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ABSTRACT

Ricinus commuuis Linn. Family Euphorhiaceae was
originally a wild plant, but 1ie now being cultivated
in the tropice. The plant is cultivated primarily for
the oil obtained from the seéd. The eseed contains a
polsonocus protein known as ricin which has Dbeen
imwplicated in cases of polsoning in both man and
animals. The whole plant lhae been ueed over the ages
in traditlional medicine and is also employed in both
pharmaceutical and general industries.

In ihis work wvarious parts aof the plant were
ecreened pharmacognostically and toxicologicmlly. The
results of the phytochemical screening indicated the
presence of lignin, tannins, oils, starch, cellulose,
mucilage, free and combined reducing sugars, alkaloids
and flavonoids in all the parts of the plant. Ricin
was found to be present only in the seed.

A detailed microscopical study of the anatomical
sections and powdered forms of the different parts of
the plant were carried ouvt and characteristic features
like xylem vessels, fibres, nature of cells, calcium
oxalate crystals and cork cells were olheerved. The
molsiure content, ash and extractive values were also

deternined.
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The toxicological screening of the aqueous extract
(ricind of the cend gave the median lethal dose (LDso)
as 0.0003z per kg. Chronic toxicity studies indicated
lung oedema and Yiver necrnsis. The extract also
caused hacwolvyels of red blood cells.

The wvarious results and data obtained from the
pharmacognostic screening would be useful in  the
preparation nf pharmacopoeial monographe and help in
the realizatior of the full economic potential of the
plant. The results of the toxicity studies would
serve a= an aid in the treatment and maintenance aof

casnee of poisoning.
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1.1 INTRODUCTION

Ricinus communis Linn of the family Euphorbiaceae
was a native of Asia, but is now being cultivated in
tropical countries including Nigeria, where the small
varieties grow wild.

The annual production of castor o©il seed amounts
to 800,000 - 900,000 tonnes and 350,000 tons of oil.
Major producers of the plant are China 310,000t of
beans, India (18%,000t> and Brazil (146,000t). Two
thirde of the total world production is exported in
form of seed and o0il, and of these China exported
32,000t of oil, and 127,000t of seed, Brazil 60,000t
of oil and India 31,000t of o0il in 1988 alone (Rehm
and Eepiq, 1991).

The entire seed is very poisonous on account of
the presence of a toxalbumm called ricin. Ricin is
not present in the grade A o0il expressed from the seed
used as purgative (castor o0il) but small amounts can
be found in the grade C and the highest concentration
in the cake. The cake has been found to be a
contaminant of linseed and maize meal. On account of
its poisonous nature the 'cake' is used exclusively as

fertilizer. This cake is rich in protein (15-20%) and



therefore it could act as feed material for man and
animal (Rehm and Espiq, 1991).

By whatever route it is administered ricin is very
toxic. All animals are susceptible to its effect.
According to Clark (19047), the horse is definitely the
most susceptible animal while sheep, cattle and pigs
are least resistant, and ducks and hens  more
resistant.

True immunity can be produced through the
administration of immunizing doses of the phytotoxin,
by giving increasing doses (or concentrations) of the
phytotoxin. An animal 1s& rendered immuned by
injecting gradually, increasing doses of the toxin.
The immuned animal can then tolerate amounte of up to
800 times the lethal doses.

Immunity in cattles and calves can be induced by
feeding increasing amounts of the Dbean (Breirem,
1943>. Passive 1immunity <can be induced by the
injection of the specific antiserum, but this is not
likely to be on hand under field conditions (Clarke

and Johnson, 1956).



1.2 LITERATURE REVIEW

1.2.1 THE PLANT

MORPHOLOGY

Ricinuse communis Linn. Family Buphorbiaceae is
originally a tree which can get to a height of 10
netree. The agricultural cultivars are usuvally grown
annually, particularly the dwarf cultivars (60-120m
high), which are best suited for dry areas and for
mechanical cultivation. Branchy at the base, round
alternate leaves, on long leaf stalks, palmately lobed
with 7 dentate globular lobes. The shoot formation is
sympodial with inflorescences at the end of the shoot,
and branching under each inflorescences. Vith most
types, the female flowers are in the upper part of the
inflorescence, while the male is in the lower part.
Female capsule containe 3 arillated seeds.

The seeds are rounded, oblong and somewhat
flattened from 8-12mm long, 6-9mm wide and 4-8 mm
thick with an arched dorsal surface and a nearly flat
ventral surface. The seed coat which is thin and
brittle, is smooth and glasey, varying in colour from
greyish brown to grey, and mottled with reddish brown

or black spots and stripes.



At one extremity of the seed there is a prominent
and usually pale coloured caruncle, from which the

raphe runs along the ventral surface as a distinct

line to the other extremity, where it terminates in a

raised chalaza. The caruncle can be removed easily,

disclosing the hilium beneath as a dark spot.

A delicate esilvery-white membrane inside the seed

coat surrounds a large, yellowish white oily endosperm

which encloses the embryo with +two large papery
cotyledons.
_.The seeds have a elight odour and weakly acrid

taste. They contain a high proportion of fate and

proteine and some ricin. There are many forms of the

plant with variations in the shape of the leaves and

colour, size and seed markings (African, Pharmacopoi-
ea, 198%5).

The epidermis consists of polygonal pitted cells,
some with and othere without brown contents. = The
layer of seed coat consist of brown, pitted and
sclerenchymatous cells. = There are large aleurone
grains in the endosperm and abundant fixed oil. The
aleurone grainse are round or ovoid and measure up to

20p in dianmeter.



1.2.2 ECOPHYSIQLOGY —

e Be compunis Linn comes from the tropical
regions of the world and it grows well in_ the wet
tropice to the sub-tropical dry regions, wherever its
temperature requirements are satiefied. Growing time
ie_4.5-6 months, optimum temperature 20-25=<C and over
38°C the seed setting is poor.

In _areas with summer rainfall the dwarf cultivars
can_be grown with only S00mm rainfall, although 750-
1000mm is optimal. Due to its deep reaching root
systems, castor is quite drought resistant.  Short

daye delay lowering, however, castor has little

sensitivity to daylight. It prefers deep, sandy loam
with a pH of 6, but it can be cultivated on a wide
variety of solle with a pH range of §-8. 1t does not
tolerate ealt, The nutrient removal for 1 ton of seed
(with capsules) is about 30 kg W, 5 Kg P, 12 Kg K, 4
Kg Ca and 3 Kg Mg. Unbalanced nitrogen fertilization
encourages the growth of foliage at the expense of

flower and seed formation (Rehm and Espiq, 1991).

1.2.3 CULTIVATION AND PROCESSING

_In mechanized cultivation, seede are sown with

a spacing of about 90 cm between the rows and S0cm

within the rowe (seed requirement 12-18 kg/hectare,

depending on the seed size). The seed is sown Scm



deep. Veed control ie especially important in the
first weeks, as the plant initially develops quite
elowly. Mechanized bhoeing should be done with care,
as the young plants are very sensitive due to their
brittle nature.

_. Good soil preparation and the eradication of
persistent weeds befaore sowing are of esubstantial
help. In the U.S.A, general herbicides are used

before germination.

_In the main areas of cultivation,

_which have low
atmospheric humidity, diseases do not play a major
role. Insect pests are generally held in check by
sanitary measures and crop rotation. _

Plants begin to bear fruit at about 4-6 months
old. Indehiscent cultivars are harvested fully ripe
by picking the capsules by hand, possibly using a cup-
shaped device, or mechanically; with cultivars that
burst open, it is recommended that the infructescences
are cut off before fully ripen, and then left to dry.
The non-shattering capsules are broken to separate the

seeds from the fruit walls and in large-scale

The seed is then shelled and the husks removed by
winnowing before pressing for o0il or extraction (Rehm

and Espiq, 1991).



o A

1.2.4 USES QF THE PLANT

Ricinus communig has been employed by man over
the ages for various medicinal purposes and more
recently in industry. It is of great economic and
export poterntial.

Scarpa and Guerci (1980) reported the use of the
cactor plant in Traditional and modern medicine in
over 50 countries for warious ailmente.

Following is a brief summary of the therapeutic
use of R, conpmunis based on pharmacological actions of
the different parte of the plant as described by
Scarpa and Guerci, (1980),

Respiratory apparatue

Castor bean latex 1ie used when recovering fronm
rhinitis in China, the leaves are uvused in treatment of
angina in Madagascar; splashing leaves with vinegar is
used to cure chest inflammation in Italy; Castor oil
with infusion of orange leaves {is used against
bronchitis in Haiti; other countries include India,
Pakistan and Ivory Coast (Pierre-Noel, 1959; Scarpa
and Guerci, 1980).

Cardigvascular apparatus

In the 10th century, o0il was used for treatment of
apoplexy in Iran; the o0il used for treatment of
cerebrial congestion in Haiti and Ceylon, the oil is

also used for lubricating inflammed parts in
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lymphangitis in Haiti (Pierre-Noel, 1956).

Digestive apparatus

_ The leaves are used locally for the treatment of

dental cariee in Madagascar; Roote are wused in
treating odontalgia in Zululand, and from relief from
gastrolgia in Zululand, Columbia and Mexico; and for
The plant i= also used as an anthelmintic, taeniafuge,
treatment of stomach ache, diarrhcea etc (Vatt and
Breyer, 196G2>.

The plant ie used for healing of contusions and
related  inflammations in  Haiti,  mending _ bone
deformations in Algeria; Treatment of articular pains_
in Ttaly, TIndonesia and Libya; It 1is used as an
antirheumatic in Madagaecar, Arabia, Somalia, Caylon,
India, and Pakistan, The root 1is used against
rheumaticem, lumbago and sciata in India; and for
nmassage of afflicted 1limbs in Haiti (Scarpa and
Guerci, 1680).

Urogenital apparaltus

The roots are known for diuretic action in Italy;
It ie also used in treatment of inflammation of
genital organe in India and Pakistan, the purified
seed ie used against vaginal and uterine diseases; the

0il is considered to have a spermatopoietic action in
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India; and to relieve pains duve to renal calculis in
Algeria and Sri Lanka and for hydrocele in Sri Lanka
{(Scarpa and Guerci, 1980>.
Infectious diseases

The leaves are used in treatment of small pox by
pygmies of Africa, for treatment of “tropical
framboesia in Eritrea, Libya, Somaliland; The seeds
are ingested to contend leprosy in Senegal, Guinea
Bissau, Ivory Coaet and Upper Volta; and treatment of

Bilharziasis in Senegal (Kerharo and Adam, 1974).
Oncology

___Scarpa and Guerci (1980) reported the use of the
plant in treatment of tumoure (and mammary tumours? in
ancient Greece.  More recently research 1is Dbeing
carried out to evaluate ite usefulness in anticancer
theraphy due +to dits antineoplastic (cyto-taxic)
properties.
Puericulture and pediatrice

The custom of smearing children with o0ill at birth

wae reported in Malawi and Central Africa; The oil and
leaf are used against bronchial catarrh in Guatemala
and Columbia; Treatment of cateralgia in India and
flatulance 1in Pakistan; The oil is used in treatment
of diarrhoea in transvaal, Haiti, Brazil and Columbia
and ae a purgative in Italy; for relieve of mastitis

during suckling in India and Pakistan; Treatment of
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hupogalactica in Somalia, South Africa, Cape Verde
Iglands, Madagascar, Indiam, Pakigtan and Columbia
(Bcarpa and Guerci, 19803,

The il is used for treatment af Tiﬁea and
Sehorrhea af scal? in Bthiocpia and ltaly; For scables
and skin diseases 1n Angnla and Guinea Bissau; Againsit
impetigo, eczema and pustules by Basutos in South
Africa; Treatnént af furuncles in Tanzania; Against
warts in South and EBast Africa; Castur bean is uveed
for its wvulnerary aciion in India - against snake and
scorplon biltes, the plant is also used for antiseptic
and topical action, apnd in the feild of cosmetplorgy in
India and Tanzania {(Ganora, 1929; Scarpa and Guerci,

16305,

B L TPy v R

¥Yeneral diseases |

The crushed seeds are used in ’c-rea’t-mén’t- of
~blennorhagia in EBEritea; Treatment of gonorrhea in
Vominican Republic, India and Pakistan, and treatnent
of Syphilils in Alger;g”jﬁparpa and Guerci, 1980),

The crushed ceeds or dried leaves are used agalnst

otitis in Tranevaal, Ceylon, Thailand, Malaya and
Haiti, and curing of troubles of speech and hearing

in Chinese medicine (Brondegaard, 1976,

Qpthamalogy
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Castor o0il is used to prepare, as a soothing base

for opthalamic compounds in Nigeria; used locally
against conjuctivitis in India and Pakistan, and for
inflammation of the eye in Indonesia, Italy and
Columbia (Brondegaard, 1976).
Obsterics and Gynaecology

The pulverized root is used as an antiseptic in
cases Of haemorrhage of hymen in South Africa, the oil
is used as ammenagogue in Algeria, promotion of
menstrual flux in India and Pakistan, treatment of
amenorrhea, and against chest and abdominal pains in
pregnant women in Ceylon. The seeds are eaten to
induce of barrenese in Algeria and Mexico
{Brondegaard, 1976).
Nervous System

Leaves are used locally against cephalgia in

Tonga, South East Africa, Madagascar, Nepal and
Phillipines; The o0il is used for Massage in Mexico and
Paraquay; As a stimulant of motor activity in Russia,
Treatment of nervous and mental diseases in Senegal
and India and againet paralysis in Algeria
(Brondegaard, 1976; Scarpa and Guerci, 1980).
Yeterinary Science

Castor oil is used for treating skin diseases in
animale and eye inflammations in South east Africa;

against 'Berne’' do gado in Brazil (Scarpa and Guerci,



16802,

The main use of castor seeds is for the production
of castor ail.- 1t is used medicinally as a laxative
and emollieut. The o©pil contailns 01-85% ricinpleic
actd, which is _uged im the production of many
important products, such =ae heptaldehyde used in
perfume  synthesis) undecenylilie acid as starting
material for the synthesis of a variety of chemicals;
octancl ~ wtllized as a solvent and in  perfume
synthesis; and sebacic agid - used for synthetic
fivres and resins. _ ;

Castor o0il iteelf retains its viscomity at high
temperatures and is therefore used as a luvbricant.
Becavse it does not oorrode rubber, it dise used as an
additive in +the production of crumb subbar and i1in
hydrauvlic systems (for example brake fluidsd.

In the plastic industry, it iz used as =a
plasticizer. Due to its ability to dissclve certain
colours, it finds application 1in Qipsticks, ar
cosmetic products, printing inke and in textile
industry. Polymerized castor 01l gives permanent
adhesion and plasticity to paint materials.

It is seldon used any more as a purgative. The
press oake 1s polisonous ang is. only used as a
fertilizer. Fermented castor seeds are used as a

condiment in Eastern Nigeria, unripe and aleso roasted
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ripe seeds are eaten in Indonesia.

Shalle and stems are used ar fuele and for
mulching. The young leaves can be consunmed as a
vegetable., Vhen animals are acocustomed to the leaves,
they can be fed these as fodder, inspite of the ricin
content, Castor leaves are the main food of the eri
8ilk worms (BEelm and Espig, 1881),

1.2.5 CONGTITUENTS OF THE. SEED

Castor oil eseed contains 42-56% fized olls,
which 15 an almost colourless or slightly vellow
viscid liguid with a slight characteristic odour.

The il contains 91-95% ricinoleic aclid which is
chamically much more reactive than any other fatty
acid due to a double hond on tha oth Cmrbon atom, and
a hydroxyl group on the 12th. Tt can he dehydrated to
form a fatty acid with 2 conjugated doubdle bonds which
can he easily polymerized (Ciw»HezOH COOH - Ricinolelc
acid?). o | | o

At 27%*C in an alkallne medianm, tﬁe ricinoleis
acid is =eplit, forming eebacic acid and octanol;
Vacuun distillation raaults.in unfecenylic acid ang
heptaldehyde (Rehm and Espliq, 19G1)3. The castor hean
seed coat constitute 17-20% of the seed total weight.

Castor oil ia'cnmpbsed.nf glycerides of pleicg,
linpleic, stearic and dihydrostearic acid though

mainly pnf ricinolelic acid. It also contains globulin,
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cholesterol, lipase, vitamin E or tocophenol (Scarpa
and Guerci, 10980).

The cake left after expreesion of the oil contains
a crystalline principle ricinine, ricin and a very
active lipase.

Ricin, a toxle protein occurs in the form of a
white powder that is eoluble in water and glycerin, it
is a glycoprotein containing in different amounts the
amino acids -~ arginine, histidine, lysine, tryosine,
tryptophan, c<cystine, methionine and glycol. 0.2% of
ricin has been {ieolated from the seed (Vatt and
Breyer, 1962).

Ricinine has the characteristice of alkaloids but
does not form salts with acide. It forms colourless
rectangular prisme and laminae, having a slight taste
of bitter almonds (Tuson, 1864).

Ricinine (N-methyl-cyano-methoxy-—-pyridone} is an
alkaloid, derived from pyridine and has been isolated
in crystalline form. It is odourless and soluble in
water, chloroform, alcohol and other organic solvent
(Kerharo and Adam, 1974).

The amount of ricinine in the seed increases as
the seed germinates, it has alsc been isolated from
the leaves. The pressed seed yields 0.3% of ricinine
(CaHaO2N>) m.p 201-5°F subliming at 170-80<; and the

whole plant yields 1.1%. Ricinine contains a nitrile
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group and a pyridine nucleus,
The seed also contalins a powerful allergenic

principle whlch produces on inhalatlon allergic coryza

snd Tbronchial asthna, It is known as Ricinus
allergen. Castor %wean ocontaine abkout 1.8% of the
all@rgen._  The ricinus allergen passee through

membranes whose pores are too small to permit the
passage of ricin {(Ogundokun, 169617,

It has aleo been confirmed that in addition to the
extremely toxic priasciple ricin, the seed also
containg agglutinies with much 1cwer'tnxicity (Olsnes,
is78y. )

The eseed alec yields 1,16 pgs/g of ribaflavin,
13.0pg/g of nicotinie aeid, tocophenc! 1%, Nonsterol
21.6% and 0.0061% of uric acid. A positive test has
been obtained for the precence of urease in the seed
and for a protein denaturing snzyme (Vatt and Breyer,
18622,

Glutamine has been extracted in large quantities
from the germinated =seead. The product of bydrolysis
of the seed was found to contain norleucine.

During germination of the castor oll seed, the
formation of volatile, non-volatlle and ketonic acids
oocur, among which formic, acetlic, buiyric, lactico,
sucoinic, fumaric, ualio, citrig, pyruvic, o~

ketogiutaric and ascorbic acids have been noted
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(Kerharo and Adam, 1974).

1.2.6 TOXIC PRINCIPLE - RICIN

The reeidue left after extraction of the oil by
pressing containe the toxin ricin.

Ricin, the active principle of the seed belongs to
the group of plant toxins known as 'phytotozxins'. It
ie a protein of molecular weight 77,000 (Kabet et al,
1947,

Phytotoxine (also known as Tozalbumins) are
protein moleculese of high toxicity produced by a small
nunber of plants. In vitro, they cause agglutination
of erythocytes. It has Dbeen suggested that they
function in vivo as potent proteolytic enzymes, owing
their toxicity to Dbreakdown of crucial natural
producte. Ricin solutions are coagulated by heat, the
coagulation causing complete lose of toxicity but not
of antigenicity (Breirem, 1943).

Polsoning has arisen from accidental or deliberate
admixture of pellete of castor cake with other feeding
stuffs, It can be caused by meal mixed in a plant
previously used for castor seed (Fox, 1961).

Ricin is absorbed in the gut. An aqueocus extract
of castor bean contains ricin. It is highly stable
and keepe for monthe without deteriocration (Vatt gnd

Brayer, 1062).
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The minimum lethal dose of ricin by injection is
about 0.0001 mg per kg (0.00000001%> of animals
weight. Oral administration ie several hundred times
lees toxic -~ this suggests that ricin is not readily
absorbed through the wall of digestive tract, aor that
it maybe partially destroyed during ingestion. In the
case of the ingestion of whole seed, the degree of
magtication and digestion determines in part the
amount of ricin available for intestinal abeorption.

Ricin differs from bacterial toxine and enake
venom in the relative ease with which it is absorbed
through intestinal wall. Ricin 1s present in all
parte of plant but predominantly in the seed,

Ricin is a mixture of three glycoprotein, one of
which 4= Ricin D which has 493 amino acids and 23
csugar unitse with a total molecular weight of 55,000
divisitle into 2 units.

Ricin D is composed of 2 polypeptide chaine linked
by a single disvlfide bond. One of the chainse has an
N-terminal {iecleucine, a C-terminal serine and one
glycopeptide moeity. The other chain has an N-
terminal alanine, & C-terminal phenyalanine and 2
glycopeptide moeties. The sugare are attached to
elther aspartic or asparagine as olligoeaccharides

(Funateu et al, 1971).
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Funatsu et al (1988) reported that ricin D
contains, manose, fucose, xylose and N-acetylglucosa-
mine as =sugar compounds; and that the sugar chains are
linked to Aen-10 of the A chain and to Asn-95 and Asn-
095; ManS-7 Glc NA.-> and Ma. to Asn 135 of the B chain;
and MuFY and ¥3X to Asn-10 of the A-chain.

After +treatment with R-mercaptoethanol, +the
ability of ricin to 1inhibit protein synthesis in a
cell-free system is increased %0-100 fold, whereas its
toxic effect in living animale and in cells in culture
is wirtually abolished suggesting that the 2 chains
have different functione.

The emaller peptide chain A strongly inhibited
protein synthesie in a cell free system from rabbit
reticulocytes, whereas the larger peptide B chain
lacked this ability.

Human erythocytes pretreated with intact ricim or
with B chain were agglutinated by an antiserunm
directed epecifically against rizin, whereas
erythocytes  pretreated with A chain were not
agglutinated under eame conditione. Only the B chain
was bound to & sephradose columm, & binding which
could be abolished by the presence of galactose. This
shows that the toxic action of ricin is associated
with +the A chain and that B chain functions as a

carrier moeity which binde the taoxin to the cell
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surface (Olsnes and Phil, 1973}, e e
Cushley (1985 stated that riéin is a
heteradimeric glycoprotein derived from the cotyledon

af & cpmmon bean, B commundie, It has & m.w. of

43,000 and upon reduction with 2Z2-mercaptoethancl is

SLfdvisible into ite 2 strvcturally distinct sub-units,

Theme are the A-chain (RTA) which acte enzymatically
ae an irreversible inhibitor of eukaryolic cellular
protein esynthesis ard the B-chaln (RTR? which
functions principally as a lectin with specificity for
galactose containing cell surface mecromolecules.
Moroney et al <16887) state that ricin has 2 separate
hinding sites for galactose.

Inplation of ricin from E. communis seed cake is
done by aguepus extraction. Purification is carried
put  hy fractionating with (KHs > 250 and  then
chromatagraphy on sephadax G-100 (Dirhetimer et  al,
1965 or EBletrophoresis (Funateu et al, 1971 to give
its fractions. Ramakrishnan et al (1983} prepared
ricin A and B by chromatofocusing and by DEAE B1Q Gel
A chromatograghy. i

A winple and rapid method for +the isclation and
purification of ricin was designed by He et al {(1888),
Ficin wat Irmolated from the eseedes of castor bean by
homogenization and (HH4 Y2304  precipitation, then

purified by Sephrarpse 4B colomn. this meilhod was
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founad fn be simple, efficent and useful for obtaining
ricin for the preparation of immunotoxine.

Emnmanuel et al (1988), after coapisetely cleaving
pf ricin inter chain Adisulfide Ddbridge with O0.085%
dithiothreitol in depaturing conditions at 370 during
,1.5H, weparated A =and B-chains on a lactosaminyl -
aminoethyl Biogel D-150 colomn at 4=, in the preeenée

.af 0.01¥ dithiocthreitol and (.%5MzCl:; A- and B-chains

. .were characterized by SDS-PAGE and iwmunol. Croes-

contamlination was =« 0.1%,

Isnplated ricin is judged *rr e homogenous by
chromatography or hydrowxyapatite, electraophoresis and
'nlffaCentrifugatinn;

Piatak (19873 determined DIVA smequences encoding
full length percureor proteins of both A and B
pofiibﬁs.of 2 ricin iso-toxins and ricin agglutinins,

88 well as the linker regions, The D¥A poriions or

':f?pnrtinns of modification theresf were exmrecced in

_ recombinant hosts to obtain desired proteins which can
readily be converted theretn.

The firet demonstrable effect of ricin on celle in
culture is the inhibhitiaon of proteln synthesis. The

" toxin inactivater the vibispmes rather than some of

" the =oluble ocomponents. Mfferent cells exhibit

different smensitivities to the towin., Only the intact

ricin inphibits protein synthesis in intact cells. The
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A chain of ricin can inhibit protein synthesis in
cell-free esyeteme but the EB-chain doee not have this
ability. On the other hand, the B-chain binds to cell
surfaces, probably to certain glycoproteins containing
terminal non-reducing B-galactose residues, and the
binding can be easily prevented by adding galactose or
lactose +o the medium.

The binding ie very important for the toxic effect
of ricin, since the presence of lactose and galactose
in the medlum strongly inhlibits intoxication. It thus
appears that the toxins bind to the cell surface by
their B-chain while the A-chain in some way penetrates
the <ell mexmbrane to get accesse to its target in the
cytoplasm (Olenes, 1978). In intact cells, the
ribosomal 6085 unit appears to be the site of action of
the ricin. In some experiments, one ricin molecule
wae found to inactivate a large number of ribosomes
indicating that +the ricin acts by a catalytic
mechanism.

Teurgi and Ebert (1987 showed that RNA K-
glycosidase activity af A-chain of ricin was
recponeible for the ablility of ricin to inactivate
eukaryotic ribosomas.

Teurg! and Ebert (19687) reported that the
cytotoxin-ricin retaine ite specificity when tested on

a synthetic oligoribo-nucleotide (35-Mar) that mimics
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a region of 288 ribosomal RNA. Ricin depurinated a
nuclentide 1in the synthetic oligomer and in the
presence of aniline the phosphoribose backbone was
cleaved at a position that conforms to A-4324 in 28S8-
RNA, the site of the toxin in vivo.

Stirpe et al (1988 confirmed the work of Tsurgi
stating that ricin acts to introduce a specific
modification 1nto 26-285 rRNA which renders the RRA
sensitive to cleavage by aniline.

Van deurs et al (1988) suggested that
translocation of toxic ricin A-chain to cytosol occurs
in the tranc golgi network. Conformation of ricin and
its A-chain depends significantly on pH 3-8, for B -
4-5 1.e the conformation changes with pH. The
affinity for galactose of ricin and isolated B-chain
depende on pH and the maximal binding observed pH was
at pH 7 (Bucshueva and Toneviteki, 1987).

Methylamine stimulates the action of ricin toxin,
this was also found true for some other amines (Mekada
et al, 1681).

Proteins extracted from wheat germ 60-S ribosomal
sub units and rat liver 605 and 405 ribosomal units
with 3M NH,C1 75mN MgCl. were able to prevent the
ricin A-chain mediated inactivation of untreated 808
rat liver ribosomes. This data being consistent with

the idea that the enzymatic target of ricin A chain is
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protein in nature (Chang and Houston, 1081).

Balint (1083) used irradiation with ultraviolet
light to decrease significantly acute toxicity of
ricin in intraveritoneal administration to mice.

The free chains pf ricin A and R were more
reactive ir the d{immunoaseay than the equivalent
gquantity of the undivided chaine when combined 4in
intact ricin (Ramakricshnan et al, 1982),

Montesano ot al (19282) reported that Disucciwmydyl
eunberate cross linked ricin does not inhibit cell-free
protein synthesia. Ricin was reacted with
dissucinimydyl sudberate to yeild a molecule in which
the 2 and B chains were covalently linked through a
non-raducible Yhond. After purification, this croes-
linked ricin analog was unadle *to 1inhibit protein
eynthesis in a cell-free translation eystem from rat
liver In contrast, after modification with the
croge-linking agent the isolated ricin A chain
maintained 4{ts inhibitory activity. These results
supported the wviews that the ricin must be cleaved
into its conetituent polypeptide chains to elicit its
toxicity and suggeste that +the reduction of the
disulfide bond alone ie not sufficiert for ribosome
inactivation 4in vitro.

Arming « 2-macroglobulin with ricin A chain forms

a cyto toxic conjugate that inhibite protein synthesis
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and kille human fibroblasts. Ricin was found to be
28,000 times meore inbibitory than chain A alone. The
presence of a 2-macroglobulins did not iacrease the
cytotoxicity of uwneconjugated A-chain, and it even
protected cells te a slight extent. The inhibitory
action of +the conjugate was blocked by antibodies
specific for o 2-marcroglobulin or ricin and was not
prevented by galactose or antibodies specific for
ricin B (Martin et al, 1963);

Contcamnavalin A-induced inhibition of ricin
activity parallels with a Jecorease of the nunber of
toxin-binding uvptake-elution circles (Delfinl &t al,
19823,

Sargliacomo and Hughes, (18823 reported that a
cytotoxice photoliable crosslinking derivative of ricin
was found to be fully toxic when treated in the dark
on 1intmct cells but  toxicity decreaced with
irradiation. |

After digestion with papain, pepsin and pancreatic
polypeptidase the toxicliiy is greatly reduced by +the
transformation of the toxalbumin into fractions of the
‘albuminose type.

Rizin agglutinates not only blood but also
cholgsterel suspensions and other euspensione of
- negatively <charged particles. Less than O.1X,

obtained by lycophillizing an agueous extract of
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crushed seed, inhibits tumour growth about &60% (Vatt
and Breyer, 1962).

By whatever route it is administered ricin is very
toxic. The single oral lethal doses of the seed in
g/kg are said by Miessner (cited by Clark and Clark,
1975> to be as follows:—- Horse 0.1, Ox 2.0, Calf 2.5;
Sheep 1.25; Goat 5.5; Pig 1.4; Piglet 2.4; Rabbit 1.0;
Geese 0.4; and hen 4.0.

However, there appears to be a wide individual
variation in susceptibility to the toxin. Miessner
found, for example that although, as stated above, the
average lethal dose for the rabbit is 1g/kg, some
animale were killed by 0.4g/kg while for others
1.25g/kg wae necessary to be certain of producing
death.

Similarly, Clarke (1947) states +that the oral
lethal dose of castor seed in the horse may be as
little as 0.007g/kg, yet in some animale even 0.3g/kg
may not be lethal.

The toxic dose by parenteral administration may be
500 times lese than the oral dose. Thus, sub-
cutaneovs injections of the ricin from img of castor
seed ie =said to be fatal in the rabbit (Clark and
Clark, 1975)>.

There happens to be a lot of disagreement on the

poesible lethal dose of the toxin (ricin) in man and
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ather animals.. The Zulus regard three see& ae a fatal
dose (Watt aml Breyer, 1962). Thie workers regard two
seeds as a fatal dome in an adult and pne to a child.
But it is clear, however, that recovery has followed
ingestion of larger quantities, the form in which seed

is swallowed might alsc be significant,

1.2.7 OSIGNS AND SYMPTOMS OF POISONING

There is a characieristic latent pericd between
ingestion of castor beans (or injection of ricin in
exparimental poisoning? and the onselt of signs.

This lag time decreases with increasing amcunts of
toxin given and may last for s few hours when high
anmpunts of toxin are inject&d.

in horses the latent period is usually several
houre but may be as long as 2-3 days (McCunn et al,
18453, In birde {1t ie never less than 486 hours,

Steyn (1934 =states that if large anounts of
castor bvean are eaten by horses, general weakness and
collapse may be avident alwmosl lmmedliately. Clinical
signse are progressive, becoming more serious ase the
Case gZoOes on.

HeCunn et al (1945%) gave a detailed description of
the appearance oi harses at all stages of castor bean
polscning. In the early stages animale were dull,

later they showed signs of inco-ordination and in



severe cases, there was profuse sweating, tetanic
spasns of +the miscles and a 'tumiltous'’ hemrt beat
which ®shook the entire body. All animals showed
profusely watery disrrhoea and even in the wmost
saverely poisoned animal there was no blood in the
faeces, tut Anderson (1948) gave an account of
poisoning in cattle in which the main sign was bloody
diarrhoea. S

Geary (1950) npoted vomiting and diarrhqea {not,
blocody? in pigs. The animals were weak and showed
sone inco-ordination and signs of abdominal pain. The
skin o©of the ears, flankse and hams were cyanotic.
Dullness, drooping wings, ruffled feathers and greyish
coloured watiles were observed in pullete while adult
birds were lece severely affacted.

In experimental poisoning by parenteral
adninsgtration of ricin, after +the dinitial latent
period, the animal rapidly lost welght and developed
diarrhoea. Convulslons then suddenly appear,
alternating with periods of flaccid paralysis; these
persist until the animale die within an hour or =mo
(Clark, 1947>.

The wmwost common symptoms are nausea, vomiting,
 abdominal pain, colics, diarrhuea,'hemnrrhage‘frnm'thé
_anus, anuria, crampe, dilation of the pupils, fever,

thirgt, burning in the throat, headache and shock



28

synptoms. Death occurs 1in exhaustion or cramps
(Dlsnes, 1978)>.

¥eretic (1980) reporte the case of poisoning of 7
adulte and 7 children, treated in hospitals and out
patient clinice. Symptoms of poisoning appeared a few
hours after ingestion as profuse vomitting and watery
diarrhoea leading to dehydration. Also arterial blood
pressure dropped, leucocytes with neutrophilia and
eosinolymphorpenia appeared, occasionally associated
with a slight increase in blood glucose and ECG
changee with a lowering of final complexes. In one
case, ECG changes developed further and persisted for
more than 1 month and in another for 8 days. Medical
treatment was symptomatic.

Acute poisoning with the seed also resulte in the
production of hyperplastic mnyelosise from stimulation
of the bone marrow, followed by haemolytic anaemia,
hyperchromia, neutropenia and eosinophilia (Watt and

Breyer, 1062).

1.2.8 POST-MORTEM FINDINGS

The contents of the gut are fluid or semi
fluid, there are patchy inflammation of the gastric
and intestinal mucous nmembranes, sometimes accompanied

by punctiform haemorrhages. The mesentric lymph
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glands are swollen, and there are frequent
inflammatory lines along blood vessels and lymphatice
of the meeentry. The liver and kidney may be swollen
and ocedematous or may be unaffected. The lunge may be
oedematous and the trachea and bronchi filled with
frothy cedematous flulds (Dlsnes, 1978).

Geary (1950) states that a fowl that died of
castor bean poisoning showed inflammation of the
oesophagus, crop and true stomach.

After injection of high doses of toxin, autopsy
shows baemorrhages of the intestine, mesentry and
omentum, and often a diffuse nephritis; and after
injecting smaller doses, the avtopsy shows
haemorrhagee in the ileum and a ret spotted ocedema of
the Peyer's patchee is observed. Multiple necrosis
appear 1in the 1liver and kidney, and there 1is a
degeneration of the myofibrile 1in the myocardium.
After subcutaneous injection of sub-lethal doses,
necroels and induration occur around the injection
site (Kobert, 1906>.

More recently it has been shown that in the liver
of rate treated with ricin, the sinuspidal cells were
more damaged than the hepatocytes (Dlsnes, 1078)>.

Watt and Breyer (1662) reported dirritation,
congestion and necroeie of the mucosae of the gastro-

intestinal tract and in some cases erosion of the
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stomach wall.

Henry et al (1987) reported the ultra structure of
degenerative changes within the ipsilateral
trigerminal ganglion and partes caudalis and
interpolaris of the spinal trigerminal nucleus in a
cat following the application of ricin to the tooth
pulps of unilateral maxillary and mandibular posterior
teeth including the cupsids. The survival times
rangee from 6-10 days and typical changes identified
within the ipsilateral trigeminal ganglion include
mnyelin fragmentation and 'compartmentilization' of the
axoplasm of medium-sized myolinated axons, while emall
myelinated and unmyelinated axonse underwent a more
variable response ranging from dectron-lucent to
electron dense changes. The affected cell body was
also characterised by +the presence of ewollen,
electron-lucent nmitochondria, a reduction of
cytoplasmic ribosomes and a filamentous hyperplasia.
Other changee 1include an eccentric nucleus and
catelite c¢ell proliferation. Degenegative changes
often occured 1in isolated elements surrounded by
normal profiles, suggesting specificity of ricin
within the trigerminal ganglion. Changes within
brainsetem axons showed both an electron-dense and a
lucent fragmenting type of axonal alteration.

Terminal changes ranged from electron dense to lucent
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and also included filamentous hyperplasia and
'hyperglycogenesis’. The altered axonal knobs
contained round synaptic vesicles. The above
brainetem alteratione were identified specifically in
the following areas - ventrolateral, medial and
dorsomedial pare interpolaris; the ventrolateral and
wid-dorsal to dorsomedial areas of the marginalise and
outer substantia gelatinosa layers of pare caudalis,
and in ventral pockets corresponding to lamina V of
the medullary dorsal horn. Dense alterationse within
terminale containing flattened synaptic vesicles that
are typically presynaptic to primary effects in these
areas were rare findings but along with vacuolization
of dentritic profiles suggest a trans synaptic effect

possibly due to the exocytosis of ricin.

1.2.9 AINS AND OBJECTIVES QF THIS STUDY
The magnitude of human harzard from plant
(toxin) ingestion is suggested by the fact that plants
are the second most frequent harzadous substances
ingested by children under 5§ years of age and the
fifth most frequent harzadous material ingested by
humans of all agee (Oehme, 1978).
Between 12,000 - 15,000 reported cases of

ingestion occur in the U.S.A each year in children
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alone (Hardin and Arera, 1678}, Poi=oning by plant
toxins dincluding ricin have not received proper
attention although they present an important problem
to  public health. The most efficient means pf
preveﬁfidn. is health eaducation. Many of the
medications (preparations} prescribed in Traditional
medicine . us%ng Biginus communis are not given in
specific doses. There ise therefore a need to da =a
toxicelogical profile on the plant (ocrude drug) sc as
to prevent/minimize cames of pDisoning."hm_;;i,.

The specific aime and objectives of this research
rroject are:
~ To oarry out microscopic, chemomicroscopic and
. gquantitative mnicroscopic studies on the differant
 partse of the plant i.e leaves, stembark, root and
seeds, sBince all ithese parts are used in Traditional
 medicine preparations. |
.'— To determine the nature of the chemical constituents

present in the different plant parts. . . .

. =~ To determine the various evaluative parameters such

"as moisture content, total ash wvalue, acid inscluble

aBsh value, alcchol spluble extractive value and water

~ _ spnluble extractive value of the different plant parts.

- To carry out toxicological estudies on the aqueous

axtract of the seed (ricinl), this would include the -



ah
determination of a median letbal dose LDws and chronic

toxicity studies.;w,hwjhﬁ et s e

.~ To carry out quantitative estimation of ricin and
related submtances using haemolysis and spectroscopice

measurements., . I ol
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2.0 HNATERIALS AND WETHOD
¥ateriale and methods emploved in variouvs
gualitative and quantitative determinations have been

indicated and described in every case,

The plant parte (roots, leaves, stem bark and
seads) were collected in January 1993 from Xabba in
Kogi State. The wariety used was the large variety
used for making scup in the eastern part of Nigeria. |

The plant was identified by comparing with
avthentic samples preserved in the Herbarium of the
Dept. of Riologlcal Sciences, 4.B. U, Zaria. All the
samples oompared favourably, The identity of +the
plant was further confirmed by comparing it with the
description and diagram given in *'Cultivate plante of
the +tropice' by Rebm and Espig (19812 and 'Flora of
Vast Africa by Daziel (10846). The plant parts
. conformed strictly to the description given in thewme
books. This was necessary to ascertain that the

sanple collected was that of Ricinus communis L.
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2.2 DRYING AND STORAGE

The plant parts were air dried under shade at
room temperature for some days.

After drying the individual parts were ground
eeparately using mortar and pestle. The seed testa
were first removed before grinding. The ground stem
bark, leavee and roots were sifted using ¥o-44 mesh
and the powders obtained after sifting were used for
microscopical studies of the various parts.

The oil from the seed wae removed by washing in
petroleum ether (60-802) until there was no oil left.
The residue was then dried at room temperature for 3
days. These powders were stored separately in air
tight glass bottles and kept in a cool dry place and
used for microscopical, phytochemical and

toxicological studies.

2.3 SOLVENTS AND REAGENTS
All the reagents ueed were of laboratory or
Analytical grades. In all cases water used was

disetilled water. The reagents used were as follows:-

acetic anhydride

Acetone (95%>

Alcohol Q0%, 95%) (Ethanol?

Ammonia solution
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anihiline pthalate spray reagent
anisaldehyde - sulphuric acld spray reagent
Barfoed'se reagent
n-butanol
chlor-zinc-iodine
Chloroform
Chloroform-water (0.25%)
Copper acetate
Dragendorffs reagent (Bismuth pottasium icdine)
Ethyl acetate
Fehling's solution 1 (A-copper 11 oxide) and 11
(B-solution hydroxide)
Ferric chloride
Formaldehyde
Galactose
Glacial acetic acid
D-Glucose
Hager's reagent (a saturated splution of picric
acid}
Hydrochloric acid (10%)
K/50 iodine
Iadine wvapour
Lead acetate
Mayer's reagent (potassium mercuric iocdide solution)
Maltose

Magnesium fillings
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- Molisch'se reagent (10% solution of alphanaphthal in
alcohol?

= Phloroglucinol

= Ruthenium red

- S8ilica gel

- Sucrose

- Sodium acetate

- Xvlose

2.4 QORGANOLEPTIC EXAMINATION OF RICINUS COMMUNIS

The following sensory characters of the sten
bark, leaves, root and seeds of Ricinus communis were
observed. They are colour, odour, taste and texture

(Treace and Evans, 1083).

2.5 MICROSCOPICAL EXAMINATION OF RICINUS COMMUNIS

2.5.1 MNicroscopical Ezamination

The powdered materiale as well as transverse
sections of the fresh leaf, stem, root and seed were
used for the study and prepared for microscopical
examination as follows:— The anatomical sections of
the leaf, stem bark, root and seed were taken on a
thin slide separately and mounted in a few drops of

chloral hydrate solution. These slides were slightly
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warmed for 30 seconds (over heating was avoided as
this could result in the formation of chloral hydrate
crystale giving false observation, The sections were
carefully covered with cover slips to avoid the
trapping of air bubbles. After the section was
cleared properly, the slides were mounted in dilute
glycerol and observed under a microscope. These
sections mounted in dilute glycerol remained fresh for
a long period (Inyenger and Nayak, 1975, Trease and

Evans, 1983a).

2.5.2 Chemomicroscopical Examination

In order to differentiate the tissues and also
detect some chemical substances such as cellulose,
lignin, tannins, fate and oils, starch and calcium
oxalate orystals, the varioue anatomical sections and
powders of the different parte of R, communis were
etained with the appropriate chemical reagents on
microscope wslides and observed under the microscope

(Inyenger and Nayak, 19785).

(a) Test for Lignin

The powdered stem bark, leaf and root and the
section of seed were heated separately in a few drops

of phloroglucinol and conc hydrochloric acid for twoe
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minutes. A red colouration produced by any of the
tissues such as xylem conducting elements and
sclerenchyma etc indicates the presence of lignin.
The intensity of red colouration indicates the extent

of lignification (Trease and Evans, 1983b}.

(b Test for gile

The powders were separately mounted in Sudan IV
reagent to test for the presence of fats and fixed
oils. a pink colour in any of the tiesues indicates

the presence of fate and oils.

(c) Test for tannine

The powders (i.e leaf, stem bark, root and seed)
were mounted in Ferric chloride salution. A bluish-
black or greenish colour indicates the presence of

tannine (Trease and Evans, 1983c).

(d) Test for starch

The powderse (i.e leaf, stem bark, root and seed)
were mounted in N/S0 Iodine. A bluish-black colour
indicates the presence of starch (Trease and Evans,
1983e).
(e) Teat for Calcium gxalate crystals

The powders as well as the anatomical sections

were cleared by warming with chloral hydrate solution.
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The calcium oxalate orystale were seen as bright
structures. After addition of a few drops of
concentrated sulphuric acid, the crystals were
diesolved thus confirming the presence of calcium

oxalate crystale (Trease and Evans, 1083f).

(f) Test for Cellulose
The powderse were mounted separately in chlor-zinc-
iodine. A blue black colour indicates the presence of

cellulose (Trease and Evans, 1983h0).

(g Test for Mucilage
The powdered samples were separately mounted in
Rutherium red. A red or pink colour indicates the

presence of mucilage (Trease and Evans, 19834).

The powdered parte of the plant R. communis were
ecreened to find out the types o0of carbohydrates and
secondary metabolites like glycosides, flavonoids, and
alkaloide present 4in them. Appropriate chemical
reagentse were used on them and resultant changes

recorded,
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2.6.1 TEST FOR CARBOHYDRATES
EXTRACTION: 3g of the powdered sample was
btoiled in S0ml of distilled water omn a hot plate for
three minutes, The mixture was filtered while hot and
the resulting filtrate cooled and used for the

following carbohydrate tests.

(a> MOLISCH'S TEST (GENERAL TEST)

Sml of extract was put in a test tube containing
1ml of water and mixed with a few drops of Molisch's
reagent (10% soclution of alpha napthol in alcohol?.
iml of conc. H280s wase then allowed to flow down the
side of the inclined tube o that the acid forms a
layer beneath the aqueous layer without mixing with
. A red or purple ring formed at the interface
indicates the presence of carbohydrate. The test tube
wae then shaken and the mixture allowed to setand for 2
minutes, +then diluted with Sml of water. A dull-
violet precipitate indicates presence of carbohydrate
(Trease and Evans, 1983g>.

(b> BARFQED TEST (GENERAL TEST FOR MONOSACCHARIDES

iml of extract from extract and 1lml of Barfoed's
reagent were put in a test tube and heated in a beaker
of boiling water. Red precipitate of cuprous oxide is
formed within 2 minutes if a monosaccharide is present

(Trease and Evans, 1983g).
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(c)> FEHLINGS TEST (STANDARD TEST FOR FREE REDUCING
SUGARS
To 2ml of the water extract was added Sml of a
mixture of equal volumes of Fehling's solution 1 (AD
and II (B> and boiled for 2 minse in a water bath.
Formation of a yvellow or red precipitate cuprous oxide
indicates the presence of free reducing sugare (Trease

and Evans, 1983g).

(4> STANDARD TEST FOR COMBINED REDUCING SUGARS

lml of extract was hydrolysed with Sml of dilute
HC1. The solution was then neutralized with NaOH
solution and Fehlings test (described above) carried
out on it. Production of rose colour ie indicative
for presence of combined reducing sugars (Trease and

Evans, 1083g).

(e> SELIVARQFF'S TEST FOR KETOSES

To a small amount of extract, a crystal of
resorcinol and an equal volume of HCl containing a
little phloroglucinol was added, the =olution was then
heated. The production of a rose colour is indicative

for presence of ketoses (Trease and Evans, 1083g).
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(f)> STARDARD TEST FOR PENTOSES
To a small amount of extract and equal volume of
HCl containing a little amount of phloroglucinol was
added, the solution wae then heated on a small flame.
a red colour indicates presence of pentoses (Trease

and Evans, 1083g).

2.6.2 TESTIS FOR GLYCOSIDES
(a) TEST FOR SAPONINS

A small quantity of the powdered plant part was
added to 95% ethanol and boiled. The mixture was
filtered hpt and cooled. Then 2-Sml of ethanol
extract was dissolved in 10 ml of distilled water in a
test tube. Thie tube was stoppered and shaken
vigorouely for 30 secs, then the tube was allowed to
stand for over 30 minutes. A honey comb froth is
indicative o0f +the presence of saponine (Sofowora,

1082).

(b) TEST FOR TERPENES AND STEROLS

EXTRACTION: 5g of the powdered drug was axtracted
by maceration with S0ml of 95% ethanol. The extract
wags filtered and the filtrate dissolved in 10ml of
anhydrous chlorofarm and refiltered. This filterate
was divided into two equal proportions which were used

for the following tests: -
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(1> SALKQWSKI'S TEST

The Iirntlyortinn of the chloroform extract was
mixed with 2ml conc. HaS0s carefully, so that the acid
forme a lower layer. A reddish ring at the interface
indicates the presence of steroidal ring (Sofowora,

1982).

(11> LIEBERMAN-EURCHARD TEST FOR TERPENES

The second portion of the chloroform extract wae
mixed with 1 ml of acetic anhydride, followed by the
addition of 1ml of conc. HaeS0, down the wall of test
tube to form a layer underneath. The formation of a
reddish-violet colour at the interface of the +two
liquide and a green colour in the chloroform layer

indicates the presence of terpenes (Sofowora, 1982).

2.6.3 TESTIS FOR FLAVORQIDS

EXTRACTION: 2g of the powdered sample was
completely detanned with acetone (Selgelman et al,
1971). The acetone was evaporated to dryness on a
water bath. The residue was dissolved in warm water
and the mixture was filtered while hot. The filtrate
was allowed to cool and then used for the following

tests.
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(a> LEAD ACETATE TEST
To Sml of the detanned water extract was added

10% lead acetate solution (2-3 drops). A buff-
coloured precipitate indicates the presence of
flavonoids.
(b> SODIUM HYDROXIDE TEST

A small gquantity of detanned water extract was put
in a test tube and an equal volume of 10% NaOH was
added. a yellow solution indicates the presence of
flavonoids. On addition of HC1 the soclution becones

colourless (Trease and Evans, 1085h).

(c)> EERRIC CHLORIDE TEST

2ml of the detanned water extract was diluted with
distilled water im a ratio of 1:4 and a few drops of
10% Ferric chloride solution was added. A green or
blue solution indicates the presence of phenolic

nucleus (Brian and Turner, 1975).

(d> SHINODA'S TEST

0.5g of the powder of plant part was boiled in
ethanol in a test tube on water bath for § minutes.
This was filtered and cooled. 4 pieces of magnesium
fillings were added followed by a few drops of conc.
HC1. A pink or red colour indicates the presence of

flavonoids (Geissman, 1962).
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2.6.4 TEST FOR RESINS AND BALSANS
(a) Test for Resins

10ml of petroleum ether exitract was made from
0.1g of the powder of plant part bark and filtered
into a test tube. An equal volume of copper acetate
solution was added and shaken vigorously, then allowed
to separate. A green colour indicates the presence of

resing (Trease and Evane, 1083i),.

(b> Test for Oleo-Gum-Resins

0.1g of the bark was triturated with 0.5g of
sand. Thie was transfered into a test tube containing
3ml of ether and shaken well. The mixture was allowed
to evaporate into a thin film. In the fume cupboard,
bromine wvapour was passed over the residue. A violet
colour indicates +the presence of oleo-gum resins

(Trease and Evans, 1983i).

(a) Test for balsans

1) 2-3 drope of alcoholic ferric chloride solution
was added to Sml of 90% ethancl extract of the
powdered plant part. A dark green colour indicates

the presence of balsame.

(1i) 5ml of ethanol extract was warmed with a few

drops of pottasium permanganate in a water bath. A
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benzaldehyde or almond odour indicates the presence of

balsanms (Trease and Evans, 19831).

2.6.5 TEST FOR ALEKALOIDS

10g of powdered plant part was taken in a
beaker and strong ammonia solution was added in an
amount sufficient enough to moisten it, this mixture
was allowed to stand for about 10 minutes. Some
quantity of a mixture of chloroform and ethanol (1:1)
was added just to soak and suspend the powder, the
mixture wae then allowed to stand for 20 minutes with
occasional stirring. The mixture was then filtered
through a plug of cotton wool in a filter funnel.

The marc was washed twice with 2 ml chloroform and
the washings were added to the filtrate. The combined
filtrate was concentrated to dryness an a water bath.
Care was taken to avoid over heating. The chloroform
extract was transferred to a separatory funnel and was
shaken with 3ml sulphuric acid. The two layers were
allowed to separate, the chloroform layer was drained
off and kept aside. 3ml of chloroform was further
added, shaken and drained off, until the acid layer
was colourless, the chloroform eztracts were stored
together. The acid layer wae made alkaline with
etrong ammonia and extracted with 3ml of chloroform.

The extract was retained and evaporated to dryness.
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The residue was dissolved in 3ml of ethanol and the
following tests were carried out after neutralising

with dilute sulphuric acid (Brian and Turner, 1975).

(a) General Teste
To 0.5ml of ethanolic extract residue obtained
from above extraction wase added 2-3 drops of +the
following reagentse (Trease and Evans, 1983j).
- Vagner's reagent
- Mayer's reagent
- Dragendorff's reagent
- 10% tannic acid solution

- Picric acid

(v> TEST FOR QPIUM ALKALOIDS
To 0.1g of powdered drug was added 15ml of 20%

ethanol, this mixture was boiled for 2 minutes, cooled

and filtered. The filterate was used for the various
tests.
Nitric acid test

A drop of nitric acid was added to the ethanolic

extract of plant part.

Marquis reagent test

1nml of reagent was added to the extract



49
Eerric chlaride test
To 3ml of extract was added a few drops of 5%

ferric chloride solution.

Test for Morphine

To 3ml of the extract 0.5ml of hydrogen peroxide
and 0.5m1 of 10% ammonia solution was added and the
mixture shaken. One drop of copper sulphate solution
wase then added, shaken gently and allowed to stand for

2-3 minutes.

(c> TEST FOR TROPANE ALKALOQIDS -~ VITALI-MORIN TEST
The chloroform extracts obtained from the
extraction process described was evaporated to
dryness, the residue was dissolved in a few drops of
glacial acetic acid and then evaporated to dryness.
After cooling 2-3 drops of fuming nitric acid was
added, this was again evaporated to dryness. After
cooling the residue was dissolved in a few drops of
water-free acetone and 1-2 drope of pottasium
hydroxide esolution in methanol quickly added. A

purple colour indicates presence of tropane alkaloide.

The following quantitative determinations were

made on the plant R. communis. this include the



50
determination of physicochemical constants of the
plant parte such ae moisture content, Total ash, Acid
insoluble ash, Alcohol eoluble and water soluble
extractive wvalues.
Also the quantitative microscopy was carried out.
This 1nclude the determination of stomatal number,

stomatal index, wvein inlet number, vein termination

nunber and palisade ratio.

2.7.1 DETERMINATION OF MOISTURE CONTENT
An evaporating dish was heated to constant
weight, 3g of powdered drug was weighed into it. The
dish with ite content were put in an oven at 105<C and
dried to constant weight. The final constant weight
wase noted and the weight of moisture (i.e total loes
of weight) was calculated by subtracting the final
weight of the dish and powder from the initial weight
of the dish and powder.
Thie procedure was repeated 4 times for each

sample of powdered drug (Trease and Evans, 10983k).

2.7.2 DETERMINATION QF TOTAL ASH VALUE

A nickel crucible was heated at 105=C to
constant weight, ite accurate weight noted, cooled and
stored in a dessicator. 2g of powdered drug was

weighed and put into crucible. The crucible and its
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content was then heated gently until it was moisture
free 1i.e completely charred. The heat was then
gradually increased until residuve was free of carbon.
It was then cocled and welighed, heating and cooling
wae continued until the weight of residue become
constant. This procedure was carried ocut 4 timee for

each sample of powdered drug (B.P. 1980).

2.7.3

The <rucible and ash obtained in the above
experiment were each individually transfered 1into a
beaker containing 25ml of dilute HCl, then boiled for
S minutes then filtered through an ashless filter
paper. The beaker and crucible were washed with water
and washing passed through the filter paper. Vashing
was rer;eat.ed 3 times, each time passing the washing
through +the filter paper in a manner sc +that the
residue collected in the tip of the cone of the filter
paper. The funnel and filter paper were then dried in
an oven at 105<C. The weight of a clean and dry
nickel crucible was determined, and the filter paper
with residue, folded into a small cone and transferred
into it. The crucible was heated until the filter
paper ie completely ashed, then heated strongly for a
few minutes until the final constant weight, This

procedure was carried out for all cases of ash
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produced in the experiment for Total ash determination

(B.P. 1980)3.

58 of powdered drug was put into a 250ml
stoppered concical flask, 100ml of 00% ethanol was
then added, and stopper replaced firmly. The flask
wase shaken on a mechanical shaker for 6 hours, the
extract was then filtered quickly. 20ml of the
filtrate was put in a clean, heated and weighed round-
bottomed evaporating dish and then heated to dryness
on a water bath. The residue was then dried at 105=C
in an oven to constant weight. Thie procedure was

repeated 4 times (Brian and Turner, 18752,

2.7.5

Sg of powdered drug was put intc a 250ml-
stoppered conical flask. 100ml1 of chlurafnrn—-water
(0.25% v/v chloroform in pure water) was then added,
and stopper replaced firmly. The flask was shaken on
a mechanical sbhaker for 6 hours, the extract was then
filtered.

20ml of the filtrate was put in a clean, heated
and weighed round-bottomed evaporating dish, and then

heated to drynesse on a water bath. The residue was
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then dried to constant weight at 105=C in an oven.

This procedure was repeated 4 times (Brian and Turmner,

1975>.

2.8 QUANTITATIVE MICROSCOPY
2.8.1 DETERMINATION OF STOMATAL NUMBER

This 1is defined as the average number of
stomata per square mm of epidermis.

The area of the field of microscope was calculated
useing a stage micrometer. The stomata 1in 10
microscopic fields were then counted, using a single
peice of leaf. The average number of stomata per sq

mm was then calculated.

2.8.2 DETERXKINATION OF STOMATAL INDEX

This ie defined as the percentage which the
number of stomata form of the total number of
epidermal cells.

The number of epidermal cells and stomata in 10
fields of microscope were counted. Each stona
consisting of 2 guard cells and pore (ostiole) is
counted as a single unit (Shellard, 1958). The index

is claculated using the formular.
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wheére S = number of stomata

E = number of epidermal cells.

2.8.3 DETERMINATION OF VEIN ISLET NUMBER

Thise is defined as the number of vein islet per
square mm of leaf. A peice of leaf about Ssq mm was
taken from +the central part of lamina i.e midway
between midrib and margin and heated 1in & testube
containing chloral hydrate to remove chlorophyll (the
veins become distinct).

Camera lucida was set up at low power
magnification, with the aid of a ruler, a line 1mm was
drawn on drawing surface and a square was constructed
on thie line. The paper wae then rearranged so that
the whole square wase visible in eye peice. The number
of vein islet in square mm was counted. This was
repeated 3 times for a continous area of 4 sgq mm

(Shellard, 1958),

2.8.4 DETERMINATION OF VEIN TERMINATION NUMBER

The procedure described above for vein islet
determination wae used but in thie case the number of
veing terminating per sq mm were counted. The
position of terminal point of which each vein or
veinlet within the measured square terminates was

marked and counted (Shellard, 1958).
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2.8.5 DETERKIEATION OF PALISADE RATIO
This is defined as the average number of
palisade cells under one epidermal cell.

Small portions of leaf were mounted under camera
lucida at high power (i.e x 40), with their Ilower
surfaces uppermoet. The peices o0of leaf had been
partially cleared by heating in chlorchydrate.

The outline of 4 contigous cells of epidermis was
traced out. The camera lucida wae then focused down
to palisade layer and the position of all palisade
cells under +the selected epidermal cells including
those which are more than half covered by epidermal
celle traced out also. The average number of palisade
cells Dbeneath a eingle epidemal cell wae then
calculated. This determination was repeated for 4

other groups of epidermal cells (Shellard, 1998).

2.9 CHROMATOGRAPHIC ANALYSIS
2.9.1 CHROMATOGRAPHIC ANALYSIS OF PROTEINS

2g of the powdered plant part was put into 10ml
of distilled water. The mixture was shaken on a
mechanical shaker then left to stand for 24 bhours.
After which the mixture was filtered, the resulting

filtrate was used for chromatographic analysis.
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- abrin
O.1lmg o0f abrin was dissolved in 10m] of distilled
water; o 'i | o .

The extracés of the different plant parte and the
raference =w=olution of abrin were chraomatographed on

thin layer and paper chromatography using the

following systems

Baper Chromatography

Chromatographic paper: Whatman Ko 1.(?O¢m * 20cm?

Solvent system . : m-butancl:icetic acid: Water
(3:1:4) shaken, then put in a

o . separatory fumnel, the lower
layer wae {drained and the upper
layer usad for the analysisi

Technique i :.Ascendiﬂg |

Visualisation ; s (4 uv

:(11Y ITodine vapour .

: (1i1) Spraved with ninhydrint

The chromatpgranse were than

heated in the oven at 105°C until

spots attained maximum colour

intensity Macel (1972},



Thip layer Chromatography
Adsorbent 1 Silica Gel (0.285mmd, Air dried and
dctivated at 105°C for 30 minutes.
Solvent system : n-butanol:Acetic acidiwater 4:1:%)
shaken, the put in a separatory
funnel, the lower layer drained and
the upper layer used for analysis
Technique. _1m=.Aacending

Viswalization : (1) uw

x

¢ (11 igdine wapour

F

. .fiii} Sprayed with ninhydfin. Then
| chromatograms were heated in oven at
w0 Y080 until spots attained maximum
colour (Macek, 1972)
2.9.2 CHROMATOGRAPHIC ANALYSIS OF FLAVORQIDS
| 2g of +the poawdered eanples wers completely
detanned with acetone. The acetone was evapbrated to
dryneses on a water bath. The reslidue was then
dissplved in warm water and the mixture wam filtered
while hﬁﬁ" The filtrates were caooled and then used
for chromatographic analysia;
Paper Chromatography
System 1
Chromatographic paper: Whatman No. 1 (20cm x Eﬁcms

Snlivent system 5 1 n-~butanol: Acetic acid:Vater
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(4:1:5), shaken, then put in a
seperatory funnel, the lower
fﬁﬁ’A . layer drained and the upper
layer used for analysis,

‘Ascending

Technigue :
Vieualisation ; (1) uw
: (ii) spraved with 1 % sodlum
., carbonate solution and oheerved
::H' ‘under daylight and uv (Macelk,
I ig72>
System 2

Chromatographic paper: Whatman Fo, 1 (20cm x 20cm)

Solvent seystem | = Acetic acid:Water (1G:85)
Technigque . ' . 1 Ascending

Visualisation 3 4> wvw

| ¢ (ii) Spraved with 1 % sodiun

. carbonate solution and oheerved
under daylight and uv. (Macek,
1972,

BT T . LA

2.9.3 EHRQ!hEDGBAEHIQ_AIALIBIS_QEﬂALkLLﬁlnﬁ RVRRTR

2g of the powdered plant part was put in a
testube, Strong amponia seluticon was added to it in a
gquantity sufficient énﬁugh to moisten. The mixture

was allowed +tao stand for 10 ninutes, after which

chioroform wacs added to it in sufficient guantity to
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soak and suspend the powder, the mixture was allowed
to stand for 2 hours with occasional shaking. The
mixzture was then filtered and the filtrate used for

¢hromatographlic analysis,

Paper ChrowsatOgrsabpy

Chromatographic paper: Whatman Ko 1 (20cm x Bﬁcm}

Bolvent Eystem'z ';:.} Ethylacetate:20% formic acid
E _ _  (4:35

Tachnigue ﬁ + Ascending

Visualisation 'é".: 1 1) uv

¢11) Sprayed with Dragendorf{'s
spray reagent

o 1¢iid Jodine vapour {(Macel, 1972)
Ghramatngraphiclpapar: Vhatman ﬁa 1 «20cm =% 20cm?
Soclvent eystem'@  ¥: y n—hbutanal: Acetic acid: Vater
| | .'fitlzﬁi shaken, and put in a
E:'_ saparatory funnel, lower laver
drained and the upper layer
used for aﬁalyﬁi;ﬁ |
Techniqgue "”'? 1 Ascending
Visualisation %i 1 (1) uvw

- | ERIES SPfayéd with Dragendorff's

spray reagent

o 1 {1ii>Tpdine vapour (Macek, 14723



60
Ihin Layer Chromatography
Adsorbent 1 Silica Gel (0.26mm>. Air dried and
activated in oven at 105~C for 30mins
Solvent system: Chloroform: Methanol: Ammonia (10:20:1)
Technique : Ascending
Visvalisation : (1) uv
: (11) Sprayed with Dragendorff's spray
reagent

: (111> Todine vapour (Macek, 1972)

2.9.4 QUANTIFICATION OF FLAVANQID

50g of powdered plant part was completely
detanned (extracted) with 100 ml of acetone. This was
carried out using soxhlet apparatuse, the extraction
was eaid to be complete when the acetone used for
extraction became colourless 1i.e the powder had been
completely exhausted (Segelmen et al, 1071).

A clean and dry evaporating dish was then welghed,
then heated until the weight became constant, this
weight wae ther noted. The extract was then poured
into it and evaporated to dryness on a water bath.
The residue wae dissolved in warm water and filtered
while hot. The filtrate collected was then poured
inte evaporating dieh and put on water bath and then
evaporated +to dryness. The evaporating d4dish and

residue were then weighed and the weight of residue
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was calculated. Thie experiment was carried out on

the powders of leaves, stem, root and seed. Each was

carried out twice.

2.10 TOXICITY STUDIES
2.10.1 EXTRACTION OF RICIN

The seede of Ricinue cpiminies were deshelled by
application of slight pressure which led +p the
cracking of +the hard seed coat, followed by the
removal of the peices.

The seeds were then ground into a paste using a
mortar and pestle, then tranefered 1into an electric
grinder for further grinding kg of the paste was
weighed out and put in a 2 1itre conical flasek.
Petroleum ether 60-80< wac added and the confcal flask
etoppered, shaken for about § minutes, +he petroleum
ether was decanted. Vashing with npetroleum ether was
continued until the marc became free nf o0il. This was
indicated by the formation of dietinct granulee and
when any fresh petroleum ether added 4Aid4d not change
colour. The residuve wae then spread out to dry.

Aqueous extraction of ricin was then carried out
ueing distilled water, this was continued until any
further distilled water added did mnot change colour.

The water extract wae then dialysed against

distilled water for 48 hourse. The extract remaining
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in dialysis tube wae then centrifuged at 8000 pounds
for 15 minutes. The =supernant collected was referred
to as a ricin rich extract.
Quantification of Ricin extracgt

A clean and dry evaporating dish was heated +to
constant weight, The weight was noted. 100ml of
extract was put in the dish put on a water bath and
heated until all the water had evaporated. The 4dish
and residuve were then placed in an oven at 105=C,
heated until constant weight. The weight of the dish
was then subtracted from the final welght of residue
to give the weight of s=solide present in 100ml of
extract. Thie procedure wase repeated 3 more times and

the average calculated.

2.10.2 ACUTE TOXICITY STUDIES

DETERMINATION OF LDeo
Definition of 1LDse: LDsos or median lethal dose is the
dose of any substance that will kill S0% of a given
population within a specific period of time, usually
24 houre.
Determination aof LD~ of Ricin

The LDuw.e of ricin in rats was determined using

standard procedures (Aliu and Kwude, 1982).

A pilot study was initially carried out *to

determine the minimum dose that would give 100% death
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and the maximim dose that will not produce any death.
These two dose levels were lurther used as focal
points for the determination of dose range to be used
in the subsequent experiments.

The final acute toxicity test wase carried out
vasing 26 healthy mala rats (average welight 120g). The
animals were about the same weight and from the same
litters at the start of the experiment, The animals
ware divided into 6 groups of 6 rate per group. A 7th
group of 5 rats served ae control and they were given
dietllled water while the other five groups were
respectively given a pre-determined dose of ricin
extract starting from Lhe maximun dose that produced
no death to the minimum dose that produced 100% death
acs wvae determined from the pilot studies. The route
of administration was intraperitoneal with the aid of
syringes,

Table 2.1 Doces of ricin used in LD.., determination

Sroup Doge ul)
1 6. 01
2 0. 0%

D
o
e

n
—
o

5.0

N »

Control (given distilled water 1.0ml)
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Symptoms of toxicity were observed over the dose
range and recorded. The number of animals that died
within 24 houre were noted for each group. The LDso
was calculated by Arithmetic method of Karber (Aliu
and Nwude, 1982). The surviving rate were observed
for 14 days for delayed toxicity symptoms.

2.10.3 CHRONIC TOXICITY STUDY (ORAL)>
(ad Preparation of Drug-Treated Feed
The chronic toxicity study was designed to

last for a period of 12 weeks. Administration of drug
was by oral route (through ite inclusion in the diet).

Four dose levels were chosen thus. 0.00ml/kg feed
(control) 0.5ml/kg feed, 1.0ml/kg feed and 1.5ml/kg
feed (0,00g/kg, 0.0006g/kg, 0.0012g/kg and 0.0018g/kg
respectively.

The wvolumes used for various dose groups were
properly mixed in water in a flask and then finally
mixed with the weighed out feed din kgl. The feed
used was Sander's local growers marsh and yam flour
which was used as a binder. The well mixed feed were
hand moulded and properly sun—-dried.

There were 20 animals per group at the start of
the chronic toxicity studies. These were adult male
albino rats which were kept in plastic cages (53cm x
38cm x 20cm E.K. Brown Ltd London}? which were tagged

with appropriate labels denoting the dose group.
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At the end of the 41k, £th and 12th wesks, {five
rats were selected from each experimental group and
were sacrificed. The animale were restrained by
holding them at the neck.  Blood samples were then
collected from the neck regionm directly into sample
bottles containing calctium ¥DTA to prevent clotting.
The livers and lungs were alen collected after post-

morten and fixed in 10% formalin for histopathological

Etudieg;
¢(b) HISTOPATHOLOGIGAL STUDIES =
. 1ISSUE PROCESSING AND SECTIONTNG

Fresh tissue =amples of the liver and lungs from

bct_l';‘_' trieatec} _I_a_n_d_ _ c__:_p;;_i;r_ol rate were firved in 10%

&4
formaliw, .
.. Tesue slices of 3-4com thickness were cut from
each organ for proceseing. ~— The tissues were

transefered to ;t_._l.‘qg._____i}zf.omtic tissue processeor where
they were further fixed in 10% buffered formal-saline
for 2 hours, and then dehydrated for ? hours in each
of the as&eendiﬁg grades of ethanol 8%5%, 90% and 100%
v/v}.  there were three mives of absolute aleohol.
The debydrated tissues were then cleared in Toluvene
for 2 hours and the tiseues impregnated in molten

paraffin for 2 hours, afier which the tissue slices

were enmbedded in paraffin wax and left to coel. The
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blocke were then trimmed and sectioned on the
microtoma at S microns. The ribbonse of sections were
then floated in a warm yater bath, suitable sections
were eselected, attached to slides, dried on a hot
plate and stained.
STAINING QF SECTIONED TISSUE

Haematoxylin and Eosin stain (H & E stain).

The sections were dewaxed in xylene, and
rehydrated in descending grades of alcohol: 100%, 90%
and 70%. They were then stained in baematoxylin for
about Smin., differentiated in 1% acid alcohol, blued
in scott's tap water and stained in eosin for 3min.
They were then rinsed and dehydrated in ascending
grades of alcohol solution 70%, ©90% and 100% and
finally cleared in xylene and mounted in pox.

These slides were then examined mnmicroscopically
for lesions with the assistance of a pathologist at
the Ahmadu Bello University Veterinary Teaching
Hospital Zaria.

(¢) Haematological Studies

The blood samples collected were taken for
analyeis to determine haematological parametere, these
include packed cell volume (PCV), Total protein (TP},
Haemoglobin count (Hb), Red blood cell count (RBC) and
white blood cell cout (WBC) to find out if the drug

had any effect on them.
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(1% Determipation pf Packed Cell Volume

Using & micro-capillary tube, blood sample was
sucked uwp to 75% of its length, then one end was
sealed using a flamne, The tube was then put on a
micrn-haamatbcritl centrifuge for about 3-T minutes.
these separates the blood into 2 layers. They packed
cell volume is then read with the aid of Hawksley
Micro-haematocrit reader (Unit = percentage (%).
(11> Determination of Tatal Protein

The micro-capillary tube from above PCV

determination was broken somewhere alung"the plasma
layer. A drop of plasma was put on a refractometer
and the Total Protein read off the scale (Unit =

g/100m1),

[P R S VO
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(111> Determination of Haemoglobin Count . v
Some tlood sample was taken, put on a Coulter
diluter which took up 0.02ml and diluted 1t to 20ml in
Isotan & dropse af Zap-oglobin®®™’ was added, it lysed
the Red blood cell and released the haemoglobin, The
haemoglobin was then counted with the aid of a
haemnglobinometer (Unit = g/dl1).
(iv? Determination. of Red Rlgod Cell Count
& red bPlood cell plipette was used to take up
0.5ml of blood sample (the sucking was done with the

aid sf a rubher aspirator’, saline was then taken up

to fill the pipette to the 101 mark. Rubber asplrator
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was taken off and the pipette shaken, after which 3-4
dropse of mixture was discarded.

Sample of +the mixture was then put on a
haemocytometer or counting chamber (thie is a special
type of microscope slide). Counting was then carried
out under the microscope, counting was done in

millions (Unit -~ number of cells per cubic mmd.

(v) Deternmination of White Rlood cell count

A white blood cell pipette was used to take up
blood to the 0.%ml mark then diluted to the 11 mark
with dilute acetic acid. The pipette was then shaken,
after which 3-4 drope of mixture was discarded.
Sample was then put on the haemocytometer and counting
done under microscope. Counting was done in thousands

(Unit number of cells per mm®) (Brown, 1980).

Aqueous extracts of the different partse of

plants i.e leaves, stem bark, root and seede were made
by putting Sg of powdered plant part in a conical
flask and adding 50ml of distilled water. The mixture
wae put on a mechanical shaker for €6 hours, then

filtered and the filtrate collected.
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Using a micro capillary tubs, some of extract was
taken up and put on a clean refractometer and the
total protein concentration read off the
refractometer. 5 readinge were taken for each part

and the average calculated.

Blood was collected from a mature albinc rat,

0.2l of this blood was put in a small test tube and
an equal volume of extract was added. The bleod was
then examined under the microscope. This procedure
was c<arried out for the agueous extracts of leaves,
sten bark, root and eseed obtained from +the above

experiment.

2.10.6 DETEEMINATION OF RATE AND EXITENT OF HAEMOLYSIS
A mature albino rat was sacrificed and the
blood collected. 0.5m1 of the blood was diluted to a
100 places by adding STO0ml of distilled water. The
wavelength of maximum absorpition of this blood was
then ttetermined with -3 spectrophotometer veing
distillied water as standard, |
iy ~ Using the determined wavelength the rate:of
haesmelysis was determined by wmwixing 1.5ml1l of blood

with 1.%m1 of ricin extract and recording the change
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in absorbance of +the mixture at different time
intervals untiil the abmorbance becomes oonstant and
remainse so after two consecutive time intervals. This
procedure was repeated five times for different blood
sanples,

{(ii) Vorking with the determined wavelength of maximum
absnrptidﬁ'nf hlogd, to a fixed amount of blocd 1.e
1.8m1, increasing amounts of ricin extract wag added.
The mixtures were shaken and theilr absorbance recorded
after a minuté. ~ Quantities of ricin extract added
ware ase followes. O.2ml, O.4ml1, O0.86m1, 0.8mi, 1.0ml,
1.2ml, 1.4ml1, 1,6ml, 1.8ml1 and 2.0ml. The procedure

wae carried out for five different samples of blood.
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CHAPTER THREE
RESULTS AND DISCUSSIORS
General plharmacognostic investigation which
include microscopy organoleptic examination and
chenomicroscopy, as well as phytochemical and toxicity
studies were carried out on Ricinus communies. The
experinmental detalls of the above studies are present
in chapter +two. The reeults are given and discussed

in this chapter.

3.1 QORGANOLEPTIC EXAMINATION OF RICINUS COMMUNIS

The sensory characters of the various plant parts
i.e¢ the stem bark, leaves, root and seeds were
observed and recorded. The characters observed were
the colour, texture, odour and the taste, the results
are shown below in Fig. 3.1.

Table 3.1

Plant Party Leaf |  Stembark )y  Root ¢ Seed
Colour green light brown| light brown Yellowiegh
(a lighter white

shade of brown
than stem bark

Odour slight arom-}elight arom-|slight aroma- |slight arom-

atic odour atic odour tic odour atic odour
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T2

Taste Tastelass {Slightly Slightly Veakly acrid
bitter bitter taste

Texiure Smooth Rough, rough fibrous| coarse
fibrous 1

(a) Leaves

The transverae.sectinn of the leaf révéaled &
dorsi-ventral nature, Features are =hown in Fig.
3. 1a. The upper epidermis was single layered with
cells more or less rectangular with outer walls
cuticularized. Trichowmes were absent. Nesophyll was
divided inta twn layers - upper palisade and lower
spongy mesophyll. The palisade layer was twoe cells
thick and compact. Sporgy wmesaphyll 3-4 layered,
lopsely arranged with intercullular spaces. The lower
epldermic resembled the upper epidermnis. The mid rib
was occupied prominently by the wvascular bundle which

is collateral in nature. Xylem positioned towards the

ventral surface and phloem towards the doreal surface,

The examination of +the powdered leaf revealed the
presence of epidermal <ells with straight anticlinal
walls, anomocytic stomata, more occouring on the lower
surface than the upper surface, =xylem conducting
elements and fibreeg, <calcium ocualate corystals and

starch grains (Fig. 3.1h).
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(b> Giem

The +transverse section of the stem showed a
covering layer of cork, followed by a phelloderm 3-4
layers thick with thin walled cells, A wide cortex
containing parenchymatous cells, primary and sacnndnry.
phloem, a ome laver cambium and nedullary rays. The
pedullary rays are thin walled radially elongated
parenchymatous <ells, among them are found the =xylem
conducting tissues. The central portion of leaves is
pecupied by the plth which contains large thin walled
cells. Fig 3.2a. .

Examinatien of +the powdered stem revealed the
présence of polygonal cork cells 3-4 cells thick,
epidermal celle with thin siraight anticlinal walls,
lignified fibres (blunt>, fibres with tapering apex,
xylen conducting vessels of the spiral +type, s=tarch
grains and calcium oxalate crystals. Fig 3.2b.

(¢) Raoot -

The transverse section of the root ((Fig., 3.33
showed a covering layer of cork followed by the cortex
ceontaining parenchymatous cells which are somewhat
rectangular in shape, primary phloem, secondary phloem
consistiang mostly of phloen parenchyma, medullary raye
unifdrml? arranged, interspersed among which are the
xylem conducting elementis. The central part of root is

occupiad by a hollowed pith.
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The examination of the powdered root revealed the
presence of tracheid vessels with blunt apex, xylem
conducting vessels of the epiral type, long
etengtening fibres, fibre with tapering apex, calcium
oxalate crystale and starch grains. Fig. 3.3b.

() Seed

The T.S. of the seed (Fig., 3.4a) showed an
epidermal layer one-cell thick, encloseing the
endosperm which celle become esmaller in size as they
become more central. The endosperms encircles the
cotyledons. The cells of endosperm and cotyledons are
parenchymatous, containing abundant o0il globuloles.

The examination of powdered dry seed showed
epidermal cells of somewhat rectangular shape and
endosperm celle containing oil ductes. Fig. 3.4b.

These resultse obtained above on the study of the
anatomical eections and the powdered drug of the
different plant parte can serve as an aid in the
identification of the plant during collection of the
plant or in the different recipes found in traditional
medicine preparations.

s.2.1

(a) Test for Lignin
The fibres present in the samples of powdered stem

bark, leaf and root and also in xylem elements of
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these parts gave positive tests (red colourd for

lignin. There was no colour change for the seed.

) Test for Oils

A red colour was observed in powders of root,
seed, leaf and stem bark indicating presence of fixed
oils.
(c) Test for Tannins

Bluish black colours were observed in stem bark
and root, while in the leaf a greenish-black colour
was observed indicating presence of tanins in these
parte. Wo colour change occured for the cseed 1.e

tannins are absent.

(d4> Test for Starch
A blue-black colour was observed in the powders of
stem bark, seead, leaf and root, indicating the

presence of starch.

(e) Test for Calcium oxalate crystale
Calcium oxalate crystals were observed in the
powders of stem bark, root and leaves. None were
however seen in the seed.
(f> Test for celluloce
Cellulose was found to be present in the powdered

stem bark, leaf, root and seed.
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(g Test for Mucilage
4 light pink oplour wvas observed in a few cells of
the stem bark and root i1indicating +the presence of
small amounts of mucilage in these parts. The leaves
and seed gave a negative reaction,
Summary of =1l the above resulis on

chemomicroecopy is found in Table 3.2 below

Iable 3.2
a TATIO

COMMUNIS

Constituepnis Bark leaf _{ Root Seed
Lignin o " " + -
Dilw _ L + + + +++
- Tannine L + + + -
Starch | _ + + L+ +

- Calcium oxalate L ]

crystals _ ¥ + ! + -

Cellulose . + + L+ o+

Mucilage ' + - L+ -
. Key.

T+'Preaen£

- Absent
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Phytochemical +teats were carried ocut on the
various parte of R. communic - stembark, root seed and
leaves in order +*to have an idea of the general
constituents present in them.

The resulte obtained from the various

phytochemical testse are described below.

3.3.1 TEST FOR CARBOHYDRATES
(ad ch' - G

The aqueous extracts of the bark, root, seed
and leavese when treated with Molisch's reagent gave @
positive test for carbohydrates (a reddish ring at the
interface). After shaking and being allowed to stand
for 2 minutes and then a further dilution, a final
dvll-violet precipitate was observed, which is

indicative of the presence of carbohydrates.

(b) Barfeed's test for monosaccharides

A red precipoitate wae formed in the case of the
leaf extract indicating presence of monosaccharides.
No precipitate wae formed in the case of stem bark,

root and seed extract,
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(e} Eghling s teot for free reducing sugars
Thia tert was positive for all casmes 1.e leaf,
bark, seed and root 1.e red precipitate formed

indicating presence of free reducing sugars.

<d) SHandard Lest for combined reducing sugare
The leaf, stem bark, eseed and ront gave positive
reactions to show the presence of combined reducing

sugare in thelr extracte.

(@) Saldvanpif's test for ketoseq
Fo colour changes were oDbserwved in extracts of
leaf, stem, seed and rooat, indicating absence of

ketosas.

(f) Standard iest for Pentoces
Ko colour chenge was observed in extracte of leaf,
gtem, seed and root on addition of HC1/Phloroglucinol

and heating. This indicates abeence of pentoses.

The above results indicate the presence of

. oarbohydrates, monosaccharides, free and combined

reducing sugars, in the plant. Carbohydrate=z are the
first products formed in photosynthesis, so they are a
convenlent starting point for any discuseions of

vegetable drugs.
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3.3.2 TIEST FOR GLYCOSIDES
Glycosides are complex compounds present in
almost all plante but the *type varies from plant to
plant. There is no common test for these group of
compound, 0 selective test were carried out to
identify the +type of glycosides present in R.

communie, the resulte are as follows: -

(a) Test for Saponins

A little honey comb froth was formed in the
ethanolic extract of seed which lasted for about 10
seconds, this indicates the presence of eaponins in
very small awmounts. No froth was formed 4in the

extract of leaf, root and stem bark,

(d) Salkowskl's test for Sterals

Fo red ring wae formed at the interface of
chlaoroform extracts and concentrated sulphuric acid,
giving negative resulte which indicate absence of

gterole in the varios extracte.

(e) Lieberman-Burchard test for terpenes
All the extracts (i.e root, stem bark and leaves)
gave negative results for the test for terpenes. Ko

red ring was formed at the interface.
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3.3.3 TEST FOR FLAVONOIDS
The results for the various test for flavonoids

are described belaow.

(a) Lead acetale test
Buff-coloured precipitates were observed in the
detanned water extract of leaf, stem bark, seed and

root indicating presence of flavonoids.

(b? Sodium Hydroxide test

Yellow sclutione were obeerved in the extracts of
leaf, stem bark, seed and root indicating precence of
flavonoids.
(c? Fexrdg chloride teat

Blue esolutions were observed in the extracts of
leaf, stem bark, seed and root indicating presence of
flavonoids.
(d) Shingda's test

Pink colour ohserved in ethanolic extract of leaf,
stem bark, seed and root indicating presence of

flavonoids.

3.8.4 IEST FOR RESINS AND BALSANS
Regative results were obtained with tests for
the resinse and balsams. This indicates the abesence of

this group of compounds in the plant R. communis
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3.3.5% TIEST FOR ALKALOIDS
| ' Variove general +test were carriad out on the
extracts of +the leaves, stem bark and root of R,
communis to find out if they contain alkaloids. The

recults were as follows.

fa) Hagner's itest
.. Brownish precipitates were observed in the
extractes of the ceed, leaves, awtem bark and roacte of

the plant indicating presence of alkaloide.

(bY Mayer's test .
Whitlsh precipitiates were ghserved In extracts of
the different plant parts tested. Thie 4indicates

presence of alkaloide.

(¢ Blerico aszid lest
Tellowish precipitates obeerved in the extracts of
the different parts of plant tested which is

indicative of the presence nf alkaloids.

(> 10% Tannic acid. test
Buff coloured precipitates were observed in the
extracts of all the different parts of the plant

tested, indicating presence of alkaloids.
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(e> Dragendorff's tost
Orange precipitates were ocbserved on addition of

the reagent to the extracts of all the plant parts.

© This indicates presence of alkaloids.

The resulis of +the test described above are
conclusive in indicating the presence of alkaloids in
the plant B, commpunis. Further tests were carried out

to determine the type of alkalpids.

(f> Test for Qpium Alkalpids

All the teste carried ouvt to determine the
presence of opium alkaloids such as morphine, codeine,
' phebaine, papaverine and meconic acid proved negative.
This ie indicative of possible abeence of oplumn

alkalpids in the different parts of plant.

(g) Teatr for Tropane Alkalpidm

The test carrled out 1o determine the possible
presence Of +tropane alkaloids in the parts of plant
wera neggtive, indicating absence of this <lass of
compounds.

An alkaloid Ricinine has bheen reported to be
present in the sead of B. commpunie (African
Pharmacopoiea, 198%). Ricinine has been described to
belong to the pyridine class of alkaloilds, It has

heen isolated from the leaf and the whole plant yields
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1.1% (Xerharo et al, 1074).

Thie alkaloid is poseibly precent In the other
parte of plant from which samples were made, which may
indicate why they gave positive test for the presence
of alkaloids dbut were negative for tropane and opiun
alkalpids, since ricinine is a pyridine alkaloid. The
summary for the phytochemical ecreening is gilven 1in
Table 3.3.

Tabhle 3.3

CONSTITUENTS GROUP STEM RARK LEAF ROOT SEED
Carbohydrates + * + +

Monaeaccharides - F = -
Free reducing sugars + + + +
Combined reducing sugars + + £ +
Ketoees - . . .
Pentoges - - - ~
Glycosides

Saponine - - = +

Sterols - = i =

Terpenes R - - - -
Flavonoids + + + _+

Resine and Baleans - = — -

Alkaloides + + + +



Five physical constante of the different parts i.e
stem bark, leaves, seed and roots of R. communis were
dtermined. These were molsture constant, ash value,
acid inecluble ash value, water and alcohol soluble
extractive values, Standard procedures were used in

the determination of this constante. The calculations

and results are given below.

3.4.1 NOISTURE CONTENT

The moisture content was calculated for each
part in the following manner.
Veight of sample = 3.0g

fal

It

Constant weight of empty crucible
Veight of crucible + sample = (b>

Constant weight of crucible + drug after drying = (c)

weight of moisture = (b) - (&) = (d)
a 100
% Moisture = ——————————am—- X -——— %
waight of drug 1

This calculation was carried out for 5 samples of drug
and the mean calculated. This is taken as the
moisture content of the plant part.

The moisture content of the leaves was found to be
5.82%, stem 5.4%, Root 5.88% and seed 6.2% (Table
3.4,
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3.4.2 TOTAL ASH VALUE

The ash values were calculated as follows:-—
Veight nf sample = 2.0g (ad i
Constant weight of crucible = (b
Veight of crucible + sample = (&)

Constant weight of crucible + redisual ash = (42

& Weight of ash = (4 - (b) = (el

{a) 100
H % ash (value) = ———— w ———— %
(a) i
This c¢alculation was carried out for the 5

samples of the different plant parts and the mean wac
then caloculated. Thise mean is taken as the ash walue
for that plant part.

The Ash value of the leaf was 11.1%, stem 12.8%,

root 1Z2.2% and'ééed S.7%.

3.4.3 ACID-INSOLUBLE ASH VALUE *

The acid insenluble ash value Qae'calculated as
follows: -
Initial weight of drug = 2g (&)
Constant weight of nickel crucible = (b
Veight of crucible + residual ash = (o) NPT

& Welght of acid insoluble ash = (&> ~ (b2 = (47

-
X
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a3 100
% acid insoluble ash = —=— ¥ ——— %

(A 1
This calculation was carried out far each of the %
samples of the different plant parts, the mean was
then calculated. This mean 1s taken ar the ash wvalue
for each particular part. The acid-insclble Ash walue
of the lemf was 4.7%, stem 0.8%, root 5.0% and seed

4.1%.

3.4.4 ALCOHOL SOLUBLE BEXTRACTIVE VALUE
The alcohol soluble extractive value was
calculated as follows: -
Veight of =ample = 5.0g (a>
Constant weight of ewpty crucible = (hi
Constant weight 6f erucible + reslduve = (o
¢ Weight of resldue from 20ml = () — MY = ()

Veight of residue in 100wl = (d) x § = (el

o % alecohol soluble extractive = ——-— 3  —=wiy

ot b

This was calcoulated for sach of the T sampies for
each plant part. The mean of this values was taken as
the mlcohol =moluble extractive value of the given

part.
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The alcohpl soluble exitractive value for the leaf

was 16,96%, stenm 15,96%, rcoot 16.76% and seed 18.6%

3.4.% VWATER SOLUBLE EXTRACTIVE VALUE
The water esoluble extractive walue was
calculated as follows: -
Veight of =sample = 5.0g (ad
Congtant welght of orucibhle = (hi
Weight aof crucible + residue = (o)
s Weight of residue from 20m1 = (&) ~ (br = )

& Velght of recidue from 100ml = (4> x 6 = (e)

“ted 100

% Water soluble extractive = —ww—e 3z ———w%

fad 1
This was calculated for each of the 5 sanples for each
plant part. The mean of this vwalues was taken as the
water soluble extractive value for tha given part;
The water soluble extractive wvalue for the leaf

wag 19.4%, stem 17.8%, root 19.24% and ceed 24%.

The resnlis (values? obtained Tfrom the
deternination of the T physical constante Jfor +the

different plant varts are presented in Table 2.4
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COMMURIS

PHYSICAL CONSTANT LEAF | STEM  ROOT ; SEED
Moisture content 5.82%| 5.4% 5.83% 6.2%
Total ash value 11.1% }12.8% 12.2% 0.7%

Acid inscluble ash value 4.7% 5.8% . 0% 4.1%

Alcohol soluble extrac-

tive value 16.96%|15.96% (16.76% |18.6%

Vater soluble extract-

ive value 19.4% 117.8% 19.24% 124.0%
*Each wvalue represents a mean of five separate
determinations. The physical constante are important

parameters used in pbarmacognostical investigations,
they are used Iin the evaluation of drugs, most
especially the purity and quality of drugs. The
physical constants are generally constant for a
particular drug thus they are used as means of
evaluation,

Majority of druges will contain 10 to 20 percent of
moisture, +this shows that the samples of RE. communis
used in this research have been properly dried since
the moisture content of its parts falls below 10%.
This means that enzyme action on its constituents will
not have occured, i.e the constituents will be stable.

The samples used had a moisture content below 10%
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indicating their acceptability. The total ash value
and acid insoluble ash values were quite low. These
etandarde are used in investigations of purity of
drug. The results of this evaluations of R, communis
indicate the acceptability of these samples.

The percentage of soluble extractives of drugs
depend on the solvent used and the chemical
constituents of the drug. In all the different parte
of the plant the water soluble extractive value were
found to be higher than the corresponding values for
alcohol extractives indicating the use of water ae a
vehicle in traditional medicine as valid.

The variations between the values of the physical
constants for the different plant parts do not appear
to be very much indicating some similarity in many

cases as shown in Fig. 3.4.

The procedures wused in the quantitative
microscopy of the leaf of a plant are conducted in
order to be able to comfirm the identity of the drugs.
These are numerical standarde based upon various
anatomical featurese of the leaf in question. These
munerical standards include - etomatal number,

stomatal index, vein islet number, wvein termination
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number and palisade ratio. The determination af these
values for any leaf will dinvolve the use of a camera
lucida. The values calculated for the leaf of R.
communis are as follows. . o | L

Stomatal number- .

Upper surface - 17 -_l19 - 22 staomata per sq mw

Lowar surface ~ 25 - 28.7 -~ 350 stomata per sq mm

Stomatal index -
Upper surface — 0.6 — 11,1 - 12,5%

Lower surface — 13.0 - 15.2 ~ 16.6%

Paliseade Ratlo - 3.5 - 4.4 - 5.3 per epidermal cell
Vela Islet Number - 12 - 13.2% - 1T per sq um
Vein Termination Number - & - 10.25 - 12 per sq mm

Key — Average are underlined,

The numerical sgandards derived above can be used
when attempting to standardize +traditional medicine
preparations, they are used to'idénfifj the plant in
order +o make sure that <the plant being used is=
actually E. coumunis not <losely resenbling species.
For instance the values i.e stomatal pumber and indewx
gife the {frequency of the occurence of sctomata on
leaves, this numerical values will help in

differentiating it from other plante. It is possible



that sbome treatment of diseases attri?nted T B
compunis in traditional medicine in past ages which
cannot now be subhetantlated by scientific study wight

have been due to mis—-identification.

3.6 RESULIS OF CHROMATOGRAPHIC ANALYSIS

Chromatographic technigues are useful methods in
the w=eparation, isplation and identification of
conpounds. They prowvide information such as RE values
which ¢an be used in identifying various conmponents of
a niyture nf compounds..

Chromatographic analyeie were carried out on the
proteins, flavonoids and allaloids of B. communie in
order to itry and determine the number and 1f possible
the types of thie class of compounds present in the
plantil | |
3.6.1 Rnnxsllé- ;

In the first solvent ocyster (n-butanol 3
Acetlc acid 1: VWater 42 the ax£rﬁc£ of seed separated
into five spots, all of which gave a purple colour
with =ninhydrin reagent. Twe of the spots also gave
yvellow spote with lodine vnpaur; whils ome of theee

two gave a light blue inflorescence under uv light.
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The root extract eeparated into three apots, two
of which gave purple epots with niphydrin, one
flouresce yellow under uv and two gave yellow spots
with iodine wapour.

The stem extract separated into four epote, three
gave purple colour spote with ninhydrin, one floresce
yellow in uv and another one gave a yellow spot with
iodine.

The last extract separated into five spotse, only
one gave a purple coloured spot with ninhydrin, four
gave yellow epote with iodine wapour and three
floresce light blue.

In the second solvent system (n-butanol 4: acetic
acid 1: water 5) carried cut on thin layer plates the
seed extract separated into five spote, three of which
gave red to reddieh brown spotse with ninhydrin and one
gave a yellow epot with iodine. Rone of the
components of extracts floresence in this solvent
eystem.

The root extract separated into four spots, only
one gave red sopt with ninhydrin arpd three gave yellow
spote in iodine. The stem extract gave only one spot
which was yellow in i1odine. In both sclvent systems,
the reference compound abrin appeared, gilving a yellow
florescence in both cases, aleo yellow spots in iodine

vapour, but a purple spot in ninhydrin in the firet
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system, while iﬁ thé aecnﬁd'systam it gave a reddish
brown spaot with ninhydrin,

In both ocases there was a component of the seed
which shared msimilarities with the reference abrin,
It had the same colour reaction with ninhyrin and very
close Rf wvalue. This compound is probably ricin which
shares similarities with abrin i.e they share a lot of
gimilarities in their chemical structure, hpoth are
made of two polypetide chains joined by a sulphur-
sulphur bond. The anmino acid sequence of their A-
chaine are closely related.

No similar corresponding sepot cocured in the
extracte of leaf, stem and root. Ricin is probably

absent in this parts.

3.6.2 FLAVOROIDS
In the firat snlvént syetam {n-butanol 4:
acetic acid 1: water 5) carried out on paper, ithe seed
extrmct gave one spot which floresce yellow under uv
after spraying with 1% sodium carbonate solution. The
root extract gave two epots, one floresce yellpw under
uv  without spraying wiith reagent, while the other
floresce vyellow after spraying with 1% sodium
carbonate solution.
The extract of stem gave two spots which floresce

under uv without spréying. The leaf extract separated
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into four spots, one floresce blue under uv without
epraying the nther three floresce after spraying, two
floresce vellow and the pther one violet.

In the second solvent system (acetic acid 15%:
water 85%) carried out on paper, the seed extract gave
two epote, one floreece yellow without epraying with
reagent while the other floresce yellow after spraying
with 1% sodium carbonate.

The root extract separated into two spots, one
floresce vyellow 1in uv 1light without spray and the
other floresce vellow after spravying. The stem
extract gave a epot which floreece yellow vnder wv.
The leaf extract eseparated into five spots, two
floresce under uv without spray as blue and vyellow,
while the other three floresce after spraving, one was
yvellow green while the other two floresce yellaw.

Vith the aid of information given in Macek (1972)
i.e Rf values and colour reactions it was possible to
try and identify =ome of this separated flavanoids
which were chromatographed under the same conditions.
Theee suspected flavanoide are as follows:-
- Vitexin, Rf value 0.82 - occuring in the seed
- Linarin (a acacetin derivative) Rf value 0.61 -

occuring in the leaf
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- Luteolin Rf value 0.66 - pccuring in the leaf
- Quercetin, Rf value 0.41 - nccuring in the cten
= Quercetin derivative + 3 - rhamnoglucoride, Rf value

0.36, found in the root.

The flavonoide listed abhove had corresponding spots
on the chromatogram with the same Rf wvalue and colour
reactionse, which were run under the same conditione
given 1in the lliterature, I+ was not possible to
further confirm them because tha required reference
snluticns were not available to be run on the same

chromatogram.

3.6.3 ALEALOIDS
In the first solvent system (Ethyl acetate 4:
25% formic acid 3) carried out on paper, one spot was
found to occur at the eame position (Rf 0.89) in all
of the extract. Bach of the extracts al=c gave one
spot each all of which floresce under uv light. The
other spot did not flaresce under uv, but all the
epote gave yellow colour reaction with iodine wvapour.
The spote that floresce in the case of the seed and
root also gave a brick red onlour with dragendorff'e
reagent.
In the second solvent system (n-butanol 4: acetic
acid 1: Water 5) carried out on chromatographic paper,

each extract of the different plant parte gave one
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spot each. Thie spote gave yellow colour reaction with
iodine and floresce under uv.

In the third solvent sytem (chloroform 10:
Methanol 20: Ammonia 1) performed on thin layer
plates, each of the extracts gave a spot which had the
same Rf valuese and the same yellow colour reaction in
iodine as shown in Table 3.7. Two of these spots
floresce yellow under uv. These spots are similar to
those found in the chromatogram run in the firet
solvent system, and there is a strong possibility that
this compound is ricinine which is alkaloid reported
to be common to all parts of the plant. No reference
solution was available to be used in confirming the

presence of the ricinine,
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COMMUNIS
PAPER CHROMATOGRAPHY
Plant part/| Solvent Spote R
Reference Daylight
s b = I SEE—
Abrin n-butanol: 1 0.738 -
Acetic acid
Seed Vater
(3:1:4) 1 0.38 -
2 0. 48 -
3 048 -
4 0.58 =
L 0.744 -
Root » 1 n. a8 .
2 0.48 -
3 n.A2 -
Stemn " 1 0.41 =
2 0.54 -
a 0. A0 -
4 0.57 -

uv

Yel]nwl

T4 4+
Light

blue

Yellow

Yellow

h
CHROMATOGRAPHIC SEPARATION OF PROTEINS IN DIFFERENT PARTS OF RICINUS

B ____Colour Reactione

Tndine

Yellow

Yellow

Yellow

Yellow

Yellow

Finhydrin

- sShray

Purple

Purple
Purple

Purple

Purple
Purple
Purple

Purple

Purple
Purple
Purple

Purple
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Leaf " Q.40 - -
2 0.5%5 Light | Yellow -
3 - biuve
3 | 0.48 - | Yellow | -
4 .62 Light | Yellow -
5} blue
8 0.80 Light | Yellow -
blue
Abrin Y n-butannls t
t Acetio acid 1 0,64 Yellow] Yellow | Reddish-
l Vater t brown
Seed (4:1:9 0.23 - - Red
2 n.42 - - Reddish-
| brown
g 3 Q.51 - Yellow -
4 0.56 - Yellaw -
R 0. 6& - - Red
Root 1 » 1 0.20 - Yollaw -
2 0.3 - - Reddish-
brown
3 0.52 - Yellow -
4 0.71 - Yellow -
Sten " 1 4,2 - Yellaw -
Leaf » i 0.2 - Yellow -
2 0,29 - - Reddish
hrown
3 0.47 - - Reddish-
brown
4 n. A5G - Tellaw -




Plant part | Solvent Spote{ Rf —Colour Reaction
System Vithout reagent } 1% sodium carbonate
| Daylight  uv
n-butanol:
Seed acetic acid
Vater
A:1:5) 1 0.33 - - = Yellow
Root " 1 0.36 - - Yellow Yellow
2 0.57 - Yellow - -
Stem » 1 0.50 - Yellow - -
Leaf " 1 0.52 - Blue - -
2 0.61 - - = Violet
3 0.31 - - Yellow
4 0.71 - - Yellow Yellow
Acetic acld
15%:
Seed Vater 85% 1 Q.82 - - — Yellow
2 .88 ¥ Yellow - =
Root » 1 G.40 - Yellow - -
2 0.28 - - Yellow Yellow
Stem . 1 0.41 - Yellow - -
Leaf L i 0.32 - - Yellow Yellow
2 0.66 - Yellaw- Yellow-
green green
2 .74 - RBlue - -
4 0.91 » Yellow - -
5 56 - - Yellow Yellow
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Iable 3.7
R LRI AN
_PAPER CHROMATOGRAPHY
Plant part j; Solvent Spoty Rf _____ Cplour Reactions
system Daylight wuv Iodine Dragendoff’'s
reagent
Seed Ethyl acetate
25% formic 0.53 Yellow Yellow orange
acid (4:3) 2 0.89 - Yellow -
Root. » 1 0.851 Yellow Yellow orange
2 0.89 - Yellow -
Stem ” 1 0.50 Orange Yellow -
2 0.89 - Yellaow -
Leaf " ] 0.57 Red Yellow -
2 ] 0.89 = Yellow -
n-butanol:
Acetic acid:
Seed Vater ¢4:1:5)] 1 0.6G - Yellow Yellow orange
Root " 1 0.86 p - Yellow Yellow orange
Stem " 1 0.94 | - Orange Yellow -
Leaf - 1 0.93 ¢ - Red Yellow -
THIR LAYER CHROMATOGRAPHY
Chloroform: ] ]
Methanol:
Seed Ammonia 1 0.88 W Yellow Yellow -
(10:20: 1)
Root : » 1 0.88 - Yellow Yellow -
Sten " | 0.88 - = Yellow -
Leaf » 1 0.88 - - Yellow -

- Nn ecolour reactions
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3.6.4 QUANTIFICATION OF FLAVONOIDS

The flavonoid content of the different plant
parte were determined and the results (figures
obtained) were compared with those obtained from
chromatographic analysis to find out if the variations
in the amount of flavonoide present in the different
parts were related to the number of flavonoids
observed in the chromatograms i.e no of spots. The
resulte were as shown in Table 3.8 below.
Table 3.8

FLAVONOQID CONTENT OF DIFFERENT PARTS OF R. CONNUNIS

~Flant Part 1 11 Average
Leaves = 3.85%, 3.9% 3.7%

Stem - 1.04%, 0.98% 1.01%
Roat - 0.86%, 0.82% 0.84%
Seed - 0.42%, Q0.36% 0.39%

The leavese had the highest amount of flavonoids
and it alsc bad the highest number of spots, 5§ in each
case, suggesting that the large number of different
flavonolids  contributed to the high amount  of
flavonoids present in +the leaf. Flavonoide are
coloured pigments and in plante the highest
concentration of colouring matter are found in the
leaves which are the site where sunlight is trapped to

be used in photosynthesis.
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Such a corelation could not be said to be the case
for the stem, root and seed. The stem had only one
spot 1in both chromatograms but containe a larger
amount of flavénaida than the root and seed which both
showed two spote each.

There has been no previous attempt to screenm the
various parte of the plant Ricinus communis for their
phytochemical constituents except for the seed due to
fact that only the seed has shown economic value i.e
for its o0il <(castor o0il) content. Other plant parte
have been reported to be used in traditional medicine
preparations but no experiment was carried out to find
out which particular constituent wase responsible for

the wvarious actions reported or even if the reports

were true. In this work the different plant parts
were investigated pharmacognostically i.e
microscopically, chemomicroscopically and

phytochemically so as to provide a reference for
future studies.

The results obtained in the case of the seed
compared favourably with that in literature. 0il was
also found in the other plant parts but not as in
large quantities like +the seed. Lignin, tannins,
starch, calcium oxalate crysetals and cellulose were
found in these other parts. Mucilage was present in

trace amounte in the stembark and root. Resins,
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baleams, terpenes, sterols, saponin, pentoses and
ketoses were absent in the various plant parts. Free
and combined reducing sugars were present in all the
parts while only the leaves contained monosaccharides,
thie probably due to the fact that photosynthesis
occure in the leaves, and monosaccharides are the
first products and have probably been converted to
more complex compoundse when they get to the other
parts. Flavonoide and alkaloide were present in all
the plant parts including the seed.

Ricin, the toxic protein which the plant is famoue
for, was found to be absent in the other plant parts
except for the seed, this is as reported in
literature. This was shown chromatographically when
no spot compared favourably to the spot of the
reference campound abrin in the case of the leaf, stem
bark and root, as was the case in the case of the
seed, when the proteine of the various plant parts

were chromatographed.
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The eign and symptoms obseerved were not dose
related, the severity of esymptoms did not increase
with increasing dose of the extract and there were
individual variations in symptoms between the animals.

In the early stagese the animale became dull and
eluggish, with signe of general weakness. As time
passed, the animals began to show signs of inco-
ordination, palor apnd prostration. They showed watery
eyes and paceed watery diarrhoea. In some cases there
wae reepiratory distress with spasmic breathing and
hypersalivation. This symptoms of diarrhoea, dullness
and respiratory dietress agree with the findinge of
Andercon (1948) and Geary (19500,

The animale proetrated and were found dead in
theee position. Most of the synptoms obeerved were in
agreement with that already reported in the

literature.
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Table 3.9
The toxic effect of ricin extract on the mortality of rats

Group (Number of)| Dose ml/kg | Number ofjPercentage; Survival

rate rats dead {¢%) death | Time
1 5 0.01 0 0 Over 24 hre
2 5 0.05 1 20 under 24hrs
3 L | 0.1 3 60 »
4 S 0.5 R 80 "
5 5 1.0 S 100 ] =
6 5 5.0 3 5 100 "
Control L iml of dist- 0 0 -

illed water

Calculation of LDso wvalue was done using the
Arithmetic method of Karber (Aliu and Nwude, 1082).
In thie method the difference between two consecutive
doses and the mean of the number of animals that died
at two dose levels (mean dead) were calculated (Table
3.9). The sum of the producte of the mean dead and
the dose difference was divided by the number of
animals in each group (Table 3. 10). The resulting
quotient was subtracted from the dose that killed all

the animals in order to obtain the LDao value.
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Table 3,10

. Calculats ? LD ¢ Ricin BExtrac

Lo

GroupiDose ml/kg (Dose Kupber j¥ean deadilose difference
differencel dead Z_xean dead —
1 Q.01 0 1S |
2 0.05 0.04 1 0.5 0.02
3 0.1 0.05 3 2.0 0.10
4 Q.5 0.4 4 3.5 1.40
5 1.0 0.5 5 4.5 2.2%
Total = 3.77

&% From the aritbmetic method of Karber (Aliu and Fwude, 1982)

LDow = 1.0 - 3.77/5 = 0.851’!11('11‘:.8

From the experiment of guantification of oruvde ricin
axtract L100ml of extract was fTound to contain in 4

sanples - 0,12g, ©.1lg, 0.12g, 0.15g of ricin (total

sl idad
' 0.312 + §.11 + 0,12 + 0.13
Average ricin comtent = e
[ . ‘
= 0.l2g
G.2%
H 0,.25m1 contains e O, 12
. 100 :
= 0.0003g

» LD of ricin in rats = 0,Q0008g8 of ricin per kg
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372 RESULTS OF CHRONIC TOXICITY STUDIES

During the course of the chronic toxicity studies, animals were sacrificed at four
weeks interval. The lungs, liver and blood were collected and taken for histopathological
studies, The results of these findings are presented according (o the time intervals, based
on the different dose levels that 1s Group I, 0.5mi/kg feed; Group II, 1.0ml/kg feed and

Group IIT, 1.5 mi/kg feed.

(a) RESULTS OF HISTOPATHOLOGICAL STUDIES OF LUNGS

- At four weeks -
Group I (0.5ml/kg of feed) animals showed congested lungs.
Group I (1.0ml/kg of feed) animals showed congested lungs.
Group IIT (1.5ml/kg of feed) animals showed congested lungs.
Pulmonary capillaries were distended and there was escape of red blood cells into the
lumen of bronchioles. | |

Control animals were normal..

- At eight weeks -

Group I animals showed congested alveolar capillaries.
Group II animals showed congested alveolar capillaries.
Group IIT animals showed congested alveolar capillaries.
The alveclar were filled with fluid which was completely cell free.

Control Lungs were normal,
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- At twelve weeks -
Group 1 animals showed oedema of the lungs.
Group II amimals showed oedema of the lungs.

Bronchioles of the lungs were filled with some inflammatory exudate of polymorphs
with red blood cells and fibrin.

Group HI animals showed oedema of the lungs with damage to the interstitial walls of the
alveolar, .
The lungs of control were normal.

Oedema is the excessive accumulation of fluid in the body tissues, popularly known
as dropéy. In pulmonary oedema this occurs in the air spaces of the lungs, it may be caused
by drugs. (Concise Medical Dictionary, 1985). In this case the drug involved is ricin. The
severity of the oedema increased as the dose of the extract increased and.became more
pronounced with increasing time of exposure. Death would have occurred due to respiratory
failure. |

These findings of lung ocdema conformed with that of\ Olsnes (1978) who reported

oedematous lungs and the filling of the trachea and bronchi with frothy cedematous fluids.

(b) RESULTS OF HISTOPATHOLOGICAI FINDINGS OF LIVER

- At four weeks -

No pathology was reported for livers of Group I, II, III and control animals. The

livers were all normal.,
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- At eight weeks -

lin Group I (0.5ml/kg of feed) animals, the Bepatocyies were undergoing degeneration.
In Group II (1.0ml/kg of feed) animals, the hepatocytes were undergoing degeneration.
In Group I (t.5mi/kg of feed) animals, the hepatocytes were undergoing degeneration and

patchy grey areas were observed in the focai points of the liver.

- At twelve weeks -

Group l.animals showed pyknosis (gradual fading away of nucteolus).

Group 1I animals showed pyknosis.

Group IlI animals showed pyknosis and necrosis was starting to show in focal areas of the
fiver without any loss of architecture of ceits.

Necrosis is defined as the death of some or all of the cells in an organ or tissue
caused by disease, physical or chemical ijury, or interference with the blood supply
(Concise Medical Dictionary, 1985). |

Multiple n_ecmsié has béen reported in the liver and kidney due to ricin poisoning

(Kobert, 1906), Mare recently, it has been shown that in the liver of rats treated with ricin,

the sinysoidal cells and hepatocytes were damaged (Olsnes, 1978).

(¢)  RESULTS OF EVALUATION OF BLOOD

There was no apparent change in the conposition of blood throughout the period of
twelve weeks. The red blood cell count, haemoglobin, packed cell volume and total protein
showed no marked fluctuation for any of the dose ranges,

In conclusion, the chronic toxicity findings conform with those already reported in
literawre, that is lung oedema and liver necrosis.

Haemolytic anaemia bas been reported in the biood for acute
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toxicity cases (Watt and PRreyer, 1062). Absence of
any effect of the blood under chronic studies might
give an indication why 1immunity can be induced in

animale by feeding them on increasing amounts of the

bean.

Ricin is a poisonous protein reported to be
found in the seed of R. communis. An attempt was made
to relate the total protein concentration of the
different plant parts to the presence of ricin in
them. Using the refractometer, the total protein
concentration of four samples from each part of plant

were determined, the resulte were as follows.
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~ Plant part Conc (g/100ml) n ¥ean : Standard error
| I 11 11} 1Y i
Seed 1.0111 1.000}f 1.002}0.996] 1.003 & 0.001
Leaf L 0.953] 0.947| 0.94710.94%] ©.948 <+ 0,001
Stem | 0.002{ 0.806| 0.905}0.001) 0.901 % 0.o001

Root | 0.8004 0.000] 0.90610.9031 0.002 % 0.001

| There was very little wvariation between the
prcfein concentrations found in the different parts.
The seed had +the highest wvalue, this <¢oulid be
attributed to the presence of ricin in it, hawever,
this cannot be said to be the case because from the
results of chromateographic analysis the »number of
proteins detected appear to be the same, especially in
the case of seed and leaf. Ricin occurs in very smali
amounts — (0.2%) in the meed (Vatt and Breyer, 1862)
and wauld not cause =a aubatantial. increase in the
protein concentration of seed., Table 3.11.

3.7.4

The extract of the seed was the only one which
caﬁaeﬁ haemolysis i.e lysis (destruction) of red blood
cells (plate 1 & 23, the other parte did not. The
haemolytic property of the seed is due to the presence
of riein, a toxic protein present in the agueous

extract of the seed. Ricin appears tp be absent in
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PLATE 1: NORMAL RED BLOOD CELL

FLATE 2: HAEMOLYSED RED BLOOD CELL BY RICIN
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. e

PLATE 3: RORMAL LIVER TISSUE/CELL

PLATE 4: LIVER RECROSIS CAUSED BY RICIN, PATCHY

GREY AREAS, FADINRG NUCLEDLUS



PLATE 6:

NORMAL LUNG TISSUES

LURG OEDEMA CAUSED BY RICIN,

FILLED VITH FLUID

ALVEOLAR SPACES
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tke other parte of the plant, It has not heen

raported to be present in these other parts apart from

Sr A

the seed.
Table 3.123
EAEMOINYTIC EFEECT OF BXTEACTS OF THE DIFFBERENT PARTS
Plant Part ¢ EBiffect/Haemolysis
 Seed o+
Leaf o -
Stem -

Root _ =
Key + positive |
_— negatlive
3.7.9 RESULTS OF BABMOLYTIC STUDIES
The wavelength of maximun absorpiion of the
bhiood sample wag deternined uwsing the uv
spectrophotometer, with distilled water acting as

standard. The spectrophotometer was set to scan from

~ the wavelength 180-750nm, with the recorder running.

The Mmax was then read off the record sheet i.e the

. peak of maximuim absorption shown on the graph drawn.

.. Wavelength of maximum absorbance was 411.6, the

absorbance at Imax was 0.869, Varking with this

 wavelength, the following results were obtained om

addition of ricin extract Table 3.13).
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CHARGE IN ARGDRBANCE WITH TIME

Timee

(min}

10
15
20
a5 |
30
35
40

45

.BEG

660

LR4Z

. 564

. 5248

. 586

. Baé

Samples (absarbance)d

Q. 6509

0.649

€. 430

0.616

0.899

I1X

H. 869

0.654

.638

0.619

0.690

0,592

0.588

$.58%5

1V

0.869

9,660

0.641

0.628

G. 860

0.658

0.64%

8. 626

0.614

0.604

¥ean (85.8)

¢, 869

0.6%58 Q.00
0,643 G. 0001
. 0.629 §. 0001
0.016 Q. 0001
0,601 0. 0001
0.504 Q. ¢o003
0.588 0, 40001

0,586

0.586

0. 00001

0. 00001
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Vol of Sample {Ab=orbance)

ricin

Bxtract

(mld} I I3 111 v ¥ ¥ean (S5.E)

1.0 0.868 0.869 0.860 0.860 0.869 0. 869

0.2 0,831 0.834 0.838 0.832 0.840 0.83% = 0.0001
0.4 0.762 0.811 0.802 0.794 0.801 0.800 * 0,0001
9.6 0,772 0.78% 0.7B4 0774 0.772 0.777 % 0.0001
0.8 0.7 4.762 4.77F 0.7%8 0.758 D, 7682 + 0.000%
1.0 0.745 0.746 0.784 0.738 0.738 Q.744 % 0, 0001
1,2 0.729 Q.727 0.732 0,727 0.721 0,720 + Q.000%
1.4 0716 Q.76 ©.720 0.7068 0.704 0,712 £ 0,000
1.6 . 701 0.703 0.702 0.700 0.604 0.700 & 0.0001
1.8 D0.898 0,602 0.600 0,401 0.688 0.8601 + 0.000%
2.4 Q.688 (0.882 0.676 0.678 0,680 0. 681 + 0.0001

The wvalues obtained from the two experiments were

plotted out graphically both curves (Graph I and 11D

_ sloped from left to right. Steyn (1934) stated that

if large amournts of castor heans are eaten, general

weakness and collapse Bay he evident almoet

immediately. Clinical symptoms are progressive,
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becoming nmore serinué as the oace gpoes on. The
ingestion of Buéh large =2mounte of castor bean could
e easily compared to the additien of the ricin to the
blood in which case haemslytic effects are seen almost
immediately. The abscrbance of bolld sample was seen
to change on addition of the ricin extract. Thé.
greatest change was observed to ocour within the first
five minutes, which i1s indicated by the wvery esteep
.slope cf the curve of the graph within this period.
Changese thereafter lessening (curve levels out) until
a point at which it becpme& constant 1.8 no more
'bhange in the ahsorbance, this EEéured after O
minutes (Fig 3.%2, The patient either dles or is
probably starting recovery at this point,

The haemplytic activity of the ricin extract waé
alsn obgerved +to 1increase as the concentration of
extract increased. This mneans that the chances of
recdvery in casese of poisoning depends on the ampunt
of the poison taken and the time of exposure before
the treatnment begins:

 Ho latent period was gheerved between time of
addition ©of ricin and change in absorbance. This
iatent peripd observed in cases were the castor bean
is eaten McCunn et al, 1945 ié probably a time lapse

batween the time the bean ie eaten and when it is
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absorbed into the blood streamn. In the experiment no
time lapse was observed due to the direct addition of
ricin extract to the blood sample. This shows that
treatment should be given as socon as castor bean is
eaten before the time lapse elapses and symptoms start
because from the experiment it can be seen that the
effect of the ricin increases as the time of exposure

increases.
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CONCLUSION AND RECOMMENDATIONS
Ppisoning by castor bean from the plant, Ricinus
comminie is a common phencmenon in many parts of the
world, yet the plant i=s etill used extensively in
traditional medicinal practices, orthodox medicine and
even in industries. For the first time, a detailed
pharmacognostical evaluation of the other parts of the
plant apart from the seed which has been investigated
by many workers and has a lot of literature on it, has
been carried out.

The various data and resulte from the
pharmacognostic study of +thie plant include +the
microscopy, chemomi croscopy and phytochemical
screening thedetermination of +the nature of the
chemical constituente; and the toxicological profile
i.e the median lethal dose, chronic toxicity and
haemolytic studies which can be employed as a means of
controlling quality (or standardizing) the varlous
traditional medicine preparations made from the plant.
These  traditional preparations should also |be
validated and +those that cannot be substantiated
should be discarded/discontinued so as to prevent
poesible future harm that they may cause. Suitable
doses for taking this traditional preparations should
be recommended and +the practitioners should

instructed on how to dispense them,
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Some of the data, particuiariy those of
pharmacaprial importance such as moisture ¢nntant, ash
values and ex£ractive values could be useful in the
preparation of monograph of the Eiginuse communis.

The data obtained from the toxlcity studies could

-he useful in the treatment and maintenance of cases of

poisoning by the bean (cake? in both human and
veterinary medicine, Health workere should be

educated on the way and manner of which the poisoning

 progresses so as to be able to give prompt or

synptopatic treatment.

In the more recent field where ricin is now

. emploved in cancer chemotheraphy, these toxicity datas

could be emploved in the research of ways to reduce

- the cytotoxic effects on normal tissue and to increase

possibility nf full recovery.
Knowledge of +the chemical canstituvents of the

various parts of plant such as alkalolds, flavanoids

. and the different types of reducing sugars will help

in the exploitation of the fuwll economic potential of
the plant. Howewver, more work is reguired to be done
in order to quantify these compounds, sc as to know
whether the plant can act as a cheaper source Ifor

these conmpounds.
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