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ABSTRACT

The anthelmntic property of the extract of

Cari cal Papayaseeds agai nst N ppost rongyl us

braziliensis and Hynenol epl s nana were studi ed using

rats. In addition, pharnacol ogical properties of the
seed extract on skeletal, snooth and cardi ac nuscl es
were investigated. The extract (0.5 - 2 g/kg) used
once daily for three days, or once followed by
purgi ng w th magnesi um sul phate (4.6 g/kg) 2 and

2k hours later, did not show any activity agai nst

N braziliensis. The activity of bephenium

hydr oxynapt hoate (150 - 200 ng/ kg) agai nst

N braziliensis. was significant.

Oh the other hand, the extract exhibited

activity both in vitro and in vivo against H nana.

The LDs, for extract and niclosamde in vitro were
36 ug/m and 120 ng/mM respectively. The extract
at concentrations above 100 ug/m either paral ysed
the wornms or killed them A simlar effect was
observed with niclosamde (>1.9 ug/m).
Theactivity of extract was significant at
concentrations above 0.5 g/kg when used once daily
for three days against H nana. Wen used once,
followed by purging wth magnesi um sul phate, it was
significant at 1.0 g/kg and highly significant at
2.0 g/kg. N closamde (600 ng/kg) once daily for

three days showed conpl ete deparasitization of all

(Vii)



the rats used. The results of the extract suggest
that it could be a cestocidal agent hut its use as
a general vermfuge is not justified in ankyl osto-
m asi s.

The extract (>32 ug/nm) affects isolated
skel etal rnuscle preparations directly resulting in
per manent contracture, suggesting that it could be
acting at a point beyond the neuronuscul ar junction.
It is likely to be interfering with the process
invol ved in, either sequestering of rel eased Ca?*
or the storage of Ca* thereby nmaking Ca
continously available for sustained and irreversible

contracture.

The extract (0.5 ng/m)contracted and
desensi tized both oestrous and non-oestrous rat
uterine snooth nuscle to oxytocin and acetyl choli ne.
The activity may be related to a possible effect of
the extract on the fluxes of calciumor other ions.
O the cardiac nuscle, the extract (0.2 ng/m)
produced initial positive chronotropic and
inotropic effects followed by gradual decrease in
force and rate of contraction of the heart. It also
desensitized the heart to acetylcholine and adrenaline.
The cardiac effect of the extract may be due to its
interference wth enzyne systens (e.g. c-AW, c-QwW)

responsi bl e for the nobilization of Ca?*.

Wien acute toxica |l ogical studies wth chicks

and mce were conducted, the extract (2 g/kg) did

(Viii)



not produce any observable toxic effects.

Bl TCwas qualitativel ydetermnedbyits
hydrol ysis to yield hydrogen sul phide and carbon
dioxide gases. It is therefore likely that the
observed effects of the extract in this project

nmay be principally attributed to BITC content of the

seed extract.

(ix)
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CHAPTER I

LNTRODUCTION

1.1 Helminth
"Helminth® is derived from the Greek words
“helmins® or "helminthos#, a worm, It is strictly
applied to three phyla of parasitic worms, namely
(a) Platyelminthes or flat worms which include
Trematodes {(flukes) and Cestodes (Bapeworms),
b, Nemzthelminthes which include all round worms
and
(c) Annelids which include earthworms, leeches
and other ringed worms (Nnochiri, 1975).
Helminths as parasites of man and animals have
been known since the early times, According to Stoll
(193?), more than 800 million people of the world are
affected by helminthiagsis. The incidence is more in
the Tropics due to elimatic and sociological factors
(Cavier, 1973).
| Although helminths do not account for as many
denths as the protozoan parasites of man, they probably
cause mere morbidity and more eccnomic and social
deprivation among the population affected than any
- single group of parasites (Nnochiri, 1975).
The economic loss due to helminthiasis in
ruminants alcone in Nigeria has been estimated to be
at least 14/ million naira annually, resulting from

death, weight loss and liver damage (Akerejola,
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van Veen and Njoku, 1979). The major constraint in
combating helminthiasis in Nigeriag is unavailability
of drugs which is relafted to soclo-economic and
political reascns,

The use of medicinal plants to combat helminthiasis
in both man and animals has been recognized long ago.
The Fulani herdsmen in Nigeria realize animal
helminthiasis to be a problem and more significant in
calves of less than a year old, as a result, herbal
treatment is commenced within one week of birth as a
routine {(Ibrahim, Nwude, Aliu and Ogunsisi, 1983).

Nigeria, and ind=ed the continent of Africa as
a whole, is blessed with both plants of tropical and
temperate types, Despite the fact that some studies
have been conducted on medicinal properties of some of
these plants, *he continent is still under-explored
(Puri and Talalaj, 1964). Some of the plants used
traditionally as anthelmintics in Africa that have

been studied include Huntqyiq umbellata which wasgs

said to be equipotent to piperazine base in the
management of ascariasis (Onuaguluchi, 196),

Allium satium used in Nigeria as vermifuge was shown
to have some activity against Ascaridia galli in

chicken (Das and Thakuria, 1974), Diospyrol from the

plant Diospyros moliis was shown to be superior to

bephenium ageinst Necator americanus in hamster and

against Hymenolepis nana in mice (Sen, Joshi,

Parthasarathy, Kémat, . 1974).
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Among other plants which are common in Nigeria,
and whose anthelmintic properties have been reported

is Carica papaya L.

1.2 Carica papaya Limn
1.2.1 Origin

Carica papaya Linn, popularly known as pawpaw

or papaw belongs to the family Caricaceae which

consists of the following generas Carica, Cyclicomorpha,

gngggggg and Javilla (Storey, 1969). Carica which
contains about twenty one species is the only genus
that is cultivated for its fruits,

It had been earlier thought that the plant is
indigenous to both Africa and Asia, However,
de Candolle (196L) maintained that the plant is of
American origin, The argument put forward by
de Candolle (1964) was that the plant is easily
naturalized outside plantations hence could easily
adapt to Africa and Asia. He contended that in
modern Indian languages, it bears names derived from
the American word 'papayat,

It is now believed by botanists that Carica
Pbapays originated from the lowlands of Central
Anmericay somewhere in the region of Southern Mexico
and Nicaragua. Iollowing the disceovery of America, it
was distributed along tropical trade routes by
Spanish and Portuguese sailors. It reached Panama

as early as 1835, Puerto Rico by 1540, Cuba soon
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thereafter, By 1611, it vas grown extensively
throughout the tropical and extratropical regions of
the world, both as plartation tree and as favourite
fruit for home garden (Storey, 1969; Chandler, 1964).
The plant has importance as plantation crop in
Hawaii (Solo and Bush varieties), South Africa
(Hortus Gold variety), Australia (Improved Petersen
variety), Florida (Betty variety), India, Sri-Lanka,
the Philippines and a number of countries in Tropical
America and Southeast Asia,

1,242 The Piant and its Fconomic
Values

The plant is barely a tree, almost herbaceous
but the trunk is persistent sometimes for a considerable
number of years, The plant could be branched, but
mostly unbranched with a head of gigantic, deeply
lobed leaves with long stalks, Its very large leaves
contribute to its tree-like appearance, It may be as
tall as fourteen metres or higher with a stem of 30 2m
in diameter, tapering gredually to about 10 - 13 cm at
the summit and composed of soft spongy wood, mostly
hollow in the centre (Linley and Moore, 1876).

Carica papaya is a polygamous species of plant.

The trees, according to Storey (1869) are classified

into three primary sexes namely; staminate or male,

hermaphrodite or bisexual and pistillate or female,
Male plants bear large pendent panicles of

yellow flowers, Hermaphrodite trees have short



inflorescences usually consisting of only five or
six flowers that are exclusively pistillate,
Pollination is effected mainly by wind but insgects,
especially moths, are believed to play a part also,

An important characteristic of Carica papaya
1s the presence of near the surface of stem, leaves
and frult of latex tubes filled with milky juice that
contain the enzyme papain,

Depending on the variety, the mature fruits
ol female trees may be nearly spherical to slightly
oblong and weighing between 0,5 - 2 kg or more,

The Solo variety of Hawaii are pyriform and welgh
between 0.4 = 0,5, Hortus Gold variety ¢f South
Africa are globular and weigh 1,25 = 2.5 kg, In
many countries in Latin America and South Pacific
Islands, large size seems to be considered an
attribute of desirability and weights of fruits may
be from 2,5 - 6.0 kg In Nigerian markets (Jos and
Zaria), the fruits (eblong to globular in shape),
weigh 0,5 ~ 3 kg, The central cavity of the ripe
fruit is surrounded by a host of small black seeds,
covered by a jelly produced by the seed coat, There
are inodern varieties which are secdless.,

The flesh of the ripe fruit is orange in colour
and has a sweet musky flavour when eaten raw, The
water content is from 85 to 88% or higher,
Carbohydrates, mainly reducing sugars, vary from 7

to 12% while the protein content is about 0,5%,



Fat and Starch are not detectable, There is
alot of carotene in the flesh amounting to 2500 I,U,
per 100 g of the flesh, The ascorbic acid content
iz also high and varies from 30 & 120 mg per 100 g of
the fruit, There are zlso 20 mg of calcium, 0.5 mg of
iron and 0,03 mg of thiamine per 100 g of the flesh
(Nelson, 1951),

The volatile components of Carica papaya

fruits have been analyszed by some workers (Katague,
196l.; Katague and Kirch, 1965), In these studies,
homologous series of normal primary alcohol from
Cq to Cg and primary isoalcohols from C3 to C5 were
reportedly found, along with the corresponding
acetate esters. Ethyl, propyl, butyl and hexyl
alcohols and methyl, ethyl, amyl and isoamyl acetates
were found to be present in relatively high concentra-
tions (greater than 5%). Amyl and isobutyl alcohols
and heptanone-2 were found to be present in quantities
less than 1%, Also reportedly found were isopopyl
alcohol, propyl acetate and butyl acetate,
The concentration of these components varied at
different stages of ripening, A decrease in the
concentratiors of methyl alcohol, methyl acevate,
ethyl acetate and hexyl alcohol as the fruit ripens
while a marked increase in the concentrations of
ethanol and isoamyl acetate were noted,

In another work, Flath and Forrey (1977)

concentrated the volatile components of 1 he fresh



1

T R )

examnined by combined gas chromatography - mass
spectrometry (GC-MS) and 2 total of 106 components
mainly alcohols, aldehydes and esters were identificd,
Linalool was said to be the major component of the
concentrates followed by benzyl isothiocyanate,

Apart from being cultivated for the fruits as a
source of food, Carica papaya plant is grown alsc for
its latex, which contains four components with
proteolytic activity, three of which have been
ideniified as papain, chymopapain, and peptidase A,
They represent 5, 27 and 14% of the latex protein
respcctively (Schack,19673Robinson, 1975). ALL parts
of the plant contain this latex which can easily be
seen exuding as a white sap when the plant is wounded,
However, the greatest amount is in the green frult
where it occurs in the mcsocarp of the ovary wall.
rIfter the fruit has reached maturity and begins to
ripen the latex and enzymes hydrolyze into reducing
sugars and possibly other substances and virtually
none is found in the fully-ripened fruit (Storey,
1969)., The amount of latex in a2 fruit has been found
to be directly proportionzl to its size (Jones, Storey,
Parri and Holdaway, 1940)., The weights of the latex
in all varieties and strains investigated by Jones
et al. (1940) ranged from 0,7 - 1.,0% of the weights
of fruits, and dried latex weigh only 1% of the fresh

latex,



1.3 Medicinal Usces

Different parts c¢f Carica papaya have been

used by different traditional healers for variocus
ailments,

The roots of the male plants, according to
Jofowora {1982) are used by traditional medical
practitioners to cause immediate delivery., Puri
and Talalaj (196l) reported that the practitioners
use the roots for stomachache,

Dead leaves fallen off the trees are used
in many decoctions for bathing children {Sofowora,
1982) and as arbotifacient (Puri and Talalaj, 1964),
The frults are used in gonorrhoes, and the seeds as
vernifuge (Puri and Talalaj, 196L), Traditional
healers in the Northern states of Nigeria use the
seeds to expel worms, Robinson (1958), claimed that
the fresh and dried seeds have been used in clinical
trials and were found to be as effective as piperazine
in the treatment of children suffering from ascariasis.
It wnas alsc found to be effective in oxyridae in mice
(Mehta and Parashar, 1966) and ascarides in dogs
(Nagaty, Rifaat, i .“and Morsy, 1959}, Lal,
Chandra, Raviprakash =nd Sabir (1976) confirmod that

the fresh and dried seeds of Carica papayva were

equipotent to piperazine in Agscaridia galli of birds,

1.4 Phytochemical and Pharmacological Studies

Phytochemical and pharmacological studies of
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different parts of the plant have been reported in the

literature,

1okt The Leaves

Carpaine is the major alkaloid of Carica papaya

and occurs in all the green parts of the plant

(Burdick, 1971). It was first isolated in 1890
(Greshoff, 1890). Barger (1910), Barger, Robinson and
Vork (1937) extracted it from the leaves and tentatively
egtablished its structural formula, Later, pseudo-~
carpaine, which is described to be a diasterecisomeric
with carpaine was isolated (Govindachari, Pal and

Narasimheag, 1954). Carpaine occurs in Carica papaya

leaves in concentrations as high as 0.4% and pure
form is only slightly geluble in water, but its
hydrochloride is readily soluble. It is a secondary
amine, optically active belng dextro-rotatory. It
forms colourless lumps from ethanol, but scluble in
chloroform and benzene, It has a sharp melting point
of 121°C (Burdick, 1971),

Despite the fact that chemical identity of
carpaine was known in the 1930s, it was only of late
that the chemical structure was established
(Spiteller~Friedman ond Spiteller, 196l; Coke and
Rice, 1965),
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The pharmacological properties of carpaine have
been reported in the literature, The Japanese have
reported it to be effective in the treatment of amoehic
dysentery (To and Xyu, 1934}, Ramsawamy and Sirsi
(1960} found carpalne to inhibit Mycobacterium

tuberculosis at a low dilution of 10—h°

On the cardiovascular system, carpaine was
found to have a dose-dependent effect in lowering the
blood pressure and heart rate of the rat (Hornick, |

Sanders and Lin, 1978) and the cat (Tuffley and

Williams, 1951}. The hypotensive and bradycardial
effects of carpalne were not mediated through autono-
mic nervous system., Since selective autonomic nervous
blockade with atropine sulphate (1 mg/kg) and |
propranolol hydrochloride (8 mg/kg) did not alfer thé.
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circulatory response to carpaine (Hornick et 2;;,
19787,

These findings contradict the earlier
speculations that carpsine may have pharmacological
properties of digitalis (Fairchild, 1943) and the
claims of Neble (1946} that doses of 20 mg of
carpaine per day in humans acted very similar to
digitalis,

Tuffley and Williams (19571) and Hornick et al.
{1978) reported that carpaine affects the myocardium
directly, Hornick and his colleagues {(1978) suggested
that the observed effects of carpaine on the myocardium
may be related to its macrocyclie dilactone structure,
a possible chelating structure, If the free calcium
ions in the plasma were taken up by carpaine, a
lowered cardiac performance would result,

Employing in vitro preparation, Tuffley and
Williams {(1951) found that carpaine produced a
relaxation of guinea plg uterus, dilatation of
guinea pig bronchioles, but the frog was relatively
Insenaltive to the drug,

Carpaine was also found to be effective as an
antitumour agent (0liveros-Belardor et al., 1970).

Head and Lauter (1956) isolated, in addition to
carpaine, small amounts of flaveonols, tannins and

organic acids from the leaves,
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Papaya leaf-smoking is said to soothe the
human upper respiratory tract instead of irritating
it as tobacco smoke does (Finberg, 1960), This
seems to be opposite to the effect of tobacco,
However, Smalberg, Rall and De Waal (1968)
claimed to have extracted nicotine (0.,0128%), cotinine
(0,00278%) and a fourth, alkaloid that was not
identified from Carica papaya leaves using alcoholic
golvents,
In Nigeria, Ogan (1971) found the yield of

carpaine from a local variety of Carica papaya in

Ivadan to be 0,0115% of the dry weight of the leaves

as against yields of up to 0,2% reported for Malayan
plant or even 0.4% by Burdick (1971). The yield of
carpaine according to Ogan (1971) remained uniformly
low throughout the twelve successive monthly estimations
and was not improved even by the use of younger leaves
as suggested by Barger et al., (1937). Instead, the
yield of choline was found to be up to 0.02% of the
dried leaves, It was shown that the methanol extract
containing the choline had oxytocic effect in vitro

on guinea~pig uterus but not on rat uterus. Ogan (1971}
suggested that the stimulant action of the methanol
extract on the smooth muscle is related to the well
known stimulant action of acetylcholine on smooth
muscle, The significance of thisg, according tc him

as regards gsome of the alleged medicinal properties
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of Carica papaya was uncertain, in view of the finding
that rat uterine tissue (which usually approximate
closely to human uterine tissue in response to

oxytocic drugs) was unaffected,

I I The Lark and Root

There seems to be little work done on the
roots and 'bark' of the plant or probably due to
lack of activity or useful constituents the results
wvere not reported,

However, the 'bark!' has been used by traditional
medicinal practitioners for the treatment of jaundice
(Boum, Pousset, Lemonnier and Hadchcu:1, 1978),, From
the 'bark! of Carica papaya xylitol and some
monosaccharides (mainly glucose and fructose) have
been isolated and used on experimental jaundice in
ratse It was found th:t there was significant drop
in the level of unconjugated bilirubin (Pousset,

Boum and Cave, 1981),

Since it is possible to have bilirubin
conjugate with monosaccharides in the process of
getting rid of the bilirubin from the body, it is
likely then that this pathway of conjugation, though
not the main one is affected by xylitol and the

monosaccharides from the 'bark?',

Tolie3 The Fruits

Papain, chymopapain and peptidase A are found in

the latex obtained from Carica papaya plant, but occurs
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mostly in the unripe green fruits, Papain is the most
studied, though the crude papain is a combination of
all these three components,

Papain has a molecular weight of about 23,000
and is made up >f 198 amino acids in a single
polypeptide chain with three disulphide bridges and
an active sulphvdryl group. It has a wide enzymatic
specificity ageinst protein and low molecular weight
substances (Smith, 196l).

Papain has been uced commercially in both
food and drug iidustries, The major use in the food
industries iz for tende~izing meat, It also used in
making *Chill-pcoof! beer, (i.e. traces of protein
are digested at the end of brewing process to prevent
turbidity on cooling) (Balls, 1941). Other uses
include the tanning of skins and hides and previously,
in the manufacture of chewing gum (Hill, 1937).

The medicinal use of papain includes its
application for the treatment of insect stings
(Arnold, 1972), Jjelly fish stings (Loder, 1973) and
debridement of bLurn eschars and neurotic tissue
(Shapira, Gil:idi and Neuman, 1973), Indeed, about
119 patent me licines have been listed as containing
papain, Othe~ effects of papain includes its analgesic
and anti-infl:mmatory activities orally of which it was
claimed that its potency was not significantly different

from that of cetylsalicyclic acid (Emelle, Shanaman



and ¥inbury, 1966), The Russians have used it both
in animals and human beings to remove cataract
(storkov, Saprykin, Savinykh, 1970, Starkoyv end
Savinykh 1971; Chutko, Ryshkina, Paulova and Yandiev,
1972). |

Some unwanted effccts or activities of papain
have been reported, Papain acting as allergin has
induced asthma to mest tenderizing workers who have
had to be exposed to papain dust, Immunelogical
gtudies in these patients have revealed the presence
of gpecific Ig E antibodies {Novey, Marchioli,
Sckol and Wells, 1979) and IgG (Tarlo, Shaikh Bell
Cuff, Davies, Dolovich and Hargreave, 1978).

When papain is introduced into lungs :of
laberatory animals (rats, hamsters, rabbits, dogs)
by either endotracheal instillation or aerosol
inhalation, it rapidly produces emphysematous changes
and is used as a model of human emphysema (Gross,
Babyak, Tolker and Kaschak, 196l; Giles.Finkel and
Leeds, 19703 Pushpakom, Hogg, Woolcock, Angus, Macklem
and Thurlbeck,1970; Johnson, Pierce and Reynolds
'1971). How¢ ver, therec is no documentation of
production of emphysema in man (Tarlo et al., 1978).
Reports of patheleogy in man appear limited to allergic
reuctions of asthma, rhinitis, urticaria, angicedema,

and ansphylaxis (RBeecher 19313 Osgood, 194%; Milne and
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Brand, 1945), In another work, itching which is common
to all endopeptidases (Arthur and Shelley, 1955) was
produced by papaln without releasing histamine in
human beings, The itch was not significantly altered
by antihistamines. It had a more pricking character
and did not produce vascular reactions (redness, weal
and flare) which are seen when histamine acts on skin
(Hagermark, 1973)

When administered orally or intraperitoneally
to pregnant rats, papain has been shown to produce
teratogenic and embryotoxic effects (Singh and Devi,
1978), In a similar experiment using rabbits,
foetus exhibited stunting, visceral and subcutaneous
haemorrhages and oedema of various organs as well as
of body, The foetuses of rabbits that were allowed to
deliver and grow were all dead within 1 to 2 weeks of
birth snd they showed gross histelogical changes
(Devi and Singh, 1978),

The effects produced by papain on placentae of
rats were haemorrhagic, cytosis and degeneration
(Devi and Singh, 1978}, While the mechanisms of actions
of papain on pregnancy have not been fully explained,
attempts to digest chorion with many enzymes like
trypsin, chyprotrypsin, elastase, collagenase
ribenuclease, lysozyme and hyaluronidase have failed,
but with papain, it has been possible to dissolve
chorion (Kaighn, 196},
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The unripe fruits and seeds of Carica papaya
have been used in some parts of India for criminal
abortion (Modi, 1969) and pregnant women are strictly
prohibited from eating Carica papaya fruits any time
during pregnancy for fear of inducing abortion (Chopra,
Chopra, Handa and Kapur 1958; watt, 1972), Some
tribes in India also belicved that Carica papaya has

powerful antifertility property (Gwatkin, 1964)., In
the study of Gopalairishnan and Rajasekharasetty,
(1978), they found that unripe fruit of Carica papaya
induced abortions in rats, However, when stale and
ripe fruits were used, the pregnancy terminating effect
decreased by 50%,

1oliely The Seeds

The anthelmintic property of the seed of
Carica papaya has been scid to be vested in its volatile
component, Dar, Garg and Pathak (1965), reported that
the major components of the seed are carpasemine
(BDenzylthiurea) and benzyl isothiocyanate in agueous
extract after steam distillation and the anthelmintic
property has been attributed principally to benzyl
isothiocyanate (BITC).

The precursor of BITC is benzyl glucosinalate,
The glucosinolates (thioglucosides) are a group of
compounds distributed among the members of the plant

families of Cruciferae, Moringaceae, Cappaidaceae,

Tropaeolaecae Caricaceae, Grostemonaceae, and

Salwadoraceae (Ettlinger and Kjaer, 1968),
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A characteristic reaction of the glucosinolates is

their enzymatic hydrolysis shown below:

H - ﬁ - S CG H11 05 + 320 thioglucosidase>:R~N=S+H+

N-S & +Cg H1206+Sﬁ=
The enzyme which catalyzes the hydrolysis of
thioglucosides is thioglucosidase, Ettlinger and
Hodgkins (1956) demonstrated that the seeds of Carica
papaya on maceration in water or organic solvent

yields benzyl isothiocyanate,

O O

I
CH, l CH,
- . Thioglucosidase

Benzy!l glucosinolate
BITC glucose

The plant Tropaeolum majus, a member of the family

Tropaeolaceae, contains BITC and has been used in some
preparations as antibiotic for the treatment of acute
and chronic bronchitis, bronchopneumonia, pharyngitis
tansilitis, stomatitis, cystitis, pyelitis, some
staphylogenic and streptogenic pyodermia (El=-Tayeb,
Kutera ., Marquis and Ku&erova, 197.).
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BITC extracted from Carica papaya seeds was tested
against 57 different microorganisms and was shown to be
active against bacteria, yeast, and moulds, It is said
to be fungicidal at relatively low concentrations
(5-50 ug/ml) while bactericidal effect was observed
in concentrations up to 100 ug/ml after contact for as
long as four days, and gram-positive bacteria seemed
more sensitive than gram-negative bacteria (El-Tayeb
et gl., 1974).

The toxicological studies of BITC have been
reported, At a dose of 30 mg/kg body weight in rats,
there was no toxic symptoms except local irritation
(Dar gt al., 1965). With doses as high as 200 mg/kg
to 240 g/kg, there was no fatality but there was
increase activity, excitation and ptosis in mice,
indicating that the level of toxicity was low
(El-Tayeb et al,, 1974).

The anthelmintic action of the extract was
said to be due to its 2bility to block neuromuscular
activity of the ascaris worms (Robinson, 19583
Krishnakumari and Majumder, 19603 Bose, Sailfi
Vijayavariga and Bhagwat, 1961), However, El-Tayeb
and co-workers (197l) reported that the lack of effect
of BITC on the rat phrenic nerve does not support the
mechanism of action of most anthelmintics that block
neuromuscular action of ascaris worms, hence may not
effect its action through neuromuscular junction as

other anthelmintice do,
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1.5 Aims and Objectiwes of Present Study

The data reported in the literature shows that
Larica papaya seed extract manifests bactericidal and
fungicidal activities (El-Tayeb, 1974), anthelmintic
activity in the family Ascaridae (mainly against
ascaris in man, and Ascaridia galli of birds) and
oxyridse in mice (Robinson, 19583 Mehta and Parasha
1966), There has been no report on the activity of

the extract on Ancyslostomidae (Ancylostoma duodenale

and Necator gmericanus),

In the literature, there are conflicting reports
on the pharmacological action of the extract, IEl-Tayeb
et al., (1974) reported that it has no activity on the
rat phrenic-nerve diaphragm preparations, Other workers
reported that the extract was able to block neuromusculer
activity of the ascaris worms (Robinson, 1958;
Krishnakumari and Majumder, 1960; Bose et al., 1961).

The objectives of this study therefore are:e-

Ts to investigate the snthelmintic property of the
seed extract on other classes of worms, namely
hookworms and tapeworms, Since the traditional
practitioners use the extract as a general
verni fuge.

2; to study the neuromuscular property of the zseed
extract in order to elucidate the possible
mechanism of action of the extract at the

neuromuscular Junetion,
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CHAPTER II

MATERIALS AND METHODS

2.7 Chemical and Drugs

The drugs and chemicals used in this project
include the following:~

Magnesium sulphate (British Drug House)

Diethyl ether {May and Baker)

D-Tubocurarine chloride (Sigma Chemical Compnay)

Acetylcholine chloride (Sigma Chemical Company)

Adrenaline {Sigma Chemical Company)

Oxytocin (Pitchter)

Verapamil {Knoll, AG)

Niclosamide (S.A, Zurich-Milan) and

Bephenium hydroxynapthoate (Scanpharm).

2767 Preparation of Drug Solutions

A1l appropriate drugs were welghed and dissolved
in physiological saline except for the extract that was
ermmlsified in 3% Tween 80 using a Hand-homogenizer
(Namido Dale Model, England), All solutions were
prepared fresh for each day's experiment to aveoid

deterioration upon storage,

€a Andmals

For anthelmintic experiments, albinc rats,
Wistar strain, were bred separately from those of the
“Animal House, Department of Pharmacology and Clinical

Phormacy, Ahmadu Bello University Zaria, Animals were
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ziven mebendazole 0.6 mg/kg in their drinking water
for three days and the treatment repeated after
two weeks, Deworming the animals was nececssary
so that the progenies will not have any worms
thereby acquiring immunity. The progenies (6-8 weeks
0ld) used weighed between 70 and 100 g,

In other experiments, albino mice, adult rats
and guinea-pigs of either sex were cbtained from the
Animal House. The chicks used were obtained from

Arewa Agricultural Enterprises Ltd,, Zaria,

243 Plant Material

Ripe fruits of Carica papaya were purchased from
thic markets in Zaria and Jos in November 198L, The
fruits were sliced open and the seeds removed and
waghed. During the procezs of washing, the jelly
outer covers of the sceds were removed, after which
the seeds were dried in the sun for two days. The
dried seeds were packed and kept at room temperature

for two weeks before extraction,

23,1 Extraction
The seeds were ground into fine particles in
a mortar in batches of 200 gm and put into a conical
flask of 1000 ml capacity, Warm water (100 ml) at
50°C was poured into the flask to moisten the powder
and the flask immersed in a water bath at a temperature
of 55°C for cne hour, ufter which it was allowed to
cool to room temperature. Diethyl ether (200 ml)added to the
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£lask and shaken gently for 20-30 min to allow for the
extraction inte the ether phase. Each 230 g of the
seocds was extracted twice with 200 ml of diethyl ether,
The liquid content of the flask comprising agueous and
ether components was removed and put into a geparating
funnel. The cther phase was separated and concentrated
under vacuum using a rotatory evaporator (Rotavapor=RE,
Buchi, Switzerland) and left in an oven (BS-Galenkamk)
at a temperature of [5°C for 2l hours to get rid of any
ether left behind. The extract obtained was weighed

and stored in a freezer for pharmacological study.

2e342 Detection of Hydrogen Sulphide

Isothiocyanates upon boiling with acids (for
example concentrated hydrochloric acid) are hydrolysed
To primary amines and hydrogen sulphide is evolved,

RN = € = S + HC1 + ZHED-LR NH, + Cg + Hy5,

Then this reaction was carried out with extract,

the gases evolved turned lime-water milky, A filter
paper scaked In silver nitrate solution (0.,1N) brought
near to the mouth of tube in which the reaction was
carried ocut turned slightly dark in colour,

Emulsions that were made using acasia, evolved
hydrogen sulphide within five days, detected by the
characteristic rotten egg smell and the turning of
wet silver nitrate paper black. The extract
suspended In 3% Tween 80, produced these effects

after two months.
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2l
2aly Helminths

The helminths uged in this study were
liippostrongylus braziliensis (as a model for hookworas)

and Hymenolepis nana (cs a model for tapeworms).

— —

2ol Nippostrongylus braziliensis

The 1ife cycle of . braziliensis bpegins when
egge laid by the femalc worms pass into faeces of the
host and reach external environment where they continue
their development under favourable conditions of
temperature anii humidity, The first larvae emerge
from the eggs after 2l. hours. They moult iwice in
about five day: giving sccond and third larvae stages.
The last stage is the infectious form, g¢apable of
active penetration through the hostis skin and
arriving about 15 bours later in the lungs, reaching
the lungs via the tlood .tream. Forty-five hours
after infestation, the larvae cach bronchi then
trachea before they are swsllowad, They finally
arrive in the intestine towards the 60th hour,
There they become transformed into adults in abouk
five days, after a fourth and last moulting, Laying
of eggs begins immediately, and attain maximal level
between the cighth and twelveth days following
infestation,; but eggs con be detected in faeces of
parasitized rats from the sixth day (Cavier, 1973)-

Infective larvae of N, braziliensis weré

obtained frcm the Department of Parasitology and
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Entomology, Faculty of Veterinary Medicine, Ahmadu
Bello University, Zaria. The larvae were recovered
from the droppings of rats that had earlier been
infected heavily with infective larvae using the
method of Stancen (1963).

The infective larvue obihained were put into a
container, distilled water was added and the volume
adjusted such that 0,2 ml will contain about 200
larvae., Using a large needle (18 gauge) and
insulin syringe, 0,2 ml of the distilled water
containing the larvae was inJected into the cervical
region of the rats.

After seven days, droppings recovered by
squeezing them out ol the rectum were examined
qualitatively by floatation using 51% hydrated
Magnesium sulphate as the floatation medium, Rats
not shedding N. breziliensis ova and those shedding
ova of other helminths were discarded from the

experiment,

2.14.2 Chemotherapeutic Trials

Animals were grouped into four per group, and
chemotherapeutic trials carried out on the tenth,
eleventh and twelfth days after experimental
infestation with larvae. Magnesium sulphate at a
dose of L.6 3/kg body weight was found Yo effectively
purge the animals and this dose was maintained
throughout the experiments, Animals were fasted the

night preceding the treatment and fed two hours after
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treatment, The drugs werce administercd orally.,

The extract was given at deses of 0.5 g/kg,

1.0 g/kg, 1.5 g/kg and 2.5 g/kg to the differert
groups once daily for three days. A similar dosage
regimen of extract was given te ovher grouns of

animals once followed by magnesium sulphate two and
twenty-four hours later, Each dose was adjusted with
normal saline to 1 ml such that every animal received

a volume of 1 ml, Two groups of animals served as
controls, one group was given 1 ml of 3% Tween 80 while
the other group received 1 ml of normal saline.

To compare the result with a standard drug,
three groups of rats were given 100 wg/ky, 150 mg/kg
and 200 mg/kg of bephenium hydroxynapthocate respectively
once daily for three days,

On the fourteenth day, the rats were fasted
so as to empty the intecstine as much as possible.
They were killed on the fifteenth day and at autopsy,
the first 15 cm of the smell intestine was removed,
cut open and pressed between two glass plates and
examined for worms using dissecting microscope. The

nuniber of worms in each animzal was recorded.

2.4.3 Hymenolepis nana
He. nana, the dwarf tapeworm, is found in the

intestine of rat,mousc and man, Some workers believe
that the mouse or rat parasite is a distinct sub-

speclies, Hymenolepis nana fratena., Therce 1s little
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doubt that the rat or mouse parasite can infect man,
(de Carnmeri and Vita, 1973).

H. nana can be transmitted dircctly from one
animal to another without the intervention of any
intermediate host, Infective eggs shed by one animal
get to the second animal through the mouth, The
larvae gquickly emerge once the ecggs have been swallowed
and penetrate into the villi where they grow for 3=l
days as ¢cysticercoids, From the villi, they attach
thenselves to the walls of the small intestine where
they grow into maturity, Fifteen days or so after
infections, eggs first appear in the faeces, the
majority of the adults are eliminated in the faeces
within 30-40 days (de Carneri and Vita, 1973).

Mice (4-5 weeks old) weighing between 18-20g
from the Animal House, Department of Pharmacology and
Clinical Pharmacy, Ahmadu Bello University, Zaria
were screened for ova of H., nana using 51% Magnesium
sulphate as the floatation medium, Mice that showed
H. nana ova in their stool were sacrificed, the small
intestine cut off and the worms flushed out using
a 30 ml syringe. The last three proglottids of the
worms were cut off and tore apart to release eggs
using a dissecting microscepe. The ova were suspended
in 9% saline and the volume adjusted such that 0,5 ml
contained about 200 ova, Using a syringe, needle and
catheter, young rats weighing betwecen 70-100 g were
dosed with about 200 ova by oral route,
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On the fifteenth day, the rats were examined for
ovas. Those that showed positive ova in their stools

were used for in vivo and in vitro experiments,

Zale5 In Vive Experiment

Rats werc zrouped intc three animals per group,
starved the nigit befor: the experiment and fed two
hours after the trestment,

The extract was given at doses of 0.25 g/kg, 0.5 g/ke
1.0 g/kg and 2.0 g/kg Lo different groups of the rats
once daily, for three daye. Similae dosage reginen
was given to olher grcups of rats once, followed by a
dose of magnesium sulvhate two and bwenty.-four hours
later, Rats in the J{irst control group received 1 ml
of 3% Tween B0 while those in the second control group
were given 1 ml of normel saline. To compare the
effect of the 2xtract wi.h a standard diug, three
groups of rats were given miclocamide 100 mg/ke,
300 mg/kg and 630 nglie daily for three days.

Animals vere fasted a day after the treatment
and killed th2 second day,. The whole of the cmall
intestine was removed and the worms flushed out, The

intestine war opened to remove any worms that stuck

intc the wall., The number of worms per animal was
recorded,
Zaltal In Vitro Experiment

The method recommended by de Carneri and Vita

(1973) was followed, Rats harbouring H nana were
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fasted overnight and killed, their small intestines
removed and the tapeworms flushed out with a 30 nl
syringe using 9% saline.

The worms were washed twice and placed in
nutrient broth consisting of peptone 10 g, yeast
extract 2.5 g, sodium chloride € g, and distilled
water to one litre, The pH was adjusted to 8,5 with
ammonia solution, Immediately before use, crystallinc
penicillin (500 unit per ml) and streptomycin (0.1 mg
per ml) were added to the medium, After a maximum of
three hours at 37°C, six worms were placed in each
petri dish containing the nutrient broth and the
desired concentration of the extract or niclosamide,
Because the quantity of extract was small, it was
diluted with arachis oil to raise the o0ily content to
about 20% as recommended by Carter (1965). Petri
dishes containing only nutrient broth and those
containing 20% arachis oil emulsion served 2s control.

After twenty-four hours of incubation at 3700,
tiie worms in various petrli dishes were stimulated with
light, pin or both and the degrees of movement of the

scolex and proglottids recorded,

245 Isclated Tissue Preparations

A Ugo Basile recording microdynamometer (model
7050) with appropriate transducer was used to record the
mechanical  activity of the wvarious isolated muscle
preparations, The isolated tissues were suspended

in standard physiological fluids (appendix), The
equilibrating period lor the tissues was about 30 mindg.



251 Phrenic nerve=Diaphragm Preparation of
the Rat (Bulbring, 19L6)

Hemi-diaphragms together with their phrenic
nerve, werc removed from male rats welghing between
300 and 350g, Each preparation was set up in a2 150 ml
organ bath gontaining Krebs solution aerated with
oxygen and maintained at a temperature of 37°C. A
tension of 1 gm was applied to the tissue, The muscle
was stimulated directly or indirectly through the
phrenic nerve using electirodes, Maximal twitches were
produced with square pulses of 5 ®m8 duration and of
supramaximal strength delivered from a Ugc Basile
stimilator (model Cat, 3000) at a frequency of 0.l Hz.
The voltage for stimulating the nerve varied from
2.5 to I} volta while the stimulating voltage for the

muscle varied from 1Q to 20 voltse

2.5.2 The Chick Iii.VOn‘ber-curv cis Preparation
(Cinsborg and warr

The biventer cervicis muscles were removed rom

onc to two week old chicks killed by ether inhalation,
The tissues were suspended in 25 ml organ baths
containing Krebs 8olution aeratcd with oxygen and
naintained at a temperature of 37°C, 4 tension of

1 gmn was applied to the tissues,

2453 Rat Uterus Preparation

The rat uterus was prepared following the

procedure described in the British Pharmacopoeia (1968),
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Adult female rats 3=l months old weighing between 140
and 150 g were pretreated with stiboestrol 0,1 mg/kg
twenty-four hours before the experiment was carried
out 11 order to bring the rats to oestrow., The
animals were killed aud -the abdomen cut open to expose
the uterine horhs., The tissues were set up in 25 ml
organ baths containing De Jalen's Solution, aerated

with oxygen and the temperature maintained at 30°C.

2,54 Guinea-pig Isolated Atriz (Alles and Ellis,
TONSY

Paired atria were removed from male gulnea-pigs
weighing between 600 and 700 g and suspended in 25 ml
organ bath eontaining Ringer-locke Sclution gasses

with oxygen end maintained at SDOC‘

2,6, Toxicological Study

Three days old chicks (35-38 g) and 5 weeks old
mice (20-22 g) were dosed with the extract (2 g/ks)
subcutaneously and observed for any lethal effects

within 2i. hours,



CHAPTER III

RESULTS

3,1 : Extraction

The total weight of the dried seed used was
1.5 kilograms and 120,8 grams of the cextract was
obtained, The percentage yield was therefore
8,05, The extract was a pale yellow oily substance
with spicy and pungent flovour.

3.2 Effect of Extract on Nippostrongylus
braziliensis in vivo

The number of worms recovered from the animals
was generally low compared to the average number of
larvae infected, The average number of worm in the
control enimals was 52 + 14, that is only 19 to 33%
of the larvae developed into Worms;. Table 1 shows
the result of three sets of experiments and Fig. 3.7
shows The graphical representation of the results,

When the results were analysed using studentts
t-test, the effects of all dosage regimen of the
extract werce not significant,

With Bephenium hydroxynapthoate, a standard
drug in the treatment of ancylostoniasis, however,
the results were significant at a dose of 150 mg/kg

(P <£0,05) and highly significant at 200 mg/kg (P« 0,001),
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treated with Carica

Percentage deparasitization of rat infected with N. braziliensis and
papaya seed extract or bephanium hydroxynapthoate,

Drug and Dossge

later.

u-l.r_UH. &

Number of Total worms Worms per rat Percentage
rats at Mean 4 s.e.m. deparasitization
autopsy
Control 12 €18 52 = 14
Extrzct at 0.5 g/kg once .
d=ily for three days. 11 Lo W % 9 1538
Extract at 0.5 g/kg cnce
folliowed by Magnesium
sulphate 2 and 24 hours 10 LS7 50 « 13 3,85
axtrzct at 1.0 g/kg once _
d-ily for three dayse 12 uy 35 * 6 32,69
Extract at 1.0 g/kg once
followedtby Magnesium
sulphate 2 and 24 hours )
11 510 Le = 11 11456
Sxtract at 1.5 g/kg once
da2ily for three days 12 368 1+ 7 40,38
ixtract at 1.5 g/kg once
followed by Magnesium
sulphate 2 and 2L hours
10 400 LO =+ 13 23.08

later.
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Takle 1 {(Cont'd,)

LI

sk

Drug and Dosage Number of Total worms Worms per rats  Percentage
rats at Mean + s.e.m. deparasitization
autopsy

wmwﬂmo&mﬂmaom\mewom
ily for three days

T
™o

449 37 8 28,85

i+

Extract at 2.0 g/kg once

followed Tty Magnesiur

sulvhate 2 and 24 hours - -

later, 10 1192 IS 15 5,76

Beghenium hydroxynapthoeate
100 mgfks once daily for
three days, 12 320 27

£+

I+
ot

L8.08

Zephenium hydroxynapthoate
150 mg/kg once daily for *

three days 12 172 g 73.08

[+
3]

Sephenium hydroxynapthoate
200 mgfkg once daily for
three days, 12 75 p¥ 4 2 88..46

e o - PP P

# ond *¥¥ indicate the group of rats in which the number of worms found were
significantly Am.no.om% and highly significantly (P<0,001) different from the
muber found in the control group using student's t-test respectively,.
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number of worms found in the rats.

EX 0.5 g/kgy EX, = 1.0 g/kg, EXq
B, - 10
E drug given once daily tor three days.

\ -drug given once toliowed by magnesium sulpﬁate
M2 and 2l hours later,

D control (C). ‘ :

1.5 g/kg,

nn
]

0 mg/kg, B2 = 150 mg/kg, B3 = 200 mg/kg




343 Effects of Carica papaya Sced Extract
¢n He ndaq in votro

The extract at concentrations of 5.2, 3.9, 2-6,
142, 0.4, 0.2, and 0,1 ng/mi »f the medium, none of
the worms responded to stimulation. However, at
0.,6ng/ml one out of the gix worms responded, With
niclosamide at concentrations of 15.5, 6.2 and 3.1
ug/ml, there was no movement of any of the worms when
stimilated. At 1.9 ug,ml, one vut of six worms
responded to stimulation,

Table 2 shows the result obtained with lower
concentrations of extracli and niclosamide contained
in medium.

All the werms in the nutrient broth that served
as controls showed vigorous movement after stimulation,
In the nutrient broth +ha* contzined various volumes
(0,05 = 2 ml) »f Z0% arachis oil emulsion, all exccptl
one worm, showed vigorcus movement on stimulationa

The concentration of the extract or niclosamide
that either paralysed or kiiled 50% of the worms was
found to be 35 ug/ml for extract and 120 ng/ml for
niclosamide (Fig. 3.2.).
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Table 2: Effects of Corics papays Sced Extract or

-----

Niclozsamide on H, nanu Incubated in
Mutrient Broth.

O e i

Concentrations(ug/ml) Degrees of

of drug in medium movement

Drug No. moved/
o No, used,
Extract 50 1**/6

i 30 g*/12

2 10 6***/6
iclosamide 1.9 1*/6

2 0.9 1**/6

i 0.4 0/12

g 0.19 2*/6

" 0.095 3**/6

2 0,048 6t /e

+y ++, and +++ indicate slight movements, movements,

nrd vigorous movements after stimulation respectively.
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3.4 Effect of the Extract on H. ncna in vivo

The experiment was repeated three times with
threce anim2ls per group, The mean results of the
three sets of experiments are shown in Table 3,
Figure 3,3 shows the mean number of worms found at
autopsy against the dose of extract or nizlosamide,

The extract (0.5 g/kg) administered once daily
for 3 days exhibited a significant activity against
i, nona (P> 0,05). it doses of 1.0 g/kg and 2,0 g/kg
once for three days, the effect of the extract was
hirhly significant (F20,001)., In single dose
treatment with the extract (0,5 g/kg) followed by
purging with magnesium sulphate, the zactisity was
not significant but at 1.0 g/kg and 2.0 g/kg followed
by purging the activity of the extract was highly
significant (P20.,001),., Doses given for consccutive
days were more effective than single doses followed
by purging,

With niclosamide, all the three doses (150 mg/kg,
300 mg/kg and 600 mg/kg) used for three sonsecutive
days were highly significant (PP0,001). At 600 mg/keg
of niclosamide, all the nine rats were completely

deparasitized,
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taple 33  Percentage deparasitization of rats infected with H. nana and treated

s, it

with Carica papaya Seed extract or Niclesamide,

. - e v - - - - e - — - e
T .o
v and x ot 7 . A t
Drug and Desage Number of rats Total worms Worms per rat Perceutage
at Mean 1 s.u.m. deparasivization
autopsy

Contrel 1h 30L 22 = 3

Sxtract at 0.25 g’kg once
d=ily for three days. 9 173 19 + 4 1364

Lxtract at 0.25 g/kg once

folliowed by Magnesiunm
sulphate Z and 24 hours

later, 8 164 21 &« 3 4e55
Extract at 0.5 g/kg once
daily for three days 9 11€ 13 % 1 40,91

Ixtract at 0,5 g/kg once
followed by Magnesium
sulphate 2 and 2L hours

luter, 9 134 15 =+ 2 31,62
Extract at 1.C 3/kg once

deily for 3 days. 9 46 5 % 1 7727
Extract at 1.0 g/kg once

followed by Magnesium

sulphate 2 and 24 hours

later, 9 67 7 = 2 668,18
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Toble 3 (Contt'd.)

[y .

orug znd Dosage Number of rsts Total worms Worms per Percentage
at rat deparasitization
autopsy Yean + s,e.m,

ek - .

Extract at 2.0 g/kg once

daily for three days, S 19 2 + 1 920,90
Extrzct at 2.0 g/kg once

followed by Magnesium

sulrhate 2 z2nd 2l hours .

later, 8 22 3 0% 1 86.36
Hicleosemide 150 mg/kg once

daily for three days. 8 h7 6 + 2 T2.72
Hiclosamide 300 mg/kg once

dazily for three days, 9 20 _ 2 o+ 1 9C .20
Miclosamide 600 mg/kg once

daily for three days, S 0 0 100

[T,

LY}

znd ¥* indicate group of rats in which the number of worms found were significant
(PC0.05) and highly significantly (Pe¢ 0.001) different from the number found in
the control using studentit-test respectively.
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2ffect of Carica papaya seed extract (EX) or
on E

niclosamide (N) H, nana experimentally infected
in rats,

The histograms represent the mean + s,e.,m, of
number of worms found in the rats.

EXy = 0425 g/kg, EX, = 0.5 g/kg, EX,
EX) = 2.0 g/kg, N, = 150 mg/kg; N
N3 = 600 mg/}{g.

190 g/kg,
300 mg/kg,

2

drug given once daily for 3 days.,

, drug given once followed by magnesium sulphate
| 2 and 2l hours later,

control (C),
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3.5 Isolated Tissues

3% Tween £0 ard 2% acacla gum had no effect

on all the isolated tissue preparations used,

3.5.1 Rat Phrenic Nerve-Diaphragm muscle Preparetion

The effect produced by the extract was thesame
whether the muscle was stimulated directly or
indirectly, through the nerve, At concentration of
0.02 mg/ml, the extract did not modify responses by
the tissue after stimulation, However, higher bath
concentrations (Z 0,2 mg/ml) affected the tissue,
The pattern of the response was an initial increase
in the twitch amplitude, followed by an upward shift
in base line and a diminishing amplitude, Finally,
the tissue went into permanent contracture, Unce
the contracture process had started, washing the
tissue did not reverse it (Fig. 3.4 and 3,5).

Both D=Tubocurarine (2 ug/ml) and verapamil

(0,2 mg/ml) had no effect on the contracture,



. + — - - - - -
———EXO2mgnl — 2w

Fige. 3.4 Effect of Carica papaya seed extract on rat phrenic nerve-diaphragm
preparation,



dTCgmi W dTCLugmW EX04mgn W 30min

Fige 3.5 Effect of Carica papaya seed extract on rat phrenic nerve=diaphragm
prepearatidil,

dtc = D=Tubocurarine, EX = extract, W = washing,
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3.5.2 Chick Biventer-Cervieis Preparation

The extract produced a zustalned contracture
and the effect was not reversible after weashing
(Fig. 3.6). The highor the concentration the
shorter the onset of the contracture. At bath
concentrations above 960 ug/ml some of the
Preparations snapped at the point of attachment
to the organ bath, 32 ug/ml of the extrac% left
in the bath for twe hoursg produced the same ecffect
as higher concentrations (Pig. 3.7 panel A).,

8 ug/ml of the extract did not produce any
noticeable effect even afiter being in contact with
the tissue for two hours, (Fiz. 3,7 panel 1),
D=Tubccurarine (3,2 ug/ml ~ 12,8 ug/ml) did not
inhibit the contractile elfect of 32 ug/ml of the

extract,
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Effect of Carica papaya seed extract on chick biventer cervicis
muscle preParation, i

ACH = acetylcholine, EX = extract, W = washing,



18

Fige 3.7

. ¥ o o :
~4—~ 28 - 0—EX8tpgit—t

ACH. in ugjml HOUR

Effect of Carica papaya seed extract on chick biventer
cervics muscle preparation,

Panel A Response of tissue to the extract (32 ug/ml) in presence
D=Tuboruraine (9.4 ug/ml).

Panel B Effect of the extract (8 ug/ml) on the preparation,
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36543 Rat Uterus Preparation

0.5 mg/ml of the extract induced rhythmic
contractions of both oesirous and non-cestrous rat
uterus, The contractions were accompanied by an
upward shift of the base line (Fig, 3.8).

e base line returned to normal whether the
prepanrations were washed or not, It was observed
that oxytocin (30 ngz/ml) which produced contractions
of the uterus failed to contract uteri exposed to
the extract, The some tissue also failed to respond
to a second dose of thz extract (Fig. 3.8).
Concentrations of the extract (¢ 20 ug/ml) did not

produce any effect on the tissue,



Fi;;e 3.8 Effect of Carica papaya seed extract on rat uterus,

Oxy = oxytocin, EX =extract, W = washing,
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e el !

3e5lk Gunea-Pip Isolated Atria

The extract pioducod an 1nitial positive
chronotropic and inotropic effects on the
spontaneously beating guinea-pig isclated atria,
The extract (0,2 mg/ml} _nereased the amplitude
from 14 + 0,9 mm to 19 + 1,4 nm, The increase was
statistically significant (PL£ 0,05), The same
dose of the ext-acht increased the heart beats per
min from 73l + 3 to 137 + 5. This was not
gtatistically significant, The initial effects
were followed by a progressive decrease in both
amplitude and heart beats per min, The uecrease
was not affected by washing the tissues. (Fig 3.9
Pancl (1) ).

Tissues exposed to the extract failed to
respond to acetylcholine (1% ng/ml - 1.7 ug/ml),
adrenaline (0,3 uvg/ml -~ 3.6 ug/ml), or a second
dose of the extract {(Fig., 3.9 panel A)

Tuble lp shows changes in heart beats per min
and rmplitude one hour after tissues were exposed
to the extract. The decrease in both heart rate
and amplitude were highly significant (P€£0,001),
This decrease continued progressively until the

atria were arrested.
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Table F.

Effects of Carica papaya seed extract (0.2 mg/ml) on the rate and

amplitude of isolated guinea-pig atria,

atria Before addition of extract After addition of extract One hour ¢fter washing off
rate(beats amplitude(mm) rate(beats amp, masu Hmdmhdmmmwﬁmedmaﬁ. (mm)
per min) per min) per min)
1 129 13 130 20 86 Iy
2 128 11 128 16 118 6
3 140 18 153 2l 93 5
L 141 15 143 17 82 9
5 130 16 132 20 65 8
Mean + s.e.m 134+3 144049 13745 19+1.4 89+9 7+1.0
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Fig., 3.9 Effect of Carica papaya seed extract on isolated guinea-pig atria,

Panel A Application of adrenaline (3.6 ug/ml) mza.momdwwowowwzm
(1.7 .ug/ml) after exposure of atria to the extract,

Panel B Extract in contact with tissue for one hour,
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3.6 Toxicolozical Study -
A dose of 2 g/ki; body weight injected into five
mice ond five chicks did not produce any noticeable

adverse effects,
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CHAPTER 1V

- e e

DISCUSSION

Chan, Hew, Tang, Okazaki and Ishizaki (1978),

working with Solo variety of Carica papaya obtained

nine different fatty acids after extraction with
diethyl ether, Chan:gg'gl., (1978) reportéd that
the BITC content of the oil was 0,56% w/w. It is
possible that the composition of the Nigerian Carica
papaya seed extract may differ from the Solo Variet§
reported by Chan and his co-workers (1978). They
described the colour ci their éxtfact as iight gréen

while the extract from the Nigerian Carica papaya

was pale yellow. However, the spiéy and pungent
flavour agrees with earlier work reported by Heid and
Curl (1944). Ellincer nnd Hodgkin (5§56) attributed
the spicy pungent flavour to the presence of‘BITC
which has been shown by Tang (1973) to be formed from
benzyl glucosinolate by the action of thioglucosidase.
The extraFt undergoes hydroljsis which according
to Vogel (1974) is common éo mustard oils, to which
BITC belengs, releasing HyO and carbon dioxide,
In the present study, emulsions of extract using
Acasia gum 2s emulsifying agent underwent a reaction
releasing hydrogen sulphide after S days, and in 3%
Tween 80 after 2 months, Tang, Bhothiapaksa and
Frank (1972) reported a bacterial degradation of BITC
yielding hydreogen sulphide, From the foregoing, it
is possible that the extract obtained in this study

~o 0T
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contazins BITC among other possible constituents.
The maximum dose of the extract used against

N. braziliensis was 2,0 g/kg once daily for three days,

The percentage deparasitization was 28 and the result
was not statistically significant (P 0.1), According
to Cavier (1973), a 50% deparasitization can be regarded
to be significant, Similarly, at a dose of 2.0 g/kg
followed by purging, thc animals were not significantly
depnrasitized, The highest deparasitization obtained
in treatment against N. brazilicensis was at a dose of
1.5 g/kg once daily for three days (40,38%) which was
not significant statistically. Therefore, a reduction
in number of worms in this group of rats may not be
due to the effnct of the extract on N. braziliensis.
Bephenium hydroxynapthoate at doses of 100 mg/kg,
150 mg/kg and 200 mg/kg, once daily for three days
produced L8.08%, 73.08% and 88.46% deparasitization
respectively, These values are close to those
obtained by Cavier and Lahmani (1963) with corresponding
doses. At doses of 150 mg/kg and 200mg/kg, the results
were significant (P« 0,05) and highly significant
(P<0,001) respectively,
The extract exhibited activity on H. nana both in
vitro and in vivo. At concentrations greater than
100 ug/ml, the worms did not respond to stimulation
while concentrations below 10 ug/ml had no effect
on the worme. The LDSO of the extract against the

worms was 36 ug/ml and that of niclosamide was 120 ng/ml,
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Worms not responding to stimulation could be considered
either dead or paralyzed, The worms did not respond to
stimulation in niclozamide concentraticns of above
190 ni/ml, This value iu clesce to that of de Carneri
amd Vita {(1973) that niclogamide (0.1 -~ 10 mg/ml) which
is characterized by ity »apid action, paralyscs
H, nena within one hour,

In vivo results showed the activity of the
extract to be simificant at 0.5 g/kp and highly
slgnificant at 1.0 g/kg once daily for three days.
Similarly, the single dose treatment followed by
purgation was siynificant at 1.0 g/kg and highly
significant at 2.0 g/kz. The results of tae two
types ¢f treatment de net reveal whether the extract
is a +tfaenicide or a taenifuge, This is because with
a taenifuge the worms =2re paralysed and expelled
elther by periscalsis or purgation, With a taenicide,
the worms are either killed and expelled or digested.
However, since higher doses of treatment gave a2 higher
deparaglitization, it favours the possihility that the
extract may be a taenicide. Katiyar and Sen (1971)
working with some synthetic isothiocyanates on H. nana
reported that single dose of diphenylsulphide~l=i!
diigothiocyanat: (100 mg/kg) completely deps rasitized
rats infected with H, nana.

This results shows that Carica papaya seed

eXxtracts and indeed igothilocyanates have potential
therapeutic usce as cestocidal agents but may not be

active in ancyiostomiasis.
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Drugs used in the chomctherapy of helminthiasis,
according to Rollo (1980) either inierfere with the
metabolic pathways of the helminth (e.g. mebendazole,
niclosamide, niridazole, pyrvinium, antimory compounds)
or neurchumoral transmission (e.g. metriphonate,
piperazine, Pyrartel) o2 both (e.g, tetramisoie and
levamisole). The results obtained with phreric nerve
diaphragm and chick biventer cervicis muscle
preparations indicate that the extrgct may not be
aoting at neuromuscular Jjunction. It may be interfering
with the process involved in contraction and relaxation
beyond the neurowuscular junction.

The thenry that explains contraction and
relaxation of muscle fibres is what has becn accepted
by most physiologists as the sliding filament theory
of contraction by Huxley (196h} and Huxley (1965).
according to this theory, changes in length of muscle
fibres are caus2d not by changes in length of
filaments, but by filaments sliding cover ancther,

Fropagating action pctential can be evoked in
a muscle cell membranc cither by applying stimulating
electrodes dircctly to the muscle or by stimulating
its motor nerze which in furn releases acetylcholine,
The released icetylcholine diffuses across the
narrow junctional gap and depnlarizes post-junctional
membrane to produce end plate potential, The action

potential is<crangmitted to all myofibrils via the



Twtubes, According to Jowman and Rand (1580),
electrical) changs. i membeane of T=tubules causes
the releasze of small awvount of so-called "triggered
C32+" frenm trindic junctions. In turn, this causes
the release of Mactivator Cag+" from the latcral sacs
and vesicles of sarcopl’zsmic reticulum, in which it is
stored into the savrcoplasm in the region of the

2+ from the ss>coplasmic

myofilaments, The relcased Ca
reticulum diffuses to nyosin and actin filaments

and binds to trcponin-iropomyosin-actin complex
leading to activation of myosin ATPase and ATP is
hydrolysed consequentiy leading to formation of crosse-
linkages betweon actin  and myosin and the
sliding of mycsin andactin producing shortening,

At rest, the anount of free Caz+ in the
sarcoplasm is low nxd the troponin-tropomycsin
complex, togcetier with Mgz* and intact ATP prevent
the formation of crose-linkages between myosin and
actin so that relaxation is maintained,

After contraction, for restoration of
relaxation, ¢1** has to be removed from the troponin-
tropomyosin complex which then can re-exert its
inhibitory aetion, This is accomplished because the
sarcoplasmic reticulun actively sequeters the Caz*.
Muszcle mitocliondrin also have a large capacity to
store Ca’*, although “hoir asfinity for it is lower
than that of the sarcoplasmic reticulum and they

accumulate c¢-lcium more slowly. The relative
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ilwmportance of witochondrisx to be involved in controlling
the intracelluvlar concentratiion of free Ca2+ depends on
different types of mizcle and the number of mitochondria
prescent.

In additicn to itz role in active uptake of
Qg2+ by sarcoplassmic retlculum, ATF plays other roles
in relaxation process. It is needed to alter the
binding capacity «f the lateral sacs of sarcoplasmic
reticulum in fovour ol Ca2+ over other ions. It has
been suggested that ATP possibly producesg thils
alteration by inducirg a conformational change in the
binding sites. DIven when all the activation Caz+ has
been removed Trom mynfilament, relaxatic does not

24+

occur unless Mg~  ard intact ATP are present, These

substances exert a dircect action on the myofilament

24 from

which is necesszary in addition to ions of Ca
troponin~tropomycsin nomplex to allow relaxation to
cccur, Relaxetion therefore alse invelves the
synthesis of ATF (Bowman and Rand, 1980).

From the foregoing, skeletal muscle can go
into permanent contricture by altering any of the

; 2
processes invelved in the removal of Ca *

from the
myofilament, sequestering it into sarcoplasmic
retisulum anc mitochondria and binding it electro-
statically te the storage sites, All these involve
interference with AT, Calcium ions are asctively

aequestered and this requires the hydrolysis of ATP
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Ly sarcoplasmic reticulum ATPase. Inhibition of
this enzyme or uncoupling of its activity will result

24
.

in foilure to s equester Ca Sceondly, failure to

froc Cn2+ froin troponine-tropomyosin complex makes Ca2+
permently aveailablee, This could be through interfercnce
with Mgz* or irtact AIT, which could be brought

csbout in the failure to resynthesize ATP,

At the storage site, ATP is involved in altering
the binding capacity of the lateral sacs in favour of
Ca2+, if the binding capacity is sltered, either by
interference with ATP or the extract occupying the
binding sites, then Caz* will not be effectively
bound, Bowman and Rand (1980) have indicated that the
sites at which Ca®* ic bound contains imidazolc groups,
phosphotidyl, serinc and lecithin, The extract may
interfere with any of these chemical groups at the
binding sites,

It was obscrved that whother the skeletal
muscle was electrically stimulated (as in phrenic-
nerve diaphragm preparation) or not stimulated (as in
cnick biventer cervicis), a2 permanent contracture was
vroduced, It is therefore likely that the extract is
acting at thce storage site, releasing Ca2+. When
the tissue was stimulated electrically, there was an
initial incresse in twitch amplitude which suggests
that the intensity of contraction was increased,
vhich may be duc to a sudden increase in the availabi-

1lity of Ca®* for the contractile process, This Caz+
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may be coming from the sarcoplasmic reticulum,
Since 2 similar effect was obtained in calcium free
Krcbts Solution it ciun be suggested that the effect
was not due to external calcium,

If the extract acts directly at the storage
site to relense Ca®* then its mechonism is different
from that of ryanodinc, an alkaloid from thc plant
Ryania gpeclosa which produces failure of relaxation
in isolated stimulatced skeletal muscle. The effects
ofrysnodine are due to the alkaloid imparing the
ability of sarcoplasmic reticulum to sequester Ca2+
(Bowman and Rand, 1980).

Other drugs that have been known to affect Caz*
in the sarcoplasmic reticulum and mitochondriza at high
doses are caffeinc, quinine and quinidine, Caffeine
releases free Ca2+ from the sarcoplasmic reticulum,

It also reduces the rate and capacity of ca*
accumulation by isolated sarcoplasmic reticulum and
mitochondria, Quinine rcleases both bound and free
Ca®* from the sarcoplosvic reticulum, whilc quinidine

e into the mitochondria

blocks the uptake of Ca
(Bowman and Rand, 1980),

It has ulso boen reported that certain anions
such as thiocyanate (8 - C=N), iodide, nitrate and
Lromide act probably on the T-tubulcg whereby the
tromsfer of exeitation to sarcoplasmic reticulum is

2

facilitated resulting in the release of Ca“’ from the
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sarcoplasmic reticulum at smoller then normal level
of depolaorization.

The observred effect of the extract on both
pestrous and nensoestrcus uterd was that of
contraction, fince The contractile effect was
observed in both cestrous nnd nonwoestrous rat uteri,
it is likely that the action of thu extract is not
dependent on progesterone=ocestrogen balance, unlike
oxytocin which iIs known to stimulate both Irequency
and force of contractile activity which are highly
dependent on the prescnce of oestrogen (Csapo, 1959),

Since second doses of both the extract
(0.5 mg/ml) and oxytogin (30 mg/ml) failed to produce
responses after the tissue had been exposed to the
extract, it is Jikely that the extract interferes with
the contrgectile process in the smooth muscle,

The structural basis of contraction of the
Tiloment sliding theory in vertebrate smooth muscle
is not clear (Axelsson, 197(), though it is known
that these muscles contain both nctin and myosin ard
the actin 1s present in filament form. Some workers
maintain that there is sufficient evidence supporting
the possibllity that the gliding filament theory may
also be applicable to vertebrate smooth muscles
(Neeham and Shoenberg, 1967; Shoenberg, 1969).
However, the involvement of intracellular Caz+

appenrs toe be a problem, This is becausc the
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developnunt of cndoplasmic reticulum, which
corresponds to sarcoplasmic reticulum of the skeletal
rmascle, in different smooth muscle typos varles
greatly, In many smooth muscles it appears to be very
poorly developel or even absent (Burnstock, 1970).
Dauer, Goodford and Huter (1965) indicated that many
smooth muscle cells have a very small diameter (3=4u).
Consequently, extracellular calcium is not far from
thie contractile mechanism, Ebashi (1961) proposed
that contraction and rclaxation of smooth muscle
might be related to a shift of Ca2+ towards and away
from the¢ contractile cloments,

It is therefore likcly that the extract
interferes with or proevents these fluxes of Ca2+ hence
when this is established, application of agonist
(e.g. oxytocin)or extroct the second time will have no
effect on the tissucs,

The effect of the extract on the guinca-pig
atria was @n increasc ir. the force of contraction,
accompanied by an increased heart rate, These
initial effects were followed by a progressive
decrease in hoth the force and rate of contraction,
While the force of contrnction and ratc were
decreasing, application of acctylcholine (15 ng/ml)
that h~d abolished both the beats and amplitude
before the use of the extract failed to produce any
noticeable effect even when a dose as high as a

hundred fold (1,7 ug/ml) was used later, Similarly
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the positive inotropic and chronotropic effects of
adrenzline were not obscerved after the tissues had
been exposed to the extract,

Effects of drugs on the heart can pgenernlly be
explained by their influence on ionic distribution
and movement across the cardiac membrane, As in all
other excitable tissues, there is more of Na* and 1
exxracellularly than intracellularly and more of x*
intracellularly, Thcre is also more of Ca®* extrace-
1llularly. Ion fluxes associated with the heart have
been divided into five phascs, mainly phascs 0, 1, 2,
3 and 4, Phase O involves the inrush Na' to the cell
as a result of Na¥ gates being opened when the membrane
is depolarized from the resting membrane potential
(=90 mV) to=- 70 mV, At the peak, the membrane
potential is reversed to a value of about +30mV
(Bowman and Rand, 1980), It is also accepted that in
addition to rapid inward flux of Na* current during
phase 0, there is inward flux of Ca?‘+ to a small
extent (Beeler and Reuter, 1970), At the peak of the
depolarization (+30 mV), Nat gates are closed and
repolarization begins immediately which constitutes
phase 1, The repolarisation is interrupted by phase 2

a secondary slower inward current of Caz+

whech gives
rise to plateau of action potential, This is followed
by phase 3 which is a further repclarisation

resulting in K* efflux to resting potentizl., The
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interval between resting potentinl is designated
stage !, in which thcre is efflux of Na'- and influx
K* as a result of Na'-K* pump.

Acetylcholine abolishes contraction as a result
of effect on sincatria node in increasing permeability
to K¥ thereby hyperpolarising the membrane, Sccondly
it has a direct negativce inotrople effect on the
atrial myocardium which appears to be due to reduced
uptake of Ca2+ during the plateau of action potential
in the presence of acetylcholine (Bowman and Rand,
1980), It is claimed that the muscarinic receptors
are coupled to guanylate cyclase in such a way that
the stimulation of the receptors by acetylcholine
increases the activity of the cnzyme, ond thereby
increases the rate of formation of cyclic guanosine
monophosphate (cyclic GMP) from guanosine sriphosphate
(GTP). The cyclic GMP affects the activity of

o+ reducing the amount

tronsport and binding site for Ca
of Ca¥ available for contractile mechanism hence
lowering the force of contraction (Bowman and Rand,
19580),

The powitive inotropic effoct of adrenlaine
has also beca attributed to adrenaline activating
adenylate cyclase which leads to an increase in the
rate of formation of cyclic adenosine=3-5-monophos-
phate (Cyclic AMP), which activates a kinase enzyme
that in turn activates some mechanism that makes

2+

more Ca available.
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Since after exposing the atria to the extract,
both acetylcholine and adrenaline failced to produce
any cffect, it is likely that the two enzyme systems,
cyclic GMP and cyclic AMP might have been affected
such that they might be incapable of mobilizing Caz+.
The initial increase 1In amplitude and heart beats

could be related to the effect of the extract on Caz+.

The extract could facilitate the rclease of calcium
ions from sarcoplasmic or mitochondrial stores, an
action similar to what the gardire glycosldes do
during excitation (Kaus and Lee, 1969; Lee, Hong and
Kang, 1970) so that more Ca®* is available for
contractile system, Alternatively, the extract eould

prevent Caz+

from belng sequestered inte sarcoplasmic
reticulum and thereby making it more availahble for the
contractile process, However, since the tissues dig
not go intec perment contracture {(no upward shift in
base linc) as the skeletal muscle preparations, there
could be no continous gvailability of calcium for
sustalned contracture, It thercfore favours the
arguencnt that the extract could be acting via other
mechanisms, cyclic GMP and cyclic AMP may be the
possible candidates for the cardiac action of the
extract,

The detection of hydrogen sulphide from the
extract suggests that BITC may be present in the

extract, However, the observed pharmacological



actions of the extract on isclated tissues are not
consistent with an earlicr report on BITC, El-Tayeb
et als, (1974) used petroleum spirit extract and
observed that BITC had no effect on the rat phrenic-
nerve diaphragm preparation,

The extract at a dose of 2 g/kg did not produce
any noticeable effect on mice and chicks, This
agrees with the report of El-Tayeb et al., (1974)
that there is no fatality with BITC (0.2 = 2.0 g/kg)e
It is likely therefore that the extract is relatively
non=toxic on acute basis,

Further work needs to be done to find out if
BITC is responsible for the observed pharmacological
effects or any other components cf the extract, since
the pharmacological effects of BITC is lacking,.

Furthermore, since the extract affects skeletal,
smooth and cardiac muscles, a complete elucidation of
its mechanism of action may extend the present
knowledge of the process involved in contractione

relaxation coupling,
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SUMMARY ANLD CONCILUSION

Diethyl ether extract of Carica papaya seeds

has a significant activity against H, nana,
Qurlitatively, BITC was detected and the activity
of the extract agoinst H, naono could be attributed
to the presence of BITC, The extract had no

activity against N, braziliensis, The earlier

reportod anthelmintic proporty of Carica papaya

secd (in Ascaridoe) could be extended to cestodes
(moinly He nans) but not to hookworms,

The extract affects isolated skeletal muscle
preparationg dircetly rosulting in permaenent
contracture., It contracted and desensitized the
uterine gmooth muscle to other agonists. On the
cardliac muscle, it produces initial positive
chronotropic and inotropic effects followed by a
gradual decrease in force and rate of contrgction
of the heart, It also desensitized the heart to

acetylcholine and adrenaline,
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APPENDIX

Concentration of solutes in grams per litre
in Kreb's Solution, NaCl = 6.9, KC1 = 0,35, MgsQ, ,

NaHCO = 2,1 and D=Glucose = 2,0,
3

Concentration of Solutes in grams per litre
in De Julon Solution, lNaCl = 9, KC1l = 0,1l,
D=Glucose = 0,5, NaHCO_ = 0,5 and Ca012 = 0,03,
3

Concentration of Zolutes in pgrams per litre in
Ringer=lock Solution, NaCl = 9, KC1 = 0,42, D=Glucose = 1,

NaHCO, = 0415 and CaCl, = 0,12

3 2



