methylflavone 98] and two chalcone®p and10q (Sharmeet al.,1982; Garceet al.,2006).

Biological activities ofTerminaliaspecies include antifungal, antibacterial (Dwivadd
Udupa, 1989; Conraelt al.,1998; Moshi and Mbwambo, 2005; Mbwamioal.,2007; Singhet
al., 2008), antioxidant, antitumor (Garcet al., 2006), feeding deterrent and growth inhibitor
(Singh et al., 2004). Singhet al (2008) reported the antimicrobial principles to dg@inic acd
[81], arjungetin B2] and arjungening3]. Phytochemistry, antifungal and antibacteriai\atieés

of T. browniihave not been reported.

R R R RO
91 OH CH CH;
92 OH H CH |
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Establishment of the incidence and identity acfweet potato viruses in

western Kenya
3.1.1 Survey of sweet potato viruses

In western Kenya, sweet potato is widely grown inmBoma, Busia, Kakamega, Teso
and Vihiga districts in Western Province which tietween latitude 0° 30' N to 0° 58" S and
longitude 33° 58' E to 35° 38' E; Homa Bay, Ki&lisumu, Rachuonyo and Siaya districts in
Nyanza Province located between latitude 0° toNLd@nd longitude 33° 55' E to 35° 38' E
(Appendix B). A survey was conducted in sweet mofegids in the ten districts in April 2009 as
previously described (Tairet al., 2004). Sweet potato fields with a 3 to 5-month-aidp were
randomly sampled along rural roads or paths atcequmately 2-5 km intervals. A total of 327
vines from symptomatic ordinary sweet potato plamése collected and transferred to Jomo
Kenyatta University of Agriculture and TechnologKUAT), Department of Horticulture where
they were planted in 15-20 cm diameter pots iniletesoil (solar sterilization) enriched with
diammonium phosphate fertilzer in an insect-promeenhouse and watered regularly. Plants
were sprayed regularly with Malathion against aptadd whiteflies to avoid virus spread among

the plants. The samples were tested for virus iidies after one month.
3.1.2 Serological analysis of sweet potato samples

Symptomatic sweet potato samples collected durlmg furvey were subjected to
serological testing for SPFMV, SPCSV, SPMMV, SPCEBEMSV, SPCa-LV, SPLV, C-6,
SPVG and CMV using nitrocellulose membrane enzyimieetl immunosorbent assay (NCM-
ELISA) using standard NCM-ELISA kit obtained frothe International Potato Center, CIP,
Lima, Peru (Gibb and Padovan, 1993). The Kit comadi polyclonal antibodies specific to
SPFMV, SPCSV, SPMMV, SPCFV, SPMSV, SPCa-LV, SPLW,GPVG and CMV as well

as negative and positive controls.
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Three leaf discs (1-cm diameter) from a compositae of three leaves taken from
different points (bottom, middle and top) of swpetato plant (one month old) were ground in 1
ml of extraction buffer (Appendix C) in plastic lsagrhe ground sample was allowed to stand
for 30 — 45 minutes at room temperature for the tsaphase out. Using a clean pipette each
time, 15 pl of clear supernatant of each samplebl@ted at the center of a square made on the
nitrocellulose membrane. The membrane was allowetdty at the room temperature for about
15 — 30 minutes. Once dry, the membrane was immeéns80 ml blocking solution (Appendix
C) in a Petri dish for 1h. The blocking solutionsadiscarded and the membrane immersed in a
Petri dish with the primary antibody diluted (1:00@/v) in antibody solution. The membrane
was then incubated at room temperature overnigkit, avconstant agitation on an orbital shaker
(50 rpm). The primary antibody solution was disearédnd unbound antibodies removed from
the membranes by washing with constant agitation-TBS (Appendix C) four times for three
minutes each time at 100 rpm. The membranes wereithmersed in 30 ml of goat anti—rabbit
alkaline phosphatase (GAR — AP) solution (1:1000 i a Petri dish for 1h. The substrate
solution, nitro blue tetrazolium chloride / 5-bromechloro—3— indolyl phosphate (NBT/BCIP),
was added and the reaction allowed to proceed GomB at room temperature. Positive and
negative reactions were determined by visual assasswith different grades of purple colour
indicating positive reactions. The substrate sofutvas discarded after 30 min of incubation and

membranes washed twice with distilled water to stop further colour development.

3.1.3 Total ribonucleic nucleic acid extraction fron Cucumber mosaic virus

(CMV) infected samples

Fresh young leaf tissue (100 mg) was ground to fioeder in liquid nitrogen using a
mortar and pestle. Total RNA was extracted fronvdsaof sweet potato samples determined to
be infected with CMV from the serological analyaisd from a healthy control. The RNA was
extracted using RNeasy® Plant Mini Kit (Qiagen |n¥alencia, CA) according to the
manufacturer’s instructions (Qiagen, 2006). Thegnty of the extracted RNA was evaluated by
electrophoresis in 1% agarose gel stained withdetin bromide (Sigma). Total RNA was
amplified using CMV-specific primers, 5'-GCC GTA AGTGG ATG GAC AA- 3'and 5'-TAT
GAT AAG AAG CTT GTT TCG CG-3' forward and reverserpers, respectively (Wyliet al.,
1993). The primers were synthesized by Sigma, &dences Corporation (Germany).

29



3.1.4 Reverse transcription and polymerase chain aetion (RT-PCR)

Reverse transcription (RT) was performed in 18.8eattion mixture using Omniscript
Reverse Transcription Kit according to the manufists instructions (Qiagen, 2004). Three (3)
pl of total RNA (1 pg/ul), 0.2 pl of reverse prim8r3 ul of random primer and 9.5 pl of RNase-
free HO were incubated at 70 °C for 10 min then cooledc& For the first strand cDNA
synthesis, 2.0 pl of 10x strand buffer, 0.3 pul @M dNTP mix, 0.5 pl of OmniscriptReverse
Transcriptase (Qiagen Inc., Valencia, CA), 0.5 fuRdlase inhibitor and 2.5 pul of RNase - free
H,O were added to the reaction tube and the mixtutédr incubated at 42 °C for 1 h. PCR was
performed using the Tag PCR Master Mix Kit accogdio the manufacturer’s protocol (Qiagen,
2002). PCR reaction mixture, 20.0 pl, consisteti®d pl of PCR Master Mix (containing 25nM
MgCl,, dNTP mix 10 mM each, Taqg polymerase and 10x QINGECR buffer), 4.0 ul of Q —
Solution (Qiagen), and 0.3 pl each of forward askrse primer, 1.0 ul of cDNA (1 pg/ul) and
4.4 ul of RNase free ¥ was prepared. PCR was carried out using thewvioip cycling
conditions: one cycle at 95 °C, 5 min for initi@ndturation followed by 35 cycles 96 °C, 5 sec
for denaturation, 62C, 5 sec for primer annealing and 72 °C, 30 seexXtension and a final
extension at 72 °C for 1 min. PCR products werdyaed by electrophoresis using 1% agarose
gel stained with ethidium bromide and DNA bandsemgsualized under UV light (254 nm).

3.2 Development of a multiplex PCR technique for dection of SPFMV and
SPCSV

3.2.1 RNA extraction from SPFMV and SPCSV infectedamples

Total RNA was extracted from leaves of sweet potsaonples infected with both
SPFMV and SPCSV and a healthy control using RNeaBy@t Mini Kit (Qiagen Inc.,
Valencia, CA) according to the manufacturer’s imstion (Qiagen, 2006). Two sets of primers
specific to SPFMV and SPCSV (Table 1) were devaloped obtained from a commercial
source (Sigma, Life Sciences Corporation, Germahlyg SPFMV primers were designed from
highly conserved regions of the SPFMV strains gean East Africa namely the East African
strain (SPFMV-EA), ordinary strain (SPFMV-0), artetcommon strain (SPFMV-C) ( Ateka,
2004; Mukasat al.,, 2003).
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Table 1: Virus-specific primer pairs used to ampliy SPFMV and SPCSV in
mPCR

Virus Primer name Primer /Sequence Expected praizet(bp)

SPFMV SPFMV-F 5'-GGACGAGACACTAGCAA-3' 703
SPFMV-R S-TTCTTCTTGCGTGGAGACGT-3'

SPCSV SPCSV-F 5-ACGTTGGTTGGCGTTGA-3' 235
SPCSV-R 5'-ATCTGCGGGAACTGACACG-3'

3.2.2 Optimization of multiplex conditions

The reactions were optimized by varying the amafntomplementary DNA (cDNA)
template of each target. Optimization was carriedby methodical variation of test parameters
under standard PCR conditions. The cDNA templateuats tested ranged from 1.0 to d®
per PCR reaction mix of 20 and 40ul for singlex PCR (sPCR) and mPCR, respectivelye Th
annealing temperature ranged from 60 to 63 °C vasetiee number of cycles ranged from 30 to
35.

3.2.3 Singlex PCR and RT-PCR assay

The designed specific primer sets of SPFMV and SP@8&re tested against templates
of RNA extracted from leaves of sweet potato plasitswing SPVD symptoms separately in
Singlex PCR (sPCR). Reverse transcription (RT) pedormed using Omniscript® Reverse
Transcriptase according to the manufacturer's paitqQiagen, 2006). Reverse primers,
SPFMV-R and SPCSV-R (Table 1) specific to SPFMV &RICSV, respectively were used.
DNA amplification was performed using the Qiageffag PCR Master Mix Kit (Qiagen)
following the manufacturer's instructions(Qiagen02). PCR was carried out using the
following parameters: initial denaturation at 95 %0min followed by 35 cycles 96 °C, 5 sec for
denaturation, 63 °C, 5 sec for primer annealing a®C, 30 sec for extension and a final

extension at 72 °C for 1 min.

31



3.2.4 Multiplex PCR and RT-PCR assay

The mPCR, similar to the sPCR, consisted of a ttep seaction procedure which
included reverse transcription followed by PCR dfigaition. Total RNA was subjected to
cDNA synthesis in a 19.0l as follows: Threaig of total RNA, 0.2ul each of SPFMV-R and
SPCSV-R primers (Table 1), 048 of random primer and 9.5l of RNase free bD were
incubated at 70 °C for 10 min. To the reaction omet 2.0ul of 10x strand buffer, 0.8l of 5
mM dNTP mix, 0.5ul of Omniscript® Reverse Transcriptase (Qiagerf,0of RNase inhibitor
and 2.5ul of RNase free bD were added. The resulting master mix was incubat&? °C for 1
hr followed by 70 °C for 10 min. The mPCR reactmixture consisted of 1.0 to 3y of the
synthesized cDNA (containing cDNA for SPFMV and SR, 20 ul PCR Master Mix
(Qiagen), 0.3u of each of the two set of primers, &Dof Q-Solution (Qiagen), and the final
volume made up with RNase free;(H The mPCR was performed using the following
parameters; initial denaturation at 95 °C for 5 fiofiowed by 30 - 35 cycles 96 °C, 5 sec for
denaturation; 60 — 63 °C, 5 sec for primer anngadimd 72 °C, 30 sec for extension and a final

extension at 72 °C for 10 min to determine the aling temperature for the two primers.
3.2.5 Evaluation of the developed mRT-PCR protocol

Thirteen symptomatic and one healthy sweet potatoptes collected from farmers’
fields were tested for SPFMV and SPCSV infectiomgghe developed protocol. Twey of
cDNA template was used in the PCR under the folgwparameters: one cycle at 95 °C for 5
min followed by 35 cycles 96 °C, 5 sec for denatara 63 °C, 5 sec for primer annealing and 72

°C, 30 sec for extension and a final extensior2&C7for 10 min.
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3.3 Phytochemical studies oWV. ugandensis, E. schweinfurthianumand T.

brownii plants

3.3.1 General experimental procedure

Melting points were determined on a Gallenkamp @ldaorough, UK) melting point
apparatus and are uncorrected. Distilled solvermti®wsed for extraction and chromatographic
separations. Analytical thin layer chromatogramsG@Ywere run on 0.2mm thick layer of silica
gel, Merck. Column chromatography was performegibea gel 70-230 mesh (Sigma). The UV
spectra were run on Pye Unicam SP8-150 UV/visiplecsophotometer (Cambridge, UK. IR
data were recorded on a Perkin-Elmer FTIR 600 sesgectrophotometer (Waltham, MA,
USA). The NMR data were measured in Cb@hd CDC}-DMSO-d;s on a Bruker NMR
ultrashield TM (Darmstadt, Germany) operating @ a88d 90 MHZH and**C for, respectively.

The MS data were obtained on a Varian MAT 8200Arument (Bremen, Germany).
3.3.2 Collection of plant materials

The stem bark ofV. ugandensisvas obtained from species grown near St. Mary’spital
along Nakuru-Gilgil highway (latitude 0° 24' 4249 and longitude 36° 15' 10.59" E) in
August 2008 E. schweinfurthianunstem bark was collected from Shimba Hills (lateut?
15'53.84" S and longitude 39° 22' 19.61" E)apt8mber 2008. Stem bark Bf browniiwas
collected near Kindu Bay Mission Hospital along HerBay - Oyugis road (latitude 0° 22'
22.00" S and longitude 34° 39' 09.05" E) in Nokkem2008. The collection process of the
various plant specimens was supervised by Mr. Mut$ the Department of Botany,
University of Nairobi. Identification of the plantgas done at the Kenya National Museum
and at the Department of Botany, University of Nhirherbaria after comparison with
authentic  samples. Warburgia  ugandensis (2008/08/01/SAO/CHEMMK), E.
schweinfurthianum (2008/09/04/SAO/CHEMMK) andT. brownii (2008/11/15/SAO/
CHEMMK).
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3.3.3 Preparation and solvent extraction of plant raterials

Plant materials were cut into small pieces andiaed for one month under a shade. The
material specimens were ground ifftoe powder in readinesfor extraction. The sample
preparation and extraction procedure were carrigdas described by Harbone (1994). Cold
sequential extraction was done with distilled oigaolvents of increasing polarityp-bexane,
ethyl acetate and methanol). Powdered plant (2nkaferial was soaked in n-hexane (3 x 3 L)
solvents and left to stand for seven days, witrasmmnal shaking. The macerate was filtered and
the filtrate concentrated under vacuusing rotary evaporatofhe same extraction procedure

was repeated with ethyl acetate and finally withthagol.

The stem bark o¥V. ugandensiafforded 20 g, 105 g and 215 g of n-hexane, edbgltate and
methanol extracts, respectively. Extracts fremschweinfurthianumwvere obtained in 15 g, 100
g and 210 g of n-hexane, ethyl acetate and metlrextiEcts, respectively.. brownii stem bark
sequential solvent extraction produced 18 g, 7@ 80 g of n-hexane, ethyl acetate and
methanol extracts, respectively. Extracts wereestat 4°C for phytochemical and antimicrobial

activity studies against sweet potato fungi anddré
3.3.4 Isolation of compounds fromV. ugandensis

For chromatographic separation, portions of n-hex@rb g) and ethyl acetate (65 Q)
extracts were combined because the two extractweshaimilar profiles on thin TLC. The
combined extract (80 g) was dissolved in minimunoant of ethyl acetate and adsorbed into
silica gel before evaporation to dryness. Theltegudark brown oily material was loaded on
top of silica gel packed glass column (5 x 60 c00 B8) and eluted with increasing gradient of
EtOAc in n-hexane, EtOAc, GiEl,-MeOH mixture with increasing concentration of Me@kd
elution was finally concluded with neat MeOH. Théole process was done under medium

pressure.

A total of 400 fractions (each 20 ml) were sampmed their homogeneity monitored by
TLC using solvent systems: n-hexane-ethyl acetate, @4:1, 3:2, 2:1 and 1:1) and &Ei»-
MeOH (95:5 and 9:1). The eluants were combinedftrydithe following fraction pools.
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1)

IN)

Fraction 15-60 (n-hexane - EtOAc 95:5 eluate, 1%vg$ an oily substance with aromatic

smell. It was kept for future GC - MS analysis.

Eluate (n-hexane- EtOAc 9:1, and 4:1, fractionsD, 10 g) showed four sports Walues
0.53 (major component), 0.42, 0.35 and 0.22, whialned greenish purple with
anisaldehyde — conc.,BO, mixture after spraying and heating at 100 °C. ffaetions were
combined and from this pool crystallized out whiedles which were filtered and further
purified by re-crystallization (n-hexane- EtOA®&:9) to give polygodial13], R; = 0.53 (n-
hexane- EtOAc, 4:1), 120 mg. The mother liquor erxsporated under reduced pressure and
upon flash chromatography using (n-hexane — EtOAg fbllowed by the same solvent
system in the ratios 19:3 and 4:1 to give furthdr 25 mg, cinnamolidel[/] (n-hexane-
EtOAc, 4:1, R= 0.42, 73 mg), warbugandl4] (n-hexane- EtOAc 4;1, #0.35, 65 mg) and
9-deoxymuzigadiall0]] (n-hexane- EtOAc 4:1,{& 0.22, 45 mg).

Ill) Pool Il (n-hexane- EtOAc 4:1, 3:2 and 1:1, frang80102-220, 15 g) contained one major

V)

spot R value 0.33 (n-hexane- EtOAc 3:2) which masked rot@ots. This pool also
crystallized out to give amorphous powder which Wwather purified by re-crystallization in
n-hexane- EtOAc 19:3 to afford white plate-like eral, muzigadial 22], 2000 mg. The
mother liquor was evaporated under reduced presswtefurther purification by repeated
flash chromatography over silica gel column (3 xo8d, 100 g) using (n-hexane - EtOAc
(9:1, 4:1 and 3:2) and collecting 10 ml each gavéurdher polygodial 13], 15 mg,
warburganal 14, 20 mg] and muzigadial2p, 68 mg]. The other secondary metabolites
isolated from this eluate included bemadienolit@?] n-hexane — EtOAc 3:2,:R 0.22, 55
mg] and drimeninf03 n-hexane — EtOAc 3:2,;R 0.18, 64 mg].

Eluate IV (n-hexane - EtOAc, 1:2 and EtOAC, frani@25 -300, 11 mg) afforded five spots
of Rr values 0.36, 0.32, 0.29, 0.26 and 0.18 using &luehexane — EtOAc, 1:1. The spots
upon spraying with anisaldehyde — congSB, mixture and heating turned greenish purple.
A change of developing reagent to iodine vapor atag an additional spot ofi Ralue 0.34.
This pool was resolved into individual compounddraygtionation over silica gel column 3.5
x 60 cm, 150 g) using n-hexane- EtOAc (3:2) to dither14, 22 and102 in 16, 29 and 10

mg, respectively. Also isolated from this fractiere 3-acetoxycinnamolidel]d, Ry = 0.26,
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65 mg], &-acetoxyugandensolidé(4, R; = 0.34, 85 mg] and ugandensidiab] Rr = 0.18,
54 mq].

V) Eluate V ( EtAQOc, fractions 310 - 360, 9 g) showiecke spots Rvalues 0.61 (major), 0.59
and 0.46 using Cil,-MeOH, 97:3 as the developing solvent. Applicatainthis pool to
repeated silica gel column (2.5 x 60 cm, 120 g}lirguwith CHCI,-MeOH (99:1) and
collecting 10 ml each afforded mukaadiab| Rr = 0.61, 100 mg], &-hydroxymuzigadial
[23, R = 0.59, 55 mg] and ugandensoli@®[R; = 0.46, 72 mq].

VI) Eluate VI (CHCI,-MeOH, 95:5 and 9:1, fractions 365 - 400, 8 g) sbdwne component
with R; = 0.41 after development with GEI,-MeOH (95:5) and spraying with anisaldehyde
— conc. H2S04 mixture. The compound was obtainguline form by re-crystallization in n-
hexane-CHCI,-MeOH (97:2.5:0.5) to give white crystals, deacgtmandensolide[l], 45

mg.

Polygodial [13]: white needle crystals (n-hexane- ethyl acetate ure}f GsH»,0,, Rr value of
0.53 (n-hexane: ethyl acetate 4:1), mp 58 -59 AC[Jlanseret al., 1988] 57 °C); ¢]p -131°
(MeOH, ¢, 0.35)UV Anmax (CH:CN) 226 nm ;IR vimax(KBr) cm™: 1730, 1680, 1645H and™*C NMR

5 (ppm): See Table 4; EIMB/z(rel. int.): 234 [M] (1), 206 (55), 191 (25), 121 (65), 109 (60),
41 (100).

Warbuganal [14]: White crystals (n-hexane- ethyl acetate mixture)sHgOs Ry 0.35 (n-
hexane: ethyl acetate 4:1), mp 134 -135 °C (litojKet al., 1989] 134 -136 °C);d]p -216°
(MeOH, ¢, 1.0);UV Amax (CHCN) 223 nm ; IR vmax (KBr) cmil; 3451, 2947, 2921, 2868, 2803,
1714, 1681, 1644H and**C NMR: & (ppm): See Table 5; ESI-M8/z: 273 [M+Na]".

Mukaadial [15]: White needdle crystals (GBl,-MeOH), GsH»,04 Rs 0.61 (CHCIl,-MeOH
97:3), mp 228-229 °C (lit. [Kiogt al.,1989] 230 °C); ¢]p -35°(MeOH, ¢, 0.5)UV Anax (CH:CN)
218 nm ; IR vmax (KBr) cm®: 3350, 2990, 2923, 2798, 2701, 1720, 1696, 1466nd**C NMR:

5 (ppm): See Table 6; EIM®/z(rel. int.): 266 [M] (5), 248 (100), 236 (15), 230 (46), 220 (23),
202 (21), 175 (27), 160 (6), 138 (8), 104 (10)(@%

Ugandensidial [16]: White needles (n-hexane- ethyl acetateyHz1Os Rr 0.18 (n-haxane: ethyl
acetate 1:1), mp 136 - 137 °C (lit. [Kiey al.,1990a] 138 -140 °C)u]p -360°(MeOH, c, 2.5);
UV Amax (CHSCN) 220 nm ;IR vinax (KBr) cm™: 3428, 3007, 2945, 2848, 1743, 1781, 1692, 1462;
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and**C NMR: 5 (ppm): See Table EIMS m/z(rel. int.): 308 [M] (5), 280 (34), 237 (12), 220
(50), 148 (56), 109 (60), 60 (80), 43 (100).

Muzigadial [22]: White plate-like material (n-hexane: ethyl acetaigture), GsH,003, R 0.33
(n-hexane: ethyl acetate 3:2), mp 123 -125 °C[Hittbo et al.,1977] 122 - 124 °C);ofp -230°
(MeOH, ¢, 2.0);UV Amax (CHCN) 228 nm ;IR vmax (KBr) cm™: 3455, 2966, 2921, 2870, 1731,
1671;*H and*C NMR: & (ppm): See Table &IMS m/z (rel. int.): 248 [M] (10), 237 (100),
219 (19), 109 (43)69 (50), 41 (52).

6a-Hydroxymuzigadial [23]: White crystals (CkCl,-MeOH mixture), GsH»004 Rf 0.59
(CH.CIx-MeOH 97:3), mp 150-152 °Cp]p -97°(MeOH, ¢, 0.35)UV Apax (CHCN) 210 nm ; IR
vimax (KBr) cm:3360, 2958, 2860, 1727, 1678, 1639, 1454, 1387818171, 1135, 1055, 1029,
986, 897;'H and**C NMR: 8 (ppm): See Table EIMS m/z(rel. int.): 265 [M+1] (3), 248 (12),
247 (100), 235 (5), 229 (8), 219 (7), 201 (13), 3, 109 (4), 95 (1).

9-Deoxymuzigadial [101]:Pale yellow oil, GsH200,, R 0.22 (n-hexane: ethyl acetate 4:hjjp|
-78°(MeOH, ¢, 0.35)UV Anax (CH:CN) 216 nm ;IR vimax (KBr) cm™; 2960, 2922, 2870, 1714, 1680,
1655, 1408, 1340, 1205, 1140, 1022, 994, 840and**C NMR: 5 (ppm): See Table 10; EIMS
m/z(rel. int.): 232 [M] (100), 217 (39), 214 (90), 203 (59), 199 (57), 188), 173 (70), 159 .

Ugandensolide [20]:White needle crystals (GBl,-MeOH), G7H2404 R 0.57 (CHCI,-MeOH
97:3), mp 215-218 °C (lit. [Brooks and Drafan, 186218 °C); fi]p +23°(MeOH, c, 1.0);uv
Jmax (CHECN) 220 nm ;IR vmax (KBr) cm™: 3451, 29.31, 2887, 1733, 1672, 1463, 1370, 13231,
1203, 1142, 1063, 102%4 and**C NMR: § (ppm): See Table 11; EIM®/z(rel. int.): 308 [M]
(10), 266 (96), 248 (96), 233 (28), 215 (20), 128)( 163 (35), 69 (28), 55 (26), 43 (100).

7ao-Acetoxyugandensolide [104]:White gummy material, {gH.60s R; 0.34 (n-hexane-ethyl
acetate 1:1), mp 228-23C; [a]p +24°(MeOH, ¢, 0.01) UV Ana (CH:CN) 218 and 228 nm IR Vinax
(KBr) cm™: 2966, 2915, 1758, 1728, 1681, 1458, 1373, 1248611095, 1043, 1009, 964, 742;
'H and™*C NMR: § (ppm): See Table 12; EIM&/z (rel. int.): 350 [M] (2), 307 (23), 290 (65),
274 (15), 248 (18), 247 (100), 232 (35), 206 (22)(84).

Deacetoxyugandensolide [21]:White needle crystals (n-hexane-EtOAc-MeOH 97:25;0
C15H2204 Rf value 0.41 (n-hexane: ethyl acetate 7:3), mp ZB0-Z (lit. [Kioy et al., 1990a]
260 - 265 °C); ¢]o +70°(MeOH, ¢, 1.0)UV Apayx (CHCN) 220 nm; IR vinax(KBr) cm™: 3350, 2930,
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1727, 1672, 1468, 1344, 1281, 1063, 1015, 966, 687, 554, 462*H and™*C NMR: & (ppm):
SeeTable 13; EIMSm/z (rel. int.): 266 [M] (100), 248 (35), 215 (45), 151 (55), 136 (75), 69
(88), 41 (100), 39 (25).

Cinnamolide [17]: White crystals (n-hexane-ethyl acetate mixture)sHz;O, R; 0.42 (n-
hexane-ethyl acetate 4:1), mp 126-128 °C (lit. [Kw al., 1990a] 128 - 129 °C);o]p -29°
(MeOH, ¢, 0.1)UV Anax (CH:CN) 224 nm ;IR vmax(KBr) cmi™; 2918, 2862, 1754, 1689, 1458, 1388,
1328, 1219, 1037, 1010, 962, 742, 675, 6P8and**C NMR: § (ppm): Seélable 14; EIMSm/z
(rel. int.): 234 [M] (7), 219 (7), 124 (89), 111(30), 109 (100), 69 (28)

3p-Acetoxycinnamolide [19]: White crystals (n-hexane-ethyl acetate);H;,04 Rf value 0.26
(n-hexane-ethyl acetate 4:1), mp 152-155 °C (itoy et al., 1990a] 153 - 155 °C)o|p +7°
(MeOH, ¢, 0.1)UV Anax (CHCN) 221 nm:IR vimax (KBF) cm™; 2970, 2955, 1754, 1728, 1682, 1482,
1461, 1444, 1422, 1396, 1376, 1244, 1201, 11405,10%41, 1040, 967, 743 and™>C NMR:

5 (ppm): See Table 15; EIM®/z(rel. int.): 292 [M[ (100), 232 (45), 231 (5), 122 (6), 121 (26),
106 ( 7), 95 (3)

Bemadienolide [102]:White crystals (n-hexane- ethyl acetate mixture}-HepO, R;value 0.22
(n-hexane: ethyl acetate 3:2), mp 124-126 °C[@ianonicaet al.,1969b] 124 - 124 °C)y]p -
181°(MeOH, ¢, 0.35)UV Apay (CHCN) 210 nm ;IR vimax (KBr) cm™; 2978, 1760, 1640, 1461, 1398,
1246;'H and™*C NMR: & (ppm): SeeTable 16; EIMSm/z (rel. int.): 232 [M] (27), 217 (10),
203 (18), 176 (15), 173 (18), 161 (26), 149 (39) 1100), 131 (20), 119 (32), 91 (28), 41 (28).

Drimenin [103]: White crystals (n-hexane-ethyl acetate)sH;,0, R; 0.18 (n-hexane: ethyl
acetate 3:2), mp 131-133 °C (lit. [Wenkett al., 1964] 132 - 133 °C);d]p -42° (MeOH, c,
0.76); UV Amax (CHCN) 226 nm ; IR vmax (KBr) cmi’: 2923, 2848, 1761, 1706, 1487, 1385, 1365,
1274, 1172, 1134, 1003, 985, 933, 861, 809, 716, $6and**C NMR,**C NMR: 5 (ppm): See
Table 17; EIMSQn/z(rel. int.): 235 [M] (100), 191 (10), 189 (10), 179 (7), 139 (6), 128)(211
(25), 95 (12), 91 (5).
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3.3.5 Isolation of compounds fronk. shweinfurthianum

Isolation of compounds from n-hexane extractThe crude extract (10 g) was mixed
with silica gel in a minimum amount of n-hexanearround bottom flask. The solvent was
removed in avacuoto obtain a free flowing brown substance. Theawttivas fractionated over
silica gel column (2.5 x 60 cm, 100g) using n-hexarith gradient of ethyl acetate up to 100%.
A total of 100 fractions each of 20 ml were colezttand their composition monitored by TLC
using solvent systems: n-hexane ethyl acetate,aBdl 4:1. Fractions showing similar TLC
profiles were combined resulting into three podlBl). Pool | (fractions 1-23, 1 g) did not show
any spot on TLC and was discarded. Pool Il (fraxgiB1-68, 3 g) crystallized out to give a white
compound upon which, on further purification usmyexane-ethyl acetate (9:1) gav@amyrin
acetate 105] 56 mg. The mother liquor of this pool upon TLC lgses using n-hexane-EtOAc
(9:1) showed one spot ofi Ralues 0.45, and was subjected to further coluhroroatography
with n-hexane- EtOAc (9:1) to afford stigmastgi@l] (78 mg). Pool Il (fractions 73-100, 3 g)
also crystallized out and after re-crystallizatign-hexane-EtOAc, 9:1) afforded further
stigmasterol90] 45 mg.

Isolation of compounds from ethyl acetate extract:Ethyl acetate extracts dE.
shweinfurthianun{75 g) was fractionated over in silica gel colu(@r0 x 60 cm, 200 g) using n-
hexane-ethyl acetate (10% increment of ethyl aeptadthyl acetate neat and finally with
CH,Cl,-MeOH (with 10% and 20% increment of MeOH) to yiélfl fractions (20 ml each).
The composition of the fractions was monitored CTusing n-hexane-ethyl acetate (4:1, 3:2
andl:1) and CkCl,-MeOH (9:1 and 4:1) as solvent systems. Fractidiewisg similar TLC
profiles were combined resulting in five pools (J-V

Pool I (fractions 1-44, 8.2 g) which gave one spofTLC R value 0.23 (n hexane-ethyl
acetate 9:1) on subjection to further fractionagtuting with n hexane-ethyl acetate ( 95:5, 9:1)
gavea-amyrin acetatell05 30 mg, . Pool Il (fractions 45-113, 15 g) whiclasveluted with n-
hexane: ethyl acetate mixture (9:1) showed thre¢sspf R values 0.23, 0.33 and 0.42 on TLC
with the same solvent system. Further column chtogmaphy with n-hexane: ethyl acetate
mixture (95:5, 9:1, 4:1) further affordedamyrin acetatelf05 72 mg, 3-oxofriedooleanané4
65 mg and3-sitosterol p3] 54 mg. Pool Il (fractions 114-163, 17g) which svaluted with n-
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hexane: ethyl acetate mixture (4:1) gave three mgpomts on TLC using the same solvent
system. On subjection to further column chromatpigyaeluting with n-hexane: ethyl acetate
mixture (9:1, 4:1, 3:2) pool Il yielded stigmasief90] 78 mg, 3-oxofriedoolean-28-a#%] 80
mg and 8-hydroxyfriedooleananelpg 83 mg. Pool IV (fractions 164-211, 12.5 g) shoved
major spots on TLC with n-hexane: ethyl acetatetune&x (7:3) and on further fractionation
eluting with n-hexane: ethyl acetate mixture (#13) affordeda-amyrin [107] 77 mg and 3-
oxofriedoolean-29-01108 93 mg. Pool V (fractions 212-151, 8.9 g) was tiert subjected to
column chromatography using of n-hexane: ethylaeemixture (7:3, 3:2) to yield lanosterol
[109 74 mg.

p-Sitosterol [63]: white crystals (n-hexane-ethyl acetate}oHg,O, R value 0.42 (n-hexane:
ethyl acetate 9:1), mp 134-135 °C(lit. [Abu-Mustaaal., 1960] 136 - 137 °C);d]p +49°
(MeOH, ¢, 0.35)JV Anax (CHsCN) 202 nm;IR vimax (KBr) cmi’: 3404, 2924, 1635, 1458H and™*C
NMR: § (ppm): See Table 18; ESI-M8/z437 [M+Na]".

Stigmasterol [90]: white crystals (n-hexane-ethyl acetate)gHgoO, R 0.16 (n-hexane: ethyl
acetate 9:1), mp 169-170 °C (lit. [Shamraeehl.,1996] 169.5 °C);d]p +51°(MeOH, c, 2.0)uv
Jumax (CHLCN) 257 nm:IR vimax (KBr) cmit: 3356, 2941, 2869, 1663, 1647, 1457, 1381, 136Pand
13C NMR: 5 (ppm): See Table 18; EIM®/z(rel. int.): 412 [M] (24), 369 (4), 314 (1), 300 (4),
271 (36), 255 (8), 246 (10), 231 (4), 171 (4), 18p 147 (14), 133 (13), 119 (21), 107 (31), 81
(67), 55 (100), 45 (85).

Lanosterol [109]: White crystals (5% MeOH in Ci€l,), CsoHs00, R value 0.46 (n-hexane:
ethyl acetate 4:1), mp 144-145 °C (lit. [ClaytordaBloch, 1955] 132 - 133 °C)p]p +62°
(MeOH, ¢, 1.12)PV Anax (CHsCN) 202 nmiR vimax (KBr) cmi™: 3462, 2928, 1644, 1448H and™C
NMR: § (ppm): See Table 18; ESI-M8/z449 [M+Na[.

3-Oxofriedooleanane [44]:White crystals (n-hexane-ethyl acetate mixturehHg,O, R value
0.33 (n-hexane-ethyl acetate 9:1), mp 260 -261litd%od et al.,2009] 258.1 — 261.3 °C);alp
-28°(MeOH, ¢, 1.12)IR vmax (KBr) cmi'; 1706, 2927-2869, 1450, 13384 and*C NMR: §
(ppm): See Table 19 & 20; EIM®/z (rel. int.): 426 [M] (100), 411 (20), 344 48), 341 (10),
302 (36), 273 (50), 246 (34), 218 (36), 205 (42)9)1(34), 137 (28), 125 (60), 123 )62), 109
(72), 95 (82), 69 (88), 55 (59), 41 (32).
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3a-Hydroxyfriedooleanane [106]: White crystals (CHCI-MeOH 9:1), GoHs0, R value 0.28
(n-hexane ethyl acetate 4:1) mp 290-292 °C (liudBkiewicset al., 1963] 303 — 304.3 °C);
[a]p +18°(MeOH, ¢, 1.12)JR vmax(KBr) cm™: 3476, 2933, 2869, 1449, 1338 and™*C NMR:

5 (ppm): See Table 18 & 2EIMS m/z (rel. int.): 428 [M[ (30), 413 (22), 395 (30), 248 (12),
220 (30), 206 (22), 177 (21), 165 (67), 137 (2&3 148), 108 (74), 95 (100)69 (90), 55 (44), 41
(22).

3-Oxofriedoolean-29-ol [108]:White crystals (n-hexane- ethyl acetate mixturepHgO-2, Rs

value 0.38 (n-hexane: ethyl acetate 4:1), mp 25D<25(lit. [Abbaset al.,2007] 252 - 253 °C);
[a]p +87°(MeOH, ¢, 1.0);'H and**C NMR: & (ppm): See Table 19 & 20; ESI-M8/z 465

[M+Na]”.

3-Oxofriedoolean-28-al [45]:White needles (5% MeOH in GBI,), C3H4s0,, Ry value, 0.22
(n-hexane- ethyl acetate 4:1), mp 263-265 °C (Malaaid Kundu, 1994] 262 - 263 °C)i]b
+65°(MeOH, ¢, 1.0)*H and**C NMR: & (ppm): See Table 19 & 20; ESI-M&/z 463 [M+Na].

a-Amyrin [107]: White crystals (5% MeOH in Ci&l), C30Hs00, R value of 0.32 (n-hexane:
ethyl acetate 4:1), mp 180-181 °C (lit. [Goldstamd Jenkins, 2006] 181 — 181.5 °Gj)jf +83°
(MeOH, c, 1.12)*H and**C NMR: & (ppm): See Table 2ESI-MSm/z 449 [M+Na]".

a-Amyrin acetate [105]: White crystals (n-hexane-ethyl acetate mixture)He;O, R; 0.23 (n-
hexane: ethyl acetate 9:1) mp 214-215 °C (lit. fSt#in and Jenkins, 2006] 225 — 226 °G)p|
+77°(MeOH, ¢, 1.22)'H and**C NMR: § (ppm): See Table 21; ESI-M8/z 491 [M+Na]".

3.3.6 Isolation of compounds fronT. brownii

The composition of n-hexane extractloforowniiwas monitored by TLC and was found
to contain no major spot/ compound and was disdaré¢hyl acetate extract (75 mg) was
subjected to column chromatography over silicaajeting with n-hexane-ethyl acetate (10%
increment of ethyl acetate), ethyl acetate neatfaraly with CH,Cl,-MeOH (with 10% and
20% increment of MeOH) to give 132 fractions (e@bhml). The composition of the fractions
was monitored by TLC eluent: n-hexane-ethyl acetéte, 3:2 and1:1) and GBIl,-MeOH (9:1
and 4:1). Fractions showing similar TLC profilesreve&ombined, resulting to five pools (I-V).

Pool | (fractions 3-16, 6 g) showed an intense leurpolouration upon spraying with
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anisaldehyde — conc.,BO, mixture and heating. The pool contained mainlyyfatids and was
discarded. Pool Il (fractions 18-32, 8.5 g) whitlowed two spots on TLC with n-hexane- ethyl
acetate (9:1) was subjected to further column chtography eluting with n-hexane: ethyl
acetate ( 95:5, 9:1, 85:15, 4:1). Recrystalizati@s done in CkCl, — EtAOC mixture to afford
B-sitosterol £3], 85 mg and stigmastero®(] 65 mg. Pool Ill (fractions 37-66, 10.5 g) also
showed two spots on TLC with n-hexane- ethyl degfé: 1) was further fractionated by column
chromatography eluting with n-hexane: ethyl acet@#d, 75:25, 7:3, 65:35, 3:2) to give
monogynol A 10, 95 mg and betulinic acidBf], 98 mg on recrystalization with GBI, —
EtAOC mixture . Pool IV (fractions 72-101, 9.6 gifoaded arjungenin §3], 65 mg after
repeated column chromatography eluting with EtOdllofved by EtOAc: MeOH mixture (95:5,
9:1).

Monogynol A [110]: White crystals (CkCl, - MeOH), GoHs.0,, R value of 5.8 (n-hexane:
ethyl acetate 9:1), mp 237-238 °C (lit. [Ulubleehal., 1994] 232 °C); ¢]p +39° (MeOH, c,
1.28); UV Amax (CHsCN) 210 nm;*H NMR (CDCk, 360 MHz)s ppm: 3.20 (1H, dd) = 7.9, 3.6
Hz, H-3), 1.78 (1H, m, H-19), 1.74 (1H, m, H-1)61.(1H, m, H-2), 1.49 (1H, m, H-18), 1.36
(1H, m, H-7), 1.23 (1H, m, H-9), 1.18, 1.09, 1.097, 0.95, 0.85, 0.84, 0.76 (24H, s, 8 x Me);
13C NMR: § (ppm): See Table 2ESI-MS m/z 467 [M+Nal].

Butelinic acid [88]: White crystals from dichloromethane — methanol tomg, GoH4s03, Ry
value 0.18 (n-hexane: ethyl acetate 7:3), mp 2882-°C (lit. [Sodet al.,2009] 279 - 281 °C);
[a]p +10°(MeOH, ¢, 1.0):UV Amax (CHCN) 220 nm;IR vimax (KBr) cmi™; 3455 (OH), 3072 (=C}),
2942, 2869, 1687, 1642, 1458, 138A; NMR (CDCk, 360 MHz)& ppm: 4.73 (1Hbr. s, H-
29a), 4.60 (1Hbpr. s, H-29b), 3.20 20 (1H, dd,= 8.2, 6.0 Hz, H-3), 2.99 20 (1H, dt= 10.8,
5.4 Hz, H-19), 2.24 20 (1H, m, H-16), 1.97 20 (1HM22), 1.69, 0.97, 0.97, 0.96, 0.83, 0.75
(18H, s, 6 x Me)*C NMR: & (ppm): See Table 22; EIMS m/z (rel. int.): 456 [MP5), 438
(18), 248 (70), 207 (65), 189 (100).

Arjungenin [83]: White amorphous solid from GBl,-MeOH mixture, GoHsOs, R; value of
0.32 (n-hexane: ethyl acetate 1:1), mp 282-283litJHondacet al., 1976a] 293-294 °C);d]p
+29°(MeOH, ¢, 2.0)UV hmax (CHCN) 214 nm; IR vimax (KBr) cm™: 3404, 2935, 2720, 1705, 1640,
1462, 1362, 1067, 10244 NMR (CDChk, 360 MHz)8 ppm: 5.22 (1Hbr. s, H-12), 4.48 (1H, d,
J=8.1Hz, H-3), 4.01 (1H, m, H-2), 3.75 (1H,Jds 10.1, Hz, H-23a), 3.36 (1H, d,= 10.0 Hz,
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H-23b), 3.33 (1H, m, H-19), 1.27, 1.08, 0.89, 0.883, 0.64 (18H, &% x Me); 13C NMR: 5
(ppm): See Table 2ESI-MS m/z 527 [M+Nd].

3.4 Evaluation of antifungal and antibacterial actvity of plant extracts
3.4.1 Isolation of spoilage fungi and bacteria frondecayed sweet potato

Deteriorating sweet potato tubers were obtaineoh fitke open market (Maseno). Pieces 3
x 3 x 2 mm cut from advancing edge of a rot wendase sterilized in 70% alcohol for 1 min,
dried on sterile tissue paper and plated out orrigéhit Agar (NA) and Potato Dextrose Agar
(PDA). The plates were incubated at room tempegafiur up to 5 days after which fungal and
bacterial growth associated with rot affected &ssdentified with the aid of the appropriate
taxonomic keys (Ainswortbt al.,1973). The isolates were maintained on PDA slan&’C till

needed.
3.4.2 Antifungal and antibacterial assay of crudexracts

Antifungal and antibacterial activity of the metlohrethyl acetate and n-hexane extracts
of W. ugandensis, E. schweifurthianum and T. browas evaluated by the agar diffusion
method (Barryet al., 1979). Test fungi used wersternaria spp, A. niger, F. oxysporum, F.
solanumandR. stoloniferwhile test bacteria used welRe solanacearunfgram negative) an8.
ipomoeae(gram positive). The test was performed in stepiéri-dishes (90 mm diameter)
containing 20 ml PDA and NA for fungi and bacteniespectively. PDA and NA media were
prepared by reconstituting 39 and 28 g in 1 litfedwstilled water and heated to dissolve
completely. The media were sterilized by autoclgvat 120 °C for 20 min. Inoculation was
done by spreading 0.5 ml of spore suspension (D°xctlony forming unit/ ml) of the test
pathogen on the surface of the solidified agar if&eet al.,2001). Paper disc (Whatmann No. 1,
5 mm diameter) were impregnated with 100 pl of phent extracts (5 mg/ml) using a sterile
micropipette and left for 30 min to dry at room f@mature in the hood. The dried discs were
placed on the surface of the solidified inoculaagdr and incubated at 28 °C for 48 h for fungi
and 37 °C for 24 h for bacteria. Blitox, dithaneS\nd streptomycin sulpha{@Oug/ml) were
used as positive controls while DMSO without plexrtract was used as a negative control. All

tests were done in triplicates. The presence oézaf inhibition around the disc was interpreted
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as an indication of antimicrobial activity. Inhiloih zones were measured as described by Reiner
(1982).

3.4.3 Antifungal and antibacterial assay of pure @lates and minimum

inhibitory concentration (MIC)

The minimum inhibitory concentration (MIC) of puisolates were determined using the
method described by Anastasiah and Ndalut (2P@b6ykarying concentrations of 200, 100, 50,
25, 12.5, 6.25, 3.13 and 1.56 pg/ml. Sterile papses were impregnated with 100 pl of the
reconstituted samples. The dried discs were tremesfeaseptically into PDA and NA plates
previously inoculated with test fungi and bacterepectively as described in Section 3.4.2. MIC

(in pg/ml) was regarded as the lowest concentraliahproduced a visible zone of inhibition.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Viruses infecting sweet potato in western Kenya

Symptomatic sweet potato samples collected fromées’ fields in Western Kenya were
tested for SPFMV, SPCSV, SPMMV, SPCFV, SPMSV, SBZaSPLV, C-6, SPVG and CMV
using NCM-ELISA. Out of the 327 samples tested, 8@%e infected whereas (11%) gave
negative results (Table 2). Samples from WesteowiRce showed 94% infection whereas those
from Nyanza Province showed 84% infection. Samfyl@® Bungoma, Busia, Kakamega, Kisii
and Rachuonyo showed 100% infection. Siaya DistificNyanza Province showed the least
frequency of infection (60%).

Five viruses namely SPFMV, SPCSV, SPMMV, SPCFV @V were detected from
the serological analysis (Table 3). SPFMV, whichswilae most widespread, was detected in
samples from all the 10 districts surveyed withgfrency of detection ranging from 60% to
100%. A total of 293 (89%) of the samples testeacted with SPFMV-specific antibody.
SPCSV was the second most widespread and was efktactl79 (55%) of the samples.
SPMMV, SPCFV and CMV were also detected in the sasngt 17%, 12% and 5% respectively.
SPMMV was detected in 9 out of 10 districts wher&CFV was detected in 8 out of 10
districts. CMV, which was the least widespread, watected in 4 out of 10 of the districts
surveyed namely Bungoma (14%), Teso (11%), Ki€i4), and Rachuonyo (15%).

Previously, SPFMV, SPCSV, SPMMV, SPCFV and SPMS\ewmeported to infect
sweet potato in Kenya (Atekat al., 2004; Mianoet al., 2006; Nyabogeet al., 2008). The
widespread occurrence of SPFMV in the region isagneement with previous reports that the
virus occurs virtually everywhere sweet potatoriswn including countries in tropical and sub-
tropical areas as well as temperate regions (Meyer Salazar, 1989; Salazar and Fuentes,
2001). The widespread occurrence of SPFMV (89%yfa@sapared to the other four viruses
detected might be related to the way farmers séheit planting materials. Since sweet potato

plants that are singly infected with SPFMV exhiitd or no clearly visible symptoms (Gibson
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et al.,1997), farmers find it difficult to distinguish drexclude SPFMV- infected cuttings from

the planting materials they select for the nexpgcthereby maintaining this virus.

Table 2: Proportion of samples per district that reacted positive for one or more
viruses tested from NCM-ELISA

Number of Plants that reacted positive to one or

Province  District samples tested more viruses (%)
Western Bungoma 36 100

Busia 33 100

Kakamega 27 100

Teso 27 85

Vihiga 30 78

Mean 30 93
Nyanza Homa Bay 30 90

Kisii 27 100

Kisumu 30 70

Rachuonyo 57 100

Siaya 30 60

Mean 36 84
Overall mean 33 89
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Table 3: Proportion (%) of sweet potato samples thareacted positive for
different viruses detected from NCM-ELISA

No. of samples

Province District tested SPFMV SPCSV SPMMV SPCFV CMV
Western Bungoma 36 100 92 17 25 14
Busia 33 100 91 9 18 0
Kakamega 27 89 44 10 10 0
Teso 27 89 56 33 0 11
Vihiga 30 90 50 10 10 0
Mean 30 94 67 16 13 5
Nyanza H/bay 30 90 50 10 5 0
Kisii 27 100 44 11 6 10
Kisumu 30 70 50 20 20 0
Rachuonyo 57 100 42 32 21 15
Siaya 30 60 30 0 0 0
Mean 36 84 43 15 10 5
Overall mean 33 89 55 15 10 5

SPFMV = Sweet potato feathery mottle virus; SPCS\Sweet potato chlorotic stunt virus;
SPMMV = Sweet potato mild mottle virus; SPCFV = ®tvpotato chlorotic fleck virus; CMV =

Cucumber mosaic virus.
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The high frequency of detection of the dual infectof SPFMV and SPCSYV in this study
concurred with findings from previous studies (Ms&at al, 2003; Atekeet al.,2004; Tairoet
al., 2004; Miancet al.,2006; Nyabogat al, 2008). Co-infection of SPFMV and SPCSV causes
sweet potato virus disease (SPVD) which is econallgithe most important disease of sweet
potato (Gibsonet al, 1998; Mukaseet al, 2003). The viral mixtures of infections lead to
synergistic effect which results in severer damagaveet potato than it would be achieved if an
individual virus was infecting the crop alone (Gutezet al, 2003). All CMV infected plants
carried SPFMV and this observation was in agreemétit previous reports (Coheet al.,

1988), suggesting a synergistic co-existence beteetwo viruses.

Over 80% of the samples tested showed presencexetinmfections. The most common
infection combination was that of SPFMV and SPC84 was detected in 52% of the samples
(Fig. 3). Other dual infection combinations detdoteere SPFMV + SPMMV (13%), SPFMV +
SPCFV (14%), SPFMV + CMV (4%), SPCSV + SPMMV (9%PCSV + SPCFV (10%) and
SPCFV + SPMMV (5%). The most widespread triple atifen combination detected was
involving SPFMV + SPCSV + SPMMV which was detected®% of the samples. Other triple
infection combinations detected include SPFMV + SKC+ SPCFV (2%) and SPFMV +
SPCSV + CMV (1%). A complex virus infection invahg 4 viruses (SPFMV + SPCSV +
SPMMV + SPCFV) was detected in 1% of the samples.

Out of the 327 symptomatic samples tested, 89% \udeeted by at least one of the
viruses tested (Table 2). The high incidence adlvimfection could be attributed to the piece-
meal harvesting and continuous cropping which aaeted in the region, thereby providing a
continuous reservoir of the infecting pathogenseWhs samples were selected on the basis of
presence of virus-like symptoms, 11% did not re@tht any of the ten virus-specific antibodies
used in this study. This observation suggests thsepce of variants of known viruses that are
not recognized by the antibodies used or new virustre assays targeting viruses other than

the ones tested in this study is necessary.

Total RNA extracted from samples that reacted p@djt with antibodies specific to
CMV were subjected to RT-PCR using primers specddicCMV to confirm that the positive
colour reaction observed in the NCM-ELISA did nesult from contamination or an artifact.

Analysis of PCR products by electrophoresis usifig dgarose gel showed successful DNA
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amplification from twelve CMV-infected sweet potagamples. PCR products of expected size
were observed at 64p from the infected samples whereas no productokasrved from the

healthy controlThis is the first time that CMV is reported in sweetato in Kenya.

1007
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Infecting viruses

Fig. 3. Proportion (%) of single and mixed virus infecgsonetected by NCM-ELISA in
symptomatic sweet potato plants in western KenyRENV (A), SPCSV B), SPMMV
(C), SPCFV D), CMV (E), SPFMV + SPCSVR), SPFMV + SPMMV G), SPFMV +
SPCFV {H), SPEFMV + CMV (), SPCSV + SPMMV.]), SPCSV + SPCFVK), SPCSV
+ CMV (L), SPCFV + SPMMV 1), SPFMV + SPCSV + SPMMVN), SPFMV +
SPMMV + SPCFV Q), SPFMV + SPCSV + CMVR), SPFMV + SPCSV + SPMMV +
SPCFV (Q).
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4.2  Multiplex PCR protocol for detection of SPFMV and SPCSV

Two PCR primers set specific to SPFMV and SPCS\eveelected for optimization of
the mPCR. Different amplification assays with vagyiamounts of (1.0 — 3.Qig), varying
annealing temperatures (60 — 63 °C) and varyingoeurof cycles (30 — 35) were also performed
to optimize the multiplex reaction conditions. Tiest amplification was obtained with 21 of
the cDNA template with 35 cycles compared todgGand 3.Qug (results not shown). There was
no significant difference between 60 °C and 630CHe annealing temperature; although better
results were obtained by 63 °C than 60 °C. PCRuyuatsdof expected sizes for SPFMV and
SPCSV (703 and 235 bp, respectively) were obtafrmud sweet potato leaf samples infected
with SPFMV and SPCSV by both sPCR and mPCR (FigwHi)e no amplification products
were obtained from healthy plants.

Thirteen sweet potato samples showing sweet peotais disease (SPVD) symptoms tested in
PCR assay were analyzed using NCM — ELISA to conflie PCR results. Antibodies specific
to SPFMV and SPCSV obtained from International ®o@entre (CIP, Lima, Peru) were used.
All the samples tested, including the positive colnteacted positively (spots developed a purple
coloration after the final colour development react with both SPFMV and SPCSV antibodies.
Spots from healthy sweet potato samples (negatwral) did not show any apparent colour

change on nitrocellulose membrane.

In East Africa, the presence of high incidence®aated with virus diseases in sweet
potato is attributed to the use of infected plaptimaterials (the most common virus source). The
vegetative propagation usually done using cuttings a previous crop to establish a new crop
(Karyeija et al., 1998) also increase the risk of build up of virusés reduce the chances of
virus transmission through use of infected cuttingse of virus tested planting materials is
necessary. Results from this study show the sultdesse of a simplified MPCR as a rapid assay
for the simultaneous detection of SPFMV and SPG&dihg to improved turnaround time and
reduced cost of virus detection. Since the primeysd for SPFMV amplification were broad

based, this increases the chances of detectioararttierefore appropriate for routine assays.
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Fig. 4: Electrophoresis profile of DNA amplified produdtem total RNA obtained from 13
symptomatic and 1 healthy sweet potato samplesngyes and multiplex PCR. Lane
M: DNA size marker (200 bp); Lanes 1 — 3: single@RPusing primers specific to
SPCSV; Lanes 4 — 6: singlex PCR using primers fipaga SPFMV; Lane 7 — 13:
multiplex PCR with mixed viral cDNA’s using two pmer pairs specific to SPFMV
and SPCSM; Lane 14: healthy control.
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4.3  Results from phytochemical studies

Crude extracts fromV. ugandensis, E. schweifurthianamd T. brownii were subjected
to repeated column chromatography on silica ge (saterials and methods section) to afforded
26 compounds consisting of one new and 25 knownpoaoimds. The structures of the isolates

were determined using physical and spectroscopibads.
4.3.1 Identification of compounds fromW. ugandensis

Fractionation of extracts fromV. ugandensided to the isolation of 14 compounds
identified as polygodiallf3], warburganal 14], mukaadial 15], ugandensidial16], muzigadial
[22], 6a-hydroxymuzigadial 23], 9-deoxymuzigadial 101}, ugandensolide 20|, 7a-
acetoxyugandensolide 104, deacetoxyugandensolide 21}, cinnamolide 17], 3pB-
acetoxycinnamolide19], bemadienolide J02] and drimenin 103. Compoundsl03 and 104
were isolated from the plant for the first time.

Polygodial [13] was isolated as white crystals with Value of cHO
0.53 (n-hexane: ethyl acetate 4:1), mp 58 2Gand fi]p -131°(MeOH,
¢, 0.35). The electron ionization mass spectrugiMS) 70 eV of13

(Appendix 1) gave a molecular ion peaknatz 234, corresponding to a

CHO

\\\\\\\‘

molecular formula GH»,0, a fact which was supported by th 13

NMR and DEPT spectrum (Table 4) which showeddissinct carbon signals consisting of
three methyl, four ethylene, five methine and thyeaternary carbons atoms. Th¢ and*°C
NMR data were similar to those reported for polyigb@ubo et al., 1983; Kioyet al., 1990a;
Barreroet al.,1995).

Peaks ab 201.90 and 193.21 in tH&C NMR spectrum corresponding to an isolated and
a,p-unsaturated aldehyde groups, respectively, suggestl3 to be an 8, 9-dialdehyde
sesqiterpene derivative. Similarly peaks 464.41 and 138.06 inferred the presence of a doubl
bond between C-7 and C-8 (Kuled al, 1976; Fukuyamaet al., 1982; Kioy et al., 1990b:
Barreroet al., 1995). The carbon signals &B83.01, 21.86 and 15.18 in th%& NMR spectrum
were assigned to the methyl carbons at C-13, CAtGy15, respectively. The presence of the
two aldehyde groups were confirmed By NMR spectrum (Appendix 1) which showed two
singlets ab 9.53 and 9.47 integrating for one proton each evttie peak ai 7.17 (dd,J = 6.0,
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3.0 Hz) was assigned to the olefinic proton at @i7the EIMS spectrum, diagnostic peaks at
m/z206 [M-CHOT, 191, 121, 109 and 45 were in agreement with tippegiously reported for
polygodial ( Kuboet al, 1976; Kioyet al., 1990a). On the basis of the spectral data aided by
comparison with already published literature (K@b@l, 1976; Kioyet al., 1990b; Mashimbye

et al.,1999; Barrereet al.,1995), compound3 established to be polygodial.

Table 4: °C (90 MHz) and*H (360 MHz) NMR data of compound 13 in CDC}

C 13C (6c)  Multiplicity 'H (84, mult, J in HzZ) 13C (50)*
1 39.44 CH 2.29m;1.2m 39.52
2 17.92 CH 1.50 m 17.98
3 41.63 CH 1.17 m 41.68
4 33.01 C - 33.09
5 49.03 CH 1.78 dd (12,2, 2.5) 48.92
6 25.13 CH 2.54 dddd (20.6, 5.1, 2.5, 2.3) 25.18
2.24 ddd (20.6, 12.0, 2.4)

7 154.41 CH 7.17 dt (6.0, 3.0) 154.21
8 138.06 C - 139.25
9 60.18 CH 3.25 ddd (4.6, 2.4, 2.2) 60.25
10 36.75 C - 36.82
11 201.90 CH 9.86 d (4.5) 201.85
12 193.21 CH 9.41 193.16
13 33.01 CH 0.94s 33.09
14 21.86 CH 0.97 s 21.93
15 15.18 CH 0.92s 15.25

*13C NMR literature data of polygodial3] (Barreroet al.,1995)

Warburganal [14] R value of 0.35 (n-hexane: ethyl acetate

CHO

4:1) was isolated as white crystals and had melioigt of 134 -135
°C [a]p -216°(MeOH, c, 1.0). The ESI-MS spectrum 4 showed
quasimolecular ion peaks at/z 273 [M+Na], suggesting the mola
mass to be 250 (€H..03). Its NMR data (Table 5) were similar to
those of polygodial13] except for the presence of peaks & 09 and 14

CHO

77.65 in the'H and**C NMR spectra, respectively, which suggested tesace of OH group at
C-9 (Kuboet al., 1976; Fukuyamaet al., 1982; Ayer and Talamas, 1988; Kiey al., 1989;
1990a). This was further supported by tf@ NMR spectrum (Appendix 2) which displayed a

total of 15 carbon atoms whose multiplicity assigmits using DEPT experiments (Appendix 2)
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established the presence of three methyl, four yiezike, four methine and four quaternary
carbons. The peaks &t202.27 and 192.70 in tH&C NMR confirmed the presence of isolated
and o,p-unsaturated aldehyde groups. On the other hamphalsi até 157.63 and 140.26
confirmed the presence of a tri-substituted dolloled between C-7 and C-8 while the peaks at
6 33.03, 22.09 and 15.18 were assigned to the tmetbyl groups at C-13, C-14 and C-15,
respectively (Fukuyamat al., 1982). The fragment ion peaks in the EIMS (70 sp@ctrum at
m/z232 [M-H,Q]", 221 [M-CHOT, 204, and 189 further supported the presenceddldehyde
drimane sesquiterpene (Kulet al., 1976; Ayer and Talamas, 1988; Kiey al., 1989; 1990a;
Mashimbyeet al., 1999).

Further examination of théd NMR spectrum revealed an olefinic pealé a.28 (dd,J =
4.8, 2.8 Hz) which confirmed the presence of thesubstituted carbon-carbon double bond
between C-7 and C-8. The signal$ & 73 and 9.41 were assigned to the aldehyde catooms
at C-11 and C-12, respectively while the threeIsisgaté 1.09, 0.99 and 0.95, integrating for
three protons each, confirmed the three methylggai C-13, C-14 and C-15, respectively. On
the basis of the spectral data (Table 5) as weltamparison with the reported data in the
literature (Kubcet al.,1976; Fukuyamat al.,1982; Ayer and Talamas, 1988; Kieyal.,1989;

1990a; Mashimbyet al.,1999), compound4 was concluded to be warburganal.
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Table 5: °C (90 MHz) and*H (360 MHz) NMR data of compound 14 in CDC}

Carbon  “°C (8¢) Multiplicity ~ *H (8y, mult, J in Hz) 13C (50)*
1 41.26 CH 1.80m, 1.26 m 41.3
2 17.72 CH 1.69 m 17.7
3 31.12 CH 1.54 m 31.2
4 33.04 C - 33.0
5 41.68 CH 1.89dd, 11.8, 5.1 41.7
6 25.92 CH 2.58 dt, 21.6, 5.1 25.9

2.35ddd, 21.6, 11.8, 3.0
7 157.63 CH 7.28dd, 4.9, 2.8 157.2
8 140.26 C - 140.5
9 77.65 C 4.09 s (OH) 77.1
10 41.43 C - 41.4
11 202.27 CH 9.73s 202.0
12 192.70 CH 9.41s 192.5
13 33.01 CH 1.09 s 33.0
14 22.09 CH 0.99s 22.0
15 15.18 CH 0.95s 17.0

*13C NMR data of warbuganal from literature (Ayer &alamas, 1988)

Mukaadial [15], R value 0.61 (CHCI,-MeOH, 97:3), mp 228-
229 °C, p]p -35°(MeOH, c, 0.5), isolated as white crystals, shoaed
molecular formula @H»,0, as determined byH, *C NMR, DEPT)
data (Table 6) and a molecular ion peak, T m/z 266 in the EIMS
spectrum. The IR spectrum showed significant peetk8347, 2798,
2701, 1720 and 1697 ¢hsuggesting OH, aldehyde functional group
and carbon-carbon double bond (Kudi@l.,1983; Kioyet al.,1989).

CHO

CHO

Olline-
T

15

3C NMR and DEPT spectra of5 (Appendix 3) showed 15 distinct resonances

attributed to three methyl, three methylene, twdhmne, three quaternary, two olefinic and two
carbonyl carbons. The spectrum resembled closay o polygodial 13], with the major
difference being the presence of two peaks &at.40 and 66.98 for hydroxylated quaternary and
methine carbons at C-9 and C-6, respectively (Kabal., 1983; Kioy et al., 1989; 1990a;
1990b). Peaks at 203.49 and 193.47 were assigned to the aldehytemsat C-11 and C-12,
respectively while peaks at158.99 and 138.76 were attributed to the olefogadoons at C-7
and C-8, respectively. The peaks&6.24, 22.48 and 17.89 confirmed the presenckeoftiree
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methyl groups at C-13, C-14 and C-15, a fact whiels further supported by the presence of
three singlets &t 1.15, 1.08 and 1.03 integrating for three proteash in théH NMR spectrum
(Appendix 3). Other significant peaks in thd NMR spectrum were & 9.64(s) and 9.40(s)
which confirmed the presence of the two —CHO fuwora@i groups$ 7.03 (s) indicating a vinylic
proton (RC=CHR);é 5.15 (s) and 5.04 (s) assigned to the hydroxyligscand 4.41(dddJ =
10.8, 9.0 and 2.4 Hz) assigned to the proton at(Kubo et al., 1983; Kioyet al.,1989; 1990a;
Ying et al.,1995).The large coupling costant observerd betwé® and H-6 showed H-6 to be
equitorial position thus suggesting the stereochgnat C-6 to be a shown b (Kioy et al.,
1989). Based on the spectroscopic data as wetloagparison with the reported data in
literature, compound5 was identified as mukaadial.

Table 6:*3C (90 MHz) and*H (360 MHz) NMR data of 15 in CDCk

Carbon °C (8c) Multiplicity H (84, mult, J in Hz) 13C @c)*
1 42.82 CH 1.76 ddd (13.2, 13.2, 3.4) 42.4
142 m
2 32.84 CH 1.75m 32.6
3 17.77 CH 1.37m 17.3
4 36.24 C - 36.2
5 47.43 CH 1.89d (10.8) 47.9
6 66.98 CH 4.41 ddd (10.6, 9.0, 2.4) 67.2
5.04 d (4.5)
7 158.99 CH 7.03s 158.7
8 138.76 C - 139.3
9 77.40 C 5.15s 77.6
10 43.09 C - 43.1
11 203.49 CH 9.64s 202.5
12 193.47 CH 9.40s 192.3
13 17.89 CH 1.03s 17.1
14 22.48 CH 1.08 s 21.9
15 36.24 CH 1.15s 35.8

*13C NMR (90 MHz, pyridineds) data of mukaadial from literature
(Kioy et al.,1989)

(0]

CHO
Ugandensidial [16]was isolated as white needles from n-hexa

2

ethyl acetate, Rvalue 0.18 (n-haxane: ethyl acetate 1:1), mp 136-
°C, [o]p -360°(MeOH, c, 2.5). The NMR data of compouh@ (Table

CH
OAc

Ilin

W

16
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7) were similar to those of mukaadiab[ except for the presence of two extra peaks H9.95
and 21.46 in thé’C NMR spectrum supported by a singlefa.15 in the'H NMR spectrum
(Appendix 4), integrating for three protons, whelggested thdt6 is the acetylated mukaadial
(Brooks and Draffan, 1969a; Al-Said al., 1990; Kioyet al.,1990a).The'*C NMR spectrum of
16 displayed a total of 17 distinct carbon signalgesponding to four methyl, three methylene,
five methine and five quaternary carbon atoms. Pedké 201.02 and 192.94 suggested the
presence of an isolated and a conjugated carbamlgbn, respectively, while those &at48.54
and 140.89 confirmed the presence of a trisubstitatarbon-carbon double bond at C-7, thus
confirming the basic skeleton to be a drimane tygsquiterpene (Brooks and Draffan, 1969a;
Al-Said et al., 1990; Kioyet al.,1990). Signals ai 76.60 and 66.97 confirmed the presence of

the two hydroxylated carbons atoms at C-9 and C-6.

Table 7: °C (90 MHz) and*H (360 MHz) NMR data of compound 16 in CDC}

Carbon °C (8c) Multiplicity H (84, mult, J in Hz) H (8y,)*

1 44.00 CH 1.79 m nr

2 32.57 CH 1.60m nr

3 17.59 CH 1.55m nr

4 33.91 C - -

5 44.87 CH 2.05d (4.7) 2.04

6 66.97 CH 5.90t (4.7) 5.89

7 148.54 CH 7.01d (4.7) 7.00

8 140.89 C - -

9 76.60 C 410t (1.4) 4.10

10 41.54 C - -

11 201.02 CH 9.77 s 9.76

12 192.94 CH 9.49s 9.48

13 17.67 CH 1.17 s 1.17

14 24.74 CH 1.34s 1.34

15 31.80 CH 1.03s 1.03
CHsCO 169.95 C - -
CH3CO 21.46 CH 2.15s 2.14

*1H NMR (250 MHz, CDC}) data of ugandensidial from literature (Kieyal., 1990a)

nr = not recorded
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Examination of the'H NMR spectrum futher showed the presence of ttieegary
methyl groupsd 1.03 s, 1.34 s 1ndd 1.17 s) and an olefinic prqto@.01 s), thus further
supporting the aforesaid facts (Brooks and Draff&@#§9b; Kioyet al., 1989; Fukuyamat al.,
1985). The peaks at9.77 and 9.49 as usual were assigned to theyaldgirotons at C-11 and
C-12, respectively, while a triplet &5.90 (t,J = 4.7 Hz) was assigned to the proton at C-6
(Kioy et al., 1990a). The stereochemistry at C-6 was assigneshawn due to the small
coupling constant between H-5 and H-6. Based olNMR data (Table 7)the EIMS diagnostic
peaks at m/z 280, 279 [M-CHO], 248 [M-HOAc], 23M09and 69 as well as comparison with

data from the literature, compoufhf was identified as ugandensidial.

Muzigadial [22], mp 123-125 °C andRralue of 0.33

(n-hexane: ethyl acetate 3:2), was isolated asewtiate-like

CHO

CHO
material from n-hexane - ethyl acetate mixture ufly -230°

(MeOH, c, 2.0). Infrared (IR) spectrum a2 showed
significant absorption peaks at 3455 “tnsuggesting the

presence of OH group; 1722 ¢nindicating the presence of -
>C=0 carbon and 1685 c¢hindicating the presence of C=C (Kubbal., 1977; Kioyet al.,

1990a; Mashimbyet al.,1999; Rabest al.,2000).

The EIMS spectrum o2 which gave a molecular ion peak at/z 248 [M] *
corresponding to the molecular formulasi,0O; and was further supported B3C NMR and
DEPT spectrum (Appendix 5) which afforded 15 distisignals consisting of four quaternary,
five methine, four methylene and two methyl carbatoms suggested a drimane type
sesquiterpene. The four olefinic peakss®55.64, 151.61, 139.95 and 106.07 in @ NMR
spectrum (Table 8) confirmed the presence of eXacgod internal carbon-carbon double bonds
at C-4 and C-7 (Al-Saidt al.,1990; Yinget al.,1995). The presence of the two aldehyde groups
at C-11 and C-12 was confirmed by the two carbgedks at 201.21 and 192.66 while the
signal até 77.61 confirmed the presence of the oxygenateteuery carbon C-9 (Kiogt al.,
1989; Kioyet al.,1990a; Yinget al.,1995).
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Above evidence was further supported by tHeNMR spectrum of22 which was in

agreement with data previously reported for compd(Kioy et al., 1990; Yinget al., 1995).

A singlet até 0.88 and a doublet 8t1.08 § = 6.6 Hz), integrating for three protons each,ever
assigned to the methyl groups at C-15 and C-1pentiwely. The peaks &t9.64 and 9.43 in the

'H NMR spectrum further confirmed the presence o &idehyde protons (CHO) while the

olefinic signals ab 4.93 and 4.75 confirmed the presence of a terndaddon-carbon double
bond between C-4 and C-13 (Kieyal.,1990a; Yinget al.,1995). The peak at7.24 (t,J = 3.5

Hz) was assigned to the proton at C-7. On the lodidlee above evidences as well as comparison
with literature data (Kioyet al., 1990a; Yinget al., 1995; Mashimbyest al., 1999; Rabeet al.,
2000) compoun@2 was identified as muzigadial.

Table 8:13C (90 MHz, CDCl,) and *H (360 MHz) NMR data of 22 in CDCk

Carbon C (6c)  Multiplicity 'H (84, mult, Jin Hz) 13C @c)*
1 31.70 CH 2.01 m;1.68 m 31.7
2 30.83 CH 1.71m 30.9
3 38.18 CH 1.10 m 38.2
4 151.61 C - 151.6
5 40.21 CH 2.65m 40.2
6 27.59 CH 2.63m; 2.55m 27.6
7 155.64 CH 7.241t,3.5 155.8
8 139.95 C - 139.9
9 77.61 C 4.05 s (OH) 77.6

10 42.33 C - 42.4
11 201.21 CH 9.64 s 201.3
12 192.66 CH 9.43s 192.3
13 106.07 CH 4.93brs; 4.75br s 106.1
14 18.38 CH 1.08d, 6.6 18.4
15 15.05 CH 0.88 s 15.1

*13C NMR data of muzigadial from literature (Yirgal., 1995)
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6a-Hydroxymuzigadial [23]

CHO

Compound23 was isolated as white crystals from n- CHO

hexane- ethyl acetate mixture and had anvBlue 0.59
(CH.CIx-MeOH 97:3), mp 150-152 °C and]p -97°(MeOH,
c, 0.35). The IR spectrum oR3 exhibited significant

OH

absorption peaks at 3360, 1727 and 1678 smggesting the 23

presence of a hydroxyl, carbonyl carbon and C=Ch¥t al.,2005). The"*C NMR data (Table

9) were similar to those reported for muzigad2®][(Kubo et al., 1977; Kioyet al., 1990a;
1990b; Rabet al.,2000) except for presence of an oxymethine peék6at94 which suggested
an additional OH group at C-6 (Kiat al., 1990a; 1990b; Brooks and Draffan, 1969a). T
NMR spectrum (Appendix 6) showed a total of 15 oasbcorresponding to two methyl, three
methylene, six methine and four non-protonated@abThe presence of dialdehyde functional
groups was confirmed BY4-*C detected heteromolecular multiple quantum coleer¢HMQC)
experiments where the carbon peakss &00.53 (C-11) and 192.61 (C-12) correlated with
protons ab 9.66 and 9.50, respectively. The four olefinic ke the*C NMR spectrum ab
148.78, 153.92, 139.07 and 106.79 confirmed thegoree of two carbon-carbon double bonds
in the molecule. The methylene peaksatl06.79 coupled with two vinylic protons & 5.13
and 5.02. Similarly, the methine peaksgt153.92 coupled to a proton &f7.09 in the HMQC
spectrum, thus allowing the placement of the cadmrbon double bonds at C-4 and C-7
(Brooks and Draffan, 1969a; Kiat al.,1989; 1990a; Yingt al.,1995). The stereochemistry of
C-6 OH group was established as axial becauseedbtiye coupling constant observed between
the 6-H and 5-H (Kubet al., 1977; 1983; Kioyet al., 1990a; Rabet al., 2000 Wubeet al.,
2005). The proton signals &tL.12 and 0.95, integrating for three protons eaoMd, correlated to
the carbon peaks éat18.15 and 15.78, respectively, confirmed the methybons at C-14 and
C-15.

The above data was further supported by the EIM& wéich afforded a molecular ion
peak atm/z 265 [M+1] corresponding to the molecular formulasi;,0;. Other diagnostic
peaks in the CI-MS spectrum were thosen&t247 [M-H0]", 235 [M-CHO), 229 and 173. On
the basis of the spectral data as well as compangth literature data, compourZB was
identified as G-hydroxymuzigadial.
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Table 9: °C (90 MHz) and*H (360 MHz) NMR data of 23 in CDCk

Carbon C (6c)  Multiplicity 'H (84, mult, J in Hz)

1 31.62 Ch 2.02m, 1.69 m
2 31.57 CH 1.73m, 1.03 m
3 38.62 CH 2.02m
4 148.87 C .

5 50.18 CH 2.63 d (9.6)

6 65.94 CH 4.67 ddd (9.6, 8.1, 2.4)
7 153.92 CH 7.09d (9.5)

8 139.75 C .

9 77.30 C 412 s

10 44.02 C -

11 200.53 CH 9.65 s

12 192.61 CH 9.50 s

13 106.72 CH 5.135,5.02 s

14 18.15 CH 1.12d, 6.6

15 15.78 CH 0.95 s

9-Deoxymuzigadial [101]

CHO

Compound101 was isolated as Pale yellow oils R
value 0.22 (n-hexane: ethyl acetate 4.d)p [-78°(MeOH, c,
0.35). The ESI-MS spectrum 0190 which showed a
molecular ion peak am/z 255 [M+Na] corresponding to a
molecular mass of 232 amu THE NMR and DEPT spectra

CHO

(Appendix 7) which displayed 15 distinct carbon nsils 101

corresponding to two methyl, four methylene, sigtinme and three quaternary carbon atoms
suggestedl01 to be a sesquiterpene. THe and*C NMR data o0f101 (Table 10) exhibited
signals that were similar to those previously régabfor muzigadial22) (Kubo et al.,1977; EI-
Feralyet al.,1978; Al-Saidet al.,1990), except for the absence of the oxygenatdzboasignal

at C-9. Instead, a methine signabdi8.3 attributed to the same carbon was observggesting
101 to be deoxymuzigadial (Kiogt al., 1989; 1990a; Al-Saickt al., 1990). The*C NMR
spectrum signals &t 201.21 and 192.66 confirmed the presence of datesband a conjugated
carbonyl carbons at C-11 and C-12, respectivelylevthe peaks at 155.64, 151.61, 139.95 and
106. 07 confirmed the presence of internal and ylmcdouble bonds (Al-Saiét al., 1990;
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Ying et al., 1995). Other diagnostic peaks in tH€ NMR spectrum were observeddi5.05
and 18.58 corresponding to the methyl carbons B @nd C-14, respectively.

The'H NMR spectrum displayed three olefinic peak& 23 dd { = 4.0, 2.3 Hz), 4.93 dd
(J= 1.5, 1.5 Hz) and 4.75(s) further confirmed tihespnce of the double bonds (Al-Saidal.,
1990). The two singlets at9.64 and 9.44 were assigned to the aldehyde ma@b€-11 and C-
12, respectively. Based on the spectral data dsawelomparison with literature data, compound
101was concluded to be 9-deoxymuzigadial (BrooksRraffan, 1969b; Kioyet al.,1990a).

Table 10:*°C (90 MHz) and*H (360 MHz) NMR data of compound 101 in CDGJ

Carbon C (6c)  Multiplicity  'H (84, mult, Jin Hz)  °C (8o)*

1 3170 CH 1.92m, 1.72 m 31.4

2 3083 CH 1.68 m, 1.15 m 31.6

3 3818 CH 2.03m 38.5
4 15161 C - 151.3
5  42.33 CH 2.51m 45.8

6  27.59 CH 2.48 m 27.0

7 155.64 CH 7.23dd (4.0, 2.3) 152.9
8  139.95 C - 137.9
9 5826 CH 2.65m 58.3
10  40.21 C - 38.2
11 201.21 CH 9.64 s 201.1
12 192.66 CH 9.44 s 193.3
13 106.07 Chl 4.93dd (1.5, 1.5),4.75s 106.0
14  18.38 CH 1.07 d (6.3) 18.4
15  15.05 CH 0.78 s 135

*13C NMR (90 MHz, CDC}) data of 9-deoxymuzigadial (Al-Saéd al., 1990)
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Ugandensolide [20]

Compound20 was isolated as white needle crystals from,Clk Q
MeOH (9:1), mp 215-218 °C,:Rralue 0.46 (CHCIl,-MeOH 97:3), fi]p
+23°(MeOH, c, 1.0). The EIMS spectrum 80 showed an ion peak at

m/z 308 corresponding to a molecular formulgH;40,. Other diagnostic

peaks in the EIMS spectrum were observed at m/z[RBBI,0]", 248 """///OH

[M-HOACc]", 230, 202 and 175.

g
N
"
N

OAc

20
The 'H and *C NMR data (Table 11) were similar to those

previously reported for ugandensolide (Brooks amaffan, 1969a; Canonicat al.,1969a; Kioy

et al., 1990a; 1990b; Mohanlall and Odhi2009). In the*C NMR spectrum (Appendix 8) 17
distinct peaks corresponding to four methyl, fouethylene, three methine and six non-
protonated carbon atoms were observed, suggestiragetylated drimane sesquiterpene. The
presence of an acetate group was supported byighal st5 2.03 s in thé¢H NMR spectrum
integrating for three protons, and a signab 470.96 in thé*C NMR spectrum. Th&*C NMR
spectrum als exhibited a carbonyl peak df71.85 suggesting the presence of a lactone system
(Canonicaet al., 1969a; Kioyet al., 1990a; 1990b). Olefinic peaks &t154.09 and 137.95
confirmed the presence of a carbon-carbon doubted,bahich was confirmed to be tetra-
substituted by the absence of olefinic peak i W& MR spectrum (Brooks and Draffan, 1969a,
Kioy et al.,1989; 1990a).
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Table 11:*°C (90 MHz) and*H (360 MHz) NMR data of compound 20 in CDC}

Carbon °C (8c) Multiplicity H (84, mult, J in Hz) H (8y,)*

1 42.99 CH 2.53d (12.8) 2.55
2 18.26 CH 1.68 m nr
3 36.29 CH 1.18 m nr
4 35.27 C - -
5 49.23 CH 1.63 (1.5) 1.61
6 73.78 CH 5.34s 5.36
7 66.04 CH 4.17 dd (5.5, 1.0) 4.21
3.57d (5.5) -
8 154.09 C - -
9 137.95 C - -
10 33.32 C - -
11 171.85 C - -
12 69.70 CH 4.85d (17.2) 4.91
4.61dd (17.2, 1.0) 4.65
13 20.71 CH 1.43s 1.47
14 33.07 CH 1.02's 1.05
15 21.36 CH 1.00 s 1.02
CH,CO  170.96 C - -
CHsCO  23.04 CH 2.03 s 2.09

*1H NMR (250 MHz, CDC}) data of ugandensolide (Kiat al., 1990a)
nr = not reported.

The OH proton ab 3.57 was coupled with a proton &t4.17 dd § = 5.5, 1.0 Hz)
confirming the OH to be secondary. The peaks #B8.78, 66.04 and 69.70 in tH&C NMR
spectrum confirmed the presence of two oxymethimelactone methylene carbons at C-6, C-7
and C-12, respectively. The three singletd &t00, 1.02 and 1.43, integrating for three protons
each, were assigned to the tertiary methyl carlad1@s13, C-14 and C-15 (Brooks and Draffan,
1969b; Kioyet al.,1990a). A broad singlet &t5.34 was assigned to the proton on the carbon
bearing the acetate (-GEAc) while two doublet ab 4.85 and 4.61) = 17.2 Hz each, were
assigned to the lactone methylene protons, -Q-@Btooks and Draffan, 1969a). The rest of the
NMR peaks were assigned as shown in Table 11. Basethe spectral data as well as

comparison with literature data, compowtttlwas identified as ugandensolide
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7a-Acetylugandensolide [104]

Compoundl04 R; 0.34 (n-hexane - ethyl acetate 1:1), mp 228- 0
230 °C, [o]p +24°(MeOH, c, 0.01); was isolated as white gummy

material. High resolution mass spectrum (HRMS, Y0 gpectrum
(Appendix 9) displayed a molecular ion peak ratz 350 [M]
corresponding to {gH»¢Os formula. The IR spectrum showed th
presence of an ester carbonyl (1732'gnactone (1680 ci) and

T

olefinic bond (1632 cif). The *C NMR spectrum exhibited 19 Z on

distinct carbon signals corresponding to five metfour methylene, nd

three methine and seven quaternary carbon atores CHNMR data (Table 12) were similar to
those previously reported for ugandensoli@é],[ except for the presence of two additional
peaks at 169.78 and 20.76 which suggested the compounce tacktylated ugandensolide
(Kioy et al.,1989; 1990a; 1990b), confirmed by th& NMR spectrum (Appendix 9) exhibited
a singlet a5 2.08 integrating for three protons. The absencéhefdialdehyde peaks fiC
NMR spectrum and the presence of peaks B0.90 and 70.22 signified lactone carbonyl and
methylene carbons, respectively (Canoretal., 1969a; Kioyet al., 1990a). Peaks &t 69.64
and 66.60 which correlated to protans.54 (tr,J = 1.7 Hz Hz) and 5.15 (dd,= 1.3 Hz) in the
HMBC spectrum were assigned to the oxymethine cerlad C-6 and C-7 respectively further
confirmed the diacetyl groups. The stereochemiatr-6 and C-7 followed from the small
vicinal coupling constants of protons at H-5, Hreldd-7 (Brooks and Draffan, 1969a; Kiey
al., 1990a).
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Table 12:*°C (90 MHz) and*H (360 MHz) NMR data compound 104 in CDCJ

Carbon  ¥C (6c)  Multiplicity  *H (84, mult, Jin Hz)

1 43.06 CH 2.56d trd (13.1, 3.5, 1.6)
1.19 tr dd (13.2, 3.8, 0.8)
2 18.26 CH 1.80 m; 1.62 m
3 36.27 CH 1.53 m; 1.29 tr dd (13.6, 4.1, 0.8)
4 35.41 C -
5 50.54 CH 1.54d (1.7)
6 69.64 CH 554 tr (1.7)
7 66.60 CH 5.15 dd (1.3)
8 150.62 C -
9 140.29 C -
10 33.34 C -
11 170.90 C -
12 70.22 CH 4.71dd (17.8, 1.1)
4.61d(17.7)
13 22.85 CH 1.05s
14 33.14 CH 1.03 s
15 20.56 CH 1.51s
6-CH,CO  171.06 C -
6-CH,CO  21.27 CH 2.13's
7-CHCO  169.78 C -
7-CH,CO  20.76 CH 2.08 s

The position of carbon — carbon double bond wadirtned to be between C-8 and C-9
by the presence of quarenary carbon peakslaD.62 and 140.29 (Canonietal., 1969a; Kioy
et al., 1990a; 1990b). Other diagnostic peak$*® NMR observed at 22.85, 33.14 and 20.56
were assigned to methyl carbons (C-13, C-14 an8)CH the HMQC spectrum, peaksdad.71
(dd,J =17.8, 1.1 Hz) and 4.61 (d,= 17.7 Hz) which correlated to the carbon peak @0.22
further confirmed oxymethylene protons (-O§HON the basis of the above spectral evidence
together with further diagnostic peaks in the Elst#ctrumat m/z307 [M-CHCO] ", 290 [M-
HOAC]", 232 [M-OAc-OAc] and 247 [M-OAc-CH]*, compound104 was identified as o*
acetylugandensolide. Synthefi®4 was previously reported by Brooks and Draffan @9aout

it was isolated fronW. ugandensis this study.
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Deacetoxyugandensolide [21]

Compound21, white needles from n-hexane-ethyl acetate-MeOH
(97:2.5:0.5), had mp 260-264 °C;, Wilue 0.4 (CHCIl,-MeOH, 95:5) and
[a]o +70°(MeOH, c, 1.0). IR spectrum showed significant geak3350
(OH) and 1727 (>C=0) cth The EIMS of the compound gave an i

peak atm/z266 corresponding to a molecular formulgh;.,0, and was

supported by thé*C NMR spectrum (Appendix 10) which gave 15
OH
21

distinct carbon signals attributed to three metfglyr methylene, three
methine and five non-protonated carbons. THeand*C NMR data of
21 (Table 13) were in agreement with those previously reportaddieacetoxylugandensolide
(Brooks and Draffan, 1969a; Kiast al., 1989; 1990a; Yingt al.,1995). The”*C NMR peaks at

6 171.46 was assigned to the lactone carbonyl cadbdd-11 while the olefinic signals at
155.59 and 134.25 confirmed the presence a carbarben double bond between C-8 and C-9,
a fact further supported by the absence of a \inytbton peak in thH NMR spectrum, thus
confirming the double bond to be tetrasubstitutBdodks and Draffan, 1969b; Kubet al.,
1983; Kioyet al.,1989; 1990a; 1990b). Similarly, th&C NMR peak at 68.19 was assigned to
the lactone oxymethylene carbon (-O&) while those ab 70.12 and 67.64 were assigned to
the oxymethine carbons (-OCHRat (C-6 and C-7). Peaks &t32.90, 22.83 and 19.94 were
assigned to the tertiary methyl carbons atomsipositi at C-13, C-14 and C-15.

The'*C NMR data were supported by th¢ NMR spectrum which gave peaksdab.17
(s) and 4.30 (s) assigned to oxymethine protoné érd H-7) while signals at4.88 d §=17.2
Hz) and 4.65 dJX= 17.2 Hz) were assigned to the lactone oxymetigylerotons. The presence
of the three tertiary methyl groups was confirmgdhe singlets ai 1.49, 1.24 and 1.03 (Brooks
and Draffan, 1969a; Kiogt al., 1989, 1990a; 1990b). Based on the spectral dataedsas

comparison with literature data, compowidwas identified as deacetoxyugandensolide.

67



Table 13:*°C (90 MHz) and*H (360 MHz) NMR data of compound 21 in CDC}

Carbon C (6c)  Multiplicity H (84, mult, J in Hz) 13C (80)*
1 42.43 CH 2.42m 42.4
2 17.85 CH 17.8
3 35.80 CH 35.9
4 34.75 C - 34.7
5 49.00 CH 2.83m 49.2
6 70.12 CH 5.71s, 4.12 s (OH) 71.0
7 67.64 CH 4.30s,3.94 s (OH) 68.8
8 155.59 C - 156.9
9 134.25 C - 135.7
10  33.24 C - 33.6
11 171.46 C - 171.6
12 68.19 CH 4.88d(17.2),4.65d (17.2)  69.3
13 19.94 CH 1.49 s 20.0
14  32.90 CH 1.24 s 32.7
15  22.83 CH 1.03 s 27.7

*13C NMR (90 MHz, CDC}) data of deacetoxylugandensolide (Kityal., 1990a)
Cinnamolide [17]

Compoundl7 was isolated as white crystals from n-hexane-
ethyl acetate mixture and had mp 126-128 °€yvd&tue 0.42 (n-
hexane-ethyl acetate 4:1) and|{ -29° (MeOH, c, 0.1). Its IR
spectrum showed diagnostic peaks at 1754 and 168%wgesting

2
Z
-

the presence of carbonyl and alkene functional ggoihe EIMS
spectrum (Appendix 11) afforded a molecular ioakpatm/z234 17

suggesting a formula;@H,,0, and was supported BYC NMR spectrum and DEPT experiments
which exhibited 15 carbon signals attributed t@éhmethyl, five methylene, three methine and
four non-protonated carbon atoms. The NMR datal bf(Table 14) were similar to those
reported for cinnamolide (Canonie4 al., 1967a; Kuboet al., 1976; Kioyet al., 1989; 1990a;
1990b; Yinget al., 1995). Infact, the™*C NMR peak a 169.suggested the presence of lactone
carbonyl carbon while peaks &t135.90 and 126.98 inferred the presence of aubstituted
carbon-carbon double bond at C-7 (Canoretal., 1967a; Kuboet al., 1976). The carbon-

carbon double bond was confirmed to be tri-sultstitby the presence of an olefinic peak at
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6.88 dd { = 4.5, 3.5 Hz) ifH NMR spectrum assigned to H-7. THE NMR peaks ab 32.52,
21.00 and 13.07 confirmed the presence of thréamgmethyl carbons at C-13, C-14 and C-15,

respectively (Kubet al.,1976; Canonicat al.,1967a).

In the™H NMR spectrum, diagnostic peakssat.38 d § = 10.0 Hz) and 4.04 d € 10.0

Hz) were assigned to the lactone oxymethylene psotd C-11 while those at0.81 s, 0.92 s

and 0.95 s integrating for three protons each,ifségghthe methyl protons at C-13, C-14 and C-

15 (Kioyet al.,1989; 1990a; Yingt al.,1995). Based on the spectral data as well as aosopa

with literature data, compourdd was identified as cinnamolide.

Table 14:3C (90 MHz) and*H (360 MHz) NMR data of compound 17 in CDC}

Carbon °C (8c) Multiplicity *H (84, mult, Jin Hz) H (84,)*
1 39.13 CH 1.60 m, 1.22 m nr
2 18.19 CH 1.50m nr
3 41.86 CH 1.30m nr
4 33.92 C - -
5 50.49 CH 1.40 dd (11.7, 5.3) 1.38
6 24.66 CH 2.39m,2.12m 2.10
7 135.90 CH 6.88 dd (4.5, 3.5) 6.87
8 126.98 C - -
9 49.37 CH 2.83 dd (9.2, 3.5) 2.80
10 32.82 C - -
11 66.88 CH 4.38d (10.0), 4.04 d (10.0)  4.38, 4.04
12 169.81 C - -
13 32.52 CH 0.92s 0.92
14 21.00 CH 0.95s 0.94
15 13.07 CH 0.81s 0.81

*IH NMR (250 MHz, CDC}) data of cinnamolide from literature (Ki@y al., 1990)

Nr = not reported
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3p-Acetoxycinnamolide [19]

Compound19 was isolated as white crystals from n-
hexane-ethyl acetate and had mp 152-155 @aRie 0.26 (n-
hexane-ethyl acetate 4:1), angld +7° (MeOH, c, 0.1). The

EIMS spectrum ofl9 gave a molecular ion peak at/z 292

. . AcO
corresponding to molecular formula ;8404 This was

supported by*C NMR and DEPT spectra (Appendix 12) which 19

showed 17 carbon peaks corresponding to four metbyt methylene, four methine and five

H

\\\\\\\\

quaternary carbon atoms. Thi#d and*C NMR data ofl9 (Table 15) were similar to those
reported for B-acetoxylcinnamolide (Canonied al., 1967a; 1967b; Kiot al.,1990a, 1990b;
Ying et al., 1995). The**C NMR peaks ab 170.52 and 169.56 were attributable to the lactone
and acetyl carbonyl carbons, respectively whilekpesid 135.56 and 127.00 were assignable to
the olefinic carbons (Canonica et al., 1967a; 19&iby et al.,1990a). Other siginificant peaks
were atd 79.92 assigned to the acetylated carbon at G-%6.74 assigned to lactone
oxymethylene carbon at C-1827.58, 21.08, 15.84, 13.32 attributed to the methgbons at C-
13, C-14, C-15 and MeO (Kioyet al.,1990a 1990Db, Yingt al.,1995).

The *C NMR data were supported by NMR spectrum which confirmed the presence
of a vinyl proton ab 6.87 dt § = 6.8, 3.5 Hz) and lactone oxymethylene protoris4B9, t § =
9.2 Hz) and 4.05 tJ(= 9.2 Hz). The spectrum also showed the preseinae oxymethine proton
(H-3) atd 4.52 with two coupling constants, one of which=11.5 Hz) indicating an axial
configuration, thus confirming the acetyl groupb®in equatorialf{) position. Other significant
peaks in théH NMR spectrum ofL9 were ats 2.07, 0.82, 0.92 and 0.98 each integrating for
three protons and were assigned to methyl protdnsleCO and Gs, Ci4 and Gs methyls
(Canonicaet al., 1967a; 1967b; Kioyet al., 1990a, 1990b; Yinget al., 1995). Based on the
spectral data as well as comparison with literatlg&, compound9 was identified as B

acetoxycinnamolide.
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Table 15:%°C (90 MHz) and*H (360 MHz) NMR data of 19 in CDC}

Carbon C (6c)  Multiplicity H (84, mult, J in Hz) 13C (80)*
1 36.64 CH 1.42 m, 1.64 m 36.7
2 23.33 CH 1.72 m 23.4
3 79.92 CH 4.52 dd (11.5, 5.0) 80.0
4 33.80 C - 33.9
5 50.34 CH 1.46 m 50.5
6 24.44 CH 2.40m, 2.23 m 36.7
7 135.56 CH 6.87 dt (6.8, 3.5) 135.6
8 127.00 C - 127.1
9 49.06 CH 2.81dd (4.9, 3.5) 49.2
10  37.43 C - 37.5
11 66.74 CH 4.391(9.2), 4.051(9.2) 66.8
12 170.52 C - 170.6
13 13.32 CH 0.92s 13.3
14  15.84 CH 0.98s 15.8
15  27.58 CH 0.82s 27.6
MeCO 169.56 C - 169.6
MeCO 21.08 CH 2.07 21.0

*13C NMR (90 MHz, CDC}) data of B-acetoxylcinnamolid¢Kioy et al.,1990a)

Bemadienolide [102]

Compound 102 was isolated as white crystals from n-
hexane- ethyl acetate mixture and had mp 124-126@lue 0.22
(n-hexane: ethyl acetate, 3:2) andp[-181°(MeOH, c, 0.35). Its
EIMS spectrum exhibited a molecular ion peak ratz 232
corresponding to molecular formula;s8,00,, a fact that was
supported by**C NMR and DEPT spectra (Appendix 13) which 102

showed the presence of 15 carbon atoms consisfirtgree methyl, four methylene, three

methine and five non-protonated carbon atomsHtand**C NMR data (Table 16) were similar
to those previously reported for bemadienolide (@éca et al., 1967a; 1967b; Kubet al.,
1977). The'*C NMR peaks ab 171.66, 131.65, 117.56 and 122.33 cofirmed thegoree of an
additional carbon-carbon double bond which wasgagsl to be between C-6 and C-7 (Canonica
et al., 1967a; 1967b). Othe’'C NMR peaks aB 170.21 and 67.67 were assigned lactone
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carbonyl and oxymethylene carbon atoms, respegtiv@ther diagnostic peaks observeddat
32.25, 22.52 and 14.97 were assigned to the tleriaryy methyl carbon atoms at C-13, C-14
and C-15, respectively.

The above data was supported by theNMR spectrum (Appendix 14) which gave
peaks ab 6.32 d § = 10.0 Hz) and 6.01 dl & 10.0 Hz) attributed to olefinic protons at C+&la
C-7;64.83d(§=17.2Hz) and 4.77 d & 17.2 Hz) attributed to lactone oxymethylene pnat
at C-11;6 0.99, 1.01 and 1.04 attributed to tertiary thee¢hmethyl protons at C-13, C-14 and
C-15 (Canoniceet al., 1967a; 1967b; Kubet al., 1977; Fukuyamat al., 1982). Based on the
spectral data as well as comparison with literatdaga, compoundl02 was identified as
bemadienolide.

Table 16:1°C (90 MHz) and'H (360 MHz) NMR data of 102 in CDC}

Carbon C (8c)  Multiplicity *H (8, mult, J in Hz)

1 40.53 CH 1.68 m

2 17.93 CH 1.26 m

3 3353 CH2 1.56 m

4 3271 C ;

5 5234 CH 2.22'm

6  117.56 CH 6.01 d (10.0)
7  131.65 CH 6.32 d (10.0)
8  122.33 C -

9  171.66 C -

10  36.75 C -

11  67.67 CH 4.83d (17.2), 4.77 d (17.2)
12 170.21 C -

13 32.25 CH 1.01s

14 2252 CH 1.04s

15  14.97 CH 0.99 s
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Drimenin [103]

Compoundl03 was isolated as white crystals from n-hexane - 0

ethyl acetate mixture, mp 131-133 °G,\Rlue 0.18 (n-hexane: ethyl
acetate 3:2) andi]p -42°(MeOH, c, 0.76). The EIMS spectrum 193
exhibited a molecular ion peak at/z 235 [M+1] suggesting a

molecular formula GH»0, and was supported B§C NMR spectrum

3
Z,
2

(Appendix 14) which gave a total of 15 peaks attieiol to three
methyl, five methylene, three methine and four postonated carbon 103

atoms. The'H and *C NMR data (Table 17) were similar to those presipueported for
drimenin (Suzuket al., 1970; Fukuyamat al., 1985; Barrercet al., 1995; Akitaet al., 2000).
The *C NMR peaks ab 175.31 was suggestive of lactone carbonyl presesile those ab
121.13 and 129.77 indicated the carbon-carbon @obbhd at C-7 (Fukuyamet al., 1985;
Barreroet al., 1995). The position of the double bond was suggblly the presence of an
olefinic proton signald 5.74 d,J = 4.0 Hz) which demonstrated the carbon-carborbldolbond
to be tri-substituted (Fukuyane al., 1985; Barrercet al., 1995). Other peaks in tH&C NMR
spectrum were observedd69.79 assigned to oxymethylene carbon at G3132.95, 21.32 and
13.89 assigned to tertiary methyl carbons g €5 (Suzukiet al., 1970; Fukuyamaet al.,
1985 Akita et al., 2000). The more deshielded resonance for theractoethylene carbor (
69.79) allowed its placement at C-12 as oppose@-i® in cinnamolide (Kioyet al., 1990;
Fukuyameet al.,1985; Barrereet al.,1995).
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Table 17:*°C (90 MHz) and*H (360 MHz) NMR data of compound 103 in CDGJ

Carbon C (6c)  Multiplicity 'H (84, mult, J in Hz) H (8)*
1 38.37 CH 1.17-1.65m NR
2 18.17 CH 1.17-1.65m NR
3 23.25 CH 1.17-1.65m NR
4 34.30 C -
5 53.59 CH 1.98 m NR
6 42.24 CH 1.78d (12.8),2.48d (18.1)  NR
7 121.13 CH 5.74 d (4.0) 5.62-5.84
8 129.77 C -
9 49.56 CH 2.78s NR
10  41.54 C -
11  175.31 C -
12 69.79 CH 4.66 s 4.57-4.27
13 32.95 CH 0.87 s
14 21.32 CH 0.92s } 0.89-0.92
15  13.89 CH 0.89s

"'H NMR (250 MHz, CDCI3) data of drimenin from litéume (Wenkert and Strike, 1964).
NR = Not reported.

Other diagnostic peaks in thid NMR peak ofl03 were observed &t 4.66 s, attributed
to lactone oxymethylene protons (-CO-O£¥H6 0.87 s, 0.89 s and 0.92 s attributed to the
methyl protons at C-13, C-14 and C-15 (Fukuyanal., 1985; Barrercet al., 1995). Based on
the spectral data as well as comparison with heeadata, compound@l03 was identified as

drimenin.
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4.3.2 Identification of compoundsrom E. schweifurthianum

Fractionation of extracts fronk. schweifurthianumled to the isolation of nine known
compounds which were identified @ssitosterol 3], stigmasterol 90|, lanosterol 109, 3-
oxofriedooleanane 4H4], 3o-hydroxyfriedooleanane 1D, 3-oxofriedoolean-29-ol 108§, 3-
oxofriedoolean-28-al4b], a-amyrin [L07] and a-amyrin acetate105. Their structures were

determined using spectroscopic methods as webmparison with literature data.

p-Sitosterol [63]

Compound63 was obtained as white
crystals from CHCIl,-MeOH, (95:5), mp 134-
135 °C, Rvalue 0.42 (n-hexane: ethyl acetate
9:1) and §]p +49°(MeOH, c, 0.35). The The
IR spectrum shwed rhe presence of OH (3404
cm™) and C=C (1635 ci). ESI-MS spectrum
of 63 gave a quasi-molecular ion peaknafiz
437 [M+Na] which corresponded to 63
molecular formula G@Hsc© and was supported bC NMR spectrum which showed the
presence of 29 distinct carbon peaks resolved sitanethyl, eleven methylene, nine methine
and three non-protonated carbon atoms by DEPT *Hitend**C NMR data (Table 18) were in
agreement with data previously reported fesitosterol (Shameedt al., 1996; Hagueet al.,
2008). The®*C NMR spectrum (Appendix 15) showed the preserfcavo olefinic carbon
atoms § 140.75, 121.70), an oxymethine carbon atérni).81) and six methyl carbon atois
19.80, 19.39, 19.03, 17.77, 11.97 and 11.85 (Shiaetexd., 1996; Prachayasittikut al.,2010).
The **C NMR data were supported by th¢ NMR spectrum which showed the presence of one
olefinic proton § 5.35 m), thus confirming the carbon-carbon dolwgead to be trisubstituted
(Shameekt al., 1996; Prachayasittikudt al., 2010). The peak &t 3.52 which was assigned to
the proton at C-3 confirmed the presence of thedwd group while those at 1.01(s), 0.92 (d,
J=6.2 Hz), 0.84 (tJ=7.0 Hz), 0.82 (d) = 6.5 Hz), 0.81 (dJ = 6.5 Hz) and 0.68 ( s) confirmed
the presence of two tertiary, three secondary ared gsimary methyl groups (Shamesdl al.,
1996). Based on the spectral data as well as casopawith literature data, compoue@ was

identified ag3-sitosterol.
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Stigmasterol [90]

Compound90 was isolated as white crystals
from CHCl, — MeOH (95:5), mp 169-170 °C,tR N
value 0.16 (n-hexane: ethyl acetate 9:1) afjd 51°
(MeOH, c, 2.0). IR spectrum &3 showed peaks at
3356 and 1647 cih indicating the presence of
hydroxyl group and carbon-carbon double boné
respectively. The EIMS spectrum afforded a ”
molecular ion peak ah/z412 which corresponded to a molecular formugHgO. The EIMS
data were supported B§C NMR and DEPT spectra (Appendix 16) which shovespiresence of
29 carbon atoms consisting of six methyl, nine ryletie, eleven methine and three quaternary
carbon atoms. ThiH and**C NMR data (Table 18) were similar to those presipueported for
stigmasterol (Sukurat al.,1972; Shameadt al.,1996; Reginattet al.,2001; Forgo and Kover,
2003). The EIMS spectrum further showed daughtes &tm/z369 [M-GH-]", 300 [M-GgH17]"
and 271 [M-GgH21]" which were similar to those of stigmasterol (Swaket al., 1972; Shameel
et al.,1996; Reginattet al.,2001). The"*C NMR olefinic peaks at 139.56, 138.09, 127.65 and
117.32 confirmed the presence of two carbon-cadmuble bonds (tri- and di-substituted) at C-
5 and C-22 while the peak &f71.04 confirmed the presence of oxymethine cadiom at C-3
(Shameeket al., 1996; Reginatt@t al., 2001; Forgo and Kover, 2003). Other peaks in'tie
NMR spectrum were a$ 12.06, 21.99, 21.38, 12.16, 19.05 and 12.9 whighfiecned the

presence of six methyl groups and were assigneti@sn in Table 18.

The *C NMR data were supported By NMR spectrum (Table 18) which showed the
presence of three olefinic protonsdab.18 m, 5.15 dJ = 15.3 Hz) and 5.03 dd € 15.3, 8.1
Hz); a proton attached to a oxymethine carbon o854 m) and six methyl groups&a.54
s, 0.84 s, 0.78 dJ(= 7.1 Hz), 0.82 dX= 6.5 Hz), 1.00 d)X= 6.5 Hz) and 0.79 tJ(= 8.0 Hz)
corresponding to two tertiary, three secondary ane primary methyl groups (Sukuret al.,
1972; Shameekt al., 1996; Reginattcet al., 2001). Based on the spectral data as well at
comparison with literature information, compow@was identified as stigmasterol.
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Lanosterol [109]

Compoundl09was isolated as white crystals from £LHp — MeOH (95:5) mp 144-145
°C, R value 0.46 (n-hexane: ethyl acetate 4:1) and
[a]o +62°(MeOH, c, 1.12). the IR spectrum showed
the presence of OH (3462 &jnand C=C (1644cth
The compound was shown to have a molecular
formula of GeHseO as determined by’C NMR,
DEPT and ESI-MS spectrum (Appendix 17) which
gave a quasi-molecular ion peaknatz 449 [M+Na] suggesting the molecular weight of the
compound to ben/z426. The'H and**C NMR data (Table 18) were similar to those presipu

109

\\\\\\n,

reported for lanosterol (Miiller, 20025°C NMR and DEPT spectra showed the presence of four
olefinic peaks corresponding to three quaternar$34.05, 134.05, 130.56) and one methihe (
124.91) carbon atom, a fact which was supportethbypresence of an olefinic peaksdh.08 t

(J = 6.6 Hz) in the'H NMR spectrum (Miiller, 2002). The HMBC peakaa¥8.68 correlating
with a proton ab 3.24 dd § = 10.7, 4.4 Hz) suggested the OH group at C-3etinkequatorial
conformation (Mohanlall and Odhiv2009; Nagwa, 2000; Reginattet al., 2001). Other
characteristic peaks in tH&C NMR spectrum were the methyl signals16.52, 15.52, 17.80,
19.27, 21.25, 21.90 25.93 and 28.00) which confitthe presence of the eight methyl groups in
lanosterol (Miiller, 2002), a fact which was furtisepported byH NMR peaks a6 0.69 s, 0.81
s,0.87s,0.98s,1.015s,1.68s, 1.60 s, anddD@5 6.3 Hz). Based on the spectral data as well

as comparison with literature data, compoaféwas identified to be lanosterol.
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Table 18:*°C (90 MHz) and*H (360 MHz) NMR data of 63, 90 and 109 in CDGlI

63 63* 90 90** 109 63 90 109

Carbon (8¢c)  (8c)  (8c) (8¢) (Bc)  (Bn)  (3n) (81)

1 37.25 3731 37.28 37.0 36.02 1.76

2 31.66 31.81 31.87 31.9 27.82 1.74,1.34

3 7181 7190 71.04 72.0 78.68  3.52 3.54 3.24

4 42.30 4240 40.69 42.5 38.53 1.66 -

5 140.75 140.90 139.56  140.8 50.06 -

6 121.70 121.87 117.32 121.8 1825 5.35 5.18

7 33.71 32.07 29.75 32.1 28.25 1.67

8 3191 32.00 30.12 32.2 134.05 2.01 -

9 50.14 50.81 49.64 50.5 134.05 1.62 -

10 36.50 36.61 34.32 36.5 35.25 - -

11 21.08 21.12 21.63 21.2 21.00 1.54

12 39.78 40.30 39.57 40.0 39.18 1.88 1.22

13 42.32 42,61  43.37 42.2 4414 - -

14 56.77 56.78  56.14 57.1 49.47 1.26 -

15 2429 2432 23.08 24.5 24.25 1.45 1.36

16 28.24 28.24  28.40 28.9 35.93 1.75,1.25

17 56.06 56.20  55.22 56.3 36.68 1.80 -

18 11.97 1190 12.06 12.2 15.83 0.68 0.54 0.69

19 19.39 19.44  21.99 19.5 19.27 1.01 0.84 0.98

20 36.14 36.26 40.43 40.4 36.68 2.20

21 19.03 10.09 21.38 21.4 18.90 0.92 1.00 0.95

22 33.95 34.00 138.09 138.3 36.02 5.15

23 29.16 29.31 127.65 129.7 26.49 5.03

24 4582 4580 51.28 51.5 124.91 1.53 5.08

25 26.09 26.21 31.57 32.2 130.56 1.52 -

26 18.77 18.80 12.16 12.2 28.00 0.82 0.78 1.68

27 19.80 19.80 19.05 19.2 17.80 0.81 0.82 1.60

28 23.07 23.10 25.35 25.4 25.93 1.39 0.81

29 12.85 11.92 12.99 12.2 155 0.84 0.79 1.01

30 21.25 0.87

*13C NMR (75 MHz, CDCH}) data ofp-sitosterol (Shameeit al., 1996)

++13C NMR (75 MHz, CDC}) data stigmasterol (Forgo and Kover, 1996)
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3-Oxofriedooleanane [44]

~

\
S
s

Compound44 was isolated as white crystals, \Rlue
0.33 (n-hexane: ethyl acetate 9:1), mp 260-261rf€[alp -
28° (MeOH, c, 1.12). The EIMS spectrum d# gave a
molecular ion peak an/z426 corresponding to a molecular
formula GoHseO and was supported by th&C NMR and
DEPT spectra (Appendix 18) which displayed a tofaB0 ©

carbon atoms attributed to eight methyl, elevenhylehe,

four methine and seven quaternary carbon atomsAtend**C NMR data (Table 19 and 20)
were similar to data previously reported for 3-gifooleanane (Anjaneyulu and Rao, 1980a;
Weeratungeet al., 1983; Mahato and Kundu, 1994; De Lampasehal., 1998; Costa and
Carvalho, 2003) and were supported by the IR spectvhich exhibited a peak at 1706 tm
thus confirming the presence of a carbonyl carlfmaneyulu and Rao, 1980a; Weeratunga et
al., 1983). The*C NMR spectrum gave a peakda213.24 which further confirmed the presence
of a carbonyl carbon atom at C-3. Other charadiefeaks in thé’C NMR and DEPT spectra
were the methyl peaks &t6.81, 14.59, 17.91, 18.63, 20.21, 32.05, 31.73 2084 which
confirmed the presence of the eight methyl gronp®-0xofriedooleanane (Anjaneyulu and Rao,
1980a; Weeratungat al.,1983; Mahato and Kundu, 1994; Costa and Carvaibo3).

The *C NMR data were supported By NMR spectrum (Table 20) which showed the
presence of eight methyl signals attributed to sdeetiary ¢ 0.70 s, 0.84 s, 0.92 s, 0.97 s, 0.98
s, 1.04 s and 1.16 s) and one seconda.&6 d,J =7.0 Hz) methyl groups (Anjaneyulu and
Rao, 1980a; Weeratungd al., 1983; Costa and Carvalho, 2003). Further exanunaif EIMS
spectrum of44 revealed fragmentation pattern typical of a saédrariterpene (Costa and
Carvalho, 2003; Budzikiewicst al., 1963; Anjaneyulu and Rao, 1980a; Weeratuegal.,
1983) as evidenced by characteristic daughter ams/z 411[M-15], 344, 273, 205 and 123.
Based on the spectral data as well as comparistim Merature data, compound4 was

identified as 3-oxofriedooleanane.
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3a-Hydroxyfriedooleanane [106]

~
D
$
N

Compound106 was obtained as white crystals from
CH.Cl, — MeOH (9:1), Rvalue 0.28 (n-hexane ethyl acetate
4:1) mp 290-292 °C andi]p +18°(MeOH, c, 1.12). The IR
spectrum ofl06 showed the presence of a hydroxyl group;
3476 cnt (Silverstainet al., 1981). The EIMS spectrum
showed a molecular ion peakratz 428, corresponding tosgHs,0 formula and was supported
by **C NMR spectrum (Appendix 19) which showed 30 disticarbon peaks attributed to eight
methyl, eleven methylene, five methine and six guery carbon atoms. Other significant peaks
were atm/z 413 [M-MeT, 395 [M-Me-HO]", 206 [G4H220]" and 220 [GeHag]™ Which are
characteristic peaks commonly found in the speaftraleanane type of triterpenes with OH at
C-3 (Anjaneyulu andRao, 1980b; Siddigwet al.,1989; Mahato and Kundu, 1994).

106

The'H and**C NMR data of106 (Table 19) were in agreement with those previously
reported for 8-hydroxyfriedooleanane (Anjaneyulu and Rao, 1980ahato and Kundu, 1994)
and closely resembled those of 3-oxofriedooleandd] except for the presence of an
oxymethine peak ai 72.72 with corresponding oxymethine proton sigatad 3.73 d § = 2.3
Hz) in the®'H NMR spectrum, thus confirming the presence of @blp at C-3 (Anjaneyulu and
Rao, 198a; Siddiquet al., 1989; Mahato and Kundu, 1994). The small couptingstant (2.3
Hz) allowed the assignment af orientation of the OH group (Anjaneyulu and R&880a;
Gupta and Sing, 1989; Mahato and Kundu, 1994; Bldwaet al., 1999). Other characteristic
peaks in thé®C NMR spectrum were observed &tl1.61, 16.38, 18.23, 18.64, 20.11, 31.78,
32.08 and 35.02 which confirmed the presence oéitjlet methyl groups in friedooleanane type
of triterpenes (Anjaneyulu and Rao, 1980a; Mahatblaundu, 1994).

The °C NMR data were further supported by th€ NMR spectrum which displayed
seven tertiary methyl singlets 0.88, 0.96, 0.98, 0.99, 1.00, 1.01 and 1.17) addublet ats
0.94 g = 7.0 Hz) assigned to methyl protons at C-23 (Aejallu and Rao, 1980a; Anjaneyulu
and Rao 1980b). Based on the spectral data asasetbmparison with literature data, compound

106 was identified as@hydroxyfriedooleanane.

80



3-Oxofriedoolean-29-ol [108]

OH

The compound was isolated as white crystals from n-

hexane- ethyl acetate mixture; Value 0.38 (n-hexane: ethyl
acetate 4:1), mp 250-252 °C angd +87°(MeOH, c, 1.0).

The ESI-MS spectrum df08 gave a quasi-molecular ion peak
at m/z 465 [M+Na] corresponding to a molecular weight of
442 and formula HseO. and was supported byC and i -

DEPT spectra (Appendix 20) which showed the presesf 30 carbon atoms consisting of
seven methyl, twelve methylene, four methine anéiseéon-protonated carbon atoms.

The 'H and **C NMR data (Table 19 & 20) were similar to thos@ared for 3-
oxofriedoolean-29-ol (Weeratunga and Kumar, 198&hM&o and Kundu, 1994) and closely
resembled those of 3-oxofriedooleanafd] pxcept for the presence of an oxymethine peak at
74.74 in the™®C NMR spectrum which suggested the presence ofdaoRyl group at C-28
(Weeratunga and Kumar, 1985; Mahato and Kundu, J199ther significant peaks in tHéC
NMR were até 213.19 (carbonyl carbon at C-3) and the seven yheteaks ato 6.81, 14.64,
17.68, 18.43, 20.74, 25.79 and 32.06 (Weeratund&amar, 1985; Mahato and Kundu, 1994).

The'H NMR spectrum (Appendix 20) peak&B8.26 s, further confirmed the presence of
—OH at C-29 (Weeratunga and Kumar, 1986)NMR spectrum singlets &t0.72, 0.86, 1.02,
1.04, 1.21, 1.25 further confirmed the presenc&oftertiary methyl groups while a doubletdat
0.87 0 = 6.5 Hz) confirmed the presence of secondary yhetlotons at C-23 (Weeratunga and
Kumar, 1985; Mahato and Kundu, 1994). Peaks8 at36 (m) and 2.40 (m) were assigned to
protons at C-4 and C-2, repectively. Based on {iextsal data as well as comparison with

literature data, compourkd8was identified as 3-oxofriedoolean-29-ol.
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3-Oxofriedoolean-28-al [45]

Compound 45 was isolated as white needles from
CH.Cl,-MeOH (95:5), Rvalue, 0.22 (n-hexane- ethyl acetate
4:1), mp 263-265 °C andp +65°(MeOH, c, 1.0). The ESI-
MS of the45 showed a quasi-molecular ion peaknalz 463

CHO

[M+Na]*, corresponding to a molecular weight of 440 a
molecular formula gyH4s0,. The ESI-MS data were supported a5

by *C NMR and DEPT experiments (Appendix 21) which sedwhe presence of 30 distinct
carbon peaks consisting of seven methyl, eleverhylete, five methine and seven non-
protonated carbon atoms. The and**C NMR data of45 (Table 19 and 20) closely resembled
those of 3-oxofriedooleananéq] except for the presence of a peak @05.47, which suggested
45 to be 3-oxofriedooleanane with an aldehyde grdtgrhed to it (Mahato and Kundu, 1994).
The™*C NMR data (Table 19) were similar to those presipueported for 3-oxofriedoolean-28-
al, canophyllal (Mahato and Kundu, 1994; Ablesl., 2007)

and gave carbonyl carbon peaks &13.01 and 205.47 which were assigned to the keamal
aldehyde carbonyl carbon atoms at C-3 and C-2Bentively (Mahato and Kundu, 1994; Abbas
et al.,2007; Olmedeet al.,2008). Other characteristic peaks weré @t77, 13.74, 14.46, 16.12,
18.58, 18.92, 26.80 which were assigned to thersewethyl carbon atoms at C-23, C-27, C-29
and C-3(qMahato and Kundu, 1994).

'H NMR spectrum o#i5 which gave a peak &t9.39 (-CHO) also displayed seven methyl peaks
consisting of six singlet$(0.70, 0.85, 0.87, 0.89, 0.97 and 1.01) and a @bhD.88J = 6.6),
thus further supporting th€C data (Mahato and Kundu, 1994; Abkesal., 2007; Olmedaet
al., 2008). Based on the spectral data as well as awsopawith literature data, compoud®

was identified as 3-oxofriedoolean-28-al (canopiyll
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Table 19:*C NMR (90 MHz, CDCI;) of compounds 44, 106, 108 and 45

Carbon 44 44* 106 106** 108 108*** 45 45%*x
1 2242 223 1750 1643 22.26 22.3 22.25 22.3
2 4150 415 3517 3546 4150 41.6 41.41 41.5
3 213.24 2132 7276 7279 21319 2132 213.01 2140
4 58.17 58.2 49.17 49.39 58.30 58.3 58.12 58.2
5 4214 421 3710 37.99 4217 42.3 42.02 42.0
6
7
8

41.23 413 4173 4192 41.27 41.4 41.15 41.0
18.20 182 1579 1765 1822 18.3 18.15 18.1
53.05 53.1 53.19 53.34 53.38 53.5 50.41 52.8

9 3738 374 3782 3727 37.42 37.5 37.12 37.1
10 5943 594 6135 6158 59.44 59.6 59.45 59.2
11 3554 356 3555 3571 3562 35.7 36.30 35.4
12 3043 305 30.63 30.73 29.74 29.8 28.49 30.6
13 39.67 39.7 39.69 3841 39.93 40.0 39.39 38.7
14 3825 383 3837 3981 38.22 38.3 37.47 37.7
15 3227 324 3233 3248 3221 32.8 30.07 32.4
16 3590 36.0 36.08 36.25 35.85 36.0 35.12 34.9
17 29.95 30.0 30.02 30.13 30.50 29.8 43.91 a47.7
18 42,78 428 4282 43.05 41.84 42.0 44.53 36.4
19 3528 353 3536 3539 30.57 30.6 36.20 35.4
20 28.13 28.1 28.17 2822 33.09 33.2 26.80 28.3
21 3273 327 3281 33.00 27.77 29.9 28.96 324
22 39.23 372 39.28 39.36 39.48 39.6 26.19 28.8
23 6.81 6.8 11.61 11.59 6.81 6.8 6.77 6.9

24 1459 144 1638 1590 14.64 14.7 14.64 14.6
25 1791 179 1823 1829 17.86 17.9 16.12 17.2
26 18.63 18.6 18.64 18.62 1843 18.4 18.92 20.0
27 2021 201 20.11 20.13 20.74 20.8 18.58 18.8
28 32.05 321 32,08 3216 32.06 32.1 205.47 210.0
29 31.73 31.8 31.78 31.84 7479 74.8 32.74 34.5
30 3498 350 3502 3501 2579 25.9 26.80 29.4

*13C NMR (75 MHz, CDC}) data of 3-oxofriedooleanane (Mahato and Kund94).9
+13C NMR (75 MHz, CDC}) data of &-hydroxyfriedooleanane (Mahato and Kundu, 1994)
wx 130 NMR (75 MHz, CDC}) data of 3-oxofriedoolean-29-ol (Olmedboal.,2008)

=+ 13C NMR (75 MHz, CDC4) data of 3-oxofriedoolean-28-al (Abbesal.,2007)
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Table 20:*HNMR (360 MHz) of compounds 44, 106, 108 and 45,(, mult, J in

Hz)

Carbon CPD 44 CPD 106 CPD 108 CPD 45
2 1.34dd (3.6,1.8),2.25m 1.45m, 0.96 m 240m 2.26m,2.38m
3 - 3.73d (2.2) - -
4 2.22d (3.6) 1.26m 2.36 m 2.23q(6.7)
23 0.86 d (7.0) 0.94d (7.0) 0.87 d (6.6) 0.88.8)6
24 0.70 s 0.94 s 0.72s 0.70 s
25 0.84 s 0.88 s 0.86 s 0.85s
26 1.04 s 0.99s 1.02 s 0.87 s
27 0.98 s 1.00s 1.25s 0.91
28 0.97 s 1.01s 1.04 s 9.39s
29 1.16s 1.17 s 1.21s 1.09 s
30 0.92s 0.96 s 3.26s 0.89s

a-Amyrin [107]

Compound107 was isolated as white crystals from 5%
MeOH in CHCI, and had Rvalue of 0.32 (n-hexane: ethyl
acetate 4:1), mp 180-181 °C andiy +83°(MeOH, c, 1.12). The

ESI-MS spectrum 0107 gave a quasi-molecular ion peakrat

449 [M+Na] corresponding to a molecular weight of 426 a
molecular formula gHseO and was supported BYC NMR and 107
DEPT spectra (Appendix 22) which showed a toté8®tarbon peaks attributed to eight methyl,

nine methylene, seven methine and six quaternabpoatoms.

The 'H and**C NMR data (Table 21) were similar to those presipueported fora-
amyrin (Secet al., 1975; Morris and Mansor, 1991; Mahato and Kund94). The *C NMR
spectrum showed the presence of a carbon-carbohleddond § 139.84 and 124.42), an
oxymethine carbon §(79.06) and eight methyl carbon atoms consistingioftertiary (15.61,
15.67, 16.86, 23.26, 28.10, 28.73) and two secgn@al7.46, 21.35) methyl carbon atoms (Seo
et al., 1975; Morris and Mansor, 1991; Mahato and Kund294). The'H NMR spectrum
(Appendix 22) gave olefinic peak &b.12 t § = 3.5 Hz) and an oxymethine pealo&.22 dd {
= 11.5, 4.5 Hz) thus further confirming the present the carbon-carbon double bond at C-12
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and OH at C-3. The large coupling constat (L1.5 Hz) observed for H-3 showed the OH to be
in equatorial position (Seet al., 1975; Morris and Mansor, 1991). Other characterigeéaks
were ats 0.79, 0.80, 0.87, 0.93, 0.95, 0.99, 1.01 and WBich confirmed the presence of eight
methyl groups (Seet al.,1975; Morris and Mansor, 1991; Mahato and Kun@94). Based on
the spectral the data as well as comparison wghakiure data, compourdd7 was identified as

a-amyrin.

a-Amyrin acetate [105]

The compound was isolated as white crystals fromn-

hexane - ethyl acetate mixture and had/&tue 0.23 (n-hexane:
ethyl acetate 9:1) mp 214-215 °C angb[+77°(MeOH, c, 1.22).
ESI-MS spectrum o005 showed a quasi-molecular ion peak at
m/z 491 [M+Na] corresponding to a molecular formulao
CazHs20,. TheH and™C NMR spectra (Appendix 23) closely 105

resembled those ef-amyrin [LO7], except for the presence of two extra peaks £70.04 and
21.36 in the®C NMR spectrum which suggested the compound to deylated o-amyrin
(Morris and Mansor, 1991; 1992; Mahato and Kund294t Reginattaat al., 2001). The'*C
NMR spectrum gave 32 carbon signals attributedirte methy, nine methylene, seven methine
and seven non-protonated carbon atoms. Peak$38.62 and 124.31 confirmed the presence of
the carbon-carbon double bond at C-12 and waseustipported by tht#H NMR peaks 5.12 t

(J = 3.6 Hz) which was attributed H-12 (Morris and dar, 1991; Mahato and Kundu, 1994).
Further examination of th&C NMR spectrum revealed the presence of nine methston

peaks which were assigned as shown in Table 21.

The'H NMR spectrum ofl05further showed the presence of an oxymethine prat-
3 (6 4.51 m) and nine methyl groups consisting of seteetary ¢ 2.05, 0.80, 1.57, 0.98, 1.07,
0.91, 1.01) and two secondarydad.87 d(J = 5.5 Hz) methyl groups. Based on the spectral dat
as well as comparison with literature data, compldl0b was identified as-amyrin acetate.
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Table 21:*°C (90 MHz, CDCl;) compounds 107 and 105

Carbon 107 107* 105 105**
1 38.77 38.7 33.88 33.4
2 27.23 27.2 23.24 23.6
3 79.06 78.3 80.95 80.7
4 38.77 38.7 37.70 37.6
5 55.19 55.2 55.25 55.3
6 18.35 18.3 18.13 18.3
7 32.94 32.9 32.69 32.8
8 40.04 40.0 40.01 40.1
9 47.72 a47.7 47.63 47.1
10 36.90 36.9 36.78 36.8
11 23.3 23.3 22.74 17.5
12 124.42 124.3 124.31 1241
13 139.58 139.3 139.62 139.4
14 42.08 42.0 42.06 42.1
15 27.23 28.7 28.09 28.7
16 26.61 26.6 26.58 26.7
17 33.75 33.7 33.88 33.8
18 59.07 58.7 59.04 59.0
19 39.66 39.6 39.64 39.7
20 39.60 39.6 39.60 39.7
21 31.35 31.2 31.24 31.3
22 41.53 41.5 41.53 41.5
23 28.73 28.1 28.73 28.1
24 15.67 15.6 18.13 16.8
25 15.61 155 15.44 15.7
26 16.86 16.8 16.84 16.8
27 23.26 23.3 23.40 23.2
28 28.10 28.1 27.83 28.1
29 17.46 17.4 21.97 23.2
30 21.35 21.3 21.42 21.4

MeCO 171.04 170.4

MeCO 21.36 21.2

*13C NMR (75 MHz, CDC}) data ofa-amyrin (Mahato and Kundu, 1994)

+ 130 NMR (75 MHz, CDC}) data ofa-Amyrin acetate (Morris and Mansor, 1991)

86



4.3.3 Identification of compounds fromT. brownii

Fractionation of extracts from. browniiled to the isolation of five known compounds
consisting of two steroids and three pentacycliterppenoids which were identified g%
sitosterol 3], stigmasterol 90}, monogynol A [L10, betulinic acid 88] and arjungenind3].
The structures of the compounds were determinedguspectroscopic methods as well as

comparison with literature data.
Monogynol A [110]

Compoundl10was isolated as white crystals from ethyl o
acetate with Rvalue of 5.8 (n-hexane: ethyl acetate 9:1), mp /P
237-238 °C and of[p +39° (MeOH, c, 1.28). The ESI-MS
spectrum (Appendix 24) afforded a positive quasietaar ion

peak atm/z 467 [M+Na] corresponding to the molecular
formula GoHs:0, (molar mass 444). The ESI-MS data wer,
supported by thé®C NMR spectrum (Appendix 24) which

exhibited the presence of 30 carbon atoms congisifna carbon bearing a tertiary OH and

a

another carbon bearing a secondary O @8.59 and 78.77, respectively. THE NMR data
also showed the presence of eight methyl carbomsataté 30.02, 27.73, 17.90, 17.77, 16.22,
16.16, 15.40 and 14.78. The rest# NMR signals (Table 22) corresponded to six quigr
carbons § 73.59, 43.17, 43.17, 41.39, 38.18, 35.15), sixhmetcarbonsd78.77, 54.87, 49.37,
47.19, 38.78, 38.55) and ten methylene carbon a(®®8.41, 37.93, 37.50, 35.21, 29.11, 27.12,
26.37, 21.31, 18.07) as evidenced by the DEPTHMQC spectra (Appendix 24).

Comparison of the above spectral data with thosdlable in the literature indicated that the
compound is a derivative of lupanol (Colead, 1991; Mahato and Kundu, 1994; Ulubelen
al., 1994). The large coupling constade (7.9 Hz) in the'H NMR spectrum allowed the
assignment off and equitorial orientation of the OH group at @C®leet al.,1991; Ulubeleret

al., 1994). The'H NMR spectrum (Appendix 24) further afforded arneethine signal centered
at s 3.30 thus confirming the presence of the OH grau@-3. The presence of the eightmethyl
group was further evidenced by the eight singlét®.76, 0.84, 0.85, 0.95, 0.97, 1.07, 1.09,
1.18), each integrating for three protons intHNMR. Based on the above results as well

87



as comparison with literature data, compoubtld was identified as lupan83 20-diol
(monogynol A).

Betulinic acid [88]

Compound 88, Rs value 0.18 (n-hexane: ethyl
acetate 7:3) was isolated as white crystals frorthamsl ///

//,”

and had mp 280-282 °C and]f +10°(MeOH, c, 1.0).
The IR spectrum showed the presence of OH (3455 ,cm
an exomethylene (3072 ¢hand a carbonyl (1687 ¢t

The EIMS spectrum (Appendix 25) gave a molecular io

peak atm/z 456 corresponding to the molecular formula

CaoHasOs and was supported by tH&C NMR spectrum 88

(Appendix 25) which exhibited 30 non-equivalentbzar

Z
Z
>

atoms and among them were the carbonyl carbd8(@.0), a quaternary vinyl carbah50.40),

a terminal methylene carbod 109.67) and a carbon holding a secondary alc@éh@®(11). The
other *C NMR signals corresponded to five quaternary aasb® 56.95, 42.59, 40.89, 38.56,
37.36), ten methylene carboris 39.89, 37.09, 34.52, 32.28, 30.73, 29.81, 27.56& 21.00,
18.40), five methine carbons 65.56, 50.72, 49.51, 46.99, 38.95) and six metlaybons §
28.06, 19.45, 16.14,16.14, 15.35, 14.77) as evetngy DEPT and HMQC spectrum
(Appendix 25).

The *H NMR spectrum 088 (Appendix 25) afforded two singlets &t4.73 and 4.60
corresponding to two protons of a terminal vinylthydene group while the while the vinyl
methyl group was centered &t1.69. Comparison of these data with those availablthe
literature indicated tha&8 is eithera- or B-betulinic acid (Mahato and Kundu, 1994; Hagie
al., 2006) Table 22. The large coupling constaht 8.1, 6.0 Hz) in théH NMR spectrum
allowed the assignment @f and equatorial orientation of the OH group at (P8nget al.,
1989).The’H NMR data together the EIMS diagnostic peaksn&t456 [M]', 438 [M-H:0]",
423 [M-Me-H,Q]", 411 [M-45T, 248 [A]’, 207 [B], 219 [CT, 203 [D] and 189 [E] (Fig. 5

confirmed the compound to be lup-20(29)-ene typktae position of the carbonyl group was in
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ring D/E at C-17 (Budzikiewicst al., 1963; Kwonet al., 2003; Chaiyade, 2004; Haqeeal.,

2006). Based on these results compo8®d/as concluded to b@-betulinic acid.

=
co-H HO COH
CH;
A: m/z 248 B: m/z 207 C: m/z 219
- COH o
= +
D: m/z 203 E: m/z 189

Fig. 5: Proposed EIMS fragmentation pattern of coumu88

Arjungenin [83]

—
=
=

Compound83 R value of 0.32 (n-hexane: ethyl acetate
1:1), mp. 293-295 °C,0]p +29° (MeOH, c, 2.0), was
isolated as white amorphous solid from methanok T
spectrum of the compound showed the presence of .
(3404 cnt), carbonyl (1705 cif) and C-C double bond
(1640 cnt). The ESI-MS spectrum gave a positive quasf-

///’ “,,
",

CH,OH

molecular ion peak an/z527 [M+Na] corresponding to

the molecular formula £gH450s.

The *C NMR spectrum o83 (Appendix 26) exhibited 30 non-equivalent carbtones
which indicated the presence of a carbonyl carkibri79.72), three carbon atoms bearing
secondary OH groups 84.52, 79.76, 67.40), a carbon atom bearing mas OH group
63.82), a quaternary vinyl carboh 144.13) and a methine vinyl carbdan122.06) (Mahato and
Kundu, 1994; Reddet al.,1994; Singtet al.,2004; Garceet al.,2006; Xuet al.,2009b). The
rest of the'*C NMR signals (Table 22) corresponded to six quiatgr carbonsd(43.78, 41.69,
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39.37, 39.24, 38.22, 35.49), three methine carliong3.13, 47.37, 55.48), eight methylene
carbons ¢ 18.87, 23.39, 27.15, 27.86, 28.41, 32.29, 32.8(B1) and six methyl carbon atoms
(6 16.37, 16.59, 23.33, 24.03, 24.67, 28.08) (Mahatb Kundu, 1994; Xet al.,2009b).

Table 22:°C NMR (90 MHz, CDCI3) data of 110, 88 and 83

Carbon 110 88 88* 83 83+

1 37.50 38.89 39.0 46.80 47.4
26.63 27.54 27.6 67.40 68.9
78.77 79.11 78.2 70.76 78.4
37.93 38.56 39.0 39.37 43.6
54.87 55.56 55.5 55.48 48.2
18.32 18.40 18.4 18.87 18.8
35.14 34.52 345 32.80 33.6
41.39 40.89 40.8 39.24 40.1
9 49.37 50.72 50.7 47.37 48.5
10 38.18 37.36 37.3 38.22 38.6
11 21.56 21.00 21.0 27.86 28.8
12 27.37 25.68 25.6 122.06 123.5
13 38.55 38.95 38.2 144.13 1449
14 38.72 42.57 42.5 41.69 42.2
15 29.36 29.81 30.4 28.41 29.2
16 35.21 32.28 32.6 23.39 24.3
17 43.17 56.95 56.3 43.78 46.0
18 43.17 46.99 47.1 43.13 44.8
19 47.19 49.51 49.4 84.52 81.3
20 73.59 150.40 150 35.49 35.7
21 34.48 30.73 29.9 27.15 28.4
22 38.41 37.07 27.3 32.29 33.1
23 17.90 28.06 27.9 63.82 66.8
24 17.77 15.35 15.4 16.37 14.2
25 16.16 16.14 16.2 23.33 17.7
26 16.22 16.14 16.3 16.59 17.3
27 15.40 14.77 14.6 24.67 24.9
28 14.78 180.00 180.6 179.72 180.8
29 27.73 109.67 108.8 28.08 29.2
30 30.02 19.45 19.6 24.03 24.9

oO~NO OB WN

*13C NMR data (75 MHz, CDG) of betulinic acid (Haquet al.,2006)
++13C NMR data (75 MHz, CDG) of arjungenin (Mahato and Kundu, 1994)
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The'H NMR spectrum of compourB (Appendix 26) showed the presence of a vinyl prdso
5.22br. S), five protons on carbon atoms bearing hydrgxglps ab 4.48 d § = 8.1 Hz), 4.01
m, 3.75 d J = 10.1 Hz), 3.36 dJ(= 10.0 Hz) and 3.33 m (Redéy al.,1994; Singtet al.,2004;

Xu et al., 2009b). Other diagnostic peaks in ti€ NMR spectrum were the six singlets, each
integrating for three protons observedsat.27, 1.08, 0.89, 0.87, 0.83 and 0.64. Based en th
spectral data as well as comparison with literata®, compoun83 was concluded to ben2
3B, 1%, 23-tetrahydroxyolean-12-ene-28-oic acid (arjuriigen

4.4  Results from antifungal and antibacterial assay

4.4.1 Antifungal activity of crude extracts and istates

Methanol, ethyl acetate and n-hexane extracté/ofigandensis, E. schweinfurthianum
andT. browniiwere tested for antifungal activity agaiddternaria spp, A. niger, F. oxysporum,
F. solanumandR. stolonifeiwhich infect sweet potato. Results from theitro antifungal assay
(Table 23) revealed that all the extracts exhibitddbitory effect against at least one or more of
the fungi tested. Methanol, ethyl acetate and rahexextracts ofW. ugandensisand E.
schweifurthianunwere active against all the five fungi. Methanoti @thyl acetate extracts ©f
brownii inhibited the growth ofAlternaria spp, A. niger and F. oxysporumwhile n-hexane
extract of the plant was actve agaiAshiger and F. solanbut had no effect on the growth lef
oxysporumand R. stolonifer Methanol extract oWW. ugandensishowed the highest inhibitory
effects againsAlternaria spp A. niger, F. oxysporurand R. stoloniferfollowed by methanol
extracts ofE. schweifurthianuMethanol extract oE. schweifurthianunwas the most active
againstF. solani, followed by methanol extract &. ugandensisinhibition of growth of test
fungi varied with plant species and extraction sotv For example, in the antifungal test against
Alternaria spp, extracts fronW. ugandensisaused the highest inhibition to the growth of the
fungi followed by extracts fror. schweifurthianunfTable 23 and Fig. 6). Methanol extracts of
the three medicinal plants exhibited significanf®< 0.05) high inhibitory effects against the
tested fingi, followed by ethyl acetate extractsilesn-hexane extracts showed the least
inhibitory effect. Crude extracts from the threeanik exhibited lower antifungal activity

compared to Blitox and Dithane M-5 which were uasdtandards (Fig. 7).
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Table 23: Antifungal activity of crude extracts aganst sweet potato fungi

Diameter of zone of growth inhibition in mm*

Extracts** Controls
Fungi Plant MeOH EtOAc n-Hex Mean Blitox  Dithane
M-5
Alternaria spp ~ W.ugandensis 17.10 14.07 5.43 12.20 22.1 19.6
E. schweinfurthianum 12.07 8.43 2.10 7.53
T. brownii 8.07 4.03 0.00 4.03
Mean extract 12.41 8.40 2.51
CV (%) 1.56
LSD, P<0.05 0.25 0.25
A. niger W.ugandensis 21.07 11.53 3.07 11.89 28.0 24.3
E. Schweinfurthianum 16.43 13.43 6.00 11.96
T. brownii 10.53 5.08 1.47 5.68
Mean extract 16.01 10.00 3.51
CV (%) 0.93
LSD, P<0.05 0.18 0.18
F. oxysporum W.ugandensis 13.43 8.07 1.00 7.50 16.9 19.1
E. Schweinfurthianum 8.07 3.43 0.63 4.04
T. brownii 0.00 0.00 0.00 0.00
Mean extract 7.17 3.88 0.54
CV (%) 2.98
LSD, P<0.05 0.23 0.23
F. solani W.ugandensis 9.43 4.00 2.52 5.34 25.1 14.8
E. Schweinfurthianum 10.43 6.10 0.87 5.80
T. brownii 5.80 2.20 1.17 3.06
Mean extract 8.56 4.12 1.52
CV (%) 2.83
LSD, P<0.05 0..27 0.27
R. stolonifer W.ugandensis 24.50 13.73 5.63 14.62 18.3 16.3
E. Schweinfuthianum 9.33 4.37 3.10 5.60
T. brownii 0.00 0.00 0.00 0.00
Mean extract 11.28 6.03 9.91
CV (%) 1.41
LSD, P<0.05 0.19 0.19

*Values are means of three replicates; ** Conc.regdml.
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Fig. 6: Comparative activity of methanol extractsvéf ugandensiéA), E. schweifurthianun(B)
andT. brownii(C) at 5 mg/ml againgtlternaria spp. Tests were done in triplicates.

Fig. 7: Comparative activity of Blitox (A) and methanoltect of W. ugandensiéB) against
Alternaria spp.
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Compounds isolated frondV. ugandensis, E. scweinfurthianwand T. brownii which
were identified as polygodiallB], warburganal 14], mukaadial 15], ugandensidial 16],
muzigadial 2], 6a-hydroxymuzigadial 23], 9-deoxymuzigadialJ01], ugandensolide20], 7a-
acetoxyugandensolide 104, deacetoxyugandensolide 21, cinnamolide 17], 3pB-
acetoxycinnamolide 1], bemadienolide 02, drimenin [L03, B-sitosterol §3], stigmasterol
[90], lanosterol 109, 3-oxofriedooleanane 4f], 3a-hydroxyfriedooleanane 1pg, 3-
oxofriedoolean-29-01109, 3-oxofriedoolean-28-alp|, a-amyrin [L07], a-amyrin acetatel05
monogynol A [L10], betulinic acid 88 and arjungening3] were subjected to antifungal activity
studies againsAlternaria spp, A. niger, F. oxysporum, F. solanandR. stoloniferat varying
concentrations Sixteen out of the 26 compounds3{16, 22, 23, 20, 21, 17, 63, 90, 44, 106, 107,
88 and 83)were active against one or more of the fungi testedoncentrations 200 pg/ml

while nine were not (Table 24).

Compoundl3 — 16, 20and 21 exhibited comparable antifungal activity againitoa
most of the fungi tested (MI€50 pg/ml) with reference to blitox and dithane Mwvhich are
standard fungicides while the rest of the activepgoundshad MIC values<200 pg/ml against
one or more of the tested fingi. Compoud@sand15 were the most effective agairSiternaria
spp (MIC = 25 pug/m) while compouridt and15 were the most effective agaimst niger(MIC
= 12.5 pg/ml). Compoundbk4 and22 were the most effective agairist oxysporun(MIC = 25
pa/m) while compound3 and14 were the most effective agairistsolani(MIC = 12.5 pg/ml).
R. stoloniferwas most susceptible to compoud®sand14 (MIC = 12.5 pg/ml).
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Table 24: MIC (pg/ml) of isolated compounds againstweet potato fungi

MIC, pg/ml of isolated compounds

Compound Alternariaspp  A. niger F. oxysporum F. solani R. stolonifer
Polygodial L3 25 50 50 125 50
Warburganal 14] 50 12.5 25 125 25
Mukaadial fLE] 25 12.5 100 25 50
Ugandensidial1€] 50 25 50 100 25
Muzigadial R2] 50 50 25 100 50
6a-Hydroxymuzigadial 23] 200 >200 100 >200 >200
9-Deoxymuzigadial[0]] >200 >200 >200 >200 >200
UgandensolideZ(] 50 50 100 200 100
Ta-Acetoxyugandensolidelp4] >200 >200 >200 >200 >200
Deacetoxyugandensolid2]] 50 >200 >200 100 200
Cinnamolide 7] 100 100 >200 200 >200
3p-Acetoxycinnamolide I€] >200 >200 >200 >200 >200
Bemadienolide107] >200 >200 >200 >200 >200
Drimenin [107] >200 >200 >200 >200 >200
B-Sitosterol B3] 100 >200 >200 100 200
Stigmasterol 9C] 100 >200 200 200 >200
Lanosterol 109 >200 >200 >200 >200 >200
3-Oxofriedooleananelf]] 100 100 200 200 >200
3a-HydroxyfriedooleananelDg 200 200 200 >200 200
3-Oxofriedoolean-29-0l10€] >200 >200 >200 >200 >200
3-Oxofriedoolean-28-akf) >200 >200 >200 >200 >200
a-Amyrin [107] 200 200 200 >200 200
a-Amyrin acetate 105 >200 >200 >200 >200 200
Monogynol A [L1(] >200 >200 >200 >200 >200
Betulinic acid BEg] 100 >200 >200 100 100
Arjungenin B3] 100 100 >200 200 >200
Blitox 50 6.25 125 6.25 12.5
Dithan M-5 25 125 6.25 6.25 25
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4.4.2 Antibacterial activity of crude extracts andisolates

Methanol, ethyl acetate and n-hexane extracté/otigandensis, E. schweinfurthianum
and T. brownii were tested for antibacterial activity agairi®alstonia solanacearunand
Stereptomyces ipomoeagich infect sweet potato. The vitro antibacterial activity (Table 25)
showed that all the extracts were active agairighalbacteria tested. The antibacterial activity
varied with extraction solvent and the plant specidethanol extracts exhibited the highest
inhibition (P< 0.05) against the two bacteria followed by ethggtate extracts while n-hexane
extracts had the lowest inhibition (Fig. 8Yarburgia ugandensiextracts were the most active
againstR. solanacearumfollowed by E. schweinfurthianunwhile T. brownii was the least
active. The susceptibility &. ipomoeado the plant extracts were in the ordeMéf ugandensis
> T. brownii> E. schweinfurthianum.

Table 25: Antibacterial activity of crude extracts(5 mg/ml)

Diameter of zone of growth inhibition in mm*

Extracts** Control
Bacteria Plant MeOH  EtOAc n-Hex Mean Streptomycin
R. solanacearum W.ugandensis 16.23 12.27 5.00 11.20

E. Schweinfurthianum 14.10 10.23 3.27 9.20 20.3

T. brownii 10.03 7.37 4.14 7.18
Mean extract 13.46 9.96 4.17
CV (%) 1.27
LSD, P< 0.05 0.23 0.23
S. ipomoeae W.ugandensis 12.33 10.23 6.18 9.58 18.4

E. Schweinfurthianum 8.50 5.18 2.08 5.24

T. brownii 13.63 8.20 4.83 8.89
Mean extract 11.49 7.87 4.36

CV (%) 1.22

LSD, P<0.05 0.19 0.19

*Values are means of three replicates
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Fig. 8: Comparative antibacterial activity Bf schweinfurthianurmethanol (A), ethyl acetate

(B) and n-hexane (C) extracts at 5 mg/ml agststptomyces ipomoea.
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The compounds isolated froWd. ugandensis, E. schweifurthianamdT. brownii were
subjected to antibacterial activity agaii®t solanacearunand S. ipomoeaeOut of the 26
compounds tested, 17 inhibited the growth of onkabh bacteria at concentratior00 pg/ml
while nine did not (Table 26). Compound3, 14, 15, 16, 22, 23, 104, 21, 63, 10924888
were active againd®. solanacearunwhile compoundd43, 14, 15, 16, 22, 20, 21, 102, 44, 105
and 88 were active againss. ipomoeaat concentrations 200 pg/ml. R. solanacearumvas
most susceptible to compound8, 15 and 22 while S. ipomoeaevas most susceptible to
compoundl6 (MIC = 25 pg/ml). Antibacterial activities of compnds13 -16, 22 and 23vere

comparable to those of streptomycin sulphate which standard antimicrobial drug (MKC50
png/ml).

Several fungal and bacteria cause losses in swetattop production (Clark, 1987,
Clarence and Leaton, 1990; Skugluat al., 1990; Ristaino, 1993; Clark and Hoy, 1994;
Skuglund and Smith, 1994; Carey al., 1996; Clarket al., 1998; Onuegbu, 2002; Oywale,
2006). In this study, susceptibility of similar fyinand bacteria were identified from decayed
sweet potato were tested. In most cases, thesegeaith gain entry into sweet potato roots through
natural openings and wounds created during hanggdtiansportation and handling. However, at
times sweet potato roots may already be infectegdbyogens derived from disease foliage, roots
or mother roots (Okigbo and Nmeka, 2005).

The World Health Organization (WHO) banned manyicadfurally important pesticides
due to their wide range of toxicity against norgéed organisms and their persistence in the
environment which leads to pollution (Barnaed al., 1997). Plants produce economically
important organic compounds, pharmaceuticals amsticibes but little work has been done to
investigate the use of natural plant products asqi#es for control of storage rot diseases ofetwe

potato.
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Table 26: MIC (ug/ml) of isolated compounds againstweet potato bacteria

MIC, pg/ml of isolated compounds

Isolated compound R. solanacearum S. ipomoeae
Polygodial [13] 25 50
Warburganal [14] 50 50
Mukaadial [15] 25 50
Ugandensidial [16] 100 25
Muzigadial [22] 25 50
6a-Hydroxymuzigadial [23] 100 >200
9-Deoxymuzigadial[101] >200 >200
Ugandensolide [20] >200 100
7a-Acetoxyugandensolide [104] 200 >200
Deacetoxyugandensolide [21] 100 200
Cinnamolide [17] >200 >200
3B-Acetoxycinnamolide [19] >200 >200
Bemadienolide [102] >200 100
Drimenin [103] >200 >200
B-Sitosterol [63] 100 >200
Stigmasterol [90] >200 >200
Lanosterol [109] 200 >200
3-Oxofriedooleanane [44] >200 200
3a-Hydroxyfriedooleanane [106] >200 >200
3-Oxofriedoolean-29-ol [108] >200 >200
3-Oxofriedoolean-28-al [45] 200 >200
a-Amyrin [107] >200 >200
a-Amyrin acetate [105] >200 200
Monogynol A [110] >200 >200
Betulinic acid [88] 100 100
Arjungenin [83] 200 >200
Steptromycin sulphate 25 125
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This study revealed that extractsWwf ugandensis, E. schweifurthianum and T. brownii
have antifungal activity againgt oxysporum, F. solani, Alternaria spp, R. stoleni A. niger
(fungi), R. solanacearunandS. ipomoeaébacteria)which cause disease in sweet pataidis
was in agreement with previous reports that pathegehich infect crop can be managed using
herbal extract (Avgelis and Morios, 1989; Kharetaal., 1989; Udoet al., 2001; Okigbo and
Nmeka, 2005). Methanol extracts of the plants vileeemost effective inhibitors of growth of all
the fungi and bacteria followed by ethyl acetatéraets. This observation suggests that the
antifungal principles from the plants are polar ponnds and could be extracted using polar
solvents such as water, methanol, ethanol andraeeto

Extracts fromW. ugandensiskz. schweifurthianunand T. brownii were active against
most of the sweet potato fungi and bacterial (Graomsitive and gram negative) tested, thus
suggesting that the antimicrobial principles in tiee plants have broad antifungal activity. The
antimicrobial activity of W. ugandensisvas previously demonstrated (Kubo and Nakanishi,
1979; Olilaet al., 2001; 2002; Wubet al., 2005; Ruguttet al., 2006; Clarksoret al., 2007,
Mbwamboet al., 2009). The antimicrobial activity of. brownii reported in this study is in
agreement with earlier findings where methanol aader extracts of the plant inhibited the
growth ofCandida albicanandCryptococcus neoformarfslbwambo et al.2007).

The antimicrobial compounds frodv. ugandensiare polygodial 13], warbuganal 14],
mukaadial 15], ugandensidial 16], cinnamolide 17], wugandensolide 2[{],
deacetoxyugandensolid@l], muzigadial 2] and G-hydroxymuzigadial 23]; those fromE.
schweifurthianum are stigmasterol 90], pB-sitosterol 3], 3-oxofriedooleanane 44] 3a-
hydroxyfriedooleananelD€g and a-amyrin [LO7 while those fromT. brownii are stigmasterol
[90], p-sitosterol §3], arjungenin 83| and betulinic acidg8] at concentrations200 pg/ml.
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5.0

5.1

CHAPTER FIVE

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Summary

SPFMV, SPCSV, SPMMV, SPCFV and CMV were detectedsymptomatic sweet
potato in western Kenya. Out of the 327 sampleedes89% were infected while 11%
were not. In single infections, SPFMV had the hgiheequency of detection while a
combination of SPFMV and SPCSV was the most fretiyatetected dual infection.
SPFMV, SPCSV, SPMMV and SPCFV were previously regzbi(Atekaet al., 2004;
Miano et al., 2006; Nyabogat al., 2008). CMV was detected in sweet potato in Kenya
for the first time.

A rapid and efficient multiplex PCR protocol thamsltaneously detects SPFMV and
SPCSV was developed. The cDNA from sweet potatgbeswith dual infection of the
two viruses were amplified using two sets of primepecific to viruses using the
following parameters: one cycle at 95 °C for 5 folftowed by 35 cycles 96 °C, 5 sec for
denaturation; 63 °C, 5 sec for primer annealing@h@C, 30 sec for extension and a final

extension at 72 °C for 10 min.

n-Hexane, ethyl acetate and methanol extracts ¥somgandensis, E. schweifurthianum
and T. brownij were tested for antimicrobial activity againstegivpotato fungal and
bacterial infections caused By oxysporum, F. solani, Alternaria spp, R. stoteni A.
niger, R. solanacearumndS. ipomoeaeAll the extracts were active against one or more
of the microorganisms. The activities varied withrp species and the extraction solvent.
Of the three medicinal plants, extracts frovh ugandensigxhibited the highest activity
while methanol extracts gave the best activitiemmgared to ethyl acetate and n-hexane
extracts.

W. ugandensis, E. scweinfurthianiand T. brownii afforded fourteen, nine and five
compounds, respectively The compounds were idedtds polygodiall3], warburganal
[14], mukaadial 5], ugandensidial]6], muzigadial 2], 6a-hydroxymuzigadial23], 9-
deoxymuzigadial 101, ugandensolide 20], 7a-acetoxyugandensolide 1(4],

deacetoxyugandensolide 21], cinnamolide 17], 3p-acetoxycinnamolide 1],
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bemadienolide 102, drimenin [L03, B-sitosterol $3], stigmasterol 90|, lanosterol
[109, 3-oxofriedooleananedfl], 3a-hydroxyfriedooleananelDg, 3-oxofriedoolean-29-

ol [108, 3-oxofriedoolean-28-aMp], a-amyrin [L07], a-amyrin acetatel]05 monogynol

A [110Q, betulinic acid 88] and arjungening3]. CompoundlL04is new while compound
103was isolated fromV. ugandensifor the first time.

Out of the twenty six isolates from the three amighteen isolates were active against
one or more of the fungi and bacteria tested MIZD0 pg/ml). Polygodial 13],
warburganal 14], mukaadial 15, ugandensidial 16], ugandensolide 20],
deacetoxyugandensolid2]] and muzigadial 22] were the most active isolates (MiC
50 pg/mi).
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Conclusion

Five viruses namely SPFMV, SPCSV, SPMMV, SPCFV @MV infect sweet potato in
western Kenya. SPFMV is the most widespread foltbwg SPCSV. Viruses infect sweet
potato in multiples. The most common dual virakttion is SPCSV+SPCSV. This is the

first report of CMV detection in Kenya.

An mPCR protocol was successfully developed forsihaultaneously detection of SPFMV
and SPCSV. The best amplification was obtained ®ifhug of cDNA template with 35
cycles at 63°C (annealing temperature).

Extracts fromW. ugandensis, E. schweifurthianum and T. browrave the potential for
managing sweet potato fungal and bacterial indesticaused bl. oxysporum, F. solani,
Alternaria spp, R. stolonifer, A. niger, R. solasarumand S. ipomoeaeMethanol
extracts from the three plants are more active #gthyl acetate and n-hexane extracts.
Phytochemical analysis &Y. ugandensis, E. schweinfurthianandT. brownii,yielded 26
compounds consisting of 25 known and one repodethe first time fromW. ugandensis
The new compound was named asacetylugandensolided (4. This is the first report of
drimenin [LO3 from W. ugandensis

The antimicrobial principles fromV. ugandensisre polygodial 13], warbuganal 14],
mukaadial 15], ugandensidial 16], muzigadial P2], 6a-hydroxymuzigadial 23],
ugandensolide20], deacetoxyugandensolid®1] and cinnamolide 17]; those fromE.
schweifurthianumare B-sitosterol 3], stigmasterol 90}, 3-oxofriedooleanane4fl] 3o-
hydroxyfriedooleananelpPg and a-amyrin [LO7] while those fromT. brownii are B-

sitosterol 3], stigmasterol90], betulinic acid 88] and arjungening3].
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5.3

Recommendation

Due to the high frequency of viruses infection west potato there is a need to develop a
virus-free seed production program in Kenya, frotiolh farmers could obtain clean
planting materials. To prevent introduction of neuuses other than the ones already
reported in the country, it is necessary to esthbtjuarantine stations at the borders to
ensure that only clean sweet potato planting nealteget in.

Since the developed protocol is rapid and enalieglmneously detection of SPFMV and
SPCSV (the most common and economically importantses), we recommend it for
employment in screening sweet potato germplasncahidars for freedom of virus.

Since extracts fromW. ugandensis, E. chweinfurthianamd T. browniihave antifungal
activity against sweet potato pathogens, they miayigle an alternative way of controlling
infections by farmers as it is less expensive andrenmentally safe.

Polygodial [L3], warburganal 14], mukaadial [5], ugandensidiall6], ugandensolideZ0],
deacetoxyugandensolid2]] and muzigadial 22] exhibited low MIC comparable to the
positive standards in the antimicrobial tests (MIGO pg/ml) and are recommended as

antimicrobial agents.
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5.4

Suggestions for further studies

Since some of the symptomatic sweet potato sandidiesot test positive to any of the ten
viruses tested in this study, there is a needudhér investigation to identify the unknown
viral infections. In order to find a lasting soluti to viral infections in sweet potato, which
often occur in multiples, there is a need to sedochantiviral agents which can manage
multiple viral infections of the crop.

Further search into methods of multiple PCR datectitechniques which can
simultaneously detect SPFMV, SPCSV, SPMMV, SPCRY @MV which were detected
in this study are necessary.

Methanol extracts from the medicinal plants exlebithe highest activity against the fungi
abd bacteria hat were tested in this study. Howeattampts to isolate antimicrobial
compounds from the extracts failed. Further phyoaical work on the extracts is
necessary.

Furtherin vivo antibacterial and antifungal assays with the crexteacts and pure isolates
from W. ugandensis, E. chweinfurthianamd T. browniiare nessessary to establish doses
that can effectively protect sweet potato frompghéogens.

It is necessary to carry out synergistic and antegstudies of the pure isolates in order to
determine which combinations have the best antobiat activity. The active pure isolates

are recommended as candidates for further seardafie antimicrobial agents.
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APPENDIX B: A map showing the sampling areas in wdsrn Kenya
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APPENDIX C: BUFFERS FOR NCM-ELISA
1. TBSpH 7.5 (2L)
0.02 M Tris base =4.84 g
0.50 M Nacl =58.44 g
5.0 ml HCI (18.5%)
2. Extraction buffer (500 ml)
500 ml TBS pH 7.5
1.0 g Sodium sulfite
3. Antibody buffer
600 ml TBS pH 7.5
12.0 g Powdered cow milk
4. Blocking solution
300 ml Antibody buffer
6.0 ml Triton
5. T-TBS (2 L)
2Litres TBS pH 7.5
2 ml Tween-20
6. Conjugate buffer (300 ml)
300 ml TBS pH 7.5
Powdered cow milk 6.0 g

7. Substrate buffer pH 9.5 (250 ml)
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3.03 g Tris base

1.45 g NaCl

0.25 g MgCI.6HO

0.5 ml HCI

250 ml Distilled water
8. Substrate solution
(a) NBT stock solution

NBT 25 mg

N,N-dimethyl formaldehyde (70%) 1 ml

Mix well and store at 4°C protect from light
(b) BCIP stock solution

BCIP 12.5 mg

N,N-dimethyl formaldehyde (100%) 1 ml

Mix well and store at 4°C protect from light
(c) Preparation of substrate solution

250 ml substrate buffer

1 ml NBT stock solution

1.0 ml BCIP stock solution
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APPENDIX D: Statistical analysis of antimicrobial activity

Data file: SYLVIA
Title:  Antifungal
Function: FACTOR
Experiment Model Number 8:
Two Factor Randomized Complete Block Desi
Data case no. 1 to 27.
Factorial ANOVA for the factors:
Replication (Var 1: Replication 1= Repe)@= Two, 3= Three) with values from 1to 3
Factor A (Var 2: Plant 1= W. ugandengisE. scweifurthianum, 3= T.brownii) with valuesrin 1
to 3
Factor B (Var 3: Extract 1= Methanol, Bthyl acetate, 3= n-Hexane) with values from 1 to 3
Variable 4: Alternaria spp
Grand Mean = 7.922 Grand Sum = 213.900alf@bunt = 27

TABLE OF MEANS

12 3 4 Total

1 * = 7.889 200
2 * % 7.933 400
3 * * 7.944 B00
* 1 12.200 1800
* 2 7.533 800
* 3 4.033 360
A | 12.411 1700
*ox 2 8.844 %90
* %3 2.511 BP0
* 1 1 17.100 310
* 1 2 14.067 2a0
* 1 3 5.433 360
* 21 12.067 360
* 2 2 8.433 260
* 2 3 2.100 360

* 3 1 8.067 240
* 3 2 4.033 1@0
* 3 3 0.000 000

ANALYSIS OF V

ARIANCETABLE

K Degrees of Sum of Mea F
Value Source Freedom Squares rgqua Value Prob
1 Replication 2 0.016 0@ 0.5091
2 Factor A 2 302.167 T®B 9889.1128 0.0000
4 Factor B 2 452.527 233 14809.9963 0.0000
6 AB 4 17573 393 287.5643 0.0000
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-7 Error 16 0.244 01b
Total 26 772.527

Coefficient of Variation: 1.56%

s_for means group 1: 0.0412 Nunabfé€dbservations: 9
sy_ for means group 2:  0.0412 Nunabfé€dbservations: 9
sy_ for means group 4:  0.0412 Nunabf€dbservations: 9
sy_ for means group 6: 0.0714 Nunabfé€dbservations: 3
y

K

Value Source

Variable 5: A. niger

Grand Mean = 9.841 Grand Sum = 265.700alT@bunt = 27

TABLE OF MEANS

1 2 3 5 Total
1 * = 9.844 880
2 * % 9.833 8680
3 * % 9.844 880
* 1 % 11.889 1000
* 2 % 11.956 1600
* 3 % 5.678 300
* 1 16.011 12a0
*ox 2 10.000 000
* x 3 3.511 800
*1 1 21.067 B30
* 1 2 11.533 &30
* 1 3 3.067 200
* 2 1 16.433 300
* 2 2 13.433 300
* 2 3 6.000 Q@0
* 3 1 10.533 &0
* 3 2 5.033 180
* 3 3 1.467 4@0

ANALYSIS OF VARIANCETABLE

Degrees of Sum of Mea F

Freedom Squares 18qua Value

1

Replication 2

0@  0.0447
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2 Factor A 2 233.979 PB®. 14117.0913 0.0000
4  Factor B 2 703.467 334, 42443.6984 0.0000
6 AB 4 81.386 246 2455.2096 0.0000
-7 Error 16 0.133 0@s

Total 26 1018.965

Coefficient of Variation: 0.93%

s for means

<|

group 1.

s_ for means group 2:

.
S_
y
S_

for means group 4:

for means group 6:

0.0303 Nunabé€dbservations: 9

0.0303 Nunabé&dbservations: 9

0.0303 Nunabé€dbservations: 9

0.0526 Nunabé€dbservations: 3

Variable 6: F. oxysporum

Grand Mean = 3.848 Grand Sum = 103.900alT@bunt = 27

TABLE OF MEANS

12 3 6 Total
1 3.833 500
2 3.856 300
3 3.856 300
* 1 7.500 600
* 2 4.044 360
* 3 % 0.000 000
A | 7.167 690
* ox 2 3.833 300
* x 3 0.544 900
* 1 1 13.433 300
* 1 2 8.067 240
* 1 3 1.000 030
* 2 1 8.067 240
* 2 2 3.433 300
* 2 3 0.633 900
* 3 1 0.000 000
* 3 2 0.000 000
* 3 3 0.000 000

ANALYSIS OF VARIANCETABLE

K Degrees of Sum of Mea F
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Value Source Freedom Squares rgqua Value Prob

1 Replication 2 0.003 oO@m 0.1127
2 Factor A 2 253.645 B2 9645.6688 0.0000
4 Factor B 2 197.345 6938 7504.6814 0.0000
6 AB 4 120.544 BR6 2292.0298 0.0000
-7 Error 16 0.210 018

Total 26 571.747

Coefficient of Variation: 2.98%

s_for means group 1:  0.0382 NumbéDlogervations: 9

\< |

s_for means group 2:  0.0382 Nunabfé€dbservations: 9

<|

s_for means group 4:  0.0382 Nunabfé€dbservations: 9

y
s_for means group 6: 0.0662 Nunabf€dbservations: 3
y

Variable 7: F. solani
Grand Mean = 4.733 Grand Sum = 127.800alT@bunt = 27

TABLE OF MEANS

12 3 7 Total
1 * = 4711 490
2 * % 4.722 L:3510]
3 * * 4.767 920
* 1 % 5.344 480
* 2 % 5.800 3P0
* 3 % 3.056 300
A | 8.556 (4]0}
* %2 4,122 300
* x 3 1.522 T80
* 1 1 9.433 280
* 1 2 4.067 2020
* 1 3 2.533 6030
* 2 1 10.433 300
* 2 2 6.100 3680
* 2 3 0.867 620
* 3 1 5.800 400
* 3 2 2.200 660
* 3 3 1.167 530
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ANALYSIS OF VARIANCETABLE

K Degrees of Sum of
Freedom Squares 18qua Value Prob

Value Source

Mea F

1 Replication 2 0.016 0@ 0.4375
2 Factor A 2 38.936 48R 1095.0633 0.0000
4  Factor B 2 227.647 B8P3 6402.5675 0.0000
6 AB 4 24298 0B 341.6877 0.0000
-7 Error 16 0.284

Total 26 291.180

Coefficient of Variation: 2.82%

s_for means

<]

group 1:

0.0444

0.0444

Nunabé&dbservations: 9

Nunabé€dbservations: 9

s_ for means group 2:

<|

s_ for means group 4:

y
s_ for means group 6:
y

0.0444 Nunabé&dbservations: 9

0.0770 Nunabé&dbservations: 3

Variable 8: R. stolonifer

Grand Mean = 6.741 Grand Sum = 182.000alT@bunt = 27

TABLE OF MEANS
1 2 3 8 Total
1 * = 6.756 800
2 * % 6.733 600
3 * * 6.733 600
* 1 14.622 1800
* 2 5.600 800
* 3 0.000 000
* 1 11.278 18@0
* x D 6.033 3800
* % 3 2.911 260
* 1 1 24.500 [5(60)
* 1 2 13.733 200
* 1 3 5.633 980
* 2 1 9.333 @80
* 2 2 4.367 130
* 2 3 3.100 300
* 3 1 0.000 000
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0.000 000
0.000 000

w w

ANALYSIS OF VARIANCETABLE

K Degrees of Sum of Mea F
Value Source Freedom Squares rgqua Value Prob

1 Replication 2 0.003 0@ 0.1649
2 Factor A 2 979.710 &85 54540.3875 0.0000
4  Factor B 2 321.761 BB80. 17912.4046 0.0000
6 AB 4 280.848 e 7817.4012 0.0000
-7 Error 16 0.144 0]()¢)

Total 26  1582.465

Coefficient of Variation: 1.41%

s_formeans group 1: 0.0316 NumbeDlagervations: 9
y
s_for means group 2:  0.0316 Nunabf€bservations: 9

<

s_for means group 4:  0.0316 Nunabfé€dbservations: 9

y
s_ for means group 6:  0.0547 Nunabfé€dbservations: 3
y
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APPENDICES 1-26

SPECTRA OF ISOLLATED COMPOUNDS
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