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ABSTRACT

The leaves oAndrographis paniculatacanthaceaés used locail in Northern Nigerian fo
the treatment of hypertension without quantification or dosage standardizEtisnwork
was primarily set out to find justification for the local medicinal use of this plant@and
scientifically study thepharmacological actity of the plant andormulate it into a suitable

tablet dosage form, as a means of standardization of the dosage regimen.

Phytochemical pharmactogical and formulation studies othe leave, aqueousand
Methanolic extrad of the plant leaves were carried out using standard methods.
Phytochemical screening as desadiilbe official monograph was carried out to detect the
presence of secondary metabolites. Extracts were tested for antihypertensive activity in cats
by monitoring changes in blood prass following administration of the extractThe
antihypertensive activity as compared withpropranolol (standarddrug. Toxicity study

was also carried out by determining thesbDf the extract in rats.

In formulation studies, micrometric propertiet the extracts and granules such as size
distribution, moisture content, angle of repose. Carr’'s Index etc., were determined using
different binders (naize starch, polyvinyl pyrollidone (PVP) and gelatiB)sintegrants
(maize starch, pregelationised starcmicrocrystalline cellulose, heavy magnesium
carbonate and dicalcium phosphate) and diluents (Lactose and heavy magnesium carbonate)
were also included in the formulatiorBifferent methods of formulations were carried out,

but only the best three ofdhMethanolic extracts were used for this wd?koperties of the
resulting tablets such as weiglaariation, crushing strength, disintegration properties,
friability and dissolution profiles were determined and analyzed. Effects of storage
condition (suchas humidityand temperature) on the tabprbperties were also determined.
Stability studies on the extract weoarried out using TLC technique and Differential

Scanning Calorimetry (DSC).

Results of the Phytochemical test showed that the plant extraiined alkaloids tanning,
cardiaglycosides, flavonoids and terpenes. The plant is relatively safe, with gm0t D.90

x 10’mg/kg body weight which is much higher than thos®.81mdkg body weight taken

by the local people. Pharmacological studies showed that the leave extract possesses
significant antihypertensivectivity, comparable toPropranololwith methanol extract

exhibiting greater activity.

Vi



Qualitative and pharmaceuticallpcceptable table could only be produced from
Methanolic extract using the wet granulation method. When excipients such as
pregelatinzed starch (disintegrants), heavy magnesium carbonate (diluents) and 2.5% wi/v
gelatine binder was udeThe thin layer ctomatography and DSC studies showed that the
crude extract contain three distinct components. The stability studies showed that the

Methanolic extractablets werestable under proper storage condition even after 4 years.
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CHAPTER ONE

INTRODUCTION

1.1 ANDROGRAPHIS PANICULATA

Andrographis paniculatalAP) commonly known as “King of Bitters”, is a
member of the plant familjxcanthacea@and has been used for centuries in Asia to treat
gastrointestinal tract and upper respiratory tract infesti@ver, herpes, sore throat and
avariety of chronic and infectics diseases. In India it is called ‘Kalmeh’ It is found in
the Indian Pharmacopoeia and is prominent in at least 26 Ayurvedic formula. In
traditional Chinese medicine (TQMt is an important “coldemedy herb. Itis used to
rid the body of heat as fievers and also dispel toxins from the b@§@yung, 1979)In
the Scandinavian countries it is commonly used to treat and prevent common colds.
Researches done in the 80s and 90s have confirme@Rl@bperly administered has a
surprisingly broad rangefgharmacological effects, some of which are extremely
beneficial. It has abortionproperties(can abort pregnangyplthough in Ayurvedic
tradition it is allowed to be taken for a short duration during pregnaHoyvever t is
advisable to avoid its ughiring pregnancy as a precaution. AP has been shown to have
very low toxicity(Chung,1979).

1.1.1 Morphology

AP is an annual branched erect plant.uits'to ¥> 1 meter in height
and grows d&undantly in South Eastern Asia, India, Sri Lanka, Pakistan and
Indonesialt is alsocultivated extensively in China and Thailand (Sandberg, 1%kt
and West Indies and Mauritius (Gupa al, 1990). AP is ubiquitousin its natural
areas; it grows in pine, evergreen and deciduous faresis and along the roads in

villages. It grows in all types of soil, even where almost no other plant can be cultivated



particularly “serpentine soil”, which is relatively high auminium copper and zinc.
This ruggedness of the plant accounts forwide distribution. It is therefore not
surprising to find it growing in some parts of Northern Nigeria and West Africa.
Specifically inNigeria, t is foundin Adamawa andadunastates,and the Federal
Capital Territory(FCT), Abuja. The plant is kownto have proven biological activities
and thatmay be the basis of its wide use for various ailments in different parts of the
world. Details of these biological activities will be given later, especially its

antihypertensive activity, which is one of tmain focus of this research project.



Plate 1: A mature shrub of Andrographis paniculateggrown in a garden in GRA
Zaria, Nigeria.



1.1.2 Biological/Pharmacological Actions
a) Biological Activity

It has been demonstrated that extracté&\Bfcan increase the time it takes for
clots to form, thus decreasing the ridiktockage of blood vesse{stenosis) seen after
angioplasty procedures. Researchers at Tongi Medical University in China have
demongtated that AP given to dogs one hour after development of myocardial infection
deceased the damage tloatcurred inthe heart muscle (Zhand Fag 1990).

An extract of AP given to hypertensive rats by Zhaagd Van(1997 also
showed that tle AP extrat reduces the blood pressure of anaesthetized rats.
Mshelbwalaet al, (1998)further supporthis finding This substantiateds traditional
use by the natives in Garkidadamawa statef Nigeria The nativesakesten to fifteen
of the fresh leaves @&&ndrographis paniculatédo chewonce or twice a day with a glass
of cold water andhis dosds enough to lower blood pressuw@ntinuously

Some tudies have shown that 80% of administered dosendfographolides
removed from the body within eight hsuand excretion rates of more than 90% of the

compound within forty eight hosihave been reportgdean Barilla, 1999).

b) Anti-microbial activity

Extracts of APhave also beeavaluated for anmalarid activity against
Plasmodiumberhei,one of theagent omparasites tharansmitmalaria. The extract was
found to produce considerable inhibition of multiplication of the parasites (Mised,
199@). Pretreating animals for 221 days with the extracts prior to exposure as well as
after infection was found to be more effective than treatments started only after
infection. Thetreatmenteffects were better thaihat of chloroquine ¢ommonly used

antimalaial drug), after infection



AP extracts are also efféve in dogs killing filarial worms that obstruct lymph
channels in the body, leading to gross swelling termed elephantiasis. Since no toxic
effect wa observed, researchers beligkat it wouldbe safe for human use as well
althoughno plant has previously been shown to have fdatial action till now(Misra,

et tal, 1992)

c) Anti-diarrheal and IntestinalEffects

Experiments on animals show that ABn prevent or stop diarrhe&xtract of
AP has been shown to have significant effect against the diarrhea associated with
Escherichia Coli(E. coli), (Guptaet al, 1990.However its mode of action against

bacterial dysentery and diarrhea could not be confirmed

d) Effects on th&®espiratory System

AP extracts have been used to treat tonsillitis, respiratory infections and
tuberculosis. In one stud&P was used to treat 129 cases of acute tonsillitis. Sxey
percent of patients respondgdsitivelyto the theapy
(http://www.altcancer.com/andcan.ht@®03). Thesame revieweported the use of
A.P. extracts to treat pneumonia, which thirty five (35) cases were found to show
positive changes and nine patients completely recovered.

Tuberculosis is usuallyreatedwith the antibioticRifampicin and itresults in
22.5% mortality but whena solution of 2.5%w/v water extract of AP was given
parenteally to provide 5880 mg/kg body weight for two monthshe results were
improvedi.e. less mortality) Seventycases of tubercular meningitis. 30% of patients
were cured with 8.6% mortality. CombinationA® extracts andRifampicin resulted in

a 2.6 bld decrease in fatalityates(http://www.altcancer.com/andcan.ht2®03).



e) Protection on thetiver and Gall Bladder

In Ayurvedic medicine (a system used in India), there are 26 different
formulations containing ARhat ae usedo treat liver disorders. AP &acsk were tested
for a protective effect against liver toxicity produced in mice byngi them carbon
tetrachloride (a cleaning solvent), alcohol or other toxic chemical which damage the
liver (Kapil et al, 1993) When extracts oAP compound were given to these animals
three days before toxic chemicals, there was significant protesffiget in the liver.

This effect isdue to antioxidant property oAP compoundsStudies havelso shown
that, the extracts when given to animals produsignificant increase in bile flow
(Skuklaet al, 1992) whch aids digestionA drug like paracetamol, normally decrease
bile production Howeverwhen extract of A.P. was giveroncurrently the resultwas,
increased bile productidi®hukla, 1992)

Infective hepatitis is an acute inflammatory condition of the liver. This normally
follows liver cirrhosis, which may eventually lead to coma and death. In India where
ancient physicians use@lP to treat similar liver ailments, a study was conducted to
evaluate the effect of administeriAdP to cases oinfective hepatitis. There was marked
improvement in the majority of patients tested when given as a decoction or infusion of

AP (Http://www.altcancer.com/andcan.htReview, 2003).

f) Common Cold, Fever, Inflammation

The prevention of common cold with an extra¢ AP was shown in a pilot
double blind studyn Sweden Students were given a formulation of AP by the Swedish
Herbal Institute and werebservedfor the presence or absenokdifference between

the group that were administered th&P formulation, andthe placebo. The rate of



absencs of cold in the AP treated group was 30% whereas for those who took the
placebo it was 62%. This is due to the presence of the component of the ex&Rct of

which has immuno stimulant effieBurgos and Cacerg$994.

1.1.3 Safety and Toxicity
In Traditional Chinese Medicine (TCM) systems of healing in Thailand and

India, it was observed that Alifas long been perceived as sdshelbwalaet al (1999
using in-traperitoneal(IP) route, the LD, was found to bel.90 x 10°mgkg (body
weight). Toxicological studies on animals aimdhuman clinical trials confirmed that
none of the mice that received bAP extracts 10g/kg body weight once a day for
seven days died (Chung, 1979). This is an indication that AP has @xXmity. At a
dose of 10mg/kg, there were no abnormal cardiovascular resplivesesnzyme heart,
kidney and spleen functions were normal in these animals @&wd, 1989. At dose
of AP taken orally atlg/kg oral for seven dayslid not affectthe blood count, liver
functionor kidney function or other important orgaasid no weight lost was observed
(Akbarsha 1990 Yin and Guog 1993. All evidence to date indicateghat
andrographolites, whiclare component of the extract &P, are naturallyoccurring
compounds with low toxicity when used appropriately. However, the tigd?dhas
been associated with allergic reactions ranging from minor skin rashes to more serious
anaphylaxis, which is a potential problem at high doses. Whether or notehetens
are dued AP or other matter in herbal preparation is not clearly understood.

Herbal medicinessathe major traditional remediave been used in medical practice
over many centuriesven long beforeThe use of herbs for treatment of dissakas
increased drastically in the lasw decades.Use of traditionamedicine is associated

with developing countries, where it is more difficult to obtain orthodox medicine



which are more expensive and are outt@reach of mosof the populace. Therefore
they resort to traditional medicines, which are easily obtainable and less costly
(Naoemesi, 1996 TheWorld Health @ganization(WHO) has since recognized herbal
medicine as a valuable and readily available resource for primary health care and
therefore endsed its safe and effective uskereleet al, (1986).

However, in recent times, even developed nations are now resortinguisetbé
herbal medicines as a safnethod of treatmenE&nsworth andorris, 1976. This is
due to the fact that herbal medicines are natural. They are close to natural food and
sometimes less toxic over prolonged use than the orthodox medicines, cahidie
made of synthetic substanddsit have toxic side effects. This evidence isnsbg the
various types of herbal preparations both preventive and curative produced locally by

traditional medicine healers and also by multinational companies.

1.2 STATEMENT OF OBJECTIVES

1.2.1 Statement of Problem

Hypertension is a common disease th#tacross all races especially among the blacks
and the cost of treatment is beyond the reach of the majority of the population in
developing countries. Hypertension assilent killer among the most vibrant and
productive class of the society. Herbal paratiors are most assessable to the majority

of the populatiorwho cannot afford orthodox drugs

1.2.2 Justification of Research
70% of herbal production is used by most populace
Herbal drugsmay becheaper toproduce thusmaking the herbal production more

accessible



Crude herbal preparations may be very toxic and their scientific formulation may help
in minimising their toxicities.
The herbal production is screened for toxicity and the appropriate dosageoiddrbe
made available for use the public.
1.2.3 Specific Objectives.
The aim of the study is to confirm and establish the claim of activity of AP by the
natives and justify the use tifeplant in the management of hypertension
The specific objectivesfahe study are¢o:
a) determine the best solvent for extractioihthe plant constituentswvhich will
produce the best pharmacological activities.
b) carry out tests onhe pharmacological activities dhe extract which will
confirm the assumption stated.
c) todetermine the toxicity of the plant and £D
d) to formulate both the extract and the powdered leaves into solid dosage form
suitable for use orally.

e) to carry out some stability studies on the best formulation.



CHAPTER TWO

LITERATURE REVIEW

2.1 HERBAL TRADITIONAL MEDICINE

One of the earliest records of the use of herbal medicine is that of Chaulmogra
oil from species ofHydnocorpus goctranwhich was known to be effective in the
treatment of leprosy. This was recordedhia pharmacopoeia of Emperor &hNung
of China between 2730 and 3DBC.

The traditional healers are called by various names depending on the countries
they come from. These methods are based on social, cultural and religious backgrounds
as well as the knowledge, attitude apeliefs that are prevalent in the community
regarding physical mental and social well being and causes of disease and disability.
India, traditional health practitioners are called “indigenous healers”. In China they are
called “barefoot doctors” notdezause they gbarefooted;n fact most of them wear
shoes, but to signify that they are also farmers. In Cuba, they are called “curann deros”.
In Nigeria they are called several names depending on the community they come from.
Some of them are calledhdtive doctors”, some even go as far as callingitheitch
doctors’( Sofowora, 1993) Each culture has its names for traditional healers,
emphasizing their close association with the community in which they live and practice.
In some countries espediaAfrican countries some incantation is part of the treatment

In this respect the more convenient traditional healer which may be acceptable is
the “Herbalist”. The herbalist specializes in the use of herbs to treat various ailments.
He is expected tbe highly knowledgeable in the efficacy, toxicitydadosageof herbs

(Sofowora, 1993).
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The main disadvantage of the herbal preparation by the traditional healers is
that, the doses are not accurately quantified. Nearly in all cases #geahd the
toxicity tests are not carried out. Phytomedicines can be defined as medicinal products
containingas active ingredients, parts of plants or plant materials or combinations in
whatever formwhether crude or processed. Théssd researchers in the field jpiart
medicine like, Ayurvedastate thathigher plants constitute living chemical factories
that provide a vast display of unusual chemical structures with variety of biological
activities. They also stated that there are up @00 - 300,000 currery known
higher plant species and only a small percentage has been investigatechghyically
(Sofowora, 1993).0Only asmall percentage of this has been subjected to biological and
pharmacological screening. This is very necessary because thehesbalfmedicine
has become very relevant to orthodox medicine.

In recent years the use of traditional medicine as substitute or complementary to
modern medicine has been documented byraéaethors larrison, 197@&ndKerharo,

1974, and a host of other

The World Health Organization (WHO) supports the appropriate use of herbal
medicines and encourages the use of the remedies that have been proved effective. As
much as possible, the use of herbal medicine should not be discarded. WHO has
therefore pblished guidelines with the main purpose of defining the basic criteria for
evaluation of quality, safety and efficacy of herbal medicines and thus assist researchers
and others to undertake an assessment of the documentation in respect of such products.
This would result in standardization of phyteedicines, which Elujoa (1996 defines
as the process of recommending a set of pharmacognostic, chemical, biological and
pharmacological standards adequately controllable. This will provide the monograph for

the proposed plant preparation for the purpose of ensqualty, safety, efficacy and
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reproducibilityof the preparations. In generaldrug is hardly administered in its pure
form, whether as an orthodox medicine or as herbal preparation. They ags alw
administered as a sort of dosage form as simple or complex mixtures, containing the
active drugs and other additives. This is even more so with {phgtiicines where
traditional medicines prepared are always bulky, unpalatable and prepared generally
under unsanitary conditions. These do not meet the stamdardsubstances for
consumption. The only way the phyteedicines can eventually be accepted for
administration is to standardize the quality, safety, efficacy and reproducibility of the
medicines This can be guaranteed by formulation of the products into appropriate
dosage forms. The choice of the type of formulation depends on the physical character
of the medicine, the plant part and the stability e products concerned. Naomesi
(1996), hasstressed that ethrrmedical information on the mode of drug administration
should form the basis of deciding the formulation method to be used for phytomedicines

and complex extraction processes should be avoided.

a) Ayurveda There is also anothéorm of traditional medicine called Ayurveda
It is an indigenous system of medicine in India. Ayurvedeaning the science of life
is reported to have been practiced for over 3000 years. Its history being divided into
four periods:
0) Vedic period
(i) The oiginal research and classical period
(iii) A period of compilation of Ayurvedic methods and periods of Rasa Tantras
Sidhas (Chemists and Physicians).

(iv) Period of stagnatioand eventual recompilations.

12



Ayurveda considers the human being as a miniature universe and properties
found in the universe are believed to be also present in the human body. Similarly, the
principles found in human body are to be found in the universe. A healthy man is thus
defined as one who possesses a balance of humours, proper functioning of all body

elements and one who has a pleasant disposition of mind, soul and body organs.

b) Acupuncture Acupuncture is another method of traditional medicine as used in
China. This typef traditional system of medicine represents perhaps, the most widely
employedtraditionalmedical system in the world, with a wide usage of herbs prescribed
and used im standardized manner. It is a traditional medicgstempracticed by
many countes in tke East. Attention is drawn t@@puncture as one of the peculiarities

of Chinese medicine. Chinese medicine Isoéistic form of medicine in which various
factors such as the constitution of the patient are taken into consideration in the
treatmat of disease. Acupuncture has been practiced in traditional medicine for over

2000 years.

2.1.1 Status of Traditional Medicine and the Use of Medicinal Plants in the

World Today

An investigation throughout the world into the status of traditional oireli
generally, and the use of medicinal plants in particular showsrtreime countries
there is collaboration in the orthodox and traditional medicine in the way of health care
whereas inothersthere isconfrontation But the World Health OrganisatioffWWHO)

encourages their collaboration.
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In the African regiongraditional medicine has become a part of the people’s
culture despite the fact that this form of medicine iswell organized liken India and

China.

2.1.2 The Americas

In the Americas more is heard of traditional medicine and its practitionertfién
South and among the Amaridians than in North America and Canada. In North
America and Canada however between 1959 and 1973 research conducted showed 25%
of all prescriptions dispensed in comnity phamaciesto contain drugs extractefdom
higher plants (Farnsworth and Morri976). This itend has not changed much since

then

2.1.3 The South - East Asia

This part of the world conistites the areawvhere traditional medicine has been
integrated into the official health care system and where formalized and informal
training of practitioner exists. Formalized use of traditional medicine include
Ayurveda, Yoga, Tibbi modified Chinese and the Amentesys(a Tibetan system of
medicine). New formalized training of practitioners of indigenous medicine also exists
in this region includig that of herbalists, bone s&#, practibners of Thaad element
system home remedyand spiritualists. In India alonéhere are some 500,000
indigenous medical practitioners and 115 recognized institutions of indigenous
medicine of which 98 collegesre involved in trainingpf persomel in all aspects of

traditional medicine excluding\yurveda (Kurup1978).
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2.1.4 Europe

Europe apparently has little use for traditional medicine. Many countries
disapprove of the WHO’s promotion of traditional medicine perhaps because these
countries have such highly developed health care for their people. For example, in
Britain the days of using concoctions of some plants to treat dropsy have long gone and
now the active component, digitatis is used in standardized tablet form. Also middle
level health personnel replace the traditional healers of other region of the world.
Traditional medicine however is practiced in some remateas;it is difficult to
separate them from quackery or chiromancy. Practitionlefange medicine which
include herbalist, homeopathy, osteopathy, and chiropraetiaee classed somewhere
between tradional healers and graduates of recognized medical schools. Official and
professional attitude in Europe towards an extensive use of traditional practitioners is to
say the ledscautions. Traditional practitioners and their successors should receive

moden training from biological and scientific point of view.

2.1.5 Nigeria

In Nigeria, documetation has not beendone accuratelyalthoughthe use of
herbal medicine has long been in existence.

It has also been proposed that knowledge of medicinal pleassgained by
accident, although this theory has been refuted by a number of traditional medicinal
practitioners who claim that information @uch plants was communicateg their
arcestors in various ways (Akpat@79 Lambo, 1979). Most information abbherbal
medicine has been kept secret in Nigeria. It is only disclosadete members of the

family. This information is passed on from generation to generation. Some families
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specialize in the treatment of certain diseases. Proper documentatibeemasery
difficult and in some cases the healers die with their knowledge if a successor is not
appointed in time.

Generally traditional healers are treated with great respecigeritl. A lot of
the population- about 70%even among the elite still i@ to traditional medicine in

thetreatment of some diseases.

2.1.6 The Activities of International Organizations in the Field of Traditional
Medicine

The World Health Organization (WHO) in its coordinating role has established a
programme for traditical medicine in Geneva. Regional Directorate of WHO also
have some assignments on traditional medicine programme, which vary with whole
overall interest, generated the particular region. The WHO traditional medicine
programme has the following as itgjectives:

(1 To foster a realistic approach to traditional medicine in order to promote
and futher contribute to health care;

(i) To explore the merits of traditional medicine in the light of modern
science in order to maximize useful and effective ra@nddiscourage
harmful ones;

(i)  To promote the integration of power valuable knowledge and skills
traditional medicine;

The traditional medicine programme is guided by an expert advising panel. It

maintains links withUnited Nations International Developmedtganisation UNIDO),
United NationsDevelopment Programm@JNDP), United Nations Educational and

Scientific OrganizationNESCQ and the World Bankfor extra budgeting financing
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of its activities A recent link was forgetbetweenthe World Federationf Proprietary
Medicine Manufacturers (WFPMM)and the activities of Traditional Medicine
Programme at Genevaost of these resolutions recognize the fact that many drugs
used in modern medicine come from plants or animal sources.

Traditional medicines onerbal medicing have come to stay. Even developed
countries now are laying more emphasis on herbal daigsr than therthodox drugs
(Farnsworth and Morrjsl976). The use of herbal preparatas preventive rather than

curative has gained ground alter the world.
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2.2 Hypertension
Hypertensions prevalent disease condition all over the world. Hitherto it was
thought to affect only the developed countries, due to the pressure of life and the
demand on the populace. It was also thought to affdgtthe middle aggand the old
people. This assumption as proved wrong. Recently it has been proved that
hypertension affect even more of the developing countries especially those of the black
race (World Hypertension League). It is not only confiteethe middle age, but even
children sometimes are found to be hypertensive.
x The WHO has defined hypertension astslic blood pressure above 140rHig
The above definition was adapted torhanize thecut off levels of blood pressure
(BP) to that of WHOgrades, the classificatiorof BP to that of WHO grades. The
optional B.P classificationis <120/80mmHg asormal, <130/85mmHgs mildand
130-139/8589mmHgas high There are three grades of hypertension:
1. 140-159/9699 mmHg
2. 160-179/100109 mmHg
3. 180/110mmHg
A detailed poplation study was carriedut in the U.S.and 160/95mmHg was
deemed abnormal and 140/90 to 160/95mmHg was regarded as borderline (World
Hypertension League). There is hardly any distinction between normal and abnormal.
Blood pressure varies within population and also between different races. It is said that
the African region has a higher pressure than the Caucasians (World Hypertension
League 1996. The distinction for systolic and diastolic blood pressure is similar and
therisk of mortality and morbidity rises continuously. The level of blood pressure can
be said to be abnormal when it is associated with clear increase in morfbidkétyevel

varies with age, sex, ra@nd country.
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2.2.1 Causes of hypertension

The incidence of hypertension among African American is greater at every age
beyond adolescence and teridsndue more vascular damage in blacks than whites
(Perryet al, 1994).

Hypertension is divided into categories:

i. Essential or (primary) which constiast 9095% of cases

il. Secondarywhich takes up the remainingl®%.

In a survey done in Africa, cases of hypertension range fret®% of the
population whether urban or rurdlhe commonest cardiovascular condition in Afiga

hypertension (McMatmanet al 1990).

2.2.2 Factors that Are Associated with Hypertension

a) Sodium Chloride and Blood Pressuf(8P): This factor has been studied extensively
and it wvasshownthat there is a relationship between sodium chloridehgpdrtension
because adium is associated with water retentidrithough Sodium chloride plays a
very important part in our diet, yet it is one of the commotigsigs that encourage
hypertensionSodium chloride that is consumed is more than needful. Some experts
suggests thatcraving for excess dietary sodium may be genetically determined

(Intersalt,1986)

b) Stress and Blood Pressu(8P): Therelationshipbetween stress and blood pressure
has been establishedilthough with controversial findings. The finding is that
hypertensionis positively related to stresalthoughit is difficult to quanify and

measure
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c) Potassium and Blood Pressurélhe Intersaltstudy (McMaman et al, 1990 has
confirmed a negative relationship between potassium and blood pressure across a large
number of societies especially the elderlyProbably Na+/K+ons will determine the

risk of developing hypertension (Folknp®095). Potassium is shto aid synmpathetic
vasaonstriction and higher level of K+ will lead to natriuseditis will result in

increase irblood pressuredP).

d) Educational Level A negative association between education and hypertension was
reported in the U.S. in both black and whihale and femaleAfderson. 1984 The
educated have better knowledge of health behaviour like exercise and diets, which lead
to bettercoping of strategies for successful management. In Nigeaaever, the
opposite was noted.

Body mass index and blood pressure is a stronger factor in theQglésiet
al, 1991). In the U.S, obesity may account for roughly 20% of the population and
attributed to risk of hypertension among blacks, but less or modest in the Africans
(Stambleret al,1979. There is lower prevalence of obesity than in the white in the sub

Saharan Africa.

e) Alcohol and blood Pressurelt is linked to otherrisk factors like obesity,
urbanization, soci@conomic factor, smoking, diet and age. Several stuti®s son
linear relationship between alcohol consumption and blood pressure (Kumanyika

1989).
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2.2.3 Principles of Management of Hypertension

When managindhypertension nobnly the managing of the blogaressure but
the whole individualis considered The consequenced and the failure to identify
hypertension have been known for at least 50 years. Skygegtension has a more
aggressive nature in most black communities and variably invtteesajor organs of
the body (Akinkugbe, 1972). Hyperision is one of the most studiedeasof
medicine. It is easy to define theoretical treatment, but in real life it is not easy to
adhere to them. WHO has brought a guideline on hgpsion management. The
diagnoss and management of high blood presslreuld be based on acate blood
pressure measurecsing standard equipment. There should be the patients good medical
history, physical examination of the patient includenitoringother underlying disease
like diabetes mellitus.

There are noipharmaological measures to lower blood pressure esalice
cardiovascular risk. The followinghould be recommended tall hypertensive
individuals:

- Salt restriction

- Weight loss

- Alcohol consumption should be stopped

- Increased exercise

- Smoking cessation

The patients to be treated medicaihglude those having tHellowing;

i. Sustained diastolic blood pressure, despite pharmacological intervention

in excess of 99mmHg or between-99mmHg.

il. Sustained systolic blood pressure despite no pharmacological

interventian in excess of 160mmHg
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iii. Blood pressure should be reduced t#mget levels (e.g. <140mmHg
systolc and <90mmHg diastolic) and lower levels in higher risk patients
e.g. diabetics and coronary artery disease patients.

iv. Regular follow up is recommended with dtment and blood pressure

measurement at least every 6 months.

Orthodox drugs used for the treatmenthgpertension for example propranolol
at various dosage form e.g. 40mg and 80 mg. Likewise rsrbls asAdrographis
paniculataare also employed to tremild hypertension at dose of 500mg of ttrade
leaf which is equivalent t60 - 70 mgper daily dose
2.2.4 Prevention of hypertension

The prevention of hypertension involves the population and individual approach
(WHL Technical Report Series, 199@he prevention of complication resulting from
high blood pressure in any population requires reducing the risk of developing high
pressure in the population aswhole. hdividual approach involves identifying the
individuals who are at increased riskdeveloping complications.

Population approachincludes increasesn the population awareness that
elevated blood pressure is a major health hazard although it may not be apparent. Help
detect the individuals who have hypertension may be at risk of eveloping
hypertensiorand advocate life style which minimize, if not eliminate the controllable
risk factors of hypertension. Individual approamuntsbecause many people with
establisked hypertension may not respotad norrpharmacological interventionlt is
important to treat hypertension and modify life style (M/Hechnical Report Series,

1996)by the following

Health education is necessary

- Enriching natural foods with potassiumh fruits
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- Regulation of food industry to provide low salt and lowtyféoods

- Provide facilities for outdoor recreational sports

- Control tobacco smoking, etc.

It is important to note that the population and individual approack is
comprehensive strategy for the preventiand control of hypertensionnd the two

havesynergic effect.
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2.3 TECHNOLOGY OF TABLET PRODUCTION
2.3.1 Tablets
Tablets may be defined as solid pharmaceutical dosage forms containing drug
substances with or without suitable diluents and prepared either by compression or
moulding methods (Musa, 1999). Tablets have been in use for more than one thousand
years. Tabls represent the most popular dosage form among the contemporary
methods of drug administration (Bangudu, 1992). Tablets have remained the most
popular dosage form of drug administration especially in the United States of America,
where the demand for lgg amount of pharmaceutical supplies increased drastically
during the war (Armstrong, 1993). Also the solid dosage form afforded some
advantages both to the manufacturer and the consumer. Some of which include;
(1 Ease of administration and therefore moo&venient to the patient, with high
precision of the das
(i) Eas of handlingand transpoimg at any time;
(iii) Ease in storage, handling and the tablet is more stable at varied temperatures.
(iv)  Method of production can be automated. It therefore reduces dise af
production and less cost ftire patients;
(v) It also affords the simplicity and economy of production, accuracy of dosage

compactness, portability, dridness of taste (Akande, 1988);

The objectives ofablet production fomost pharmaceuticahanufacturers is to
produce tablets of high quality that is efficacious at the lowest It is important to
produce tablets which can withstand the mechanical abrasion or friathbity will
rapidy disintegrateand release the correct active ingesds at the right time inthe

appropriate quantity. The correct selection of compression pressure and balance of
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excipientsmaterials for each active ingredient combination in a tablet formulation to get
the desired formulation is not a simple goal thieee (Musa, 1999).

Tablet formulation and design may be described as the process whereby the
formula ensures that the correct compression pressures is selected in order to produce
good quality tablets and the amount of drug in the right form is deliaredover the
proper time at the proper rate and in the desired location, while having its chemical
integrity protected to that poinTables can have many shapes. There isspecific
shape to be adhered; any shape mape selectedlepending on theiscretion of the
company. They may also differ in weight depending on the amount of drug substance
incorporated in it and method of administration.

Tables can either be high dose (macrodose) containing drug@h§ or above
or microdose (low dose) cahing less than 50mg of drug. There is no tablet by
convention that weighs less than 5Qrtige normal weight of tabletfor the microdose
rangefrom 50mg to75mg. Where the dose is 2mg per tablet, excipiiit account
for the remaining weight ahetablet. However Nabiu (2000) has shown thatdaug
contentas low as six percent (6%/v) offsets the compactional characteristic of the
pure excipients.Allagh, et al (1994) also showed how folic acontentof two percent

(2% w/v) affected thédinder uptake volume.

2.3.2 Tablets Manufacture

a) Wet Granulation Methods and MechanisnPowders, either the active drug or
excipientsare not directly @mpressible Techniques must be found to make them
compressible. This technique is called gtatian i.e. forming granules out of the
powder Strongbondingare formed during the compression which hold the granules

together.
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b) Massing and ScreeningWet granulation involves the massing of the powder
mix using a solvent. The solveabntainingthe binder used must be volatile, so tlitat
can be removed by dryindt should also be nontoxic. The typical solvents include
water, ethanol and issedeither alone or in combinatiomith binders The disadvantage
of water as a solvent is that it magversely affect drug stability causing hydrolysis
example acetyl salicyclic acid

This is the oldest and widely used tableting technique which involves the
preparation of freely flowable granules(Balami, 1999jet granulation takes time,
space machery and personnel (Armstrong, 1998)d is not suitable for thermaiée

active ingredient.

c¢) Dry Granulation Method Dry granulation method involves granulation of powder
mixture by compression withotite use of any solvent. It is embarked upon when the
other methods ofyranulationi.e. direct compression or wet granulatioannot be
employed for exampléhe granulation of aspirin and effervescent products. Basically
the procedure involves formingcampact by compressing the powder mixture and then
milling the pellets into granules. The progés called compaction amdmmunration

There are two methods of dry granulation. The more widely used method is
slugging, where the powder is precompressati communated The other method the
powderis precompressedith pressure rollersMusa, 1999). Sometimes the gduare
screene@gain to confemore granulatproperties on the material.

i) Advantages of Dry Granulation: Some advantages include the w$dess

equipment and space. It eliminates the need for liquid binder solutions, heavy
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and costly granulating equipment and the process of drying for wet granulation.
Some of its advantages include;

(a) Itis useful for moisture sensitive materialsd hermdabile products.

(a) It also improves disintegration since the powder materials are less bonded
together.

(c) There is improved solubility for anhydrous soluble materials that would
otherwise tend to set when wet.

(d) It also improves uniformityf drug content, since there is no migration or
segregation of active ingredients that occur during the drying of wet granulation.
It is one of the best method for thermalabile products

ii) Some Disadvantages of Slugging. It requires specialized heavy duty
tableting machine to form the slugf. does not achieve uniform colour
distribution as can be achieved with wet granulation, where the dye can be
incorporated into the binder liquid.A pressure roll,such as the chilsonator
cannot be used with insolubdieug since this may retard the dissolution ratee
method creates more dust than wet granulation and increases potential for cross

contamnation, include the risk of explosion.

2.3.3 Direct Compression

Direct compression are superior to those methemployng liquids, snce dry

method do not require the equipment and handling expenses required in wetting and

drying procedures and can avoid hydrolysis of water sensitive drugs. Some drugs like

(aspirin) aceylsaliylic acid can be tableted without foer treatment, but the vast

majority of drugs require the addition of a direct compression vehicle to aid

compression.
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In recent years great interest in direct compression has developed. This has
resulted in a wide range of direct compression tablet fations lkeing introduced
together with direct compression vehicl@$ese vehiclesre inert substances, which
canbe compressed with no difficulty aesden when large quantities of drugs are mixed
with it.

Materials currently used as direct compressitunedts can be divided into three
groups according to their disintegration properteasl thé& flow characteristics,
namely:

a) Disintegration agents with poor flow e.g. microcrystalline cellulose and directly
compressible starch.

b) Free flowing materials whitdo not disintegrate, -dialcium phosphate.

C) Free flowing powders which disintegrate by dissolution, e.g. siriag lactose,
anhydrous letose,spraycrystallized maltose, dextrose, sucrose, mahaita
amylose.

Tablets are produced by mixing the drughamthe compression vehicle in a
blender. The powder mix is then compressed directly on a tableting machine.

Direct compression is now used to define the process by which tablets are
compressed directly from powder blends of #utive ingredient and othexcipients
(including diluents disintegrants and lubricants) which will flow uniformly into the die
cavity and formfirm compact.The advent of direct compression was made possible by
the commercial availability of directly compressible tablet vehicléschv possess
flowability and compressibilityand characteristicfArmstrong 1993 Examples
include; Avicel, celluloses and index, starch x 1500. The commercially available
binders or vehicles are however more costly than lactose, starch, sucrose, etc. Hence

this granulation method is preferred to save cost. In the case of direct compression

28



(DC) of macrodose tabletsjtamin C and sodium bicarbonate tablets, the knowledge of
tablet ingredient compressibility and flowability are necessary. For microdose of
strength of 50mg and less such as folic acid 5mg tablet, the choice of the diluent must
be such that it is nereactive, compressible with inherent binding action and have good
flowability.

a) Advantages of Direct Compression

i Economy-— Saving is achieved through reduced process of production. The
cumbersome method of wet granulation and drying is cut off. Tdreréaver
manufacturing stepses$s equipment, and space and lower consumption afrpow
(Batuyois 1966; Radley,976;AugsbugerandDavid, 1977).

ii. Moisture and heat areliminated thereforeserveasan appropriate method for
thermdabile andmoisture snsitive druggLambeson and Raynol976).

iii . Prime prticledissolution It is one of the recent recognizedvantagesf direct
compressiorwhich is the optimization of tablet disintegration. In which each
primary drug particle is taken from theblet mass and is aNable for
dissolution Batuyios, 1966andRadley 197§.

iv. It also allows for particle sizeniformity and propermixing of the powder and

uniform formulation of the active ingredients.

b) Properties of Direct Compression Excipien

i High compressibility should be highly compressible producing +igable
tablets with good crushing strength (Armstrong, 1993).

ii. Should becompatible with drug material, colourless and odourless.

iii . Good flowability: should béree flowing,i.e have goodlow rate.

iv. Economy: should beeadily available and cheap (Radley, 1976).
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Vi.

Bioavailability: the tablets they producghould have prompt disintegration to
allow dissolutiom and release of active drug (Bgois 1966).
Should be stableShould be able to mix well without affecting the stability of

the active ingredients (Armstrong 1993).

c) Limitation of Direct Compression

The choice of excipients is extremely critical in formulating direct compression
tablets.

They often cost more than other excipientsdiluents used in granulations

Many active ingredients are not directly compressible either in their crystalline
or amorphous forms. Therefore it is important to consider the dilution potential
of the major dilueni.e. binder the proportion of active ingredient that can be
compressed into an acceptable paetion using the diluentBecause of this
mentioned limitationwet granulation method is preferred provided the active

ingredient can withstand the moistureldreat during the process.

2.3.4 . Fluidized Granulation

Glatt

This is another method of mixindpé powder. It uses a fluid.g Aeromatic

Heated air is blown or sucked through a bed of unmixed powders to fluidize the

particles and mix the powders. Granulating liquid is pumped through a spray nozzle

over the particles and this liquid causes them to adhere when they collide. Sufficient

liquid is addedo producegranules of the required size, which are then dried in heated

fluidizing air stream.
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2.3.5 Diluents

Diluents or bulking agents are inert substances which are added to the active
ingredients in sufficient quantity to make a reasoyalted tablet. If the dose of the
drug is sufficient, excipients may not be necessary. Generally, tablets should weigh at
least 50mg, therefore very low dose drugs will invariably weigh 50mg. The principal
substance employed as diluents i@dae. Ithas a pleasant tast@pidly dissolves in
water, absorbslittle water and it is inertStarches are used as diluents and also as
binding agerd They are available dse powdersand they aid disintegration.

Microcrystalline cellulose (MCC) is anotheiluent commonly used. It is
normally used as a direct compression vehicle. It has disintegrating properties and
requires less lubricant in the formulation than other diluents. Dextrose has been used as
a bulking agent, but the granules produced atemsofter and not very white in
addition dextrose absorbs watBucrose is another diluent, but it is very hygroscopic, it
becomes sticky on exposure to moisture. Its pleasant taste makes it useful in the
formulation of lozenges. Mannitol is another dilyewhich is also sugary, very
expensive, and because of its high solubility it is used to formulate tablets that should be

dissolved before use.

2.3.6 Disintegrants

Disintegrants g always added to tablets to promote breakup of the tablets when
placedin an aqueous environment. The ohijgebf adisintegrantss to cause the tablet
to disintegrae rapidly soas to increase the surface aoédhe tablet fragments and so
promote rapid release of theug. Wagner (197)7proposed a scheme, which related

tablet break upo drugdissolution and absorption.
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Disintegrants can act by swelling in the presence of water to burst the tablet.
Starch is the commonest disintegrant which acts by swelling. There are other
disintegrants that do not swell up in the genece of water. Thmechanisnby which
this disintegrants acts is controversial. It is believed that the disintet¢inahtdo not
swell exert their disintegrating action by capillary action. Liquid is drawn up through
capillary pathways within the tadiland ruptures the inter particulate bonds. This action
servesto break tle tablets apart. Lowenthal (197Ras discussed in detail the various
mechanisms of disintegration.

Incorporation of disintegrants into the formulation can be done in various ways
The whole disintegrants could be added at once during the wet granulation, this is called
intragranular disintegrants. Alternatively, about two thirds of the disintegrant can be
added during the wet granulation and the remaining one third is addee tryth
granules. The second addition of the disintegrant to the dry granules is called extra
granular disintegrant or exogenous disintegrant.

As for starch the second method of addition is not popular bedayserch is
incompressible and too much stafgetween the granules inhibit their binding. Other
common disintegrast include cation exchangeesins crosslinked polyvinyl
pyrrolidene (Poly plasdone XL), modified starches (sodium staetolatell and
cellulose material Aviel. Recently however,rpgelitinised starch has been found to be

agood disintegrant.

2.3.7 Binders

These are substances that act as adhesives to bind powders together in the wet

granulation process and are known as binders. They also help to bind granules together
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during compession. If too little binding agent is used in a formulatsoft granules
result. Converselytoo much binding agents produces large, hard granules.

Binding agents can be added in two ways.

a) As a powder in the formulation as in slugging or in drgnulation

methods.

b) As a solution to the mixed powders as in wet granulation.

Common binding agents include starch mucilage and gelatin solution. Starch is a
good and popular binder and needs to be present in an amount equaiiy g@rch
which is incaoporated as mucilage. When dry the starch binder is insoluble in water,
unlike gelatin which remains soluble in dry state. Gelatin is often used as a binder in
lozenges.

Among the most popular binders are polyvinyl pyrollideone (PVP). It is both
solublein water and alcohol. It releases drugs faster than bthders(Rubinsteinet
al, 1993.

It was observed thaflso valuesin drug release profilesaries between 3.65
minutes with PVP to 118 minutestiistarch mucilage. This showsw the choice of
binder affects dissolution. Other less common binders include hydrolyzed gelatin,
derivatives of sea weed such as alginic acid, sodium, alginate and calcium alginate and
cellulose derivatives for particular ethylcellulose and hydroxy propyl methyl celulose

Common binders used in wet granulation process are
Acacia mucilage  Up to 20% yields very hard grande
Gelatin Up to 5-20% forms gel when cold. Therefore warm

solutionis used in lozenge granules
Glucose Up to 50% strong adhesive, hygroscopiablet may

weaken in moist conditions
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Polyvinyl pyrdlidene (PVP)210% soluble in water and in some organic
solvents; therefore can be used for anhydrous granulation.
Starch mucilage 5-10% often used warm, a very commonly used adhesive

Sucrose Up to 70% hygroscopic tablets may harden on storage

2.3.8 Glidants and Lubricants

Glidants are materials which are added to tablet formukitioorder to improve
the flow properties of the formulations. They act by reducing-paeticulate friction.
The mostcommonly used and effectivgtidants isfumed or colloidal silica. Flow of
granules can be dramatically improved thg addition of less than 0.1% w/w of this
material to powders and granules. Fumettasils thought to act by lodging the
irregular sirfaceof the particles or granules, which effectively smeosthe particle

surface.

2.3.9 Lubricants

These agents are required to prevent adherence of the granules to the punch
faces and dies. They also ensure smooth ejection of the tablet from the die and many
lubricants enhance the flow properties of granules. Talc and magnesium stearate appear
to be nore effective as punch lubricants thetaroidacid, which is more effective as
die lubricant. Magnesium stede is the most popular lubricant used and is normally
effective on its own as both die and punch lubricant. It is incorporated by blending wi
the dry granules prior to compression, up tmacentration of about 1% w/v

A thin layer of magnesium stearate around the granules is just as effective as a
thick layer from the lubrication point of view, bimcreased magnesium stearate content
increasesthe disintegration time, retard drug dissolution, reduce the binding forces

between granules and this results in soft tablets. The reduction in drug release properties
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is due to the hydrophobic nature of magnesium stearate preventing drug dissoliutio
has been shown (Bolhuet al, 1975) that the extent of mixing time greatly affects the
distribution of magnesium stearate around the tablet granules.

An increase in mixing time produs@ more uniform distribution of lubricant,
but adversely affés tablet hardness and dissolution.

During compression the granule and the resulting tablets are subjected to two
forces. The granules are subjected to residual force, which acts against the die wall.
This force is perpendidar to the ejection force,,BEhe force exerted by the lower punch
to eject the tablet out of the die during the ejection phase of tableting cycle. The two
forces are related by E = MF where M is the frictional coefficient. The main reason for
the addition of lubricant to a tablet to reduce the magnitude of the fresidual force
which arises as the results of compression of the granules mieh&his force acts
against the dye walWhengranules arenot properly lubricatedresultingtablets may
cap (i.e. the crown will sgpate, or fall off fran the remainder of the tablet)oi@etimes
cracks may appear on the wall of the tablets. When poorly lubricated the tablet may
bind up in the digefying ejection, and the tablet press wilbp operating. Lubricants
are defined as dse agents that act between surfaces in relative motion to prevent
friction and wear (Gunseit al, 1970.

Lubricants are added just before compression since they must be on the surface
of the granules and in between the granules. The addition of lubricants to granules prior
to compression into tablets is very important. The quantity added, the duratien of th
mixing the granules are very crucial. Th@secesses caaffect the inter and intrhatch
properties such adissolution, hardnessnd friability ( JarosParrot 1984 andBolhuis
et al 1987). As a result of thoroughixing, granules are coated withhgdrophobic

film of lubricant (Bolhuiset al, 1975).
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Desa et al (1993) found that increased mixing time resulted in decreased drug
dissolution rate. They also found that among the three hydrophobic lubricants studied,
magnesium stearate caused maximslow down in dissolution, followedly zinc and
calcium stearatel'he optimum concentration of magnesium stearate for lubrication that
would not adversely affect dissolution is 0.25% w/w. These workers employed the
hypothesis of Poorest al (1983) whichsaysthat the hydrophobic film of magnesium
stearate does not exlep the granules completely. This maxyplain their observation
that the presence of 1% magnesium stearate did not affect dissolution when super
disintegrants were used since their swelismgot inhibited once they come in contact
with dissolution medium.

Desai et al (1983) observed that the effects of over mixing of granules with
hydrophobic lubricants could be overcome by compressing them into tablets. The
lubricant film is disrupted ahthe granules fragmented during compression, which
result in the formation of new, fresh, uncoated surfaces, with unhindered dissolution.
Magnesium stearate is the most common glidant or lubrazahtalot has been studied
about its mode of action.

Gold et al (1968) have proposed that magnesium stearate reduces the adhesion
due to vander waals forces between particles of a powder bed. However, other
workers have reported the significant reduction of the forces of adhesion due to
hydrophdic nature othe material (Zima, 1982). Deryaguiet al (1978)reported that
an optimal magnesium stearate concentration i.e. the concentration which would
improve powder flow most can be found when a complete film has been formed
surrounding such individugarticles as reported by Goldt al (1968) as well as Irono

and Pilpe(1982).
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Above the optimal concentration when the film formed increases in thickness or
when some fine particlesxist there is a sharp drop in flowability, which cannot be
attributedonly to a weakening of attractive forces between the host particles.

Tabor (1981) has identified the three basic elements of friction as:

I The area of true contact between the sliding particles

il. The type and strength of the attractive forces betweecottiacting surfaces.

iii. The shearing and rupture of the materials at the contact points and the
surrounding area during sliding.

For lubricants such as magnesium stearate, which form a film around the
particles and resulting in reduced frictional forces psga by Bowdeet al(1964) and
Halling (1981), concluded weakening of the interparticulate bonds between the drug
particles.

2.3.10 Colourants

Colourantare meansof distinguishing one tablet from the othér some cases,
the whole tablets may mloured The reasons forsing cdourantsare varied.

a) protection of ingredients from tlevironment particularly light

b) masking the bitter or unpleasant taste of the dridglouredcoatd tablets

makes tablets easier to swallow.

c) coloured coated tabktaid in the rapid identification of product by the

manufacturer, dispensing pharmacists and the patients.

d) coatingsoftencentreson added mechanical strength to the tablet core.

2.4 Compaction characteristics of pharmaceutical powder
The compaction beh@aur of pharmaceutical powders has engaged the attention
of investgators for a number of yearsrain (1956) related applied pressure to relative

volume of powder. He stated that elastic compression of the solid powder occurs at high
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compression forcehere the compact is sufficiently strong to support the applied load
with no further reduction in volumeThe more important point about elastic
compression should be that the material can recover when the pressure is removed
Various authors, nameliuffine et al (1962), Heckel (1961), Coopr et al
(1962), have discovered the different stages during the compression of powders in dies.
These include the
(i) Filling and rearrangement of particles in the die,
(i) Theelasticdeformationand pasticdefarmation of particles
(i)  The fractureof paticle fragmentation and naling;
It is believed that several of these processes occur simultaneously. Some authors
reviewed a large number of equations that have been proposed to describe
compressional bel@ur of powders to differentiate the various stages in a compression
process. The Heckel's constants K and A were found to have valuable physical
significance and could be used to draw conclusions concerning the effect of the
characteristis of the mateinl and particle size on the densification process.
York and Pilpel (1973) as well as Kurup and Pilpel @9%ave also agreed that
the Heckel equation appears to be the most sensitive in distinguishing the various
process for some soft pharmaceutiaterials.
Paronen and Justin (1983), have also drawn the same conclusion from their work
on the compressional characteristics of various starches. The Heckel's equation is given

as:

N2 P A equation 1
@ D1
where D is the relative density at applied pressure, P, K and A are canstant
The reciprocal of K is the mean yield pressure Py which is an important

compressibility index thatlescribes the tendency of a material to undergo total and
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plastic deformation. It also relates to the rate of deformation, this is important because
tableting machines havghort dwelltimes. A is a function of the original compact
volumes and represerttso stages of consolidation, the first due to the initial relative
density of the powder and the second due to densification by partictangement.
From the value of Ahe relative density R can be calculated using the following
equation of Robertand Rowe, 1986.
Da = L€ e, eqn 2

Da which is obtained from the ratio of loose density of powders to effective
particle density is the relative density of the powder bed when the applied pressure, P is
zero. Itiola (1991) used it to deribe the initial rearrangement phase of densification as
a result of die filling. The Wdescribes the phase of rearrangement of particles during
the initial stages of compression. The extent of this phase depends on the theoretical
point of densification at which deformation of particles begins.

Dg is obtained from the equation:
De = DA -Do coiiiiiiiii e €QN3

Dg is relative density which describes the phase of rearrangement of particles
during the initial state bcompression. It is observed from the relationshig:Du-Do.

Do is obtained from the ratio of loose density oimolers to effective particle
density. It is also relative density obywder when applied pressurezisra It describes
the initial rearrangement phase of densification as a result of die (ilial;, 1991)

From the Heckel equation, various workersenaentified twotypes of pavder
compression behaviour (H®y and Rees, 197 Summers et al, 1976) as powder

compaction behavioulype A arm type B. Type A behaviour hadliaear relationship

between In§ 1 . and p which is observed at allpalied pressures indicating
a D

densification apparently only by plastic deformation. An example ofaterial with
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such behavior is sodium chloride. The type B behaviour, has an initial region, usually
curved, followed by a linear region. The initial regicepresents brittle fracture or
particle fragmentation, followed by plastic flow or deformation. Hard, brittle materials,
such as lactose usually displngse characteristi¢gdrmstrong and Lowdes1984).

The type of powders requirasitial consolidation by fragmentation to form a
consistent (denser) packing. Type A curves usually exhibit a steeper final slope than
type B indicating a lower mean value. In practice, hard brittle materials are more
difficult to compress than soft ydihg ones. Fragmentationtiv subsequent percolation
of fragments is less efficient than void filling by plastic deformatiorthitd powder
compactiorbehaviour typeC behaviour waproposed by York and Pilpel (1973).

They reported that the effect ofropression of fatty acids and lactefsdty acid
mixtures bring about the type C behaviour. This type of curve exhibit initial steep linear
region which flatten out as the applied pressure is increased. This is believed to be due
to the absence of a reamgement phase and densification due to plastic deformation
and melting. It was noted that type C behaviour fit was a typical type A curve except
that the initial densification was observed to be slight due to the nature of the mixtures,
the yield pressurevas found to increase with increase in the melting point of the fatty

acids.
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Figure 2.1: A schematic representation of the Heckel Plots for Type A materials
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Figure 2.2: A schematic representation of the Heckel Plots for Type B materials
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Figure 2.3: A schematic representation of the Heckel Plots for Type C materials
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As earlier mentionedhe Heckel plot has been used in various compaction
studies. The results of the various workers tend to give different pictures. Rue and Rees
(1978) observed nelinear Heckel plots for a granulanicrocrystalline cellulose, and
suggested # use of areas umed the Heckelplots fa different punch contact time
(York, 1979), demonstrated that the numerical values for yield pressures obtained by
various workers, for crystalline lactose, were dependent on experimental conditions
such as degree and type of lubtioa of punches and die, punch diameter, compaction
rate and method of determining relative density. Other workers have also found that
compression time (Rue and Re&978)and time of measurement i.e. whether density
measurement is made during compression or after eje(fieel and Mwton, 1971)
affectthe Heckel plot.

Paronen (198Bevaluated Heckel plots as indicators of elastic properties of
pharmaceutical powders. H[latin-die and ejected tablet methods were used to
determine values for Heckel functions.

The total elastic recovery was obtained using the reciprocal of the difference of
the Heckel upward slopes obtained from the two methods used in the study. Tdéee degr
of densification obtained during the compression process at a compaction pressure to
about 170mpo was shown to decreas¢he order, modified starchmicrocrystalline
celluloses sodium chloride> dicdcium phosphate dihydrate. The tendency of the
materals to deform both plastically and elastically was described by the reciprocal of
the Heckel plot slope obtainedsing the tablein-die method. The tendency of the
material to deform plastically was shown to be the reciprocal of the sldpe ldéckel
plot obtained by the ejected tablet method, the order ofi¢lgece of densification of
materials according to this permanent densification tendency was sodium chloride,

microcrystalline cellulose modified starch and dicalcium phosphate dehydrate. The
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differencebetween therder of the materials obtained by the two methods was ascribed
to the difference in the tendency of the materials to recover elastically.

The Heckel equation which is used to treat most powder compression data is
only applicable at pssures above the yield strength. Carstersen et al (1990) proposed
an equation based on the indication that powder void volume decreases exponentially
with pressure and tends towards a value different from zero within pharmaceutical
pressure range, suggesfithat the final compressed solid always possesses some level

of porosity.

2.4.1 Powder compression Equation

Kawakita and Ludda (1970) when considering powder compression concluded
that Heckel equation though it has deviated from linearity slightlgvatcompression
pressurewas the most informative on mechanism of powder consolidation. York and
Pipel (1973), Kaup and Pilpel (1978) also agreed that Heckel equation appears to be

themost appropriate to explain what happens during tablet compression.
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Materials

3.1.1 Chemicals/Powders
The following chemicals and powdesgre used as receiverhless otherwise
stated
X Chloroform (Rolab. 12 Rue Pelle, Pafisancé
X Petroleum ethefHopkins and WilliamsChadwell Health, Sussgkl.K)
X Ethanol(BDH Chemicals Ltd., Poole, U.K.
X Tween 80(BDH Chemicals Ltd., Poole, U)K
X Concentrated Hydrochloric ac{@DH Chemicals Ltd., Poole, U.K.
X Lead AcetatdBDH Chemicals Ltd., Poole, U.K.
X Lactose(May and Baker, Gernmg)
X Heavy MagnesiunCarbonat€May and Baker, Germahy
X Maize starch (MS) BPMay and Baker, Germajy
X Gelatin (GLT), BR (May and Baker, Germaijpy
X Polyvinyl pyrrolidone (PVP)BDH, Chemicals, Ltd., Poole, England)
X Magnesium Stearatélopkins and Williams, WK.)
X Microcrystalline cellulose (Awel) (FMCS Biopolymer, 1301, Ogl&own
Road, Newark DE, 19711, U.S)A.
X Pregelatinised starch (PGS) locally prepared, Pharmaceutics Laboratory,
Ahmadu Bello University, Zaria, Nigeria.

X Lactose powder (BDKChemical Ltd, Pole, England.
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Talc powdeBDH(ChemicalLtd ,Poole England

Powdered leaves @tndrographis paniculatérom Garkida, Adamawa State,
Nigeriaandcultivated;in Zaria Nigeria

Mature male cat (Felis catus) 2.498Karia, Nigeria.

Rats((132+3.0)g male and fema)e bred in the Animal House of Faculty of
Pharmaceutical Scienceshmadu Bello University, Zaria, Nigeria
Methanol(BDH Chemicals Ltd., Poole England.

HeparinC P Pharmaceuticals Ltd Wrexham ,L L 13 ,9UKk,U

Distilled water fromthe laboratory, Faculty of Pharmaceutical Sciences,
Ahmadu Bello University, Zaria.

Physiological solution (normal saline 0.9% w/v)

Thiopentane 1g Biocheme ,Vienna ,Austria.

Methyldopatablets, 250m@Merck, Sharp and Dohms)

Propranolokablets B.P. 40mardhmanExport, Mumbai Indi
Adrenaline(Sigma Chemical @mpany USA)-

Methanol(BDH chemicals Ltd., Poole, England

Ketamin Rotex medica (GMBH) 50mg/(BRimbassy Pharmaceutical and
chemicals Ltd., Lagos, Nigeria.)

$FHW\OFKR O L QH (Sigma&Chericd @rpany, USA)

Methanolic extract of (AP) 10mg/ml freshly prepared

Aqueous extract of (AR)10mg/ml freshly prepared.

Ferric chloride solutioiBDH Chemicald_td., Poole England

Mayers reagenfBDH Chemicals LtdPoole, England)

Vanillin Sulphuric Acidspray reagenBDH Chemicals Ltd England

Dragendoff's reagefBDH Chemicals LtdPoole, England)
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X Fehling’s solution A and BBDH Chemicals LtdPaole, England)
X Distilled water
X Potassium carbonate

X Sodium Chloride (Dangote Nigeria)

3.1.2 Equipment/Instrument
These are thmajor pieces okequipment and instrument used;

X Moulinex, Blender Mill 2 (Francg

X Gallen Kamp hot plat@hilip Harn’s Ltd England)

X Sieves of various sizesand collection SD Q —P —P —P
—(@Endecotts Tet sieve shatter). Endecott LTD London SW10

England.
X Single punch tableting machiErweka AR 400West Germany)

X Monsanto Tabléting machingdErweka AR 400, West Germany)

X Friablility tester (Erweka TA- 3 Friablator Heusenstanin Knofter Bash,
WestGermany)
X Monsanto tablet hardness tester (Philip Han's Ltd., England)

X Micrometer Screw gauge (Moore and Wright, Sheffield, England)

X Carverhydraulic hand pressjodel C USA, Carver Inc. USA

X Water bath (Gallen Kamp No.-RSE=800-0106, England)

X Hot air oven(Gallen Kamp Size 3BS, 264Bngland)

X Disintegration apparaty&rweka type 2T3, No. 41728

X Dissolution apparatus equipped with beaker and magnetic skrveeka DT
.80 Copley ET 20QWest Germany)

X Electronic balance (Denver Instrument Company, AL)S.
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X UV - Visible Recording Spectrophotome{&himadza U\- 1604 Japai

X Ugo Basile recording microdynomometer model No. 7050 (Comeriovarese
Italy)

X Dissecting set (Gold Cross )

X Flask shaker

X Digital Weighing balancéOHAUS Coperation Pine BroddSA)

X Oxygen transducer (Canon Electric ,Germany )

X Soxhlet apparatuQuickfit made in England

X Canula (size) Intramedi&astermedi Kit, Ltd, India)

X NETZSCH DSC 204 Finstrument for differential scanning Calorimentary

(made in Germany)

3.2 METHODS
3.2.1 Plant Material Collection and Identification

The original sampleof AP was brought from Garkida villageHawul Local

Government Areain Adamawa StateNigeria Due tothe requirement of the project,
some samples were cultivated in a garden in Z8dapn-Gari Local Government Area,
Kaduna State, Nigeria.

The plant was identified at National Institute for Pharmaceutical Research and
Development (NIPRD), Idu, the Federal Capital Territokpuja, Nigeria. The

herbarium number is NIPRD/H/5558.
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3.2.2 Plant Preparation

Fresh leaves were plucked and dried in a Gallen Kamp hot air oven for 24 hours
at 40C. The leaves were micronised using pestle and mortal and furtheedimed
with Moulinex Blender Thiswas VLHYHG WKURXJK —P XNak€pJ (QGRFRW

for 15 minutesandthenstored in an airtight container until further use.

3.2.3 Preparation of Extracts
a)  Agqueous Extractiom Powdeed leavesweighing about 250g was socked in hot
distil water for24 hours withoccasional stirring anthen filtered. The filtrate was

brought to complete dryness. Tfiactionwas micronized and sievetV KU R X J K —P

sieve and stored in an airtight container until further use.

The percentage yield was calculated as followsweight of extract . ......... eqgn 4
weight of leavepowder

b) Methanolic Extraction Five hundred gran{5009 leaf powder ofAndrographis

paniculata (AP) was extracted with 1.5 litre of 96% methanol usitige soxhlet

apparatus. The extract was dried over hot water bath and brought to complete dryness

using GallenKamp hot air oversetat 20C. The fraction was size reduced and sieved
WKURXJK —P VLHYH VLIH DQG VWRUHG LQ DQ DLUWLJKW F
OrganalepticProperties:Physical properties such as odour, the taste and colour of the

powderedeaves as well as the dried aqueous and Methanolic extracts were observed.
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3.2.4 Phytochemical Tests

a) Test for G/nogenic GlycosidesTwo (2) mls ofthe aqueous extract was placed

in a test tube and distilled water added. A prepared moist squltrate paper was
suspended in the neck of the test tube by means of a cork. The tube was placed in a
water bath for an hawand observed

b) Testfor Anthraquinone Glycosides

i) Borntragers Test for Free Anthraquinones: The powdered leaves

(300mg) was taken in a test tuband 10ml of chloroform was added and
shaken for 5 minutes. The extract was filtered and allowed to cool. The
filtrate was added to equal volume of 1@% ammoniumsolution and shaken
and observedbr colour change

ii) Test for Presence of Free and/or Combined Anthraquinones: Five

hundred milligrammesf the leaf powder was boiled with 10ml of 10%/v
hydrochloric acid for 2B0 minutes. The extract was filtered while hot and
allowed to cool. To théltrate was addednequal vdume of chloroform. The

test tube was inverted a couple of times to avoid vigorous shaking. The
solution was transferred @ separatindunnel and the two layers allowed to
separate. The lower chloroform layer was poured into a clean test tube and
10% w/v ammonium solution added and shaken. The two layers were again

allowed to sepate and observed for colour change.
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c) Test for Saponin Glycosides
i) Froth Test: One gramof the powdered leaves was addo 2.5ml of 95%
ethanol and boiled. The mixture was filtered while hot and cdolexived by
the dssolution of2.5ml of he ethanokextract in10ml of distilled water in a
test tube. The test tube was corked and shaken vigorously for 30 seconds and
allowed to standdr anhour and observed.

ii) Haemolysis Test: The powdered leave00mg) was extracted with 10ml

warm water, filtered and thdtrate retained in one tube while the residue was
also retained in another tufgvo(2) ml of 1.8% wi/v sodium chloridesoluion

was added teach ofthe two test tubes. To one of the test tube, 2ml of distilled
water was added and to the othitrate was added 2ml of the extract. Blood
was obtained by pricking theumanthumb at the base of the fingeail and
blood wasdrawn into a small pipette. Five drops of blood were added to each
of the test tubes. The tubes were stoppered and inverted gently tdemix t
contents anadbsened.

iii) Keller-Kiliani Test: One of the chloroform residues from above was

dissolved in 1ml b glacial acetic acid containing a trace of ferric chloride
solution. The solution was carefully poured on the surface of 1ml sulphuric
acid dready contained in a test tube and observed for doyicohange.

iv) Kedde Test (for Free or Combined Cardenolide Aglycone): The

reserved filtrate from the extraction was treated with 1ml ofvA26olution of
3, 5dinitrobenzoic acid in 95% alcohol. The solution was madeintkalith
5% sodium hydroxidand observed for colour change.

v) Legal Test (for Cardenolide Aglycone): The secondeserved residue from

the extraction process was dissolved in a few drops of pyridine and few drops
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of 2% sodium nitroprusside was added followed by a drop of @f#&odium
hydroxde solutionand observed for colour change.

d) General Testfor Tannins

0.1g of extract was added to leadbacetate solution and observed.

d) Test for Terpenes and Steroids

i) Lieberman-BurchardTest(for unsaturated steroids and Triterpenes): TO

5ml of ethanol extractchloroform was added and filtered. A portion of
chloroform was mixed with 1ml acetanhydrice followed by the addition of
1m of concentrated sulphurécid and poured dowthe wall of the test tubi
form a layer underneatind observed

ii) Solkowski’s Test: A second portion of the solution wasxed with 2ml of
concentrated Sphuric acid carefully so that theu$huricacid formed a lower

layerand observed.

e) Test for Flavonoids Two (2)g of the powdered leaves was completely retained
(Segelmaret al, 1971) with acetone. The residue was extracted in warm water after
evaporating the acetone on a water bath. The mixture was filtered while hot. The
filtrate was collected and used for the following tests.

i) Lead Acetate Test: To five millilitre of the methanolic extract was added 3

dropsof leadsub-acetate solution and observed.

ii) Ferric Chloride Test: Two millilitres of the ME was diluted wi distilled

water in the ratiol:4( i.e. ME: water)a few drops of 10% ferric chloride
solution was addednd observed

iii) Shinoda Test: To 5ml ethanol extract of the leatas added few pieces of
magnesium filling followd by few drops of concentratedythochloric acidand

observed.
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f) Tests for Alkaloid: About 500mg of methanolic extract was stirred with &%

v/v aqueous hydrochloriccal on a steam bath, 1ml of the filtrate was treated with a few
drops of Mayers reagent, another portion was treated with Dragendorffs reagent and a
third portion with Wagner’s reagerind observed.

g) Thin Layer ChromatographyTLC): The solvent system was mixed in the ratio

Hexane: Ethyl Acetate : Methanol as indicated below

Hexane: Ethyl Acetate : Methanol

2 : 2 : 1

The systemwas thoroughlymixed together and left for 10 minutd3recoatd TLC

plate wasspotted 1cm from the bottom with the dissolved Methanolic extract using
glass pipette. The spowereallowed to dry for few minutes after which it was placed in
the glass tank containing the solvent system. The plate was left in the system for
sometimeard observation of the length to which the solveygtemhad travelled up the
precoated plate was markeehd measured. The peeated plate was removed and
allowed to dryafter which it was sprayed witkanillin in sulphuric acid. It was placed

in the overat 120C for 2 minutesAfter cooling observation for any spot was made on

the precoated plateThe Rs values werecalculated andt is the ratio between the
distance travelledn the precoated platdy thecomponent of the tesblution andthe
distant travelled by the solvent. Under standard conditions this is a constant for the
particular compoun@Evans W.C., 1996)

i.e. Ri=a

f where a = distance travelled by the spot from the extract

f= distance travelled by the solvdnint.
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33 PHARMACOLOGICAL INVESTIGATION

3.3.1 Preparation of Extract Solution.

a) Water Extract A concentrated solution of the water extract (WE) was prepared by
dissolving 100mg of WE in 10ml of normal saline to obtain a 10mg/ml stock
concentration.

b) Methanolic extract A Concentrated solution of Methanolic extractME wa sprepared
by dissolving 100mg of ME in 10ml of normal saline to obtairllOmg/ml stock
concentration

3.3.2 The Determination of effect of the extracts(tME & WE) on cat blood
pressure.

The cat was stabilized in the laboratory for 24 hours before the experiment. The
cat was anaesthetized wiglentobarbitone sodium BP (Ve®0-mg/ml at a dose of
27.5mg/kg body weight for the general anesthesia. 1.35ml of the 60mg/ml was
adminigered. The injection was given intraperitoneally.

Heparin sodium 6.8 mg/ml and 0.2 ml which was equivalent to 1.3 mg/1.8kg
body weight was given to prevent blood tcldhe anaesthiele cat was placed on the
dissecting board and secured in a supine paositicthe board using threads. A midline
incision was made in the neck and Ylagusveinand right carotid arteryere separated
and short ligatured. An incision was made in the carotid artery large enough to insert a
cannula. The cannula was held andused in the artery by a second ligature. The
cannula from the artery was connectedheone end to a microdynamometer for the
measurement of the mean arterial blood pressure.

Another incision was made in the left femtive Idgt femoral vein was exposed
cannualated and ligated as was done for the carotid artery. The cadferabral vein

was the site for the administration of drug and test samples. Blood clotting was
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prevented by the injection dfeparinisednormal saline (N/S) intravenously into the

femoral venous cannula.

After about 30 minutes equilibrium period the control blood pressure was

recorded after which 2ml of normal saline was administered and the mieaal &lood

pressure reading made

The following studies were carried out on an anaesthetised cat and the point of

administration was the femal vein.

The effect of AcetylecHime (Ach) at the dose of 2.0 x 10 mg/kg and4.0 x

10-* mg/kg were administered respectively and the respons¢éherblood
pressure was observed.

Adrenaline of8 x 10° mg/kg was also administered and the response on the cat
blood pressure was observed.

Comparison of the effect of Methanolic extract and Water extract on the cat
blood pressure was also observed atomedof 0041mg/kg, 0083mg/kg,
0.165mg/kg, 0.330mg/kg, 0.412mg/kg, 0.826mg/kg and 1.651mg/kg of the
Methanolic extract was administered respectively. Likewise the vextesct
(WE) at the dose of 041mg/kg, 0.083mg/kg and 0165 mg/kg were
administered rad the response of both ME and WE on the cat blood pressure
was observed.

The antagonistic effect of the ME against Atropine was also observed at dose of
4 x10® mg/kg, and followed immediately with dose b615mg/kg of ME and

the response on the cat btbpressure was observed.

The comparisn of ME with standard drug, ppranolol was observed on the cat
blood pressure. The samdose of both the ME and Propnalol were

administered at 041mg/kg, 0083mg/kg, 0.165mg/kg, 0.330mg/kg,

58



0.412mg/kg, 0.826mg/kgnd 1.651mg/kgThe response of the disign the cat
blood pressure greobserved.

34 TOXICOLOGICAL STUDIES

3.4.1 Determination of LDs,

Male and female rats weighing 1:820g were used. They were obtained from
the Animal House, Faculty of Pharmaceati Sciences, Ahmadu Bello University,
Zaria, Nigeria and were fed on standard feeds and water freely. The rats were
acclimatized in the laboratory for one week before the experiment.

In determining L3y eight groups of rats comprising 12 rats per growgye
placed in different cages. Thearious dose®f AP water extract was administered
intraperitoneally. The water extract was reconstituted using distilled water to form the
appropriate concentrationanging from 1.0 x 19to 5.0 x 16.

3.4.2 Autopsy

Autopsy was carried out on the group 2, 3, 4, 5, 6, and 7 where death was recorded.
The organs examined were the kidneys, liversteats.

3.4.3 Histopathology

Histopathology was also carried out on all ihgans mentioned in the autopsyd also

on the control groupThe photomicrographs were taken immediately after wkieh

slides wereead.

Method of Histopathology Tissue sections of the liver, kidney and heart were taken
and fixed in 10% buffered neutral formalin for 72 hours. Tiesuis were then
processed routinely using standard mdthand stained with Haematoxylmd Eosin.

The slides were examined under a light microscope at x40 objective.
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3.5 FORMULATION STUDIES

3.5.1 Preparation of Pregelatinised Starch

Twenty grams (20g) of maize starch waeighedand placed in an empty clean
container. Fiftymillilitres (50ml) of distilled water was added form a paste. One
hundred and fiftymillilitre (150ml) of boiled water was subsequently added with
continuous string to obtain a translucent mucilage.

The mucilage was spread on a stainless steel tchplaned in the oven to dry at
40°C for 48hours. The dried mucilage was sieduced in a mortar with a pestle. It was

further micronized using blender and sievalK U R X J K —P VLHYH
3.5.2 Determination of Hygroscopicity
Threegramsof PGSwas placed in an evaporating dishdiy in atmospheric

condition by placing it in the open laboratspace for 24 hoursT he final weight was

recorded after the exposuand the percéage change in weight was calculated

3.5.3 Moisture Content Determination

To determine the moisture content of the PGS powder and the various granules
used in this work, 3g of each powder sample or granules were taken in separate
evaporating dishes of known weightshich were placed in a Galleskip oven and
dried at 108C to canstant weight. fie moisture content was calculated as percentage

loss in weighof the original weight which was then recorded

MC = 100(Iw-Fw) )%
IV e EqnS
Where
MC = Moisture content
Iw = Initial weight of the powder or granules
Fw = Final weight of the powder/granules after drying to

constant weight.
The moisture contentsf all the granulesamples weralso determined in the
same way.
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3.6 TYPES OF FORMULATIONS THAT WERE COMPRESSED INTO TABLETS

a. Granulated Powdered Leaves

Table 3.1 Formulae for studying the effect of disintegrants type and binder concentrations on tablet propertie

s of powdered

leaves of Ap
No. | Powdered MS MS PGS PGS Lactose| Binder w/v % Talc | Magnesium Wt per
Leaves (mg) | Intra ExtraDist (mg) | Intra Extra (amourt per | (mg) | stearate tab (mQ)
Dist (mg) Dist (mg) Dist (mg) tablet) (mg)

F |250.0 12.5 12.5 12.5 5%w/v(7mg) |50 |05 300.0

Fi | 250.0 12.5 12.5 12.5 7.5%w/v(7mg) | 5.0 |05 300.0
Fii | 250.0 12.5 12.5 12.5 10%w/v(7mg) | 5.0 | 0.5 300.0
Fv | 250.0 12.5 12.5 12.5 5%w/v(7mgQ) 50 |05 300.0
F, | 250.0 12.5 12.5 12.5 7.5%w/v(7mg) | 5.0 |05 300.0
Fi | 250.0 12.5 12.5 12.5 10%w/v(7mg) | 5.0 | 0.5 300.0

* Maize starch was used as binder.

Key: CP- Compression pressure

TD —Tablet diameter

MG — Method of granulation

6MT
10mm

Wet granulation
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b. Methanolic extracts

Table 3.2 Formulae for the effects of diluen ts types (HMC and Lactose) and binder concentration on tablets of Methanolic

extract (ME) of Adrographis paniculata

No. | ME PGS PGS MS MS HMC Bindel Talc | Magnesiun | Lactose| Wt per
(mg) | IntraDist (mg) Extra Intra Extra diluents (mg) | (amourt pertablet) | weight | stearate (mg) diluents | tab (mg)
Dist (mg) | Dist (mg) | Dist (mg) WV % (mg)
F1 |10.C |20.C 15.€ 1400 Gel 2.5%w/v(10mg’ | 4 0.4 200.(
F2 | 10.0 20.0 15.6 MS 5%w/v(10mg) 4 0.4 140.0 |200.0
F3 | 10.C 20.C 15.€ Gel 2.5%w/v(10mg | 4 0.4 140.( 200.(

Key: ME — Methanolic extract (active ingredient)
HMC- Heavy magnesium carbonate
PGS- Pregdatinised starch
CP- Compression pressure

TD —Tablet diameter

MG — Method of granulation

5.5MT
10mm

Wet granulation

These formulae were the best formulations of the effects of diluents type (HMC and lactose) enddnicentrations on thablets of ME of

AP as shown in AppendiXI

5¢




3.6.1 Production of Granules

Wet Granulation Method Wet granulation method wassed for production of

granules for tablets. The powdered leawethe extradwere mixed with diluents in a
mortar and pestle using the doubling technique. Quantities of the binder suspension
were added a little at a time to the mixture and further trituration until a doughy mass
which did not stick to pan was formed. This amount of binder used was then calculated.
The weight mass was pass thgh 1.7 mm meshize dried at 46c in a Gallen Kamp

oven for 30 minutes. The partially dried granules wertherpassed through 1.6mm
meshsize and further dried #te same temperatuirethe Gallen Kamp oven until

constant weight was obtainedther tableting excipients such as gliddand lubricat

e.g.Magnesiunstearag and Talc were added and mixed using mortar and pestle.
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3.7 DETERMINATION OF GRANULE PROPERTIES

3.71 Particle Size Analysis

The sieve method described by Marginal (1983 was employedTen gramsl0g of

the granules from each batch was weighed and placed on a stack of five sidwes as t

case may be ranging from 75 DQG —P LQ RUGHU RI GHFUHD\
The largest aperture was placed at the aod the finest at the bottom next to the

collector pan. The stack of sieveasmounted on the Endocott test sieve shaker. The
JUDQXOHY ZHUH SODFHG RQ WKH WRS PRVW VLHYH —P
weight of granules retained on each siexas recorded. The percentage weight retained

was also recorded. The percentage cumulative undersize was plgaiadt the sieve

size — RMacelo et al, 1993). The mean granules size (MGS) was calculated as
follows:
MGS = ™sjeve VLIH —P [ ZW
100, Eqn6

3.7.2 Flow Rate

Ten grams(10gdf the granulesvere putinto the funnel of the Bveka TA3R
flow meter. After switching on the machine, the dint took the granules to pass
through theorifice was recorded. It was repeated twice and the average was recorded.
The flow rate is the amount of granules tfiaiv out through the flowmeter/second i.e.

g/sec.

3.7.3 Angle of Repose

The angle of repose is defined as the maximum angle betwebadbef the
powder and the horizontal plane at which the material slides over itself. Abgudf

granules wer@oured into the funnednd white sheetof large paper was placed on the
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horizontal surface directly under the funnel. On removal of the piepaper blocking

the orifice of the funnel the granul@ewed out of the funnel and formedheap The

height of the heap was measured as well as the circumference made by the heap. From
the circumference of the granules, the radius of the heap wesirada From these

data the tangents of the various angles formed by the powder were calculated using:

@an = G s Eqn7
TOA : Tan = opp/adj; Gan E —2
Where
b = radius
h = height of the heap of theowder

3.7.4 Carr’s Index (Compressibility) of the Granules

Fifty grammes(50g) of the granuke werepoured into 100ml glass measuring
cylinder and the initial volume of the powder was recorded. The cylinder was tapped 50
times on a soft surface at pg rate of 25 taps per minui®m a height of 3cm from
the horizontal. Thereafter the new volug@ped volumgwas also recorded.

The bulk and the tapped densitieere calculated using the equatioBulk

density volume was the volume of the granules at (O) zero tap.

Bulk Density= Weight of granules ..., Eqn8
Bulk volume i.e. atap0

Tapped density Weight of granules_ ... o, Eqn9
Tapped volume i.e. at 50 taps

Data from the equations above were used to calculate the Carr’'s Index.

Carr's Index=TD — BD X100%....coviiiiiiiins e Eqnl0
TD
Where
D = Tapped Density
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BD = Bulk Density

3.7.5 True Density of Granules

The method of specific gravity bottle was employed. The bottle was filled with
xylene. It was wiped and dried and weighed. One gram of granules was weighed and
transferred into the 20ml specific gravity bottle. Xylene was carefully poured into the
bottle and allowed 5 minutes to equilibrate at room temperature. The granules were
gradually stirred to release entrapped air and allowed to equilibrate for another 5
minutes. This procedure was repeated until all the entrapped air had been released. The
bottle was filled with more xylene and the lid was carefuliglaced. The bottle was
wiped dry and weighed. The density was calculated using the formula (The eganul

used were insoluble in xylepe

Granule Density = W XSG of Xylene.........coveiiiiiiie i Egnll
[(@+W)]-b

Where

W = Weight of granules

S.G. = Specific gravity of xylene

a = Weight of bottle + xylene

b = weight of bottle + xylene + granule
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3.8 COMPRESSION TO TABLETS

3.8.1 Compression of Granules

The granules were lubricated with 0.2% magm@sstearate and talcY4 and
compressed using Erweka AR 400 singlench tableting machine in althe 300mg
leaf powder tablets were compressed at six metric tonne pressure(6MT) using 10mm
punch and die set while 200mg tablet of the ME were compressed at 5.5MT using 8mm

punch and die sets.

3.9 EVALUATION OF TABLET PROPERTIES

3.9.1 Weight Variation:

A total of 10 tablets were used per batch. The tablets were weighed individually and
collectively. The mean weight and standard deviation for setstables were
determined.

3.9.2 Crushing Strength (Hardness Kgf)

The crushing strength of the tabletas determined using a Monsanto tablet hardness

tester. The mean of six readings was calculated for each batch.

3.9.3 Friability:
Ten (10) tablets were subjected to abrasion in a Roche friabillator at 25rpm for 4
minutes. The tablets were weighed lvefand after the test.

The percentage weight loss was calculated which was the indication of

percentage friability.

X-X X 10090 .o Egn 12
X
Where;
X = weight of tablets before abrasion
X = weight of the tablets after abrasion
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In the cae of capping or breaking of the tablets the procedure had to be
discarded and then repeated. The mean of the three readirgygetermined for each
batch of tablets.

3.9.4 Tablet Thickness/Specific Thickness:

Ten tablets were taken at random fromefebatch and their thickness was
determined using a Vernier Caliper. The mean thickness from the batches was
determined. The specific thickness is the ratio of the mean thickness to mean weight:

Specific thickness = Mean thicknegsnm) ............. Egn 13

Mean weight (mg)
3.9.5 Disintegration Time of Tablets:
The disintegration times of the tablets were determined according to the BP procedure
using Erweka disintegration tester. The apparatus was thermostatically maintained at
37°C + 0.5 and the disintegration medium was water. Six tablets were placed in the
tubes of the tester of which the lower end was fitted with a gauzed disc. The apparatus
was calibrated to operate at thicyclesper minute. For each batch of tablets the

expaiment was repeated and the mean calculated.

3.9.6 Tablet Dissolution Test:

Since this is a new drug where the actual wavelength of maximum absorption is not
known, a full spectral scan was carried out. The extract was dissolved in a medium of a
ratio of 1:10 methanol to water. Methanolic extract (M.E) 0.1 mg was dissolved at first

in 2ml of the solution and after complete dissolution, it was made up to 10ml volume
with the stock solution. The scan was carried out using a spectrophotometer . A

consstent peak é@13nmwasobserved gee appendix 1}a
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Various concentrations of the extract were obtained ranging from 012001
0.1mg. Using the313nm as wavelength aalibration curve was constructed, see
appendix 11b.Dissolution test was carried out thie formulated methanolic extract in
which the absorbance of withdransamplesand concentrationwere taken at the
wavelength o813nm.

The dissolution medium was 900ml of B.hydrochloric acid (HCI ) which was
maintained at 3T + 0.5. The dissolutiompparatus has the capacity of running up to
six samples at a time. The tablets were placed in the vacompartmentsn the
dissolution medium attached to the electronic stirrers. The stirrers were run at 100rpm.
Two (2ml) of the samples were withdravirom each compartments and replaced with
2mls of the dissolution medium. The samples were withdrawn at 2, 4, 6, 8, 10, 15, 20,
30 minutes. From then on, the sdegwere withdrawn at 10 minuitgtervals up to 120
minutes. The drug content was deterrdibg using the UWisible spectrophotometer .
With reference to the calibration readings, the machine tf®/eoncentrationsf the

samples from their absorbance
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3.10. Moisture Sorption Capacity on F1, F2and F3

Moisture Absorption:
Saturated salt solutions to provide the various relative humidities were prepared.

(After Winston and Btes 1960) as shown in Table 3.2
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Table 3.3 Saturated salt solution used to provide various humidity

environments (after Winston and Bates 1960).

Saturated salt solution Relative Humidity
Ko.COs 43%
NacCl 74%
H-0 100%
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These saturated salt solutions provided the required relative humidity for the
determination of moisture sorption capacity at 29.5 Five tablet (1g) weight was

dried in the oven at 186 to constant weight i.e. until all the moisture had been driven
off. One gram{g) of each sample was kept in a tminer and equilibrated under 100%,
74% and43% relative humidities for one week. The final weight of each sample was
then recorded. The inease in weight was calculated as the amount of moisture
absorbed. A graph of the moisture absorbed was plotted against the relative humidity
The dissolution rate of the tablets at the varioursidity levelswas also carried out.
Moisture Desorption Capeity:

The equilibrated samples were kept under 0% humidity i.e. silica gel for one week and
the percentage moisture loss was calculated and the afrapdisturedesorption was

drawn.
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3.11 EFFECT OF STORAGE ON F;, F, AND F;

The bestablets oimethanolicformulationswas storedon the shelin an airtight
container and alsim desiccators for 4 years atemperaturef 29.5°'C and thedrug

content andphysicochemicatests verecarriedon these tabletsfter the 4 years.
3.12 THE DIFFERENTIAL SCANNING CALORIMETRY (DSC)

The differential $anning Calorimetry of the crude extract was carried wsinhg

NETZSCH DSC 204 Finachine
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 PHYSICAL PROPERTIES OF ANDROGRAPHIS PANICULATA

4.1.1 Organoleptic Properties of the Powdered AP Leaves
The colour of the dried powdered leave was green and the taste of the leave was very
bitter. That is why it was namé&ing of Bitters”
(http://www.altcancer.com/andcan.ht@003 and the powdewas odourless
Physical Propertie®f the Aqueous and Methanolic Extracts of AP

The colourof the extracts as brown and the taste of the extracts was very
bitter. The bitterness was much more than the leaf. The extracts were odourless, but

very sticky to touch. They were very hygroscopic

4.2 PHYTOCHEMISTRY

The Phytochemistry resulteevealed that, the leaves of AP contained a lot of
common constituents.g. tanninflavinoid, alkaloids, saponin, giraquinones etc., as
shownin Tables4.1. The most importardrethe secondary metabolites i.e. terpenes and
the steroids. Thesarethe sources of the most active component of the leaves which
contain the andrographolidelhe yieldfor Methanolic Extractvas 7.8%w/v and that
of aqueous was 6.8% w/Vhis was the arde extractThis findingsis supported by the
report that the $olatedcontent of the andrographolide from the leaigegivenas2.3%
(http://www.altcancer.com/andcan.htm, 2003).

Higher yield was obtained with Methanolic extract as solwehgre ME, and

WE yielded 7.8% and 6.6% respectively.
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The difference in the yield is not much because the polarity of methanol and
water are similar. The mean particle size of the aqueous extract were of bigger size
therefore the aqueous granules couldvfleasily. This will cause less friction between
the particles and the container (Stainforth, 1982).

Thin layer chromatography

The results showed th#iree prominat spots were seen on the precodke@

plate. The Rvalues were as follow®.35, 0.56 an@.67 indicating three components in

the “crude” Methanolic extract sample.
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Table 4.1:

Results of the Phytochemical test s on powdered leaves of AP.

Test Comments/Observation Inference
Alkaloids
Dragendorff Precipitation wasbserved for all +
Wagner the three tests +
Mayer’'s Reagent +
Saponins
1. Froth test No honeycomb froth was observed _
2' Haemolysis test No haemolysis was observed )
Tannins
Gelatinous precipitated observed +
1. Tannins
Anhraquinones No observation of bright pin -
colour
Cardiac glycosides
1. KellerKiliani test A blue colour was observed +
Flavanoids
1. Lead acetate test A heavy ppted was observed +
2. Ferric chloride test A blue solution was observed +
3' Shinoda test A red colour was observed +
Test forTerpenes and Steroids
1. Leiberman Burchard test A green colour in the chloroform +
2. Salkowskis test was observed +

A reddish brown colour was
observed.

Key
+ Present
- Absent
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Table4.2 . Some properties of the Aqueous extracts of AP

Agueou: extrac

Percentage yield
Moisture content(%o)
Flow rate gm/sec
Bulk Density (BD)gm/ml
Tapped Density (TPgm/ml
Hausner ratioTD

BD
Compressibility (%)
Angle of repose’}

Mean particle sizgranules — P

6.6%
4.0
3.75
0.517
0.576
1.114
10.2
20°

411.35
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4.3 PHARMACOLOGICAL
4.3.1: Effect of AP on anaesthetised Cat’s blood pressure

The catblood pressure lowerinaction ofthe extract ME andWE) weredose
depenént as seen iappendix Vllla, VIlIb and Plate.2Normal saline was used to
wash off bothlME and WE and there was no change in the blood pressure when normal
saline 0.9w/v was introduced.

The effecs of the methanolic extract and the water extract (WEhercat blood
pressure (BP) werdgose depend in the lowering of the blood pressure. However, the
ME had greater response in bdbpressure lowering than the WE as shown in Fig 4.1

Comparing the ME withstandarddrug Propranololthe two gave graded
decrease in the cat blood pres$BR) up to the highest dose of 1.651mg/kdrhis is
shown in Appendix Vllla and appendix Vllic. The compansof the aqueous
Methanolic extract and thetandarddrug can also be clearly seen in Fig 4 he study
suggests that (ME) may be bringing about the decrea®&Pinhrough Ereceptors
inhibition sincePropranololis a Ereceptor antagonist. Atropine could not block ME as
could be seen iRlate5. ThereforeME wasnot acting through parasympathetic system.
It is only a possibility that ME an@ropranololmay be acting on the same receptors.
Further proof should be investigated.

However, ME was more potent phaacologically than WHAppendix Vllla
and VIlIb). Plates 2 and 3howedthe reaction of MEand Propranolo on cats blood
pressurelowering The reactions weredose dependeitppendix VIlib and Vllic).
Propranololact by blocking the antogonizing effect abradrenoline R Q DGUDQR

receptors. This account for the lowering of blood pressure observed
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' 0.1ml 10mg/ml 0.2ml 10mg/ml
N/S 0.9% wiv percent i Methanolic extract
(as control) Methanolic extract

"

\
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* Wl
0.8ml 10mg/nid

Me"[haﬁ lic extrae

Plate 2 : Effect of the various concentrations of Methanolic extract on cat blood pressure.
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1.0ml Img/ml

2.0ml Img/mi 4.0ml 1mg/ml
Propranolol

Propranolol Propranolol

Plate 3: Effect of the various concentrations of Propranol on cat blood pressure.

Plate 4: Effect of the various concentrations of Acetylcholine(Ach) on cat blood pressure.
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Plate 5: Effect of the various concentrations of Adrenaline on cat blood pressure.
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Plate 6: Effect of the concentrations of Atropine and Methanolic extract of AP administered respectively on cat blood pressure.
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Figure 4.1: Comparison of WE, ME and Propranolol on cat blood pressure (BP)

79



4.3.2 Toxicological investigation

Various toxicological observations were made during the studies as shown in Table
4.3. In Group 1, no death was observed after 24 hours. There were no significant changes in
the behaviours of the rats. While @Group 2, two deaths were recorded within the first 4
hours. The remaining rats were agitated in behaviours, but recovered within 14 days. In
Group 3, three of the rats died within 2 hours of the administration with the extract. However,
in Group 4, fiveout of the twelve rats died within 2 hours of injection with the extract. There
was an increased breathing rate, ataxia and muscular fatigue. The rats were sluggish and
weak.

In Group 5, six (50%) out of twelve died within 3 hours of administration. ratse
were weak and had increased breathing rate. Some of the deaths were within one hour of
administration with the extract. In Group 6, the behaviour was not different from Group 5,
the number of death recorded was six. The rats were weak, fatigisedentary, 50% of
death occurred within two hours of dosing.

With Group 7 however, within 8 minutes of administration ofeéktract,one rat died,
another died within 10 minutes. Win two hours, nine of the mhad died as a result of the
dosing.

Grow 8: The reaction to the extract was drastic. Two rats died within 10 minutes,
they kept dying subsequently and within four hours all the rats died.

The Group 9injectedwith 0.9% of normal saline, were kept as control. None of the

rats changed thelrehaviour and none died either.

80



Table 4.3: Results of determination of the LD so of aqueous extracts of AP
in rats using Probit method.

Group Dose Concentration Dead Survival Dead Corrected Probit
mg/kg Mg/ml % %

1 5.6x10° 1.0x10 0 12 0 2.08 2.95
2 1.1x10" 2.0x10 2 10 16.6 16.6 4.026
3 1.4x10 2.5x10 3 9 25 250 4.326
4 1.7x10 3.0x1C0 5 7 416 416 4.786
5 1.9x1¢ 3.5x103 6 6 50.0 50.0 50

6 2.2x10 4.0x10° 6 6 50.0 50.0 5.0

7 2.5x10 4.5x103 9 3 750 75 5.0

8 2.8x1¢ 5.0x1CG 12 0 100 97.91 5.674
9 6.923 x10 9.0 - 12 - - 7.054

81



4.3.3 Autopsy Results

In Group 1,which was used as control group, the autopsy reviewed notives,
Kidneys andheart Group2 revealed some congested livdiisineysandheart Groups 3, 4
and 5 all revealed congested livekgneysand heart Groups 6 and 7 revealed severely
congested and haemorrhagjieers, kidneysand heartas seen irPlate8, 10 and 12 under
Histopathological studie$.3.4

The results indicated thall of extract used were hepatotoxic, nephrotoxic and were
also toxic to the heart and lungs only at very high concentration. However these doses were
extremely very high as compared with the dose used by the natives to reduce Blood Pressure
which was foud to be about 0.81mg/kg body weight and thed®as1.9 x 10'mg/kg body
weight.In the central group of Goup 9 no significantopathologicafindings were observed in

the major organs.
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4.3.4 : Histopathological Studies

Table 4.4: Histopathological studies of the various organs of the rats

GROUP OBSERVATION ON
TREATMENT LIVER KIDNEY HEART
1:23 The liver had diffuse Necrosis of the Necrosisof the
areas of necrosis with  glomerulus ;proximal myosiste ;fibrosis
mononuclear cellular and distal convolued andmonounclear
infiltration, tubules and cellular infiltration
haemosiderosis, dilated collecting tubules myocardtis
sinusoids and congestedwith mononuclear
blood vessels cellular infiltration
there was purplish
pigmentCa’ in the
medulla of the
kidney
GROUP 4 Areas of necrosis with  Nucrosis of Necrosis in the
mononuclear cellular glomerulus proximal heart with
infiltration, dilated and distal convoluted mononuclear
sinosoids and congested tubules nvolving the cellular infiltration
blood vessels collecting tubules myocarditis
mononuclear cellular
infiltration and
proliferation of
fibrous connective
tissue fibrosis in
medullarandpelvis
GROUP 5 & 6 As shown plate3: Had Plate10 had necrosis Had focal areas of
areas necrosis of glomerulus necrosis with
:mononucleacellular proximal and distal mononuclear
infiltration, dilated convoluted tubules  cellular infiltration
sinusoids and involving the
haemosiderosis collecting tubules
with mononuclear
cellular infiltration
GROUP 7&8 The liver of the rats had The kidneys had The hearts in plate
areas of necrosis necrosis of the 12 had areas of
dilated sinusoids glomeruli and distal necrosis and
mononuclear infiltration convoluted tubules  mononuclear
and congested blood involving the cellular infiltration
vessels collecting tubules
with mononuclear
cellular infiltration
andcongested blood
vessels
GROUP 9 No significant No significant No significant
CONTROL histgpathdogical histopathological histopathological
findings findings findings
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Plate 7: Photomicrograph of a section of untreated liver of rat which served as control.

Note : Note the normal sinusoids (S) and normal hepatic cords (H). H&E stain x400
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Plate 8: Photomicrograph of a section of a liver from a rat treated with water extract of
Andrographis paniculataat 2.2 x 10* mg/kg for two hours. Note the areas of necrosis of
the hepatic cells (arrow heads) the dilated sinusoidal spaces the atrophied
(shrinked)hepatic cords (A) and the central vein (CV). H & E stain X 400



Plate 9.Photomicrograph of a section of untreated kidney of rat which served as control.

Note: The normal glomerular (G) and normal Renal tubular epithelial cells (RT).
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Plate 10.Photomicrograph of a section of the kidney of a rat treated with water extract
of Andrographis paniculataat 2.2 x 10* mg/kg from two hours. Note the glomenular(g)
and renal tubular arrow head (necrosis). H & E stain x400



Plate 11: Photomicrograph of a section of untreated heart of rat which served as
control.

Note: Distinct nuclei of myocardial cells(N). H & E stain x 400

88



Plate 12: Photomicrograph of a section of a heart from a rat treated with water extract
of Andrographis paniculataat 2.5 x 10* mg/kg from 10 minutes. Note the areas of
necrosis of the myocardial cells (arrow heads) and the mononuclear cells (M). H & E
stain x 400



4.3.5 Discussion of Pharmacological Results

a) Effect of AP on blood pressureThere was gradual decrease in BP as the concentration of
both ME and WE increased, but the reduction in BP for WE was not as significant as for ME.
The reduction in BP for ME continued to theximum of 1.651mg//kg, which recorded the
maximum decrease in BP as recorded at this dose. Comparing tleiaedn BP with
standarddruge.g Propranolol ME compared favourably in BP reduction on theasashown

in plate 2 and 3 and appendix Vb carVllic. The study compared the potency of
propramlol and ME. Atropine could not block ME as could be seerpiate 5.Therefore it

could mean that ME is not acting through parasympathetic system.

b) Toxicological effect of AP Andrographis paniculataat a dose of 5.6x2Mhg/kg body
weight, no death was observed within 24 hours. These rats recovered after two weeks. At a
dose of 1.1x1fng/kg body weight 16.6% death was recorded. At a dose of T.4xgfg

body weight 25% mortality was observedit a higher dosaip to 2.5x10 mg/kg body
weight, 75% mortality was recorded. At maximum dose of 2.8rjtkg body weight, 100%
mortality was recorded.

The surviving animals recovered from the symptoms of toxicity after 14 days. The
active constituent ofAndrographis paniculata Andrographilide, has a very short half life.
80% of it is removed within eight hours via the kidney and gastro intestinal tract and 90% is
eliminated within fortyeight hourslttp://www.altcancer.com/andcan.ht@003).

The doseused in the traditional treatment of hypertension involves chewing of 10 to
12 fresh leaves three times a day. Tmding has ber supported byhao and Fang (1990)
in studies carried outon rabbits Andrographis paniculataextracts wereshown to
significantly prevent constriction of blood vessels. Narrowing caused by injury to the inner

lining of the blood vessel and high cholesterol level was also decreased by the extract.
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Andrographis paniculatalso ha sedative effect (Deng, 1978)he antihypetensive effect
was confirmed byhang et al, (1997) and Mshelbwala et al., (1998)

Andrographis paniculatdamily of compounds haveery low toxicity. In an oral
toxicity studies using mice, 10g/kg body weight once a day for seven days did not cdlise dea
(Chung, 1979). In rabbits given 10mg/kg intravenous andrographolide (a constituent of
Andrographis paniculatg, showed no abnormal cardiovakauresponse; liver enzyme test,
the heart, liver, kidney and spleen were normal (&ual, 1988). The tradtional adult daily
dose for the treatment of hypertension in Adamawa State of Nigeria is an experiment of
500mg of dried leaf powder. This is equivalent to-50ong dried WE, and can be
approximated to 0.8mg/kg. This dose is well tolerated, and has asafieky margin for use in
the management of hypertension. The safety masgivide because the curative dose taken
by the native is 0.8mg/kg body weight and thes¢® 1.9 x 10mg/kg.

Fig 4.2showed the graph of acute itoiky of the aqueous extractME) of AP given
intraperitoneally from which the Lf3 was extrapolated. The LB 1.9 x10" mg/kg body
weight wasquite safe compared to the dose used by the natives which was approximately
0.8mg /kg body weightof the crude extractaken by the natives. Thconfirmed the findings
of Chung (979) who administered 10 mg/kg to mice for seven days and no death was

recorded.
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Figure 4.2 Graph of acute toxicity of aqueous extract of AP intraperitoneal route (IP
route) of administration
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4.4 FORMULATION VARIABLES

Drugs are rarely administered solely as pure chensichktancesbut rather as part of a
formulation in which it is combined with one or more non medicinal agents that served varied
and specialised pharmaceutidahctions Those non medicinal agents often referred to either

as adjuncts, excipients, pharmaceutical aids or necessities, and umigaet characteristics

such as taste form, appearance, bioavailability etc which enable the drug to achieve its desired
activity. The type and amount of the excipients as well as the processing procedure has great
influence not only on the physicochemical properties of the artgredient but also on the

ability of the formulation to meet set down quality control paramsetqy. crushing strength,
friability, disintegration, dissolution, drug content and variationaseof tablets.

In the formulation study of the powdered leave of AP and the Methanolic exteaetifect of
different types of binders PVP, gelatine andize starch and their concentration as well as

the method of granulation were studied. This was done to enable the choice of suitable
formulation composition that will produce the best tablets with the best optimum desired

characteristics.
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4.4.1 Effect of various binders (MS) concentrations on the granules properties of
powdered leaf of AP using (MS) and PGS as disintegrants Fi-Fvi.

The granules were of large sizes. The moisture, contents was low for all the batches.
Although lactose which was used as diluents was very soluble in water, most of the water
absorbed during granulation was lost during the process of drying due to treidorof
large granules. The moisture content for all the batches were below 10% .This value can be
considered as acceptable as reported by Ansel H.C. (1981).The Carr’s Index, which was the
measure of compressibility were all within the 15% which wasditation of granules with
good compressibility property. The Hauseners ratio was high well above 1, therefore was an
indication that good tablet with high crushing strength would be formed by the granules. The
granules had good flow rates, the highest &&g/sec. An indication of granules with good
flow rate which will cause less friction between the particles and the container (Stainforth,
1982 ). The angles of repose were all below tHan#tich was an indication of granules with
good flow property. Tis will result in uniform flow into the punch and die cavity and will
eventually result in tablet of uniform weight. Tablets of uniform weight may invariably result
in release of uniform active ingredient and eventually good and uniform therapeutic effect.

Figures 4.3 and 4.4 shows the percentage cumulative weight undersize of granules
containing MS and PGS as disintegraniadicating or exhibiting an almost superimpose

effect. An indication that the mean granules sizes were within the same range.
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Table 4.5:  Analysis of granules of AP powdered leaves containing different
concentrations of the maize starch binder.

Property of granules

Binders concentrations

F;

Bulk Density 0.40
(BD) g/cn?
Tapped Density 0.44
(TD) g/cn?
Carr’s Index 9.0
(TD-BD x 100) (%)

TD
Hausener Ratio 1.1
TD
BD
Angle of repose 12.50
(0)
Flow rate 1.2
g/sec
Moisture content ¢ 3.5

Mean granules size  380.0

Fii
0.35

0.37

5.4
1.06

14.0°
1.3

3.C
396.1

Fiii
0.34

0.36

5.5
1.06

13.4°
1.35

2.0
370.4

Fiv
0.35

0.37

5.4

1.06

15.0°
15

3.5¢
392.4

0.36
0.39

7.6
1.08

14.5°
1.4

3.5
349.2

Fvi
0.35

0.38

7.8
1.09

15.6
1.6

3.0
366.6
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Figure 4.3:Percentage Cumulative weight undersize against sieve size ( An) for granules
of powdered leaves of AP containing maize starch as disintegrant.
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Figure 4.4: Percentage Cumulative weight undersize against sieve size ( An) for granules
of powdered leaves of AP containing PGS as disintegrant.
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Figure 4.5 Graph of Carr’s Index(%) against Binder concentrations (w/v) for the
granules of powdered leaves of AP
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Figure 4.6 Graph of Angle of repose (") against Binder concentrations (w/v) of the
granules of powdered leaves of AP
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granules of powdered leaves of AP



The results shows thats the concentration of binder increasedta@ertainpoint,
there was increase in partidee. As the concentration of binder increased to maximum of
10% wi/v theparticlesizesreduced At lower binder concentratigthe binder was less viscous
therefore more fluid available to form the granules and subsequent increase in granule sizes.
At higher binder concentration, however, the binder mucilage was more viscous and less fluid
available to increase the size of the granule.

Mean granule sizes were of diem range as shown in Table 4ds the formulation
Fi-FRi WKH\ ZHUH ZLW K k& The Igtdnules-sifes\icreased with increase in binder
concentration up to 7.5% w/v and then decreased in granule sizes at maximum binder

concentration of 10% wi/v.

4.4.2 Effect of Diluents Types on Granules Properties of ME of AP
Lactose produced high particle size than Heavy magnesium carbonate having granules of
—P DQG +0& as shevth in Table 4.6The granules using Heavy magnesium
carbonate as diluent also halghtly lower moisture content than those using lactose as
diluent. These difrences in moisture contents may be attributed to the inherent nature of the
diluents as well as differences in particle size. Heavy magnesium carbonate being slightly
soluble in water willose any dissolved water easily when exposed to heat during doying
granules.

Lactose on the othdrandis water soluble and water absorbed during granulation will
not be lost easily during drying. Granules produced with Mg&@ smaller, resulting in
greater surface area being exposed to drying. rékisitsin gredaer moisture being lost.

The moisture content of all the granules were above 10%. The forces operating within

the granules at this level may be capilltasce as indicated by Pilpel 1971.
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These forces result in the formation of liquid bridges, attragddy surface tension
and hydrostatic pressure, at the capillary state. It is by surface tension and by hydrostatic
pressure at the liquid air surface.
Since the Hausener ratio is high it will form good tablets because high Hausener ratio
indicatesa gaod level of compressibility and will result in the formation of good compact
tablet with less weight variation. This could be seen in Table 4.8, the tablets compised
good crushing strength of deast4.0kgf as indicated as the minimum acceptableting
strength of tablets by Ansel 1981.
a) Carr’'s Index
The mean granulsizesfor F1 and F2formulationswere within the  — Bizeand Carr’s
indexthe measure of compressibility of granulesvighin the accepd 15%value. This is an
indicationof granules with good compressibility properties, which will form tablets of good
compact as repted by Aulton(1988. F3 on theother handproduced granules of smaller
sizes and (Cl) well above the expected 15% an indication of granules with poor
compressibility values: invariably the granules when compressed into tablets would be soft,

with low (kgf) values. This is shown ifiable4.8.
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Table 4.6 Analysis of Granule Properties of the effect of diluents types and binder

concentrations on Methanolic extra ct of AP.

Propertie F1 F2 F3

of granules

Bulk Density (g/mljBD) 0.42 0.42 0.37

Tapped 0.53 0.5 0.45

Density(g/ml{TD)

C.1.(Td-Bd x 100)% 13.t 16 22.¢
Td

Hausener Ratio 1.26 1.19 1.23

1D

BD

Flow rate (g/s€) 5 3 4

Moisture content (%) 12.0 13.5 12.0

Mean Granule si: 371.( 396.¢ 331.(

Angle of Repos 18.t 14.5 16.€

Packing Fraction 0.3 0.35 0.32
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Figure. 4.8 Percentage cumulative weight undersize against sieve size in -m for

the effect of various diluents types and binder concentration on granules of ME of
AP
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b) Flow rate: The flow rate as shown ifable4.6 indicated thatthe granulesvere
of large sizes. The meagranulesizes MGS) as seen on theable4.6 rangedfrom 300
- — Por all theformulations.Therefore it was naturprisingthat the flow rate was
high for all the formulation ranging from&g /sec. This confired what Ojile (2000
reported that granules of larggzes hae high and good flar rate. God flow rate
indicatesthat the tablets would be ahiform mean weightvhich would result in tablés
of the same uniformactivemedicament and invariably tabdeof uniform therapeutic

effect

c) Angle of repose All the angles of repostell within the 28 therefore, an indication
of granules with good flowate as reported by Aulton, 1988.

The moisture content was quligh for all the granules. Theveas not much
difference between the granulegh Heavy Magnesium carbonate as diluemtthe

lactose.
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4.5. PHYSICOCHEMICAL PROPERTIES OF THE TABLETS SHOWING THE
EFFECT OF BINDER CONCENTRATIONS ON THE TABLETS OF
POWDERED LEAVES OF AP (BY WET GRANULATION METHOD)

As can be seen in Table 4.the effect of binder concentrations on the tablet
properties did not change the mean talkletght muchas the binder concentrations
increased. They all fall within the10% weight variation as stipulated in British
Pharmacopoeia (198 The crushingstrength however increased with increase in the
binder concentration, this has also been reported by Esezobo damngafim(1982).

This may be due to the interacting forces that came to play during the tablet compaction.
Solid bridges might haveeen formd during the asperitic melting. Those forces have
been reported to be responsible for the higher crushing strength values of the tablet
(York and Pilpel, 1973).

The relationship between tablet friability and binder concentration varied with
the type of inder used. In this case only one binder type was used and as the binder
concentration increased the crushing strength increase therefoteplétehasbetter
value of friability i.e. within the accepted 1% value. This was not surprising, because
the tablet crushing strengthlso increasedavith increase in binder concenimat as is
observed in Table 4.7This applied to all tablets #-F,i. The disintegration time was
not affected much with increase in binder concentration.

Considering formulatior-F,; for the powdeed leaf tablets, formulation,F
produced tablets of the best physicochemical paramdlerstheless dissolution test

and stability tests were not carried out.
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Table 4.7:

Properties of tablets of powdered leaf of Andrographis
paniculata (AP) using maize starch and pregelatinised starch (PGS) as

disintegrants at various MS binder concentrations using a single punch
machin e Mansanto tableting machine.(F i-F.i)

Batch | Binder | Binder Mean Thickness | Crushing | Friabilit | Disintegration
Concent | type Weight (mm) strength |y (%) Time
ration (mg) (kgf) (Minute)

Fi 5% Maize 300+3.3 4.05 8 0.28 4

starch

Fi 7.5% Maize 301.5:25 | 4.00 8 0.2 4.03

starch

Fii 10% Maize 300.8+17 | 4.00 9 0.2 4.11

Starch

Fiv 5% Maize 299.8:0.7 | 4.00 8 0.10 4.00

starch

F, 7.5% Maize 300.4+1.7 | 3.99 8 0.12 4.5

starch

Fui 10% Maize 300.5+17 | 4.00 9 0.0 4.5

starch
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4.6 PROPERTIES OF TABLETS EVALUATED FROM METHANOLIC

EXTRACT (ME)

4.6.1 Effect of diluents properties on ME Tablets

All the tablets had good crushing strength and were all within the accepted
minimum of 4.0kg as stipulated by Ansel 1981. This was expected bectues
Hausserner ratio was high and this result in the formation of good compact tablet with
good crushing séngth. The type of diluents did not affect the crushing strength of the
tablet much. The MgC£and Gelatin as a binder and lactose and Gelatin as binder both
had crushing strength within the same range. The disintegration time however, were all
within 15 minutes as stipulated by British Pharmacopia 1980 for uncoated tablets.
However the tablets witlactose and Gelatin as binder had slightly longer disintegration
time. The mearablet weight variatios were all within the rang®.5 to 1which is

acceptable by British Pharmacopia 1980.
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Table 4.8: Effects of types of diluents on the properties o f tablets of ME of AP

F1 F2 F3
Batches
Mean weight (mg) 200+0.7 2011 2014.6
Crushing Strength (kg/f) 5 5 4
Friability % 0 0 0
Disintegration Time (min) 0.25 15 8
Mean Thickness (mm) 0.019 0.019 0.018
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As for the friability, which was themeasure of percentage loss, #ie
formulationshad all passethe testas they alhad0% loss This was expected because
the crushing strengtwas goodwithin the minimum 4kgf crushing strength acceptable
of value as reported by Ansel (1981Jherefore the tablstcould withstandhandling
and transportatiostress. All the three formulations had crushing strength ranging from
4.0 kgf to 5.0kgf. This fall within the range of the 4.0kgf which was the minimum

acceptale value of crghing strength as reported byseh (1981)

4.6.2 Dissolution Test

Result of the dissolution test of the formulations as shoviigime 4.9showed
that the drug release was steady. As the time increases the amount of drug released
increagd until it reached plateau (climaxt about 18 minutes. And the drug release
persisted up to 120 minuteShe total drug release for all the formulations was above

95%, which had passed the BP 1980 specification of 70% of the ksth&deldamount.
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Figure 4.9 Plot of percentage drug release against time (minutes) of tablets of
Methanolic Extract of Andrographis Paniculata.
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4.6.3 Scanning of ME of AP
Scanning

The result of the blind scanning showdtt the peak of te wavelength was
consistent aB13nm (Appendixlla). Calibrationcurve was plotted, but it was not used,

because the UV 160A Shimadza redthe concentration directly see Appendix Il

4.7 STABILITY STUDIES OF THE TABLETS

4.7.1 Effect of storage on formulations of Methanolic extract

Table 4.9shows the effect of storage tabletswhich was stored at 296, an average
room temperature. All thealueswere well above 70% drug content as recommended
by BP (1980). That meant that the active medicament ethiholicExtract of AP was

stable even after storage for 4 years, both on the laboratory shelf and in the desicator.
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Table 4.9 Effect of age on the drug content of the tablets of Methanolic

extract of Andrographis paniculata

Formulation Content of active ingredient  Drug content After 4 years

at time of Production Storage

Table Top Desiccators

F1 95.0% 94% 84.6%
F2 96.0% 94.0%  95%
F3 99.5% 92.7%  90%
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There were differences in percentage drug content of F1, F2 and F3. This was as a result
of mixing. The manual mixing was used therefore it was not possible to have uniform
percentage drug content. Nonetheless the drug content was far above the 70% active
ingredient as stipulated byritish Pharmacopia (1980)Most conventional drgs
deteriorateafter sometime, but surprisingly the content of ME did deieriorate- this

might be becauseis a herbal preparation.
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Table 4.10: Comparison of the physicochemical properties of the tablets F1,

F2 and F3 at the time of production (0 time) and after 4 years stored at

29.50C
F1 F2 F3
After 4 After 4 After 4
years at 0 years at 0 years at 0
Humidity Humidity Humidity
0 time &295& |Otime &295& Otime &295&
Crushing 55 5.5 5 1.5 4 0.75
strength
Disintegration 0.25 0.3 1.5 0.5 8 3.5
Friability 0 0.5 0 0.3 0 0
Mean weight 200+0.7 200+0.1 | 201+1 200+0.2 200+£0.6 200+10

Key: (OTimeis time of production)
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Figure 4.10 Bar charts showing the crushing strength of the tablets F1 F2 and F3
at the time of production and after 4 years of storage
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4.7.2 Time of storage had different effects on the tablet properties.

a) Crushing Strength:The crusing strength for F1 was not affett by the storage

time. This might be due to the good compressibility properties of the PGS, which was
used aslisintegrantsThis is shan in the value of Cl iTable 4.6. Modification of the
ordinary maize starch to PGS may have impacted gmmodcompressibility properties

to the ordinary maize starch. However, F2 and R8reordinary maize starch was used

as disintegrants, the crushing strength of the talbes drastically reduced during
storage time. This was not surprising because ordinary maize starch has poor

compressibility property and this is showrthe value of the Cl in Table 4.6
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Figure 4.11: Bar charts showing the Disintegration time of the tablets at the time of
production and after 4 years of storage
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b) Disintegration Time: There was no significant change in disgregiontime of F1
even after 4 yearof storage whereas F2 and WiBnhessed aignificant change itheir
disintegration time. This was expected because maize starch is a very good disintegrants
as compared to PG®isintegration properties of the modified sta@hin Flare not
affected with age wheasthe one of maizestarch F2 & F3) decreased wh increased

storagetime because thenaize is a bettatisintegrant

4.7.2 Effect of Humidity on Tablets of Methanolic Extract of AP.

As the percentage relative humiditgieased the formulation absorbed moisture
gradually. The moisture absorbegi®portionalto the amount of Relative humidity to
which the tablets are exposed Fig 4-1RRig 4.14 (see appendix X)

The moisturedesorptionwas also in the similar pattern. @ humidity was
gradually lost as the saturated tablet F1, F2 and F3 were exposedésitmantThe
amount moisture lost was very duaal and not much after the one week. This can be
seen in Fig 4.12 to Fig 4.14 and appendiX’Ke moisture desorptiondinot follow
any uniform pattern but on the other hand there were more moisture observed than

moisture lost.
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Table 4.11 : Effect of Humidity on drug content of tablets of Methanolic

extract of AP after 7 days storage

RH F1 F2 F3

Control 96% 97.0% 97.2%
43% 54.9% 38.7% 63.9%
74% 44.7% 36% 31.5%
100% 29.7% 26% 22.5%
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Exposing the tablet to direct moisture had drastic effect on the drug content of the
tablets.Moistureabsobeddrastically affected thdrug content oftables as couldbe

seen infTable4.11 As theRelativeHumidity increasedthepercentage drug released
decreases and the lowessults wasecorded at 100% humidity. The gummy nature of
the Methanolic extract of AP might have affected the release of active ingreDigat.
to the absorption of the moisturestphysical parameteds the tabletsould not be

assessed.

4.8 DIFFERENTIAL SCANNING CALORIMETRY (DSC) OF THE CRUDE
METHANOLIC EXTRACT OF ANDROGRAPHIS PANICULATA

The thermogram of the pure sampdeas shown inFigure 4.15 There are three
endothermic peaks indicating three different melting poiof three different
componentsThe melting points are as follows A2(PC, B) 180C and C) 32%C and

A, B and C indicating the three different prodiaith the various meltingpoints. To
confirm the DSC results that there are three components, a TLC was perfehiokd
gave spots havingsRalues of 0.35,0.56,0.67 irgdting three components in the crude

Methanolic sampleNo further examination was conducted beyond this point
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CHAPTER FIVE

5.1 SUMMARY

The results from thisstudy haveindicated that the planfAndrographis
paniculata(AP) possesssprominent antihypertensive property.

Phamacological screening using the Methanolic extract revealed prominent
blood pressure lowering property of the plant. Both the aqueous tetv&) and the
Methanolic extract (ME) possess this activity. The ME is more potent. Their activity is
dose dependent. The potency of the dbEnpared favourably witRropranolol

The toxicological studies using rat as an animal model revealed a widg safet
margin between the effective dose used in Nigerian traditional medicine and sfe LD
Usual administered doses is 500mg dailythe fresh leave®rally equivalent to
0.81mg/kg body weight, while the Isgin rats) is 1.9 x 18ng/kg body weight.

The mainconstituents as revealed through foityemical screening are cardiac
glycosides, flavonids, steroids and especiallyrgenes which contains the active
component, “androgropholide”

AP has been successfully formulated into tablétst of all theformulaion
carried out, the Methanolic extract gave the best tablets that is formulation F1 using
PGS as disitegrant and gelatig.5% w/v as binder. Stability studies on the ME teble
proved that both the drug content and the physicochemical properties alfldts tvere
stable under proper storage condition, even after four years. However, direct humidity,

affected both the potency and the physical properties of the tablets.
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5.2 CONCLUSION
This study hasustified the use oAndrographispaniculata(AP) by some Nigerian in
traditional medicine for the treatment of hypertension, since through it, its blood
pressure lowering property has been established.

There is a wide margin of safety between effective treatment @8%mg/kg
body weight and theDs of 1.9 x 1dmg/kg body weight.

AP extracts have been successfully formulated into tablets, the quality of which
is within BP limits.

Best tablets r@ produced with Methanolic extract, pregelatinsed starch as

disintegrants andelatin 2.5w/v as biner using wet granulation method.

53 RECOMMENDATION

The best Methanoliextractformulation(F1) should be used for in vivo test to establish
the use of AP aan antihypertensive. Since the DSC shows three components of the
Methanolic extracts, efforts sbld be made to extract the actual part causing the

lowering of blood pressure and used in the tablet formulation
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APPENDIX IIb
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APPENDIX III

Methods of Preparation of Binder Mucilage. To aweighedamount of starch a little amount

of cold water was added to make a smooth paste. Sufficient quantity of boiling water was added

gradually by stirring until smooth mucilage was formed.

b) Polyvinyl pyrrolidone (PVP) suspensidime quantity of PVP powdeequired to make 2.5, 5.0 and
7.5% w/v paste of mucilage was suspended in cold distilled water and stirred until all the pomtder we
into solution.

c) Gelatinsuspension The required amount of the powder to constitute 2.5, 5 and 7.5% w/v Gelatin
was suspnded in cold distilled water and allowed to hydrate. The suspension was then warmed on a
hot water bath until a smooth mucilage was formed. To avoid gelling, the binder was kept warm while

it was being used.
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APPENDIX IV

Tableshowing resulbf sieveanalysisof F1-F3 of percentageumulative weight undersize.

F1 F2 F3
PAN 0.2 0.1 0
75 6.3 3.6 12.7
150 16.4 14.2 18.7
250 51.8 49.2 34.53
500 98.7 98.7 97.53




APPENDIX V

Table showingesult of sieve analysis of4Rvi of percentage cumulative weight undersize

Pan 75 150 250 500
Batch 1 0 3.1 13.5 38.5 98.5
Batch 2 0 0.8 7.8 37.8 99.8
Batch 3 0 3.6 15.7 40 97.8
Batch 4 0 2.3 10.3 38.3 98.5
Batch 5 0 3.8 18.9 53.3 98.5
Batch 6 2.3 14.5 47.2 99.2
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APPENDIX VI

Tablet mean weight d#lethanolic extract F1,F2,F3

F1 F2 F3
200.5 200 200
199.5 202 200
201 201 199.5
199.5 200 200.5
200 200 201.5
2015 201 200.5
200.5 203 199.5
200.5 202 200.5
199.4 200 200.5
200 201 201
0.69 1.05 0.63
Mean 200+0.7 201+1 200+0.6




APPENDIX VII

Fi Fii Fiii Fiv Fu Fvi

305 299.t 30C 299.t 30C 30C

30C 30¢ 302 30C 30C 30C

299.5 300 305 300 | 299.5| 299.5

305 300 300 299.5 300 299

30C 299.t 30C 30C 305 30C

295 30¢ 299.t 30C 30C 305

205.t 30¢ 300.5 209.t| 299.t| 300.f

300.5 300.5 300.5 30C 30C 30C

300 299.5 299.5 300 300 300

299.5 300.5 300.5 299.5| 299.5| 300.5

MEAN 300.C 301.t 300.¢ 299.¢| 300.4| 300.
STANDARD DEVIATIC 3.3 25 1.7 0.3 1.7 1.7
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APPENDIX VIII

a) Effect of Water Extract (WE) on the cat’s blood pressure(BP)

S/No. Extract Dose Results Water extract blood pressure
lowering in cm

1 WE 0.041mg/kg No effect 0.0

2 WE 0.083mg/kg Decrease BP 0.6

3 WE 0.165mg/ki Decrease B 0.7

4 W.E. 0.330mg/kg Decrease BP 0.7

b) Effect of Methanolic extract (ME) on cat’s blood pressure (BP)

S/No. Extract Dose mg/kg  Response Decrease
in (cm)
1 Methanolic Extract (ME) 0.04Img/kg Decrease BP 0.5
2 Methanolic Extract (ME) 0.083mg/kg Decrease BP 0.6
3 Methanolic Extract (ME) 0.165mg/kg Decreased BP 0.6
4 Methanolic Extract (ME) 0.330mg/kg Decreased BP 0.6
5 Methanolic Extract (ME) 0.412mg/kg Decreased BP 1.0
6 Methanolic Extract (ME) 0.826mg/kg Decreased BP 1.0
7 Methanolic Extract (ME) 1.651mg/kg Decreased BP 2.4

c) Comparison of response of the methanolic extract (ME) with  propranolol on cat’s blood
pressure (BP)

S/No Dose mg/kg Propranolol Methanolic extract

blood pressure lowering blood pressure lowering in (cm)

in (cm)
1 0.041 0.3 0.5
2 0.0€3 0.3 0.6
3 0.165 0.4 0.6
4 0.33( 0.8 0.6
5 0.412 1.7 1.0
6 0.826 2.4 1.0
7 1.651 3.C 24
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APPENDIX IX

Table 4.9 Percentage drug released for F1,F2,F3.

F1 F2 F3
Time (minutes)
2minutes 32 30 18.0
6 minutes 55.2 60 32.2
15 minutes 58.2 95 88.0
30 minutes 89.1 96.4 90.0
50 minutes 90.0 96.4 98.8
90 minutes 93.0 97 99.0
120 minutes 95.0 97 99.5

142



APPENDIX X

(&) Absorption: %

(b) Desorptiol %

F1 F2 F3 F1 F2 F3
Relative Humidity(%)
0 0 0 0 0 0 0
43 6.8 5.5 3.4 55 35 25
74 15 14 15 11 5 12.5
100 20 20 18.2 16.2 18.2 16.2

14z



Formulae for studying the effect of diluents tylé#VC and Lactose) and binder concentration on tablets of Methanotac{(ME) of

APPENDIX XI

Andrographis paniculata.

No. PGS | PGS MS MS HMC ME Binder Talc Magnesium Lactose | Wt per | Compression Tablet Method of
Endo Exo Endo Exo diluents (mg) wiv %11494+4+.3 | weight stearate (mg) | diluents tab Pressurémg) Diameter Granulation
Dist Dist Dist Dist (mg) 69* (mg) (mg) (mm)
(mg) | (mg) | (mg) | (mQ)
Fi 20.C 15.€ 140.( 10.C MS 2.5% 4.C 0.4 200.( 5.5 10.C Wet grau
w/v(10mg)
Fii 20.C 15.€ 140.( 10.C MS 5% w/v(10mg 4.C 0.4 200.( 5.5 10.C Wet gral
Fiii 20.C 15.€ 140.( 10.C MS 10 % w/v10mg; | 4.C 0.4 200.( 5.5 10.C Wet gral
Fvi 20.C 15.€ 140.( 10.C PVP 2.5% 4.C 0.4 200.( 5.5 10.C Wet grau
w/v(10mg)
Fv 20.C 15.€ 140.( 10.C PVP 5% w/v (10m¢ | 4.C 0.4 200.( 5.5 10.C Wet gral
Fvi 20.C 15.€ 140.( 10.C PVP7.5 % 4.C 0.4 200.( 5.5 10.C Wet grau
w/v(10mg)
Fvii** | 20.C 15.€ 140.( 10.C Gel 2.5% w/v(1mg) | 4.C 0.4 200.( 5.5 10.C Wet gral
Fviii 20.C 15.€ 140.( 10.C Gel 5.0% w/v(10m¢ | 4.C 0.4 200.( 5.5 10.C Wet gral
Fix 20.C 15.€ 140.( 10.C Gel7.5% w/v(limg) | 4.C 0.4 200.( 5.5 10.C Wet grar
Fx** 20.C 15.€ MS 5.0% 4.C 0.4 140.( 200.( 5.5 10.C Wet grau
w/v(10mg)
Fxi 20.C 15.€ MS 7.5% w/v(limg) | 4.C 0.4 140.( 200.( 5.5 10.C Wet grai
Fxii 20.C 15.€ MS 10.0% w/v(0g) | 4.C 0.4 140.( 200.( 5.5 10.C Wet gral
Fxiii 20.C 15.€ PVP 2.5% 4.C 0.4 140.( 200.( 5.5 10.C Wet grau
w/v(10mg)
Fxiv 20.C 15.€ PVP 5.0% 4.C 0.4 140.( 200.( 5.5 10.C Wet grau
w/v(10mg)
Fxv 20.C 15.€ PVP 7.5% 4.C 0.4 140.( 200.( 5.5 10.C Wet grau
w/v(10mg)
Fxvi** 20.C 15.€ Gel 2.5% w/v10mg) | 4.C 0.4 140.( 200.( 5.5 10.C Wet gral
Fxvii 20.0 15.6 5.0 % w/v(10mg) 4.0 0.4 140.0 200.0 |55 10.0 Wet gran
Fxviii 20.C 15.€ 7.5 % wi\(10mg 4.C 0.4 140.( 200.( 5.5 10.C Wet gral
Key
Fvii** = F1
Fx**=F2
Fxvi**=F3
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Appendix XII

Effect of diluents type and binder concentration on the tablet properties of ME of AP

Fi Fii Fiii Fiv Fv Fvi Fvii** Fviii Fix Fxx* Fxi Fxii Fxiii Fxiv Fxv Fxvi** | Fxvii | Fxviii

Batches
Mean Weight 199.1 202 201 199 200 200 199 202 199 201 199 200 200 198.1 | 199.1 | 201 201 198
(mg) +4.1 +2.7 +4.1 +4.1 +3.5 +3.5 +4.1 +4.1 +2.2 +2.2 +4.1 +3.5 +3.5 +2.6 +4.0 +2.2 +4.1 +2.7
Crushing
Strength (ka/f 3 5 5 6 6 8 5 4 5 5 4 5 5 5 5 4 4 4
Friability % 0.92 (094 |0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Disintegration | 4 ¢ 0.5 05 |17 |15 |15 025 |075 |08 |15 |1.85 |23 |33 |40 |5 8 18 |18
Time (min)
Mean Thickness 0.01 | 0.01 |0.01 0.01 | 0.01 | 0.01 |0.01 |0.01 |0.01 |0.01 0.01 | 0.01
(mm) 0.016 | 0.018 | g 8 9 0.019 |0.019 | 0.016 | 9 8 5 5 5 8 0.018 | g 8

Fvii** = F1

Fx**=F2

Fxvi**= F3
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Appendix XIII

Percentage drug Release for the effect of diluents types and binder concentration on the tablet of ME of Ap

Fi Fii Fiii Fiv Fv Fvi Fvii** Fviii Fix Fx** Fxi Fxii Fxiii Fxiv Fxv Fxvi** | Fxvii | Fxviii

Batches
T, 20 25 36 30.1 | 28 30 32 25 30 30 32 22 18.0 | 38 35 18.0 5 4
Ts 29 30 45 54 45 55 55.2 45 50 60 50 25.0 | 30.0 | 50 45 32.2 8 9
Tis 32.7 40.9 60.0 | 69.9 [ 65.7 | 80.1 58.2 60.8 62.7 | 95 72.9 | 53.6 [ 60.2 |72.3 |80.7 | 88.0 11.8 | 11.81
Tao 44.0 43.0 62.2 | 759 |77.1 | 80.0 89.1 65.1 60.0 | 96.4 | 69.3 | 75.0 | 84.0 | 73.5 | 90.4 | 90.0 28.2 | 12.72
Tso 33.5 33.0 63.0 | 84.3 | 83.7 | 86.0 90.0 58.4 655 | 96.4 | 68.7 | 76.1 |84.5 | 68.7 | 74.7 | 98.8 28.2 | 26.36
Too 650 |92.8 [ 89.8 | 85.5 93.0 65.1 745 | 97 675 | 77.1 | 85.0 | 73.5 | 70.2 | 99.0 29.0 | 32.0
T120 67.0 | 93.8 | 75.0 | 89.8 95.0 45.1 65.0 | 97 66.9 | 77.1 | 86.0 | 50.0 | 50.0 | 99.5 20.0 | 20.0

Key

Fvii** =F1

Fx**=F2

Fxvi**=F3
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