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S U M U A It Y

It  is not possible to guess the annual loss of livestock  caused 

by poisonous plants in East A frica but i t  is  considerable. Investigation 

has also shown that some of these plants have been used fo r  medicinal 

and homicidal purposes in  the East African countries as well as other 

parts o f the world.

-The impetus fo r  research on species o f plants from the genera 

Soneoio and Adenia has been the recognition o f possible hopatatoxic actions
►

as a result of ingestion of the Senecio species and the acute toxic 

e ffe cts  caused by ingestion of Adenia species. -The p o ss ib ilit ie s  that 

dangerous tox ic principles in  form of alkaloids and glycosides may be 

contained in  those plant species also needed exploration.

C attle, pigs, sheep, rabbits and rats vvero U 3cd  to study the 

pathologic e ffe c ts  of these plants -which were obtained from various parts 

o f Kenya. The ways o f  preparation o f  plant material fo r  experiment were 

either by cutting i t  into small pieces; sun-drying followed by grinding 

into fine powder or extraction . Animl3 were dosed by cither in jection s, 

drenching or incorporating the material in the basal d iets . The tox ic ity  

in animals was evaluated by their e ffe c t  on the greurth rate, symptomato

logy, haematology, changes in serum enzymes, gross pathology and histopa- 

thology.

«
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Pathological changes were induced in  certain organs o f  the experi

mental animals by both species, namely, Senecio moorei and Adenia 

va lten sii. *In large animals, when t r ia ls  were conducted fo r  several 

months using Senecju) moorei, the most significant lesions were observed 

in liv e r  (ca ttle ) and kidney (p ig s ); also present were serous effusions 

in  the peritoneal and pleural cavities ( c a t t le ) .  The pathological 

changes in  livers  o f cattle were portal fib ro s is  and sligh t to  extensive 

b ile  duct prolifera tion . ^Varying degrees of degeneration and regeneration 

of hepatic c e lls  were also noted in  a l l  animals fed Senecio powder. In 

swine a daily intake of Senecio powder produced some enlargement o f  

nuclei of some hepatic ce lls  and also enlargement o f nuclei of proximal 

convoluted tubules of the kidneys. There wa3 also slight e p it hs l ia  liza  t  ion 

of the a lveo li o f lungs.

— In rats tr ia ls  were conducted for acute and chronic Sergcip. iaoorei 

poisoning. In chronic poisong Senecio powder was incorporated into 

basal diet making up from 1% to of the ration . Tumours developed 

mainly in  the liv e r . Mo3t hepatic tumours were hepatomas (hepatocellular 

carcinomas), b ile  duct adenomas and fibromas. There was no any metastasis 

observed.

In sheep, rabbits and rats, t r ia ls  using Adenia volkensii material

produced lesions ranging from congestion to  haemorrhages of various

internal organs of these animals.
• ♦
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An exploration into the toxic principles contained in Scnecio 

mp_orej end Adenia volkenaii showed tin t Seneci_o_ moorei contained three 

basic compounds (a lk a lo id s). Unfortunately these br.3es were not purified . 

- yQjjgp-Qsj-j-- was found to contain a high concentre.tion of hydrocyanic

acid , either a3 free  or more lik e ly  in  form of cyanogenetic glycoside.

The study suggests the need for additional research on trop ioal 

poisonous plants in  relation  to animal and human diseases and further 

investigation into the oasic compounds present in Senecio moorei aimed 

at purification  of the compounds.

M



I N T R O D U C  T I O N

PART ONE

♦



PART I I N T R O D U C T I O N

Poisonous plants cause considerable annual loss of livestock in 

Ernst A frica . Despite th is , plant toxicology was not regarded ns of any 

economic importance un til recently, when there was a declared policy  of 

improvement o f  livestock  industry in a l l  the East African terr itor ies  

by introduction of exotic breeds in d ifferent areas o f these countries.

Plant poisoning is  due to either accidental ingestion of material 

eaten along with grass or to w ilfu l consumption of poisonous plants 

when common pasture is  dry, while mo3t of the poisonous plants remain 

green a l l  the year round.

Animals do not readily eat poisonous plants. Plant poisoning is  

frequently seen in  transport and draft b u lls , especially when they are 

overworked and given too l i t t le  opportunity to graze. I t  i s  also more 

lik e ly  to ocour in animals which have been moved from a d ifferent part 

of the country to another. Fresh importations are unfamiliar with the 

strange vegetation of their new surroundings. Acclimatisation in 

herbivorous animals induces a sense of discrimination between edible-and 

non-edible plants.

For the purpose of th is study, two species from two different 

genera, namely Senecio and A.denia were experimented on. An attempt was 

also made to id en tify  the tox ic  principle where possible.

♦
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SENECIO

The genus Sonecio, comprising o f over 1,250 d ifferent species 

distributed a l l  over the world, is  the largest genus of the flowering 

plants belonging to  the natural (Ordep> composites. Nearly 50 varieties 

(Yerdcourt et a l . 1969) are widely distributed in  East A frica . Many of 

these species have been shown to  contain alkaloids of the pyrrolizidine 

group. Similar alkaloids have been found in  the genera Heliotropium 

and Trichodes_nfi (Boraginacoae) and several species o f Crotalaria 

(Leguminosae). These alkaloids, many of which have been investigated, 

are w ell known for their poisonous properties.

The Senocio plants and their a lk ioids are of great interest in 

biology and medicine a l l  over the world and particularly in  South Africa 

(Watt et a l .  1962), where they have been known fo r  many years to produoc 

liv e r  damage in  animals and man. Poisoning in  man ( Stein 1957) has 

oocurred by contamination of the cereals and by the use o f  the poisonous 

plants in  traditional medicine. In the West Indies (Rhodes 1957) they 

have been an important cause of cirrhosis of the liv e r  in  man.

The alkaloids are o f  theoretica l interest because of the long 

lasting e ffeot of single doses, possibly related to ce ll d ivision  in 

some tissue (MoLean 1970). This e ffe c t  has lead to the study of their 

action as antitumour substances. I t  may also be the basis of their 

disputed notion as carcinogens. There is  therefore, ju s t ifica tio n  fo r
i

the study o f the basic mechanism responsible fo r  th is e f fe c t .
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Ingestion of certain Senecio  plants has been associated -with 

disease conditions in horses and cattle a l l  over the world (Sapeilci 

1952). These conditions have been referred to with various names such 

a s :-  "Molteno Sickness", "Dunziekte" in  cattle and horses and "Bread 

poisoning" in man, in South Africa (Watt et a l .  1962)."Wlnton" disease 

in New Zealand (Gilruth 1902), "Pictou" disease in  Camda (Pethick 

1906), "Walking disease" in  North*-we stern Nebraska (Van Es et a l . 1929), 

"Veno -  occlusive" disease in the West Indies (Bras et a l . 1956),

"Zda*r" disease of horses in Czechoslovakia (Vanek 1958)-,"Schweinsberger 

disease" of horses in  Germany, "Sirasyke" disease cf cattle  in Norway 

(lije lle  1959) and "Ragwort poisoning " in  Britain.

A ll species of Scnecio should be re gained with suspicion a3 being 

poisonous (Be "iaal 1941). Tn view of th is , Senepio moored R.E. Fries, 

which i s  so abundant in the Nyandarua D istrict o f  Kenya (F ig. l ,a  and b) 

was considered suitable fo r  experimental studies. Apart from this the 

young shoots of th is species have been suspected o f causing death in  

cows immediately a^ter long rains in  the area where the plant grows 

in  great abundance (Mugera 1971) and there were no experimental data 

to indicate whether the species is  tox ic or non -  tox ic  to  livestock .

Song-git> moorei (F ig. 2) is  a t a l l  much branched herb with a 

woody base reaching about 1.2 -  1 .8 metres high. The leaves are up 

to ID cm. long by 1.4 cm.wide with a sessile  base or a short, winged
t

* ♦
stock, a pointed t ip  and a serrated margin. When young they are cove

red with white wooly hairs, but these are lost as the leaves mature.



There are numerous yellow flower heads on 1.4  cm. stock arranged in  a 

much branched in florescence. The strap-shaped outer flo re ts  are about 

13 in  number and there are about the sauE number o f bracts which bear 

black hairs and have papery margins.

The plant i s  widely distributed in Kenya between the altitudes of 

2,000 and 3,000 metres above the sea lev e l. I t  is  very abundant around 

the Kinangops, Mau-Narok, Grilgil, T. F alls, Londiani, Abcrdaro Nh'tibnal 

Park, Uplands, Molo and Kericho areas o f Kenya.

ADENIA

The genus Adenia belongs to Passifloraceae family which has about 

12 genera with over 500 species spread over the warmer parts of the world 

but largely American. In East Africa Adenia species are found in  thorn 

bush, scrub and rocky slopes between 1,000 and 2,000 metres above sea 

le v e l. The family consists of herbs and shrubs with alternate, generally 

stalked, lobed and stipulate leaves.

In 1903 Herbert, quoted by Watt et a l . (1962), noted that in  passion 

flower family, there i s  a large genus Adenia Forsk which include f i f t y  

spocies of herbs or climbing undershrubs occurring in  Tropical A frica ,

Asia and Australia. Itendle (1959) recorded that Adenia oontains about 

eighty species one o f which Adenia globosa, a native of desert country 

of Tanganyika Territory, i s  an exception to  the usual climbing habit, 

having very small leaves. % Verdcoi^rt and Trump (1969) lis ted  the following

-  4 -

species which occur in  East Africa
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A. lobata Engl.

A. giiramifera Herv.

A v o l kensii Ifarms.

Several species o f Adenia are known to  contain hydrocyanic acid, 

either free or more usually in  form of cyanogenetic glycoside (Watt et 

a l ,  1962). From a few species a toxalbumin, nodeccin has also been 

isola ted . Several species o f th is genus have been used by Africans fo r  

treatment o f  various disorders (Watt et a l ,  1962). Adenia yq ltensii 

is  reputed by the Akamba tribe o f  Kenya to be excessively poisonous 

and has been implicated in cases of homicides (Verdcourt et a l . 1969). 

There has been a lo t  of superstition regarding this plant.

Mqnia volliensii (F ig. 3) i3  a subsucculent herb of about 30 to 

150 cm. t a l l  arising from a tuberous rootstock which grows rather 

deeply in  the s o i l .  The leaves are long and broad, deeply 3 - 5  lobed. 

The lobes may again be divided. Rarely the le a f is undivided. The 

flowers are small, bell-shopped, green or yellow in  colour with brown 

or purplish 3pots. Fruits are large, rather like tomatoes. They are 

green when unripe and red on ripening.

The plant is common in  the thorn bush in Embu, Kitui and Machakos 

D istricts of the Eastern Province o f Kenyi (F ig . l ,a )  and elsewhere in 

scrub-rocky slopes of East Africa*between the altitudes o f 1,000 to 2,000
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metres above sea le v e l. The tox ic ity  of th is plant in animals and man 

has been known by the Ateuriba people fo r  a long time.

Tie tuberous part o f the plant is  used a3 an abortifacient by 

the Mbere and the Aknmbc tribes o f  Kenya (Verdcourt et a l . 1969). In 

Is io lo  and Moralal areas o f  Kenya the indigenous people use powder made 

from the tuber to poison hyenas. The powder is  incorporated in  meat 

ba its.

M enia volken3ii was suggested fo r  experimental purposes because 

of i t s  unique importance among the Ain mb a as a highly tox ic  plant. The 

common occurrence of thi3 plant particu larly in  the Eastern Province 

of Kenya also necessitated the research. I t  was recognized well in 

advance that no work had been carried out to establish the poisonous 

prin cip le .

The two species of plants described above were collected  from 

d ifferent parts o f Kenya (Fig. l ,a )  and samples of these plants with 

leaves, flowers and fru its  forwarded to the East African Harberium, 

Nairobi, for id en tifica tion .

The impetus fo r  research on these species has been the recogni

tion  th a t :-

(a ) No available record of their to x ic ity  has been found, (b) a l l  

species o f  Senecio  should be regarded as poisonous unless proved
t

* ♦
otherwise, ( c )  no work has so far been done to  investigate
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tlx: poisonous principle of Adenia vo lfe n s ii Harms, (d) other 

species belonging to the genera of the above species have been 

proved to be highly tox ic to both animals and man and (e )  strong 

oviaenco points to Senecio 03 being carcinogenic.

The purpose of th is research is  th ree -fo ld : -

( i )  To study Senecio moorei tox icos is  in Rats, Pigs and Cattle,

( i i )  To 3tudy Adcnia vo lixn sii tox icos is  in Rats, Rabbits ard

Sheep and ( i i i )  to carry out preliminary investigation into toxic

principle o f : -

(a) Senecio mo orei. R. E.

(b) Adenia volkensii. Harms

♦
/



Pig. 1 (n) Map of Kenya showing provincial bounda
ries and areas where Senecio noorei and Adenia 
voile n s ii were co llected .

Pig. 1. (b ) Map 
ribution of

of Kenya showing. geographical d is t -  
Senecio noorei and Adenia v o ile n s ii .

*
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PART TWO

R E V I E W  OP T H E  L I T E R A T U R E
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PART n REVIEW OF THE LITERATURE

SECTION 1. SENECIO. 

j&necio as Ifcdicine

Various species of the genu3 Senecio have been used in  herbal 

medicine by d ifferent African tr ib es , particularly in the Southern aril 

Eastern A frica .

Smith (1888) wrote that the Mfengu and Xhosa tribes applied as 

poultice of the lea f o f  Senecio oonoolor D.C. to cuts, wounds and 

swelling3. Hot decoction was sometimes used for the same purpose.

The l i t t e r  tribe applied a paste of the le a f to cuts and wounds to  keep 

down the inflammation and swelling. They also applied paste of the 

lea f of Senecio, deltoideus Less, to sore eyes.

Watt (1889-06) recorded the use of 3ceds of Senecio quinguelobus 

D.C. as an indigenous co lic  remedy in the Kanawa. The Zulu used an 

infusion of the same species as an enema and ora lly  in influenza.

Merck, quoted by VJatt et a l .  (1962), referred to the use o f  Senecio 

v u lg ir is L. fo r  dysmenorrhoea and nmenorrhoen. In United States 

the plant has been used as a diaphoretic, a d iu retic , a tonic and

an emmenagogue



The Zulu used a decoction of the root of Serccio fraudulentus

Phillips and Snath, as a remedy for palpitations and for phthisis 

while the Kwena and Tswana used the plant as remedy fo r  coughs and 

d i f f ic u lt  breathing (Watt et a l .  1962). Dragerdorff (1898) stated 

that the herb o f  Sejjp.cit) haworthii Sch. Bip. had been used fo r  chest 

complaints.

According to Bryant, quoted by Watt et a l .  (l962 ), the Zulu 

took a deooction of the le a f and 3talk o f  jjeneciq 3Pecioaus W illd. 

fo r  pleurisy and other pains in  the chest. P h illip s , also quoted by 

Watt et a l .  (1962),mentions the follow ing senecio species which the 

Southern Sotho used either as co lic  remedy; emetic or fo r  colds and 

other respiratory troubles. Senecio albanensis D.C. roots xvere used 

as c o l ic  remedy. S_enecio brachypodus D._C_, -  infusion was used as 

medicine for colds and other respiratory troubles. A decoction of the 

root of Senecio dregeanus D.C. was used as an emetic and remedy fo r  

madness, jteneciq gejiyardi  Harv. served as emetic in  biliousness. 

Senecio j^ crocephalus D.C,. var. hinsutissiimis Ijarv. wr.s used to  r e l ie f  

c o l i c .  A decoction of the root of Senecio rhyncholaenus D.C. w:is drunk 

to  r e l i e f  c o l ic ,  Senecio. serratus Sond. was used to wash persons 

su fferin g  from swollen limbs and internal tumours. The same tribe 

used medicinally Sene.cio sub c oriaqeus Sohltr. and Senecio tana cot oides

Sond. In 1926, Senecio aureus was actually o f f i c ia l  in National Formulary 

(U .S .A .) , (Sapeikn 1952).



Steyn (1933) stated that the powdered root of Senecio venosus 

Bary. was used by the Manyihn as a snuff fo r  the r e l ie f  o f  headache. 

Bally (1937) mentioned the use of Senecio stuhlanjyuu KHatt by the 

Shambala as a remedy fo r  ulceration . In Notes on Native i'/iedicinal 

Plants in East A frica (1938) he also mentioned the use o f Senecio 

nr.ranguensis 0. Hoffm. by the Hayn as remedy fo r  yaws, fo r  syphilis 

and fo r  gonorrhoea. De Wildeimnn, quoted by Watt et a l .  (1962), 

listed  some 14 senecio species which hod been found to  produce a 

c ica triz in g  e ffe ct  in skin diseases. He also stated that in  Belgian 

Congo (Kivu) _Senecio_ ruwenzo r io ns i  s S. Moore had been used to reduce 

inflammation in  the limbs.

Cook ot a l .  (1950) wrote chat Sutos administer Senecio apjperulus 

D_._C_. to charm away nightmares in  children; Quenns and Chunas administer 

a milk concoction of the root of another Senecio plant to  infants as 

a stimulant; Sutos smoke the lea f of Senecio phyncholaenua D-._C_I_ or inhale 

the 3moke from burning i t  to  treat cold ; they drink a concoction of 

the root fo r  c o l ic ,  and mix the lea f of Senecio crubescenus D_.C. with 

their tobacco. Zulu U3e different Senecio pliant infusions as blood 

purifiers in  syph ilis, chest pains, swollen gums e tc .

Potter and Wren, quoted by Cook et a l .  (1950^ noted that senecio 

plants ’were sold in Great Britain fo r  treatment o f  colds, cou'Qhs, 

sc ia tica , pains of limbs and otter disorders. According to  Grossweiler
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(1953 ) Senecio,. sproti. De WiJLld, is used nE dicinr.lly by tho'Afrionn

in  Angola, Nazaye, quoted by Watt et a l .  (1962), reported the used 

of jjonecio abyssinicus_ Sch, Bip. le a f in Belgian Congo to stimulate 

the healing of wounds and sores and fa r  eye diseases.

_Scnecio as Poison to Humans

Ingestion of certain senecio plants has long been known to cause 

human poisoning. Cases of "bread poisoning" in  human beings have been 

described in  South Africa (steyn 1933). Senecio species growing wild 

on com  fie ld s  eg. Senecio i l i c i f o l iu s  Thumb, in  the S.W. Cape d is tr ic t  

have been harvested with the com  and through improper winnowing have 

led to poisoning.

A lbertijn , quoted by Willmont et a l .  (1920),drew the attention of

the Union Government, Health Department, to certain cases of sickness

o f obscure causation occuring in  George d is t r ic t . Investigations showed

that Senecio i l i c i f o l iu s  and Senecio bu rch ellii grew abundantly as weeds

in the d is tr ic t  and the patients might have consumed wheat meal containing

seeds of these plants. Willmont and Robertson (1920) studied a few

cases of human poisoning by bread containing seeds and leaves of

Senecio i l i c i f o l i u s « Muir (1928) noted that the most common species

Senecio i l i c i f o l iu s  and Senecio bu rch ellii probably cause cirrhosis of

the liv e r . Ho described the methpd of separating Senecio seeds from
» ♦
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groin before m illing. Selzer and Barker (l9 5 l) reported observations 

of twelve oases in  European and Coloured adults and six  children, six 

of whom died. Necropsies of the six dead patients presented strong 

evidence that condition observed by them was caused by the consumption 

of bread made of inadequately winnowed wheat and contaminated with 

Seneoio (ragwort), a oomaon plant. Stein (1957) described four cases 

similar to senecio poisoning and argued that although there had not 

been any ovidence to suggest that his patients had taken any herb or 

plant substance such as 3enocio, i t  was common for  African children to 

be given witch-doctors medicine and that he could not exclude tte 

p oss ib ility  that tox ic  substances especia lly  witch-doctors herb were 

important a e tio log ica lly .

Outbreaks o f acute intoxication  and liv e r  cirrhosis due to  

pyrrolizidiiie (Senecio) alkaloids hove been endemic in  the West Indies 

(Bras et a l .  1356). They have also occurred sporadically in  widely 

scattered parts of the World (H ill 1960). Bras and H ill (1956) suggested 

far the f i r s t  time the use o f  "Hepatic Veno-occlu3ive Disease" (V.O.D.) 

fo r  the above conditions orig in ally  reported in  Jamaica as "Serous 

hepatosis and collngeno3is"• Those intoxications and liv e r  lesions 

are characterized by acute liv e r  enlargement and ascites , often prog

ressing to  early c irrh osis . One of the main pathological features of
♦ ♦

this liv e r  condition is  partia l or complete occlusion of the centrilobular
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veins and the smeller hepatic tributaries. Chiari (1899) showed tliat 

the syndrome is  the result o f a primary thickening, occlusive thickening, 

of the intima of the central and sublobular hepatic veins and that i t  

occurs independently of changes in  the surrounding tissue.

As early as 1939 this condition was described in  Germany (T/urm 

1939) and in Egypt (hashem 1939) a l l  quoted by H ill (i960 ). MoEorlane 

and Branday (1945), in  Jamaica, described ascites with hepatomegaly 

in 18 patients. They pastulated a tox ic aetiology but observed that 

dietary factors may also play a role in  the causation o f  the condition. 

H ill et a l .  (1951) found ascites with hepatomegaly and oedema o f  the 

legs, a prevalent c lin ica l syndrome in Jamaica, with constant hi3topa- 

thological findings in  the l iv e r . Bras et a l . (1954) described veno- 

occlusive disease of the liv e r  with non-portal type o f  cirrhosis 

occurring in  Jamaica. Bras and H ill (1956) stated that the resemblance 

between veno-ocelusive disease of the liv e r  and senecio poisoning in  

cattle was strik ing. They could hardly distinguish slides from a cow 

in England thus a fflic te d  from those of veno-occlusive disease in man. 

They suggested that "Bush teas" widely taken by the Jamaica population 

for their* alleged medicinal value may play an important tox ico log ica l 

ro le .

Senecio as Stock Feed

Vardiman (1952) in Texas reported on an experiment with silage 

made from the green plants of Senecio rWdeJUdd which were proved to be
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to x ic . The s ilo  was f i l le d  with the green chopped plant and made 

thoroughly wet with molasses and water. After being closed fo r  114 

days i t  was opened and fed to calves fo r  a period of throe months.

Lt proved to be non-toxic. The results demonstrate that under suita

ble conditions m icrobiological fermentation can destroy the tox ic ity  

of the pyrrolizidine alkaloids.

Senecio as Poison to Animals

Seneciosis in  animals has been known fo r  many years and has 

a world wide d istribution . As early as 1902, Gilruth (1902) was led 

to examine the e ffe cts  o f Senecip ja.cobaen o f New Zealand. It  had been 

observed that cattle  on the station affected by "’Tinton" disease had 

been eating thi3 plant. His feeding experiments on healthy calves 

with a ration containing this plant oonfirmed that Senecio jacobaea 

poisoning produced symptoms typical o f "Winter" disease.

Cattle were among the earliest animals to be investigated 

when farmers in  Nova Scotia noted that their cows f e l l  i l l  a fter 

eating the imported weed Stinking Y /illie  ( Senecio .jacobaea) . A number 

of investigations carried out in 1882 under government auspices 

fa iled  to connect the disease with the weed and cirrhosis o f  the liv er  

was therefore put on the l i s t  of contageous diseases. Animals affeoted

with i t  were slaughtered and the building in  which they were kept
«

disin fected . Pethick (l9t)6) carried out an investigation o f  the subject
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and showed beyond doubt that poisoning with Senecio jaoobaea was the 

cause of the disease known as "Pictou" disease in  Canada. I t  was 

also noted that 3heep could feed on ragwort with comparative impunity, 

though they also Buffered a fter  sometime and the flesh  fin a lly  assumed 

a yellowish tin t (jaundice?). Rutherford, quoted by Cushny (1911), 

confirmed that sheep ate ragwort with impunity whether the plant was in 

the dry or green state. Cattle refused to  eat i t  in  the green state 

and the poisoning seen in  Canada arose only from the dried ragwort 

in  the hay.

In South Africa various species o f sene cio have from time to  

time been regarded as causing disease conditions to animals. Such 

conditions as "Molteno" cattle sickness, 'Straining' disease in ca ttle , 

"Dunziekte", "Stomach Staggers", "Grass Staggers", "Ragwort" poisoning 

and "Senecio Cirrhosis" have been ascribed to the eating o f  senecio.

Robertson, quoted by Watt et a l , (1962), showed that senecio, 

called at that time Senecio la t lfo liu s  D.C, was toxic to oxen and horses 

and attributed the natural disease to this cause and also to Seneoiq 

tm rch e llii D._C. Dixon (1906), produced condition indistinguishable 

from Molteno disease in horses by feeding Senecio la t i fo l iu s . He stated 

that this disease rendered horse breeding impossible in  the East London 

D istinct o f  South A frica . Verncy, quoted by Watt et a l . (1962), fed a 

horse fo r  f i f t y - s ix  days op ragwoi^t but he was not able to produce the
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c lin ica l symptoms and on post-mortem o f  the horse could not find 

conditions typ ica l o f difflpiejcte* In his discussion he did not consider 

the negative results n3 conclusive against the view that the plant was 

the causal, agent of the dunziekte.

Theiler (1918) found it  d iff ic u lty  in  accepting the senecio 

causation o f  dunziekte among other things but stated that dunziekte 

must be looted upon to  be a disease which is  caused by the consumption 

of a plant poison o f  sp ec ific  nature and in  th is  respect resenhles 

other sp ec ific  diseases that are connected with pasture and that i t  

should be c la ss ified  with diseases of vegetable origin such as 

Geeldkkop in  sheep, Styfziekte in  cattle  and Jagziekte in  horses which 

are well defined morbid e n tit ie s . In 1919, the same author maintained 

that although he was able to produce a condition closely  resembling 

dunziekte by feeding Senecio ln tifo liu 3  D,C. (so called at that time), 

there was essential difference in the liv e r  pathology between senecio 

poisoning and dunziekte; horses refuse to  eat the plant when i t  is  

offered to them and that large quantities o f  senecio are necessary 

over long period of time to produce experimental senecio poisoning. 

Steyn (1929) reported on feeding experiments of 75 species. Sereoip  

la tifo liu 3  D.C. fa ta lly  poisoned sheep with as l i t t le  as 5 Gm.of diy

plant per day fo r  16 days. A horse died a fter receiving 900 Gm. o f 

dry material in  eight day3 and a yearling  3teer was k illed  by 340 Ĝn,
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given in  6 days. In 1931 he gave results o f experimental feeding of 

49 plant species to various animals. He proved that Senecio isatideus 

was poisonous to domestic animals. De Keck et a l . (l9 3 l)  recorded 

that dunziekte was so severe and so prevelent in  the Kokstand d is tr ic t  

that horse breeding kid been abandoned on many farms. On basis of 

the results of their experimental investigations they made the following 

statement: -

" I t  may be stated that symptomatically and pathologically 
there i s  a very close resemblance between senecio poisoning 
and dunziekte, in fact cases were produced by drenching 
senecio which could not be distinguished from dunziekte” .

Steyn (1933) recorded typ ica l senecio poisoning in  a horse on

farm in  the Humansdorp d is tr ic t  under circumstances which made i t  clear

that Senecio b u rck )lli i  was the causative agent. In 1941 he further

noted that Senecio sceleratus Schvreiclgordt was to x ic , and described

16 other species of senecio in  South Africa which were known to  be

toxic to  a l l  kinds of animals. Ingestion o f  large quantities within

a short time resulted in acute poisoning, the animals dying in  few hours

or days. Chronic poisoning occurred when animals repeatedly consumed

small amounts. De Waal (1941) noted that the genu3 senecio is  widely

distributed in the Union and that some 300 species which occur there

sometimes cause heavy stock losses . Iloroes are the main victims

but cattle and sheep are also destroyed. He added that as no satisfactory
♦ ♦
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remedies were available large scale eradication measures were recomne- 

nded. Van der Walt (1944) confirmed that Senecio isatldeus was 

fa ta l to sheep which took 2.25 kg. o f  fresh flowering plant.

Senecios were incrimimted as . cause o f  cattle deaths in  the 

Eastern D istricts o f  Shodesia as long ago as 1908. Thus S incla ir, 

quoted by Shone et a l . (l9 6 5 ), reported that a large number o f ca ttle  

deaths occurred on the farm Mountain Horae, Umtali when animals grazed 

upon old lands on which Senecio sceleratus was very p len tifu l. Hesketh^ 

also quoted by Shone ot a l . (1965), reported that- the mortality in 

1944 had reached alarming proportions and that in  1941 the mortality 

had also been heavy. He suspected Senecio sceleratus or Bracken or 

both to  be responsible. Shone and Drummond (1965) noted that in  recent 

years annual mortality had been considerable and on one farm alone 

50 head of cattle  in  one year died as a resu lt of eating th is plant. 

They also stated that in the Eastern D istr icts , chronic form o f  the 

disease known in  South Africa as Molteno Cattle Disease was rarely 

encountered.

Apart from Canada and South Africa Senecio poisoning had been 

reported from many other countries. As far back as 1787 some farmers 

in Great Britain are said to have believed Senecio jacobaea to be 

harmful to livestock . Stocknm (1917) described an outbreak o f

♦
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the disease in  a heard of cattle which was due to the consumption o f

hay contaminated with Senecig jacobaea . Thompson, quoted by Bull et

a l . (1968), reported the death of one of seven young cattle  2 months

a fter they had been placed on a second hay in  which a vigorous growth

of the plant had occurred but had been mowed and le f t  on the ground.

Knowles (l926) reported an outbreak in Lincolnshire in which 15 cattle

and 8 horses died. The pastures were infested and the hay being fed

to  the animal3 was contaminated with the plant. Craig et a l .  (1930)

reported occurrence of the disease in cattle and in horses in  Ireland.

Other outbreaks had been reported from time to  time mainly associated

with consumption o f contaminated hay. Reynolds (1936) reported the

occurrence of ragwort poisoning in  cattle in Pembrokeshire. He found

tin t cattle and horses do not eat the weed except possibly during a

dry spring when the green plant may show in  the pasture before the

grasses. The real danger was from contaminated hay. Bisset (1936)

also reported an outbreak of the disease in  ca ttle . Evans and Evans

(1949) reported on the poisoning of farm animals in  Wale3 by the

consumption o f  Senecio aquaticus. Betty and Markson (1954) described

an outbreak in  heard o f cattle and the use o f  liv e r  biopsy as an aid

to diagnosis. In this outbreak the h i l l  pastures were heavily infested

with Senecio .jacobaea and the outbreak was confined to the h e ifers  and

dry cows which grazed there. Forsyth (1954) says that ragwort alone
* ♦

probably causes more annual loss of livestock  in  Great Britain than a l l
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other plants put together. Cockburn et a l .  (1955) reported on an out

break of acute poisoning in  cattle by the consumption o f  Senecio jacpbaea 

which was a contaminant of feed cubes prepared from lucerne. The f i r s t  

death occurred within a fortnight o f  commencement of feeding the cubes 

to the stock. Donald and Shanks (1956) described an outbreak of t he • 

disease in  cattle  which had been fed on silage containing ragwort. The 

f i r s t  case occurred ten weeks a fter the feeding had been started.

In the United States of America, "Walking disease" of horses had 

been a problem o f great economic importance a fter  about 1912 in  north

western Nebraska and in parts of Wyoming and Colorado adjacent to 

Nebraska. The disease was enzootic in  distribution  and seasonal in 

occurrence. I t  was characterized by a cirrhosis o f the liv e r  as well 

as by it s  c lin ica l 3igns. Van Es et a l , (1929) made a detailed study 

of the disease and carried out experimental feeding o f rabbits and horses 

with the two species of senecio, Senecio integerrimus and Senecio r id d e ll i i ,  

commonly growing in the area involved. They produced the c lin ic a l signs 

and the pathological changes in  the liv e r  in  horses fed on Senecio ridde

l l i i .  Their experiments with Senepio integerrimus^ gave indefinate resu lts. 

Senecio poisoning h.3 also been of economic importance in  "the Big Bend 

area of Texas. Mathews (1933) described th is disease vhich in  1927 had 

had been at i t s  worst and hid involved several thousand cattle with an

average mortality between^lO and ̂ .2 per cent
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In Germany, "Schweinsberger disease” of horses was known to be 

a cirrhosis of the liv er  which was enzootic in  certain areas, especially  

in  3wampy country. Description o f the disease go back as far as 1886.

Its  aetiology remained undetermined fo r  many years although some asso

ciated i t  with plant poisoning. Opperman and Z iegler, quoted by Bull 

et a l .  (1968), regarded this disease as a chronic form of in fectious 

anaemia. I t  was re cognized by many however, to  be indistinguishable 

from senecio poisoning o f  horses described by Gilruth and later by others. 

Koehler, quoted by Bull et a l .  (1968), showed that this disease was 

due to the consumption o f Senecio vernalip mainly as a contaminant of 

hay. Hupka, also quoted by Bull et a l . (1968), confirmed; .the a etio log ica l 

significance o f Senecio yernalis which was a contaminant of lucerne hay. 

This disease which hod been shown to  belong to the l i s t  of senecio 

poisoning occurs in  Bavaria, Germany. "Zd*ar disease” of horses in 

South Bohemia, Czechoslovakia was found by Vanek (1958) to be due to 

chronic poisoning from the consumption o f  Senecio  errntieus Spp. barbara- 

cifoliu3_. As early as 1933 seneciosis was reported in Norway. Dybing 

and H jelle , quoted by Bull et a l .  (1968), reported liv er  disease in  calves 

as due to the consumption of Senecio  aquaticus.. Hjelle (1959) noted 

that seneciosis constitutes the most important plant poisoning in 

cattle in  Norway.

In Australia there has been few reports of senecio poisoning in
* ♦

livestock . Mumame, quoted by Bull et a l . (l968 ), recorded the occurrence
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of losses of dairy cattle on one property in  the South Gippsland 

d is tr ic t  of V ictoria where Senecio jacobaea was p len tifu l, Hurst 

(1942) mentions that several species o f  senecio, including Senecio 

.jacobaea have been suspected of causing losses to  individual 1 i

animals but no serious outbreaks of disease have been reported,

Thorold (1953) reported several outbreaks of senecio poisoning 

at Timau, Kenya, The animals had been kept in paddocks where Senecio 

^uwensorien3is was p len tifu l. Symptoms described and the liv e r  3eotions 

showed the typ ica l changes associated with senecio poisoning. He also 

suspected Jhnecio  mo_grei to be poisonous to livestock .

Animal Research

Various workers such as Gilruth (1902) in New Zealand, Theiler 

(1918) in South Afrioa, Pethick (1903-06) in  Canada and Van Es (1929) 

in  America proved that certain species of senecio were responsible for  

disease conditions but there was always a certain amount o f doubt as 

to the exact nature o f  the poison,

Cushny (l9 1 l)  carried out experiments with two alkaloids isolated 

from material named Senecio la t ifo liu s  D,C, from the cape namely, seneci- 

fo lin e  and senecifolidine and showed that the symptoms, post-mortem 

findings and h isto log ica l changes in  the liv e r  animals poisoned by 

these two alkaloids very close ly  resembled those found in  "Molteno" disea-
t

* ♦

ae. He expressed the opinion that there was no doubt that Molteno



-  23 -

disease is  a chronic senecio poisoning. The same author worked on the 

pharmaoology and tox ic ity  o f other senecio a lkaloids. By in jection  o f  

3enecifbline nitrate into rat3 he produced mortality and lesions rese

mbling those in  natural cases. Burkey et a l .  (1933) extracted crude 

crystalline mass from Senecio red d e llii and fed i t  to a horse. They 

developed the characteristic sysmptoms o f  "Walking" disease. Davidson 

(1935) in jected retrorsine subcutaneously into rats with the object o f  

studying the pathogenesis of the lesion s. Doses of 0.007 to 0.25 £m, 

were used in  order to vary the severity o f  the lesions.

Chen et a l . (1940) showed that the intravenous in jection  of lethal 

or near lethal doses of seneciphylline,an alkaloid frexn Senecio spart-  

ioidps in mice, rat3 and guinea pigs is  followed by tonic convulsions. 

The post-mortem lesions revealed periportal neorosis, leukocytic 

in filtra tion s  and vaouolation. o f  the porenchymtou3 c e lls .  There was 

'•loo cloudy swelling with venous and glomerular congestion. Platphylline 

appeared to hove an atropine-like action . Harris et a l,(l9 4 2 ) described 

the action of senecionine, intergerimine, jacobine, longilobine and 

spartioidine especially  in  the liv e r . They determined the median lethal 

doses of these alkaloids in  mice by intravenous in jection . Deaths 

oocurred in  24 to 96 hours. They also determined the acute tox ic ity  

of monocrotaline and retronecine in  mice. Intravenous in jection  of a 

large dose o f retronecine*was followed by either death or complete
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recovery. These same authors studied three additional Senecio alkaloids, 

namely, isn tid ine, pterophine and sceleratine. Their acute tox ic ity  

was determined in  mice "by intravenous in jection . Pterophine proved 

to be the most and isatidine the least to x ic . Harris et a l .  (1943) 

reported that carthamoidine, an alkaloid from Senecio carthamoides, 

in  suitable doses produced slow death and necrosis of the liv e r  of mice 

when in jected intravenously. Rose et a l .  (1345) studied the e ffe ct  o f 

hepatotoxic alkaloids on the prothrobin time of rats and noted that 

senecionine, retrorsine, pterophine, spartioidine and monocrotaline in 

sufficient doses prolonged the plasma prothrobin time of rats.Wakim et 

a l . (1946) reported that intravenous administration o f senecionine to 

four rhesus monkeys led to development of extensive necrosis o f the 

liv er  of three of the animals auid fa tty  degeneration o f  a l l .

Rosenfeld et a l . (1949) wrote that the administration o f  crude 

alkaloids of Senecio r id d e li i i  to  mice produced acute intoxication  

followed by remission, recurrence of the symptoms and death. The toxic 

dose was determined by intraperitoneal and oral administration o f  the 

alkabid. The feeding of the plant produced typ ica l symptoms o f  chronic 

poisoning sim ilar to  that observed in ca tt le . Sspeil® (1950) reporting 

<xatcin pharmacological actions of pterophine, a senecio alkaloid, 

obtained from benecio pterophorus and Senecio i l i c i f o l iu s  noted that 

in tpogs the in jection  into the ventral lymph sac o f pterophine, 140 mg. 

Pe3'* Kg, body weight, did not cause death. In anaesthetized cats,
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intravenous in jection  of 20 mg. per Kg. produced a f a l l  o f blood 

pressure rapid shallow respiration , stimulation o f  the uterus and in 

rabbits,elevation  o f blood sugar. The blood pressure o f  rats and dogs 

was also lowered by intravenous in jection  o f  the drug.

Cook et c l .  (l950) observed liver  tumours in  three albino rats 

which survived fo r  more than 8 months o f intermittent feeding with 

elkalotld:; of Senecio jacobaec. They discussed the possible bearing of 

these results on the aetiology of primary liv e r  tumours frequent among 

the Negro population in  South A frica , in  the light of the indiscriminate 

use of 3enecio plants fo r  treatment of numerous disorders. Selzer 

et a l . (1951) dosed ora lly  rats on normal or low protein diets with 

retrorsine hydrochloride and noted that the tox ic e ffe ct  involving ..hath 

the liv e r  parenchyma and the central hepatic veins produced picture 

of centrilobular haemorrhage, necrosis, proliferation  o f  the endothelium 

of the central and hepatic veins. Protein deficiency enhanced the toxic 

e ffe cts  of retrorsine. Moraes (1951) showed that Senecio bTOsi laensls  

was potentia lly  dangerous. The chemical and b io log ica l properties o f 

brasilinecino, an alkaloid from th is pl<ont, were detected and the medicr*,, 

lethal dose fo r  rats and mice ascertained. Smif (1952) determined 

the to x ic ity  of retrorsine, isatidino and pterophine for white rats 

after subcuteneous in jection . He found that sex influenced the suscep

t ib i l i t y  o f  rats to retrorsine and isatidine profoundly. Sapeika ot c l ,
♦ ♦

(l953) described the hepatic lesions produced in  rats by acute poisoning
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with senecio alkaloid pterophine. They noted tin t the ascorbic acid 

content of the liv e r  becomes increasingly diminished with progressive 

damage of the tissue.

Schoental et a l . (1954) reported that 68 rats survived longer

than 10 months o f treatment with senecio alkaloid from Senecio jacobaea

Linn, retrorsim  and isatid in e . Forty five  of these rats showed changes

in  the liv e r  ranging from hyperplasia to neoplasia. Metastasis were .

found in  one rat that was treated with isa tid in e . Schoental (1955)

described blood changes in  rats treated with senecio alkaloids. She

suggested that young plants containing pyrrolizidine alkaloids in form

of N-oxides are more palatable and readily consumed by livestock ,

which might produce pathological changes la te r . Campbell (1956) showed

that the alkaloid seneciphylline, isolated from Senecio .jacobaea Linn.

was potent sp ec ific  hepatotoxic agent in poultry. He also discussed

th e  d e m o n s t r a t io n  o f  t h e  c a r c i n o g e n i c  p r o p e r t i e s  o f  3 e n e c i p h y l l i n e

in  certain Bantu tribes who subsist on deficient diets airl who may

drink senecio infusion as a component o f native medicine. In his studies

on the influence of sex hormones on avian liv e r  and the protective

e ffe ct  of oestrogen determined by bronsulphthalein liv er  function test,

he noted that previous treatment with d ieth y lstilboestro l protects the

male birds liv e r  to a considerable degree against the hepatotoxic e ffect

of the alkaloid seneciphylline. ,
* ♦
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McKenzie (1958) describing some pharmacological properties of 

pyrrolizidine alkaloids noted that platyphylline, jacobine, 3enecionine, 

seneciphylline and jaconine are less potent inhibitors o f  tonus than 

epinephrine and less  active anticholinergic than atropine on rats' 

isolated ileum. Sedlmeier et a l . (1959) observed that the f i r s t  v isib le  

changes produced by prolonged feeding of jjeriecio vulgaris and p-dimethy- 

laminoazobenzol were vacuolation of the parenchymatous c e lls ,  nuclear 

inclusion, prolifera tion  of b ile -d u cts , regenerative hyperplasia, 

c irrh otic  changes and deposition o f  pigment in  the internal organs. 

Schoental et a l . (1959) described th eir  further observations on the 

subacute and chronic liver  changes in rats a fter  a single dose of 

various pyrrolizidine (senecio) alkaloids. They discussed the origin 

and fate of the enormous parenchymal ce lls  characteristic of the 

subacute lesion s.

Dybing et a l .  (1959) reported the feeding of male rats with 1% of 

pulverized dried Senecio aquaticu3. They noted that a fter  administeri

ng fo r  b r ie f intervals the concentration had no e ffe ct  on the animals 

but when given fo r  longer intervals (7-9 months) nine tenth o f the 

animals died with severe liv e r  les ion s . Thorpe and Ford (1968) studied 

the sequential changes in  the livers  of 5 calves fed several levels 

of ragwort ( Senecio, jacobaea) in their d iet by series of biopsy. 

Parenchymal megalocytosis, hepatic fib ro s is  and vono-occlusive lesions

developed in a l l  calves. The histochemical enzyme studied by Ford and
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Hitchie (1968) showed that there was l i t t l e  i f  any relationship between 

the progress o f the liv e r  changes and the pattern of changes of the 

serum enzyme concentration.

Chemical Research

Chemical studies on Senecio plants were focused on iso la tion  

and id en tifica tion  of the chemical constituents o f the alkaloids. Sonecio 

alkaloids contain one nitrogen atom only; although the number of carbon 

atoms varies the predominating figure being ei^iteen. The content 

of hydrogen and oxygen atoms varies considerably. Some alkaloids tave 

been isolated from more than one plant,

Grandval and Lajoux quoted by De Waal (19 39), isolated the f ir s t  

alkaloid of thi3 genus from Senecio yuljpirifl, the common groundsel, and 

named i t  senecionine. Manske (l9 3 l) isolated an alkaloid retrorsine from 

■Sonecio rctrorsus which marked the beginning of a new era in  the in vesti

gation of various alkaloids. He assigned to th is alkaloid the formula 

^18^25^6^* Bar«er an  ̂ Blackie (1936) confirmed his work. Retrorsine, 

however, was found to be present in  Senecio ja t ifo liu s  D.C . (Barger et a l .

1935) and in Senecio j;labej^himus. (Blackic 1937). Manske (1931) 

made also the f ir s t  important invstigations o f  the alkaloids o f  Senecio 

jacobaoa and obtained a compouni, m.p. 22-224°C ., which analysed poorly 

*'°r ^18^23^5^* he wrote that senecionine is  the main alkaloid

Senecio intogerrimus but a smal£ amount of a new alkaloid, in tegerri- 

“ ine, was also found. _Sjsnec_iq longilobus contains longilobine and
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Sonccio r id d e ll i i  contains ridd ellin e , both alkaloids being new. In 

addition to the main alkaloid of Senccio gpartio id o s , which was 

identified  as seneciphylline, a minor base apparently new was also 

obtained.

Watt (1909) isolated  two alkaloids, 3enecifoline and senecifolidine 

from Senecio la t i f 'o l ius. In 1909 the id en tifica tion  of species of 

senccio was very unsatisfactory and i t  i3 probable that at that time 

the name Senecio la t i f o l ius D.C , included Senecio la t i fo liu s , Senecio 

rotrorsus, and Senecio ba_rbel la t u_p_. Hence i t  is  impossible to say from 

which species o f  senecio Watt isolated the above alkaloid (Stoyn 1934). 

Orechoff (1935) isolated  from _Senepio_ jalatyphyllus the alkaloid platy- 

phylline vihich can be hydrolyzed into platynecine and platynecic acid . 

Blackie (1937) reported the iso la tion  of a new allcaloid from Senecio 

igatideus D.C . which he called isa tid in e . He found isatidine in  very 

appreciable quantities ( l . l 4  per coat) in Senecio isatideus and also 

isolated retrorsine from th is plant. This retrorsine proved to  be iden

t ic a l  with that isola ted  from Senecio rotrorsus but was present in  the 

former in smaller quantities (0.15 per cent). Hosking and Brandt, quoted 

by Steyn et o l .  (1941), isolated the alkaloid jacobinc from ^enecio 

.jacobaea growing in  New Zealand. They stated that th is  alkaloid " is  very 

probably identica l with the allcaloid jacobine previously isolated  from

ragwort by Mon3ke ♦
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Do Waal (1939) confirmed the findings by Blackie by experiments 

dealing vith iso la tion  o f isatidine from Senecio retrorsus and Senecio 

igatidpus^ and in  1940 described the iso la tion  o f the alkaloid p laty- 

pbylline from Senecio adnatus D.C . which he reported was in  conformity 

v ith  that isolated by Orechoff (1935) from Senecio platyphyllu s  _D,C_.

The same year in his chemical investigation upon the senecio species 

responsible for bread poisoning, he isolated the alkaloid senecionine 

from Senecio iJ.icifp.liu3 Thumb, and another new alkaloid ro3mnrine from 

Senecio ro snnrinifolius Linn. He also showed that platyphylline was the 

active principle of Senecio adnatu3 I>.C_. In 1941, lie reported on the 

chemical investigation and iso la tion  o f  three alkaloids from Senecio 

scaleratus sp. nov. Sbhweikcrdt. The three alkaloids isolated were 

isa tid in e , ratror3ine and a new alkaloid for  v/hich the name 3coleratine 

v/as proposed. In "Notes on Isatidine, Rosmarinine and Pterophine and on 

the structure of their Necines and Nocic Acid" the sama author v/rote 

that o f a l l  the 18 senecio species known, on hydrolysis they produce a 

"necine" base and a "necic" acid . De Waal et a l . (1941) recorded that 

tox ico log ica l studies proved that Senecip scelcratus was extremely toxic 

to 3heep and that the ground plant contained 0.17^ retrorsine, 0.11/o 

sceleratine, a new alkaloid, and 0.05^ isa tid in e .

Novelli et a l . (1945) isolated an alkaloid from the leaves of

Senecio b r a s ilic n s is-on alkaline hydrolysis i t  gave retronecine and an
* ♦

ncid . Briggs et a l . (1948) isolated a new alkaloid 3enekirkine from the

bark and leaves o f Senecio kkrkii. Adam3 et a l . (1949) isolated  two
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alkaloids alpha and. beta-longilobine from Senecio lpngLlobu.3 and found 

that thoir empirical formulas were C^gH^OpN and C^gIIQj-0gN respectively.

By degration they were 3hown to be cy c lic  diosters from one mole o f  retro- 

necine and one mole of dibacic acid . Snpiro (1949) showed that Senecio 

buple uroides contain the same two alkaloids as Senecio retrorsus and _sen_0.- 

cio  ijsatideus namely retrorsine and isatid ine. The quantity o f  these

alkaloids extractable from dried plant collected  in  the post feeding stage 

was retrorsine 0.16$ and isatidine 0.7$. He also showed that the plant is  

of low tox ic ity  compared with Senecio retrorsus and Senecio l3_atide_U3 

and that negative results were obtained in a physiological te st . In 1953, 

he isolated two alkaloids namely ruzorine and ruwenine from Senecio 

ruwenz ori ens is  common in  Kenya. Pretori us (194-9) obtained retrorsine, 

isatidine and a new alkaloid paucicaline from Senecio paucicalyculatus. 

Early flotciing plant contained over 2.5$ crude isatidine and 1$ crude 

retrorsine in  the leaves and roots . Koekemoer (l9 5 l)  described the 

preparation and properties o f  the N-oxides o f ptatyphilline, platynecine 

and rosmarinine. He indicated the occurrence o f  the 3enecio alkaloids 

as N-oxides or their tantomeric forms and described an improved method 

of iso la tion  to give y ields several times greater than those previously

reported. Bradbury et a l .  (1954) isola,ted two new alkaloids, jacozine

and jacoline from .Senecio The alkaloid jaconine appears to

be the f i r s t  recorded example o f a chlorine containing alkaloid . Henning,

quoted by Bull ot a l .  (1968), described the method o f isola ting  the

alkaloids of Senecio discolour from the stem and leaves and added that

paper chromatography indicated tie presence o f  2 major alkaloids components.
* ♦

The two alkaloids were identified  as sonecionine and retrorsine.
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Senecio Poisoning

Davidson (l953) described the c lin ic a l symptoms and the post

mortem lesions in  scnecio poisoning C3 fo llo w s :-

(a) Symptoms

"The symptoms in  the affected animals are similar in  a l l  countries. 

There is  a loss in appetite, weight and ascites may be present and the 

animal has d if f ic u lt  in  standing and walking. Cerebral symptoms supervene, 

with d iff ic u lty  in maintenance of balance and a staggering ga it. Marked 

frenzy may be noticed. Coma follow s and death occurs a few days a fter 

the onset of the f i r s t  symptoms. The disease is  usually a fe b r ile " .

(b ) Post-Mortem Findings

"Necropsy examination shows a certain amount of jaundice o f  the 

mucosae. The surface of the liv e r  is uneven and the tissue is  tough, 

when cut by knife.

The duodenal mucosa may be hyperaemic and swollen while the rest 

o f  the bowel is  usually normal. There may be petechial haemorrhages 

in  other organs but there presence may be irregular. The liv er  on the 

whole appears to be the principal seat of the disturbance. Microscopi

ca lly , various stages of the process in  the liv e r  may be seen. In the 

more acute and early types there is extravasation o f  the blood around

the central veins o f  the lobu les. These Imve been called "blood pools"
»

♦ ♦
or "blood lagoons". The liv e r  ce lls  in  the v ic in ity  of these areas
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degenerate and disappear. In the la ter stages there is  a definate 

fib ros is  which Theiler hrs called an " in te r s t it ia l hep atitis". There 

is  a loss of the normal architecture of the liv e r  and the ce lls  are 

replaced by fibrous tissue in  the midst of which there is  proliferation  

of b ile  ducts. The picture is  that of a cirrhosis"

SEC ION I I .  -  ADEMA 

Adenia as Medicine

Various species o f  Adenia have been used in herbal medicine by 

many tr ib e s . Bryant, quoted by Watt et a l . (1962), reported the use 

of the powdered le a f and stem of Adenia /nrmmifera by the Zulu as an 

emetic in  the treatment o f biliansuess. He also stated that the Zulu 

and Renga tribes used a decoction of the root fo r  the treatment of 

malaria and leprosy. The both tribes used a steam bath on boiling the 

le a f in water in  treatment o f  malaria. The Zulu used the root as a 

tonic in  convalescence.

Burtt (l926) recorded that the Africans in Transvaal used the

gumny substance from Adenia gnmnnfera ns an enetic and as cosmetic

pigment applied on the face . He also mentioned o f  the use o f  an Adenia

species in  treatment o f  tuberculosis. Steyn ( l9 29) reported that the

Nyanja tr ib e  used boiled  root o f  Adenia digitata ar root decoction
* ♦

in lo ca l treatment o f leprosy, ulcers and other skin in fection s.
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In East A frica , the Tonga tribesmen used Adenia jc.rlcii fo r  the treatment 

o f bronchities (Almeida, quoted by Watt et a l , 1962). Irvine (1930) 

described the use of the leaves of Adenia c is sampeloides for  rubbing 

the breasts of women a fter  child birth to promote the flow o f milk.

Bally. (1937) reported the use of the tuberous stem o f Adenia 

^globosa by the Masai in  the treatment o f cattle for oertain diseases.

He also mentioned the use o f  Adenia gummifera by the Sukuun as an 

antidote to arrow poisoning. The Benge tribe uses one of the Adenia 

species in  the treatment of in fantile convulsions. Irvine, quoted by 

Watt et a l .  (l962) reported of the many medicinal uses of Adenia lobata. 

In "French Equatorial Africa" the roots were used with red pepper and 

Guinea grains fo r  e ffe ctiv e  treatment of cancer of the nose. The leaves 

were used fo r  p iles and thoir juice as an enema and liniment. The lea f 

decoction was drunk for  cough, bronchitis and fever. In the Ivory 

Coast an enema from the le a f extract was used as an e ff ic ie n t  purgative 

during fever. An enema from -the stem palp was used as an aphrodisiac, 

diuretic and in  the treatment o f  gonorrhoea. In Ivory Coast the plant 

was also used for feverish  pains, rheumatism, intercostal pains and 

stomach troubles.

Adenia as Food

The fru its  o f  Adenia species resemble those of many other 

members of passion-flower fam ily  v/hich are ed ib le. Although not a l l ,
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some species of Adenia have edible fr u its . Thus oases of poisoni ng have 

occurred a fter eating tox ic fru its  of non-edible species by mistake* Burtt 

(1926) reported that despite the tox ic  nature of the fru it  an<i tube*’

Adenia d ig ita te , the Africans sometimes sucked a morsel of the olan^ ns a 

th irst quencher. Few, quoted by Watt et a l . (1962), said that he obserVG<̂  

children eating the fru it  o f  Adenia jglanca which they said wa3 veiy  n ice .

Verdoorn (1938) reported that the fru it  of Adenia hastate which resembles 

the grandanilla is  ed ib le. Verdcourt and Trump (1969) recorded that an 

undescribod species referred to as "d ia ti"  (Keritschoner 1728) has edible 

fr u its . Irvine, quoted by Watt et a l .  (1962), wrote that Adoni.n edible 

fr u its . He added that confined women take a beverage prepared from the rocr*:s 

of Adenia. Lieberiberg (1939) reported that Adenia hastata is  readily 

eaten by stock.

Adenia a3_ Hunan Poison

VTilful or accidental ingestion on non-edible (to x ic ) Adenia fru its*  

tubers, or medicine prepared from Adenia species has lead to human 

poisoning. Bryant, quoted by Watt et a l . (1962), stated that a decoction 

of the root of Adenia gummifera is  poisonous oausing symptoms 0f

vomiting and increased perspiration. Steyn (l9 4 l)  noted that the tuber 

of Adenia g l ance is  non-poisonous but is easily  confused with the

poisonous ones. Green et a l . (1923) reported that the Tswana used the

fru it  of Adenia d ig itate for homicidal purposes. They also stated that

a snail amount of fresh root of the plant was fa ta l to humans, causi11̂
♦ ♦

severe gastroenteritis, Mettam (1932) reported that an .Adenia had t>een
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used for  murder in the Meru d is tr ic t  of Kenya.

The fru its  of Mania species which a3 noted above, resemble passion 

fru its  are easily  confused vnth edible fru its . Thus Verdoom (1938) noted 

that the poisoning of fru its , tuber or medicines prepared from Adenia is  

always a p o ss ib ility . Watt and Breyer (1962) reported a death of an 

eighteen year old g ir l  that had eaten Adenia fru its .

Tha Akamba tribe o f  Kenya regard Adenia yolkensii. (K iliam biti) as 

highly poisonous to human. Verdcourt and Trump (1969) reported that seve

ra l cases of human poisoning including suicide had been recorded after 

ingestion of Adenia y o lkensii and that the plant was certainly poisonous. 

They related a documented case where a person poisoned by Adenia vplkensii 

was attended by the Medical O fficer, Kajiado Hospital, Kenya. They also 

reported on doubtful cases of the use o f Adenia Schweinfurthiji for  criminal 

poisoning.

Adenia^£ £  Animal Poison

Adenia species have for quite sometime been incriminated to cause 

poisoning to stock. Green et a l . (1923) stated that sheep and goat3 

are susceptible to Adenia digitata poisoning. Steyn (1929) reported 

that a bulb of an Adenia species had proved to be rapidly fa ta l to an 

animal species which he did not id entify  in  the record. The same author, 

in 1949, wrote that minced fresh leaves o f Adenia glanca were not toxic 

to rabbits. Irvine, quoted by Watt et a l . (1962) stated that s ligh tly  

warmed stems and crushed leaves of Adenia are used as fish  poison. He 

added that certain species were not as poisonous as described in the 

Onderstepoort report (1924). The Washamba use Adenia lobata as a fish  

poison. Menia gunm&f era is  also reported to be a fish  poison,
♦
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(Verdcourt and Tremp 1969), The same authors reported that Adenia 

volkensi i  is  used in  the Is io lo  and Maralal areas as poison on bait 

for hyaenas.

The c lin ica l symptoms and pathological changes, in  animals and 

man, caused by Adenia poisoning have also been reported. Thus Green 

and Andrews (1923) noted that sheep and goats present symptoms of 

abdominal pain and purging a fter the ingestion o f  Adenia d ijp tata . 

Steiner, quoted by WAtt et a l .  (1962), reported that the bulb o f  an 

Adenia species, (So. A fr. Nat. Herb. No. 7611), proved to be rapidly 

fa ta l to  an animal (species not specified ) and that the symptoms were 

dypnoea and paralysis. He noted that the characteristic macroscopic 

findings of the internal organs were cyanosis and marked hyperaemia.

In human, Burtt (1926) reported that poisoning by watery extract 

of the tubers o f  Adenia digitata resulted in  instant vomiting, prostra

tion  and probably some cardiac e f fe c t . In some cases, severe gastroen

te r it is  also ensued. Verdcourt and Trump (1969) describing a case o f  

Adenia volkensii poisoning at Kajiado, Kenya, noted that the symptoms 

were drowsiness and loss o f  tone of the muscle. The only macroscopic 

change observed was slight congestion o f the l iv e r . Watt et a l .  (1962) 

reported that the post-mortem lesions o f  two children dying a fter eating 

fru its  o f  Adenia d igitate were nephritis, haemorrhage in the liv e r ,

necrosis and vascular thrombosis o f the large intestines especially
* ♦

rectum.
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Chemical Reaearoh

Green and Andrew (1923) detected a cyanogenetic glycoside from 

the root of Adenia dig ita ta . They found that the cyanogenetic glycoside 

was completely destroyed by dessicatian. The sane authors also isolated 

a phytotoxin, toxalbumin modeccin. Steyn (±929) reported that the lea f 

of Adenia _glan_ca contains hydrocyanic acid . He also said that the tuber 

does not contain any cyanogenetic glycoside. Githens, quoted by Watt 

et a l .  (1962), detected toxalbumin modeccin in  the le a f and root o f Menia 

globosa and said that Adenia k irk ii contains toxalbumin. Irvine, quoted 

by Watt et a l ,  (1962), stated that the stem o f Adenia lobata contains 

clear tasteless sap which turns red on standing and is  used in  arrow 

poisoning. Verdcourt and Trump. (1969) reported that no work had been 

carried out on the tox ic  principle of Adenia volkpnsii and that the a llied  

South African species, Adenia digitata contains cyanogenetic glycoside

and a toxalbumin modeccin,



Pi'JJT THREE

e x p e r i m e n t a l  s t u d i e s
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PART III  (n) SENECIO MOOHEI TOXICOSIS IN ANIMALS

Experiment I ,  Rat 

MATERIALS AND METHODS

Young branches with fresh leaves, flowers and shoots were colleo'ted 

from different areas of the Nyandarua D istrict o f the Central Province 

of Kenya and transported to the Faculty o f Veterinary Medicine, Kabete. 

These were sundriod and ground into fin e  powder in  a standard No. 3 

Willey M ill. The powder was used fo r  tox ic ity  studies in  rats, bull 

calves and pig3.

Rats experiment was subdivided into two parts; part one dealt 

with acute and subacute Senecio poisoning, and part two chronic Senecio 

poisoning.

A group o f  hundred, one month old, albino rats was obtained from 

Kenyatta National Hospital, small animal unit. These were divided into 

two major groups o f  f i f t y  rats each and were named Group A and Group E.

Experiment with rats in Group A was designed to determine whether 

rats would eat a large quantity o f  Senecio powder, to calculate the 

amount of senecio capable of causing poisoning and to  study the c lin ica l 

signs and the pathological changes o f Senecio moorei poisoning.

The experiment with rats in Group B. was intended to  study the

ohronic poisoning of rats with Senecio powder as well as pathological

changes in  their chronic stages. «* ♦



( i ) Acute Senecio mo orei Poisoning in  Rata

Rats in  Group A which were both males and females and between 

49 and 70 Gm. in  weight were divided into five  groups of ten rats 

each and segregated by sex . These five  groups were housed in  separate 

a l l  metal cages which were provided with saw-dust on the f lo o r . Four 

of these groups were fed with senecio powder incorporated into a basal 

diet to make:-

50?o f i r s t  group 

20/o second group 

ICffo third group 

5£a fourth group

The f i f t h  group was used as control and fed with basal diet only. 

The basal diet consisted of commercially available chick ma3h on which 

an excellent growth o f  the control was obtained. Water was available 

a l l  the time. The rats were observed da ily , weighed twice a week and 

an average weight fo r  one week recorded.

A ll rats t in t  died naturally or were sacrificed  -were

examined by standard necropsy procedure and sections taken from liv e r ,

kidneys, spleen, duodenum, stomach, large in testines, lungs, heart muscle

and brain. The tissues collected  .were preserved in  acetate buffered
♦ ♦
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10fa formalin. Routine section were stained with haenntoxylin and 

eosin. The h isto log ica l and staining procedures followed were according 

to the Armed Forces Institute o f  Pathology jfanual of H istologic Staining 

Methods (5rd Edition^ Jg68.

RESULTS

The rats that fed a diet containing 5Cf/o Senecio powder started 

dying on the 3rd day and on the 7th day only three remined which were 

sacrificed  on the 8th day when in  extremis. The second group o f  rats 

that fed a diet containing 2Cf/o Senecio powder started dying on the 5th 

day and on the 15th day only 2 remained which were also sa.crificed. Rats 

that fed diets containing lOfo and 5^ Senecio powder were n i l  dead between 

the 15th and the 45th da.y of the experiment. Natural death was frequent 

and there was a. good deal o f  cannibalism particularly of rats dying 

during the night in  the early stages of the experiment, so that few rats 

were not available fo r  pathological or even post-mortem examination.

TABLE I shows differences in  weight and weekly mortality.

C lin ica l Findings.

Rat3 that died during the f ir s t  two weeks o f  the experiment showed 

the follow ing c lin ic a l signs.

For the f i r s t  few days they fed poorly and lost some weight. The 

c lin ica l symptoms were essentia lly  very sim ilar, starting with loss  o f

appetite a fter  which the animal showed increased weakness. The animal
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though weak seemed to have some excitement, running about and clinibing 

up the cage and making gnawing movements. No dinrrhoeic stool was 

noticed. Respiration seemed to have been accelerated but i t  was d i f f ic u lt  

to  determine how much this was. No convulsions were noticed. General 

weakness, staring coat yielded to deepening stupour, followed by coma; 

respiration slowed down and fin a lly  ceased.

The rats that died between the 15th and 45th day of the feeding 

experinent had lost much of th eir  weight in  comparison with the controls 

(TABLE I ) ,  Many rat3 were found in a state resembling coma, when they 

lay prostrate and fe l t  cold . Their breathing was hardly perceptible 

though the heart continued to  beat slowly for  many hours. In some 

cases yellowish urine was noticed.

Macroscopic Lesiona

At necropsy there was ascites and hydrothorroc in  rats that died 

during the f i r s t  vreek of the experiment.

Liver: Liver3 wore mostly enlarged, representing more than 5 per cent

of the body-weight, against 3.5 -  4 per cent in  normal controls.

Sometimes they were mottled. Occasionally an animal had a small liver 

in vhich parts of one or more lobes were very pale or sharply separated 

from the darkly coloured part of the organ.

Spleen: The spleen varied considerably in  s ize . Gastrointestinal Tract:

The stomach of most rats *wns oftfcn distended with food which might be



black in parts, at other times the stomach and in testina l content was 

alirnny and the in testina l wall congested. Fancreas: There were no

sign ificant gross lesions observed on pancreas.

Rats that died between the second and fourth v/eek of the experiment 

had also ascites and hydrothorax.

L iver: Livers were often smaller (about 3 per cent o f  the body weight)

and mottled.

Lungs: These were sooetimes congpsted or had petechial haemorrhages.

Spleen: In most cases the spleen was enlarged.

Brain: Hyporaemia o f  the brain was observed in  more than 50/o of the

animals.

Kidney: The kidneys showed only slight congest inn.

Heart muscle : The heart muscle was sometimes flabby.

Gastroinbostjjyil Tract: Most of these animals had their stomachs

distended with food .

Microscopic Lesions

Liver: The livers of most rats that died during the f i r s t  two weeks of

treatment were congested and there was haemorrhagic necrotic hepatitis.

The haemorrhage was marked in che v ic in ity  o f  the central vein from which 

the extravasation appeared to Have originated ( l i g .  4 ) .  Cases o f sinusoi

dal con^gestion were also noted$ necrosis of the parenchyma being most

n^ked around the central vein, but frequently involoving two thirds of
* ♦

the liv e r  lobule (F ig. 5 ). The necrosis of the hepatic - ce lls  was of
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coagulative typo whereby nuclei had completely disappeared or could 

only be discerned. Sometimes degenerate hepatic ce lls  were seen 

scattered amongst areas of congestion and haemorrhage but frequnetly 

the hepatic ©ells hid been replaced by haemorrhages in  centrolohular 

areas.

At the peripheral zone of hepatic lobules there were apparent 

normal hepatic c e l ls .  In certain cases they formed a comparatively 

narrow zone; in others larger islands of c e lls  were seen neighbouring 

necrotic tissue. These groups o f ce lls  did not always from a continous 

peripheral zone, but occurred mostly as islands around the portal tra ct.

The cells at the periphery of these islands immediately adjacent to the 

necrotic ce lls  showed slight vacuolation o f  fa tty  change. The cytoplasm 

was fa in tly  granular and tho nuclei were more or less normal in appearance. 

There we re no m itotic figures seen.

Inspite o f the variation in time o f survival among the remaining 

rat3 their livers  had mary conmon h isto log ica l features. The parenchymal 

damage was invariably present, the outstanding feature being the 

occurrence o f  large ce lls  (megalocytes). The ce lls  tended to occur in 

the periportal and mid-zones with more healthy parenchymal around the 

centrelvein, (F ig. 6 ) .  The nuclei o f  the b ig  ce lls  were rourd or oval, 

sometimes rather irregular in  outline and usually had a sharply dema

rcated basophil nuclear membrane. The chromatin was rather scanty,
*

and fragmented and the nucleali were largo, often multiple and deeply
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basophil. As .veil as nucleoli there were often some globules within 

■these nuclei (F ig. 7 ). Evidence of hydropic degeneration, nuclear frag

mentation and cytoplasmic vacuolation, often due to  fa tty  changp, as 

judged by Sudan IV stain were noticed in some of the cases examined 

(F ig , 8 ). In some floctiasna tiara were spaces corresponding in  size to 

a much enlarged parenchymal c e l l  which contained cellu lar debris, often 

fa tty , and sometimes nothing at a l l ,  (F ig. 9 ) . There were neither 

parenchymal regeneration nodules nor b ile  duct proliferation  observed 

in  any one section.

Lungs: Most sections from the lungs showed congestion, sometimes haemo

rrhage or thickening of the alveolar wall. There were also cases of 

alveolar oedema. Murine pneumonia was noted in  about 3($ of the rats. 

Kidneys: Two rats dying at the fourth week of the experiment showed

marked depostion of hyaline casts within the convoluted tubule (F ig. 10) 

as well as vacuolation o f  the ep ith e lia l ce lls  of the convoluted tubules. 

Brain: Meningeal congestion and oedema were observed in two rats dying

at later stages of the experiment.

Spleen: Apart from congestion and very slight fib ros is  there were no

other lesions seen in  sections taken from spleen.

G astrointestinal Tract: Slight occasional catarrhal to u lcerative ente

r i t i s  was noted.

A ll other organs did not show any significant microscopic lesions.
* ♦
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Control rats k illed  a fter  the 49th day of the experiment did not 

show either gros3 or microscopic le s io n s .

An estimation of the intake of senecio powder capable o f  causing 

death to a four week old albino rat was also carried out as follovys:-

51 ve, four week-old male rats weighting between 55 and 65 Gm. 

were selected and kept separately in  a l l  metal cages. Each rat was fed 

with 20 Gm. o f  Senecio mqorea. powder mixed thoroughly with chicken mash 

in equal amounts. Wastage was reduced to minimum by feeding the animals 

separately with limited amount of mixture in a fixed container. Water 

was available ad l i bitum. Within the f ir s t  three days o f  experiment a l l  

rats were dead. The exact amount o f  mixture consumed was calculated as 

in  TABLE 2.

Total amount consumed was 15 Gm., average 3 Gm. consumed by each 

ra t. An approximate amount of 1 .5  Gm, Senecio moorei powder k illed  

a rat in  throe days.

( i i )  Chroni c  Senecio moorei Poisoning in  Rats.

I.ATERIALS AND METHODS

In this experiment, i t  was intended to maintain the rats fo r  a 

considerable time so as to study the chronic Senecio moorei poisoning 

in  rats.

Animals in  Group B mentioned above, consisted of f i f t y  young 

lo ca lly  bred albino rats Veighing between 49 and 70 Gm. and both males

and f  emale s



-  4 7  -

These were subdivided into five  groups o f ten rats each and 

segragated by sex. Each group was housed as in  previous experiment and 

were fed with Senecio moorei powder incorporated into basal d ie t , and 

thoroughly mixed, to male the following percentages

The f i f t h  group of 5 male and 5 female rats was kept as control. 

The animals were weighed at approximately weekly intervals t i l l  death. 

Controls were kept under similar conditions as in  previous experiment. 

Water and the feeding mixture were available ad libitum. The rats 

survived from 3 to  15 months of such treatment.

A ll the animals that died or were sacrifieed  were examined at 

post-mortem. The liv ers  and other organs were fixed in  acetate-buffered 

10% formalin. Sections were stained, with haemntoxylin and eosin.

Van G-ieson 3tain was U3ed fo r  demonstration o f  connective tissue and 

periodic a c id -S ch iff ' s stain fo r  glycogen.

4% f i r s t  group

3% second group

third group

fourth group

0% f i f t h  group

RESULTS

Except for  those rats that fed 4% Senecio powder, that lost
*

* ♦
some weight at the beginning of the experiment, there was no substantial

difference in weight o f the other groups and that of controls. Shortly
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te fore  death, however, the animal3 lost weight rapidly, developed 

yellowish, discoloured fur and sometimes a distended abdomen due to  

ascites . Hat No. KT 8 showed distended bladder due to obstruction of 

the urethra by vox-like concretions with accompanying overflow o f urine.

The rats that fed 4ft> senecio powder started dying in  the f i r s t  week 

o f experiment and were finished in the third month. Those rats that 

fed Zf/o and 2ft senecio powder lived more than four months and wore s t i l l  

alive in the 8th month. Hats that fed on 1ft senecio powder lived for 

more than 14 months (TABLE 3 ) ,

Macroscopic Lei  one

Livor: Animals that died within the f ir s t  twelve weeks o f  the experiment

(TABLE 3 ), did not reveal any sign ificant gross liv e r  changes. The livers 

were of normal shape and had smooth surface. Sometimes they were sligh tly  

diminished in  size but often within the normal lim its. The livers  of 

those rats that survived between the third and the eighth month again 

showed macroscopic normal liv ers  in respect to  s ize , shape and smooth 

surface. The colour of most liv e rs , however, was yellow to golden brown. 

Most animals that survived longer than 8 months showed e l i c i t  increase 

in size of their liv e rs . Three male rats showed nncrosoopic nodular 

hyperplasia of the liv e rs , fa ir ly  uniformly distributed through out the 

organ (F igs. 11 and 1 2 ). ^
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Lungs: More than 50% of the experimental anion.Is had pneumonic lungs.

Other organs appeared almost normal grossly.

Liicroscopic Lesions

Liver: The h isto log ica l changes of the livers  of rats that died within

the f i r s t  few weeks o f  treatment were characterized by congestion, 

haemorrhage and necrosis. Necrosis was sometimes seen to extend from 

periportal region to the inid-zone o f  the lobule. The hepatic ce lls  

sometimes exhibited am appreciable increase in  s ize . The cytoplasm 

seemed well packed with fin e ly  granular material. The nuclei which were 

very variable in size showed an inconstant chromatin pattern which in  

some, was quite dense, and in  others, ooen and vasiculnr with generally 

more than one nucleolu&p There were no d ilatation  o f  the sinusoids seen 

nor was there any sign ificant p rolifera tion  of the b ile  ducts.

The hepatic tissue of the rat3 that survived between the third and

the eighth month was composed of varying proportions of enlarged ce lls

showing the characteristics described above. Also seen were smaller

regenerating ca lls  d iffu sely  distribted or crowded together without

definate arrangement. Another characteristic feature seen here was

diffuse endothelioais spreading along the blood sinusoids as well in

the central ans sub lobular veins. Those c e lls  were rounded or polyhedral

in shape and were developing into syrollcn spindle-shaped type resembling
» ♦
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flattened endothelial c e lls  and fib rob lasts , in  certain  oases these 

ce lls  were merely lin ing ce lls  swollen and more prominent than normal, 

but in the majority they showed active proliferation  (F ig. 13) going 

on in  certain instances to massive hyperplasia with partia l or apparently 

complete obliteration  of the lumen.

A third important feature seen in hepatic ce lls  was the clear 

cytoplasmic vacuolation. In some ce lls  these caused compression of the 

nucleus which gave an appearance of a dented spheroid (F ig. 14) or 

crescent (F ig . 15). The b ile  ducts were markedly prominent and in some 

places these showed pronounced hyperplastic chnngp (F ig . 16).

Microscopic liv e r  changes of 3 male rats which lived fo r  more than 

13 months were characterized by early trabecular hepatomas formation, 

much increase o f b ile  duct formation, cystadenonr.s of the b ile  duct 

epithelium and the prolifera tion  o f  fib rob la stic  tissue, (f ib ro s is )  

with subsequent formation o f  fibromas. M itotic figures in these tumours 

were infrequent and there was no metastasis seen in  any organ. The 

microscopic structure o f  these tumours was as described below:-  

Bile-duct cystadenomaa (Figs.» 17 and 18). These tumours were h isto lo 

g ica lly  composed of grandular structures with their lumens f i l le d  with 

mucouB coagulated exudate. The epithelium lin ing these glands was 

atrophied and in some cases completely desquamated. At times associated 

with these glands were -wide bands o^connective tissue which separated
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the glands. These tumours were in  some areas adjacent to  a hepatoma. 

Hepatoma3 (F igs. 19 and 20)*. H istologica lly  the cellu lar pattern varied 

greatly. Some tumours hod large ce lls  while other tumours were composed 

of compressed ce lls  smaller than normal liv e r  c e lls  but with an abnormal 

orientation into trabeculae. Where the trabeculae-like ce lls  were seen, 

they appeared larger than normal. The -width of the ce llu lar  column 

varied greatly. In some cases the hepatomas were associated with fib rosi 

An interesting feature was encapsulation o f  one hepatoma. A ll rats showe 

multiple tumours in  the same organ.

Fibromas (F ig. 2 l ) .  The characteristic microscopic picture seen here 

consisted of whorls and interlacing bundles of fibroblasts and collagen 

fib re s . The c e lls  were spindle shaped with pale elongated nuclei.

Control rat3, a l l  o f  which survived fo r  15 months shov/ed no areas 

of hyperplasia or any h isto log ica l changes in  the liv e r .

Brain; Rat No. KT 7 which died at the 14th month o f experiment showed 

extensive cerebellar haemorrhage (F ig. 22). There were also areas of 

extravasation in  the cerebral tissue.

Lungs: Chronic murine pneumonia and consolidation of parenchyma were

seen in  more than 50^ of the experimental rats.

Peritoneum: In four rat3 a sc it ies  ranging between 10 and 30 ml. was

present.

Kidneys : The kidneys of three rats dying a fte r  the 10th month showed
«

lesions ranging from degenerative changes of -the ep ith e lia l c e lls  of 

Proximal convoluted tubules to necrosis o f the tubules (F ig . 23).
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Experiment- II. Bovine 

MATEimALS AMD METHODS

Four bu ll calves between 8 and 12 months o f ago and weighing 

between 97 and 120 Kg. were obtained from the Veterinary Research 

Laboratory, Kabete. They were maintained at tho Faculty o f  Vetorinary 

Medicine, Large Animals Unit. Two b u ll calves were assigned to an 

experimental group to be drenched 400 and 200 G-m. Senecio powder 

suspended in  1 l i t r e  and 800 mL tap water respectively, using b o tt le .
/"

The other two b u ll calves were kept as controls. A ll animals received 

a basal diet of hay and a grain ration d a ily . Body temperatures were 

taken d a ily . The animals were also w eired  weekly.

C p ilection  o f  Blood Samples and Determination 

of_ Blood G onsja t uentjB

A ll samples fo r  haenntological and biochemical analysis were c o lle 

cted daily in the morning around 9. a.m. They were taken from jugular 

vein using 2" 14 gauge needles and co llected  in b ijou  and universal bottles. 

For unclotted blood dried disodium ethylene-diand.netetracetic  acid (EDTA) 

was used a3 anticoagulant at a concentration o f  1-2 mg./ml. b lood.

To make the anticoagulant a 10$ (W/V) ,  solution of EDTA was made 

up in d is t il le d  water and then 0 .1 -0 .2  ml. of th is solution was put into 

b ijou  b o tt le s . The bottles were then allowed to diy at room tempern.ture.

About 3-4 ml. o f blood was collected  in  this wry being gently shaken to
* ♦

allow the blood and the anticoagulant to mix.
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For determination of serum enzymes, about 20 ml. of blood were 

collected  in universal bottles containing no anticoagulant. The bottles 

were allowed to stand, fo r  a while in an incubator and then centrifuged 

at room temperature for 30 min. at 2000 r.p.m . in  an M.S.E. (Measuring 

S cien tific  Equipment) centrifuge. The 3erum was then pipetted o f f  and 

used for Protein and serum Transaminase determination*

(1 )  ESTIMATI OK 0? BLOOD VALUES

(a) The, Erythrocytes and Leukocytes; ,C o.unt̂ „ j-fcan̂  C qrjgciscular 

Volume and Haeiapglqbin determinations.

The electron ic counting technique using Coulter Counter (Coulter 

Eleotronics In c ., Hialeah, Florida) was employed.

A fter mixing the blood thoroughly a d ilu tion  of 1:500 wa3 made for 

W.B.C. Count and HB determination using isoton . From th is d ilu tion  a 

further 1:50,000 d ilu tion  was made fo r  R.B.C. and H, C. V. determinations. 

Using Coulter Counter Model Z B, R.B.C . Count and LI.C .V. determination were 

done at Amplification Setting of 1 Aperture Current of .354 and Thresh- 

hold of 10. For R.B.C. the f ir s t  3 figures were corrected from the 

Coicindence Correction Chart and results expressed In dilli-on co lls /m l. The 

M.C.V. was calculated as follow s

J.CV = g v  x ip;

REG

To tiie 1:500 d ilu tion  6 drops o f  Zap-globin were added and mixed
»

♦ ♦
to haemolyze the R«B.C . The T.\B.C . count was done on the abovo Setting,
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except Threshhold which in t l i is  case wa3 20. Any figure beyond 10,000 

was corrected from the Coicindence Correction Chart and the results 

expressed in  thousand o f  ce lls /m l. The reminder o f  th is d ilution  was 

poured into the haemoglobinometer and the HB in  gm./lOO ml. of blood was 

read d ireotly .

(b ) d i f fe ren tia l Leukocyte C punts

These were done using the technique described by Dacie and Lewis 

(1968). Blood films were made normally and then stained with Giemsn 

stain fo r  30 min. Then through examination in a 3trip running the whole 

length of the film  at least 200 leukocytes lying along thi3 strip  were 

counted. The numbers o f  lymphocytes, neutrophils, eosinophils e tc . counted 

in  this manner were then expressed as percentage o f  the tota l number o f 

ce lls  counted.

( c ) The Packed. C ell Volume

The microhaem£toc;rit method described by Dacie and Lewis (19G8)

was used. Commercially available unheparinized (p la in ) microhaematocrit

capillary tubes,(Arthur H. Thomas C o., Philadelphia 5, USA) 75 mm. in

length and with an internal diameter o f  1 .3 -1 .5  mm. were used. The tubes

were f i l le d  with the uncoagulated blood by capillary action  until about

three quarters o f  each tube was fu l l  o f  blood. The dry end of the tubes

were then sealed by heating in  bunsen flame. The tubes were spun at

12,000 r.p.m. fo r  5 min. in a microhaematocrit centrifuge (Hawksley and♦ ♦

Sons Ltd. London). Dacie and Lewis (1968) quoting Garby and Vuille (1961)
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estimate the amount o f trapped plasm, at 1.1-1.5^ (mean l#3fo). The 

percentage packed c e l l  volume was determined from the scale o f a Hawlesley 

microhnematocrit reader. The buffy coat layer was not included in  the 

reading.

( 2 ) SBPlUI.i DETERUNAT IONS

(a) ^eterndnation ofSerum Glutamic Oxalacetio 

Transaminaae Ls.jl.O ,T , ) and So ruin Ulutemic 

pyruvic Transaminase^_Cs._&»P.T.)  Values.

Thi3 was done following the method of Reitnrtn and Frankol (1957) 

as outlined in Signn Chemical Conpany*s 1963 Technical Bulletin No. 505. 

The a c t iv it ie s  of S C 0 T and S & P T wore estimated in a "Spectronio 

20" (Bausch & Loirib, Inc., Rochester 2, N.Y. U.S.A.) at a wavelength of 

505 mu and the results were expressed in Signn-Franke1 (S-F) Units.

(b ) Determination o f Serum Aljgyline Phosphatase (A .P.)

The technique employed was that o f  Kind and King (1954) using 

4-amino-antipyrine. Serum was incubated at 37° fo r  15 minutes with phenyl 

phosphate solution at pH 10.0. The amount o f phenol liberated was e s t i

mated colorim etrica lly  using 4-amino-antipyrine which y ields a red 

coloured quinone. The results obtained were expressed in King-Armstrong 

(K-A) Units.
♦
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( o ) Determination o f  Total Protein (T ,P ,) C oncentration 

and Albumin to G-lobulin. (/v^G) Patio 

This wets done by the "Improved” Biuret method of Wcichselbaum 

(1946) as outlined in  the "Lab-Trol Manual" (Dade Reagents In c ., Miami, 

Florida, USA). The a c t iv it ie s  o f  the Total Protein and o f Albumin were 

estimated in a "Spoctronic 20" (Bausch & Lornb, In c ., Rochester 2, N.Y.

USA) at wavelength 540 mu.

' Calculation

% T.P. value o f  Unknovm = 0- D. o f  Unknov/n x T.P.Value
0-D-of Standard of Standard

% Unlcnown = Q. p. Albumin in  Unknown X Standard
0-D-of Standard T.P. T.P. Value

% Serum Globulin = T.P. -  Albumin value

Albumin/G-lobulin Ratio = ^\lbundn
/G lobulin

Standard necropsy was performed on both experimental and control 

animals. At necropsy the tissue were collected  and prepared for  histopa- 

thologica l examination in the follow ing general manner: the sections 

were selected from a l l  macroscopic lesions -  where these were seen -  and 

routinely from the following organs: brain, l iv e r , heart pancreas, kidney, 

lungs, stomach, duodenum and jejunum. They were preserved in acetate 

buffered, 10 / formalin. Routine sections wore stained with hnematoxylin 

T-nd oosin. Van Gieson Stain was used fo r  selected materials to demons-
t

* ♦
irate collagen fib re s . Again here the h isto log ica l and staining procedures
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followed wore according to tho Armed Forces Institute o f Pathology 

Manual o f  H istolggic Staining iiethods (5rd Edition) 1968,

results

Bull c a lf  No. 6688 died a fter  91 days and No. 6540 was sacrificed  

in  moribund state a fter 112 days o f  the experiment. The experimental 

data on weight, SGOT, SOFT, Serum Protein, A.P. and Blood picture are 

summarized in  TABLE 4 and Appendix and respectively .

There was a steady rise o f  SGOT in  e xperirental animals especially 

from the 11th week until death. No sign ificant difference in either 

the SGFT or AP was noticed between the experimental animals and tho 

controls although individual variation was there. The serum proteins 

showed a slight f a l l  in albumin and slight rise  in globulin. The tota l 

protein, however, remained unchanged. Daily temperatures were constant 

throughout the experimental period except for a slight f a l l  before death 

in experimental animals. Except fo r  individual variations, blood picture 

showed no difference between the experimental and control animals. 

Progressive loss o f weight was noticed in  experimental animals especia lly  

a fter the f i r s t  month of drenching.

CJLinioal Findings

Immediately before death tho animals were very du ll and tended to
»

l i e  down; were not eating but appeared fu l l .  Bull ca lf  No. 6688 showed
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slight scouring and weakness of the hind-quarters. Sometimes the 

animals were noticed shivering. They looked eannciatcd but did not show 

ary marked evidence o f jaundice in apy o f  the mucous membranes.

Macroscopic Lesions

Both animals had serous exudate in thoracic and abdominal cavities 

(F ig. 24) varying between 400 c .c .  and 2,000 c .c .  Bull ca lf  Ho. 6688 

had also some exudtrte in  the pericardial sac (F ig. 25). In a l l  case3 lung3 

looked congested. There were ecohymotic haemorrhages on the epicardium, 

endocardium, pleura, diaphragm and the ga ll bladder. The gastrointestinal 

mucosa was congested. Bull c a lf  No. 6688 showed meningeal congestion 

(Fig. 26). There was some thickening and petechiation of the abomasum.

The kidneys, spleen and urinary bladder appeared grossly normal. In one 

case the liv er  was enlarged, swollen and had a thickened opague capsule 

without nodularity (Fig. 27) and in the other i t  tog f ib r o t ic ,  small and 

yellowish in colour. There was no marked evidence of jaundice in any 

other organ.. In one case the gall-bladder wa3 enlarged (F ig. 27) with 

submucous and subserous exudates and was about 0.5 inch thick, but the 

contents appeared normal.

Microscopic Lesions

The h isto log ica l findings o f the liv e r , kidneys and lungs in  these

two b u ll calves were almost similar and the lesions may be summarized♦ ♦

as follow s:



-  59

Liver

Fibrosis: Marked degree of fib ros is  particularly in  the portal triad

ns v e il as around the central veins was evident in  almost a l l  section 

observed. This consisted of now collagen formation (F igs. 28 and 29); 

lose and extensive in 30me sections but slight in  others. The new collagen 

was usually in the form of fine threads and non-cellulnr, but more cellu lar 

in  areas of new b ile  duct formation. In sonE parts interlobular fib rosis  

was extensive and often perice llu la r, thus rendering the lobular arrang- 

mont less  clear (F ig . 30). Fibrosis apparently resulted a3 a replacement 

following the death and disappearance o f hepatocytes and even the rema

ining parenchymatous ce lls  were strangled by th is fibrous tissue. Some 

sections showed areas o f marked fib r o s is , haemorrhage, bile-duct 

prolifera tion  and plenty of inflammatory ce lls  composed of neutrophils 

as well a3 eosinophils. Also seen were fine re ticu lin  fibres in f i l t r a 

ting among the healthy parenchymal c e lls .

Bile-duct prol i f e r a t i o n This was well marked in  a numher of 

sections but en tirely  absent in  others. They appeared to grow in the 

v ic in ity  of the portal tract and radiated in  a l l  d irections. P rolifera

tion  of these ducts occurred in  form of tubular structure in  a few 

instances veiy pronounced and adenomatous in character as w ell as diffuse 

b ilia iy  c e lls  without duct formation (Figs. 31 and 52).

Regeneration o f  liver^ c e lls :   ̂ Some sections showed re genrating 

liv e r  ce lls  in  form small scattered is le ts (c o lo n ie s )• with nuclei which
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wore much smaller than those o f  the older surrounding liv e r  c e l ls .

a trophy; Some lobules were reduced in  size with reduced number 

of ce lls  on microscopic examination.

Megalocytp_sisj In areas Vvhere the lobules although atrophic 

remained d istin ct, the hepatocytcs appeared larger than normal (megalocyte 

and a number of nuclei were already pyknotic. The general picture, 

however, was not that o f megalocytosis.

Occlusion o f  hepatic vein . ( V : This was particularly chara

cterized by persistent fib ros is  in  the centrolobular (non-portal) areas. 

The vessels, some o f  which had thickened walls, had much diminished lumen 

(F ig . 33).

Lungs; In both animals the lesions were vhere characterized by 

intonso emphysema, haemorrhage and oedema o f the lung tissue (F ig. 34).

Kidneys: These also showed intense congestion o f th e  cap illa ries

particularly those o f  the medullary portion their diameter being equal 

to that o f neighbouring co llectin g  tibu les .

Brain: One animal showed meningeal congestion and oedema.

Experiment I I I .  Swine 

MATERIALS /IIP MBTH3DS

Sonecio powder that had previously been shown to  produce fata l

tox ic e ffe cts  in  rats and cattle m s again used with the intention o f

studying it s  tox ic  e ffe cts  in  th is animal, species. Six Large-lThite
»

» ♦
pigs weighing approximately 24 Kg. and about 8 weeks o f  age were used.
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They were divided into 3 groups of' 2 pigs each. A well balanced, grovd.  ̂

type swine ration (Sow and Weaner Ileal) commercially obtainable vn3 f 0(j 

Two 3ets o f  experiments were designed.

Experiment III  (a ) , with two pigs in group I ,  was intended to 

determine whether pigs would eat a ration containing higji concentrations 

o f  Senecio, whether any disease would ensue and to study the pathological 

changes. These pigs fed 25̂ > Senecio powder incorporated into a banal 

ration (Sow and Weaner Meal). The rations were fed on an ad JLibjtum basi„ 

for  60 days and fresh water was supplied a l l  the time. No controls wore 

kept. The pigs were observed da ily . At the end of 60 days o f treatnent 

both pig3 were sacrificed  by an intravenous in jection  o f Pentobarbitone 

Sodium followed by exanguination. They were necropsied and selected 

tissues collected  fo r  histopathological examination.

Experiment I I I  (b ) ,  with pigs ingroup  I I  was designed to 3tudy 

closely  the syndromes o f senecio poisoning in pigs using a comparatively 

low concentration o f senecio powder in  the ration . The two pigs fed 20,a 

senecio powder incorporated into a basal d ie t. They were again fed on 

ad libitum basis for 75 and 90 days respectively and water was supplied 

continously. The pigs in group I II  were kept as controls and fed on 

basal d iet only.

In the second experiment, temperatures were taken daily , the food

remaining was weighed weekly and the pigs were weighed weekly and at death 

Blood samples were taken immediately before death. Animals wore killed 

by intravenous in jection  of Pentobarbitone Sodium followed by exanguination
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Samples o f  serum and unclotted blood were taken, EDTA being used as 

anticoagulant. Serum samples were examined for alkaline phosphatase 

by the method o f  Kind and King (1954) and results obtained expressed 

in KLng-Armstrong units. Serum protein values were determined, by 

the "Improved" Biuret method o f Weichselbaum (1946). Unclotted blood 

was examined for to ta l red c e lls  count, to ta l and d iffe ren tia l white 

ce lls  count, erythrocytes sedimentation rate, haemoglobin and copper 

content.

Samples of liv e r  and kidney were also analysed for copper content. 

Estimation o f copper in blood, liv e r  and kidney was by  method similar 

to those o f  Clare et a l .  (1945) and Edenad and Green (1940).

Necropsies were carried out on a l l  animals k illed  a fter certain 

intervals of experiment. Tissues collected  from most organs were fixed 

in buffered 10̂ 5 formalin embedded in paraffin wax, sectioned at 5 -  7 u 

and stained with haemataxylin and eosin. Selected sections from liv e r  

were also stained by Van Gieson stain fo r  collagen. Some sections were 

fixed  in Carnoy’ s fixative  and stained with Best’ 3 Carmine stain for  

glycogen.

RESULTS

Expe r i  me nt H  I  ( a )

Ration containing 25f£ Senacio moorei  was eaten eagerly in  the
♦ ♦

fir s t  two weeks but thereafter the pigs fed poorly. Both pigs grew
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poorly and. at the end of 60th day they wore sacrificed  when in  apparent 

good health. Macroscopically there was no sign ificant abnormalities o f  

the internal organs. The livers  were nom al in  colour and their sizes 

within the presumed normal range o f  their ages.

Ivncroscopic Lesions

Liver:.

Sections from livers o f  both pigs showed s ligh tly  thickening of 

the capsule (Fig 35) and slight increase o f the b ile  duct c e l ls .  A number 

of the parenchymal ce lls  in the periphery of the lobules had enlarged 

nuclei and there were few fo c i  o f parenchymal necrosis in filtra ted  with 

lymphoid c e l ls .  There wn3 increased glycogen deposition in the cytoplasm 

of the parenchymal c e lls  03 judged by Best's Carmine stain. None o f 

these livers  showed evidence o f  fib ro s is , steatosis  or ductule p ro life 

ration.

Langs:

Some sections showed extensive congestion, slight oedema and 

thickening of the alveolar walls (F ig . 3 6 ),.  Very slight alveolar 

ep ithelia liaation  was noticed in one section , (F ig . 37).

Kidneys:

The only lesion  observed here was the enlargement o f  some nuclei o f  

the proximal convoluted tubules. These nuclei were darker than normal 

and sonctimes ce lls  containing these nuclei showed evidence o f increased

cytoplasm
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Other organs did not reveal any significant microscopic lesion s.

For the f i r s t  three weeks the pig3 in  group II  fed re la tively  

well but thereafter lo s t  appetite and started feeding poorly. Fig No.

S 97 was sacrificed  a fter  75 days o f  treatment while s t i l l  in apparent 

good health. One control was also sa crificed . After 15 days the other 

experimental pig and control were sacrificed ; again in  apparent good health.

The weight gains during the experimental period and the weights 

of selected organs at the time the pigs were sacrificed  and necropsied 

are given in  TABLE 5. TABLE 6 summarizes blood picture, sedimentation 

rate, tota l protein, haemoglobin and copper content values. The principal 

points of interest were a decreased average weight gain in  the experime

ntal animals a.s compared with the controls, a relative neutrophilia in  the 

blood samples from pigs that fed Senecio moorei naterial and slight rise 

of to ta l serum protein levels in  experimental p igs. Other findings were 

within the normal range fo r  animals of th is age.

Macroscopic lesions

Except the spleen and lungs from pig No. 79 a l l  other internal organa 

from both pigs did not show any sign ificant abnormality. Pig. No. 79 

showed the follow ing lesions

Lungs: There was a widerspread subpleural and in te r s t it ia l emphysema.
* ♦

The organ looked purple in  colour with scattered red patches.
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Spleen; This was very flabby and congested. On cut surface a 

considerable amount o f  blood oozed out o f the organ.

No gross lesions were seen in control pigs.

MLcroscopic Lesions

Liver:. The pig k illed  at 75 days of the experiment showed moderate 

enlargement o f peripheral parenchymal c e l ls .  No area of necrosis of the 

parenchymal ce lls  was noted in  any of the sections observed. The pig 

that died at 90 days o f  the experiment showed almost similar lesion  but 

s ligh tly  advanced ( P igs.38 and 39).

KLdjney: Both the pig that died a fter  75 day3 and that died after

90 days showed kiryomegaly o f  the ce lls  of proximal convoluted tubules*

Lungs: Pig No. 97 showed s ligh tly  ep ithelia lized  a lv e o li, there were

areas of emphysema, thickening o f the alveolar walls and congestion.

Pig No. 79 showed almost similar lesions although s ligh tly  advanced 

(P ig. 40 ).

Spleen: Pig No. 79 showed a m icroscopically very haemorrhagic spleen.

The vjhite and red pulp had been almost replaced by haemorrhages* Other 

organs did not rtyeal any sign ificant microscopic lesion s. Sections 

taken from various organs o f the control animals did not reveal any

* ♦microscopic lesions
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DISCUSSION FOR PART II I  (a).

The acute hepatotoxic actions o f  the pyrrolizidine (Senecio) 

alkaloids have been reviewed by Chon (1945), Schoental (l9 6 l) Magee 

(1964) and Bull et a l . (1968). The typi. Cal rurctiorx; o f  small laboratory 

animals to doses close to the LD 50 i3  a confluent, haemorrhagic and 

centrilobular necrosis in the liv e r . In general, the same parttern 

follows dosing by mouth, subcutaneously or intraperitoneally. Reactions 

following this parttern have been described for cat3 and rabbits (Cushny 

1911), hamsters (Harris et a l . 1957), mice (Chen et a l . 1940) chicken 

(Campbell 1956) and rats (Barnes et a l . 1964, Davidson 1935 and Selzer 

et a l , 1951). Smaller doses give r ise  to subacute liv e r  lesion chara

cterised by the appearance o f enlarged liver  c o l ls ,  a syndrome termed 

megalocytosis (Bull 1955).

In the present studies rats, cattle  and pigs were used. In the 

f i r s t  rat experiment, varying dosages comprising o f 5Qp, 20,0, 10/5 and 9/i 

Senecio material were used. Constant correlation between survival time 

and dosage was established. The f i r s t  group o f  rats that fed 50/j Senecio 

material died within the f ir s t  seven days o f the experiment while the 

fourth group that fed 9/j Senecio material were not a l l  dead un til the 

7th week. The acute and subacute liv e r  lesions observed in these rats 

were similar to  those described by earlier  workers such as Davidson (1955).

Apart from liv e r  changes, lesions were also encountered in  lungs,
♦ ♦

kidneys, brain and the gastrointestinal tra ct . Experiments sp ec ifica lly
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designed to investigate the action o f  Senecio alkaloids in  lungs have 

been reported by Lalich and Merkow (l9 6 l)f Khy and Heath (1970) and 

Barnes et a l . (1964), A survey o f litera tu re , however, indicates that 

there has only been passing refeiences to lesions in brain and kidneys. 

These organs, particularly kidney, which is a candidate..for metabolic 

activation  o f  the alkaloids, should be investigated.

In the second rat experiment the dosage was adjusted to avoid 

acute tox ic  e ffe cts  with high mortality within the f i r s t  3 months and 

the rats were maintained in apparently good health fo r  periods o f 3 

to 15 months. Nevertheless these rats developed extensive degenerative 

lesions accompanied or followed by regeneration, hyperplasia and in some 

cases by neoplasia o f  the liv e r  parenchyma. The range of the pathologi

ca l changes observed in  these rats was similar to that already described 

by Cook, Duffy and Schoental (1950) and Schoental, Head and Peacock 

(1954) using S, jacobaea.

In most of the experiments that produced tumours, alkaloid dosing 

was interrupted or ceased altogether fo r  several months before death.

In the present work the feeding o f Senecio noorci continued uninterrupted 

until death. Three male rats treated with 1% Senecio powder developed 

tumours. Perhaps the small dosage here may help to explain why i t  was 

not necessary to interrupt the treatment.

As with most other hepatotrpphic carcinogens, the female rats
♦ ♦

were less susceptible than the males to  sim ilar dosage o f  S, mo ore i .
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Similar findings have been reported by Schoental et a l. (1954) using 

Senecio jacobaea and retrorsine. The mechanism of action o f Senecio 

alkaloids is  not yet known ( Schoental et al- 1954). It  remians to  be 

shown whether the hepntotoxic action is  due to  the parent alkaloids 

present in the Senecio moorei material or to any of their metabolic 

products.

In ca ttle , the terminal lesions in the two experimental anlnnls 

were very sim ilar. The most sign ificant lesions were portal fib ros is  

with invasion of the lobule, b ile-duct prolifera tion , regeneration of 

the l iv e r  c e lls , atrophy and vcno-occlusive lesions (VOD) o f  the central 

and hepatic veins.

The extent and severity o f  these perenchymal, stromal and vascular 

lesions increased with longer survival on drenching. However, the gross 

and h isto log ic  appearances of the liv e r  of the longer surviving ca lf 

No. 6540 were dominated by massive fib ros is  distorting the lobular 

pattern and replacing much of tine parenchyma, resombling c la ss ica l 

Senecio "Cirrhosis" (Craig et a l . 1930).

The sequence o f  events in the development o f  VOD were described 

by Bras and H ill (1956). Fibrosis in the walls o f central and hepatic 

veins in  fie ld  cases o f  Senecio poisoning in  cattle  and horses was seen 

by Craig et a l .  (1930). Subsequently there have been numerous reports 

of VOD in domestic and laboratory ^nimals follow ing the natural and
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experimental intake o f  various pyrrolizidine alkaloids, fo r  example 

Berry and Bras (1957), H ill and Martin (1958)| Markson (1960)^- Schoental 

and Magee (1957). The lesions seen in  the present calves were not 

dissim ilar to those described in  litera tu re . The term "megalocytosis" 

was used by Bull (1955) to describe the e ffe ct  o f hepatotoxic p y rro liz i

dine alkaloid on the liver  c e lls  o f animals. Similar ce llu lar  changes 

have been described as a result o f various other hepatotoxic agents 

such as aflatoxin (A llc r o ft , Camaghan, Sargeant and 0*Kelly 1961) and 

thioacetamide (Wachstein, Meisel and Falcon, 1962). In the present 

study ihei’e was l i t t l e  evidence of megalocytosis.

The term pericellu lar cirrhosis m s used by Craig et a l . (1930) 

to describe connective tissue lesions in spontaneous ragwort poisoning, 

but la ter workers (H ill 1960, Marlcson, 1960) have preferred the term 

hepatic or portal f ib ro s is . Bull (1955) considered that the fib rosis  

was due to replacement o f  degenerate c e lls  whereas H ill (i960) described 

fib ro s is  as an integral part of the response to Senacio a lkaloids. The 

findings in  the present calves support th is la ter  view as apart from the 

replacement o f  degenerate hepatocytes by fibrous tissue, fine re ticu lin  

fibres were soen in filtra t in g  among the remaining pei-enchynnl cell3  

and along sinusoids.

Ford and Ritchie (1968) made the f i r s t  detailed study o f  serum 

changes following the feeding of Seigpcio jacobaea to calves. They found
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an increase in the concentration o f  S.G.O.T., f a l l  in  serum albumin 

and rise  in  serum globulin. The present work support their findings 

with exception that here the rise  o f S.G.O.T. was constant until death.

Harding et a l . (1964) reported fo r  the f ir s t  time the extrahepatic 

lesions in the lungs and kidneys due to pyrrolizidine alkaloidosis in 

pigs.

The pigs used in  their experiment were of the Landrace-Wessex 

Strain. Similar experiments but using pigs o f  the Large White Strain 

were reported by Bull et a l .  (1968). They were, however, unsuccessful 

in  producing the advanced lesion  in  the lungs but the lesion  in  the 

kidney was id entica l with that produced by Harding. Possibly t he d i f fe 

rence may have been due in part to the difference in  strain o f  the pigs 

(Bull et a l . 1968). In the present studies pigs of the Large White 

Strain fed on a d iet containing dried ground Senecio qoore i .  The results 

obtained were id en tica l to those reported by Bull et a l . (1968), Tho 

results with Senecio poisoning in pigs seem to illu stra te  an outstanding 

difference in  species o f  animals in  th eir  reaction to the intoxication 

hy pyrrolizid ine alkaloids of these plants.

♦
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Voight Chongos (in  G-m,) in Rats Fed on Varying Percentages

o f Senecio Powder

Duration 
in  days

Percentage Number of 
rats alive50 20 10

... 5 0C on?rol)

1 619 678 651 598 621 50

7 162 339 661 578 651 36

14 - 80 552 610 728 32

21 - - 389 551 760 25

28 - - 218 411 777 21

35 - - 67 298 801 15

42 - - - 134 855 12

49 — — — 896 10

♦
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TABLE 2

Amount of Scnccio Powder Mixture Consumed by Each Hat

During the Exporimental Period

Ant Weight 
in  Gm.

Amount of mixture Amt 
in  Gm.

. consumed 
in  Gm.

Remainder 
in Gm.

1 57 20 3 17

2 55 20 3 17

3 59 20 2 18

4 62 20 4 16

5 65 20 3 17

♦
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TABLE __5

Mortality in_ Hnts_ Poi soned. Yiith Low C oncontration of. gene oio Po-.-jd nr

in  the Diets

+ Canibalism No rat died
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TABLE 4

Body y/oifjht Changes (in  Kg.} and Tota l Feoldy /mounta of 

Sonec i o Povdcr Consumed by Bull Calves.

Fook No. 6540 No. 6688 No. 6686 No. 6580 Total T7oekly Amount 
of Sonecio in &n.

1 102 94 76 120 4,200

2 108 93 74 118 4,200

3 108 92 74 120 4,200

4 106 89 68 116 4,200

5 106 84 70 120 4,200

6 n o 84 68 120 4,200

7 105 72 74 126 4,200

8 101 80 78 130 4,200

9 98 84 80 136 4,200

10 98 82 80 136 4,200

11 95 80 84 138 4,200

12 96 80 84 140 4,200

13 90 76 88 143 4,200

14 85 - 89 148 1,400

15 81 - 94 152 1,400

16 79 — 99 153 1,400



TABLE 5

Body ?oi£fot_ChfingpSj Liver , Kidney and Sploon 

of Pig Fed 20zb Sene oio Powder.
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Pig No. S 66 M* S 97 F** S 76 F S 79 M

Troatnont None S.Mooroi None S. Moorei

Days on Experiment 75 75 90 90

In it ia l  Height (Kg*) 23.2 21.8 23.6 26.4

Final Height (Kg.) 67.3 41.4 71.8 45.9

Average daily gain (Kg.) 0.59 0.26 0.54 0.22

Liver Height (&m.) 1298 1165 1302 1058

Kidney Height (Gm.) 110 102 118 98

Spleen Height (Gm.) 112 114 152 68

* = Male

** = Fenr.lo

♦
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TABLE 6

Blood, Alkaline Phosphatase (A. P. ) ,  JTotal Protein and Copper Values in
Pigs Fed 2C%j Senecio Povjder

*Controls



Fig. "4. Centrolobulnr haemorrhage in  the liv e r  of rat fed 20tfo 
Senecio powder fo r  13 days- H&E Stain: X 156.

LsSSSr, . • • •
**>•. if* S'* ;V/1 * .

'MzmtA

k

Fig, 5. Centrolobulnr necrosis ■»*’ -Hon liv e r  of rot fed 10̂ 6 
Senooio powder for 28 days. HSJ3^>tain: I  156.



Fig. 7. A large globule (&) in  the nuclei of hepatic c o l l  o f  a 
rat fed 10% Senecio powder fo r  38 days. H&E Stain: X 625.



Fig. 6. Cytoplasmic vacuolation. Fatty degeneration in  the liv er  
of a rat fed 2Qf?o Senecio powder fo r  15 days. HS-E Stain: X 156.

Fig. 9 . Empty spaces corresponding in  size to enlarged parenchymal
c e l ls ,  containing nothing. Higher power o f  Fig. 8. HfeE Stain: 391..

♦



Pig. 11. Liver o f  a rat that had been fed l 1/0 Senocio powder fo r  
13 months. Arrow shows a hyperplastic nodule of the liv e r .



'"9 *' i "
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Fig. 12. A small liver  of a male ret that had fed 1/j Senecio 
powder fo r  15 months.

Fig. 13. P roliferation  o f  endothelial c e lls  in  the liv e r  o f  a rat 
fed 2l/j Senecio powder fo r  6 months* H£E Stain: X 391.

> ' ♦
•• • *



Fig. 14. Cytoplasmic vacuolntion. Compression of a hepatic c e l l  
nucleus of a rat fed 3/o Scnccio powder fo r  5 months. IKE Stain: 
X 391.

Fig. 15. Cytoplasmic vacuolntion. Compresion of a hepatic c o l l  
nucleus of the saoj rat as Fig. 14; eresent appearance,
HS£ Stain: X 391. . ;



Fig# 16. Bile-duct hyperplasia. Liver secion from a rat fed 
Senecio pov/der for  8 months. H£E Stain: X 156.

Fig. 17. Bile-duct cystadenom. A section taken from a liv e r  of 
a rat fed 1% Senecio powder for  13 months. H&E Stain: X 156.

♦



Fig. 18. Bile-duct cystadenom. Section taken from the same 
liv e r  a3 in Fig. 17. IKE Stain: X 156.

Fig. 19. Hopatom. Section taken from liver  in  Fig. 11. H£E Stain: 
X 391.

♦



Fig. 20. A trabecular hepatoma. Section taken from liv e r  in 
Fig. 12. USE Stain: X 156.

Fig. 21, Fibroma ( f ). Section taken from the liv e r  in  Fig. 12, 
HfcE Stain: 591.

♦



Fig. 22, Haemorrhage ( h) .  Section from brain of a rat fed Senecio 
powder fo r  14 months, H&E Stain: X 391.

Fig. 23, Tubular necrosis o f  a kidney far a rat fed lyZ Senecio 
powder for  10 months, H&E Stain: X 156,

* ♦



Fig. 24. Exudate in  the peritoneal (Ex.) cavity of a 
a b u ll ca lf  drenched Senecio powder for  112 days.

♦



♦



Fig. 26. Meningeal congestion in  a b u ll ca lf  
drenched Senecio powder for 91 days.

♦



Fig. 27. An enlarged swollen liver  with enlarged ga ll bladder (GB) 
of a b u ll ca lf  referred to in f ig .  26.

{



Fig. 29, F ibrosis. Section Fran the sane liv e r  as in  Fig. 28, 
H&E Stain: X 391.

Fig, 30, F ibrosis. Thickened capsule and distorted lobular 
structure. Section from same liv e r  as in Fig. 28.
H&E Stain: X 63, » *



Pig. 31. Bile-ducts prolifera tion . Liver section o f a b u ll ca lf 
drenched Senecio powder fo r  91 days. H&E Stain: X 391.

Pig. 32. Bile-duct3 p rolifera tion . Higher power o f Fig. 31. 
H&E Stain: X 6 24

♦



Pig. 33. Vono-occlusion (VO). Section from liv e r  o f a c a l f  
drenched Senocio powder for 112 days. H&E Stain:X 156.

Pig. 34. In te rs t it ia l haemorrhage (h) and alveolar enphysenn of 
Bull Calf No. 6540. HS-E Stain:X, 150.

* ♦
a



Pig, 35. Thickened capsule (C) and increased b ile  duct ce lls  in 
the livar o f  a pig fed 2S/o Senocio powder fo r  60 day3 
H£E Stain: X 625.

Pig. 36. Section from lung of a pig fed 25^ Senocio powder fo r  60 day3. 
Haemorrhage, slight oedem and emphysema. HS-E Stain: X 156.

♦



Fig. 37. Slight epthelializntion  o f  the a lv eo li. Section tal<en 
from saw  lung as in Fig. 36. H£3 Stain: X 156.

Fig. 38. Enlarged nuclei o f the peripheral parenchyoa 1 c e l ls ,  shown 
with an arrow. Section from a liv er  o f pig fed 20-fo Seneoio 
powder fo r  90 days. H£E Stain: X 391.

* ♦
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(b ) ADENIA. VOLKENSII TOX3D OLOSIS IN ANIIALS

Expe rinent 1. Rat 

MATERIALS AND liETHODS

The plant material used in  this experiment was collected  from Mwala 

and Kilungu areas of Machakos D istr ict , Eastern Province of Kenya. The 

plants were uprooted, put in  polyethylene bags and transported on the same 

day to the Faculty o f Veterinary Medicine, Kabete. The tubers, stems, 

leaves and fru its  were washed thoroughly, chopped o f f  into very tiny chips 

and ground while s t i l l  fresh into a thick powder in a standard No. 3 

Willey H ill.

A group of sixty young lo ca lly  bred Albino rats between 76 and 88 G-p 

were obtained from Kenyntta National Hospital. These rats were segregated 

by sex and divided into six  groups of ten rats each. A ll the groups were 

housed in  separate a l l  metal cages. Four of those groups were fed with 

Adenia powder incorporated into basal d iet to mate the following percentages:

4Cyfo 

2 Qf/o 

10F/o 

dfo

The fi fth  group was used as control and

f ir s t  gro up

-  second group 

third group

-  fourth group

fed with com ercia lly  availa

ble chicken mash, the basal diet referred to above. The sixth group fed 50^

Adenia powder incorporated into basal d ie t. However, Adenia powder here

had been previously boiled fo r  1 hour and then dried . Water was available a l l
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the tin e . The rats were wighed three times a week. Those in  group s ix , 

however, were not weighed at a l l .  A ll experimental and control animals 

were carefu lly  observed daily end c lin ic a l 3igns recorded.

Routine necropsies wore carried out on a l l  animals that died 

naturally or were sacrificed  when in extremis. Sections were taken 

from various organs, preserved in acetate-buffered 10̂ > formalin. Routine 

sections were stained with haematoxylin and eo3in.

RESULTS

TABLE 7 shows th© number of rats a live  each day o f the experiment 

and TABLE 8 summarizes the difference in wei^it during the experimental 

period.

A ll rats, except -those in  group six that fed 50-/o boiled  Adenia 

powder, and the con trols  were dead within the f i r s t  two weeks o f the 

experiment. At f ir s t  these rats fed poorly and reduced much of their 

weights. After the f ir s t  four days the loss of wei^it was not veiy 

sharp but progressive. The controls on the other had had a progressive 

increase of their weight. Tin f ir s t  and the second group started dying 

on the third and fourth day respectively . They were a l l  dead on the 

tenth day o f experiment. Rats in group six  although fed on highest 

percentage o f Adenia powder ( 5CF/o) did not die during the two week 

experimental period (TABLE 7 ). ♦
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CJLinica l  Findings

C lin ica l symptoms of a l l  rats that died were almost sim ilar.

The poisoning was o f  an acute type. At f i r s t  the rats were noticed 

restless and had d i f f ic u lt  breathing. They were noticed opening their 

mouths wide probably in an attempt to gasp the a ir . A fter one or two 

days of the onset o f c lin ica l signs diarrhoeic stoo l developed which 

persevered until death. Another significant c lin ica l symptoms was reddisl 

urine which was noticed from most of the rats that died. The cages had 

red spots scattered a l l  over. Prom tte second day o f  the onset of 

those symptoms general progressive weakness developed followed by staring 

coat, in ab ility  to move, coma and then death (F ig. 41 ). A fter the cessa

tion  of respiration , the heart beats continued for several minutes. 

Neither the controls nor the rat3 in  group six  developed the above sympton

MacroscopicL esion s

The macroscopic lesions were again very sim ilar. In most cases, 

the animals were cachectic with diarrhoeic stoo l around the anal region 

and bloody spots on the t a i l .  For the rats that died during the f i r s t  

fiv e  days of the experimental period, stomachs were almost empty.

In a l l  cases no exudates were observed in  either pleural or abdominal 

ca v ities . Haemorrhagic gastroenteritis with congestion of the mesenterium 

was observed in  about QOfo of the Jjnimnls. In few cases only duodenum
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and the in testines, particularly small, were inflammed# Lungs were in 

most cases bright-purple in colour. L iver, kidneys and spleen showed 

slight petechiation. Brain was in most cases hyperaemic. Urinary bladder 

of about 8&/o o f the rats was distended with red content. On opening 

the bladder, congestion o f  the mucous membrane was noticed#

M cros cojoic Le sions

The microscopic lesions observed in a l l  experimental rats were 

essentia lly  similar inspite of varying percentages of Adenia powder 

used fo r  each group and the variation in  time o f  survival o f  the experi

mental rats.

Liver: The liv e r  sections of most rats showed both venous and sinusoidal

congestion, areas o f haemorrhages and slight vacuolation o f  hepatic- 

c e l ls .

Sidney s ; Nighty per cent o f  the experimental animals showed both 

congestion and haemorrhage o f 'cho renal cortex and medulla ( f ig .  4 2 ). 

SLight vacuolation o f  the ep ith e lia l c e lls  o f proximal convoluted tubules 

and coagulative necrosis were observed in  approximately 10 per cent o f  

the experimental animals.

Lungs,;. The lesions observed in th is  organ were characterized by conges

tion  o f the organ and few areas o f haemorrhage.

Spleen : Most animals did not show sign ificant lwsions in  this organ
* ♦
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but 3 rats showed areas of haomorrhagos, very narked in  rat No. ADI 

(F ig. 43).

Brain: Slight congestion and oedema o f the meninges were observed in

most 50 per cent o f  the experimental animals (F ig . 44 ).

Heart Muscle: The only lesion  observed in this organ was sub-epicardial

and intramuscular haemorrhage.

toptro-in testin a l Tract: Apart from haemorrhages and oedema observed

in  both mucous membrane and submucosa of the stomach and intestines (Fig.

45) there were no any other sign ificant lesions seen.

The control rats k illed  at the end of the experinental period did

not shov; any gross or microscopic lesions.
Experiment I I .  Rabbit 
■ 'AJERIALS AND METHODS

Seven New Zealand White rabbits were obtained from Sadian Farm 

near Khbete and delivered to the Faculty o f  Veterinary Medicino, ICabete, 

Small Animal Unit. They were placed separately in  a l l  metal cages and 

fed with commercially prepared rabbit pellets  and cabbages. Water was 

available a l l  the time.

Five o f  these were assigned fo r  experimental purposes while two 

were used as control. The experimental rabbits were drenched daily with 

varying amounts o f  cold aqueous extract o f  Adenia volkensii using stomach 

tube as fo llo w s :-  No. 3605- 1.8ml./Kg. body weight, No.3677-3.3ml./Kg. 

body weight, No. 3315-5,4ml./Kg. body weight, No. 2566-7ml./kg. bodyi
* ♦

weight and No. 3370-13n£L,/Kg. body weight -  (a single oral dose).
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Numbers 3693 and 3563 served as controls. The rabbits were weighed at 

the beginning of experiment ani at death.

Co Id A_queous_ E x tra cto f Adenia

Tubers, stems and leaves of Adenia volkensli were washed chopped 

o f f  and cut into very small pieces. These wore crushed using pestle and 

mortar and extracted with cold, d is t il le d  water at a concentration of 

1 Cm. per 4 ml. water, leaving the soaked material for about 24 hours 

at 30 C. The mash v/as then strained, filte re d  through a Seitz F ilter  

No. 2, centrifuged and storod at +4° un til required.

RESULTS

The tota l amounts o f Adenia extract used fo r  each o f  these rabbits, 

variation in  weight and the durations o f drenching are recorded in 

TABLE 9.

C lin ica l Finding a

The symptoms, which were almost similar in a l l  rabbits inspite o f 

variation in dosos used started with loss  of appetite, d i f f ic u lt  broathing, 

accelerated heart beat, profuse diarrhoea, nasal discharge, and protruding 

eye-ba lls .

Macroscopic Lesions

The lesions were again almost id en tica l. On external examination
t

the carcasses showed diarrhoeic ntool around the anal region and two 

animals had nasal discharge. The animals had lo s t  weight and were
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cachectic. Three rabbits had l i t t le  amount o f  exudate in  both pleural 

and peritoneal cav ities . Internal organs of a l l  animals were hypcrncwic 

and sometimes petechial haemorrhages and congestion were also observed 

(F ig. 46 ), Very hyperaenic were the mucous membranes of the trachea 

and bronchi. There were haemorrhages on the epicardium (F ig. 47 ), 

endocardium and the mesenterium. A ll rabbits had gastroenteritis and 

in  two, haemorrhages in  the 3tomach were also seen. In most cases the 

brain was hyperaemic.

Microscopic Lesions

Inspite o f  tho variation in  time of survival of the experimental 

rabbits the microscopic lesions were essentia lly  sim ilar,

■Liver: Most animals showed severe sinusoidal and venous congestion,

areas o f haemorrhage, degenerative changes mainly cloudy and in one 

case destruction o f the hepatic ce lls  leading to  necrosis.

Lungs; The lesions here were characterized by fibrinous exudates

within tho a lv e o li, congestion of the ca p illa r ies , haemorrhage (F ig. 48) 

and in  one case thickening of the alveolar w alls.

.Kidney3; In almost a l l  cases both the cortex and the medulla were

congested. There were also areas of haemorrhages in  both cortex and 

medulla in two cases.

.Spleen: Sections o f tĥ .s orgai£ from rabbit No. 3370 showed some

haemorrhagic areas just beneath the splenic capsule.
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Gxistr  ointe st i  na l Tra c t : Advanced oedema o f  the sub mucosa, congestion

and sometimes haemorrhage were observed in a l l  rabbits. Enteritis 

afx'ecting particularly the largo intestines was also a constant feature. 

In one case a severe gastroenteritis was observed.

Trachea: In two cases the mucous membrane o f the trachea had haemorr

hagic areas (F ig. 49 ). Submucosal congestion and oedema wore observed 

as w ell.

Hea.pt muscle: Slight haemorrhages were observed in the 3ub-opicardium

in a l l  five  rabbits (F ig. 50).

Experiment IXT. Sheep

MATERIALS AM) METHODS

A group of nine adult merino sheep weighing between 35 and 45 Kg, 

wore obtained from the Department of Animal Production, Faculty of 

Veterinary Medicine -  Kabete. The animals wore divided into two groups 

of four sheep in  one and five  sheep in the other group. The group with 

four animals was used in  the study of acute Adenia volkenaii tjmdcity 

while that with fiv e  animals was used in  the study of chronic A. vplkensi i  

-tox icity . Both groups were housed in  separate concrete floor  houses 

where water, concentrates and lucerne were supplied ad libitum.

^eperinent I II  ( a ) : Acute_ Toxic ity  p f Adenia 

voltens i i  in  Sheep

Four sheep were drenched witi* singLe oral doses o f varying amounts 

of -Menia vplkensii powder suspended in  cold tap water using bottle  as
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fo llo w s :-  Sheep No. 301-iOGin.jNo. 300-20Gm., No. 275-lOGm. and No. 272-5Gm.

The preparation o f Adenia yolkens i i  powder was made as fo llow s: -  

Tubers, stems, leaves and fru its  o f  Adenia were thoroughly washed in  

cold water, chopped o ff  and cut into tiny pieces. Those were then 

sundried and ground into fine powder in  a standard Willey M ill No. 3.

In thi3 experiment no controls were kept. A ll the animals that 

died were examined at post-mortem and sections taken from various organs 

stained by hoemataxylin and eosin for h isto log ica l examimtion.

Experiment  III  (b ) :

Adenia vo llcensii in  Sheep

Sheep numbers 279, 274 and 302 were in jected daily  with an aqeous 

extract of Adenia. .vpJUgonsii. Sheep numbers 298 and 271 were kept as 

con trols. The aqeous extract was prepared as described above in  the 

Rabbit Experiment. These experimental sheep were given da ily  intravenous 

in jections with extract ns follows

Sheep No. Amount in jected in  ml. 
per Kg. Body Weight

Days of 
in jection

279 0.01 22
274 0.02 17
302 0.03 18
298 - -
271

....................  . ■ ■■ mm ■ -
-

* ♦
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Daily temperatures, pulse rate, and respiration rate wore taken 

from each o f  the experimental sheep as well as controls# Blood samples 

for serum enzyme determination were also taken da ily .

Serum samples were examined fo r  Serum Glutamic Pyruvic Tranoaminnse 

(SGFT), Serum Glutamic Oxalacotic Transaminase (SGOT) and Alkaline 

Phosphatase (A.P. ) .  SGFT and SGOT were determined by the method of 

Reitman and Frankel (1957) and expressed in  Sigma Frankel Units per ml. 

Alkaline phosphatase was determined according t o  the method of Kind and 

King (l954) and readh '̂S expressed in  RLng-Armstrong units per 100 ml. 

Animals were examined daily and a l l  that died as well as the sacrificed  

controls were examined by standard necropsy procedure. The tissues 

were collected  in  buffered 10$ formalin. Routine sections were stained 

with haemat cocylin and ©osin.

RESULES

j^jxjri_ment I I I  (a^

TABLE 10, summarizes the duration a fter  drenching in  which the

sheep were a liv e . Sheep numbers 301, 300 and 275 died within twenty

four hours o f drenching. Before death they seemed depressed, had poor

appetite and accelerated pulse rate (140-160 per minute). No diarrhoea

had time to  develop and only in one sheep that mu.-.oid nasal discharge
* ♦

was noticed. The fourth sheep died in  the fourth day a fter drenching.
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It had developed a watery diarrhoea, mucoid nasal discharge, accelerated 

weal; pulse rate and accelerated respiration rate (70-80 per minute).

Three o f  the experimental sheep showed epicardial and endocardial 

haemorrhages more pronounced on the le f t  side o f the heart. The sheep 

No, 272 had haemorrhages on the in testina l mucosa especia lly  largo 

intestine and caecum. Lungs looked congested grossly. This sheep also 

showed hyperaemia o f  the internal organs, raening3s and the mucous membrane 

o f the trachea.

L ivor; Sections from most livers  showed congestion as well a3 some 

areas o f  haemorrhages.

Kidneys: Characteristic lesions were congestion, vacuolation o f  renal

ep ith e lia l ce lls  and some areas o f  haemorrhages.

Lungs : There were scattered areas o f  haemorrhages, congestion and

alveolar exudate in  most sections observed.

Brain: Congestion o f the meninges and brain ca p illa ries .

Heart; muscle: Some degenerative changes especially  hyaline were noticed.

The fourth sheep showed inflammation o f tho mucous membranes of abomasum 

and in testines.

opic Lesions

♦
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Experi ment I I I  (b )

Sheep No. 274 died on the 17th day of treatment. On the tenth 

day, the animal had already shown poor appetite, slight b loa t, frequent 

urination, recumbency and depression. The condition worsened during 

the follow ing days and a day before death mucoid nasal discharge and 

diarrhoea developed. On the 18th day of treatment, sheep No. 302 died.

I t  showed essentially  similar c lin ica l symptoms as described in  3heep 

No. 274. The last sheep (No. 279) died on the 22nd day of the experiment. 

Prom the 15th day appetite was poor i t  beonme emanciated and on the 

20th day mucoid diarrhoea developed which lasted until death. Other 

c lin ic a l signs wore almost identica l to those shown by sheep No. 274.

The controls which were sacrificed  on the 23rd day of the experiment did 

not show any o f  the above c lin ica l symptoms.

The temperatures, pulse rate, respiration rate, and serum enzyme 

values are indicated in  TABLES 11, 12, 13, 14, 15 and 16 respectively.

As indicated, there were no significant chants in  temperatures, pulse 

rate and respiration rate. There was also no sign ificant r ise  in  serum 

enzymes in  experimental animals as compared to the controls.

Macr obcojuc. Lesions

The macroscopic lesions o f a l l  experimental sheep that died were 

again essentially  sim ilar. In a l l  cases hyperaemia o f the internali
* ♦

organs was noted. The mucous membrane o f  the trachea and the brain
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were also hyperaemic.

Characteristic petechial haemorrhages were observed on the epi-and 

endocardium, lungs, diaphragm, spleen and the peritoneum. The mucosa of 

the stomach and that o f the intestines were inflammed in  a l l  three animals.

jp p ro sco p ic  Lesions.

There was no much variation o f the microscopic lesions seen in  

different organs inspite o f  varied dosages used for  each experimental 

animal and the durat io n of tre ntment,

Liver: There was a moderate but well-defined distension o f the sinusoids

and of the portal, central and sublobular veins as well as o f  the branches 

o f the hepatic artery, as a result o f congestion. Few sections showed 

haemorrhage and s li{fit  vacuolation of the hepatic c e lls .

Kidneys: Sections from most kidneys were congested. There were haemo

rrhages particularly marked in  the medulla. Cortex showed necrosis 

of the convoluted tubules characterized by marked reduction o f the nuclei 

as well as varying degree o f cloudy swelling of the tubular ep ith e lia l 

c e lls  and hyaline casts deposition in  the tubules (F igs. 51 and 52).

Lungs: Marked congestion and sometimes alveolar oedema was characteristic

of a l l  sections observed. Two sections showed some inflam atory ce lls  

with greatly increased mononuclear c e l ls .

Heart Muscle : Sub-epicardial haemorrhage was noted in  a l l  sections

In one case there was also^dystroj^iy of muscular fibres of the heart
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Spleen: There were no sign ificant lesions seen.

Gastrointe s t i m l  Tract: This showed catarrhal en teritis  a ffectin g

particularly the jejunum (F ig . 53 ).

Br a i n There wa3 s l i^ it  congestion and oedem o f the meninges (F ig. 54). 

The control animals did not show any lesion s, grossly or otherwise.

DISCUSSION FOR PACT III  (b)

In certain countries the poisoning of stock by cyanogenetic plants 

reaches proportions of considerable economic importance. In South Africa 

a wide range o f these plants occurs, causing mortality especially in 

3heep. This stimulated a great deal o f investigational work by the 

Onderstepoort workers who have lis ted  the plants dengerous to  stock 

(Steyn 1934) and have determined many factors influencing the tox ic ity  

of these plants to stock. American work ins resulted largely from the 

widespread use o f Sorgum and Sudan grass in stock feeding, these two 

species containing Cyanogenetic glucosides which may under certain 

conditions reach tox ic  proportions (Moran 1954). In Australia and 

New Zealand the problem o f  cyanide poisoning arises mainly from the 

presence o f  Cyanogenetic glucosides in  Sudan grass and White Clover 

(Coop et a l . 1950). The present experimental study in rats, rabbits 

and sheep, using Adenia vo^lkenpii., has shown that th is plant which is  

widely distributed in East African countries is  dangerously tox ic to
t

* ♦
these species o f  animals, ffydrocyanic acid has also been isolated from
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th is plant (Seo Rirt IV) and is  considered to  be one of the most important 

factors associated with i t s  to x ic ity . I t  therefore my well be counted 

among the cyanogenetic plants in  East A frica .

A great many plants are capable of producing IEN sometime during 

their growth. Quisumbine,quoted by Moran (1954), l i s t s  over 300 separate 

species distributed into 74 different families of seed-bearing plants 

which he says arc known to contain IEN. Hydrocyanic acid or prussic 

acid is  one o f the most tox ic  and rapidly acting o f the common poisons.

It  i 3 poisonous to any type o f  animal because i t  a ffects  respiration, 

paralyzes nerves and interferes with normal physiological functions 

(Pammel quoted by Moran 1954).

Animals poiaoned by HUT show signs o f suffocation caused by tissue 

hypoxia since hydrocyanic acid inhibits the enzyme system necessary fo r  

transport of oxygen from blood to the tissue. The particular signs 

observed w ill depend on the size of the dose and the time over 'which i t  is  

absorbed. Moran (1954) states that at post-mortem there is no characte

r is t ic  gross or microscopic lesion  which would definately point to 

I31C-poisoning. However, he states that dark muscle  ̂tissue congestion 

or haemorrhage of the lungs, petechiation of the tracheal mucosa and a 

mucoid, frothy or bloody discharge from the mouth and n ostrils  would be 

suggestive to  IEN poisoning. The c lin ica l signs and post-mortem lesionsi
* ♦

encountered in the present study were a l l  suggestive of an acute IEN
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poisoning, as a result of which analytical work was carried out and the 

concentration of H3N present in Adenia  yolken sii estinnted (See Part IV).

The minimum lethal dose o f free hydrocyanic acid fo r  most species 

when given per os is of the order o f 2 ,0-2,3 mg, HJN per Kg. body wci$it 

(Garner 1967). I t  is  not, however, possible to state with any certninity 

the tox ic  dose o f  cyanide in  the form of cyanogenetic glycoside, as this 

varies according to the conditions obtaining in  the plant (h i^iest concen

trations are seen in young, actively  growing plants), and in  the animal 

at the time o f  eating the plant (Van der Walt 1944). The same author 

states that poisoning in  ruminants depend upon the quantity of the plant 

ingostod, the previous diet of the a.niml, the pH of the stomach contents, 

the percentage o f to ta l hydrocyanic acid present in th e  free st&to in 

the plant, the conccntration o f cyanide liberating enzyme present in  the 

plant and the to ta l hydrocyanic acid content in  the plant. The importance 

of these factors has been enlarged up by Coop et a l . (1950). In addition 

to th is  i t  would also appear that although Adenia volkonsii was shown to 

contain very large cyanide concentration, particularly in  the tuberous 

root stock (Sea Part IV) the process o f sun drying, grinding and extra

ction  reduced the concentration o f  cyanide in  the plant material. This 

would help to explain why in the present study the re la tively  higfr doses 

and prolonged period of time were necessary before the experimental animals

died ♦
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Whether there is  any chronic e ffe c t  o f  IEN on livestock  is 

questionable. Moran (1954) states that when an animal recovers from 

a sublethal dose o f  IEN, it  is  usually considered to have no e ffe ct  on 

a la ter dose. As such, cyanogenetic plants, probably produce no real 

chronic 3tock poisoning similar to that of the Senecio spp. or other 

plants that produce a cumulative e f fe c t . Though some authors -  Do Gier, 

Heffter e t c . ,  quoted by Van der Watt (1944), believe that chronic 

poisoning is  possib le, i t  is  generally recognized that provided IEN or i 

Cyanogenetic plants are ingested at a moderate rate throughout the course 

of the day, animals can tolerate amounts well in excess of the MLD fo r  

a single dose. Van der Walt (1944) fa iled  to produce chronic poisoning 

in sheep even after administering 3.2mg. HJIl/Kg. daily for  2 years. 

Eckoll,quoted by Horan (1954)>gave daily dosc3 to a horse starting with 

small sublethal doses and gradually increasing the dosage in  20 days, 

to what was considered a minimum letha l dose vdthout producing sysmptoms. 

Worden (1940) showed that in  the rabbit repeated dosing does not produce 

a cumulative e ffe ct  and that the animal is  capable o f  eliminating \ MLD 

at 2y> hours.

Although there may be some evidence that chronic cyanide poisoning

may be induced experimentally in  monkeys and in  sheep (Hurst, quoted

by Gamer 1967), there is  no reason to believe that i t  ever occurs under
«

f ie ld  conditions. According to<Hinder.rsh (1941) prus3i c  acid is  not
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a poison to which wo would oxpoct tolerance to dcvolopo. I t  i s  quickly 

absorbed and i f  the dose i 3 not le th a l, it  is  rapidly destroyed in  the 

body or excreted in the urine as sulphooyanide. In the present study, 

three sheep were given daily intravenous in jections with varying amounts 

o f Adenia extract in an attempt to produce chronic poisoning. I n c i t e  

o f the fact that the animals died between the 17th and 21st day of 

the experiment, neither the c lin ica l symptoms nor the post-mortem lesions 

were suggestive of any p o ss ib ilit ie s  of chronic poisoning. As Van dor 

vfalt (1944) puts i t ,  injury by JEN to nerve tissue, blood corpuscles, 

or other tissues of ce lls  which lower resistance o f animals to more poison, 

mijht be interpreted as a chronic e f fe c t .

Boiling of the tuber o f  Adenia volJcu is ii  reduces i t 3 tox ic ity  

considerably. This fact has been confirmed by feeding experiments on 

laboratory animals (See Rat Experiment). Preparation o f  most herbal 

medicines used by Africans involve b o ilin g , sometimes fo r  several hours.

I t  i 3 probable that fo r  this reason, the plant has been used without 

fa ta lit ie s

♦
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TABLE 7

Daily Mortality of Rats Fed on Varying Percentages of Adenia Po;7der_r
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TABLE 3

Weight Changes and Total Amounts of Adenia. Extract Giyen to Each

Experimental Habbit

Hobbit

number

In it ia l 
weight 
in  gn.

Amount 
drenched 
in  ml ./k g .
body weight

First day Last day Total amount 
in ml.

Weight at 
death in gm.

Weight ga ir/loss  
in  gm.

3605 2715 1.8 23.3.73 27.3.73 25 2671
5677 3010 3.3 23.3.73 25.3.75 30 2961 49
3315 2801 5.4 23.3.73 25.3.73 30 2768 33
3566 2800 7 23.3.73 24.3.73 40 2764 36
3370 3012 13* 24.3.73 25.3.73 40 2958 54
3693 2719 - 25.3.73 27.3.73 - 2975 256
3563 2639 — 25.3.73 27.3.73 — 2760 121

* Single ora l dose
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TABLE 10

Amount of Adenla Powdej? Oiven to Each Sheep and Duration

that Each Sheep Lived A fter Drenching

Sheep
number

Adenia powder 
in gm.

Duration in 
hours

3ID1 40 12

300 20 15

275 10 23

272 5 96
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-  9 9  -

Daily Temperature Readings in Bheep A fter In jection  

With Adenia Extract

Day of
In jection  Temperature o f the animal in  °C

279 274 302 298* 271*

1 37.5 38.3 39 38.5 38.9
2 37.8 37.9 38.8 38.2 39.4
3 39 37.6 38.3 37/1 39.4
4 38.3 38.3 37.9 37 39.4
5 38.1 38.8 37.8 38.1 38.9
6 37.8 38.9 38.5 39 39
7 38.9 39.4 38.3 39.4 38.5
8 38 38.9 38.3 39.1 38.3
9 39 38.3 38.3 39.4 38.3

10 38.1 38.9 38.7 39 38.9
11 39 38.8 37.9 38.3 38.3
12 39 37.8 38.2 38.5 38.1
13 38.9 38.6 38.3 39 38.9
14 39 38.9 38.3 39.4 38.9
15 39.3 38.3 37.9 38.8 39.4
16 38.7 37.8 38 38 39
17 38.7 - 38.3 37.9 39.1
18 38.2 - - 38.3 38.5
19 38 - - 38.9 39
20 37.9 - - 38.5 38.6
21 37.2 - - 38 58.1
22 - - - 38.3 38.7
23 - — — 38.3 38.7

* C o n t r o l a
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TABLE 12

Dally Pulse Rate in Sheep After In jection  to.th Adenin
Extract

Day of 
in jection

Pulse rate per minute

279 274 302 298* 271*

1 80 80 76 85 70
2 90 80 90 100 70
3 80 84 86 90 82
4 80 80 88 98 76
5 78 80 88 70 70
6 90 96 90 80 80
7 86 90 86 80 82
8 90 70 84 86 80
9 90 80 86 70 80

10 90 84 80 90 80
11 88 86 90 90 94
12 80 90 88 100 100

13 70 90 84 84 80
14 00 86 82 90 84
15 IOC 94 90 78 86

16 90 96 96 80 86

17 90 - 92 84 82
18 84 - - 86 90
19 82 - - 88 94
20 96 - - 88 84
21 100 - - 90 82
22 - - - 94 86

23 — - - 88 84

* ♦

* C o n t r o l s
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Respiration Rate In Sheep After Injection  with 
Adenia_ Extra ct

Dny of 
in jection

Respiration rote per minute

279 274 302 298* 271*

1 24 20 24 24 24
2 24 20 24 24 24
3 24 24 24 24 24
4 24 20 24 24 20

5 26 24 23 20 24
6 20 24 24 24 24
7 24 25 22 24 23
8 24 24 24 24 24
9 22 24 24 26 24

10 20 20 25 24 22

11 24 22 23 26 24
12 22 23 23 24 24
13 25 26 24 24 25
14 24 26 23 23 22

15 24 25 24 24 24
16 22 26 24 24 24
17 20 - 25 26 24
18 24 - - 24 23
19 24 - - 22 25
20 25 - - 20 24
21 25 - - 22 22

22 - - - 24 24
23

'
24 24

* ♦

* C o n t r o l s
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TABLE 14

Serum Glutamic Oxnlacet ic Transaminase Values, in Sheep 
Injected with Adenia Extract

Day of 
in jection

SGOT ( ELgun-Frankel unit3/ml>)

279 274 302 298- 271*

1 18 20 20 16 18
2 20 24 24 27 30
3 20 18 20 20 18
4 24 30 30 27 22

5 27 30 27 30 30
6 30 27 30 30 24
7 30 34 30 30 30
8 40 46 54 34 30
9 56 60 58 46 40

10 56 58 60 43 40
11 50 56 56 34 43
12 50 66 50 34 38
13 48 60 60 44 42
14 50 52 60 45 34
15 43 49 60 40 38
16 56 69 46 38 38
17 50 - 56 44 50
18 56 - - 38 45
19 46 - - ‘10 48
20 50 - - 42 56
21 56 - - 43 43
22 - - - 44 43
23 — — _ 42 48

* Controls * ♦
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TABLE 15

-Serum Clutaiaic I ŷruvic  Transaminase Values in Sheep In jected
Vftth Aderda Extract

Day of 
in jection 3GPT ( Si gun -Frarike 1 unit s/ral.)

279 274 302 298* 271*

1 34 44 44 42 44
2 34 40 42 36 42
3 40 44 36 42 38
4 36 48 42 42 42
5
a

42 42 42 40 36

7 40 32 28 38 42
8 24 22 28 32 34
9 28 24 28 30 42

10 34 32 36 38 38
11 22 34 32 36 42
12 28 30 40 32 40
13 24 28 38 40 40
14 34 28 36 42 38
15 38 22 38 40 36
16 36 38 36 32 34
17 40 - 36 38 42
18 36 - - 32 40
19 32 - - 36 38
20 22 - - 34 36
21 32 - - 36 42
22 - - - 28 28
23 —• 38 30

' » ♦
* Controls
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TABLE 16

Alkr.line Phosphatase Levels in  Sheep in je cted With
Aji_erd a E x tr :c t .

Day of 
in jection

A.P.
( Kin^-Armstrona Units/lOO ml.)

279 274 302 298* 271*

1 8 9 13 12 8

2 8 13 11 11 12

3 8 10 11 8 9
4 10 12 13 9 8

5 8 11 9 10 9
6 9 14 10 12 10

7 8 12 10 11 9
8 11 10 10 12 9
9 9 11 8 10 11

10 12 — 9 13 11

11 10 9 11 12 10

12 7 10 10 9 10

13 9 13 9 9 11

14 7 11 14 9 10

15 8 10 13 13 9
16 8 8 11 14 8

17 11 - 10 10 11

18 10 - - 11 10

19 8 - - 9 12

20 9 - - 11 8

21 9 - - 12 9
22 - - - 14 10

23 *• 11 '10

* ♦

* C o n t r o l s



Pig. 41. Eat poisoned with Adenia powder. 
3 to o l around the anal region.

\

Arrow shows diarrhoeic

Fig. 42, Haemorrhage in  the kidney of a rat fed 40^ Adenia powder 
for  5 days. H5J3 Stain: X 391.

♦



Pig. 43. Ilaonorrhago. Section fro a spleen of Rat ADI fed 20% 
A&enia powder for 9 days. IKE Str.in: X 156.

■ ■ ■ I

Pig. 44. Meningeal oedem of a rat fed IÔ j Adenia powder fo r  9 
IKE Stain: X 156.

days.



Fig. 45. Intestinal haemorrhage (H) rat fed S/o Adenia 
powder fo r  13 days. H£E Stain: X 156.

♦



Fig. 46. Hyperoeoia of the internal organs shown 
v/ith arrow. Habbit drenched Adenia extract, 
3,3 n l./K g, body wei^it.

♦



F ig . 47. Epionrdial haemorrhages (EH). Same rabbit 
as in Pig. 46.

♦



Fig. 48. Oedema, haemorrhage and emphysema. Lung section from 
rabbit drenched, 5.4 ml./Kg. body weight, Adonia extract#
H£E Stain: X 156.

Ls.rSS* v

.

Fig. 49. Trachea. Section from a rabbit drench, 5.4 m l/K g . 
body weight, Adenin extract. Oedema and Haemorrhage.
H&E Stain: X 156. * ♦



Fig* 50. Haemorrhage. Section from heart nuscle of the same 
rabbit as in  Fig. 49. H&E Stain: X 156.

Fig. 51. Haemorrhage, tubular deposition of hyalire casts and 
necrosis of the kidney of a sheep in jected , 0.03 ml./Kg. body 
w ei#it, Adenia extract fo r  18 days. HfcE Stain: X 156.

♦



Fig, 52. Haemorrhage in  the medulla o f  aheep*s ]d.dney, Sheep 
in jected 0,01 n!l/Kg. body weight Adenia extract for 22 days. 
ll&E Stain: X 391.



♦
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PART tv K S L II/p M Y PJVEGTIGATION OF THE CiELDBAL

COMPOUMDS PRESENT TO;

(a ) Senecio  moorei R.E. J^ies

INTRODUCTION

Drenching end feeding experiments conducted earlier  in rata, oattle 

and pigs proved beyond doubt that Senecio moorei is  toxic to these species. 

The lesions observed in  ihese animals (particu larly  in liv er) closely  

resembled those lesions produced by pyrrolizidine (Senecio) alkaloids 

poisoning reported in literatu re . It  was therefore with the assumption 

that this plant might contain a sim ilar alkaloid that the present inves

tigation  of the bases (a lkaloids) acids and neutrals was conducted.

MATERIALS AND METHODS

Approximately one Kilogram of ground Seneoio moorei material (stem, 

twigs, leaves, flowers and seeds) was accurately weighed and placed in 

a clean pot fo r  extraction. Eight l i tr e s  o f  bo ilin g  water was added 

to the material and a well homogenised slurry obtained. This was a c id i

fied  with sulphuric acid , and le f t  on a hot plate to simmer for 

approximately 6 hours. The aqueous extract was then strained through 

muslin cloth in  a separating funnel. The residue was then taken up in 

approximately 4 l itr e s  a cid ified  water and the extraction procedure 

repeated three times. The solution was then filte re d  using whntmnn No. 1

*
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f i l t e r  paper. To the combined f i l t r a t e ,  (approx. 500ml,), lead acetate 

v/as added to precipitate the tannins. The precipitate was removed by 

centrifuging at 600 r.p.m . fo r  about 3 hours. The supernatant was 

removed by decanting and the residue washed twice with small amount of 

water each time centrifuging the mixture fo r  about 30 minutes. The 

excess lead ions were removed by adding 2N sulphuric acid , a few drops 

at atime swirl lin g  the solution simultaneously, un til there was no more 

p recip ita tion . The white precipitate of lead sulphate was then removed 

by centrifuging or by fi ltr a t io n .

The clear detarmated extract was evaporated to approximately 200 ml. 

and transferred to a 500 ml. separating funnel for  solvent-solvent 

extraction .

Extraction ^Procedure

( l ) Iso lation  of Acids arai Neutrals

The detannntod aqueous extract was checked fo r  acid ity  and where 

necessary the pH was adjusted accordingly using N/lO sulphuric acid .

The a c id if ie d  extract was transferred to 500 ml. separating funnel and 

extracted with an equal volume o f  diethyl ether. During the extraction 

the imraisible solvents were shaken gently so as to avoid emulsion 

formation and then le f t  standing fo r  approximately 12 hours. After 

12 hours the ether extract v/as run o f f .  The extraction o f  the aqueous
t

♦ ♦
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phase was repeated three times and the combined other extract containing 

acids and neutrals washed with 2ml. N/lO sulphuric acid three times.

The ether extract was then dried with anhydrous sodium sulphate and 

d is t il le d  o f f  at 50°C in  the usual d is t illa t io n  apparatus. The residue 

was then examined using thin layer chromatographic technique.

(2 ) Iso lation  o f  bases (a lkaloids)

After the iso la tion  o f acids and neutrals the aqueous solution 

(layer) was made a lla lin e  using 2N sodium hydroxide and then saturated 

with sodium chloride. The alkaline aqueous phase was then extracted 

with ether in  the same manner as described above for acids and neutrals. 

The combined ether extract containing Senecio bases (a lkaloids) was 

washed with 2ml. 2.5^ 3odium bicarbonate throe times and the extract 

was then dried with anhydrous sodium sulphate, /ifter f i lt r a t io n  to  

remove anhydrous sodium sulphate ether was d is t il le d  o f f  and the residue 

(a yellowish o ily  substance) examined by spot test and thin layer 

chromatographic technique.

j^fflM TIO N FOR BASES (ALKALOIDS) ACIDS AND NEUTRALS

ISOLATED FROM SENECIO hATBItTAL USING THIN LAYER 

C HROIjATO&ItAFHIC TECHNIQUE 

( l )  Bases (a lkaloids)

(a ) Spot Test fo r  Alkaloids'T " ----- " ........ — “
The basic residue was spotted on a f i l t e r  paper and Dragendorff*s 

reagent was then applied on the 3pot. RESULT: An orange-yellow 3pot
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indicated the presence o f a base.

(b ) Thin Layer Chromatographic, Technl quo

The method used here was sim ilar to that o f Sharma et a l , ,  quoted 

by Bull et a l . (1968). The Senecio basic residue was spot-ted on 

commercially propared Thin Layer Chromatographic (T.L.C.) plate along 

with some known alkaloids and the plate developed in  Chloroform: Methanol 

Cone. Ammonia (85:14:1) Solvent System. The developing time wa3 

approximately 80 minutes and the Solvent System tod travelled to  almost 

ha lf way the length of the plate (approx. 15 cm.). After drying the 

plate in  a ir , i t  was f ir s t  examined under u ltraviolet ligh t (short and 

long wavelengths). The plate was then exposed to  iodine vapour, and 

the spots noted. Finally, a fter warming to  get rid  o f  iodine vapour, 

the plate was sprayed with Dragendorff' s rengont and the spots noted 

again.

• ) Acids and neutrals

The acid-neutral residue was spotted on T.L.C, plates coated with 

S ilica  gel and developed in various solvent systems up to  about halfway 

the length o f the plates. The experimental procedure was as described 

fo r  bases .above. After drying in a ir  the plates were exposed to iodine 

vapour. A fter experimenting with various solvents-systoms Acetone : 

Chloroform ( l : 9 )  was chosen as th i3 seemed to  give the best resolution.

♦
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RESULTS

The results of the experiiiient are summarized in  Figs. 55 and 56. 

As shown in  Fig. 55 in n il cases, three bases we re revealed. The spot 

at the middle had a deep orange yellow colouration while the other two 

had a ligh t yellow colouration. Fig. 56 show that in  a l l  cases, there 

was a streak of material extending from the base line to about of tho 

distance travelled by the Solvent and another two spots on the upper 

h a lf. The Rf values are also shown.

(b ) Adenia yolkensi i  Harms

.INTRODUCE  ON

A literature survey has revealed that no work has been done to 

id en tify  the tox ic  principle in  th is plant although it s  tox ic ity  is  

generally w ell recognized, and the previous experiments had shown conc

lusively  that i t  was undoubtedly poisonous. The purpose in  the present 

study was, therefore, to identify  and i f  possible estimate the major 

tox ic  principle in  this plant.

MATERIALS AND METHODS

The material used in th ic  experiment w*ao collected  at Rilungu 

Location, Machakos D istr ict , Eastern Province o f  Kepya and imnediately 

put in  p lastic  bags which were transported to  the Faculty o f Veterinary 

Medicine, Chiromo Campus and examined on the same day fo r  tho presence
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of cyanide. The remaining material was stored in deep freeze un til 

the next day when i t  was examined.

(a) nualitaLive Detornnm tion  o f  Cyanide

Approximately 500 g. o f  the fresh tubers, leaves and stems were 

minced and repoatedly extracted with co ld (20-30°C) d is t il le d  water. 

A lternatively, the material was extracted with QO/o ethanol and the combined 

extraot was evaporated almost to dryness by blowing hot a ir  current over 

the surface o f the extract which was contained in  a shallow porcelain 

dish. The residue was then taken up in  water and the extract screened 

fo r  cyanogenotic glycoside.

The method U 3ed f o r  s c r e e n i n g  was that d e s c r i b e d  b y  Feigl (1937).

The reagent was prepared by mixing equal amounts o f Zf/o copper acetate 

(S o l. i )  and 1% benzidine in 10̂ o acetic acid (S o l . I l ) .  3oth solutions 

were prepared and mixed ex tempore and preserved in a to 3t-tu be. A small 

amount o f  test sample (extract) was put in a quickfit stoppered test tube 

and acid ified  with dilute HgSO .̂ k s trip  o f f i l t e r  paper was dipped in 

the reagent and waved s lig h tly  in  the a ir to get rid  o f excess reagent.

The moist paper was then exposed to the test sample contained in  the 

stoppered tost tube as shown in  diagram I  (F ig . 57), and then the te s t -  

tube warmed s lig h tly .

♦
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(b ) Quant i ta t iyo Estimation o f C yard do in

Fresh Material

A whole recently uprooted plant was selected and the tuber, stem 

and leaves were immediately separated and their to ta l weights determined.

The analytical procedure followed was that described by Burns et a l . 

(1970). 20g. sample o f  each part was w eired  out accurately and homo

genized with 600 ml, o f  ld/o ethanol for  approximately 5 minutes at a 

high speed and placed in  3crew-top quart ja r . In each jar 20 mg. o f 

emnlsin was added to aid liberation  o f CN from the glycoside in  the 

forago.

The jars were sealed with conventional Kerr l id s , shaken vigorou

sly and incubated at 30°C for  24 hr. Following incubation samples were 

mixed and fi lte r e d . Duplicate 150 ml. aliquots o f the f i lt r a te  wore 

obtained and transferred to Kjeldahl flasks and 80 ml. of HUN -  ethanol 

mixture d is t il le d  into 125 ml. Erlenmeyer flasks containing 15 ml. o f 

2L/o KDH. D istilla tion  was allowed to proceed slowly far at least 15 

minutes when essentia lly  a l l  CN was believed to have d is t il le d  over.

The d is t il la te s  wore transferred with several rinsings to 100 ml. 

volumetric flasks. D istilled  water was used to  bring to  volume.

Twenty m illi lit r e s  o f the diluted d ist ila te  of each sample and 

10 ml. of alkaline picrate solution, (23g..anhydrous NaoC0_ and 5g-picric* Ci «J♦ ♦
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acid , the la ter  corrected fo r  moisture, per l i t r e )  v/ere pippoted into 

100 ml. pyrex tubes (uniform in  glass thickness and diameter). The tubes 

stoppered with cotton, were placed for exactly 5 min. in  a water bath 

preheated to 94°C. The percentage transmittance o f  the fin a l alkaline 

picrate solution was read on a spectrophotometer at 540 mu, (spectronic 

20, Bausch and Lomb, In c ., Rochester, NY) and the cyanide concentration 

was determined from a standard curve also described by Bums et n l. 

(1970) (See Fig. 58). D istillations of extracts o f  each sample were 

done in  duplicate.

( c ) E ffect o f Boiling Tissue on. th e Cyanide

Content.

To determine whether or not b o ilin g  the fresh tissue resulted in 

any loss of cyanide, 20g. each of the bark and inner part were boiled 

in  d is t il le d  water fo r  1 hour a fter  which they were homogenised and 

analysed fo r  cyanide as described above*

The experiment was repeated using other recently uprooted plants 

(chosen in random) collected  from Machakos D istr ict .

RESULTS

(a) In the qualitative determination of cyanide, a deep blue colour 

developed on the f i l t e r  paper indicating that the material contained a 

large concentration o f  cyanide.
♦
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(b) The typ ica l analytical results fo r  a single plant were as follows

TOTAL WEIGHT (e-HQ

Leaves 46.3

Stem 64.9

Tuber (a ) bark 159.6

(b) Inner part 429.1

As shown in  TABLES 17 and 18, the plant material contained a 

large concentration of cyanide.

( c ) EFFECT OF BOILING TISSUE ON CYANIDE CONTENT

As shown in  TABLE 19, the figures in  the last column ns compared 

to those in  TABLE 17 indicate tlmt bo ilin g  of the inner part and the 

bark o f  the tuber for  1 hour drove out p ractica lly  a l l  the cyanide. 

This compares very well with the rats experimental findings (TABLE 7 ). 

’•Then the experiment was repeated with other recently uprooted plants 

collected  from the Mnchalcos D istr ict , the cyanide concentration was 

always within the following lim its : leaves, 120 to  145 mg. /K g .;

stem, 18 to 27 mg. /K g .; tuber, 400 to 600 mg. /Kg. (bark) and 130 to 

200 rag. /K g. (inner part). The to ta l amount o f cyanide present in 

the tuberous rootstock  wa3 90 / to 95 / o f that found in  the whole plant.

DISCUSSION FOR PART IV

Since the iso la tion  of an alkaloid retrorsine from Senecio» ♦

retrorsus by Manslce ( l9 3 l)  a large number o f plants belonging to  the
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genus senecio have been chemically investigated. Bull et a l . (1968) 

described the simple alkaloid screening tests , based on precipitation  

reaction as not generally reliable vjhen applied to  detection o f  pyrro- 

liz id in c  alkaloids. They recomuerlded a laboratory extraction and assay 

by t itra tion , even for preliminary examination of a screening nature.

In the present studies, Senecio moorei (Mau-Narok ragwort) was 

screened f o r  the basic chemical compounds. The thin layer chroimt ogra- 

phic technique employed in  the present investigation has been used by 

other workers such as Henning and Sharma et a l . ,  both quoted by Bull 

et a l . (1963). The results indicated that there are three alkaloids 

present in  th is  .plant. An attempt to purify the alkaloids was not 

successful. However, i t  was not the intention o f the present work to 

id entify  fu lly  the nature o f  the alkaloids in  question although this 

ca lls  fo r  a detailed research in future.

Since the interest lay on the alkaloids, I  did not go to  the extent 

of iso la tin g  the acids from neutrals, but this separation is possible.

The fact that tannic acid did not elute in  the Acetone: Chloroform (1 :9 ) 

Solvent system does not necessarily mean that the isolated components 

were not acids. Conclusions to  this e f fe c t ,  however, could only be 

made by carrying out further work.

Many species o f plants are laiown to contain hydrocyanic acid either

free or more usually in form o f a^cyonogenetic glycoside, a compound
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containing sugar and capable o f yielding cyanide on hydrolysis (Garner, 

1967). The cynnogenetic glycoside i t s e l f  is nontoxic, but whan brou^it 

in to contact v/ith appropriate enzyme (usually in  v iv o ), i t  is  decomposed 

and hydro cyanic acid liberated. In the intact plant, no such action 

takes place ns i t  is  only when the plant tissue is damaged or starts 

to  docay that liberation  of hydro cyanic acid bogins.

Prom the present analysis i t  was possible to show that ( l )  Adenia 

▼©llstnsii ( K ilin ab iti) oonttiins cyanide, either froo or more lilaely as 

cyanogenetic glycoside > (2 ) the concentration o f cyanide in the tuberous 

stock (about 90-95/0 of the entire plant) is of tox ico log ica l importance 

and (3 ) boiling of the tuberous 3tock drove out practica lly  a ll the 

cyanide.

The concentration of chemical compounds vary considerably from 

season to season and from one geographical region to another (Van der 

Walt 194-i). I t  was not the purpose of the present investigation to 

consider th is variation fu lly  as thi3 would be a major project requiring 

much time and expense i t  Iras to be meaningful.
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TABLE 17

QUANTITATIVE BSTIIlATipN OF C YA13IDE IN ADENIA YOLNENSII

TISSUE PEBCENTAGE 
TRANSMIT TANCE

CN CONTENT
ug./20 n l mg./Kg Mean duplicate determination -  mg./Kg.

Leaves 40 132 132 137
37 142 142

Stem 85 23 23 23
85 23 23

Tuber (bark diluted x 4) 37 142 568 568 -♦
37 142 568

Tuber (inner part diluted x 2) 57 85 170 170
57 85 170

SPECIiEN CALCULATIONS ( e .g . ,  leaves): C olorimeter reading (4 0 / transmittance) Corresponded
to 132 ug. of CN /20  ml. of d is t il la te ; therefore, 100 ml. o f  d is t il la te  corresponded to  132 x 5 ug. of 
CN , but 100 ml. of d is t il la te  was from 150 ml. out o f 600 ml. of orig inal oxbract. Extract (600 m l., 
containing’ 20 Gm. of fresh leaves) contained 132 x 5 x 4 ug. of CN ; therefore, cyanide concentration 
(mg./Kg.) of fresh tissue = (132x5x4/20) x (lOOO/lOOO) = 132 mg./Kg.
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TABLE 18

TOTAL AMOUNT OF CYANIDE IN ADENIA VOLKENSII

TISSUE CN CONTENT (mg.)

Leaves 6.343
Stem 1.493
Tuber (bark) 90.653
Tuber (inner part) 72.947

TOTAL 171.436

Of the to ta l amount of cyanide present in  Adenia volkensii (171.436 mg.), 
163.6mg. (95.4^0) was in the root; of the 163.6 mg. o f cyanide present in  the root, 
90.653 mg. (5 5 .4 /) was in  the bark.

SPECII'EN C ADULATIONS ( e . . .  leaves ) : to ta l weight o f  leaves = 46.3 Gn., and 
concentration of cyanide = 137 mg. /Kg. of le a f ; therefore, amount o f  cyanide in 
loaves = (137/IOOO) x  46.3 = 6,343 mg.
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TABLE 19

EFFECT OF BOILING- OF PLANT TISSUE ON CYANIDE CONTENT

PAST OF TUBER PEBCENTAG-E CH CONTENT
TRANSMTFTA1CE ug./lOO ml. mg/Kg. Mean o f duplicate deternincti ons

(mg./Kg.)

Inner part 95 3
* *

3
3

95 3 3
»

Bark 94 5 5

94 5 5



d e t e rm  w r t io n  o f  B a s i c  C o m p o u n d s  p r e s e n t  
i n  S E H E C IO  MOOREi

/AlkaloidRF-VALUES.

O G OV <T °

0  }

• SENEClO
1, f«) 0 37(W Ois 
<0 066

• C O C A IN E
________

076

l  . O i<n

i O 'm

o  Q Q

P  9 9

L STRYCHNINE
Sj

043

•/̂ TTOPlNEr*i
0-47

. sENEClO
Va> 037 
<•» 0.76 
f« 048

. SENECIO
61f*> Ml 
fM 0-76 
<t) o-M

Reference Compounds,- 
i, C o c a i n e  

i ,  S t  e v e n  n i n e  
3, AT to Pine

D t v E i o p i M S  T i m e  : l o  m i m j t s s .

^ y E < L E t— turn. ■ M*ktnboerFt IUa Qcht

Fig. 55. Chromtograa of basic compounds present in 
Senecio moorei. R.E. Fries.

♦



£.H t o  M H T o C O H  Of 4 C iks »w k  NBMTtilLn.

ftfjftu— lm U m m tiii

Br VftlJlKfi
OUklWulartHI

&̂'l>
Vrw
fc)0 i r

A uk : NO
tt«to L «T io N

I )  N * k T t » L k

»; O 14
M •» >0
C-> 0-1V

**) T  ft n me fttik ft S 1  fttnf
umieuLs

“)0 - l*
4) o->r
c)©.̂ r

ftkOVB

« 4«*k4 <*•
I t r . o t H P w i i k .  r f tM N it  ftt-<k 
t C u B L O O i a l t  f l M * .  i f  MIN .
R c v k k c c i  t f  i T N  : l o k i N I

^ g .  56. Determination o f  Acicl3 and Neutrals present 
in  Senecio noorei R.S. Fries.

♦



b i a c ft ft n  i

Pig* 57. Qualitative determination o f cyanide in 
Adenia volloonsii material.

♦



Pag. 58. Standard curve used in determination of 
cyanide concentration in Adenia volkensii.

v ♦



-  1 19  -

G E NE R A L S U M M A R Y

Feeding and drenching Senecio noorei moterial to cattle  swine 

and rats produced lesions in their liv e r  ŝ  kidneys and other organs* The 

liver  lesions in  cattle and rats consisted primarily o f  portal and centro— 

lobular fib ros is  and degeneration, haemorrhage and necrosis respectively . 

The liv e r  appeared to be more susceptible to  the tox ic  substance than 

any other organ and the severity o f  the losions was in  proportion to 

the amount fed* The lesions in  pigs were quite different from the rest
f

o f  animal,a, the kidney having been more affected than the liv e r .

Tumours were produced in rats fed 1% Senecio powder fo r  13 months. 

The tumours were on^y in  the liv e r  and included, hepatomans, b ile -d u ct 

adenomas and fib rom a . These occurred either simultaneously or indepe

ndently. In the chemical determination of the basic compounds present in 

Senecio mopreiA three bases were iso la ted . I t  would appear that these 

basic compounds contributed to the toxic fa cto r (s ) o f Senecio moorei*

A3 the mechanism of Senecio alkaloids is  not yet known, i t  has yet to  

be shown whether the hepatotoxic action was due to the basic compound(s) 

or their metabolic products.

The present experiments have shown conclusively that hydrocyanic 

acid cither free or in  form o f cyanogenetic glycoside is  oiks of the most 

important toxic fa cto r (s ) present in  Adonda volk en sii. A ll the experime

ntal animals (sheep, rabbits and -rats) treated with Adenia volkensii 

material produced lesion s, most important o f which were, degeneration, 

congestion and haemorrhages of the internal organs.



APPENDIX "A "

BLOOD CHEMISTRY IN BULL CALVES DURING THE 

EXPERIMENT

S&P.T and SGPT ( s -F .  Units /m l.) f T .P ., ALB, and GLOB. (&m./lOOml.) _ A.P.

(K -  A Units/lOO ml.)»w» ■» -m .m . at m i i n , »  » 1 » ■» i— —m, t. rti

Yi/EEK ANIMAL TOTAL ALBUMIN GLOBULIN ALB. 
NO. PROTEIN GLOB

STOT' SGFT ALKALINE

1 6540 6.4 3 3.4 0.9 67 23 5.4
6580 5.7 3.2 2.5 1.3 65 25 4.5
6686 5.7 2.7 3.0 0.9 66 26 4.5
6688 6.2 2.9 3.3 0.9 51 26 4.0

2 6540 6.6 3.6 3.0 1.2 60 27 4.5
6580 6.4 3.0 3.4 0.9 66 26 5.1
6686 5.5 2.4 3.1 0.8 59 23 4.0
6688 5.6 3.1 2.5 1.2 60 30 4.2

3 6540 5.4 2.7 2.7 1.0 61 23 5.0
6580 5.8 2.9 2.9 1.0 60 23 4.0
6686 4 .7 2.3 2.4 0.9 62 21 5.5
6688 5.4 2.3 3.1 0.7 66 23 4.5

4 6540 6 .4 2.7 3.7 0.8 68 21 5.5
6580 6.6 3.1 3.5 0.9 66 26 4.5
6686 5.3 2.3 3.0 0.8 46 21 4.5
6688 5.9 2.7 3.2 0.8 67 22 5.5

5 6540 6.1 2.9 3.2 0.9 41 32 6.5
6580 6.1 2.3 3.8 0.6 38 32 5.5
6686 4 .7 2.1 2.6 0.8 41 28 5.0
6688 5.9 2.7 3.2 0.8 41 28 5.0

6 6540 6 .0 3.0 3.0 1.0 69 28 5.6
6580 5 .7 2.9 2.8 1.0 66 23 6.8 •
6686 5 .4 2 .5 , 2 .^ 0.9 60 26 6.9
6688 6.2 2.7 3.5 0.8 60 23 5.0
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7 6540 6.0 2.9 3.1 0.9 64 24 6.4
6580 5.7 3.0 2.7 1.1 70 26 5.9
6686 6.2 2.3 3.9 0.6 62 21 4.5
6688 5.3 2.3 3.0 0.8 62 21 6.8

8 6540 6.6 3.1 3.5 0.9 62 26 5.5
6580 6.0 3.0 3.0 1.0 60 28 4.5
6686 6.6 2.8 3.8 0.7 66 16 4.5
6688 5.2 2.6 2.6 1.0 66 28 5.4

9 6540 6.1 2.7 3.4 0.8 68 21 4.5
6580 6.0 3.0 3.0 1.0 60 22 4.8
6686 4.7 2.3 2.4 0.9 67 24 4.6
6688 5.0 2.4 2.6 0.9 68 26 5.2

10 6540 6.0 1.4 4.6 0.3 62 23 4.1
6580 6.4 3.0 3.4 0.9 68 18 5.8
6686 5.5 2.2 3.4 0.7 62 20 5.7
6688 5.6 1.3 4.3 0.3 70 20 5.7

11 6540 6.1 1.2 4.9 0.2 98 37 4.5
6580 6.4 3.0 3.4 0.9 68 2.8 5.5
6686 5.6 2.2 3.4 0.7 62 31 3.9
6688 5.6 1.5 4.1 0.4 124 31 4.5

12 6540 6.0 0.8 5.2 0.15 124 26 4.7
6580 5.8 2.7 3.1 0.9 70 38 5.5
6686 5.8 2.8 3.0 0.9 68 38 3.8
6688 5.6 1.1 4.5 0.2 140 31 4.5

♦
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13 6540 6.7 1.0 5.7
6580 6.5 3.3 3.2
6686 6.3 2.9 3.4
6688 6.2 0.6 5.6

14 6540 6.4 1.2 5.2
6580 6.2 2.9 3.3
6586 6.0 2.3 3.7

15 6540 6.4 1.2 5.2
6580 6.9 3.0 3.9
6586 6.9 2.4 4.5

16 6540 5.6 1.3 4.3
6580 5.8 2.3 3.5
6586 6.7 2.8 3.9

0.18 123 29 5.5
1.0 40 24 3.5
0.85 44 34 4.5
0.1 156 40 3.0

0.2 149 27 5.5
0.9 52 27 4.0
0.6 64 18 4.5

0.2 156 21 4.1
0.8 60 24 3.9
0.5 68 84 3.7

0.3 138 39 4.9
0.6 70 28 3.9
0.7 69 24 4.7

♦
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BLOOD P3CTUHE OF BULL CALVES FED WITH SENBCIO

MOOitEI.

WEEK CALF RBC KJV/j KJV WBC HB N>! &/o I#  ig  
106 U3 103 Gn$

1 6640 6.46 39 .7 48 13.9 13 .7 19 1 81 -

6580 7.26 29.6 40 14.2 10 .7 33 - 66 -

6686 5.20 13 .4 46 5 .5 8 .2 18 2 80 2
6683 7.27 29.9 42 8 .0 11.3 18 2 81 2

2 6540 9.74 43 .3 46 16.4 16 .5 43 2 55 -

6580 8.21 34 .9 43 10.7 12.6 17 - 93 -

6686 5.38 24.2 t6 7 .0 9 .6 16 - 84 -

6688 7.47 32.2 44 9 .4 12.1 18 - 81 1

3 6540 7.59 32 .7 44 13.7 13.2 28 - 90 2
6580 7.27 30.1 42 12.8 11 .6 19 - 81 -

6686 5.23 25.6 49 6 .2 8 .3 10 1 89 -

6688 6.64 27.5 42 9 .8 10.2 24 - 76 -

4 6540 8 .74 38 .9 45 10.5 12 .8 23 3 73 1
6580 8.42 34 .8 42 11 .0 11.3 10 - 90 -

6686 4 .91 22.8 47 7 .5 7 .3 20 - 80 -
6688 6.84 26.3 39 ,7 .6 9 .5 22 - 76 2

5 6540 8.81 39 .2 45 11.3 12.3 28 1 69 2
6580 7.19 29.9 42 10 .5 9 .3 15 2 83 -
6586 4.13 19.3 47 4 .7 6 .6 16 2 80 2
6688 7.22 28.1 40 4 .4 9 .1 26 - 74 -

6 6540 7.81 35 .9 44 11.2 12 .8 19 - 81 -

6580 7.18 30 .3 43 12.5 10.3 15 - 82 3
6686 4.76 23 .4 46 5 .4 7 .7 19 1 79 -

6688 6.58 28 .0 41 7 .8 9 .5 21 - 79 -

7 6540 7.32 32 48 13.5 12 .2 21 1 78
* ♦

6580 6.95 30 .2 44 11 .0 10 .5 24 - 71 5
6686 4 .66 23.3 50 5 .6 7 .4 18 - 83 -

6688 6.52 28 .4 44 6 .8 9 .7 20 — 80 -
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8 6540 7.32 34.1 47 13.2 13.0 25 2 72 1 -

6580 7.18 31.6 45 11.7 11.4 20 - 78 2 -

6686 5.16 26.6 52 6.5 9.1 15 1 84 - -

6688 7.19 30.8 44 6.9 10.2 12 - 88 - -

9 6540 7.58 33.4 45 11.5 11.5 17 4 79 - -

6580 7.73 34.2 45 13.4 11.9 14 4 82 - -
6686 5.43 26.0 48 6.4 9.1 11 5 84 - -

6688 6.23 26.5 43 11.9 9.8 10 4 86 - -

10 6540 7.71 37.8 50 13.3 12.6 22 6 72 - —

6580 7.76 33.7 44 12.8 12.0 32 4 64 - -

6686 5.77 28.1 49 6.5 9.7 26 5 69 - -
6688 6.57 30.4 47 8.5 10.2 15 ® 81 - -

11 6540 6.98 35.5 51 12.7 11.3 14 4 82 - —
6580 7.76 32,8 43 12.3 11.7 18 5 77 - -
6686 5.83 28,5 49 9.2 9.5 23 7 70 - -
6688 7.11 30.1 43 7.7 ' 10.7 15 5 80 - -

12 6540 8.00 40.4 51 13.8 13.5 18 5 77 — —
6540 8.71 41.2 48 14.9 13.0 20 4 76 - -
6686 6.38 30.2 48 7.4 10.3 14 3 83 - -
6688 7.02 30.4 44 16.1 11.1 13 4 83 - -

13 6540 8.27 38.7 48 14.6 12.0 14 4 82 - -
6580 7.99 33.6 43 12.5 12.3 15 5 80 - -
6686 6.01 29.0 49 7.2 7.7 16 1 83 - -

6688 6.73 30.3 46 7.5 10.3 16 4 79 - -

14 6540 7.16 32.5 46 12.9 11.5 10 1 79 © _
6580 7.24 30.4 43 10.4 11.0 18 2 74 1 -

6586 5.42 25.6 48 6.3 8.9 24 2 79 - -

15 6540 6.14 30 50 7.3 11.7 18 1 81 - -

6580 6.99 26 37 10.8 10.1 20 2 75 - -

6686 4.89 24.5 50 6.4 9.9 19 1 78 - -

16 6540 7.40 30 41 11,0 11.2 14 2 77
♦ ♦

6580 6.89 26 38 11.8 10.0 15 3 71 - -

6686 5.85 27 42 6.8 9.2 17 3 80 _ _
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