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ABSTRACT

Azadirachta indica (neem tree) is a well known nedicinal
plant found particularly useful in the treatnment of nalaria. It is
readily available in the northern part of this country. Despite
the wide usage of this plant in nmalarial chenotherapy, the dosage
has not been standardized. It has therefore becone inperative to
comrence work towards formulating thi3 plant or its parts into a
suitable dosage form In this study, attenpts were nade into

formulating the barks and | eaves into tablets.

To investigate the tableting properties, the physico-cheni ca
characteristics of the bark and |eaf powders of the plant such as
nean particle size and size distribution, particle norphology,
flow properties Gangle of repose, flow rate and Carr's index as
well as noisture contents, UWsing standard procedures. Conpact
characteristics such as thickness, hardness, friability, and dis-
integration tines of the tablets conpressed from these powders by
wet granul ation and direct conpression nethods were investigated.
The effect of various binders and granule size fractions on the
characteristics of tablets produced by wet granul ation nmethod and
that of diluents on tablets produced by direct conpression were
det er m ned.

M cr obi ol ogi cal anal yses such as mcrobial contamnation
levels and flora determ nation, and evaluation of t he
antimcrobial property of the plant was also carried out. Tests
were al so done to detect the presence of sone indicator organisns.

In order to determne an effective dosage reginmen for a
rational therapeutic use of this plant in nmalaria treatnent,

phar macol ogi cal screening was carried out. Using a rodent
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parasite, Flasmodium  yoelii nigeriensis, in swiss albino mce, the
pl ant was screened for its curative, prophylactic and suppressive
application in nalaria.

I nvestigations of the physico-chemcal properties of the pow
ders of the bark and leaf indicated that these powders were nostly
fibrous in nature, wth relatively poor flow characteristics.
Tabl ets produced by direct conpression fromthe |eaf powders were
general | y unacceptable when subjected to quality control tests.
Those |ablets produced from the bark and binary mxtures of the
bark and |eaf powders were of better quality. Avicel pH 101 at |ow
concentrations produced better quality tablets conpared with the
other diluents: |actose and Starch Rx 1500.

Tabl ets produced by wet granulation nethod were generally
better than those of the direct conpression nethod. M ze starch
and pol yvinyl pyrrolidone produced good quality tablets when used
as binders. On the other hand, tablets produced from the bark
powders using nethylcellulose as binder were generally friable
with short disintegration times. The granule size fraction used
was also found to have considerable influence on the resulting
conpact characteristics. For exanple, particle size fraction |ess

than 500 um but greater than 150 pum gave the best quality tablets.

M crobi ol ogical investigations of the bark and |eaf powders
indicate noderate contamnation wth Dbacterial and fungal
organi sns. The predom nant bacterial contamnants were spore-
formng and non-sparing Bacillus while Aspergillus and nmould were
the dom nant fungal organisns. No indicator organism {E coli.. Ps
aeruginosa.. Salmonella spp, Saph, aureus and C. albicans) was
detected. Agqueous and ethanolic extracts of Azadirachta indica
exhibited significant inhibition on the gram positive test

organi sns {B. subtilise Saph, aureus), C. ahicans and E. coli.
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Only little activity was exerted against Ps aeruginosa by the
et hanol i c extract.

Phar macol ogi cal screening of the bark and |eaf powders of
Azadirachta indica showed that the plant has useful prophylactic
and suppressive antimalarial activities but has very little
curative property. The leaf powder exhibited higher degree of
antinmalarial effect than the bark powder. Extrapolation of the
phar macol ogi cal data from the albino mce indicated that an adult
human being may need to ingest about 155 tablets of a 300 ny
wei gth per day for significant therapeutic inprovenent in nalaria

i nfection.
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CHAPTER ONE

INTRODUCTION
1.1 GENERAL INTRODUCTION

Hedicinmal plants still remaih a najoxr source of drugs
in the treatment of various ailments especially in the third
world countries {(Phillipson &¢ &2, 1989). While many of the
plants contain principles whose effects can be demonstrated
pPharmecologically and the action of the whole plant or its
extract is traceable to some of its isolated constituents,
it has not been possible for most plants. to relate their
pharnacological activity to any of their constituents., The
situation is more complicated by the fregquent use of drugs
in combination, of which the supposed active constituents
have not been elucidated. In some other instances, the
active constituents are so complex that complete and partial
synthesis has not been possible, hence the whole plant or
its extract continue to be used therapeutically. This is the
casie with digoxin and senna leaves which bave been
compressed into tablets.

Ifalaria is the most prevalent fatal infection in
Tropical Africe, Killing more than one million people every
yeaf (WO, 1987). Remedy sought from local plants have been
in the increasc to:

1. reduce both mortality and morbidity;
Z. Lo perve an a substitute to the syntheltic antimalarials
currently resistant to Flassadiuw felciparum; and

3. for its relative cheapness and availability.



1.

The most common and abundantly used of the plants in
the treatment of malaria iz Neem tree {(dssdirachis 1ndics).
The antimalarial property of this plant has scientifically
been proved (Iwu e7 &t 1986). Because of 1ts widespread
use, ik ig desirable to formulate this plant into an
appropriate and standardized dosage form for use by the

populace.

- HEDICIHMAL PLANTS: A BRIEF HISTORICAL BACKGROUND

Since the dawn of history, man has been puzzled by Lhe
sudden ravages made by disease, and has attempted in wany
wayas to find cures for his ailments. Such cures have passed
through various vicissitudes., from the earliest stages of
fanciful and even repulsive remedies obtained from vegetable
and animal sources, and gradually to the mnodern era of
rational chemotherapy. The foundation for therapeutics has
been severally laid in various countries, at various periods
of Lime.

Perhaps, Chinese medicine was about the earliest, as
available records dated about 2600 BC give us an ideo of the
mnedical knowledge of the Chinese in such primitive times.
Ephedrine was used in China for over 6000 years before being
introduced into western medicine in 1924 (Chen £f =7, 1930).

Senna  obtained from the dried leaflets of Cassia
&oulifolis was introduced intc Arabian medicine as early as
the ninth century. Crystalline senna glycosides, Sennosides
A and B, and concentrates of senna pods standardized by
chemical or biological assay are also available which are
more stable and reliable than the preparations of senna leaf

{(McClure &f &2, 1957). OQuinine which is the chief alkaloid



of the bark of cinchona tree 1is indigenous to certain
regions of South America. It was wade into powder and given
as a beverage, Lo cure fever.

Digitalis or foxglove, was mentioned in 1250 BC in the
writings of Welsh physicians. Digoxin and digitoxin, the two
principal glycosides of Jdugiialis purpures and DRigiialis
Zansia have found uses in cardiac problems since some years
ago. Kauwollis serpentina (Benth) which is indigenous to
Indio amdl other neighbouring countries was found useful in
Lhe trealment of psvchotic patients (Klein, 1954). Cod-liver
01l cobtained from Godus mordius is a source of vitamins A and
D (David 2 af 1954).

The DBobylonians, who specialised in astronony and
astrology loid great stress on the influence of the stars.
The use of iron in anaemia was in the first instance, due to
the belief that lars influenced the blood and iron. Its real
therapeulic significance was not known until centuries
later. Egyptisn medicine which is also very ancienlt, pro-
bably borrowed from Babylonian and Assyrian sources. The
Ebers Papyrus which is dated eabout 1500 BC gives a
collection of drugs prevalent in Egypt at that time, with
their classification and their wuses. Some of the drugs
enployed now, such as castor oil and pomegranate bark, are
mentioned in this papyrus (David #¢ &2 1954).

Greek medicine is said to be the father of modern
medicine end therapeutics. Hippocrates, in the 6th Century
BC, separated medicine from religion. He gave rational
mnedicine the form it holds today by laying down certain
principles on which modern medicine is built.



1.2

1.2.1

HALARIA

Halarisa is primarily a tropical and subtropical
protozoan disease characlerised by rigour, pyrexia and fever
following the bite of Anopheles mosgquito. The causative
protozoans belong to four species of the genus Plasmodivm

namely, F falciparum. F. malsriae. P, pwale and Foowivar

LIFE CYCLE OF THE IIALARIA PARASITE

Though morphologically different., the development of
the four species of human plagmodia follow the same pattern.
The infective form of the parasite is the uninucleated
spindle-shoped cell called ‘'sporoziote', found din  the
salivery glands of the infected moaquito. The sporozoite are
injected into the blood stream of man through the proboscis
when the mosquito squirtla some anticoagulant saliva before
beginning to ouck.

The sporozites can survive in the bleood for mot more
than an hour and within thirty minutes of inoculation, Lthey
gain access to the liver where they wudergo growth and
multiplication in the parenchymatous cell. This is the pre-
m;ythmcytic tissue schizogony and is completed towards the
el of the incubation peried of the infection when large
numbhers of the tissue merozoites from ruptured tissue
schizonts are released into the bloed.

The tissue merozoites then invade the red blood cells.
On entexring the sorythrocyte, the growinmgy parssite {(how
called trophozoites) take on ring shape. As it matures, the
central wacuple dissappears till it completely f£ills the
whole¢ red blood cells. The trophozoites ingests the protein

portion of the Leemoglobin. Thereafter nuclear fission
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resulta in the formation of schizonts and subsequently into
uerozoites. The erythrocytes then bursts releasing mero-
zoites, pyrogens and haem from haemglobin into the Dblood
stream manifesting as bursts of fever.

Jome erythtocytic forms develop into two types of
sexual parasites called gametocytes. The male i3 suwaller
hence called wnmicrogametocytes. The gametocytes are not
capable of further development in the human host bul on
being picked up by blood sucking mosquitoes, the next stage
commencez. In the stomach of the mosguito, the gametocyles
are freed from the erythrocytes. The male gametocyes divide
into three, producing eight threadlike nicrogametes. Com-
bination of one wmicrogametocyte with a female gametocyte
results in the formatin of a zygote. This mobtile zygote
{Ookinete) burrows into the stomach wall and assumes a
spherical shape called OOcyst. It is within this oocyst that
thousands of  sporozoites are produced through multiple
fisaion, On Lheir release from the OOcyst ({which raptures
after a development period of about 12 days in  the
wosguito), Lhe sporozoites find their way to the salivary

glands.

CHENOTHERAPT

llalaria chemotherapy is based on the principle of
celective toxicity. Antimnlerials are agents used to inhibit
the development of plasmodia and are administered with the
aim of totally eradicaling the parasite from the host. They
have selectively higher affinity for and lethal effecls on
the parasites as compared with the host cells. The choice of

the antimalarial agent ia governed by the aim of the therapy



{whether for prophylaxis or for treatment), the species of
the parasite and in these days of widespread drug
resistance, also on the geographical location of the

patient.

Casual Prophylaxis

This is the prevention of infection after the hite of
an infected mosguito. Here, the drug must be able to destroy
the sporozoites before they gain entry into the liver cella.
Such a drug does nobt presently exist. Casual prophylactic
agents are also used Lo Kill exoerythrocylic stages of Lhe
parasites in the liver. Primaquine is a casual prophylactic
but iz rarely used because of 1its serious side effects.
Pyrimethamine and proguanil which are safer are mre commonly

cioployed a3 prophylactic agents in malaria chemotherapy.

Clinical Cure

The aim of clinical cure is to terminate a clinical
attack. This 18 effected by using blood schizonticides of
which the 4-aminoguinolines are the drugs of choice. The
dihydrofolate inhibitors (proguanil end pyrimethamine) which

aie also schizonticidal have very slow onset of action.

Rodical Cure

A5 the name implies. radical cure involves the total
elimination of both the erythrocytic and exoerythrocytic
forms of the parasite without allowing any relapse. Radical
cure in & felciparum i1s oachieved by the use of the 4-

aminoquinolines. In F vZwexr however, primaquine is the drug



7

of choice though it can be used concurrently with chloro-
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1.3.1

1.3.2

1.3. 3

AZADTRATHTAE TARICE (Fom: Neliaceae)

50URCE

dsadireciiia indice A, Juas (Meiisceas) is a native of
Asia which has now naturalised in West Africa. The nheen
tree, known locelly as "dogon yaro” or “"darbeijiya”" in Hausa,
"aforo-oyimbo” in Yorubo and "ogwu-akom" in Ibo, is widely
cultivated throughout Nigeria as an ornamental plant. It is
a drought resistant plant and therefore grows well even in
the arid parts of the country, growing up to 25 m high in

some Dlacea but occurs mostly as a medium sized tres.

PHYTOCHEMICAL CHARACTERISTICS

dzardirachie imdica is sn evergresen tree up to 25 m
tall. grey bark and scaly trunk, up to 60 c¢cm in diameter,
crown with upright or spreading branches and dark-green,
pimmate leaves up to 30 cm long. Leaflets are 7-17 in number
and are directly or almost opposite, somnevhbat curved,
oblong-lanceolate and wp to 7 cm lopg with a noticeable
onion smell. Leaf margins are strongly serrate with cineate
base end unsqual. Flowers are white and frogrant, in large
ponicles. Fruits are berry-like. oval-oblong, vellow to
reddish-brown and only slightly fleshy and are single seeded
{(Randhawa, 1965).

MEDICINAL USES

Cne of the most important uses of neem plant is its
application in malaria therapy. A decoction of the leaves or
af leaves aid stem bark ig used in the treatment of fevers
by hydrolherapy or inhalation (Sofowors. 1982). Alcoholic

extracts or aqueocus infusions of the leaves or stem bark 1is
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claimed to be effective in malaria attacks when there is
allopathic antimalarial drug-resistant plasmodium strain
{Iwu e ai, 1986). The antimalarial effect of this plant has
been eatimated to be equivalent to half the therapsubtic
doses of chloroquine sulphate on dry weight basis (Ade-
Jerrano, 1962).

In India, leaves are applied in the form of poultice
for boils and the decoction is recommended in the treatment
of ulcers and eczema {(Indian Pharm. Codex. 1953).

In Nigeria, the alcoholic and aqueous extrecls are
widely used not only to cure malaria, but alao to cure
jaundice, skin diseases and also as a purgative. The oil
from the seed is used as an ingredient in remedies for
hemorrhoids (Iwa &2 &f, 1986).

The fruit is used as a laxative and for the treatment
of urinary tract diseasea, intestinal worm infestations and
leproay. The stem and roots are efficiently used as chewing
sticks end mouth inflammation can be reduced by including
the extract in dental preparations. Powdered plant parts and
extracts have been incorporated into toothpaste and tooth

powders (Lewis and Elvin-Lewis, 1977).

OTHER USES

Some active ingredients of the seeds and leaves of Lhe
Lropical neem tree. especially the tetranortriterpenoid:
azodirachitin, influence the feeding bebaviour, mnetamorpho-
sis. fecundity and fitness of numerous insect species
belonging to wvarious orders. In recent years, a number of
neem products have been applied in laboratory to test their

ouitabilily for practical pest control purposes.
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When aqueoua extraocts of neem leavea at a  con-
centration of U.5% wag sprayed fortnightly on onions in the
field in llauritius, demage by Ziriomyrs ¢rifolii was con-
siderably diminished. Yields in the neems treated were four
Lo six timea higher than in the control plots (Fagoone ¢2
al, 1984).

In rural India, it has been an age-old practice Lo mix
dried neem leaves with stored grains and to place leaves in
the folds of woollen clothes to ward-off insect attack. This
practice has Dbeen inherited as a tradition. Pruthi e? &7
{1944) reported that neem leaves were aspread in 6 to 7 in
thick layers in grains and neem fruits were crushed on the
imner surfaces of the grain cribs. HMixing of neem leaves
with wheat, rice and other grains al a concentration of 2-5%
is even now a common practice in many villages in India and
Pakistan.

The neem seed and other parts of the tree contain
insecticidal tetranortriterpenoids such as azadirachtin
{Butterworth e£2 &2, 1968). nmeliantin (Levie &2 &l 1978},
and salannin (Warthen ¢ &7, 1978) which act in insects as
antifeedants, as insect growth and development regulators,
or even as toxicant. The most potent compound of all i3

azadirachtin.

THE CHENISTRY OF NEEI TREE

As is usual with such botanical material, the Dbark,
heartwood, leaves, fruits, and seeds have been examined to
some extent by chemista, but it is the renewable parts: the
seeds and leaves that have received the most attention. In

opite of this, our knowledge of this plant ia only frag
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mentary. The impetus towards the inveatigation of triter-
penoids of neem was provided by the first disolation of a
substance with insect feeding-deterrant properties (Butter-
worth ¢ ad, 1968). This substance, azadirachtin (structure
1), is a highly oxidised triterpenocid. Today, there is an
increasing body of knowledge of these fascinating and
structurally complex substances. However, the study of the

other types of compounds from the neem tree has hardly

beguin.

azadirachtin (1)

The seed o0il which is usually extracled by steam or
solvents from the crushed seeds consists chiefly of trigly-
cerides ond large amounts of triterpenocids. Gas chromato-
graphic analysis showed that the glycerides contain chiefly
oleic acid, ond lesser quantities of stearic and palmitic
acids (Skellon ef a7, 1962). Some preliminary work has been
done on phenolic compounds extractable from the bark and two
subatances, gsugiol and ninbiol have been isolated, which
oppear Lo be derived from terpenoid sources (Sengupta e? &/,
1960). The gorlic odour of the seeds and oil, and the
presence of sulphur (as an impurity) in solids obtained from
Lhe oil suggest the presence of compounds similar to diallyl

disulphide (Siddiqui, 1942). This may in turn. suggest that

—

v ar
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substances like "ajoene", a recently discovered substence
gith anti-thrombotic activity may be present (Bloch &2 &i,
L986).

1 TRITERPENOIDS

ALL the well-characterised compounds identified in
neem tree belong to the class of triterpenoids. From diverse
biosynthetic atudies 1in plants, these are known tao be
derived from acetate, via mevalonate and squalene, which ia
then cyeclized. From the atereochemical arrangement of the
methyl groups at C-10, C-13 and C-14 and the aide chain at
C-17., the known triterpenoids of neem are all derived f[rom
the parent tetracyclic triterpenoida, tirucallol (structure

Z2) with a tirucallanane structure (Arigoni #£7 a7, 19565).

H

tirucallol {2)

Tirucalleol itself has not been isclated from any neem
product but all the substances that have been characterised,
can be considered as succesaive rearrangement and oxidation
products of tirucallol. These can be divided into:

-~ triterpenoids with the side chain intact but in which C-24
to C-27 have been lost (as in tetranortriterpenoids), and
further altered products (penta- and hexa-nortriterpen-

oida);
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- those in which the remaining carbon atoms are cylized into
a [uran ring, the limonoids:
cpening of the rings or rearrangement of the skeleton,
¢ g. cleavwge reaction involving fission of C-12 and C-13

in triterpenocids.

A Intact Triterpenes

A numwber of oxidized intact triterpenes have been
igsuolated [rom other species of HNelisceae. These 30 called
protolimonoids appear to be biosynthetic precursors of the
limonoids because of their biological occurrence and
oxidation pattern. The only protolimonoids isolated from the
neem Lree are meliatriol (structure 3), isolated by Levie £
a7l (1967) and nimbocenone (structure 4), recently extracted
by Siddiqui ¢ &7 (1986). The preparatory steps towards the
formation of the furan ring are evident in both compounds.

OH
HO

nimbhocenone {4)
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Limonoids

Intact Ring -C Syatem

Limonoids are usually defined as triterpene deriva-
tivea from which four side chain carbons atoms have been
lost and the remainder have been cyclized Lo a furan ring,
hence the alternaotive name, tetranortriterpenocids. As well
as Lthe changes in the side chain, they also 3show a
rearranged corbon skeleton, with migration of the double
bond to a different ring and the C-30 methyl groups from C-
14 ta C-0 iz rearrangement has been demonstrated in vitro
by  Lhe conversion of turraeanthin from Turraesniiius
sfiricsaags inbo a simple limonoid.

Lavie o2 &7 (1967, 1971) have isolated a number of
aiwple limonoids from neem which are still closely related
Lo the tetracyclic triterpenoids such a3 azadirone {(atruct-
ure 5y and azadiradione (structure 6) also Known as
nimbinin. Eraus and Cramer {(1978) hawve iszolated azadiradione
7-henzoate (structure 7) and epoxyazadiradione benzoale

{abtructure 89).

. &

B

azadirone (§) azadiradione (6)
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codiradione benzoate (7) epoxyazadiradione benzoate (8)

Himbinin was first isolated by Siddiqui (1942) and
later independently isolated by Narayaman £ &7 (1967) and
Conolly e a4 (1966). Lavie and Jain (1971) assigned the
structure of nimbinin to epoxyazadiradione (Structure 9),

which however differs in their optical rotation.

T H

epoxyazadiradione (9)

C-Ring Opened Limonoids

The most characteristic groups of triterpene-derived
compounds so far identified in neem tree are those limonoids
in which ring-C has been opened by oxidation, and it is in
this group of compounds that the interesting biological
properties begin to appear. The first limonoid to be
purified from dsedirachiia Imndics, nimbin {atructure 10},

isolated by Siddiqui ¢ aZ (1942) belongs to this group. It
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is present in many parta of the tree; isolated as a
cryatalline s0lid from seed oil, root and trunk bark. It was
not until after 20 years thal its structure was correctly
elucidated. Its molecular formular CjgH30g was correctly
suggested by Nerasimhan (1957). Chemical studies initiated
by Hitra {(1956) involving the hydrolysis of the three ester
moietiea gave deacetvlnimbin (structure 11), niwbinic acid
(structure 12) and nimbic acid {structure 13). Selective
hydrogenation of nimbin at C-2, C-3 double bond and

sublimation of nimbic acid gave pyronimbic acid (structure

i1}

nimbin (10)

niwbinic acid (12) ninbic acid (13)
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pyronimbic acid (14)

Ekong €2 &7 (1969) isolated two new limonoids,
Nimbolin A {(structure 15) and salannin (structure 16) from
the Lrunk wood of 4dredirachia indics, Nimbolin B (structure

17) in which the C-ring was opened was also characterised.

nimbolin A (15) salannin (16}

=
HO [ }

nimbolin B {17)
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Hitra (1966) isolated the natural product. nimbidinin
(structure 18). llany of the compounds described in this
section have closely related structures, so later identi-
fication which were based on earlier elucidated structures
inevitably caused some wrong structures to be proposed. An
example is nimbolide (structure 19) isolated by Ekong (1967)

which was later shown by NMR to be wery closely related to

nimbin.

nimbidinin (16) nimbolide {19)

There are olao A- and D-ring opened limonoids, but

Lhese are leas common in the plant parts. Examples of these

are 4o, Ge-dihydroxy-A-homoazadirone (structure 20) for A-
ring opened limonoid and gedunin (structure 21) for D-ring

opened limonoid,

4o, bt~dibhydroxy-A-homoazadirone (20)
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gedunin (21)

III. Products Without a Furan Ring

There are a number of examples now known which would
otherwise be classed as limonoids, but which do not contain
the furan ring. The first such compounds contained C-20, C-
23 lactones, regarded aa photo-oxidation producls. possibly
formed during isolation, e.g. the nimbin and salannin deri-

vatives {(alructure 22 and 23}, respectively.

O
T
(—:OZMOH
nimbin derivative {22) salanin derivative (23)

1.3.6.2 AZADIRACHTIN AND RELATED COHPOUNDS

Azadirachtin, from a commercial amd biological point
of view i the moat interesting of the tetranortriterpenoids

from neem Lree. The molecular formular CzpligqOqg was deter-

mined by accurate mass measurement on a Lrimethylsilyl
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derivative [rom NHR and mass spectral informations (Bultlerp-
vworth &2 &1, 1972).

Since the correct structure of agzadirachtin was
published, several more azadirachtinoid structures have been
isolated. Of special interest is 1-tigloyl-3-acetyl-11-
methoxy -azadirachbinin (structure 24) isolated by Kraus ef

al (1987).

1-tigloyl-3-acetyl-1l1-nethoxyazadirachtin (24)

PHARNACOLOGICAL PROPERTIES

Several pharmacological screening and eveluation
studies on the neem plant and its extracts or pure isolales
have been carried out. The Department of Pharmacology of
Fing George's lledical College, Luknow, India, successfully
used a lotion made from the extract of dried neem leaves to
cure eczema, ringworm and scabies in clinical evaluation
Leat (Anon, 1985). Acubte coses were cured permanently in 3
o 4 dava Dby local application of the lotion while chronic
cases required about a fortnight.

Plharmncological studies have also shown that the plant
cxbract has anbipyretic (pyrogen-induced hyperpyrexia) and
snbti-inflammatory (rat oedema) activities (Okpanyi and

woeukwua, 1961). When a saline solution of the sodium salt of
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nimbidinic acid, a component of neem seeds was administered,
urine samples showed an increased gsodium chloride and
potassium indicating diuretic effects (Bhide £¢ &7, 1958).

Nimbolide and 3-deacetyl salannin, tetranortriter-
penoids isoloted from the chloroform-soluble portion of an
alcoholic extract of neem leaves. have shown hypotensive
activily (Garg &2 &f. 198b6). In a cardio-vascular study, o
crwde exbiact of neem leaves injected intravenously at 30
minubes  inbtervals, induced profound hypotension and a
minimal negabive chronotropic effect, which increased with
increasing doses.

A 10% aqueous extract of young tender neem leaves fed
to fasting roabbits at 200 mg/Kg caused a marked fall in
blood glucose concentration. A maxinum reduction of 2%
occurred 3 hours after administration, and levels returned
Lo normal after 12 hours. A similar hypoglycaemic effect was
observed in fasted rats and to a lesser extent in guinea
pigs following oral dosing (Luscombe #7 &7, 1974).

Aqueous neem leaf extract caused an appreciable
contraction of guinea pig dleum in tyrode's solution
(Avigbabu &7 &f, 1971). 'The leaf decoction gave a fall in
the parazite count in chlorogquine-senaitive strain of
Flassmodium Derghiel injected in mice, amd inhibited the
growkth of Flassmodiuwm falciparum (Ekenem, 1978). Similarly.
Obaseki (1985) reported that oral administration of 0.1
gn/Kg of neem extract was active against acute infection
caused by Flasmodium yoeliil nigeriensis, and increased the
platelet count of treated animals. He suggested that
Agadirachits indica should be wiewed as a pointer to novel

clotting, anti-inflammatory and antimalarial agents and not
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a3 a source, In contrast, Tella (1976) observed Lhat oral
administration of aqueous extract of neem leaves to young
male albino mice induced with malarie by Flasacdium bergliel,

[ailed to affect the course of disgease in the animal.

AIIS AND OBJECTIYES

In response to the national call for "Health for All
by the Tear 2000" coupled with the global economic
recesgion, the need for looking inwards to exploit the
locally available medicinal plants in this country cennoi be
over-emphagsized.

radirachite indica (leavea, bark and roots) is
abundantly available in Nigeria and is the major source of
remedy for malaria and other associated conditions for the
greal majority of the populace who reside in the rural
areas, As results of many previous researchers have
indicated, this plant cen be useful in the management of
malaria therapy.

One of the major problems associated with herbal
remedies is standardization. The neem tree is used locally
as decoction, and unspecified quantities are consumed with-
out regard to toxicological and other adverse effects. It is
therefore, the objective of this research, to explore the
possibility of formulating the crude plant parts, notably
the leaves and barks into tableta, 3o that guantification
and standardization of the drug can be achieved. This will
undoubtedly ensure Lthat the plant is in a more acceptable
form to the general populace, and hence improve its

acceasibility and availability .
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To achieve this objective, the following paremeters

were designed to be investigated:-

Powder characteristica of the leaves and bark. This
includes particle size and aize distribution, f{low-
ability., Dbulk and tapped densities, compressibility,
etc. ;

Tableting properties of the crude drug powders and in
combinalion with wvarious drug excipients 1like Starch
Rx15600, microcrystalline cellulose and lactose. Such
propertiecs as tablet hardness, friability, disintegration
amdd other guality control tests will be investigated;
Evaluation of the various methods of tablet production so
that qualily and accepltable tableta from the leaves and
bark powders can be produced:

Microbiological quality and properties of the powders.
Ificrobial loads of the powders, the produced tablets and
antimicrobial property of the extracts will also he
ansessed . and

Pharmacological screening. This involves the evaluation of
the produced tablets for their ability to reduce the
degree of parasitaemia in plasmodium-infected mnice when
used prophylectically. curatively or suppressively. This
iz Lo enable an appropriate dosage regimen for huwman to

be extrapolated.

It is hoped that the result of this research will shed

light on the possibility of making tablels from A4dzadiraciia

indica so that this important wmedicinal plant can be

presented in safer and better form for use by the populace.



CHAPTER TWO

2.0 TECHNOLOGY OF TABLET PRODUCTION

2.1 INTRODUCTION

Tablets are single solid dosage forms prepared by
compression of powders, crystals or granules of drugs with
or without excipients. They come in different shapes,
ranging from circular, cylindrical, oval, spherical, egg or
discuas-shape forms. Beside the active drug substance, they
usually contain additional substances {(which are in mnost
cases, dinert in mnature), to ease their manufacture, dis-
integration and improve their physical and chemical
stability.

Of the wmany adjuvants used in tablet manufacture.
fillers occupy an important position. Fillers, also called
diluents or bulking agents, are indicated especially in low
dozse drmags, since a minimum bulk volume is required before a
pomder/granule mass can be compressed infto tablets of con-
condent sine (Jaiyeoba, 19088). Although fillers are usually
required to be inert. they generally tend to considerably
wdify the properties of the resulting teblets.

Thie manulaclture of compressed tablets has Lremendously
incrensed following improvements and development in

tableling macliines.

CONSIDERATION IN THE PRODUCTION OF TABLETS

M
X

The production of a tablet 3z governed by a number of

factors which include:
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- the nmature and amounl of drugy substance(s). its chemical
and phyaical properties;

- the maunufacturing process to be employved; and

- the method by which the tablet i3 to he used, i.e

awollowed, chewed. dissolved in water, etc.

The stobility of the drug substance is one of the nost
important factors to be considered in tablet pre-formulation
studiea, This is because the 5i£e and extent of abhsorption
of drug in the gastro-intestinal tract is dependent on the
nature of the drug. For example, if the druy is unstoble 1in
any of the fluids of the gastro intestinal tract, then some
form of protection {e.g. film or enteric coating) must be
afforded. Substances which would undergo appreciable hydro-
lyaias in the conditiona of wet granmulation process obviously
cen not be made into tablets by this wmethod. The
compatibility of the drug with other tablet excipients azuch
ag binders, fillers, disintegranis, lubricants, etc, must be
considered. since this will govern the choice o0of those
additives to be used in the production of the tablets.

J The dose pf the drug will decide the necessity for
| fillers., If a filler is not indicated, there is 1little
possibility of euploying the direct compresaion melhod of
tablet production especially 1f the active ingredient i3 not
directly compreasible. The golubility of drug. together with
the proportion of drug in each tablet, will govern the need
for a disintegrating agent,

The method of tablet production to he employed will be
governed by the intrinsic properties of the drug substance.

The process of direct compression with its savings in Uine,



26

apparatus, energy costs, and space 1s obviously attractive,
bub againsl this must be set higher material costs. After
deciding the route of administration, the tablet is designed

Lo satisfy the pharmacopoeial standards.

4.3 ADYANTAGES OF TABLETS A5 A DOSAGE FORH

When correctly formulated and manufactured, tablets
provide an accurate, uniform dosage of druy with the
necessary physical and chemical propertiea for the required
duration and intensity of therapeutic action. llodern methods
are capable of large scale economic production with a high
degree of bablet uniformity both within and between batches.
Juitable formulations with sustained release characteristics
aml coatings can be produced to improve palatability or
reduce the incidence of gastric irritation. Of all dosage
forms, tablet presents the medicament in the highest
practicable state of compaction. This permita the use of
light weight and low cost containers for packaging.

Z.4 DASIC COMPONENTS OF TABLET FORMULATION

The tablet does not just contain the active ingredient
but also includes other substances known as excipients. with
apecific functions. Since the medicinally active components
of most tablets are in smwall amounts, sometimes in
milligrams, which are incompressible, there is a strong need
for the addition of suitable excipients to aid the
formulation and manufacture of the tablet with the desired

characteristics.
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Z.4.1 DILUENTS

2. 4.

These are referred to as bulking agentsa. They are
inert in nature and are added to the active ingredient in
sufficient quantities to make a sizable tablet. Generally, a
tablet should weigh at least 50 mg and therefore very low
dose drugs will invariably require a diluent to bring the
overall tablet weight up Lo this mnininum. 'The principal
diluent employed is lactose. It is relatively cheap and
reodily available either as coarse granular (60-80 mesh).
regular (00-100 mesh) and anhydrous lactose. It is readily
coluble in water, quite stable, does not react with most
wodicinal substances and rapidly dissociates Lo release ils
drug .

Olher diluents include mannitol which iz expensive;
starches derived from wheat corn, and hwdrolysed starch
{Celutab®). Starch is used in a number of official preparat-
iona nol only as a f{filler but also as a disintegrant and
binder in teblels because of its absorbenl property. Calcium
phosphate is a wuseful non-hygroscopic diluent for powler,
but it should not be used as a diluent in wvitamin D
preparations. Hicrocrystalline cellulose, commercially
available as Avicel® is often employed as a direct com-
pression vehicle. It is also used as & cowbination binder-

disintegrant in the production of compreased tablets
BINDERS
These are subsatances that act as adhesives to bind

powder Ltogether in the wet granulation process. They also

help to bind granules together during the proceas of
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compression. Their use should be optimised: excess quantity
results in very hard tableta that may not disintegrate on
administration while wery low concentration of binder
results in very sofl and friable tablets. Binders are used
either in form of solution or in a dry form depending on the
other ingredients incorporated into the formulation and the
method of preparation. Commonly used binders in tablels
include starch paste, ethyl cellulose ( insoluble in water),
methiyl cellulose and gelatin, Gelatin is a protein material
obtained by extraction from collagen. It swells and softens
in cold water forming a clear gel on gentle heating.
Depending on the binder, they are usually incorporated at

concentrations ranging from 1 to 16Xw/w.

2.4.3 LUBRICANTS

The lubricants enhance flow of granulea. prevent
adhesion of granules or powders to punches and dies and the
release of tableta from its mold after compressaion. Lubric-
ants act between surfaces in relative motion to prevent
friction and wear. Basically, there are three categories of
lubricants based on their ability to carry out certain

functions: -

A, Glidanta

These iwmprove the flow properties of granules by
minimizing inter-particulate friction and eliminating tLhe
problems associated with the flow of wmaterials. Examples

include talc and starch.
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B Anti-sticking Agents

They prevent sticking of granules to Lhe faces of
punches amnd die wall., Stearic acid and soaps are examples of

the class of lubricants.

e Proper Lubricanbs

These  reduce inter particulate friction during
compression and friction between tablet and the wall during
cjecbtion cycle, thereby facilitating teblet ejection.

The lubricants are someblimes classified according to
the way in which they are incorporated into the granules.
For example, cxlernal lubricants are Lhose added immediately
before compression aml coab ¢granule surface while internal
lubricants are mixed with the dry powder before the addition
of the gronulating fluid, thus producing granules thal ceon
be described as self-lubricating (Rawlins, 1980). Exeamples

are talc and magneaium stearate,

a.4.1 DISINTEGRANTS

Theae are agenta added to tablets to facilitate break-
up of the tablets when placed in an aguecus environment. The
purpose for adding the disintegrant is to cause the tablels
L0 break-up into smaller units so as to increase the surface
area of the teblet fragments and hence promote rapid release
of the drug. To do this, the disintegrant operates in a
manner opposite a binder. Starch is the commonest dis-
integrant in tablet formulation end is believed to act by
swelling. increasing inter-particulate pores that eventually

breaks the tablet into individual granules. Other dis-
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integrants are modified 3starches. cross-linked polyvinyl

pryrrolidone, cotion exchenge resins and cellulose materials.

Z.4.b COLOURING AGENTS, FLAVOURS AND SWEETENERS

Colouring agents improve the appearance of Lablets Dby
making it attractive and sesthetic. They are also used os
manufacturing control. They are inert and soluble. Examples
are amaranth and tartrazine.

Flavours and sweetening agents are important in
chewable tablets, sublingual tablets and lozenges. They mask
objectionable taste and odour and this  influences
acceptahility Dby patients. Fxamples include sugars,
glycerine and sorbitol. llenthol bhas a copling sensation

while chocolate is generally used to mask bitter taste.

2.5 POWDER TECHNOLOGY IN RELATION TC TABLET FORMULATION

Discussion of characteristic and behaviour of powders
bacnme imperaltive because the ingredients employed in tablet
formulation (active ingredients and excipients) are usually
in powler or crystalline forms. Generally. powlers can be
defined a2 a collection of discrete particles of less than
lxn in diameter {(Cartex, 1983). Powders are nonhomnogeneous
in structure consisting of different shapes and sizes with
inter-particle friction snd a multiple of interacting
surfaces. They also have wvoids or air spaces8 between them
which predisposes them to large nultitude of forces like
electrostatic, van der waals, etc..

The powders therefore, show complex physico-chemical
and mechonical properties. They somnetimes show similarities

to liquids in that they deform and flow when stressed and to
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aolids in that they exhibit Dboth elastic recovery and
brittle fracture {(Rawlins, 1977).

Unlike conventional solid, powder becomes appreciably
compressed by the application of pressure. 1t 1is this
property that is employed in tebleting. Emphasis is placed
on the the ability of the powders to be compressed into
tablels and its subsequent performance during drug delivery.

some of these unique properties of powders are:

(i) larticle Size

Yarious chemicals and physical properties of drug sub-
slances are affected by their particle size distribubion and
shapes. The effect ia not only on the physical properties of
s0lid drugs bul also in some instancea. on their bio-
pharmaceutical behaviour.

The particle size of pharmaceutical powders play a
role in the tablet homogeneity. Fine materials are
digtributed wuniformly but flow 1less as compared with
relatively coarse ones. Particle size is also a factor in
the stability of certain wmaterials. Fine materials are
relatively more open to attack from atmospheric oxygen and
lumidity than coarse materials.

It is therefore, important to narrow the difference in
particle asize of the wvarious components when mixing powders

ap as to achieve a better mix.

{i1) Adhesive/Cohesive Properties

The attraction is usually ascribed to non~-apecific Yan
der Waals forces although in most materialsa, moisture layer
can confer cohesiveneas by action of surface tension at

points of contact (asperites). For these reasons. an



(iii)

3e

increase in humidity can lead to sudden increase in
cohesiveness and complete loas of mobility in a powder
material which ceased to flow. Cohesion and adhesion
increase as the particle size decreases and as the number of
pointa of contact (asperites) in a ¢given area of apparent

contact increases.

Flow Properties

The flow property of powders 1s extremely complex and
is influenced by many factors. The accuracy of weight and
dose depends on the regularity of the flow during tableting.
llaterials that will pass through an orifice can be
conveniently labelled as free-flowing while material which
will not, even though its particles are very much smaller
Lthan the orifice, can be labelled as cohesive.

The following are techniques used to characterise the

flow properties of powders; -
{(n) Angle of Repose Delermination
Tias is the angle of elevation to the horizontal at

which the powder begins to slide upon itself. The type of

flow ascribed to each angle i3 indicated below: -~

Degrec Type_of Flow
< 25 Excellent
25-30 Good

30-40 Possibility

= 40 very poor



33

CARRS Index

The Carr' 3 index is expressed as:

(Tapped density - Bulk density) n
Tapped density "ox 10U

The Carr's index indirectly neasures the ability of
the powders to rearrange and pack neatly by reducing the
degree of porosity within the packed nma33. The |ower the
value of the Carr's index, the better is the flow properties

of the powders.

Conpression or Deformation Characteristics

The behaviour of powders under conpression is
significant in pharnmaceutical tableting. Al rmaterials
change shape and/or volume when subjected to external
stress. If the change i3 spontaneously reversible on renoval
of the force, then the deformation is said to be elastic e.g
par acet anol powder. But when the change is irreversible on
renoval of force, then the deformation is said to be plastic
or fracture e.g alumnium hydroxi de. The powder properties
play a major role in, the consolidation and properties of the

conpressed tabl ets.

11 ETHODS OF TABLET PRODUCTI ON

The basic tableting steps include weighing of active
ingredients, diluent and endo-di sintegrants where applicable
and dry-m xed. The binder is then subsequently added to the

dry-mx by the dry or wet method.

Ri
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VET GRANULATION

The most widely used and most general method of Lablet
preparation is the wet granulation method. Its popularity isa
due to the increased probability that the granules will meet
all the physical requirements for the compression of good
tablets. Tts major disadvantages include increased process-
ing time and higher number of steps involved in the process.

The steps in the wel granulation method are:

1. weighing;

2. mixing:

3. granulation:

4. acreening the damp mass;

(2]

drying;

dry screening;

~ o

lubrication; and

[’

CORpPressiLon.

Esaentially, the active ingredients, diluents and dis-
integrants are mixed or blended well. The powder blend may
e sifled Lhrough a screen of suiteble fineness Lo remove or
hreak-up lumps.

Solubions of the binding agent are added to the mixed
powders with stirving. The powder mass is wetted with the
binder solution until the mass has the consistency of damp
snow (Clarkson, 1950). If the granulation is over-wetted,
Lthe granules will be hard, requiring considerable pressure
Lo form tablets which may have mottled appearance. If
however, Lhe powder mixture is not wetted sufficiently, the
resulting granules will be too soft and cause difficulty

during compression.
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The wet granulation is forced through a screen. Small
batches can be manually screened. The granulation is then
spread on trays and dried in conventional ovens or in fluid-
ized-bed dryer. The dried granules 13 asubsequently size-
reduced by passing it Lhrough smaller mesh screens. The
equipment involved depends on the quantity or size of the

batch.

DRY GRANULATION METHOD

Yhen Lhe tablet ingredients are sensitive to moisture
or are unable Lo withstand elevated Lemperatures during
drying  bub have inherent binding and cohesive properties,
slugging may be used to form granules. In this process, the
powdered malterials are compressed into large sheets or
overaize Lablebts (slugs) which is then broken down to form
granules of required size. It 1s important that either the
active ingredient or the diluents possess cohesive
properties, Aspirin is an exanple of material whose granules
can be produced by this process. List-wise, the steps
involved are:

1. welghing

b

mixing

slugging

3

4. dry-screening

5 lubrication, and
fi

compression.
DIRECT COMPRESSION
As the name impliea, direct compression simply consist

of compressing tablets directly from powdered materials

without modifying the physical nature of the materials



36

itself. llaterials like potassium sealts (chlorate, bromide)
and ammonium chloride possess coheaive and good flow
properties, attributes that enhance Lheir direct compressi-
bility. It ia essential that where active ingredients
constitute the major part of the tablet, they should in
themaelves possess these Lwo characteristics for it to be
directly compressible. In case of low dose drugs, direct
compressible excipients are usually incorporated to aid
tablet production by this process. The gradual improvement
of formulation additives and development of mechanical
feeding devices for Lhe high speed rotatory tableting
machines has made direct compression the preferred method
for tableb production. O0f all the methods, direct compress-
ion i3 the most adaptable to automation.

Direct compression method should produce tablets of
faster dissolution rate since no colloidal binders such as

gelatin or starch paste are used to surround the granules.

TADLETING HACHINES

There are Dbasically two types of tableting
wachines Lhat are in common use. Tablelts may be compressed
in single punch eccentric machines which have an outpub of
60 -90 tablets per wmwimate or on multi-station tablet
wachines excmplified by rotary tableb press which produces
up Lo 50,000 tablets per minute. With development in
machinery, sophisticated tableting machines that can produce

a3 much as 500,000 tablets per minute are now available.
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2.7.1 3SINGLE PUNCH IMACHINES

dingle punch tablet press are only indicated in small
scale and pilot scele production. They can be driven either
wonually or electrically. The machine consists of a frame
containing & horizontal plate intc which the die 1is fitted.
Attached to this plate 1s the fced shoe containing the
granules to be compressed.

The lower punch assembly has two c¢ollars on it. The
hottom collar regulates the depth to which the lower punch
depcenda during a compression cycle, which in turn controls
the wvolume and therefore the weight of gramales to be
comproased. The upper collar allows the punch to be adjusted
3¢ thot ol the top of the compression stroke, which 1s at
the point ol ejection of the tablet, it is level with the
upper surface of the die,

The upper punch is also fitted with a collar which
adjusts the depth to which the punch descends into the die,
By this means, the compression pressure can be adjusted as
required. A compresaion cycle in a single punch machine
involves the following steps:

- the feed-shoe moves over the die-cavity,

- the lower punch descends to a preset level,

- granules f[low from the hopper into the feed-shoe, and
£ills the die-cavity,

- the wupper punch descends inte the die-cavity and
comprasses the granules.

- the upper punch ascends, and

- the lower punch also ascends and ejects the tablet from

the die~cavity.
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ROTART TABLET PRESS

The rotary machine consists of tablet hopper., a feed
frame and a revolving turrette containing at least sixteen
sebs of punches and dies. They are the commonest tablet
press in the industries because of their large output.

In this machine, the granules flow from the hopper and
fills the feed frame. As the dies pass in turn under the
fend frame, the lower punchea fall, drawing the granules
into the die. The extent to which the lower punches fall is
controlled so that the tablet weight can be controlled. The
dies then pooss under a scrapper which removes excess
granules. Compression is achieved by both sets of punches
moving into the die cavily over the rollers. This action
squeeszes Lhe granules and forms the tablets. Both sets of
punches simultaneously rise and eject the tablet, which is

Lhen removed by a acrapper.

OUALTTY CONTROL PARANMETERS OF TABLETS

The control of tableting materials and processes is
essential Lo ensure that the products are of high quality.
The quality control tesls carried out on tablets can be
broadly classified into two namely:

PHARIACOPOEIAL TESTS

They are tests that deal with standards that ensure

compliance with pharmacopoeial specifications. These include:
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(i) miformity of Yeights Test

This is to check if tablets produced using the 2ane
[ormulation and under identical production parameters
contain the proper amount of drugs. Individual tablets are
usually weighed and Lheir percentage deviation from the mean

is calculated. The permitted deviation limits are given

balow.
Average Weight of Tablet Percentage Deviation
60 my or less 10

wore than 60 mg but less than 260 mg 7.6

250 mg or more 5.0

Not more than 2 tablets out of 20 are permitted to
bave percentage deviations greater than stated above and no
tablet should have a percentage deviation that is twice the
limit.

(ii) Test for Content of Active Ingredient

This test essentially ensures that the tablets contain
the stated amount of active ingredient. In this test, 20
Ltablets are taken at random, powdered and a chemical assay
i3 performed on aligquots of the powder. This tesat in actual
sense, determines the average content of the active
ingredient since a pool of 20 tablets are wused in the
onalysis. 'This test does not determine the activily or bio-

availability of the active ingredient.
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Test for Uniformity of Conbtent

This guards against wvariability in drug content within
a saumple of tablets. Usually, 10 tablets are taken and each
individual active ingredient content is assayed and then
compared to specified standards. Nine out of the ten tablets

are required to fall within a specified limit.

{(iv) Tablet Disintegration Test

(v)

It is generally accepted that before & drug can be
available for absorption into the body. it has to be in
solution. Disintegration and dissolution may Dbe 1rate
determining steps in the absorption of drug forms. However,
fast disintegration time of a dosage form does not
necessarily mean fast absorption of a drug, In this tesat,
the tablets are agitated in an aqueous medium thermostated
to the beody's temperature and the end point 1i1s reasonably
non-subjective. ALl uncoated tablets are required to
disintegrate within 15 minutes while coated tablets should
disintegrale within 60 minutes in water or 3 minutes in a

discintegrating medium of 0. 11 HC1.

viasolution Teat

Drug absorption and physiological awvailability are
laigely dependent uwpon bhaving drug in the dissolved state.
Therefore, dissolulion is an important process which a drug
in a aolid dosage form must undergo when administered before
it can elicil its pharmacological and or therapeutic action.
Te tablet to be tested is normally put in a basket and
immersed in a defined dissolution medium. At time intervals

or after 45 minutes, samples of the dissolution medium is
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withdrawn and analysed for the percentage content of the
active ingredient already in solution. It is expected that

by 45 minutes. 708 of the drug should have been dissolved.

b. NON-PHARHACOPOLEAL TESTS

The most important teals under this category involve
Lhe measurement of the ability of the tablet to retain its

physical integrity. They are.-

(1) Tablet Hardness

Hardneas implies that the tablet possesses a surface
which i3 resistant to  penetration. Hardneas is often
oasociabed with the ability of Lthe tablet to withstand
cxeeagive preassure.  Hardness 13 usually determined by
cubjecting the tablet to increasing compression load until
it breaks. Common instruments employed in determination of
ihis patameber are the lMonsanto, Erweka and Strong-Cobbs

hardness testcrs.
(ii) Friability

This is an indicator of the tablet's resistance to
abrasion. This is Dbecause the tablets are 1likely to be
subjected Lo a tumbling motion during packaging and Ctran-
sportation, which wmnay abrade swall particles from Lhe
tablet's surface. The Roche friabilator is probably the most
commonly wused abrasion Lester. The weight loss during

abrasion is calculated and should not be more than 0. 8%

{iii) Thickness

This is another non-pharmacopoieal test. The thickness

of tablets is related to the degree of compaction of the
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material used for the formulation. Variation in thickness
values often indicate problems in the flow of the granules
into the die-cavity. The most common instrument used for

measurement of tablet thickness 13 the vernier caliper.
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CHAPTER THREE

MATERIALS AND METHODS

HMATERIALS

Chemnicals

Butfer teblets, BDH Chemicals Ltd, Poole, England, U.X.

Chluroform, BDH Chemicals Ltd., Poole. England.

Ethyl alcohol, BPH Chemicals Ltd, Pooele, England.

Glemsa's slain solulion, Hay and Baker, Germany.

Glycerin, BDH Chemicals Ltd, Poole, England.

Lactose. lloy and Boker, Germany.

Ihgnesium stearate, . Hopkin and Williams, UK.

llaize starch, May and DBoker. Germany.

Grower's Ilarah (Animal feed), Sarders Feeds, Eaduws, Nigeria.

Hethanol, BDH Chemicals Ltd. Poole, England.

Hethyl cellulose, BDH Chemicals Ltd, Poole, England.

HMicrocrystalline cellulose (Avicel®), Homey Well and Stein
Ltd. U.K.

Polyvinyl pyrrolidone (PVP), BDH Chemicals Ltd, Poole,
England.

Sodiur chloride, llay and Baker. Germany.
Starch Ry 1600, Colorcon Ltd, U.K.

HMicrobiological lledia

Deoxvcholate citrate agar. Oxoid Ltd., Basingstoke. Hants,
England.
llacConkey agar. Becton Dickinson IMicrobiology Systems.

Cockeysville, USA.
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IHannitol salt-phenol red agar, E. Herck, Darmstadt, Germany.

Hutrient agar, E. llerck, Darmatadt, Germany.

Pseudosel agar, Decton Dickinson MHicrobiology Systems,
Cockeysville, USA.

Jabouraud dextrose agar, Oxoid Ltd, Basingstoke, Hants,
England.

3.1.3 Hicrobiological Specimen

3.1 3.1 MHicroorganismns

bacilius spbiilis, NCIC 8236

Cendids albicsns, clinical isolate from Hicrobiology depart-
ment, Ahmadu Bello University, Zaria.

Escherichia coli, NCTC 10418

Foeudomonas seruginosa, NCTC 6750

Staphiylococcus aurewns, NCTC 6571
3.1. 3.2 INalaria Parasite

Flosmodiun yoplil RIGericinsis ('HG'? Chloroguine-sensitive
strain), obtained from the Department of VYelerinary
Parasitology and Entomology, Ahmadu Bello University,

daria.,
3.0 1 DBoltanical llaterial

Asndivachis indics leaves and bark, obtained within the pre-

miges of Ahmadu Bello University, Zaria.
3.1 05 Animal Specimen

Swiss albino mice, initially bred in the Faculity of

Veterinory ledicine, Ahmadu Bello University, Zaria.
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Equipment and Instruments

Teal Sieve Shaker, No. 7416, Endecotts Ltd, London, England.
lletLler Top Loading balance. No. HS 00531

Friabilator, Erweka TA-3R, No. 42961

Tablet Disintegrating Apparatus, Erweka Type Z2T3, No. 41728
Single punch tableting liachine., Erweka AR 400, No. 41631
Water-bath (Gallenkamp), No. N-BJE-800-0106

Hot plate {Gallenkamp), No., HLO5Z

Hortar and Pestle (wood type)

ot air Oven (Gallenkamp). Size 3 B3, 2640

Yernier caliper {(Gallenkamp)

Flowameter, Erweka TA-3R, Type GDT, No. 42232

Optical Microscope, Reichert Scientific Instruments, USA
Incubator, Baird and Tatlock Ltd, Essex., U K.

Bench Autoclave, Adelphi Ilan. Co. Ltd., Birmingham, U K.
Colony counter {(Gallenkamp)., No. N-CNW-300-010NP

Light lficroscope, Wild 1111, Switzerland.

Honsanto Hardness tester

Liguid dispenser. Gilson., France.

Glaaswares

Petri dishes

Glaass alidca

Cover slipa
Teasb-tubes
Pipeties, b and 10 ml sizes.

Squared graticule, Gralicules Ltd, Tonbridge, Kent, England.
3.1.0 Illiscellaneous

Stop watch, type C205



3.2

3.2

3.2.2

46

Retort stend

Plastic cages of size 29 cm x 11 cm x 12 cm)
Pair of scissors

Dispensing bottles

Forcepsa

Staining jar, B31740/1

Tally counter, N-CTL-340-Y

Brushes

Wood shavings

Test-tube racks

Cork horer Mo. 4
FXPERIHENTAL
Collection ond Authentication of Neem Leaves and Barks

The leaf and bark ol Assdirachis indica were collected
within the premises of Ahmadu Bello University,. Samaru,
Zario. The plant paris were suthenticated in the Department
of Pharmacognosy and Drug Development of the Ahmadu Bello
University. <eria. Herbarium specimens of the pleant parts
were prepared in the Department of Biological Sciences, of
the same University.

The fresh leaf end bark were first sllowed to dry in
the open air and further dried in a Gallenkamp hot air Oven
at 40°C for 6 hours in cese of the leaves and 12 hours in
case of the barks. The 1leaves and bark were thereafter

ground in a wooden mortar and pestle.
Particle Size Classification of the Crude Powder

The leaf and the bark powders were separately placed n

‘a stack of three sieves of descending mesh sizes of 500 upm,
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G0 pm and 150 pm. The sieves were vibrated on an Endecolbt
Lest sieve shaker for 15 minutes after which powders of
sizes between 250 pm and 150 pm were collected and used for
Lhe experiment. A powder mix of bark and leaf were similarly

categorised.

Determination of Angle of Repoae

The angle of repose, often defined as the maximun
angle possible between the surface of a pile of powder and
the horizontal plane, was determined as follows:@ -

A glass funnel was placed on a retort stand at a
height of 12 cm from the horizontal surface. A cardboard
paper was then placed to cover the hole of the funnel at the
lower end so that it fitted tightly but loose enough to be
moved away. 10 gmn of the test powder was poured into the
funnel, The cardboard paper was removed and with the aid of
a stop watch, the time it took the whole powder to flow
through the funnel was measured. The funnel was then lowered
Lo touch the tip of the powder heap and using a ruler, the
height of the tip measured. The base {(contour) of the powder
was braced and the radiuva of the circle determined. From
Lhease data, Lhe tangent of the various angles formed by the

powders were computed.

Determinotion of Carx's Index

25 gm of the powdered sample (leaf, bark or their bi-
nary mixtures) was gently poured into a 100 ml mneasuring
cylinder and the initial volume of the powder was recorded.
The cylinder was then tapped 300 times on a soft surface, at

Lapping rate of 30 taps per minutes from a height of 3 cm.
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Thereafter. the new volume (Ltapped wolume) was also record-

ed .

The bulk amnd tapped densities were calculated wusing
the below formulae:

_ Weight

Bulk ﬂenﬂlt?’ - Bulk voluma_' ...................................

_Weight

Tapped- den'alty - 'I_Wa_Pped volam:e_ ------------------------- &

Data obtained from the two densities are used in
calculating Carr's index using the following equation:

Tapped density - Bulk density
Tapped density X 100%

Carr's index =

For each powder, Lhree sels of readings were Lakeri,

3 2.4 Dbetermination of Flowability

50 gm of each powder was poured into the funnel of the
Erweka TA-3R f(lowameler. The apparatus was started and the
Lime it took the powder to flow through the orifice was
nobed. The flow rate which is the amount of powder that
posasea through the orifice in one second was determined. For
cach powder, three sels of readings were taken and the

vverage recorded.

3.2.0 Detormination of loisture Content

5 gm each of the leal and bark powders were taken and
placed on a previously weighed piece of paper. They were
dried in a Gallenkamp hot air oven at b50-60 °C. The powders
were weighed periodically until the weights were constant,
The mojisture contents, which is the percentage fraction of

Lhe loss in weight to the initial weight was then compuled.
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Particle Size Distribution

The optical microscope method was employed in this
determination. The eye piece of Wild HM11 light microscope
waa fitted with a graticule. The dimensions in the eye piece
were Lthen calibrated using a standard micrometer. From the
calibration, 100 units on eye piece was equivalent to 1000
Jm.

A random mix of each powder was taken and mounted on a
glass slide using glycerin as the mountant. The sizes of the
imagesa were determined Dby correcting them with the
calibration on the eyve piece. The sizes were recorded for
300 particles. The percentage frequency within wvarious size
ranges was calculated from which plots of cumulative percent

3izes3 were drawn.

Tablet Production
Two tablet preoduction methods were employed in this

study namely: -
I Direct Compression

T™e leaf and bark powlers and their admixtures with
lactose, Starch Ry 1500 and AvicelR {as diluents) afler
mioper blending were direcbly compressed on an Erweka AR 400
single punch tableting machine, fitted with 8.5 mm diameler
et of punches and dies, The volume of the die-cavily was
Wjusted to accommodate 300 % 10 mg of the powders fox
compression into tablets. Forced feeding of the die-cavily
was resulted Lo, due Lo the very low batch size.

Concentrations of diluents in the admixture wvaried

Crom 6% to 100%. Teblets were compressed atbt pressure
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setting of 7.5 KN, which was wvaried only in excepltional
cases e.g. when tabletz could not be formed alt thas

pressure,

o Wet Granulation

The composition of the working formula employved in the
production of tablets by the wet granulation method i3 given

below. |

Powlered plant part 40,0 gm
llaize starch {(az disintegrant} 4.0 gm
Paueler solubion q.s

Hagnesium stearalte {lubricant) 0.2% wi/w of dry
granales.
Eachh Dabch conbtains 147 tablets, each of 272 mg drug
conbent,
The crude diug was manually mixed with the mwnaize
starchh using « apatula prior to the incorporation of Lhe

bimder solubion.

Preparalion of Binders

(i) llaize starch mucilage

5 gm of maize starch was weighed into a calibrated
beaker. 25 ml of cold distiled water was added to the beaker
and stirred until a homogeneous suspension was obtained. 60
ml of distiled water was placed on a hot plate and boiled.
The starch suspension was added to the hot water until a
Lranslucent jelly mass was {ormed. The weight was made up to

100 gm with hot distiled water {(to give a bX w/w mucilage)
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and allowed to cool to about 40°C before it was incorporated

as a binder.
(11) Polyvinyl pyrrolidone Mucilage

b% w/w mucilage of polyvinyl pyrrolidone was prepared

in the same manner as described for maize starch.
{11i) Methyl cellulose Hucilage

5 gm of the powler was weighed and hydrated in cold
water (about a 1/3 of the total water required) and heated
to boiling. It was allowed to stand for 30 minutes The rest
of the water was added as ice-cold and the mixture stirred
until homogeneous.

Wet granulation was manually carried oul in a large
pan.  Aliquots of the binder solution that had cooled Lo
about 40°C was added to the mixture of the powdered drug
materials until a sufficiently wet mass (i.e. when there is
4 feeling of dompness and consistency of the granules) was
tormed. In each of the batches, 80% of the binder solution
s found Lo produce good wet wass. This concentration was
maintained through all the wet granulation processes. The
doel o mass was passed through a 1 mm screen mesh to produce
7el granules. These were dried in a Gallenkamp hot air oven
ab 40°C for 4% minutes with constant turning. The dried
jranules were passed through another 1 mm screen to break
aygregates before being subjected to a second drying period
Lo obtain a constant weight granules.

The granules obtained were separated into various size
fractions as described in 3.2.2. 0.2%¥ w/w of fractionated

magnesium stearate powder was levigated into the dried
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granules awl compressed into tablets in an Erweka AR 400
single  punch  tableling machine as earlier described for
direct compression process in 3.2 8.1,

& 21 hour period was allowed for all batches of
tablets produced to undergo stress relaxation before

subjecting them to qualily control tests.

QUALITY CONTROL TESTS

The quality control parameters that were investigated
include: - average weight, weight warialion, thickness. dis-

integqration, hardness and friability.

1 Average Weight

Twenty (20) tablets of each batch were randomly
selected and weighed on a Hettler top loading balance and

Lthe average weight of a tablet was determined.

2 Weight Variation

Twenty (20) tablets were randomly taken from each
batch and weighed together. Thereafter, each tablel was
individually weighed. From the mean, the percentage weight

variation of each Lablet waz calculated.

3 Tablet Thicknesas

Ten (10) tablets were taken at random from every batch
ad  their thickness measured with a vernier caliper. The
average Lhickness of tablets from each batch was then

compulbed,
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4 Disintegratiun Test

The disintegration times of the produced tablels were
determined according to the BP procedure. Erweks dizinte-
gration tester, type ZT3 was used in this tesat. Distiled
water thermostatically maintained at 37°C was used as the
disintegration medium. 35ix tablets were placed in the ftube,
0f which the lower end was fitted with a gauze disc nede of
rust-proof wire. The disintegration apparatus was calibrated
to operate at thirty cycles per minute. A cycle is made up
of one complete up and down mﬂﬁament. The apparatus was
adjusted such that at the highest up movement, the tube
containing the tablets is completely out of the
disintegration nedium and completely immersed at the lowest
down movement. For each batch of tablets, the experiment was

repeated to yield two sets of readings.
5 Hardness Test

The Honsanto hardness tester was used in measuring the
crushing strength of the.tahlets. A tablet was held between
a fixed anvil and a moving jaw. The load was gradually
incrensed until the tablet juast fractures. The value of the
load at this point gives a measure of the tablet hardness in
Egf. For ococh batch, Lhe limrdness of ten {(10) tablef{s were

delermined from which the average was conputed,

‘.6 Frisbility Test

Twenty (20) tablets were randomly selected and brushed
lightly to remove any powder from the surfsce and then

weighed on a lettler top loading balance. Thereafter, they
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were placed in Erweka TA-3R friabilator for subjection to
abrasion. The [friabilator was allowed Lo operate for 4
mninutes at a speed of 25 rpm. After the 100 rotations, the
tablets were taken oubt, dusted and re-weighed. From the two
weight wvalues, friability for each batch of tablelL was then
computed as shown below:

Weight loss . , .o

Friability (%) = Original weight

3.2 10 Micrebiological Studies on Neem Tree

3.2.10,1 Determination of Hicrobial Contamination Levels and

Flora

Hubtrient and Sabouraud Dextrose agars (for bacterial
aml  fungol organisms respeclively), were reconstituted in
disbiled water according to the manufacturer's directives.
They were dispensed in 20 ml quantities into Dbottles and
aterilized at a temperature of 121°C and pressure of 15 psi
for 15 minutes in Adelphi Bench Autoclave. Before use, Lhe
sterilized ayars were melted and allowed to cool to 40°C.

Tablets were first of all, crushed into powders 1in
sterile mortar and pestle. 1 gm of the powders (leaf, barks
and tablets) was suspended in 9 ml sterile distiled water to
give a 1 in 10 dilution. From this homogenate suspension, 1
ml was withdrawn and added to another 9 ml of asterile
distilled water to produce a 1 in 100 dilution.

The pour plate method was employed in the enumeration
of microbial contamination level. 1 ml each of the 1:10 and
1:100 homogenate suspensions were mixed with the previously
nelted and cooled agars. This was poured into sterile peltri-

dishes, allowed to set and then incubated at 37°C for 24-46
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hours in case of the nutrient agar or 22°C for 3-5 days in
cage of Sabouraud dexlrose agar. Each dilution level was
performed in duplicate. Colonies growing in and on Lhe agar
were counted with the aid of a Gallenkanp Colony Counter.
Preliminary identification of the bacteria contamin-
ants were Dbagsed on Lheir colonial and cell morphology in
conjunction to Gram staining as described by Hackie and
HeCartney (19693, Identification of fungal organisms were
alao primovily based on their wmorphological characteriastics

tider the microgcope as recommended by llackie and lcCartney

{ 1989)

o2 Test for Pelermination of the Presence of Specific

Organisms

This test 1s geared Gtowards the deltection of sone
pathogenic and indicator organisms, nanely., JSsclericliis
call. Feewiomgonas Aeruginoss. Salmoneiis and Slaphviococcus

Aureas, which are not allowed to be present in such sanples.

1 Teslt, for Presence of Escherichia ooi3

For the detection of Escherichia coli. IacConkey agar
was uzed as the selective and diagnostic medium. The powder
was reconstituted in  accordance with manufacturer's
directive amd prepared in a a similar manner as described
for HNutrient agar (3.2.10.1). 1 gm of the powders was
suspended in 9 ml of sterile distiled water. From this
homogenate suspension. 1 ml was withdrawn and mixed with 20
ml of the melted and cooled lMacConkey agar and poured into
sterile plate. Duplicate plates were prepared for each

sample. They were incubated at 37°C for 1-2 days in a Baird
.. {1} S In“



and  Tatlock idncubator. Colonies Lhat wmight exhibit  red
colomrabtion with red precipitation zZones were taken for

further wlenbificat pon,

i, Tesl for Presence of FPsewdomonas aerafinesa

The same procedure as described for ZEscherichiis coii
was followed in Lhe detection of this organism. However, in
Lhe place of lhceConkey agar medium, Pseudosel agar was uaed
as Lhe gelecbive sl diagnostic medium. Attention was paid
Lo greenish or greenish blue or yellowish green colonies
with wgreenish diffusible pigment 1in case furlher identi-

ficabtion process would be needed.

11l "Teal for Presence of Selmonella spp

The same procedure described for Esclherichis coli was
adopted in the detection of Ssimonslis organisms. 'The
selective and diagnostic medium used was however, deoxy-
cholate citrate agar. Presumplbtive presence of these
organisms would be indicated by colonies exhibiting black or

brownish black colouration with metallic sheen,

1iv. Teal for Presence of Slaplhyiococcusy 8uUreus

For the detection of Slaplhylococcus sureus, llamnitol
salt and phenol-red agar was used as the diagnostic and
selective medium. The same procedure a3 described for £
coli indicator was emploved. Attention was paid to yellowish
nr bright orange colonies with yellow surrounding which on

nicroscopy are gram positive cocci in clusters.



5 pelermination of Anbimicrobial Properties of Extracts

uf Meem Tree

i Preparation of Extracts

Aqueous  and  ebthanolic  extracls were prepared ao
described below aml used in the evaluation of anbtimicrobial
property.

For the aqueous extract, & gm of the powders (leaf and
bark) was added to 100 ml of distiled waler in a beaker. IL
vas heated Lo Dboiling on a hot plate with continuous
stirring for 30 minutes. The supernatant which contained the
extract was decanted and dried in a crucible over a walter-
bath. From the dried extract, 1 and 10 ¥ w/v aqueous
suapensions were prepared.

In the ethanol extraction, % gm of the powler was also
placed in a beaker containing 100 ml of ethanol {(96%). It
was Lightly covered amd intermitently shaken for six hours
and then left overnight. Thereafter, the supernatant was
decanted and preliminarily dried over a water-bath., Further
drying was achieved in an oven at 40°C for a few minutes. 1
and 10 X¥w/v suspensions in water were prepared as follows:
the weighed amounts of the elthanolic extracts were dissolved
in minimal amount of alcohol and the wvolume made up wilh

yater,

ii. Preparation of Inoculum

The following strains of microorganisms were used: -

heciiius suhtilis NCTC 8236
Camndids albicsns - clinical isolate obtained from the

Department of Microbiology, AL 1., Zaria
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Fecherichiias coli NCTC 10418
Feewdoponas sernginoss NCTC 6750

Stapliviococcus sureus NCTC 6571

A single colony from an overnight growth was suspended
in slerile npormal saline and a dilution of 1:100 made to
give an adjusted concentration of 107 cfu/ml (National
Committee for Clinical Laboratory Standards, 1990). 0.2 ml
of the standardized suspension of the test organism was
added to 20 nl of previouasly melted and cooled Hutrient
agar, properly mixed and poured on sterile petri-dish. It
was allowed to set at room temperature. Thereafter, six
holes were bored equidistant to each other using cork-borer
No 4. The base of each hole was sealed with 1-2 dropa of
molten agar.

Ten {10} drops of each concentration of the crude
cxlract was added to each hole. For each concentration, tri-
plicate holes were filled. In each case. controls were
applied to assess the role of the diluent used. Diffusion

*

Lime of 2 hours abt room temperature was allowed before
incubation of the plates at 3Y°C in an incubator for 24
honis, The diameter of zZones of inhibition of each extract

for cach tesl organism was measured with a ruler.

I Pelermination of Antimalarial Activity of Extract of the

Heem Tabletbs

o101 Test Animals

Swiss albino mice welghing between 18 and 24 gm were
abtained from the Animal house of the Faculty of Velerinary
Hedicine, Ahmadu Bello University, Zaria. Some were also

bred in the Animal house of the Faculty of Pharmaceubical
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sciences, A.B U, Zaria. They were kept in groups of [ive in
plastic cages of sizes 29 cm x 11 cm x 12 cm. Cage beddings
were mwade of wood shavings., The animals were fed on grower
marsh (Sanders Feed, Kaduna) and generally supplied with
wvater. Same environmental conditions were maintained for all

the animals throughout the period of investigation.

3.2.11.2 Preparation of Drug Solubtions

3.2

Aqueons extracts from 20 tablets were obtained as pre-
viously described (3.2 10 3). A stock solution of 40 mg/ml
of each extract was prepared using 10¥ sugar solution {(to
mask the bitter taste of the extract) as the solvent. Until

ready for use, stock solutions were kKept refrigerated.

11,3 Preparation of Normal Saline

Sodivum chloride (4.5 gm) was dissolved in bOO wml
distiled water. The resulting solution was sterilized by

outoclaving at 115°C and 10 psi for 30 minutes.

It 4 Preparabtion of Inoculum of Parasite

The NGV chlorogquine-sensitive strain of FPlasmodiin
Voeilii nigeriensis oblained from the Department of VYeteri-
nary Parasitology and Entomology. A B.U., Zaria, was used.
Before use, Lhe pulled infected blood was stored in liquid
nitrogen at -196°C.

Five mice were used for passaging the parasite. The
stored parasitized blood in the liquid nitrogen was removed
and allowed to thaw. The contents were injected into fiwve

donor mice intra-peritoneally and left for 3-5 days. Once
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parasitaemia has developed to Z0-30% in the mice, blood was
Laken for further passaging.

To obtain blood from the donor mouse, it wags
anaesthetized with chloroform. With the aid of dissecting
forceps and a pair of scissors. the chest was opened and
blood obtained Dby cardiac puncture, which was collecled
using sterile syringe. This was immediately transferred into
a heparinized tube and shakened. The blood was then suilably
diluted with sterile normal saline so Lhat the final
inoculum (0.2 mly for each mouse would contain 107

parasitized red cells (Iwalewa #£Z 57, 1992).
3.2.11. 5 Calculation of Inoculum Size

The amount of Dblood to Dbe taken from a donor for
inoculation into other mice was calculated wusing the
approaches of Jacob &2 &7 {(1963), Peterz (1980) and Olise
{1984).

Jacolbh 24 27 (1963) and Peters (1960) recommended the
use of donor mice wilth average 38.5% parasitaemia. Olise
1954y found that 1 ml of an undiluted mice blood contain
I 62 x 109 BBC (PREC)

It then follows that a 1 ml of blood from a donor
mouse will contain: 31%[}5 % 4.62 x 10? parasitized RBEC

Sinece 107 parasitized RBC is required in 0.2 ml of
blood. it follows that 1 ml of blood would contain & x 107

PREC.

. . 38.6 4.62 x 109
o Dilubtion factor = 400 5 x 107

35.b6%
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Ho. of mls of inoculum to be prepared = standardized dose
per mouse x HNo.  of

mice Lo be used.

= 0.2 ml x 40
= § ml
“oAmount of blood needed Lo be Laken from donor mouse
8
“ a5. 57
= 0. 2249 ml

oo U225 ml oof blood was taken from the donor mouse and

diluted to § wml with normal saline and 0. 2 ml given Lo each

nouse,

3.4.11. 6 Drug Administration to lMice

The suspensions of the drugs (aqueous extract in 10X
w/v sugar solution) were administered to the mice by the
oral route as described below:-

To administer the drugs, the tails and ears of Lhe
wice were held with the left hand and then the mice was
raised so that the mouth faced the roof. 1 ml syringe
containing the drug and tightly attached with sterile rubber
tips was gradually but slowly moved in-between the upper and
lower set of the teeth of the left side of the head. When
satisfied that the drug would go into the stowach., the
plunger of the syringe was pressed slowly until the whole

drug content went in through the mouth.

3.2.11.7 Test Procedure

Three modes of drug treatment were employed in this

study, namely suppressive, curative and prophylactic
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i, buppressive (4-day Schizonticdaly Treatment Test

In this model, the method of Pelers (1980) was employ-
ed. 7 groups of infected mice (each group comprised & mice)
was uaed. The first group served as control while the groups
Ho. Z to 4 were adninistered agueous extracl of tabletsz pro-
duced from the neem bark powders and groups Mo, 5 to 7 were
given exbracbls obtained from tablets produced from Lhe neen
leaves., Three dose levels (b0, 200 and 800 mg/kg body weight
of the mice) of extracts were employved. The animals were f[ed
Lhrough  oral  rouke as earlier described 2 hours after
toculation of parasgite. On the {ifth day, thin blood film

from the tail of each mouse was prepared.

1 Curalive (Estoblished infection) Trealmenb Teal

This mode of malaria Lreatment in experimental animal
was carried oul according Lo the approsch of Ryley and
Pelers (1970)  Seven groups of infected mice were alao uzed,
cach group being comprised of 4 mice. All aniwmals were [i1rst
infected amd left for 72 hours (3 daya) before commencing of
treatment.  Thereafter, Lhe extraclk were administered in
Lhiree dose levels as previously described. Groups 2, 3 and 4
were administered extracts from the bark tablets while
groups 5, 6 aml 7 were given leaf tablet extracta. The [irast
group served again as control. The animals were bLreated for
4 days. Thin blood smears of each animal before Lrealment

were made conbimously for 4 days.

11i. Prophylactic Treatment Test

This model was performed as described by Peter (1965}

Jeven groups of five mice each were utilized. Group 1 wags
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chiosen to serve as the control while groups 2, 3 and 4 were
Lreated with extracts of bark tablebs while groups &, 6 and
Y owere given extracts of the leaf tablets. Three dose levels
(hin 200 ad GO0 ng/fEg body weight of mice) of extracls were
vlon employed as earlier described. They were administered
for 3 conceculive days. On the 4th day, all aniwmals were
infected amd left for 3 days after which thin blood zmears

were Laken from the tails.

[

LG Preparalion of Stained Thin Blood Filuws

With a clean pair of sciasors, a few milliwetres of
the tail was cut distally from each mouse. The tail was then
squeezed until blood drop exuded. The blood was transferred
Lo a clean microscopic slide. The smooth edge of another
alide was used at an angle of 45° to spread the blood on the
first slide. The smear were fixed with 2 drops of wmethanol
for 30 geconds and left to dry

The staining solution (Giemsa sbtain) which was pre-
pared Jjust before ataining using pH 7.2 buffer solution
{Olise, 1984)., was dropped on the slide to cover the blood
completely. After 17 minutes, the stain was washed off with

the buffer solution and allowed to dry.

3.2.11.9 Evaluation of Parasitaemia

The parasite count of each thin blood film was
undertaken under the o0il immersion lens of an Optical
Microscope (Reichert Scientific Instrument, USA), using a
Ltally counter. In each field, the total number of red blood
cells was first counted followed by the counting of parasit-

ized red blood cella. In all the slides, a total of Len



fields were counted and the average percentage of

parasiltaemia was calculated using the formula given below.
- ) P
% Parasitaemia = it ¥ 100D

where P o= No. of paragitized red blood cells, and
lll

]

Total no. of red blood cells.
Gkatistical Apnalysis of Results

Analysis of the results was carried oubt using the
standard error of the mean and any difference in the values

was Laken Lo be significant when p < 0. 05.



CHAPTER FOUR

RESULTS AND DISCUSSION

PHARHACEUTLCAL  AND  PHYSICAL CHARACTERISTICS OF THE BARKE

AUD LEAE  POVDERS OF AZ4270ACHTA ITNDICA (NEEH 'TREE)
Particle Size, Size Distribution and Shape of Bark and Leaf
Powlera

Microscopical examination of the powders showed the
leaf powders Lo be composed primarily of collenchyma Lissues
which were thickened with longitudinal strips of cellulose.
Trichomes and pericyclic fibres were also observed. On the
other hand., the bark powders contained fibres, scleroidz and
cork tissues which were irregularly shaped longitudinal
cells that are often Lhickened with lignin. These con-
positions of Lthe two powders are consistent with materials
obtained from these plant parts (Trease and Evans, 1982).

The particle sizes and size distribution of the neen
bark and leaf powders are shown in Appendix Al and AZ and
illustrated graphically in Fig. 4.1, The plot of percentage
frequency v3 mean particle size showed that both powders are
positively skewed with respect to their size distribution.
The two curves were almost superimposed on each other,
indicating that the bark and leaf powders exhibited similar

mean particle sizes and size distribution patterns.
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lots of percentage cumulalive undersize against mean
particle zizes for the bark and leaf powders are depicted in
Fig. 4. 2. The cumulative undersize plots for the two powlers
were also very similar. For example, the particle sizes at
Loy cumulabive undersize for the leaf amd bark powlers (145
jim and 140 respectively) were relatively wvery close. loat of
Lhe particles hawve sizea lower than 300 pm. For example, 6357
of the leaf and 87% of Lhe bark powders have sizes less Lhan
SO0 pm
The apparent aimilarities in the size and size distri-
bt ion patterns of the two powders despite the differences
in their compositions, may be explained by the fact that
oty powlers were gubjecled Lo Lhe same wmilling processes
during the pre-formulation stages, Beside, the mnajor com-

ponents in Lthe two powders were fibrous materials.

lHoisture Content of the Neem Bark and Leaf Powderas

Table 4. 1 shows the moisture content walues for Lhe
Lwo groups of powlers. As depicted in this table. Dboth
powlers lodd relalively low moisture contents. The moisture
content of the bark powders was expectedly higher because of
the nature of cork Lissues present in bark powders Lthal do

nob. easily release entrapped moisture.
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Table 4. 1. Hoisture Contents of Lhe Neem bark and leaf

Powders,
Hoisture
Dry Powder Content
(%)
Leaf 5.46
bark 4. 36
4.1 2% Flow Properties of the MNeem Bark and Leaf Powders

Te flow properties of the leaf and bark powders of
neem bree determined by the warious indices of flow {({low
tale, angle of repose and Carrs index) are presented in

Tables 4.2, 4.3 and 4, 4.

Sbide 4 20 Flow Rate of Lhe Bark and Leaf Powders of Neem
Teee.
I'osder Flow Time (3} Flow Rate
{gm/ )
Load 41 1.22
bark 50 100
Binaxy
53 (.93
Hixture (1:1)
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Table 4.3 Angles of Repoae of the Bark and Leaf Powders of

Asadirachiis 1ndics

Dry Powder Angle of Repose
. (2
Leaf 23. 85
bark 24. 654
Binary Hixture 24 21
. (2:1)

Table 4.4: Carr's Indices of The Bark and Leaf Powders ol

Adradirachts 1ndica

Dry Powder Carr's Index
o ()
Leat 13. 66
Lark 14. 39
Binary lixture 14 11
{1:1)

As shown in Lhese tables, walues for the bark and leaf
powlers  and  Lheir binary mixtures were generally wvery
similar. The flow rate as determined from a flowameter
simulates the flow from a hopper to a die-cavity in a
tablebting machine The flow rates obtained for the powders

were not particularly indicative of wvery good f[low
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The angle of repose, another index of flow, debtermines
Lo a large extent, Lhe type of inter-particulate forcesa
{inLternal friction or cohesion of the particles) at play in
o powder wass, In most cases, high angle of repose 13
chortacterisbic of cohesive powders while low wvalue implies
non-cohesiveneas {Staniforth, 1990). The walues obtained in
thinr work iwlicate Lhat the powders are relatively non-
cohesive, 1.c they are likely to flow well. Similarly. Lhe
Carr's index. another indirect measure of flowability (it 1is
on dwdicator of Lhe packing geometry of the particles and
powder porosily), shows that the bark and leaf powders have
fairly good flow. The results of the latter two tests seen
Lo be in contrast with Lhe flow rates. This discrepancy may
be due Lo the irregular shapes of the particles which wmay
interlock to hinder free flow,

The bulk properties of a powler malerial depend on the
particle aize distribution., Size, surface area, and surface
to wolume ratio of a particle are indices of physico-
chemical properties of a drug. Generally, as gaizea of
particles fall below 100 pm, they tend to be cohesive and
those with lower than 10 pm hardly flows, while those wilh
sizes greater than 100 pum and up te 250 pm usually possess
good flow properties (Staniforth. 1990). Particles with
sizes 1in the range of 100-250 pm constitute 48 67% and
45.32% in the bark and leaf powders respectively. This is
most likely to be responsible for the fairly good flow of
Lhese powders.

The flowability of a powder is wvery important in the

production of pharmaceutical dosage forms because a free-



flowing powler ensures that there dis uniform particle
packing and filling of tablet dies which allows tablels to
be  produced with more consistent physico-chemical pro-

perLies.

QUALITT CONTROL ANALYSIS OF 'TABLETS PRODUCED DY
DIRECT CONPRESSION MMETHOD

Table 4.4% shows the performance of the tablets pro-
duced by direct compression from the bark and leafl powders.
Al their warious binary combination on  subjection to
various quality control parameters

Generally, good guality and pharmaceutically accept-
hile Labilels were olibained when either Lhe bark or Lhe leafl
puwders were subijected Lo compression force of 7.5 KM in a
tablel press. ‘lablets produced from the bark powders alone
wore charoclerised by high hardness wvalue, non-friabilily
and moderate disintegration time. They disintegrated in less
Lhan 9 mimmbes, In conbtrast, tablels compressed from Lhe
leaf powders were more friable, fairly hard and had shorter
disinlegration Ltime Binary mixtures of Lhe two powders in
vorious proportions alao gave tablebts wilth properties Lhat
were intermediate betwyeen those of the bark and leaf

This unique differences in the properties of the Lwa
Lypes of Lablets were probably due to the differences in
their compoazitions. The presence of cork tissues which are
Lhickened with lignin may be responsible for the higher
mechanical strength for Lhe bark powlers.

Incorporation of AvicelR as a diluent in the powders
did pol improve the quality of the resulting tablebtz (Table

4.06).
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For exomple, AvicelR could only be incorporated at a moimun
proportion of 26X in the leaf powders fto produce tablets
within reasonably acceptable limits. Tablets produced from
the powderz rontaining this content of AvicelR was
moderately hard with friebility velue just above the accept-
able 0.8% limit. Tablets produced at higher Avicel®R contents
were dgenerally wery soft, wvery friable and disintegrated in

seconds,

Table 4.5 Properties of Tablets Produced by Direct Compress-

ion from Bark and Leaf Powders of dsedirachia indics

5 of Leaf | %6 of Bark| % [ Thickness| Hariness | Prability | DiSiveerst
T3 .
powiler | powder Height {nm) {Kef) (%) an wmes
{ing} (min. )
o 100 301 .40 3.8 120 6.33 Gnin 203
25 75 302 .00 3.8 7.0 0.32  6min 35 3
50 50 299 40 3.8 5.0 0.60 5min 3943
75 25 299 80 3.9 3.0 063 5min.20s
100 o 302 00 3.9 3.0 0.65  5min 27 3

Pressure gefting= 7.5 KN

On Lhe other hand, teblets produced from the bark
powders containing AvicelR as diluent have very remarkable

good qualilties {Table 4.7).



Talile 4. 6:

Properties of Tablets Produced by Direclt Compress-

ion from Neem Leaf Powders With Avicel® as Diluent.

9% of Avicel Mea  4oryickness| Hordness | Frability | Disintegrat
(a3 Diluenty | Treieht (i) (Kef) (%) | -iontimes
(mg) fmin )
] 299 60 39 3.5 0.63 Lo 17 3
pest 299 830 3.9 2.0 0.69 1 min. 40 3
Ll ST A 5.2 2.5 3.67 93
295 40 5 0.5 100 63
(RAIN 299 .20 0.3 0.0 100 43
Pregsure astiing = 7.6 KN
ble 4.7 Properties of Tablets produced by Direct Compress-

ion Hethod from Neem Bark Powders with AvicelR as

Diluent .
9ol Avicel Mean Thickness | Hamdness | Fuability | Disindegrat
(03 Diluenty | Velht | (mm) | eoq (%) | -ion times
{mg) (min.)
0 303 .20 3.9 145 0.34 8 min. 24 2
25 301 .00 3.8 110 046 6 min. 22 3
50 305 60 3.0 6.0 0.66 dmin 13 3
75 299 .20 52 35 0.78 30 s
100 299 80 0.2 0.5 57 103

Preasure setting = 7 5 KN



Tablets produced from Lthe binary mixtures of the bark
amd leaf powler (1:1) with Avicel® as the diluent exhibited
similar characteristics as those from the leaf powders de-
scribed in Table 4. 6. For exanple, Lablebts produced from Lhe
binary mixture containing 25% Avicel had friability walue
greater than the allowed limit.

The Lype of diluenlt incorporated was found Lo have
significant influence on the gquality of the tablets. This 1o
apitly demonstrated in Tables 4.8 and 4.9, in which Starch Ry
1%0n and Lactose were used as diluents respectively. Wilth
Starch Ry 1600, good tablets were produced with the leaf
powder even at a diluent proportion of 7958, Increasing
dilucnl concentration was found to cause increase in Lablel
bandness ond disintegration times. All tablets produced had
friabitibty wvolues wilthin the allowed limit of 0.8%. The
icverae tirend was Lhe case with tablets produced from the
ook powders conlbaining the same diluent (Starch Ry 1500).
Tablebs could nol be produced from the bark powders at very
high diluent concenbration (76%8) at the compression force
sebbing of 7.5 KN

The delrimental effect of higher concentralion of
diluent 13 more pronounced in the case of lactose (Table
4.93. No bLableb was producible at lactose proportion of LHO¥

atul liigher .



Table 4.6: Properties of Tablets Produced by Direct Compress-
ion from Bark and Leaf Powders of dssadirachiis

Fndics with Starch BEx 1500 as Diluent

of Sarch | T ickoess | Handness | Friability | Disintegrat
w
Rex 1500 eight | tmm) | oeony (%) | -iontimes
(s Daluent) (ng) (imin. )
Leaf Powaler
1 0100 3.9 35 .64 Oomu 20 3
500 40 3.8 4.0 0.56  &min 26 3
&) 299 60 3.8 8.0 0.42  12min. 34 3
i S0a 20 3.8 120 (21 20min. i2 s
L - " - - -
Bark I'owder
0 3040 3.9 115 036  Gmin 163
25 299 20 38 1o 046  7min 44 s
50 301 60 3.8 9.0 059  6min 12 3
fis . . - - .
100 . . . . -

{~) indicates that no tablet was formed.
Pressure setting = 7.5 KN
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Tobile 4 9 Properbties of Tablets Produced by Direct Compresa-
1on from Bark and Leaf Powders of dsadirachiis

impiies with Lactoae as Diluent

“bof Lactose Me'an Thickness | Handness | Faability | Disntegat
(o3 Diluenyy | veiht [ (mm} (Kegf) () | -ion times
B {ing) _ (min )
Leaf Powaler
0 30010 39 4.0 0.62 5 inin. 28 2
25 299 40 3.0 45 041 6ol 36 3
Lo - - - - -
i - - - - -
100 - - - - -
Batk Powader:
1 299 20 G4 11.5 32 Gmin, 26 =
25 300 41 3.9 3.0 1.24 Jmin. 12 2
i - - - = N
’l"lJ - - - - -
frn - = i e -

iiwlicates Lhal no tablet was {ormed.

Presaure sebting = 7.5 KN
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The Lyvpe of diluent and itz proportion in the powders
gqenerally hod significant effect on the gqualities of the
foblels parbieularly on the mechanical strength. It is an
potahlished fact that Avicel® is characterised with high
compreasibility coefficient amd poor flowability {llendel.
1995y It generally yields tablets that are usuwally wvery
frialhlde withh short disintegration times when used in high
concentration.  This 1s not unconnected with the high
proportion of fines in Avicel® (approximately, bhalf Lhe
produckt passes through a 325 mesh screen) {(Hendel, 1975} On
incorporation of this diluent into the bark or leaf powder,
the proportion of particles with sizes lower than 100 pn
will constitule over L0 % of the powler mass. However. in
macro-drug  formulation as Lhe case in this study., tLhe
diluent which is incorporated to improve the flowability and
compressibility of the crude powder ig normally added in low
proportion, It ias at this concentration that Avicel was
found suitable as diluent in the formulation of tablets of
rnadirachite indics.

Lactose was generally not foumd suitable as a filler
in the production of tablets from Neem tree. This 15 due Lo
the intrinsic property of lactose. Lactose 15 wusually
characterised by low compressibility and poor flowability.
In fact, lactose iz more commonly wused as a diluent in
powders for external application. It 1s the sprayed-dried
lactose that has found wide spread wuse as a  direct
conpresaion vehicle.

Starch Ry, 1500 when used as diluent, gave the hest
quality tablels (compared with the AvicelF or lactose) wilh

Irabtly the bark and leaf powders of dradirachiis 21niics 'The
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Graonules with swaller size fractions were more easily com-
pressed at lower compression forces than those of larger
aize fracbtiona. As illustrated in this table, while cow-
presajion force of Y.L KN was sufficient to produce tablets
from gramales of gize f{raction > 160 = 2650 pm, a higher
pressure setbting of 11.5 KN was required to form tablets
from the larger size fraction (= H00 pm).

When methylcellulose was wused as the binder, the
characteriastics of the resulting tablets from the Dbark
powders were remarkably different from those produced with
malze starch as binder (Table 4.12). No tablet was formed
from Lhe largest size fraction even abt a relatively high
conpreassion force of 115 KN until Lhe binder concenbrabtion
was raised Lo 10%. The tablels produced at this concentrat-
ion were asoft, friable., thick and disintegrated within
secomds.  ‘Tablets with acceptable quality could only be
prroduced frowm the medium size fraction with this binder
loweyver . when Lhe leaf powder was used, tablets produced
fivom Lhe Lheee asize fracbtions with this binder (melbhyl-
vollulosey cxhiibited characteriagtics desired of good pharmo-
cenbical fobdets wrrespective of the binder concentralion

{(Appendix Ba)
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Ible 4. 10: Properties of Tablets Produced by Wet Gramalation
from Different 5ize Fractionz of Granules from
Leaf Powders of Adsadirecliie Zixlics Prepared with

linize Starch as Binder.

JATTITRE) T Nrpga -
“lae raclion }ms.,.um M".M Thickness | Hadness | Pdability| Disintograt

(pamy Seting | Weight | s | (Rery | 98 | -ion times

(KIT (ing) (rnin.3

L& Bimdey

poste,

> 500 8.5 303 00 3.8 4.50 0.3d 12 min. 10 3
> 250 =< 500 7.0 J05.60 3.9 2.5 0.20 10 min. 36 3
> 150 < 250 55 298 60 3.9 2.5 0.27 Tmin. 34 3
109 Bindey

paste.,

= 500 8.5 299 60 3.8 5.0 0.26 13 min. 25 3
> &850 <500 7.0 302 .80 3.9 3.0 0.18 12 min. 6 8
=150 < 250 55 300.00 3.9 3.0 0.20 G min. 22 3
1590 Digdex

poste,

= 500 8.5 308 .60 3.8 5.0 0.16 13 min. 49 3
> 250 <500 7.0 307 .60 3.9 3.0 0.16 12 min. 22 3
> 150 <250 5.5 304 20 3.4 30 0.20 10 min, i2 5
2065 Binder

Daste.

> 500 8.5 303.20 38 5.0 0.16 13 min. 49 3
> 250 « 500 7.0 301.60 3.9 3.0 0.13 12 min, 32 3
> 150 < 250 5.5 209 .00 3.9 3.0 0.15 10 min 26 3
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Toble 4.11: Propertieas of Tablets Produced by Wet Granulation
from Different Size Fractions of Granules from
Bark Powders of 4dradirachiia indice Prepared with

laize Starch a3 Binder.

Size Faction | Pressure | MEat - { ooy nogs | Handness | Frisbility | Disintegrat

(m) Selog | Weight 1 oy | (Ren (%) | -iom tmes
5% Linder

pagte

> 500 115 20720 65 0.0 57.21 13
~260<500 | 90 30180 43 3.0 0.91  Zminbs
~156<250 | 7.5 29480 3.9 6.0 B30 4min tl3
10% Dindex

s .

> 500 15 20780 3.9 3.0 051  8min 4l 3
~250<500 | 90 30620 4.1 5.0 031  dmin 123
>150<250 | 75 28220 3.8 6.0 0.26  6min.d2 3
15% Bindex

vagic

> 500 115 29740 3.9 3.0 051 10 min 24 3
>250<500 | 9.0 30800 4.1 5.0 028  Amin 263
>150<250 | 75 29340 3.8 6.0 0.20  6min 42 3
2098 Divder

pasge,

> 500 115 29840 3.9 3.0 0.42 12min.59 s
»250<500 | 9.0 30460 4.l 5.0 021  dmin 48 3
>150<250| 75 29260 3.8 6.0 0.17  Smin47 s
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Tohle 4.12: Properties of Tablets Produced by Wel Granulation
from Different Size Fractions of Granules from
Bark Powder of dzadiraciiia indica Prepared with

Hethyleelluloae as Binder.

wize Fraction Preasuie M?a‘“ Thicknesa ! Handness | Friability | Disintegrat
(L) Selting | Weight |y b keny (%) | -iontimes
(K1) (mg) (min.)
1.25%% Binder
mucilage
> 500 115 - - - - -
> 250 < 500 i05s 297 .80 4,2 2.0 .94 1is
> 150 < 250 8.0 295.20 4.0 0.0 59.20 23 3
2.5% Binder
mcilage _
> 500 115 - ~ - - -
> 250 « 500 105 293 80 4.z 3.0 088 Z2min 193
> 150 <250 8.0 299 60 4.0 05 41 6 36 s
5,098 Bindex
» 500 115 - - - - -
> 250 < 500 105 300 .20 4.0 - 5.5 0.20 4dmin 12 s
= 150 < 250 8.0 298 .80 3.8 1.0 12.7 393
10% Binder
mucilage
> 500 i1 45 300 .60 568 0.5 63.24 ids
» 250 < 500 105 300 .40 4.0 55 0.20 Admin 40 3
> 150 < 250 8.0 299 90 3.8 1.0 6.8 S0 s
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qfable 4.13: Properties of Tablets Produced by Wet Granulation

Hee Froction

{EATTY;

from Different Size Fractions of Granules from
Leaf Powders of Assdirachita indica Prepared with

Polyvinyl pyrrolidone as Binder.

I'iz3zme Mean
detiing | Weight

Thickness | Hardness | Fuability | Disintegiat
{mm) {Kef) {95) -jon time 3

(l:H}f {mg) (min.)
L5 Dindex
soluton
= 500 9.0 297 60 3.8 3.5 0.20 10 min. 16 3
- 250 < 500 T 290 60 3.8 3.0 0.21 8 min. 26 3
- 150 < 250 6.0 299 .00 3.9 3.0 0.28 6 ynin. 14 2
1045 Dinder
golution
> 500 a0 293.20 3.8 4.0 0.21 10 min. 26 8
> 250 <500 T.0 296 60 3.8 3.5 0.20 9 min. 10 3
= 150 < 250 6.0 296 .80 39 3.0 0.20 7inin. 26 3
1595 Binder
aolution
> 500 a.0 303 .40 3.8 4.0 0.17 11 min. 32 3
= 250 < 500 7.0 295 00 3.8 35 017 10 min. 26 &
> 150 < 250 6.0 299 60 3.9 3.0 0.16 8 min 11 3
2095 Binder
solution,
= 500 9.0 297 .40 3.8 4.0 0.15 12 min. 42 3
= 250 < 500 7.0 296 00 3.6 3b 0.17 11 min. 36 3
> 150 <250 6.0 296 .00 39 3.0 0.17 9 min. 22 3
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Good qualilty tablels were also produced with polyvinyl
pyrrolidne binder from the leaf powders (Table 4.13). The
Ltablet hardness, friability walues and thickneas for Lhe
three size fractions were virtually the same at each binder
concentration, though different compression forces were emn-
ploved to form teblets from the size fractions. Tablets
produced from the bark powders with this binder showed
characteristics that were in many respects similar to those
of the leaf powder (Appendix B3). The resulting teblets had
however, higher hardneass wvalues and those tableta produced
using 5% binder exhibited higher friability walues, which
were in most cases over the allowed limit of 0. 8%.

As these results showed, increasing concentration of
binder solution generally leads to increasing tablet hard-
ness and decreasing friability wvalues. As observed by Kunle
{1968) with maize starch paste, the increase in binding
capacity due to increasing binder concentration is only
applicable up to a certain concentration. The decreased fri-
ability due to increasing binder concentration is attributed
Lo increased degree and strength of inter-particulate bond-
ing (Esezobo and Ambujam, 1982, Iwuagwu ££ &Z, 1966). The
obaserved increase in disintegration times with increasing
bimler concentration which is consistent with previous works
153 ascribed Lo increasing binding force of the granule in
the btablet compact and may also be due to the formation of a
thin muciloginous film that may constitute a viscous barrier
between the tablebls or its break-up fragments and water

(Esezobo, 1986).
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In all the three binders, there were wmarked differ-
ences in the performance of the tablets produced from the
bark and the leaf powders. This might invariably be due to
the constituents of the two powders as had earlier been ex-
plained (4.1, page 61). The bark powders is made up of
irregularly shaped, hard fibrous cork tissues, lignin and
cellulose materials, This might mostly be responsible for
Lthe higher compression force required to form tablets from
Lthe Dbark powders as compared with leaf powders, which
contained less proportion of fibrous tissues. The differ-
cnces in the tablets produced by the three binders could
also be ascribed bto the nature of the binders. For example,
while maize atarch and polyvinyl pyrrolidone binders
qenerally gave good quality tablets, tablets could not be
fotmed from bark powders with methylcellulose mucilage. The
twvibility of methylcellulose mucilage to form tablets from
the bark powlers might be attributed to some similarity in
the consbibuent of this binder and the bark powder. The
proportion of irregularly shaped and longitudinal cellulose
fibres will be increased in the bark granules when methyl-
cellulose (a fibrous, irregularly shaped particle) was used
as the binder. Invariably, the inter-particulate friction
which opposes the binding of the particles together is
enhanced, hence compacts could not be made.

Az indicated in the results, higher compression force
was required to form tablets from the larger particle size
fractions. This might be Dbecause during the compression
process, some of Lhe comprezsion forces are dissipated in
breaking down the larger particles into smaller units before

powder consolidation could take place. As such. the larger
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the particle, the higher compression force required to form
tablet. The importance of particle size fraction in tablet
technology has long been realised. Barber (1993) reported
that the tableting processes depend among other things on

Lhe size distribution of the material inwvolwved.

HICROBIOLOGICAL STUDIES ON THE BARK, LEAF AND TABLETS

OF  AZADIKACHTA INDICA

The bacterial contamination levels and flora of the
feal and Dark powders of dzadiracfitas indics as shown in
Table 4,14 indicates that they are moderately contaminated
b cpore-Torming and non-sporing bacillus  organisms.
imcro- and Icro-scopical examination also showed that the
predominant. fungal organism in the bark powders was Mwor
while dspergiiius sp. was isolated from the leaf powder. The
microbial contamination levels of the tablets produced by
direct compression are illustrated in Table 4.15. As
depicted in Lhis table, the fungal counts were much higher
Lthan those obtained with the initial crude powders of the
plant. On the contrary. the bacterial counts of the tablets
produced using lactose as diluent was also much lower than
the walues oblLained for the crude drugs, while the counts
for the tablets produced using other diluents were nol much
different. The major bacterial contaminants were again
bBacillus sp. while dgpsrgilinse and JMucor were the pre-
dominant fungal contaminants. Tablets produced by the wet
granulation method were characterised by low bacterial and

high fungsal counts (Table 4.16), with H&scrllus sp. and
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dspergillns with Mucar as the ma'jar bacterial and fungal

organiswus respectively.

Tuble 4.14: Microbial Contamination Levels and Flora of the

Bark and Leaf Powders of Adsadirachitsa indica.

Bacterisl orgonisma Furgal Organisms

Powder Count | Macro-and Micro-| Count | Macro- and Micro-

{efufg) acgpical Charmcter | (cfufgm) |scopical Charac ter-

istics istics

Bak Pownder 436 +1.003 Grom positdve 117 £ 1.404 White flufiy
spore-fonming colony with septate
1ods in chains, nryce i vim.
with cream- Arpanpiier
coloured lobed
colony. May be
Bty

Leaf powder 308 2041 Single occurding S0 Off-white colonie s
gram positive exhibitng psewlo-
1ods; Colonies sxe mycelium. May be
with cream and Y east,
cimwar. Likely
Ldfer

Results of test for indicator orgenisms showed that 2
coli, Jtaph sureus, Fs aeruginoss and Salmonsils 3p. were
not present in the wvariouz test samples <(bark. leaf and

their various tablets)
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3tbudies om the antimicrobial property of this plant
stiowed  that the plant eXerts some moderate inhihitory
acbivities against wide range of micro-organisns (Table
4.17). The ethanolic extracts of the neem {(the bark and leaf
powders) were generally more potent than the agqueous
extracts, the forwer being active against the five test
micro-organismns, nanely & 2 s2blilis £ cgli. Fs seru-
Jiness. Sinph aurswrs avd C glhicans. The greatest inhibi-
Lory activities was exerted ageinast & swhiiiis and £ cooii
followed by ¢ @&lligairs Even high concentration of the
afueous extract {10%¥ w/v) either did not show any inhibition
or only exerted feeble antimicrobial activity against the
other test orgenisms. Fs sgrugincsm was the least suscep-
tible to inhibitory action of the wvarious extracts. The
results also indicated that the extracts from the bark
powder was more potent in the degree of antinicrobisl
activity then those from the leaf powider.

The predoninance of Seciliys sp. and the fungal
organisms- 4Aspergiilus and moulds in the bark and leaf
powlers is not unexpected. This is because, the powders
during processing {(drying, size-reduction, mixing, granulat-
ion, tableting, etc) were constantly exposed to the
atnosphere which is laden with these organisms. This ihs
especially so in the dry humid sand windy environment that
characterise the reaearch area. The higher levels of
Facillus organisms in the bark powders may be ascribed to
the closeness of this plant part to the s0il- a natural

habitat for this organism.
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Table 4.16: Hicrobial Contamination Levels and Flora of

Tablets Produced by Direct Compression llethod

Bacterial orgenisms Furgal Organisms
Povwder and
Dilvent Type Count Macro- and Micio- Count | Macro-and Micm-
(cfug scopical Character- | (cfu/gm) ] scopical Character-
jstics istics
Rark Powder 410 +1.031 Gram positive rod, 310 White fluffy
(719%6) + 25% it chains , with colony with coe np-
Starch Rx 1500 cream-c vloured cytc mycelliunm.
lobed calony. May Likely Mucor.
be Arediiet
Bark powider 95 2044 CGmm positse 520 White fluffy
{7O%) + spore-fonming wds colony with seplate
Lactoae (7548) in chaing; with myeelivm. May be
cream ¢ irculax Aspep iy
colonies, Likely
Betfeer
Leaf povader 75 £3.021  Single gram positive 480 white fluffy
(/o) + 10d3;, with crean growth, wilh
Tactose {2595) cixular colories. ge plate mycelivm.
Maybe Bydfier Likely Avmapilfter
O Bk 280 +0962 Gmm positive 250 white fluffy
myaler + 259 spore-forming rods growth with non-
Avicel in chains. Produce septate mcelivm.
‘ creauit, labed May be Mucor.
colonies. May be '
P Falrdiing
9% Leaf 0 - 120 white fluffy
powler + 25% growthon platke
Avigel with septate

myceliom. May be
Aspapalinr
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hble 1 16: Hicrobial Contanination Lewels and Flora of

Tablets Produced by Wet Granmulation lMethod

Dacterdal organiams Purgal Organisms
Tovwaler snd
Binder Type Couit | Macro- and Micro- Gount Macro- and Micio-
(clulg} |scopical Clisracter [ (cfw/gm) [ scopical Charac ter
istics istcs
Loaf Powder + 20 Gram positive ods 0 )
1098 Maize in singles, with
stach cream-C olowred
ciwulat colony.
Mawbe St
Liauk povrder + 10 G pogitive 270 £ 2,041 White colony with
109 Maize pore: . pseudomycelivm.
Stacch fonning rodsin May be yeast,
chaing; with cream
ciyular colonies.
Mavhe Anallns
Bak powder + 0 - 230 +1.003 white fluffy
2 5o, growth,
methylcellulos é covering the plate,
with 2c ptate
myceliom. May be
Aapeapriiy
Leaf powder + 0 - 235 £3.021 whiwe fluffy
25% g wih
methyicellulose with seplate
myecelinm. IMay be
Asporiier
Bark powder + 120 Gimm positive 370 £1.036 whiw {luify colony
1093 Polyvinyl spore-forming with coenocyluc
yaolidone yods, in chaing, mycelium, IMay be
with cream snd Muror.

Iobed colonies.
Likely Swedfanr
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Table 4.17: lean Diameters of Zones of Inhibition of Bark and

Leaf Powders of 4dxedirachis indica

Test Diaweter of Zones of Inhibition {(mm)
Ificro- Agqueous Extract Ethanol Extract

OLatd o

1% w/iw 10% wiw 1% w/w 10% w/w

gk Powder

22 subidis 11.50 14.50 18, &0 21.00
POt V/d . i 17.00 16. 50 21.50
N ey 0. 0o 12. 00 14.00 15.50
SR Qe o. 0o 13. 00 15.50 17.560
7 dtnans 12. 00 16. 50 15. 00 19,00

Lenf Powder

B aubtliy 0. 00 11.50 14. 50 17.00
F eadi 0.00 10, 50 13.60 16. 60
£ e 0. o0 0. 00 11.50 14.50
MWRE aurewy 0. 00 11.0 14.00 16. 00
© afbmany 0,00 0.00 13. 00 16. 50

The observed antimicrobial actiwvities of the extracts
confirms the reports of Schneider (1986) who indicated that
Azadirachta indica possesses pronounced activity against
Sltapliviococcus &urews. Siapl. coagulase. F. o sukiilis and
diphtheroids. 'The antimicrobial activity was attributed to

the presence of nimbolide and nimbic acid in the extracts.



PHARHACOLOGICAL  SCREENING OF TABLETS OF AZ4DIRACHTA
JACA FOR  ANTIHALARIAL  ACTIVITY

Fesults of Lhe pharmacologicel screening for anti-
walarial acbivity of Lthe tablets produced f[rom Azsadirescihils
ifdice are shown in Tables 4.18 to 4.20 and in Fig. 4.3 to

4.6,

'able 4.18:. The 4-day Schizonticidal {(Suppressive) Effect of
Aqueous Extracts of dsadirschia indica (Leaf and

Bark) on Flassasoiivm yoelii nigerisisis

Doge Level Pamsiaemia Awmge 9% Lewel of
(gl g body (9% + SEM) Reductionin Significance
weight) Pamgitaemia
LEAF

0 {control)  S0.220 +0.404 - i

50 24750 +1.047 50.72 o
200 20.580 0244 59.02 S
600 10.200 +0.200 79.69 B

joa)
=
2
r v

DO {contiol)  S0220 +0.404 - -

50 32300 £ 1537 35.64 8

200 29300 £ 0579 51.66 S

SO 15960 £ 0242 6G.22 -
I < 0.0b

Skl = standard error of the mean
= significant
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le 4.19: The 'rophylactic Effect of Aqueous Extracts of
Ansdirachie indica (Leaf and Bark) on Flasmcdium

Foelii HiGeriensis

Dose Level Pamgsitaeimia Avemge 96 Lewel of
(gl Kg bodwy (% + SEM) Reductionin Significance
weight) Pamsitaemia
EAR

0 {contmly 95780 £ 3630 - -

50 23140 +0.181 58.52 (&
200 14920 + 0414 73.25 =
aon 137740 + 0641 75.37 &

0 {contmol) 55760 + 3.630 - -

50 26920 £0292 51.74 8
200 22400 £0217 59 84 3
aon 19160 £ 0427 65.62 8
P < 0.0
SEH = atandard error of the mean

(47}
I

significant
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Bark and Leaves of Heem Tree on Established Malaria

Infection of Plasmodium yoelii nigeriensis in lice.




As depicted in Table 4.18 and Fig. 4.3, 4sadirachis
wiica posscos apprecioble antimalarial suppressive effect.
Loon exbioct doesage of 50 mg/Kg body weight, parasitaemia
vas reduced by 35688 and 508 in tablets produced from the
bark and leaf Lablets reapectively. Higher concentrations of
the drug exbract significantly elicited greater degree of
suppression. Generally, the leaf extracts were more effect-
ive as schizonbicidal agent.

Data on the screening for the prophylactic effect of
the plant in the treatment of malaria as shown in Table 4 19
and Fig. 4.4, also demonstrates that the leaf extract caused
grealter reduction in parasitaemia than the bark extract at
the three Lest concentrations. For example, while average
reduction in parasitaemla was 73.25% for the leaf extract at
drug concentration of 200 mg/Kg body weight, the percentage
reduction in parasitaemia for the bark extract was 59 64%.
AL the three dosage levels, Lhe percentage reduction in
parasiteemia were significant.

Table 4. .20 and Figs. 4.5 and 4.6 show the results of
the pharmacological screening of the plant ({dssdirachis
Indicay in the application of curative treatmenl of malaria.
As indicated in this table, the mice generally die once the
percentage parasilaemia has risen up to about 80¥. While the
untreated infected mice died within 486 hours (Z days), those
Lreated with dosage level of 50 mg/Kg body weight surviwved
for 72 hours (3 days). At much higher dosage level of tLhe
ecxtract {800 mg/Kg)., the life span of the infected mice was

ecxtended further by a day (i.e. survived for 4 daysa),
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Table 4.20: Percentage Parasitaemia of Flassmodium yoelii
nigeriensis-infected lice Subjected to Curative
Treatment with Aqueous Extracts of dzadirachls

indice

Bose Plant Part Post Infection/Initial Treatment Days

l.evel
_(meike) 3 A S@* 6@ T
. ) 4490 5480 BO.IS . ,
Lo ll_ll:l
i 1 4+
0216 0580 0119
o{) I ~ai 35.175 43.150 65 .05 70,250 -
- - %+ - -
0326 0040 0132 0553
Gl 41550 45325 65.050  77.200 .
1 - | < - -
0744 0048 0432 2400
" Leof 29075 40550  S0.425  68.550 ,
- - + + &
0229 0202 0269 0250
Buk 34625 40375 57.325  76.067 .
+ o + p-
0202 0225 0202 0677
800 Leaf 25050 38250 49.925 64800  B1.150
+ i+ - +
0247 0284 0193 1 050

22
=

34.025 35.275 54.300 66,633 G4.400
- - - - * &
0695 0317 0260 1.192

¥ Values in parenthesis () represent days after initial

Lreatment.
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43 revealed Ly the pharmacological acreenihg, d4dsadi-
raclia Zmilice exerts pronounced prophylactic and suppressive
antiwmalarial activily, but has no curative effect. Iwalews
gt al (1992) also reported similar findings. The anti-
molarial activity of this plant has heen attributed to the
presence of fi-aitosterol (Bssak and Chakraborty, 1968}
nimhalide (Ekong £¢ af 1971): gedunin and other liuouoids
{Khalid &2 51, 1%89).

Extrapolation of Ythe data obtained from the pharma—
cological screening of the plant in plaswnedium yoelii
nigeriensis-infected wice, revealed that an sadult Humsn
being needs to ingest minimally & totsl of 155 tablets per
day {(at 200 ng/Kg body weight) sach of 300 mg weight hefore
a significant antimalarisl effect 1s exerted. For a mnore
pronounced antimalarial activity, 621 tablets (equivalent to
500 mg/Kg body weight) needs to be consumed on a daily
bazis. 'This smounts to 48 gm of the powdered material. which
seemns to be in disagreement with the common practice by the
populace that uses a handful of the leaves 1o prepare
concoctions to be wused for several deys. This lack of
correlation Dbetween the dose obtained in this study by
extrapolation from the pharmsacological acreening and the

copmon practice mey be due to seversl fectors, nsmely: -

- the wuwze of a wrong parasite. In huwans, the causative
agents of malaria avre: HFlessodium falcipsrum, Flasmodinm
ovale, Flaswodiuw peleriase and FPlasmodium vivax. These
malayria parasites do not ceuse infection inh rodents.
Similarly, FPlasasdiuvw yoeliil mnigeriemnsis, which is used in

this stuly causes wmalaria only in rodents but not 1in
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huwarns, hence extrapolating activity in such a rodent
parasite Lo bhumen malaxis patrasite may not be reslistic.
The wuse of the rodent parasite, Plassodiun Jocliz
algeriensis, in modelling the responses to human malaria
infection is predicated on the fact that this parasite is
aensilive Lo chloroquine, the standard drug used in the
Scrcening for antimalarial activity. The constituents of
Avsdirachis indice that have so far been suggested Lo he
roaponsible for the antimalarial activity has a different
chemical structure from chloroquine, and are not likely to

have similar modes or mechanism of antimalarial action.

the use »f a wrong test animal. The patho-physiology of
arwl the Dbiochemical systems in mnice and humans are very
different and therefore, a8 plant constituent exhibiting
pronounced pharmacological activity in one animal mnodel
3y be ineffective in another animal with different

pathological and anatomical system.



CHAPTER FIYE

CONCLUSION

The pharmaceutical properties of the bark and leaf
powders such as particle size and size distribution.
[lowability and moisture contents were in most cases
similar. The differences in their composition was found Lo
greatly affect the properties of their compacts particularly
when tablet adijuvants were incorporated. Both direct
compression and wel granulation methods were found to give
pharmaceutically acceptable tablets. Although bark powders
alone could be compressed Lo give very hard tablets, better
quality tablets were produced when Avicel® (micro-crystal-
line cellulose) was used as a diluent in the direct
compression process. Lactose and Starch Ry 1500 were not
suitable as diluents in the production of tablets from
Asedirachis iniics.

Tablets produced by the wet granulation method were
generally of better quality. Tablets could be produced from
Lthe bark and leaf powders of 4dsadirschis indics when maize
starch or polyvinyl pyrrolidone i3 used as a binder at a
mitcimnl 100 w/w concenbration. lMethylcellulose was not able
Lo ogive good tablets when used as a binder in the production
ol tablets from bark powders. The granule size fraction was

loo fowed Lo play some roles in the production of tablets
from powdered leaves and barks of neem trees. Relatively
large size giranules required higher compression pressures to

form compockts and moat of the tablets produced were friable
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with very short disintegration times. Gramules of > 250 um
hat < 500 pm 3ize range gawve the beat tablets.

The powders (hbark and leal) were moderately
contaminated with Zwceillus spp, 4dspergillus and moulds. Ho
indicator or pathogenic micrﬁ—organisms was found in the
powders. Exposure to the atmosphere during processing
areally inereased the level of contamination especislly of
Lhe fungal organisms. The agqueous and ethanol extracts of
the bark andl leaf parts of the plent had significant
inhibitory effect mostly on gram positive organisms and
veast cells with little or no activity on Fs gerayincsa.

Results of the pharmacological tests showed that
Adradirachis indice possesses appreciahle prophylactic and
suppressive antimelarial effects but lacks curative property
in the management of malsria infection. The leaf powder was
wore effective fthan the bark powder in their antimslarial
properties, Calculation of dosage regimen indicates that an
adult human being will need to ingest miniwmally, 48 g of the
powder per day, an amount that is impracticable. In view of
this, further formulation studies may need to be carried out
using the extracts of the plant instesd of the crude drug
powder. It will also be desirable if the antimalarial
activity screening coan he performed on human volunteers
instead of animal nodels, so that a more realistic data for

Use in the determihation of dosage regimen can be gathered.
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Appendix Al

Particle Size Distribution of Powdered Neem Leaf

Size Range Mean Size  Frequency  Percenlage  Cumulative %

() Range {jun) {n) Frequenc v Undersize

0-50 25 36 12.67 12.67
51 - 100 75 44 16.00 28.67
101 - 150 125 44 14.67 43.34
151 - 200 175 62 20.67 6d.01
201 - 250 225 30 10.00 74.01
251 - 300 275 2 a.67 02.68
301 - 350 325 11 3.66 0634
351 - 400 375 14 4.67 91.01
401 - 450 425 6 Z2.00 u3.01
451 - 500 475 G 2.66 95.67
L1 - 550 LY 4 1.533 97.00
SO - 600 975 S 3.00 100 .00

v

o= 300

=
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Appendix AZ

Particle Size Distribution of Powdered Meem Bark

wize Range Mean Size  Freguency  Percentage  Cumulative 96

{pan) Ronge {pun) {n) Frequency Underzize

0-50 25 40 1353 13.353
%1 - 100 75 At 15.33 26.66
107 - 150 125 4 14,67 43.53
[0 - 200 175 i) 22.67 06,00
201 - 250 225 34 11.33 71.33
241 - 300 275 29 967 47.00
301 - 350 325 16 6.00 93.00
3Ll - 400 375 11 3.07 96.67
4ol - 450 425 3 1.00 a7.67
451 - 500 475 4 1.33 99,00
501 - 550 525 2 0.67 99.67
851 - 600 575 1 0.33 10000

Zn o= 300



Appendiz Bi

Pioperties of Tablets Produced by Wet Gramulation frow Liffer-
ent Size Fractions of Granules from Binary Mixtures of Bark

and Loaf Powlers Prepared with lMaize Starch as Bimder.

Bize Froction | Preaswee | et | pyicyness | Hardness | Fiiability | Disintegrat

() Sewing | Weght | oy | kery | (%) | -iontimes

K | (me) min

5% Binder

past

> 500 115 29220 5.2 0.5 2.94 a0 s
~250<500 | 90 29460 4.2 5 030 dmin 16 8
5 150<250 | 7.0 29540 3.9 5.0 0.29 Smin 26 s
105 Bindexr

posie

> 500 115 29360 A0 5.5 0.29 10 min 22 3
750500 0 9.0 29900 3.8 6.0 0.25  7min 183
»>150<250 [ 7.0 29580 3.8 5.0 0.27  5inin. 363
159 Binder

pasies

> 500 115 29580 2.8 5.0 020 12 min 26 s
~ 250500 | 90 29940 3.8 6.0 018 11 min 28 s
150250 | To 29700 3.8 5.0 0.20 10 min 44 5
2056 Binde g

[."33'.13‘ .

> S0 115 29640 3.8 6.0 019 12 min 47 g
~250<500 | 9.0 30160 3.8 6.0 013 11 min 58 s
~150<250 | 8.0 29840 3.8 5.0 017 11 min 143
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Appendix BZ

I"voperiies of Tablets Froduced by Wet Granulation from Differ-
tnkt Size Fractions of Granules from Leaf Powders Prepared with

llzthyleellulose as Binder.

. _ (Presswe ) MeaR | nioqneas | Hordness | Friability | Disintegrat
Slze Fraclon | anpine | weight
(an) _ _ = {mm} {Kegh) (98) ~ion tme 3
(KN) (ing) (mii.}
1.25% Binder
muc iloge
> B00 9.0 200 00 39 4.0 0.20 10 min. 45 3
= 250 < 500 8.0 293 60 3.8 4.0 0.27 Tinin. 28 s
> 150 <250 6.0 294 00 3.8 3.0 0.29 9 iin. 35 3
£.99% Binder
mucilage
> 500 9.0 302 80 39 4.5 0.17 12 iin. 15 ¢
> 250 < 500 6.0 295 60 3.6 q4.0 3.25 ?min 50 2
> 150 < 250 6.0 295 60 3.8 3.0 0.20 10 min. 7 s
S.09% Binder
nucilage
> 500 9.0 306 40 3.8 5.0 0.16 12 min. 21 z
=250 = 500 5.0 205 210 3.8 4.0 Nn.20 T mia. 55 3
= 180 < 250 6.0 293 40 3.8 3.0 0.17 10 min. 26 3
10%% Binder
e jloge,
> 500 2.0 301 .60 3.8 5.0 0.09 14 min. 32 g
= 250 = 500 8.0 200 60 3.8 4.0 0.17 Synin. 10 3
150« 250 6.0 304.20 3.8 3.0 0.13 12min5 s
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Appendix B3

Properties of Tablets Produced by Wet Granulation from Differ-
ent Size Fractions of Granules from Bark Powders Prepared with

Yolyvinyl pyrrolidone as Binder.

Pressure WMean I . .
Size Fraction Sewing | Weight [hickness | Hord ness | Frability | Disintegrat
() ) B (nm) (Kef) (95) -ion times
(K} {rg) (i)
59 Bioder
mugilage .
> 500 110 300.00 55 a5 56.67 5s
*= 250 < 500 9.9 2495 20 4.0 4.0 0.95 3min. 12 3
> 190 < 250 7.8 297 .80 4.0 4.0 0.79 4 min. 26 3
109% Binder
mucilage
> 500 i1o 309 .60 4.3 6. 0.22 A min. 36 5
= 250 = 500 G0 299 60 4.0 4.0 0.27 6min. 5 2
= 150 < 250 1.0 297 .80 3.0 4,5 0.17 S min, 24 =2
15% Binder
mugikze
> 500 1. 300 80 4.3 6.0 0.22 10 min. 10 5
> 250 = 500 .0 29920 4.0 4.0 0.23 B min. 10 3
=[50 < 250 1.0 297 20 39 4.5 0.17 8 min. 44 3
~9% Binder
muilnge, .
> 500 11.0 303.80 4.3 6.0 0.19 14 min. 12 5
> 250 < 500 9.0 299 80 4.8 4.0 G.17 10 min. 9 3
~ 150 < 280 7.0 297 .40 3.9 4.5 0.13 12 mii. 46 3




Appendix C1

Wonithta of Test Mice and Average Qusntity of Drug Solution

T} g the Avtiwmalarial Screening
. Yreight of each Mouse inthe Cages Average Average
' ra‘gc {zm) Weight per  Quantity of
MY Mz M3 M4 ms  Cee(gm) Dmgad
ministeied
— {rnl)
rppessve
eatinent
1 z2 24 24 24 24 23 -
ps A1 23 24 24 24 23 npz29
3 19 2Z 20 18 13 19.4 D.09%
4 24 24 20 24d 23 23 0.460
5 19 15 23 22 4 | 206 09026
0 P 24 18 18 24 AR 0.107
¥ 14 24 24 19 18 206 041z
Prophylac tic
Tieamment
1 24 20 24 18 20 211 .
2 18 24 21 24 18 21.0 0.G26
3 24 24 20 23 13 218 0.109
4 21 24 23 21 15 2t 4 0.428
5 | 24 20 24 22 14 216 Q027
6 22 24 ol 24 15 21 8 0.109
? 21 24 13 18 Z0 202 0.404
Curative
 Treatment
i 23 20 18 24 21.25 -
2 18 15 20 29 . £0.00 0.025
3 18 24 24 2 22.50 0.113
4 18 24 23 24 ' 22.25 0.443%
5 24 2Z 18 24 Z22.40 0.028
6 24 23 23 19 22.25 0111
7 18 24 19 20 20.00 G400
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Appendix C2Z

Percenlage Parasitaemig in HMice Subjected bto Suppressive and Pro-
phylactic Antimalaria Treatment with Extracts of the Leaf and Bark

0f dosdirachis indica.

Tvpe of Dge Lewel Parasitagmia (45)

Teealment melFe) I Mz M3 M4 HS IMean + SEM

»UpRIessive
Jientment  Leaf
Dfcontwly 499 615 6086 495 494 5022 + 0404
P

50 263 259 251 1% - 2475 x 1.047
20U 203 204 201 215 206 2058 & 0244
B 104 100 - - - 1020 1 0200
Ba
H{contml) 499 515 508 495 494 S0.22 + 0404
50 372 307 343 308 285 3230 % 1537
20 200 23 309 293 - 29.30 + 0579
LD 165 166 156 1585 156 1596 x 0.242
Iylngti;
atment
Leal

Ofcontiol) 462 491 669 533 614 55,76 + 3630
L0 234 235 230 225 233 23.14 £ 0181

200 148 146 159 136 157 1492 + 0414
o 134 157 120 133 1486 1374 £ 0641
Daxk
Dicontm]) 432 491 669 533 614 5578 £ 3.630
50 262 266 267 272 219 2692 + D292

200 231 28 224 219 220 2240 £ 0217
800 199 1?27 2041 189 193 19.18 £ 0.427
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Appendix C3

'orasitaemia (%) in Iice Subjected to Curative (Established
Infection)y Antimalaria Treatmenl with Extracts of the Leaf and

Lork of drnadirachiis indics.

Doz Plaxit Paxt Poat intectondlnitial Teatnent Days

[ |
e B AUy 52 6@ 74
0 11.9; ©5.9; 0.9, - -
veid sl ‘15_1; $3.9: unLg;
(o leaf 44.3; 83.7; 60.9;
I bayk) 15.3 99.1 a0.4
U Leaf 6.0, 43.2; 60.8; 69.7, -
35.2; 43.1; $8.9; 0.8
34 .4, 43.0; 60.6;
35.1 43.3 ]
Lakk  43.6; 45.4; 64.86,; 79.6; -
41.7; 45.4; GE.1; 74.8
10.0; 45.2; 65.4,
40.5 45.3 4.9
200 Leof 29.3; 40.3; 51.0; (8.3, .
29.1: 10.2; 50.5; 66 6
28.7; 40.6; 49.7;
29.1 411 50.5
Lk 34 .4, 40.6,; 57.0; 15.6, B
34.8; 40.6, 57.9; 75.2;
34.2; 38.7; 57.1; 77.4
38.1 40 6 57.3
BOD Leaf 26.5; 38.5; §0.2; 64.8 82.2;
26.0; 3.4 49.5; G0.1
25.3; 30.5; 58.3;
26.0 6.6 49.7
Lark 32.6; 8.5, 54.1; 69.0; 84 .4
82:5; 38.3, $5.1; 65.7,;
34.8; 37.4; 54.2; (S, 2
36 360 53.8

¥ Yolues in parenthesis {) represent days after initial
treatment



Appendiizx C4

Quantiltative Expression of Drug Efficacy

{Survival Index, Is)

The surviwval index (I5z) can be used instead of prohit
analysis to compare drug efficacy. It was used by Nathan et
al {(1979) to express degrees of 1life prolongation in the

absence of cure. The expression is given by the formula: -

e o o 20T Znln
o - SE B 3 7 3l
Ne OB Sm t Sum
where:
Is = survival index:
N = average survival time (in days) for treated animals:
My = average survival time (days) for untreated controls;
Tn = the number of treated animwals surviving for n days

after challenge. and

Un = mumber of untreated controls surviving n days.

The numerator of the expression (the difference bhe-
twvecn the average survival time of treated animals and un-
treated controls gives s reasonable measure of drug effect,
Using this formula, Malban et al (1979) obtained a useful
normaliised index which raxnges from -1 to +1. When the pro-
longation of 1ife due to the drug is very greal and survival
of copnblrola s insignificant by comparison, I5 1s close fto
+L. Alternatively, when the difference in mean survival with
or without drug is negligible, Ig is approximately zero. TIf
n drug is toxic and the treated animals die on the average

much sooner thon the controls, Ig approaches the value -1.
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Appendix (Ch
Exuapolation of Human Dossge Regimen from the Animal Siwly

Minimum concentration of agq. extract that elicited reason-
able prophylactic amd curative effects in the mice

= 200 mg/Kg
Average weight of an adult (human) = 60 Kg

oo Amounkt of extract needed to be consumed by an adult

]

60 x 200 mg

12000 mg = 12 gm.

|

Howewver, Lo Lablets of leal powder on extraction yielded
= 3.0041 gm
cone Loblel would contain . jiifd
= 77.28 ng

‘i adult of average 60 Kg weight will therefore, consume

_ 12000 ug
= 1728 ug tablets
ib5. 26 tablets,

I

Ihis implics Lthol oan adult human being requires approxi-
mately, 1565 tebiets, each of 300 mg weigth formulated from

snadirechis Indica leaves.

lsing the same process, an adult will require approximately
621 tablebts of a 300 mg teblet weigth from an effective
Lherapeutically effective drug concentration of 800 wg/Kg
{2 concentration that effected more than 75X suppression of

paragitacmia in the mice).



