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ABSTRACT

evaluated. Antidiabetic activity of the formulated

investigated in rabbits.

Preliminary phytochemical screening o uriens was done using standard
t at doses 5.0-100.0 mg/kg body

ndard drug were studied in alloxan-

methods. The effects of oral administration Q
weight (bw) and glibenclamide (5.0 mg/kg

induced (120 mg/kg, i.p) diabetic rats groups of six rats each, plasma

glucose>450.0 mg/dL). Biochemical@parameters were evaluated by spectroscopy and

acute toxicity tests carried out b ortality rate of Swiss albino mice. Tablets were

formulated using direct comprgssion and wet granulation methods. Mechanical properties

of the tablets were assessed®Usin shing strength, friability and the crushing strength-
friability ratio while drug \e[iroperties were evaluated by determining disintegration
and dissolution timest” ThegimyVivo release properties of selected tablet formulations in

diabetic rabbits were“@ssessed! Data were analyzed using descriptive statistics, linear

. pruriens contained alkaloids, saponins, steroids and phenols. The
10.0, 20.0, 30.0, 40, 50.0, and 100.0 mg/kg of the crude ethanol
extractéaf 18.6%, 24.9%, 30.8%, 41.4%, 49.7%, 53.1% and 55.4% reduction,
lood glucose level eight hours after administration, while glibenclamide
ulte 9.7% reduction. Chronic administration of the extract also resulted in
\t (p<0.001) dose-dependent reduction in the blood glucose level and the
ion of body weight loss associated with diabetes. Acute toxicity tests showed that
death was recorded after administration of the extract (0.5 — 32.0 g/kg). Significantly

vii



(p<0.05) elevated levels of plasma cholesterol, triglycerides, urea, creatinine, ate

aminotransferase and alanine aminotransferase with concomitant decrease in

direct compression showed better reduction in the bloo

prepared by wet granulation. There was a direct correlatio

hepatoprotective and cholesterol reducing pro

Keywords: Mucuna pruriens, Allox
Drug release properties.
Word count: 498 \&

I
tween drug released from
in rabbits (r* = 0.995).

M. pruriens displayed both

diabetic rats.

-induced diabetes mellitus, Tablet formulations,
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CHAPTER ONE QZ
1.1 General introduction
Medicinal herbs were used over many centuries geforegthe Sadvent of modern

medicine (Bannerman et al., 1983; Wills et al., 2000). The

decline in most developed western countries from about th infAing of the 20th century
up to the 1970s. This decline in popularity goincided with industrialization and

urbanization and the associated rejection of trad alues and systems. It is of interest

the World Health Organization that about 80%®t the world population currently use

plants for medicinal purposes, with high usage mainly in Asia, South America and Africa
(Bannerman et al., 1983).

1.2 From “the plants” to4§the medicine”
Plants have be ed an as food and medicine from ages past. They are a
biologically and chemi diverse resource with estimates of 250,000-500,000 species
t

occurring on our ( nd Balick, 1994).
Accor s-Pamplona in the Encyclopedia of Medicinal Plants (1999),
the use of e erb for the treatment of diseases can be traced back to the work in

icl
ok Known as ‘De materia medica’ in the first century A.D by Dioscorides,

that a similar decline in the use of medicin ot occur in the more developed

Asian countries such as Japan, despite con dustrialization. It was estimated by

hysicians began to substitute their plant-based recipes according to Dioscorides for
cription based on chemical products extracted from plants.

1



In 1785, the British physician, William Withering, reported that ingestion

leaves of the foxglove (Digitalis purpurea) eased dropsy, now known to

Morpheus, the Greek god of dreams. In doing so, he became the
isolate and identify the active ingredient associated with a
(Klockgether-Radke, 2002). Furthermore, Serturner's discovery ed physicians to
prescribe morphine in regulated dosages. It was a powerf d for easing pain
and eliminated the dangers of overdose associated wi
unpredictably in its concentration of morphine from one 0 another. In 1817, the
active principle of ipecac, emetine, was isolated (Kdockgether-Radke, 2002).

The German chemist, Hoffman in the n century obtained aspirin from the
bark of the willow. Pelletier and Caventou, ch¥pharmacists, isolated quinine from
cinchona in 1920 (Rogers-Pamplona, 1999

Following the isolation of digitalis; phine and quinine, many important
and vincristine have been discovered through

ox and Balick, 1994; Taiwo, 1998).

substances like codeine, vinblastin

scientific investigation of folklor,

1.3 Back to nature
Around the 19 i st in medicinal plant consumption and research waned

after storming advanges i etic chemistry and molecular biology promised to supply

C
% in severe malaria for which chloroquine may not be helpful (WHO, 1998).


http://www.answers.com/topic/overdose
http://www.answers.com/topic/poppy

14 Diabetic mellitus
Diabetic mellitus is a disorder in which the blood sugar (glucos Is

abnormally high (hyperglycemia) because either the body does not produ ough

Insulin, a hormone produced and released from the pancrease™ a cells of

the islets of Langerhans controls the amount of sugar in the bloo

produce insulin. Insulin allows sugar to move from the
the cells sugar is converted to energy, which is either used ediately or stored until it is
needed. The levels of sugar in the blood vary normally throughout the day. They rise after
a meal and return to normal within about 2 hou eating. Once the levels of sugar in
the blood returns to normal, insulin producti

e

of blood. If a person has eaten a large amou arbohydrates, the levels may increase.

s. The variation in blood sugar

levels is usually within a narrow range, ab

10 milligrams per deciliter (mg/dL)

People older than 65 years tend to havesslightly higher levels, especially after eating. If the

body does not produce enough i ove the sugar into the cells, the resulting high
levels of sugar in the blood the inadequate amount of sugar in the cells together
produce the symptoms and compli€ations of diabetes (Lindstrom et al., 2006). The full
name diabetes mellitus is,ofteMsed rather than diabetes alone, to distinguish this disorder
from diabetes insipi@vely rare disease that does not affect blood sugar levels

(Lamb, 2006).

1.4.1 Types of etes mellitus

re dre major types of diabetes mellitus. The first is Type 1 or Insulin-
depen mellitus (IDDM) or juvenile-onset diabetes mellitus) and second, Type
2

t
on-Msulin-dependent diabetes mellitus (NIDDM) or type 2 adult onset. However, as

ent reCommendations evolve, correct classification of the type of diabetes mellitus

s epidemiological evaluation and clinical management (Mayfield, 1998). The
assification system identifies four types of diabetes mellitus: type 1; type 2 as
Q viously mentioned; other specific types and gestational diabetes. Each of the types of



diabetes mellitus identified extends across a clinical requirement (Dub
Bankauskaite, 2005).

1.4.1.1 Type 1 diabetes mellitus

equal incidence in both sexes and increased prevalence in the

al., 2006). Most of these patients have the “immune-me

us anemia (Razavi et al., 2006). A

have no antibodies but have a

)
[

=

disease is called the “idiopathic form” of type betes mellitus (Eberhart et al., 2004).

few patients, usually those of African or

similar clinical presentation; consequently, luded in this classification and their

1.4.1.2 Type 2 diabetes mellitu

Type 2 diabetes melliflS, is characterized by insulin resistance in peripheral tissue
beta cell (Eberhart et al., 2004). This is the most

common form of diab itus and is highly associated with a family history of
it

and an insulin secretory defect o

diabetes, old age, ob ck of exercise. It is more common in women, especially

women with a history tational diabetes, and in blacks, Hispanics and native
Americans. In i e and hyperinsulinemia eventually lead to impaired glucose
tolerance. Defec eta cells become exhausted, further fueling the cycle of glucose
intoleran€€ and’hyperglycemia. The etiology of type 2 diabetes mellitus is multifactorial

bl cally based, but it also has strong behavioral components (Harris et al.,

and pr
1998).

\ther specific types” and gestational diabetes
ypes of diabetes mellitus of various known etiologies are grouped together to
Q the classification called “other specific types”. This group includes persons with



genetic defects of beta—cell function (this type of diabetes mellitus was former

MODY or maturity-onset diabetes in youth) or with defects of insulin action; S W
diseases of the exocrine pancrease such as pancreatitis or cystis fibrosis; pe with
dysfunction associated with other endocrinopathies (e.g. acromegaly);4@ with
pancreatic dysfunction caused by drugs, chemicals or infections (Roth

Gestational diabetes mellitus is an operational classificati
pathophysiologic condition) identifying women who develop diabet ellitus during
gestation.
1.5  Complications of diabetes mellitus \

People with diabetes mellitus may erience many serious, long-term
complications. Some of these complications be ithin months of the onset of diabetes,
although most tend to develop years later complications are progressive

(Nathan et al., 2005).

1.5.1 Renal complications (nephro

Nephropathy which deve 35 to 45 percent of patients with IDDM and
h NIDDM (Deckert et al, 1978; Andersen et al., 1983,
Ballard et al., 1988) is a complic associated with the greatest mortality. Diabetic
nephropathy in IDDM Nthe development of micro albuminuria (30 to 300 mg

of albumin per 24

less than 20 percent of those

h may occur as early as five years after the onset of

diabetes (Selby al., 0; Viberti and Keen, 1984; Viberti et al. 1982;
Mathiesen et ogensen and Christensen, 1984). This stage of incipient
nephropathy®ma more likely in patients with glomerular hyperfiltration (i.e., a
glomerular filtfationgrate > 150 ml per minute) (Mogensen, 1984). After another 5 to 10

vert proteinuria (> 500 mg of protein per liter, equivalent to > 300
in per 24 hours) develops in patients destined to have end-stage renal
se rtension invariably develops during this period. In the next 5 to 10 years,
XOtic syndrome develops and the glomerular filtration rate falls, resulting in
ge renal disease. The mean durations of IDDM before the development of overt
teinuria and end-stage renal disease are 17 and 23 years, respectively (Kussman et



al., 1976). Although a small fraction of patients with IDDM who have nephropat

die of uremia, the majority die of concurrent cardiovascular disease, the risk

30 to 40 times that in patients with IDDM who do not have nephropathy (Natha

Microalbuminuria appears to precede nephropathy in patients with NTBDP
does in those with IDDM (Mogensen, 1984). End-stage renal disease %

small, atrophic kidneys with diffuse glomerulosclerosis (Bilous e%

1.5.2 Ocular complications (retinopathy)

The eyes can be affected in several ways by diabx . Diabetes retinopathy
is one of the leading causes for irreversible blindness 1n%the United States. This

tes mellitus, and the development
. Krowlewski et al., 1986). Most

retinopathy can occur with either Type 1 or Type2'di
depends on the duration of the disease (Pirart
persons with type 1 diabetes and many eqwith type 2 diabetes develop some
background (non proliferative) retinopathy. % ve retinopathy is more ominous and

is more likely to occur when diabetes fnellitus is poorly controlled.

1.5.3 Neuropathy
A peripheral, sym I sorimotor neuropathy is the most common form of

diabetic neuropathy, whoswcir s include cranial and peripheral motor neuropathies
[th@ugh neuropathy is also more common with a longer

and autonomic neur

duration of diabete d al., (1992) described a relatively severe, early-onset
polyneuropathy trophysiologic studies demonstrate subclinical abnormalities,
including slo tor- and sensory-nerve conduction in most patients, after 5 to 10

years of djgbet

e log8 of sensation in the feet and altered foot architecture make foot care
problematic, the¥principal risk posed by peripheral neuropathy is of foot trauma and
i . A minority of patients have painful peripheral neuropathy with lancinating
Ng dysesthesia, severe enough in some to be associated with depression and

an ia (Ellenberg, 1974). Autonomic neuropathy can affect gastric or intestinal motility,

rectile function, bladder function, cardiac function, and vascular tone. Impotence is the

most common clinical manifestation of autonomic neuropathy, affecting more than 50
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percent of men with diabetes. Cardiac autonomic neuropathy may result i
tachycardia and postural hypotension.

1.5.4 Cardiovascular disease

patients without diabetes. The chief difference in cardiovascul
compared with nondiabetic patients (especially women) is its incre requency (Kanne

r age in diabetic

patients than nondiabetic patients, especially if ren

asymptomatic coronary artery disease and myocardial in jon“are probably not much

more common in diabetic patients than in nongdiabetic patients (Singer et al., 1989;

Margolis et al., 1973), atypical anginal symp cluding symptoms of congestive
heart failure, are more common clinical pre ati
with diabetes (Singer et al., 1989). Mc
infarctions is higher in diabetic than nondiab
1985).

The increased prevalenc

coronary artery disease in those
m first or subsequent myocardial
atients (Singer et al., 1989; Rytter et al.,

ry artery disease in diabetes is preceded by a

constellation of risk factors /Wingard et al., 1983; Jarret et al., 1982). Patients with

NIDDM (and patients with impal lucose tolerance) are commonly obese and have
hypertension and dyslipidemiagincreased serum triglyceride and decreased high-density
lipoprotein cholesteral co tions). Independently of these variables, diabetes remains
a major risk fac rc y artery disease (Gordon et al, 1977); its effect may be
mediated in p occurrence of renal disease. The level of chronic glycemia, as
determined m rements of glycosylated hemoglobin, may also be an independent

ronary artery disease, particularly in women (Singer et al., 1989).
erm complications, including a predilection for certain infections (e.g.,
psgudomonas "malignant” external otitis, monilial skin infections, and rhinocerebral

Wo s) and cognitive impairment, have been identified (Wheat, 1980; Perlmuter
l., 4). Dupuytren's contractures and periarticular thickening of the skin leading to

ed mobility of the fingers are also more common in patients with diabetes.



1.5.5 Atherosclerosis
Persons with diabetes mellitus, either type 1 or type 2, have early an

diabetes mellitus and is made worse through the developmen iabetl®
leading to propensity for injury.
1.5.6 Mucormycosis Q >
This is a feared complication of diabetes meIIitN ¢ ketoacidosis helps to

potentiate the growth of mucor. This site of invalvement is typically the nasophryngeal

region, but the infection can spread to involve sofytisstie and bone of the, orbit, skull, and

brain.

1.6 Anti-diabetic drugs

1.6.1 Insulin replacement therapy

People with type 1 diab require insulin therapy, and many people with

other diabetes require it as w nsulin is usually injected. It currently can not be taken by

mouth as insulin is destroyed in the ach.

Insulin is injected, un he skin into the fat layer, usually in the arm, thigh, or
abdominal wall. Small sygi with very thin needles make the injections nearly painless.
An air pump d that s the insulin under the skin can be used for people who

many people to carry insulin, especially for those who take several

cannot tolerate insulin pen, which, contain a cartridge that holds the insulin, is

a convenie

injectiong’a outside the home. Another device is an insulin pump, which pumps

nti from a reservoir through a small needle left in the skin.

in is available in three basic forms, each with a different speed of onset and

id-acting insulin such as Insulin Lispro (Humalog) has the fastest onset and

teStgluration of action. Rapid-acting insulin is often used by people taking several
jections and is injected 15 to 20 minutes before meals or just after, activity is

een 1-2 h in the body, and duration of action is 2-4 h.



1.6.1.1 Intermediate-acting insulin %
Such as Insulin zinc suspension, lente, or isophane insulin (ultrale rts

work in 1 to 3 hours, reaches its maximum activity in 6-10 hours. This type of i may

be used in the morning for the first part of the day and evening during t

1.6.1.2 Long acting insulin

Long acting (such as extended insulin suspension, ultra-len glargine (Lantus)
has very little effect for about 6 hours but the duration of ac @ S 6 hours.
Insulin preparations are stable at room tempera {@ s, allowing them to

re
be carried to work, or taken on a trip. Insulin should nOM be exposed to extreme

temperatures.
The following factors are considered before de€iding which insulin preparation is most
suitable for the patient:,
» how willing and able the person @ or the blood sugar levels and adjust
to dosage.

* how varied the person’s dailyfactivity is.
* how adept the person is about and understanding the disease.

*how stable the perso lood sugar levels are during the day and from day to day.

1.6.2 Oral antihyperglyc\'iirugs
Oral antihype ic dfugs are used for the treatment of hyperglycaemia and

addition they have two other extrapancreatic actions. In the liver, they

N .
beta-cellSjbu
cre atic gluconeogenesis and reduce hepatic insulin degradation, and in

ri | tissues such as muscle and fat cells, they enhance the peripheral utilization of

by increasing insulin receptor binding sites. Examples are acetohexamide,
buride, chlorpropamide, glimepriride, glipzide, tolazamide and tolbutamide.
The sulphonylureas are rapidly absorbed from the gastrointestinal tract (GIT) and
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are metabolised in the liver and excreted in the urine. They are classified into two
(a) First generation- e.g. tolbutamide, chlorpropamide

(b) Second generation- e.g. glibenclamide, glipizide, gliclazide.

The second-generation drugs are more expensive and are of higher pote Q

ugSW¥hat bind to

Sulphonylureas are transported in the blood, bound to plasm and they

become active when released from these protein complexes. H

plasma proteins will displace the sulphonylureas from the protein ing sites causing

oo

sulphonamides, co-trimoxazole, phenytoin, clofibrate and rin? The non-selective beta

increased bioavailability and hypoglycaemic effects. Such salicylates (high

dose), barbiturates, monoamine oxidase inhibitqrs ,  phenylbutazone,

adrenoceptor antagonists may mask the symptom§ and signs of hypoglycaemia and in

addition delay the recovery from hypoglyca inhibiting gluconeogenesis and

glycogenolysis. Drugs that cause hyperg thiazide diuretics, frusemide,
corticosteroids, contraceptive pills and dia require an increase to be made in

the dosage of sulphonylurea.

Elderly patients are particularlygprone to the dangers of hypoglycaemia when long-

acting sulphonylurea are used. mide and glibenclamide should be avoided in

these patients and replacediby others, such as gliclazide or tolbutamide. The

sulphonylureas tend to encourag ight gain. Metformin should be considered for

patients who are obese,Lhe uld not be used during lactation while the short-acting

tolbutamide may be {se nal impairment but careful monitoring of blood-glucose
re is required in choosing smallest possible dose that
of blood glucose. They should be avoided in porphyria and

ffects are generally mild and infrequent and include gastro-intestinal

Wa Ide has appreciably more side-effects, mainly because of its very prolonged
ti f action and the consequent hazard of hypoglyceamia and it should no longer be

hlorpropamide may also enhance antidiuretic hormone secretion and very rarely
e hyponatraemia (hyponatreamia is also reported with glimepiride and glipizide).

10



Sulphonylureas can occasionally cause a disturbance in liver function, w

rarely lead to cholestatic jaundice, hepatitis, and hepatic failure. Hypersensitiwi

and jaundice. Photosensitivity has rarely been reported with chlorpropamid
Blood disorders are also rare but may include leucopegs romiocytopenia,
agranulocytosis, pancytopenia, haemolytic anaemia, and aplastic an .

1.6.2.2 Biguanides Q
Metformin is a biguanide which acts by (a) dNn ation of glycolysis in

peripheral tissues, with increased glucose remaq¥al from blood; (b) reduced hepatic
gluconeogenesis; (c) slowing of glucose absorpt the GIT; (d) reduction of plasma
[ insulin receptors. Their blood
esence of functioning pancreatic B

sulphonylureas. Hypoglycae is not a problem with metformin. Other advantages are
the lower incidence of wéight gainand lower plasma insulin concentration. It does not
exert a hypoglycaemic M-diabetic subjects unless in overdose.

Metformin is\kapi@ly absorbed from the gut but it is not protein-bound in the

degree by the liver. It is excreted unchanged by the kidney

lasma half-life is about 2-3 hours. It often induces anorexia,

ited for obese diabetic.

itinides stimulate the pancrease to produce more insulin and have a rapid
N’ction and short duration of activity, and should be administered shortly before
e am meal. Examples are nateglinide and repaglinide. Repaglinide may be given as

monotherapy to patients who are not overweight or those in whom metformin is contra-

11



indicated or not tolerated, or otherwise it may be given in combination with m

Nateglinide is licensed only for use with metformin.

1.6.2.4 Thiazolidinediones
Thiazolidinediones reduce peripheral insulin resistance, leading

blood-glucose concentration. Examples are pioglitazone and rosi

be used alone or in combination with metformin or with the sulph rea (if metformin

is inappropriate). The combination of a thiazolidinedione is preferred to a

I patients. Inadequate

response to a combination of metformin and sulphonylur ay“indicate failing insulin

thiazolidinedione — sulphonylurea combination particulatly

release. The introduction of pioglitazone or rosi@litazone has a limited role in these
circumstances and the initiation of insulin is more appropriate. Blood-glucose

control may deteriorate temporarily when g dione is substituted for an oral

antidiabetic drug that is being used in comb h another. Long-term benefits of the

thiazolidinediones have not yet been demonstre he National Institute for Health and
Clinical Excellence (NICE) in M

recommended that, when glyc

, 2009 annual review published online has

rol is inadequate with existing treatment, a

thiazolidinedione can be add
e asulphonylurea, if snetformirgis contra-indicated or not tolerated:;
e metformin, if ri N}glycaemia with sulphonylurea are unacceptable or a

sulphonylureais ndicated or not tolerated;

in and a sulphonylurea, if insulin is unacceptable because
personal issues, or the patient is obese.

Medicines Consortium accepted use of thiazolidinedione
2006), pioglipazone (February 2007) with metformin and a

patients (especially if overweight) whose glycaemic control is

wsu in. In this instance, treatment should be initiated and monitored by an
rieneed diabetes physician.
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1.6.2.5 Glucosidase inhibitors

Another class of drug is glucosidase inhibitors such as acarbose

which work by delaying the digestion and absorption of starch and _gluco
intestines. The drugs are sometimes taken only in the morning, althoug

D
two or three doses. It has a small but significant effect in lowering Iii

Postprandial hyperglycaemia in type 1 diabetes can be reduced . Flatulence

ople need

glucose.
deters some from using acarbose although this side-effect tends,to de€f€ase with time.

1.6.2.6 Dipeptidylpeptidase inhibitors
Dipeptidylpeptidase inhibitors increase insulin secrégion and lower glucagon

secretion. Examples are sitagliptin and vildagliptigi'Both drugs are licensed for use in type

2 diabetes in combination with metformin sulphonylurea (if metformin is

inappropriate). Sitagliptin is also licensed fg ombination with both metformin and

a sulphonylurea when dual therapy with t §/fails to achieve adequate glycaemic
control.
The National Institute for Health and Clinical Excellence (NICE, May 2009) has

recommended that, when glycagfic contralyis inadequate with existing treatment:

e sitagliptin or vildagligtininstead of a sulphonylurea) can be added to metformin,

if there is a signi t risk
indicated or n rated:

e sitagliptin or iptiA can be added to a sulphonylurea, if metformin is contra-
ed;

e added to both metformin and a sulphonylurea, if insulin is

hypoglycaemia or if a sulphonylurea is contra-

ause of lifestyle or other personal issues.

Institute for Health and Clinical Excellence (NICE, May 2009) also

at when glycaemic control is inadequate with metformin and

treatment, the addition of exenatide might be considered if the patient has:
body mass index of 35 kg/m? or over and is of European descent (with

appropriate adjustment for other ethnic groups) and weight-related psychological

or medical problems or
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e a body mass index less than 35 kg/m?, and insulin would be unaccep 0
occupational reasons or weight loss would benefit other significant obesitysrela

morbidities.

1.7 Use of medicinal plants for the treatment of diabetes mellitus

The importance of anti-diabetic plants in the develo omic and
effective treatment for diabetes, currently estimated to affect o 0 million people
worldwide, has been recognized by the World Health Orga @ , 1985).

Anti-diabetic plants have often been used by pfagtitio f herbal medicine in
treating individuals with non-insulin-dependent (type 2) diabetes. However, the use of
such herbs by type 1 (insulin- dependent) diabetiCs be hazardous and requires that

such patients carefully monitor their blood r to prevent hypoglycemic and

hyperglycemic episodes (Brinker, 1998).
Some of the plants that have sha g degree of hypoglycemic activity

include:

1.7.1 Momordica charantia L (Karela) alsam pear)

n as Bitter melon is used primarily as an alternative
therapy for diabetes. Bitt elon has a long history of use as a hypoglycemic agent in
Asia, Africa, and Lati ericajwhere the plant extract has been referred to as vegetable

insulin. Data from

ftro, animal and designed human studies do suggest that bitter
melon and som cr xtracts have a moderate hypoglycemic effect (Basch et al.,
2003). In he , an aqueous extract obtained from Momordica charantia L.

attenuated ic response to both oral and intraperitoneal glucose, without

response. This aqueous extract and the residue after alkaline
chlorofo tion reduced hyperglycaemia in diabetic mice after 1 hour. It was
t the hypoglycaemia activity of orally administered M. charantia extracts

Nendent of intestinal glucose absorption and involved an extrapancreatic effect
( t al.,, 1990). A 50 % methanolic extract (30 mg/kg) caused a decrease in blood

lucose level (BGL) 3 hours after oral administration to streptozotocin-induced diabetic
. Other fractions, such as the n-butanol soluble fraction from M. charantia extract,
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were most effective in lowering BGL. The n-butanol fraction of M. charantia inhi
increase of BGL prominently after intraperitoneal glucose load. Like t

glucose level in normoglycaemic and cyproheptadine-induced hyperg
alcoholic extract of the pulp (500 mg/kg), administered to hea

depressed plasma glucose levels at 1 hour. Tolbutamide (100 g), under similar

conditions, produced the same effect. This reduction in pile e levels was not

accompanied by increased insulin secretion. In streptgzo

U

improved the oral glucose tolerance causing significant ction in plasma glucose.
These data suggest that the mechanism of action is plant could partly be attributed to
increased glucose utilization by the liver rather insulin secretion effect (Sarka et
al., 1996).

1.7.2 Caesalpinia bonducella

Caesalpinia bonducella F., (Leguminosae) commonly known as Nata Karanja in
Spanish, is a prickly shrub fo out the hotter parts of India, Myanmar, Sri
Lanka, Bangladesh. It is regerted to have antipyretic, antidiuretic, anthelmintic and
antibacterial (Neogi and
Pendse, 1965), antiviral, (D et al.,, 1968), antiasthmatic (Gayaraja et al., 1978),

antiemetic and antiestfog perties (Raghunathan and Mitra, 1982).

, antianaphylactic and antidiarrhoeal (lyengar and

ith ieant results in rabbit (Rao et al., 1994). Hypoglycemic activity of different
&of Caesalpinia bonducella seed shell has been reported in physiological

ycemic and type 1 and type 2 diabetic model rats (Biswas et al., 1997, Chakrabarti
al., 2003).
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In healthy rats, both the aqueous and 50% ethanolic extracts of Ca
bonducella Fleming seeds exhibited hypoglycaemic activity as early a

administration at a dose of 100 mg/kg. The hypoglycaemia produced by t ueous

both extracts produced marked antihyperglycaemic effects from day
al, 1997).

1.7.3 Bauhinia divaricata

study was performed using healthy rabbits agastric administration of water,

tolbutamide or decoction of the tested plant induction of hyperglycaemia by
subcutaneous injection of 50 % dextrose sG I/kg) at 0 and 60 min. Tolbutamide
and Bauhinia divaricata significantly decreaseamiyperglycaemia compared with control.

(Roman-Ramos et al., 1992). The hypeglycaemic activity of a 20% dried leaf infusion of

Bauhinia candicans Benth. did the glycaemia in healthy rats, but in alloxan-

induced diabetic rats it produgé@ a decrease in glycaemia (39 %) (Lemus et al., 1999).
1.7.4 Trigonella foenu a L. (fenugreek)
Trigonella fognu um, commonly called fenugreek, is a leguminous plant

native to many Asiai, Mi astern, and European countries (Milner et al., 2001) where

its seeds and lg@ ible and used as condiments and in Ayurvedic medicine in the

to treat diabetes, high cholesterol, wounds, inflammation, and

nugreek seeds to modulate several enzymes, including those associated with

t
%ﬂd lipid metabolism, has been documented (Raju et al., 2001). Among bioactive
nds isolated from fenugreek seeds are protodioscin, trigoneoside, diosgenin,

ogenin, and others (Murakami et al., 2000; Yoshikawa et al., 1997). Fenugreek is
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among twelve herbs mostly used to treat diabetes in Saudi Arabia (Al-Rowais,
insulin-dependent diabetic patients, the fenugreek diet significantly reduced

the management of diabetes (Sharma et al., 1990). Oral administra
graecum to healthy and alloxan induced diabetic rats (2 and 8 g/k
fall in blood glucose level (BGL) both in the normal as well a iabetic rats. The
other hand, the
aqueous extract of fenugreek leaf when given to both hea
produced a significant reduction in BGL. However, an ethamelic extract of fenugreek leaf
produced no reduction in BGL in healthy rats bug(intraperitoneal) i.p. administration of

0.8 g/kg of the ethanolic leaf extract to diabeti roduced a significant reduction of

BGL. The Soluble Dietary Fibers (SDF) fragtio

fasting blood glucose levels of non-diabeti
simultaneously with glucose, it showed a hypaglifCaemic effect in type |l diabetic rats.

lactomannan (Ali et al., 1995). When steroid and

reek seeds showed no effect on

(type 1) rats. However, when fed

The major constituent of the SDF is

saponins extracted from the see
food (12.5 mg/day per 300 g

rats, food intake and the

eek were administered chronically mixed with
weight) to healthy and streptozotocin-induced diabetic
eat in healthy rats were significantly increased and

the food consumption in.diab ats was also stabilized. In both healthy and diabetic rats,

steroid and saponi ed total plasma cholesterol without any change in

triglycerides (Petj . More recently, it has been shown that the disrupted free
radical meta iabetic animals may be normalized by fenugreek seed

supplementation e diet (Ravikurma and Anuradha, 1999). Moreover, fenugreek

signific reased the hyperglycaemic peak and the area under the glucose tolerance

curve ifyp emic rabbits (Alarcon-Aguilar et al., 1998).
wu sativum (Garlic)

Garlic has a very long folk history of use in a wide range of ailments, particularly

ilments such as ringworm, candida and vaginitis where its fungicidal, antiseptic, tonic

and parasiticidal properties have proved of benefit. The plant produces inhibitory effects
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on gram-negative germs of the typhoid-paratyphoid-enteritis group, indeed it

outstanding germicidal properties and can keep amoebic dysentery at bay. It i

effect on the body, especially the blood system and the heart. For exa
studies suggest that garlic is responsible for the low incidence o 10SC

of Italy and Spain where consumption of the bulb is heavy.

S-allyl cysteine sulphoxide (SACS), a sulphur-cd 4

sativum L. (Garlic) that is the precursor of allicin and N 3
significant antidiabetic effects in alloxan diabetic gats. Admintstration of a dose of 200

erum lipids, blood glucose and

activities of serum enzymes like alkaline phesp e, acid phosphatase and lactate
significantly increased liver and

okinase activity (Sheela and Augusti,

1995). Oral administration of SACS @ alloxan diabetic rats for a month ameliorated the

diabetic conditions of treated ra
insulin (Sheela et al., 1992). Tgéatment of alloxan diabetic rats with SACS ameliorated the

arable with rats treated with glibenclamide and

diabetic condition almost tafthe e extent as glibenclamide and insulin. Furthermore,
SACS significantly stimuN&vitro insulin secretion from beta cells isolated from
healthy rats. Hence it£an rmiSed that the beneficial effects of SACS could be due to
both its antioxidant a secretagogue actions. The former effect is predominant and the
Augusti and Sheela, 1996).

ely used specifically as a medicinal herb, the onion has a wide range

of beneflsl actfons on the body and when eaten (especially raw) on a regular basis will

m general health of the body and offsets tendencies towards angina,
VN&rosis and heart attack. The bulb is anthelmintic, anti-inflammatory, antiseptic,

modic, carminative, diuretic, expectorant, febrifuge, hypoglycaemic, hypotensive,

ithontripic, stomachic and tonic. It is also useful in preventing oral infection and tooth
Qdecay. Baked onions can be used as a poultice to remove pus from sores. Fresh onion juice
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is a very useful first aid treatment for bee and wasp stings, bites, grazes or fu

complaints. When warmed, the juice can be dropped into the ear to treat ea It a

aids the formation of scar tissue on wounds, thus speeding up the healing proce d has
been used as a cosmetic to remove freckles. Bulbs of red cultivars a when
mature in the summer and used to make a homeopathic remedy. This ticularly

in the treatment of people whose symptoms include runnin

the blood glucose and lipids in serum and tissues apd a

hexokinase, glucose 6- phosphatase and HMG CoA re

with glibenclamide and insulin.

The effect of feeding a 15 % capsaicin die eeze-dried onion powder containing

Srinivasan, 1997).

1.7.7Aloe barbadense
Aloe barbadensi

( ados)
resh juice obtained from the cut bases of the Aloe leaves

Wo duce excessive body fats.
ute oral administration of an exudate of Aloe barbadensis Mill. (Barbados)

(500 mg/kg) produced no reduction in blood glucose level whereas its bitter

inciple (5 mg/kg) administered intraperitoneally produced a significant hypoglycaemic
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effect that extended over a period of 24 hours with maximum hypoglycaemia
after 8 hours. In chronic studies, A. barbadensis and its bitter principle ce

maximum effect after 5 days. It seems that the hypoglycaemic effect of this p nd Its

bitter principle may be mediated through stimulating synthesis and/orgreleasgyotSnsulin
from the beta-cells of the islets of Langerhans (Ajabnoor, 1990). is plant
slightly decreased the area under glucose tolerance curve compa ontral (1.4 %) or

tolbutamide (14.3 %) in healthy rabbits (Roman-Ramos et al., 1992

1.7.8 Azadirachta indica L @
All parts of Azadirachta indica have been useN Ily for centuries. It is

widely used in toothpastes, soaps and lotion ay, as well as being a biological

~

diabetic rabbits. The reduction in periphera ation of glucose and glycogenolytic

insecticide.

An Azadirachta indica leaf extract have no action on peripheral

utilization of glucose or on hepatic gl ealthy and streptozotocin-induced

effect due to epinephrine was blockediby the A. indica leaf extract, almost completely in

diabetic rabbits and to a certai healthy animals (Chattopadhyay, 1996) More
recently, it has been demonsifated that in an in vitro rat pancreas preparation, A. indica

leaf extract significantly inhibitory effect of serotonin on insulin secretion

mediated by glucose tt hyay, 1999). Furthermore, A. indica leaf extract was
found to have the most blood sugar-lowering followed by Catharantus roseus,
Gymnema sylvest d Ogi sanctum (Chattopadhyay, 1999).

Common fig)

Fig's green parts is an irritant to human skin. The Common Fig is

W M) patients. Postprandial glycaemia was lower during supplementation with
aric@[156.6 £ 75.9 mg/dl vs commercial tea 293.7 = 45.0 mg/dl (p < 0.001)] without

ndial differences (145.0 + 41.5 and 196.6 + 43.2 mg/dl, respectively). It was
cluded that the addition of F. carica to diet in IDDM could help to control postprandial
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glycaemia (Serraclara, 1998). Moreover, from the aqueous decoction of fig lea

treatment with HCI, centrifuging, treatment with NaOH and extraction wit for
the administration of the organic phase to diabetic rats produced a se In
hyperglycaemia and a decline in the level of total cholesterol and re i total

cholesterol/HDL cholesterol ratio (Canal et al., 2000).

1.7.10 Ficus bengalensis L. (Banyan)

The oral administration of the extract obtained from £ ben

e

incubation of isolated islets of Langerhans from healthy a | @S from diabetic animals

alensis L. (Banyan)
d diabetic rats. The

resulted in enhancement of serum insulin levels in nor

with this plant extracts resulted in increased ingtlin secretion. This extract inhibited

insulinase activity from liver and kidney (Ach 991). The antidiabetic effect of a

~

g and 0.5 mg/kg/day respectively) in

dimethoxy derivative of perlargonidin 3-O- noside (250 mg/kg, single dose

study and 100 mg/kg/day, long term stud

rom the bark of F. bengalensis has
been compared with that of glibenclamide

moderately diabetic rats. The single \dose glycoside treatment decreased fasting blood

glucose by 19% and improved rance by 29%. After one-month treatment with

the plant, the fasting blood ose level went down to almost half of the pre-treatment

levels in both the groups and ir glucose tolerance improved by 41% in the
glibenclamide group and.by in the glycoside treated group. Urine sugar decreased to
trace amounts in both{gr n vitro studies showed that insulin secretion by beta-cells

Wﬂe olated from the bark of F. bengalensis was used at a dose of 100 mg/kg on
admpnistration. The compound showed significant hypoglycaemic and serum insulin

actions in healthy and alloxan induced-diabetic dogs during a period of 2 hours.
js compound appears to stimulate insulin secretion (Augusti et al., 1994). A
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leucodelphinidin derivative isolated from the bark of F. bengalensis L.

hypoglycaemic action at a dosage of 250 mg/kg when given to both healthy, llo
diabetic rats. Its action was similar to that of an effective dose of glibenclamid a/kg)
tested under the same conditions. However, after a glucose load, the t was
only just significantly active and not as effective as the sulphonylureas: cy of the
plant product as an hypoglycaemic agent adds to the other ther ic_effects associated
with this class of flavonoids (Geetha et al., 1994).
1.7.11 Eugenia jambolana Lam. (Gambol) =Syzigium cu s (Jamum)

Both the fruit pulp and seed extracts of the JarN ave a long history of

medicinal use and they have been extensively stédied for their anti-diabetic properties

(Helmstoadter, 2008).The hypoglycaemic activi

-

effect. These results were confirmed in strept@zat@Cin-induced diabetic animals. The oral

e extract of jamum pulp from the

fruit of Eugenia jambolana Lam. (Gambol)

yzigium cumini Skeels (Jamum)

was seen after 30 min, while the seeds of t it required 24 h to produce the same

administration of the extract resulted in the enhancement of insulinemia in

normoglycaemic and diabetic r incubation of isolated pancreatic islet cells of

normal and diabetic animals this plant extracts resulted in increased insulin secretion.
This extract inhibited insuli

Oral administration of n o/kg body weight of the aqueous extract of the seeds of

S. cumini for six weeKs i n-diabetic rats resulted in a significant reduction in blood

as not significant. It also resulted in decreased free radical
Prince et al., 1998).

1.7.12 Musa tum Kuntze (Banana)
Ameng the plants most used in the treatment of diabetes mellitus Musa sapientum
ze (Banana) significantly decreased the hyperglycaemic peak and the area under the

oseWolerance curve in hyperglycaemic rabbits (Alarcon-Aguilar et al., 1999). Oral
tration of 1.5, 0.2 and 0.25 g/kg body weight of the chloroform extract of the
Q ers of M. sapientum during a 30-day period caused a decrease in blood glucose and
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glycosylated haemoglobin levels and an increase in total haemoglobin. Th%
showed antihyperglycaemic action and an antioxidant effect. Banana flow m
effective than glibenclamide (Pari and Umamaheswari, 2000). :?

1.8 Mucuna pruriens (Linn)

Mucuna pruriens belongs to the Kingdom: Plants, Sub . Vascular

Plants; Division: Angiosperm; Class Dicotyledon; Sub classida Order: Fabales;

Family: Leguminoseae; Sub Family: Papilionoideae/ Genus: Mucuna;

Species: pruriens. Duke (1981) recognized five speci Mucuna pruriens

(L.) DC, Mucuna nivea (syn. Mucuna yonii

rr.) (Lyon¥velvetbean), Mucuna

hassjoo (Yokohama velvetbean), Mucuna a Holi. (Mauritius or Bourbon

velvetbean), Mucuna utilis Wall. (Bengal n), and Mucuna deeringiana
Merr. (Florida or Georgia velvetbean). it is now well accepted in the
taxonomic community that most cultiva
pruriens (Kay, 1979; Wilmot-De

encountered, Mucuna pruriens

cuna belong to the species M.

1984 and 1991). Two main varieties are

riem known for its particularly itching hairs
on the pods, and Mucunagpruriens var. utiiis, similar in shape, but possessing
velvety pods, hence the ffequ used English common name, velvet bean or
cowhage. In Nigeria, M pruriens’ local names are: Agbala (Igbo), Karara

(Hausa) and Werepefor Yekgpe (Yoruba).

Mucuna is an‘@frnual ghmbing and twinning plant that grows 3-18 m in height. It
is indigenous tQ

are white to,da i

tain Seeds known as Mucuna beans. The seed pods are covered with

al regions, especially Africa, India, and the West Indies. Its flowers

rple and hang in long clusters. The plant also produces clusters of

reddis ifS that are readily dislodged and can cause intense irritation to the skin.
The spe name "pruriens" comes from the Latin which means "itching sensation."
ontain mucunian and serotonine causing blisters and dermatitis. The hairs

Ve used in itching powder and mixed with honey and used as vermifuge.

8.1 Medicinal importance of Mucuna pruriens

All parts of Mucuna plant are known to possess high medicinal value (Caius,
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1989, Warrier et al., 1996). Mucuna pruriens has been reported to contain several
phytochemicals (Morris, 1999).

N,N-dimethyltryptamine, 5-oxyindole-3-alkylamines, indole-3-alkyl
carboline (Ghosal et al., 1971). Gupta et al (1997) reported the ™
antineoplastic activity of methanol extract of Mucuna pruriens r

strangury, dysmenorrhoea, amenorrhoea, elephantiagiS
consumption, ulcers, helminthiasis, fever and delirium (Sas

Mucuna leaves also contain 5-methoxytryptami ufotenine, choline, N,N-
dimethyltryptamine, 5-oxyindole-3-alkylamines,

(Ghosal et al., 1971). The leaves are aphrodi

S

3-alkylamines, indole-3-alkylamine and B-C&

dole-3-alkylamine and B-carboline

thelmintic and useful in treating

ulcers, inflammation, helminthiasis, cepha

neral debility. The seeds also
contain 5-methoxytryptamine, bufotenine, N-dimethyltryptamine, 5-oxyindole-
e (Ghosal et al., 1971). Seeds of

Mucuna are prescribed as powder t@\treat leucorrhoea, spermatorrhoea and wherever

aphrodisiac action is required 1982). Seeds possess anabolic, androgenic,

analgesic (pain-relieving), antisinflammatory, anti-Parkinson's, antispasmodic, antivenin,

aphrodisiac, febrifuge (fgver reddiging), hormonal, hypocholesterolemic (cholesterol
lowering), hypoglycemig, i omodulator, nervine (nerve balancing), neurasthenic
(nerve pain relieving); anti (kidney stones preventing or eliminating), antiparasitic,

ser, carminative (gas expelling), central nervous system

sive (blood pressure lowering), menstrual stimulant, uterine

e properties (Sridhar and Bhat, 2007). There are a number of value-

thione, "glycine, histidine, hydroxygenistein, 5-hydroxytryptamine, methionine, 6-
oXyharman, mucunadine, mucunain, mucunine, myristic acid, niacin, nicotine,
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Fig. 1.1 Mucu
Moniya, lbad

4

nwens growing on trees at Tosa village near

a
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.2 Mucuna pruriens climber in natural habitat with hanging bunch of pods in
Abeokuta, Nigeria (a), ripened beans (b) and dried seeds (c)
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prurienidine, prurienine, riboflavin, saponins, serine, serotonin, stearic acid, stiz \

threonine, trypsin, tryptamine, tyrosine, valine, vernolic acid) (Sridhar and Bh

uromuscular
970). Presence of

blocking effect in rats but not in alloxan-treated rats (Joshi &R€
'Il e Mucuna seeds has

bioactive alkaloids such as nicotine, physostigmine and sef€
been reported by Duke (1981). Mucunine, mucunadin e and prurieninine are
the additional four important alkaloids isolated fronpseed extracts (Mehta and Majumdar,
1994). The seeds of Mucuna pruriens revealg@ high potassium (806-2790 mg/100g)
(Janardhanan and Lakshmanan, 1985), whilg assium (356-433 mg/100g) was

retardation, alopecia, der
spermatogenesis, congeniwrmations and bleeding disorders (Chaturvedi et al.,
2004).

The stem contaifis 5-methoxytryptamine, serotonine and trichomes of pods are

al medicinal properties of Mucuna pruriens mentioned earlier, certain
whi€h can be responsible for the antioxidant activities and potential
nown. The high phenolics may be responsible for the reduction of
cardio-vaseular diseases and cancer mortality (Hertog et al., 1997). Polyphenols are

0 ochemicals due to their free radical scavenging and in vivo biological
xas reported by many investigators (Rice-Evans et al., 1996; Bravo, 1998).

are also known to possess health benefits, wherein they are 15-30 times more

icient in free radical quenching activity than Trolox and other simple phenolics

(Hagerman et al., 1998). The phytic acid of Mucuna possesses antioxidant,
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anticarcinogenic and hypoglycemic activities (Graf and Eaton, 1990; Ric
Thompson, 1997; Shamsuddin et al., 1997) and is effective at low co tio

Saponins are recently shown to have hypocholesterolemic as well as antic genic
effects (Koratkar and Rao, 1997). Cholesterol lowering effect in aniinals“an mans
through the formation of mixed micelles and bile acids into miceller olecules

by saponins have been reported by Okenfull et al (1984).

1.8.2 Experimental evidence of the potency of Mucuna p ﬁ
Cell suspension cultures of seeds of Mucuna pruri cch
al., 1993). Paul and Joseph (2001) studied the effegts of ethanolic seed extract of Mucuna

1.8.2.1 L-dopa constituents
ulate L-dopa (Pras et

pruriens on the gonads and sex accessory gla male guinea-pigs and showed the

presence of potential male antifertility ageg

~

prophylactic agent in patients suffering from Olige8permia to elevate the sperm count and

e presence of L-dopa, Mucuna

pruriens serve as a precursor of neurot and thus used as aphrodisiac and

improve the ovulation in women. As I-dopa acts as a nervine tonic, it prevents male and

female sterility. The effectiven Mucuna seed powder over synthetic L-dopa

has been established by clini€al trials (Hussain and Manyam, 1997). However, some

reports reveal that adminigtration - dopa have some serious side effects in patients

suffering Parkinson's as .g. confusion state, hallucination, nausea, vomiting,

anorexia) (Infante, 1990, Ids, 1989). Mucuna plants are known to resist most of the

pest-causing dise due h amount of L-dopa (Takahashi and Riperton, 1949).

perties of Mucuna pruriens

and in vivo methods have been used in the study of the antioxidant
cuna pruriens by Tripathi and Upadhyay (2002) and Rajeshwar et al

053). in vitro evaluation of ethanolic extract of M. pruriens in rat liver revealed no
xn the rate of aerial oxidation of glutathione S-transferase (GST), reduced form of
jone, but it significantly inhibited ferrous sulphate-induced lipid peroxidation with

inhibition of superoxides and hydroxyl radicals. The in vivo tests using albino rats up to 30

days revealed no toxic effect after oral administration up to a dose of 600 mg/kg body
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weight. Similarly, no impact was seen on the level of thiobarbituric acid (TBA)

substances, reduction in glutathione level and superoxide dismutase (SOD)

seeds of Mucuna pruriens has an anti-lipid peroxidation property,
through the removal of superoxides and hydroxyl radicals. Raj

presence of a scavenger, 2,2-diphenyl-1-picrylhydrazyl
at 100 pg/ml revealed an inhibition of up to 90.16% an o was 38.5 pg/ml. The

reducing power effect of methanolic extract of Mugtina pruriens was studied based on the

reaction of ferric (Fe*®) to ferrous (Fe*?) reveal the reducing power of the extract
increases with the elevated concentration. R@ var<amd coworkers (2005a) concluded
that the methanol extract of seeds of Mucu @ s showed strong antioxidant activity

by inhibiting DPPH and hydroxyl radical, ni de and superoxide anion scavenging,
hydrogen peroxide scavenging and re@ucing activities compared with different standards

such as L-ascorbic acid, curcumi

and a- tocopherol.

1.8.2.3 Antitumor activity

Rajeshwar et al (leo evaluated the antitumor activity of the methanol
extract of M. pruriensfSeed dayEhrfich Ascites Carcinoma (EAC) tumor bearing mice. The

animals treated 125 an@*250 mg/kg of the methanol extract showed significant reduction
&
i

radical sc@venging enzyme (GSH) and antioxidant enzymes (SOD and CAT) in tumor-

of tumor volu ed cell volume (PCV) and tumor (viable) cell count. The extract

was also succe n restoring to near normal levels of hepatic lipid peroxidation, free
bearin
2. cterial activity
he extracts of the leaf, stem, seed, fruit of Mucuna monosperma showed
erial activity against Bacillus cereus, Escherichia coli, Proteus vulgaris and
aphylococcus (Manjunatha et al., 2006). The wound-healing potency of methanolic
extracts of stem bark, seed kernel and leaves of Mucuna monosperma have been reported
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by Manjunatha et al., (2005). The extract of the stem bark and seed kernel extract:
significant wound-healing potential in Swiss Wistar rats, which was eviden

Mucuna seeds has been attributed to the presence of several phytoeR
flavonoids, triterpenoids, tannins and sterols (Manjunatha et al., 2
1.8.25 Use of Mucuna pruriens in Parkinson's disease '
Traditionally, mucuna bean has been used as for nervous system
the S

disorder. Due to the high concentration of L-dopa in , 1t has been studied for

possible use in Parkinson's disease (Vaidya et al., 8). Parkinson's disease is a common

age - related neuro-degeneration disorder affecti e than a million people worldwide.
rgic neurons in specific areas in
parrier and therefore cannot be used

directly as a treatment. However, L-dopa (levedepa) gains access to the brain where it is

converted to dopamine. Mucuna beah is now being considered as an alternative to

pharmaceutical medication. It w. slow the progression of Parkinson's symptoms

(such as tremors, rigidity, sl g, drooling) and to have none of the side effects of L-

dopa. Numerous in vivo studies h Iso been conducted in rats and in humans. In one
human study, the bean_pow as given to 60 patients (26 previously treated with L-
dopa and 34 had never t -dopa). There were statistically significant reductions of

Parkinson's sympieii

several free @ seases, especially the age related male infertility has been reported

(Tripathi andUpadyhay, 2002).
1.8.2.6Anti dic, anti-inflammatory, fever reducing and antivenin properties of

na pruriens

in subjects (Katzenschlager et al., 2004). Its clinical use for

M
The Toot, fruit, leaf, and seed have shown significant in vivo antispasmodic, anti

mmMmatory, pain relieving, and fever reducing activities in various clinical researches
imals (Vermal et al., 1993). Traditionally, the seed has been used by indigenous
Q ples throughout the world for snake bite and several in vivo studies validate this
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traditional use. In rats, a water extract of the seed inhibited venom-induced blood
coagulation alterations, and reduced lethality of the venom. The antivenin eff
mucuna bean is thought to be due to an immune mechanism, as proteins in the s ere

documented to raise antibodies against the venom (Verma et al., 1993).

1.8.2.7 Use of Mucuna pruriens as aphrodisiac

Mucuna has a long history of traditional use in Brazil and | V A
Clinical studies in India have validated that the plant d indee
activity (Rastogi and Mehrotra, 1979).

1.8.2.8 Use of Mucuna pruriens as anabolic and fertilih

aphrodisiac.

have aphrodisiac

one study, oral intake of t s in 56 human males was able to improve erection,

improve sperm count and ility ( enschlager, 2004). Mucuna has demonstrated little
toxicity; however it een mented in animal studies to cause birth defects and
should not be used duki@ pregnancy (Oudhia, 2001). This could suggest its use as an
abortificant by s op South-Western part of Nigeria.

1.9 Antidiabetic ening methods

xperimental models are essential tools for understanding the
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1.9.1 Animals used for screening of anti-diabetic drugs

Various animals are used for screening of anti — diabetic drug or Th
include: Obese mouse, Diabetic mouse, Sand mouse (Psammomys obesus), S ouse
(Acomys cahirinus) Bio breeding (BB rats), KK mouse ,Yellow KK
mouse, New Zealand obese mouse, Tuco-tuco (Clenomys talarum)- s rrowing

rodents from Argentina. Chinese hamster (Cricetulus griseus), N e diabetic (NOD)
mouse. Japanese wistar rat (Goto rat) etc. (Kumar, 1997; Shafri 92 and Pederson,

1999). %
1.9.2 Chemical agents capable of inducing diabetes \

etes in an animal model and these

Different chemicals are used to induce

include (i) irreversible beta cytotoxic agents, ex
diphenyl thiocarbazine, Onine — 9 — hydre®yquig
cytotoxic agents such as, 6 — aminoni¢ @
cyproheptadine, phenytoin, Thiazides, Malohat€S™ (iii) other agents such as insulin
antibodies, somatostatins, catecholamihes, glucocorticoids and glucagon (Parmar, 2006;
Shafrir, 1992; Pederson, 1999).

1.9.3 Models for insulin defen diabetes mellitus (IDDM)

1.9.3.1 Alloxan induced N

Alloxan is a urga compound, which induces permanent diabetes. It is a
c

of which are alloxan, streptozocin,
and vacor (ii) reversible beta

| — asparginase, azide, cyanide,

highly reactive le,
cell death (B

exceptionalfbeta,ce

h produces free radical damage to beta islet cells & causes

982). When islets are exposed in vitro to alloxan, it exhibits

cificity, the other islets cells remaining largely unaffected by both

its inhi d cyftotoxic effects (Turner, 1965). Several studies have shown that alloxan

ropertres of beta cell plasma membrane. In rodents islets treated in vitro with
ys abnormal membrane morphology & altered the ion flux, both effects
Nvented by high glucose concentrations. Although alloxan has an effect at plasma
membrane, these changes may be secondary to actions of drugs on the cellular and
molecular components of the beta cells (Winzell, 2004; Yoshikawa, 1997; Gelati, 1979).

owing its uptake by the beta cells, alloxan interacts with sulphydrl- containing cellular
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components, particularly sulphydryl enzymes known to be essential for beta cell

Glucokinase, an enzyme which has signal-recognition function in couplin

intracellular target for alloxan and responsible ultimately for its cytotoX
hexokinase, protein kinase are also inhibited by alloxan at high ations (Reed,

rats, alloxan at dose of 120 mg/kg proddces diabgtes. In rabbits, dose of 150 mg/kg
infused through marginal ear vein produces @ es in 70% of the animals (Bell, 1983;

Gupta, 2006).

Albino rats of either seX (150 - 200 g) are injected with a single dose of alloxan

monohydrate (120 mg/kg bady Weight) dissolved in normal saline by i.p. route. Animals
are kept for 48 hours durin ich food and water is allowed ad libitum. Blood glucose
levels show tripha r sé” with hyperglycemia for one hour followed by

hypoglycemia that laSt§*for siX hours & stable hyperglycemia after 48 hours. Animals

showing fasti glucose level above 140 mg/dl after 48 hour of alloxan
administratign @ nsidered diabetic (ADA, 1985). For a period of six weeks, drug
samples 10" beg8creened are administered orally. After six weeks of treatment, blood
sampl

separate

5‘*

centrifuge (3000 rpm) under cooling (2-4 °C) for ten minutes. The serum

is estimated by glucose oxidase-peroxidase method [GOD-POD kit] using
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1.9.3.1.1 Mechanism of alloxan action
Alloxan (2,4,5,6-tetraoxypyrimidine; 5,6-dioxyuracil) was first

diabetogenic action when it is administered parenterally: intravenou
or subcutaneously. The dose of alloxan required for inducing
animal species, route of administration and nutritional status (Szk i, 2001). Human
islets are considerably more resistant to alloxan than those mouse (Eizirik et
al., 1994). The most frequently used intravenous dose Qf induce diabetes in
rats is 65 mg/kg b.w. (Gruppuso et al., 1990, Boylan et al., 2)7When alloxan is given

intraperitonealy or subcutaneously its effective e must be 2-3 times higher. Fasted

animals are more susceptible to alloxan (Katsu al., 1992, Szkudelski et al., 1998),
whereas increased blood glucose provid i tection (Bansal et al., 1980,
Szkudelski et al., 1998).

The mechanism of alloxan action ha Intensively studied, predominantly in

vitro, and has been well characterized.\Two separate experiments by Weaver et al., (1978)
and Kliber et al., (1996) usin
demonstrated that alloxan c

islets and perfused rat pancreas respectively,
d a sudden rise in insulin secretion in the presence or
absence of glucose. Weaver et 978) discovered that the sudden rise in insulin
secretion appeared jus e oxan treatment and was not observed after repetitive
exposure of islets to @lloxdn. “Szkudelski et al., (1998) also observed in vivo the sudden

rise in blood insulimyeonc on just after alloxan injection to rats. This alloxan-induced

insulin releaseg duration. This, however, is followed by complete suppression

the liver, the liver and other tissues are more resistant to reactive oxygen

X comparison to pancreatic B cells and this resistance protects them against
toxicity (Malaisse et al., 1982, Tiedge et al., 1997). Different reducing agents

unt for the reduction of B cells of the pancrease. Those SH-containing cellular
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compounds that have high affinity to alloxan such as reduced glutathione (GSH),

and protein-bound sulfhydryl groups (including SH-containing enzymes) ar

glucokinase, being very vulnerable to alloxan. Alloxan reacts with two
sugar-binding site of glucokinase resulting in the formation of
inactivation of the enzyme.
Glucose can protect glucokinase against the inactiyv@ i ing the access of
alloxan to the -SH groups of the enzyme (Lenzen et al., ,19¢
Petri, 1991). Dialuric acid is formed as a result of alloxan

back to alloxan establishing a redox cycle for ghe generation of superoxide radicals

(Munday, 1988). The reaction between alloxa laluric acid is a process in which
intermediate alloxan radicals (HAO) and g
absorption at 305 nm) is formed. The latter appeafs when alloxan is reduced by GSH

(Sakurai and Ogiso, 1991). Superoxide radica able to liberate ferric ions from ferritin

and reduce them to ferrous ions. Fe** @an also be reduced by alloxan radicals (Sakurai and

Ogiso, 1995). Moreover, supero s undergo dismutation to hydrogen peroxide as

shown in equation (1):

O, +0,+2 H"— H,0, \ ............................................................. (1)
This reacti ay spontaneously or may be catalyzed by superoxide

dismutaseas s iomt.3.

§’
S
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1.9.3.2 Streptozotocin induced diabetes
Streptozotocin is a broad-spectrum antibiotic, which causes beta islet

by free radical generation. It induces diabetes in almost all species of animals uding
rabbits and guinea pigs. Diabetes can be induced by streptozotocin wh Y

as single large (as with alloxan) or as multiple sub diabetogenic injecti

1.9.3.2.1 Single dose streptozotocin diabetes

Streptozocin may share several common beta cyto
and damage the beta cell membrane, producing changes si
alloxan (Barker, 1982). It is also thought to act intracellu ere it may deplete the

islet content of NAD. Streptozotocin shares with”alloxan the ability to induce strand

breaks in beta cell DNA. Moreover the induc these lesions by streptozotocin is
followed by a cascade of intracellular events ila those provoked by exposure to
alloxan i.e. stimulation of DNA repair (vi @ DP- ribose synthetase), reduction of
islet NAD content and subsequent inhjbition ofthe™islet functions. Despite some evidence

that streptozotocin and alloxan ex8kt their beta cytotoxic effects via a common

mechanism, other work (Barker, ests that this may not be the case.

1.9.3.2.2 Multiple low do ocin diabetes

Diabetes can be_induce@hyin mice by repeated injections of sub diabetogenic doses

iated with marked pancreatic insulitis, which suggested
mediated immunity and similarity to human IDDM. A
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1.9.3.2.3 Procedure for injecting streptozotocin
Streptozotocin (60 mg/kg body weight) is prepared in citrated buf

collected from 6 hr fasted animals through caudal vein. Serum i py centrifuge

(3000 rpm) under cooling (2-4 °C) for ten minutes. Serum glucos el is estimated by

1.9.3.3 Virus induced diabetes

Viruses are one of the etiological agen
mellitus by infecting and destroying beta cells reas. Various human viruses used
for inducing diabetes include RNA pice
coxsackie B4 (CB-4). 6-8 week old mice &
variant encephalomyocarditis (EMC)  throug

PFU (plaque forming units) of EMC

cephalomyocarditis (EMC-D),
ed by 0.1 ml of 1:50 dilutions of D-
0.1 ml of above dilution contains 50

us.(mortality due to this concentration of virus is

approximately 10-20%). A le variant produces a comparable damage by

eliciting autoimmune reacti to the beta cells. Infected animals are considered
hyperglycemic if there nogn fastin els exceed by 250 mg/dl the levels of uninfected

animals of the same s samples to be screened are administered orally for a

period of 6 weeks. s of drug treatment, blood glucose estimation is done to

determine the antj

XWeeks of antigenic challenge. Adult albino rats are injected with 0.25-1.0 ml of

pig anti- insulin serum. Insulin antibodies induce a dose dependent increase of
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blood glucose level up to 300 mg/ dl. The drug sample to be screened is admini
a suitable root and blood glucose level is analysed to determine the activity.

1.9.3.5 Hormone induced diabetes

Dexamethasone is a steroid possessing immunesuppresion actio
autoimmune reaction in the islets and produces type 1 diabetes. 4
200 gm are injected with dexamethasone at a dose level of 2-5 g body weight i.p.

twice a day. Repeated injection of same dose level is carried , D

resulting in IDDM. The sample to be screened is ad : @
Blood glucose is analyzed to determine the activity. "\

1.9.3.6 Genetic models

1.9.3.6.1 Non obese diabetic mouse (NOD
autoimmune destruction of pancreatic beta

dugh a suitable root.

This is a model for IDDM. Hypo is developed which is caused by

in association with autoantibody

production. Mice are bred at laboratory by sib mating over 20 generations. After 20

generations of sib mating, sp evelopment of IDDM in mice is obtained.

Diabetes develops abruptly een 100-200 days of age. Characterized by weight loss,
poly urea, severe glucosugea). An are treated with the drug sample to be screened.
Blood sample is analys Ne level to determine activity.

) rats
giscovered in 1974 by Drs Reignald and Clifford Chappel in a

ib mating over 20 generations. After 20 generations of sib mating spontaneous
I ent of IDDM in rats is obtained. The onset of clinical diabetes is sudden and

at 60- 120 days of age. (Clinical presentation is similar to that of humans with

ked hyperglycemia, glycosurea and weight loss and decrease plasma insulin, and these
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results in ketoacidosis if untreated). Animals are treated with drug samples to be
for a required period of time. Blood sample is determined for glucose level rmi

activity.

1.9.3.6.3 Adrenaline induced acute hyperglycemia

Adrenaline is a counter regulatory hormone to insulin. asesvthe rate of

glyconeolysis and the glucose levels in blood causing hyperglycemi ult albino rats are

injected at a dose level of 0.1 mg / kg through subcu route. The dose
produces peak hyperglycemic effect after one hour and,la our hours. The drug
sample to be analyzed is administered through a suit route. Blood glucose is

determined. (The oral hypoglycemic agents can begCreened by this method).

1.9.3.6.4 Dithizone induced diabetes
Organic agents react with zinc in i angerhans causing destruction of islet
cells and producing diabetes. Compounds su dithizone, EDTA, 8-hydroxy quinoline

are used to induce spontaneous type 2'diabetes in experimental animals. Dithizone at dose

two diabetes in mice, cats, rabbits and golden

hamsters. Adult rabbits weighifig 1.8-2 kg are divided into two groups of six animals each.

An exactly weighed amount of Dithizone is dissolved in dilute ammonia solution (0.2-
0.5%). The solution i NGO-?O °C for 10 minutes to aid solubility of dithizone.

s
Dithizone injection at a evel of 50-200 mg/ kg will produce triphasic glycemic
reaction. Initial glycemi@ will be observed after 2 h & normoglycemia after 8 h,
which persist h. permanent hyperglycemia, is observed after 24-72 h. The
drug samplghto alysed is administered through a suitable route and blood glucose
determingd.

Xa ts are solid pharmaceutical dosage forms containing drug substance with
itablefgliluents and prepared either by compression or molding methods (King, 1980).

g with or without excipients is first converted into free flowing granules by dry

ist granulation or by preliminary compression into large tablets, which are broken
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down into granules. These granules are then compressed in suitable dies by
punches.

Excipients used in tablet formulations include diluents (give the po ulk),

binders (impart cohesion), disintegrating agents (cause tablet to disintegra idants (to
enhance flow of granules), lubricants (to facilitate the release of tald e dies),
colours (improve aesthetic value), and flavours and sweetening offensive
taste of components). Substances may also be added to modify the se and absorption

of the drug.

necessity.

1.10.1 Advantages of tablet as
(a) They make it possibleg@,administer an accurate dose of medicament safely.
(b) Their transportation.|
(c) They are light and,co t thus making them convenient to carry and use.
(d) They are the most of all oral dosage forms.
(e) Their drug

elease e controlled to the desired pharmacological effect.
(f) Theirp @

large scale is quite simple and quick.

(9) The erally cheaper than other dosage forms.
1.10.2 Wi ges of tablet as a dosage form
TheyWare most often given in repeated daily doses to maintain therapeutic plasma

w concentration. This, however, makes patient compliance difficult. Though, in

thewalternative, sustained release tablets make daily dose possible.
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(b) Not all of them can be swallowed and still give the desired therapeutic e
nitroglycerin is placed under the tongue and allowed to slowly dissolv ield
effect.

(c) When a rapid onset of action is desired they are not a first line cho
(d) Drugs requiring large dose to be given or requiring optimu
gastrointestinal tract may be difficult to tablet.

1.10.3 Tablet excipients
Some excipients mentioned above can now be explained.in
The excipients help to impact satisfactory compression ch stics to the formulation,
while others help to give additional desirable physi€al characteristics to the finished tablet
e.g. colour, flavour and sweeteners in chewab ts (King and Osoe 1975). These

excipients include:

1.10.3.1 Binders

Binders function primarily by

parting cohesion to the powder in the formulation

during the granulation process tely improve the strength of the granules and

tablets formed during compgéssion. Binders may be incorporated dry (as powder e.g.

acacia and tragacanth) op wet (aSWmucilage or syrups) depending on the method of

granulation. They have been d, however, to be more efficient when incorporated as

liquid. Some of the esired of a good binder are, high cohesive tendency with

low viscosity, ine ally and non-toxic, free of microbiological contamination
and high solub old solvent thus requiring minimal amount of solvent for

dissolution er<examples of binders are alginate, polyvinylpyrolidone (PVP), starch,

th
sorbitol, gelati®; glugose.

1. .2 Riluents
Diluents are fillers used to give the powder bulk so that an acceptable size tablet is
u Most commercial tablets weigh from 100 to 500 mg so it is obvious that for

otent drugs the diluent comprises a large portion of the tablet. Binding of drug to
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Tables 1.1 Some common tablet excipients

Diluents
Lactose USP Mannitol USP
Lactose USP, anhydrous Sorbitol
Lactose USP, spray-dried Sucrose e
Directly compressible starches Sucrose<@ased materials
Calcium sulp
Hydrolyzed starches De

dehydrate NF

Microcrystalline cellulose NF

Other cellulose derivatives

Dibasic calcium phosphate dehydrate NF

Binders and Adhesive

Acacia Starch, pregelatinized
Cellulose derivatives Sodium alginate and alginate
Gelatin derivatives

Glucose Sorbitol
Polyvinylpyrrolidone (PVP) Tragacanth

Starch, paste

isintegrants

Starch Cellulose

Starch derivatives Alginates
Clays PVP, cross-linked
Cellulose

ubricants

Stearic acid \ Polyethylene glycols

Stearic acid salts Surfactants
Stearic acid derivative Waxes

Glidants and Flow Promoters
Silica derivati

Colors, Flavours and Sweeteners

dyes and lakes

rtifiGial sweeteners



the filler may occur and affect bioavailability. Examples are lactose, sucrose, ;
calcium sulphate, dextrose, microcrystalline cellulose, etc.

1.10.3.3 Disintegrants
A disintegrant is used to cause the tablet to disintegrate

aqueous environment. Too much will produce tablet which
container due to atmospheric pressure. Too little may be insufficie r disintegration to

occur and may thus alter the rate and extent of release of t the dosage form.

1.10.3.4 Lubricants
Lubricants are used to enhance the flo powder to the tablet machine and

to prevent sticking of the tablet in the die e after the tablet is compressed.

Lubricants are usually hydrophobic mate as stearic acid or magnesium or

calcium stearate. Too little lubricant will not pe satisfactory tablet to be made and too

much may produce a tablet with a water impervious hydrophobic coat. This impervious

coat can inhibit disintegration o and dissolution of the drug. An ideal lubricant
should be white or colourl odourless, tasteless, soluble in water, non-toxic and
efficient at low concentrk examples of lubricants are polyethylene glycols,

surfactants and waxes.

1.10.3.5 Glidant oters

iction between particles thus enhancing the flow of powder or

granules frof the mill to the die leading to uniformity and consistency in the weight

of tabletsfprodéced. Examples are talc and corn starch.

1. .6 CQlouring agents

A c0Olouring agent improves the aesthetic value hence the appeal and acceptance
he duct as well as making identification of the product and maintaining color

ity among batches possible. An ideal colorant should have the following qualities:,
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stablility to light, heat and pH changes, resistance to action of oxidizing and @
agents and should be non-toxic.
Examples of colouring agents are FD & C, D & C dyes. ;Z

1.10.3.7 Flavours and sweeteners
Sweeteners are only of limited importance and their use i icte chewable

tablets. Sweeteners are used to mask the taste of the components are offensive and

thereby improve compliance and acceptability. Examp

mannitol. Natural sweeteners such as thaumatin and OW¥y€)

introduced in pharmaceuticals.

1.10.4 Methods of tablet production
There are three main methods

se, dextran and

n have now been

, etWproduction; direct compression,
compression granulation and wet granulat @ r & Anderson, 1986). The last one
being spheronization.

1.10.4.1 Direct compression *

This is the simplestiof the three preparative techniques. The material to be
tableted is screened throu&ﬁe if necessary, mixed with additional adjuvant and is
et

then ready for compressian.
direct compression. %

s made in this way are said to have been prepared by

x . This disintegrant may interfere with the compressibility of the active
e s in the powder. In addition, most materials possess relatively weak molecular

n or are covered with films of absorbed gases that tend to hinder compaction.



The use of directly compressible fillers and diluents with the drug may
good quality tablets without prior manipulation. The direct compressiongeilients
addition to possessing good flow and compressibility, must be physiologi inert,

tasteless, able to disintegrate and inexpensive.

The particle size should be such as to minimize segregation™€
during compression. It should have a high bulk density and consi

dilution with drug substance. In event of defective tablets, the t S being produced

should be capable of being broken down and re-comp ples of directly

compressible diluents are microcrystalline cellulose (i pray-dried lactose,
calcium phosphate and micro fine cellulose. \

The advantages of direct compression are:

1) It is a dry process and drugs sus to moisture degradation are good
candidates for this mode of ¢
2) Low labour input.

3) There are few processing steps technique is streamlined.

The limitations of the use of direct compression are:

(i) Poor content unifor rug in the compressed tablet may occur. This
problem is invari caused by stratification within the powder bed due to

differences in nd bulk density between the drug and the diluent.

This problemds o ial concern with low-dose drugs.
(if) A large-d@se ay present problems with direct compression if it is not
easily g€ ible by itself. To facilitate compression, non-compressible

s could require an amount of diluent so large that the resultant

let 1S¢ostly and difficult to swallow.
(idr) IngS0megjinstances, interaction may occur between the compressible diluent
drug. A typical example is the Maillard reaction between amine
ompounds and spray-dried lactose, which results in a yellow discoloration
anker & Anderson, 1986).
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1.10.4.2 Compression granulation

Compression granulation is a valuable technique in situations where

granulation techniques are of poor compression properties. Many as
preparations are prepared for tableting by compression granulatio

milling and screening, prior to final compression into g,tal

powders is compacted by means of flat faced punches, th

ened on

method of subjecting a material to increased €@mpression time (i.e. increased dwell time

hen a single slugging process is

insufficient to confer the desired granul to the material, the slugs are

sometimes screened, slugged again, and sc e more. Slugging is just an elaborate

during compression). The slugging pracess effectively converts the poor flowing initial

blend of powder into granules, more freely and uniformly. To aid the flow of

the initial blend of powder udte the dies of the heavy-duty tablet press utilized for the

preliminary compression, the follo

Q) Vibrator

techniques and/or additions may be made:

e ices may be attached to the hopper.

.5 cm) are used (to aid die filling).

te, (iii) excessive lubrication of powder may be needed to induce good flow

u
%ay weaken granule strength.

Hence on a large scale, compression granulation is performed on a specially

igned machine called roller compactor. Roller compactors are capable of producing as
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much as 500 kg per hour or more of compacted material, which can be screened

into a granulation suitable for compression into tablets. In addition, there is g, ont
of compaction pressure and dwell time, and also there is no need for excessive cation
of the powder (Banker & Anderson, 1986).

1.10.4.3 Wet granulation

Wet granulation is the most widely used method of gr
g 0 eap
e

with an adhesive instead of by compaction. The wet latton process employs a

tion. The unique

portions of wet granulation process involve the wet massin ers, wet sizing or

milling, and drying. Wet granulation forms the granules,b e powders together

solution, suspension, or slurry containing a bindergWhich is usually added to the powder

mixture. However, the method of introducing t r depends on its solubility and on

the components of the mixture. Liquid bridg

&

cases where only a small amount of liquid is added, the binder is blended dry with

oped between particles, and the

tensile strength of these bonds increases nt of liquid added is increased. In

the powder mixture. If, however, the amount of the solvent permissible is large, the binder

is dissolved in the solvent. Onc lating fluid has been added, mixing continues

until a uniform dispersion igiattained and all the binder has been activated. During
granulation, particles and are subjected to consolidating forces by the action

of machine parts and i

pafticulate forces. Granulation in large blenders requires 15

minutes to an hour. of time depends on the wetting properties of the powder

mixture and on t luid, and on the efficiency of the mixer.
termining the end point is to press a portion of the mass in the

palm of th he ball crumbles under moderate pressure then the mixture is ready
ening involves converting the moist mass into coarse, granular

W
a atesjOn a large scale, this is achieved by passing the mass through a hammer mill

scillating granulator, while in the laboratory, it is forced through a sieve. The

ening process further consolidates the particles; increases particles contact point as
surface area to facilitate drying. Overly wet material dries slowly and forms hard
Q regates, which tend to turn to powder during subsequent, dry screening.
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Drying serves a dual purpose of removing the solvent of the granulat

and also reducing the moisture content to an optimum level (usually

are dried at 60°C while lower temperatures are employed for thermo [a
fluid-bed dryer is suitable for most granules and has superc

tray dryer must be used, adequate provision must be made
saturation of the oven atmosphere with solvent vapour.

In the dry screening stage, the dried granéles are broken down and reduced to a
size compatible with the tablet diameter. Too"Wi us dry screening causes granule

structure to be lost with the production I uantities of fines. Although a

0 C
proportion of these is required to fill voids @ e large granules, so giving a smooth

tablet surface, an excess causes difficulty at PMmpression stage (Banker & Anderson,
1986). S

1.10.4.3.1 Stages in the deve ent of moist granules

Newitt and Copway-Jo (1958) were the first to describe stages of
development of moist u hey observed that on addition of a granulating fluid to a

mass of powder a seri€s o s characterized by 4 stages would occur, which are:

Pendular state
e B — Funicular state

Stage C — Capillary state

: age D — Droplet state
W endular state
With the wetting of powder particles at the initial stage (A), liquid films would
ed on the surface and these may combine to produce discrete liquid bridges; in
Q ig. 1.4A. At the point of contact, the surface tension and negative capillary pressure in
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such bridges provide a cohesive force that results in the condition called the @
state. This state has a comparatively low mechanical strength.
1.10.4.3.1.2 Funicular state Z

Here, several bridges coalesce to give rise to the funicular sta ) as the

liquid content increases. There is also a further modest increasgmiigthe stréngth of the
moist granule.

1.10.4.3.1.3 Capillary state
As more liquid is added and the mass is kneade bring particles into closer

proximity, the void spaces within the granules @re entirely eliminated. At this point

bonding is effected by interfacial forces at the surface and by negative capillary
pressure throughout the interior liquid filled spacew,a ition referred to as the capillary
stage as shown in Fig. 1.4C. The capillary @ ides with the maximum strength of
the wet granules and optimization of many 0 ation processes involves ensuring that

this state has been achieved. Granulati@h equipment can now be instrumented with torque
measuring devices, which sense in agitator power requirement at the capillary
stage as shown in Fig. 1.5. &
1.10.4.3.1.4 Droplet st \
A further addition id after the capillary state has been attained results in
howan i

droplet formatio ig. 1.4D, in which the particles are still held together by
surface tensio intra-granular forces. Such structures are the weakest.
onc tion of binder and the quantity of granulating fluid used are the
in

factors

0 an increase in granule strength. For any given material, smaller

initial

ngth is sometimes optimized by small residual moisture, though this is more

n
&for its lubricant potential during compaction at higher applied loads. The
on of soluble components to the surface of the granules during drying, may lead to

rface layer that is typical of the bulk, thus assisting or hindering the consolidate
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performance of the granules when they are subsequently compressed. Optimum
levels are peculiar to formulations (York and Pilpel, 1973), hence moisture le ul

determined routinely during formulation development.

1.10.5 Tablet compression
application
ithin the die but

Tablets are prepared by compressing particulate solids i

of forces through two punches. The lower punch moves up and d

1.10.5.1 Compression sequence

distinct stages (Fig. 1.6):

The compaction process can be dividg@itg

g a cavity into which particulate

avity.
e punch tip enters the die, confining the particles.

Q) The lower punch falls within thefio

material can flow under the influence ©

(i)  The upper punch descends an

Further punch moveme he compressive force to the particles which

(iii)  The upper punch wi the die and simultaneously the lower punch rises
until its tip becomes with the top of the die. The tablet is thus ejected from
the die and remov. the tablet press.

1.10.6.2 Table
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1.10.6.1 The single punch or eccentric press
This tablet machine has only one compression station. Die filling is bysaid. of fe
shoe, which oscillates over the die. It has a low maximum output of 150-200 ts per

minute which makes it unsuitable for large-scale production.

1.10.6.2 Multi-station or rotary press

This type has several compression stations. The essential f being the central
circular rotating head, which carries the dies with the pug
below the central position.
Compression is effected by the upper and lower p es pressing the granules
between them. Output here is large, usually up tof1,500 tablets per minute. Thus, it has

found wide use in pharmaceutical manufacturingt

1.10.6.3 Advanced high speed presses

The development of devices, for p g granule flow, die-filling and the

removal of air during compression Ras permitted the introduction of ultra-high speed

presses (Talman, 1977; King an 1985), the double and triple-rotary machines.

Granule flow from the hoppergnto the feed frame of the conventional tableting machine is
governed by the height of,the ho outlet above the die table (i.e gravity controlled).
This process of die filliag i ssly inadequate for the high speed presses which may

require the die fillinggco

ion and ejection operations to be completed in a fraction of
a second (Armstromg, 19 order to provide granule flow that is commensurate with

the speed of rota erturrets of rotary presses, vibratory devices are attached to this

the granule bed under compression. This may inhibit inter-granular bonding that

, In turn, promote caping and lamination of tablets. In order to eliminate this problem,
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precompression rollers have been designed into some rotary presses to exert
compaction on granules prior to the main compression process.

Some additional features designed into the ultra-high speed pr have

contributed significantly to the attainment of some standard requime
Manufacturing Practice (GMP) as defined by the US Food and Drug %

features include computerization and programming of production antinuous in-
process control and facilities for full data storage (King and Schwar

Ultra-high speed presses include the Excelapre , Rotapress and
Unpress (Manesty Machines, Liverpool, U.K.) and thg P& series (Wilheim Fette

GmbH, Germany). The Fette PT 2080 models are available 2-,29-, 36- and 43 station
presses with capacity in excess of 290,000 tablet§” per hour and facilities for handling
tablets with diameter up to 25 mm and compréssi resses up to 80,000 N (King and

Schwartz, 1985).

1.10.7 Evaluation of tablets

The aim of drug development 1§ to move toward an ideal tablet, that is, one, which

will provide a perfectly selecti ical drug action with no side effects and no
uch tablet formulation. The desired effect must be well

st be

toxicity. However, there is
defined and a procedure ined that can determine whether or not a particular
tablet has the specified effect.

To design le later monitor tablet production quality, quantitative

evaluation and a me tablet’s chemical, physical and bioavailability properties

must be mad cess tests routinely needed to monitor and evaluate tablet

production gwalit lude:

1.10.7. strength and friability

crushing strength is the measurement of tablet hardness. Tablets require a
in amount of strength and resistance to friability, to withstand mechanical shocks of

mn manufacture, packaging, and shipping. In addition, tablets should be able to

nd reasonable abuse when in the hands of the consumer.
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The crushing strength is defined as the force required to breaking a ta
diametric compression test and like its thickness, is a function of the gi

force (fixed distance between upper and lower punches) crushing stre
increasing die fills and decreases with lower die fills.

In general, tablets are harder several hours after comp on than they are
icator of strength
since some formulations, when compressed into ve ofs, tend to “cap” on
attrition, losing their crown portions. Therefore, another 2 of tablet strength, its
friability, is often measured. This involves measufing the propensity of tablets to break

into crumbs or pieces when subjected to disrupti S.
The factors affecting mechanical streng EH tablets are binding agents (Itiola and
Pilpel, 1986; Esezobo & Pilpel, 1976 Kurup & Pilpel, 1977; Esezobo and Pilpel, 1977),

compression pressure (Pitt et al lola and Pilpel, 1986) and granule size (Pilpel,
1969; Esezobo and Pilpel, 19#%; Shotton and Ganderton, 1960; Rumpf, 1962; Itiola and

1.10.7.2 Factors affecting mechanical st ablets

Pilpel 1991; Esezobo and Pilpel, ; Itiola and Pilpel, 1986; Itiola, 1983; Esezobo and
Pilpel, 1977; Itiola an I, 3; Esezobo and Pilpel, 1976), temperature (Hanus and
King, 1968, Rankell @nd i, 1968; York and Pilpel, 1972; Britten and Pilpel, 1978;
Esezobo and Pilpe isture content (Ahlneck and Alderborn, 1989; Sehbatu et

and Pilpel, 1973; Irono and Pilpel, 1982a, b; Malamaturis and

‘IS enerally recognized that in vitro tablet disintegration test does not necessarily
a felationship to the in vivo action of a solid dosage form. To be absorbed, a drug
ce must be in solution and the disintegration test is a measure only of the time

ired under a given set of conditions for a group of tablets to disintegrate into particles.
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The bioavailabilities of drugs that are administered orally in solid form depend
rates of disintegration and dissolution (Banker and Anderson, 1986). Fact

granular mixing time and method of granulation and the appa

compression pressure (Khan and Rhodes, 1976), lubricant, granul

determination of disintegration time. Some postulated mechani the¥theories of
disintegration include evolution of gas, heat of wetting (Matsumaru, ), effect of water
1981; Kanig and
Rudnic, 1984), porosity of tablets (Singh et al., 1968;

Rudnic, 1984; Shangraw et al., 1980).

1.11 Dissolution
Like disintegration test, dissolution t

: gasuregythe amount of time required for a
tablet tojgo into solution under a specified set

of conditions. It is an in vitro test. It is intende

given percentage of the drug substance in &

provide a step towards the evaluation of

the physiological availability of the dfug substance. Like the disintegration test, it does

provide a means of control in t a given tablet formulation is the same with
regard to dissolution as other hes of the tablets in term of clinical effectiveness.

Thus, drug absorption reguires t olecules be in solution at their absorption site.

Dissolution of solid dosage (tablet) in the gastro intestinal tract (G.1.T) fluid is a
prerequisite to the deliver rug to the systemic circulations.
1.11.1 Dissol eter affecting drug absorption

Thebabsorgtion of drugs administered orally as solids consists of two consecutive
processegt thegprocess of dissolution, followed by the transport of the dissolved material
across gastr al membrane into systemic circulation (Lieberman et al., 1989).

relatively insoluble compounds, the rate-determining step in the overall

tion process is generally the rate of dissolution. On the other hand, for relatively

%mpounds, the rate of permeation across biological membrane is the rate-
ning step.
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The rate of dissolution can be altered via physical intervention
strength, nature and concentration of binding agents and compression press

1.11.2 Methods used for dissolution rate studies

There are three main elements usually require fos of apparatus for

dissolution rate tests: means for agitating the dissoluti eans for supporting
the sample without impeding the flow of liquid and the m for‘estimating the quantity

of drug that has been dissolved (Talman, 1977).

The attainment of the right degree of on that would adequately mimic

act appes be the most difficult task in the
s (Talman, 1977). To ensure that the

stirring elements of the apparatus rotate smo@

peristaltic motion of the gastro-intestinal tr

design and standardization of dissolution te
ithout significant wobble during its
operation, the official methods adopte@ithe forced convection stream lined flow procedure
(BP, 1998).

The BP apparatus | (hasket) and Apparatus Il (Paddle) have been commonly used

for dissolution rate studies. The through cell” (Apparatus III) has more recently
been introduced by the N

1.12 Pharmacokjigetic ev. ion of medicinal plants

the action of body on the drug and includes absorption,

ism and excretion (Hussain et al., 2009). Therapeutic outcome

so assist physicians in prescribing drugs safely and effectively to those

m
%ho are consuming herbal products, because herbs may synergise or antagonise
s and herb-drug interactions (Esinome et al, 2002). Natural product scientists have
n studying pharmacodynamics, the action of herbs on the body but less attention has
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been paid to study the effect of body on herbs (De Smet and Brauwers, 1997).
pharmaceuticals, pharmacokinetics of herbal products, mixture of known

components, is always challenging due to their complexity and unaval ty or
inadequacy of standards and methods. Moreover, lack of pharmacokig is the
biggest hindrance in the modernization of herbal products because a0 way to
establish bioequivalence between products prepared by modified e original

method (Handa, 1996). Pharmacokinetic studies are of prime impo e prior to clinical

trials of herbal products to make these remedies evidence
2000). Two approaches, compartment and non-compartge
to evaluate pharmacokinetics of antidiabetic medicinal p

Dgeneou

International Diabetic Federation quoted 6%

ich may follow a first

order glucose kinetics (Hussain et al., 2009).

1.13 Aims and objectives

One of the chronic, worldwide hete life threatening disease is diabetes.
e world’s population (230 million
people) as sufferers, (Gbolade, 2006)WIt was predicted that the prevalence of it will be
5.4% by the year 2025 with the
and Khanum, 2005). In Ni

death. According to the Dij

etic population reaching to 300 million (Khan
diabetes mellitus is among the ten leading causes of
ciation of Nigeria, the number of people suffering
from diabetes is about I and half of this number are in Lagos (Gbolade, 2009).
The number is incr th rural and urban areas and the fact is that access to
orthodox therapie or even non-exist and in some cases costly to be accessible
the larger population. So most of the rural dwellers use one
control or treat diabetes mellitus. In spite of their efficacy, herbal
ve been widely criticized due to lack of standardization and poor-

(Majekodunmi et al., 2008). Hence, there is a need to formulate a

%r:e Itus.
cuna pruriens (Fam. Fabaceae) is grown wildly in bushes, gardens, bush parts

ge plantations in Nigeria. In traditional medicine, the seeds of M. pruriens are
nd and soaked in water or alcohol and unspecified quantities of the decoction are
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ingested without regard to toxicological and other adverse effects. Formulati

pruriens into tablet dosage form might ensure dosage precision and confer ogui n

the good properties of tablets, which include ease of administration, patient tance
due to better presentation, prolonged shelf life, and quality assurance and
reduction in cost arising from transportation of bulky dosage forms d Kanig,

1986).
Thus, in the present work the the antidiabetic properties of tract of the seeds

of M. pruriens was evaluated and the extract formulated 4 ab sage form using

direct compression and wet granulation methods to determineyh
the preparation of the tablets. \

The specific objectives of the work are to:

st suitable method of

1. Investigate the antidiabetic and toxicological’potentials of the extract of the seed

of M. pruriens.

2. Evaluate the ameliorative effects @
resulting from alloxan-induced bi0@ cal alteration in experimental animal
model.

3. Formulate the extract s of M. pruriens into tablet dosage form using
direct compressionfand wet granulation methods in order to determine the most
suitable method,of the ration of tablets.

4. Assess the h | properties of tablets on M. pruriens tablets using

riens seed extract on complications

crushing (Strepgth,\friability and crushing strength - friability ratio as

rs.




CHAPTER TWO
MATERIALS AND METHODS

2.1  Materials

The materials used in this study were alloxan monohydrate (Si ical Co.,

St. Louis, M.O., USA); lactose (DMV, Veghel, Netherlands); mag ﬁ

(Hopkins and Williams, Chadwell, Health, Essex, UK); micro ellulose co-

Stearate

processed with o-lactose monohydrate, (Cellactose®) (Meggle Group, Wasserburg,
(BDH Chemicals,

Megglestrasse, Germany), corn starch B.P, absolute ala '@ﬁ

Poole, BHI, London, UK), microcrystaline cellul Agicel® RH 102) (FMC
International Co. Cork, Ireland). All other chemic amwts used are of analytical
grade.

2.2 Methods

2.2.1 Collection of plant materials and ex

baration

Seeds of M. pruriens were collected at Tose village, Ibadan, Nigeria and

authenticated by the Herbarium the Department of Botany and Microbiology,

University of Ibadan, Ibadan, N¥geria. A votcher specimen has been kept in the herbarium

of the Department (Vouch TH 22305). Seeds of M. pruriens were dried under

ine and then screened through sieve 180 um. To

shade, powdered with a ing mac
prepare the fraction f 'ground seed was successively extracted in n-hexane,

chloroform, ethylacetat€’”" meth@nol and ethanol. The fractions were dried, powdered and

3 rmination of total ash of the seed
The seeds of M. pruriens were dehulled (seed coat removed) and reduced to a
oderately coarse powder. Ten different porcelain crucibles were thoroughly washed and

Qrinsed before drying in hot air oven preheated to 105°C for 30 minutes. On drying, each
62



crucible was allowed to cool in a dessicator before weighing. To each crucible 2.
pruriens powder was added and transferred into the electric furnace fi

were transferred with the aid of tongs into a desiccant for cooling.
crucible was re-weighed until a constant weight was obtained. Th

determined by difference and using the following formula (BP, 199
% of Total ash =100 (weight of total ash/weight)/wei
The mean of the 10 determinations gave the valse of the | ash.

2.3.1 Determination of acid — insoluble ash

The total ash obtained as describ was dissolved in 25 mL of dilute

hydrochloric acid and the crucible cove e boiling gently over a water bath

for 30 minutes. The mixture wasgwell mixed with a glass rod and left to cool

before filtering using ashless fi ers. Fresh distilled water was used to wash
the residual ash in the filtergoaper until*the filtrate was neutral to litmus. The wet
residual acid-insoluble asi@’w. turned to the crucible and dried at 105 °C for 30

minutes after which it Med In an electric furnace at a temperature between

500°C and 600°C. eLmashig, cooling was done in a dessicator and each
crucible was rewei untill a constant weight was obtained. The weight of the
acid-insoluble as obtained from the difference between the weight of the
crucible copt the ash and the crucible and the calculation was as follows
(BP 199

% Acitkins e ash = Weight of acid — insoluble / Weight of air- dried
p BOS X L00. .. ettt e Eqgn. 2.2

ean of six determinations was taken.

etermination of water-soluble ash

The total ash obtained previously was dissolved in 25 mL of freshly boiled
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and cooled distilled water. After covering each crucible, the ash-water
was gently boiled for 30 minutes over a water bath. The crucibles w oV
and left to cool before filtering through an ashless filter paper. The re | ash

o

ete“@ashing, the

retained by the filter was returned to the crucible and dried at 10 urin

a hot air oven. Then the crucible and its contents were ignited perature

between 500°C and 600°C in an electric furnace. After

the weight of the water-soluble ash. Percentage wate
as follows (BP, 1998):

% Water-soluble ash = Weight ¢ solble ash / Weight of air-dried
powdered seeds X 100............ 0% ..o Bl Egn. 2.3

The mean of six determinatigfs was t&n.
2.4 Determination o%e ractives
2.4.1 Water-solubl ti

r

Into a clean al flask was accurately weighed 2.5 g of powdered seeds
and 100 mL o chleroform water B.P was added. Each flask was stoppered
and shaken tently over a period of 6 hours after which the flask and its
contents averegal d to stand for 18 hours. The mixture was filtered under
suctio gh @ Buchner funnel and the filtrate was measured out in 20mL

portionsfinto cleéan, dried and pre-weighed porcelain crucibles. The crucibles and
t s were arranged on a porcelain tile, which was transferred into an
lectgic hot-air oven and dried at a temperature of 60°C for 90 minutes. Each

cri@ible (together with its contents) was allowed to cool in a dessicator and

eighed. Then the process was repeated until a constant weight was obtained. The

value of the water-soluble extractive was obtained from the following equation
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(BP, 1998): %
% Water-soluble extractives = 100 x Wt. of Extract (g) x Vol. of sol Vol.
of Ext. (20mL) x Wt. of dried seed 2.4

The mean of six determinations was taken.
2.4.2 Alcohol-soluble extractives

Six conical flasks were washed, dried and,w A 100 mL volume

portion of 80% of ethanol was added into each flas fore 2.5 g of powdered
seed was added into each of the flask. Thg'flask was stoppered and shaken
intermittently over a period of 6 hours afte the contents were allowed to

stand for 18 hours. The mixture was filte e filtrate was measured out in

2 mL portions into six clean, dried andip hed beakers. The contents of the

beakers were evaporated in a hot air oven'a emperature of 60°C for 1 hour. The

beakers were cooled in a dessicator and weighed. Percentage alcohol-soluble

extractive was calculated as f AC, 1980):

% of Alcohol-soluble N/es = 100 x Wt. of extract x Vol. of solvent /
Vol. of extract (20m SBBUS. ..ttt Eqn. 2.5

er content: Six evaporating dishes were thoroughly washed and dried

in the hofair oven at 105°C for 1 hour, then cooled in a dessicator before weighing. Two

w:]x owdered seeds was then added to each evaporating dish and dried in the hot
ir a

t 105°C for 6 hours. Then the evaporating dish were cooled in a dessicator and

immediately. The dishes were dried again for another 1 hour and cooled, then re-
eighed. This was continued until the difference in the weights was less than 0.5 mg. The
difference between the weight of the dish and seeds before drying and the weight of the
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dish and seeds after drying to constant weight gave the loss on weight on
Percentage loss on drying was calculated as follows (BP, 1998).

% Loss on drying = 100 x (Wt. of seed before drying — Wt. of segd afte
Wi. of seed before drying..........coooeiiiiiii S

2.6 Phytochemical screening of Mucuna pruriens
The ethanol extract, found to be the most active ex Ily, was screened

for the presence of secondary metabolites using conventi ical test procedures
(Yen and Yung, 1971, BP 1998 and Trease and Evans lS;EBX

2.6.1 Test for alkaloids
Mucuna pruriens ethanol extract (1 g ed in 1 mL of 10% of HCl on a
water bath. The extract was filtered and th iltrate adjusted to about 6. To about

0.5 mL of filtrate small quantity of Meyer’s reé (potassium mercuric iodide solution)

and Wagner’s reagent (iodine in potassium iodide solution) were each added drop wise in

a test-tube and mixed and obsery, ormation of a precipitate.

2.6.2 Test for cardenolid
M. pruriens e le t (1 g) was mixed with 80 mL of 80% alcohol for 5

minutes on a steam hefextract was filtered and diluted with an equal volume of
distilled water. dr f lead acetate solution was added, shaken and filtered after
standing for a . The filtrate was extracted with aliquots of methylene chloride

(dichloro ane) olumes). The methylene chloride extracts were combined. The
combin ylen€ chloride was divided into two portions in a clean Petri dish. Each
portion Was e ated on a steam bath to dryness.
T tests were performed as described below:
\ a) Keller-Killiani test
e cooled residue was dissolved in 3 mL of ferric chloride reagent (0.3 mL of
10% ferric chloride (FeCls) in 50 mL glacial acetic acid in a clean test-tube. On the side of
Qt test tube was carefully poured 2 mL of conc. H,SO4. A purple or reddish-brown ring
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at the interface and green colour in the acetic acid layer indicates the presence of
sugars.
b) Kedde test
The dry residue was mixed with 1 mL of 2% 3,5- dinitrobenz anol.

0
The solution was then made alkaline with 5% NaOH after mixing. A © %
indicates the presence of unsaturated lactones in cardenolides.
2.6.3 Test for anthraquinones Z
Extract (1 g) was boiled with 2 mL of 10% HCI for extract was filtered
while still hot and the filtrate allowed to cool. The coole ate*was partitioned against

equal volumes of chloroform (2 volumes) avoidi

le colour

vigorous shaking. The lower part of

the chloroform layer was transferred to a clea

taken not to include the aqueous (upper, higihy<€
layer an equal volume of 10% ammonia st @

allowed to separate. The absence of delicate — pink colour indicates the absence of
combined anthraquinones.
2.6.4 Test for saponins &
(a) Frothing test \N
Extract (2 g)g#was bailed®with water. A persistent frothing suggested saponins.
wi
de

e using a clean pipette. Care was
layer) phase. To the chloroform
5 added and shaken. The layers were

Extract (0.2 g) was 10 mL of warm water and filtered. About 2 mL of 1.8%

NaCl solution 0 two test tubes. To one of them, nothing was added while 2
as added to the other. The concentration of sodium chloride in tube
blood serum by the addition of five drops of blood to each tube
and t invgrted gently to mix the contents. Haemolysis in the tube containing the
extract but not ™ the control tube indicated the presence of saponin. A little of the extract
a&

vigorously in a tube. Copious froth formed indicated the presence of

one of the test tubes 2 mL of the distilled water was added. Then to the other test tubes, 2
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aemolytic test
Q About 2 mL of 1.8% sodium chloride solution was added to two test tubes. To



mL of the extract was added. Five drops of blood was added to each test
inverted gently to ensure mixing of the contents of the test tubes. The colo et
tubes were observed and compared. Change of colour of the blood in th tube

indicates the presence of haemolysis.

2.6.5 Test for tannins

Mucuna pruriens extract (5 g) was stirred with 10_mL istilled water and

filtered and the filtrate was treated with ferric chloride.

indicated the presence of phenolic compounds. \

2.6.6 Test for steroids

recipitate formed

(a) Lieberman’s test

The test for steroids was done by t an acid test. A portion of the extract

(0.5 g) was treated with drops of acetic anhydrtde. Concentrated sulphuric acid (H,SO4)

was carefully added to the side of thg test tube. The presence of a brown ring at the

boundary of the mixture was ta
(b) Salkowski’s test

ive result (Trease and Evans, 1983).

Extract (0.5 @) W d in 2 mL of chloroform, and then 1 mL of
concentrated sulphuri d faint reddish brown colour at the interphase indicates

a positive result for t enge of steroids.

2.6.7 Test ids

ount of the extract, methylated spirit was added and heated for a

nesium ribbons and concentrated hydrochloric acid were added. This
w. for the presence or absence red colouration.
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2.7 Antidiabetic tests

2.7.1 Animals

Wistar rats (180-240 g) and albino mice (16-20 g) of both sexes were in the
animal house of the Department of veterinary pharmacology, Fac inary
Medicine, University of Ibadan, Ibadan, Nigeria. After ramdom 0 various

groups, animals were acclimatized for a period of 2-3 days before art oFgxperiments.
Animals described as fasting had been deprived of food for at least ours but had been
allowed free access to water. Q

2.7.2 Induction of diabetes \

Diabetes was induced by single intravenous@hjection of 120 mg/kg body weight of

alloxan monohydrate (dissolved just before use i normal saline) to overnight fasted

rats (Verspohl, 2008). Animals in whic ment of hyperglycaemia was
confirmed 72 hour after the administrat

glucose level range of 450-500 mg/dL) were USee

2.7.3 Acute hypoglycaemic acivity
Sixty Wistar rats wef€ ran ly divided into ten groups (A-J) with six rats in each

group. Group A consiste(\mn-treated rats (control), Group B consisted of diabetic
control rats (alloxan ifduc betic rats), Group C, D, E, F, G, H and | were diabetic rats
a

and 5, 10, 20, 30, nd 400 mg/kg body weight, respectively of the crude ethanolic

istered orally while diabetic rats in group J received glibenclamide
(5 mg/kg) andard reference drug. Blood glucose levels were measured at zero time
(before regeivigg the extract) followed by hourly, up to 8 hours, and 24 hours.

2.7.4 Chrenic hypoglycaemic activity

chronic study, sixty Wistar rats were randomly grouped into ten groups (A-
wIthgsix rats in each group. Animals in each group were administered with the same

% extract and standard drug daily as described for acute studies. The blood glucose



level was measured and weights of rats taken weekly for 12 weeks. The anim

carefully monitored. v
y ;

2.7.5 Effects of fractions of M. pruriens on diabetic rats
Thirty Wistar rats of average weight 200 mg ere randoml nto five

groups with six rats in each group. After about a week of acclimat e rats were

ate (diSsolved just before
ght fast of the rats.

administered with 120 mg/kg body weight of alloxan monohya
use in 0.9% normal saline). Administration was done afte A@@
pd) each group received

After the confirmation of hyperglycaemia (430-450 mg/ )
10 mg/kg of the n-hexane, chloroform, ethylacetate, methan@l and ethanol fractions,
respectively and the blood glucose level was meastredgat different time intervals using a

glucometer (LifeScan inc. California, USA).

2.7.6 Acute toxicity studies

In the acute toxicity study, thifgy-six albino mice were distributed into six groups

consisting of 6 rats each. Mic en 2, 4, 6, 8, 16 and 32 g/kg body weight,

respectively of the ethanol ct of M. pruriens. Doses for the extract were selected
based on constant logarithi ratio Mice were deprived of food overnight prior to the
oral administration of e t and were observed for toxic signs, symptoms and

mortality for two weeks.

w‘n. he clear serum was separated by centrifugation at 2500 rpm for 10 min.
m Was subjected to standard biochemical estimations for different parameters such as

lirubin (T.Bil), direct bilirubin (D.Bil), alkaline phosphatase (ALP), asphatase
saminase (AST or SGOT), total protein (TP), aloumin (ALB), cholesterol (CHOH),
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gamma glutamyl transferase (GGT), triglyceride (TG), high density lipoprotein ;
low density lipoprotein (LDL), sodium ion (Na+), potassium ion (K+), chlorige

et al. (1974) enzymatic method, total plasma triglycerides were assayeC
coupled method of Esders and Michrina (1979). Urea was me
Searcy et al. (1967). Serum creatinine was estimated by the d of Bartels and
Boehmer (1971). Serum aspartate aminotransferase (AST aminotransferase
Total and direct
(1970). Albumin was

assayed by the method of Doumas et al. (1971)#High density lipoprotein (HDL) was

were assayed by methods of Henry et al. (1960) and,l
bilirubin were assayed by the method of Walters and

determined after precipitation of LDL, very lo ty lipoproteins, and chylomicrons
using MgCl, and dextran sulphate by the pgéthe pez-Virella et al (1977). LDL-

owders characterization

The following parameters were determined for all the formulations
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2.10.1 Bulk density

Powder (30 g) was poured gently and slowly through a short stemme fun
and allowed to settle freely into a dry 250 mL measuring cylinder and the v (V)
occupied by the granules was read by visual observation. The bulk den aleulated

in g/mL as follows (Lachman & Lieberman, 1989).

Bulk density (Bp) = Weight of sample / Volume of sample (mL) =304'Vs. . ... Eqn.2.7
The average of six determinations was taken. \
2.10.2 Tapped density
Powder (30 g) was poured into a 250 easuring cylinder. This was then

tapped until a constant volume was obtained eight and frequency of tapping
was maintained as much as possible. (Lach @ perman, 1989).

Tapped density (Tp) = Weight of powder (g) / Volume of tapped powder (mL) =

B0 G/ (V1) i Eqn. 2.8

2.10.3 Percentage g@m ility
This was late the values of bulk and tapped densities (Carr, 1965).
% Co =100 (Tp-Bp) / Tpeeevieieeeieeieeee Eqn. 2.9

2.10.4 Pe in n of moisture content

<
S

moiSture content of the granule formulations was determined with an

re balance (Ohaus Scale Corporation, USA).
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2.10.5 Particle size %
The particle size distribution of each powder mix for direct com

determined by optical microscopy (Leitz, laborlux, Germany) on 300 particles.@his was

used to determine the projected diameter (d). Q

2.10.6 Determination of particle density

The particle density of the powders was determing

method using xylene as the displacement fluid. A 50 "
weighed empty (W), filled with the non-solvent (xylenN 2xcess wiped off. The
weight of the pcynometer with the non-solvent was determine@ (W;). The difference in

weight was calculated as W, A 2 g quantityfof sample was weighed (W3) and

theyliquid pycnometer

y pycnometer was

qualitatively transferred into the pycnometer bg
and the pycnometer was weighed again (W, @ ticle density was calculated from the

equation:
W2-W3 /50 (W3 - W&W2+W) gEM™® Lo Eqn. 2.10
2.10.7 Determination of o@ability

The flowabilit he ers was assessed using the Hausner ratio and the Carr

®

excess non-solvent was wiped off

b

index. The Hausner was determined as the ratio of the initial bulk volume to the

tapped volume.

2.10.7.1 Amgle of e

ep@led cylinder of diameter 2.8 cm was placed on a base of similar
diametery, Po (30 mg) was allowed to flow through a funnel, under the force of
gréwity,,. to Tarm a conical heap. The angle of repose which is the minimum angle at which

z\'led-up bulky or loose material will stand without falling downhill was calculated by

c atifg between the peak of the pile and the horizontal ground using:
tan-1(2h/d).
4
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The angle of repose was calculated from a mean of four determinations.

2.11 Preparation of powder mixtures for direct compression

Batches (100 mg) of ethanolic extract of M. pruriens and 400 _mg OffAvicel,
Cellactose and lactose, 350 mg of Avicel, Cellactose and lactose ‘
starch to aid disintegration, were thoroughly mixed until homogenous i
compressed.

2.12.1 Preparation of tablets by direct compression @

Tablets (500 mg) were prepared by direct compressign, compressing them at

corn

and then

predetermined loads of 5 and 10 kN using a Carvefhydsaulic hand press (Model C, Carver

Inc, Menomonee Falls, WI, USA) for a dwell ti 30 sec. Before each compression,

the die (10.5 mm diameter) and the flat-f pinches were lubricated with a 2%"/,,
dispersion of magnesium stearate in ethapo ef (1:1) solution. After ejection, the

tablets were stored over silica gel for S hours to allow for hardening and elastic recovery.

2.13 Preparation of granulgs for wet granulation

Batches (100 g) o% ula of drug (20% "/,,), lactose (70%"/,) and corn
-mi

starch (10%"/y) were for 5 min in a Kenwood planetary mixer and then
moistened with the @fov"/w or 4%"/,, concentration of binder solution, (PVP or
corn starch) muci to ce granules. Massing was continued for 5 min and the wet
masses were passing them manually through a No12 mesh sieve (1,400
um), drie hot ven for 18 hour at 50°C, and then resieved through a No16 mesh
size (1,0%eak aggregates and then dried again in a hot air oven for 24 hours.
The moiSture ent of the granule formulations was determined with an Ohaus moisture
b s Scale Corporation, USA). The granules were stored in airtight containers.

.1 @Granule size distribution

The size distribution of the granules were determined in triplicate by sieve analysis

hod (British Standard 410, 1962) using standard sieves of sizes 12 mesh (1400 um), 16
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mesh (1000 um), 22 mesh (710 pm), 30 mesh (500 um), 44 mesh (355um), 60 m
pm) and the receiver.

2.13.1 Compression of tablets

Tablets (500 mg) were prepared from 500-1000 um size fre granule

formulation by compressing at predetermined loads 5 and 10 kN arver hydraulic

hand press (Model C, Carver Inc, Menomonee Falls, WI, USA) at Il time of 30 sec.

Before each compression, the die (10.5 mm diameter) a ed punches were

ether (1:1) solution.

lubricated with a 2%"/,, dispersion of magnesium stearate i
After ejection, the tablets were stored over silica soluti el “for 24 hours to allow

hardening and elastic recovery as was done for tabléts prepared by direct compression.

2.14  Evaluation of tablet properties
2.14.1 Test for uniformity of weight
Ten tablets were weighed individually and collectively using Ohaus laboratory
balance (Model: TP 2005, Serial No 16%3: 200 g, Ohaus Corporation, Florham Park, New
Jersey, USA) and the average w@ight det

ined for each batch. The percentage deviation

was then calculated from th e weight.

2.14.2 Determinatio MShing strength and friability
The load (N) ed Jfo diametrically break the tablet was determined at room
temperature usi T

crushing strength tester (Pharmatest, Switzerland). Four

tablets rando om each batch were used for the test. The average reading for

astak the crushing strength of each batch.
e

e friability of the tablets also was determined using a scientific

friabilatog (M
f i tablets were used for each sample.

TF 2D, Scientific Equipment Ltd., Bombay, India) operated at 25 rpm

Determination of disintegration time
The disintegration time of the tablets was determined in distilled water at 37 +

0.5°C using an Erweka disintegration time apparatus (Model: Copley ZT2, Erweka
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Apparatebau GMBH, Heusenstamm, Germany). Six tablets randomly selected f
batch were used for the test.

2.14.4 Dissolution profiles of Mucuna pruriens tablets
2.14.4.1 Determination of absorption maxima for Mucuna pru @ ol seed

extract

Ethanol extract (1 g) was weighed and placed in 100 mL . 0.1M HCI was
added to make a 100 mL mixture. This was agitated in a
filtered through a Whatman filter paper Nol. The fi
spectrophotometer (Model Cintra 6, Type GBC UV —Visi

Limited, Victoria, Australia) and the maximum abs@rption appeared at 281nm.

CUT Ve

were prepared by dilution to contain betweg

2.14.4.2 Beer Lambert plot (calibration

ucuna pruriens
Various concentrations of pure sd thanol extract of Mucuna pruriens
to 0.1 mg/mL. The absorbance was

measured spectrophotometrically at 281 nm. The absorbances obtained were plotted

against the various concentrati
coefficient of R = 0.999). T

(Appendix 2). \

2.14.4.2.1 Dissolutiofl pr. udy
The dissolation ti the tablets was determined at 37+0.5°C in 900 mL of 0.1
M HCI using4a disse

Mumbai, India) withythe rotating basket positioned 25 mm above the bottom of the round-
bottomedilaskiand @perating at 50 rpm. Samples were withdrawn at various time intervals
for 0 mins and the amount of drug released was determined
Sp

Up{, t
hotemetrically at 281 nm using the UV visible spectrophotometer. The volume

tain a straight-line graph with a correlation
gression equation was found to be y = 9.2795x — 0.0244

test apparatus (Model: DA-6D, Veego Scientific Devices

Wwas replced with an equal volume of 0.1 M HCI at the same temperature to
t olume of the dissolution medium constant during the course of the test. The

released at each time was obtained from the Beer Lambert plot and the % release

ulated. All the determinations were made in quadruplicate.
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2.15.1 Preparation of animal for in vivo test
2.15.1 In vivo release of Mucuna pruriens tablets (produced by direct SSI
and wet granulation methods) in rabbits
Rabbits (20), of both sexes, weighing (1.00 - 1.65) kg bred in t

the Department of Veterinary Pharmacology, Faculty of Veterinary

of Ibadan, Ibadan were used for the in vivo release profile. Af

The animals were fasted for about 16 hours but ee access to water ad

libitum during fasting and throughout the experim@nt. Diabetes was induced by a single

intraperitoneal injection of 120 mg/kg of alloxa hydrate (dissolved just before use

oups B and E while the first group A
@ glucometer was used to monitor the

blood glucose level. Animals with a serum glUe ange of 450-485 mg/dL were used for

in 0.9% normal saline) to the rabbits in gr,

consisted of non-treated rabbits (normal cc

the experiment.
Hyperglycemia was co the animals about 72 hour after the alloxan

injection. Group B consisted iabetic control rabbits. Groups C and D were given one

tablet each (containing 10Q. mg M. iens seed extract) produced by direct compression
and wet granulation respecti while Group E contained rabbits that were given one
tablet each (5 mg/kg bg ight) of glibenclamide as standard reference drug. The

normal control grewp recei no medication. The tablets were inserted direct into the

animals’ guts pecial pointed forceps. Blood samples were collected from

f all the animals onto glucometer strips and measured at O min (pre
120, 132, 1 168, 180 and 192 hours. The corresponding blood glucose elimination
Ie\%bmined at the various times. Log blood glucose level was plotted against

The slopes of the regression analysis (-k/2.303) were used to calculate the various
conggants according to the first order Kinetic reaction: k = 2.303/t log C,/C where K is
ination glucose kinetics rate constant, C, is the initial glucose level, C is the final

Q d glucose level and t is the time it takes C, to reduce to C. The parameters computed
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were glucose elimination rate constants k and t which is the time at the point o
between two different k when the glucose elimination was going from one co en

the order.

2.16 Statistical analysis

Statistical analysis was done using ANOVA followed nnett’s multiple

comparison tests. The other data were evaluated using Graph Pa m software. Data

were expressed as mean = SD and p-value < 0.05 was consi






CHAPTER THREE

ANTIDIABETIC PROPERTIES OF THE PLANT

3.1 Yields of extracts

The yields of the successive extractions in n-hexane, ch
ethanol and methanol were 0.827 g, 0.540 g, 0.679 g, 1.0
Methanol and ethanol are polar substances. Ethylacetate i

rm, ethylacetate,

ethanol while and n-hexane and chloroform are non-po ére was a good vyield in

methanol and ethanol. Ethanol extract was used f@F this investigation because of its safe

handling and environment friendly nature unli hanol which is very volatile and

toxic. The cold extraction method used in ougg produced a yield of 44%.

3.2 Proximate analysis of M. pruriens seed

The results of the proximate @nalysis and moisture content of M. pruriens seed

powder are presented in Table ues, which are a measure of mineral matter
present in the incinerated (s sidue, provide a means of standardizing the seeds. Our
value of 4.1% is in range4Qf values (.60 - 4.69%) obtained by Amoo et al. (2009). Ash
values are frequently &rdize crude drug material. Total ash, which is designed
to measure the amou aterial remaining after ignition, contains both ‘physiological

ash’ and ‘non-p gl h’. That is why the value of total ash is usually larger than

other ash val luble ash is used to measure the presence of silica, especially

sand and silfceous in the plant material. Often, these proximate analysis values are
used fo rugé’as a measure of quality and give an indication of incorrect collection
and bad“prepa n of the drug samples. The value obtained for acid — insoluble ash was

=
S

obtained for these parameters suggest that our sample is of good quality.
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Table: 3.1 Proximate analysis of the seed of M. pruiriens %
Parameter Value (%) Q

Ash value 4.1+0.0

Acid insoluble ash 2.5+0.8 v
Water soluble ash 0.91@

Water soluble extractives 12.N

Alcohol soluble extractives 5.0+0.9

Moisture content .1+0.0

A

®\&
<</E
O\
E\
N
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3.3 Phytochemical screening of the ethanol extract of the seeds of M. pruriens.

The results of the phytochemical screening of ethanol extract of t

presented in Table 3.2. The phytochemical studies carried out revealed the presénce of

found in mucuna plants.

Saponins in Mucuna seeds ranged between 1.2 1. dhuraju and Becker,
2005). Saponins possess a carbohydrate moiety attachmnerpenoid or a steroidal
aglycone. They form a group of compounds, which consumption causes deleterious

effects such as hemolysis and permeabilization o ntestine (Cheeke, 1996, Price et al.,

hypocholesterolemic as well as

1987). Saponins are recently shown
anticarcinogenic effects (Koratkar and Rao

and humans through the formation ofgnixed micCelles and bile acids into micelle bile acid

The total phenolics of ds varies between 3.1 and 4.9% (Vadivel and

Janardhanan 2000, Mo anardhanan, 1995). Siddhuraju et al (2000) studied the
total phenolics andfta f different germplasm of Mucuna and found high
concentration in the accessions (6.1 and 0.55% respectively) than white seed

accessions (5.
from 0.03 .06% (Mohan and Janardhanan 1995, Vadivel and Janardhanan 2000), but

known health benefits. It is 15 - 30 times more efficient in free radical
gugnchingWQactivity than Trolox and other simple phenolics (Hagerman et al., 1998).
in co

\ be one of the substances responsible for the antioxidant properties of M.
ie
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Table 3.2: Phyto-chemical screening of Mucuna pruriens ethanol extract %
Parameter Test Result
Alkaloids Dragendorf falakalad

Meyer’s falaiakad

Wagner falakalad
Tannins Ferric Chloride *Q

Cardenolide Keller-Killiani -

Kedde \
Saponin Frothing falakaled
Steroid falaiale
Flavonoid
Terpenoid -

Carbohydrate falalaled
Protein falakaled
Glycoside -
Lipid & *xx
Phenol *

*Present, - Not preseat, multi luses indicate degree of abundance

Q.
\i‘/
%
D



Carbohydrate, protein and lipid contents are in abundance from the phyto
analysis result as shown in Table 3.2. This is in tandem with the findings of e a

Phillips (2006) and their results revealed that Mucuna pruriens seed is goo ce of

crude protein (19.97 - 20.57%), carbohydrate (73.29 - 75.49%), fat ) and
vitamins (11.24 - 17.10%). Adebowale and Lawal (2003a) reported e of five
polypptide seed protein subunits (200, 116, 82, 63, and 59 k i pruriens.
Ezeagu et al (2003) also studied the proximate composition of ucuna accessions

%), carbohydrate

and ethylacetate fractions possessedWo hypoglycaemic activity at the dose employed.
Methanol and ethanol fractions s 9.1% and 38.9% reduction in the blood glucose
level, respectively, 24 hour aftér the administration of extracts. The yield was 44°/,. The
high yield of extracts showsftha imal extraction of the constituents requires the use of
polar solvents such as Watwho which is in consonant with folkloric use.

3.5 Anti-diabetic p rtiegof ethanolic extract of Mucuna pruriens

etic effects on alloxan-induced diabetic rats

ere was a significant dose-dependent reduction in the blood glucose level of

ure'3s
&:ompared with the diabetic standard (P < 0.0001). However, there were no
igntficant differences in the reduction of the blood glucose level when the extract was

ministered at a dose > 50mg/kg/day and glibenclamide (P > 0.05).

84



Table 3.3: Biological screening: Effect of crude fractions of n-hexane, chlo

ethylacetate, methanol and ethanol on alloxan-induced diabegie

Time n-Hexane Chloroform Ethylacetate Methanol
(hour)  (mg/dL) (mg/dL) (mg/dL) (mg/dL)
0 4555+04 456.2+0.7 456.8+0.5
1 4555+12 4571+14 457.2+09
2 456.6 £24 4576+13 457.7+0.3
3 456.4+0.8 456.4+1.3 458.7+2. 430.4+£0.3
4 457.2+04 4572+13 4586+ 1 387.2+0.7
5 457.3+14 457.3+05 3875+24
6 456.1+£0.7 458.6+3.7 362.7+1.5
7 458.8+0.4 458427 3246 £4.2
8 4585+ 0.3 6+7.3 300.6+3.6
24 4645+ 1.6 4605+12 284.3+43

4402+ 1.0
4339+ 3.4
382.1+05
382.6+2.6
337.7+5.7
337.7+35
305.2+ 3.8

281.3+26
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The administration of 5, 10, 20, 30, 40, 50 and 100mg/kg of the crude ethanok
M. pruriens resulted in 18.6%, 24.9%, 30.8%, 41.4%, 49.7%, 53.1%, 55.4%

respectively in blood glucose of the diabetic rats after 8 hours of trgatme
administration of glibenclamide (5 mg/kg body weight) resulted in 59. %

3.5.2 Chronic anti-diabetic effects on alloxan-induced dia

Results of the chronic administration of Mucu
glucose level are presented in Table 3.5 while the plot % “reduction in the blood
glucose level versus time (weeks) after chronic inistration of different doses of the
extract and standard drug (glibenclamide) on diabeticats are presented in Figure 3.2. This

na pruriens seed extract for 12

agreement with the rep hi et al., 2002, who observed that the ethanol extract of
Mucuna pruriens at varyi es showed different degrees of antihyperglycemic activity
in alloxan-inducedgdia workers (Bhaskar et al., 2008) have reported that
ruriens to diabetic rats treated with 100 and 200 mg/kg of the
M. pruriensgsee act showed a significant reduction in blood glucose of about 12 and
19% respectively afier 6 hour of treatment; and after 3 weeks of daily treatment with the

r eed aqueous (100 and 200mg/kg), there was significant fall in blood

(55% and 62% respectively). At the same time, Tolbutamide caused a

%) reduction in blood glucose level (Bhaskar et al., 2008).

Nugh pathophysiology of diabetes remains to be fully understood (Madak et al.,
' experimental evidences suggest the involvement of free radicals in the

ogenesis of diabetes (Matteucci and Giampietro, 2000) and more importantly in the
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development of diabetic complications (Oberly, 1988; Baynes and Thorpe, 1997, )
2001). Free radicals are capable of damaging cellular molecules, DNA, protei i

leading to altered cellular functions. Many recent studies reveal that antioxida pable
of neutralizing free radicals are effective in preventing experimentally igducedhdialigtes in

animal models (Kubish et al., 1997; Naziroglu and Cay, 2001), as We

severity of diabetic complications (Lipinski, 2001). For the entvof diabetic
complications, the abnormalities produced in lipids and proteins e major etiologic
factors. In diabetic patients, extra-cellular and long lived pr s elastin, laminin,

collagen are the major targets of free radicals. These progei Ified to form glycol-
proteins due to hyperglycemia. The modification of these inS’present in tissues such

as lens, vascular wall and basement membranes associated with the development of

complications of diabetes such as cataract oangiopathy, atherosclerosis and
nephropathy (Glugliano et al., 1996). Duripg ipoproteins are oxidised by free
radicals. There are also multiple abnorm: poprotein metabolism in very low
n (LDL), and high density (HDL) in

diabetes. Lipid peroxidation is enhafged due to increased oxidative stress in diabetic

density lipoprotein (VLDL), low density lipop

condition. Also, it is well kno
(8.7-10.5%) (Vadivel and J

glucose in diabetic subjects.

una pruriens is a rich source of dietary fibre
dhanan, 2000). It is also known that it reduces plasma
delaying glucose absorptien thaginsoluble fibre.
The ethanol

ht be producing its hypoglycaemic effect by an extra-
pancreatic action
mentioned earli

Thefextra Mucuna pruriens has both organic and inorganic constituents. It is

importantto n@te that the inorganic part of the medicinal plant containing mainly mineral

sometimies play a contributing role in enhancing medicinal properties (including
ic activity) of the plant (Kar and Choudhary, 1994; Kar et al., 1999). A
sential minerals like Na, K, Ca, Zn, Mg, P, Fe, Cu, Mn and Cr have been

er o
Xbe present in M. pruriens (Scheffe, 1953). These mineral elements may be
ed with the mechanism of insulin release and its activity or glucose tolerance
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factor as described in different laboratory animals (Mertz, 1981; Niewoehner et aF ;
Chen et al., 1995; Schroeder, 1996 and Castro, 1998).

3.5.3 Changes in body weight

Changes in body weights of diabetic rats after daily administ he crude
ethanolic extract of Mucuna pruriens seed are shown in Tabl ile the plots of
weight variations with time on the diabetic rats after the adminiSiration of drug and
glibenclamide are presented in Fig. 3.3.

The result indicates that the normal control weight gain while
diabetic control rats exhibited 27% weight loss over th%s period. Rats that were

administered with the extracts exhibited 16% - 4

weight gain while those administered
with glibenclamide (5 mg/kg body weight) sho 8% weight gain. The weight gain
observed with the extract depended on the @ inist€red. This indicates that treatment
with Mucuna pruriens seed extract signifi iated the weight loss in diabetic rats
in a similar manner to glibenclamidep < 0.001). In the diabetic control rats there could

have been a decrease in the production of total protein and albumen as well as the

production of insulin. So, in thi ight have been mobilized and this could result

in hyperlipidemia and weigh s shown in Table 3.6.
3.5.4 Acute toxicity d N in mice
Acute toxicit s shlowed that the administration of the crude ethanolic extract

ed ell tolerated by animals as no death was recorded 14 days

he extract. However, adverse effects such as hyperventilation,
ction and reduced spontaneous motor activity were observed about
istration of high doses (8-32g/kg/day).
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3.6 Determination of ameliorative potentials of Mucuna pruriens on the
complications of diabetes mellitus

3.6.1 Biochemical and hematological studies

The results of the biochemical and haematological studies are p ables
3.7 - 3.9 while their various representative plots are presented in Figt 3.6. The
diabetic rats showed significant (p < 0.05) elevated levels holesterol,

triglycerides, urea, creatinine (Table 3.7), AST, total bilirubin and with concomitant

decrease in total plasma protein (Table 3.8) when compa mal rats. Plasma
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tract after 12 weeks of

cholesterol, triglycerides, LDL, creatinine, urea and alkalin ase levels decreased

administration compared with diabetic rats asgshown in Table 3.7. High density
.05) significantly following the

extract compared with diabetic

glibenclamide (5 mg/kg), cholesterol, triglycenides” (Table 3.7) and total plasma protein

levels (Table 3.8) were restored to neagnormal. The present results show that plasma urea

and creatinine levels (Table 3.7 in diabetic rats when compared with normal

rats.

The administrationgaf Muc pruriens seeds extracts significantly (p < 0.05)
decreased plasma ure rNwine when compared with diabetic rats (Table 3.7).
Administration of uriens extract and glibenclamide restored the above
biochemical par, rs most normal values. There was significant (p < 0.05)
decrease in WK*, CI" and HCO® in alloxan treated group (Table 3.9).

Administration of na pruriens seeds extracts or glibenclamide ameliorated depletion
of Na*, €k HC@” but not K* ion. The graphical representations of the various effects
of ethan@l see ract of Mucuna pruriens on the liver function tests are shown in Figures

3. , While the graphical representations of the effects of different doses of the
xtract of Mucuna pruriens on the plasma total cholesterol, triglycerides, high

se
\poprotein, low density lipoprotein, blood urea nitrogen and creatinine are shown
an igure. 3.5.
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Diabetes mellitus is known to cause hyperlipidemia through various

derangements (Hardman and Limberd, 2001). Among several metabolic d

triglyceridaemia often occur (Hardman and Limberd, 2001). Many tra

in use are derived from medicinal plants, minerals and organi

and the levels of ALT, AST and ALP,
plasma enzymes suggests a protective effe

eased significantly. The fall in
cuna pruriens on the liver against
es of AST and ALT in plasma are

functional integrity of cell membrane in the liver

alloxan-induced hepato-toxicity. Elevated a
indicative of cellular leakage and loss
(Rajesh and Latha, 2004). Their,
of hepatocellular damage (K et al., 2004).

s are useful quantitative marker for the extent

The increase in the, levels asma bilirubin reflected the depth of jaundice and
the increase in transaminas d alkaline phosphatase have been reported as clear
indication of cellulaf le and loss of functional integrity of the cell membrane

(Saraswat et al., 3). ni and Anil (2001) reported that M. pruriens possessed

alloxan initiated the process of lipid peroxidation through the

ide radicals. Effects of M. pruriens extract on alloxan-treated groups

idation by attacking the double bonds of these molecules. The medicinal

[
% of M. pruriens against diseases associated with free radical, especially the age-
male-infertility and Parkingson’s disease is well documented (Vaidya et al., 1978).

ce, it is possible that the mechanism of hepato-protection of M. pruriens is due to its
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antioxidant effect. Also in the present study, animals treated with alloxan had si

increase in the activities of AST and ALT double-fold respectively. Alkaline

across the capillary wall. Increased activity of alkaline phosphatase,
de novo synthesis by liver cells, is a reliable marker of hepato-bifi
damage in liver and kidney. Mucuna pruriens enhanced the synthe total protein and
f liver cells. The
increased level of total protein in plasma indicates the heg
pruriens.

The administration of Mucuna pruriens seg@l extract increased the activity of GTT
in dose dependent manner. This, therefore, sh t prolonged administration of M.
e

catabolism of glutathione, the main thjol antiG

pruriens seed extract precipitated i in animal models. Gamma-

glutamyltransferase (GGT) is the enzy responsible for the extracellular

in mammalian cells (Meister, 1983).

The determination of serum GGT Wctivity is a well-established diagnostic test for
hepatobiliary disease, and is use
(Rollason et al., 1972).

Diabetes mellitus i

itive marker of alcohol consumption and abuse

a con characterized by hyperglycemia and a markedly
increased risk of cardiguasc disease, a major cause of death and disability in our

society. The presencefof s mellitus also markedly increases the risk of retinopathy

and blindness, ne ath renal failure, and neuropathy. Patients with diabetes often
have elevatio iglycerides, remnant lipoprotein cholesterol, and small dense
LDL, as well as ased HDL as compared to control subjects (Siegel et al., 1996 and

Schaeferg€t 200Q2a). The direct LDL-cholesterol offers the physician the option of

assessing, L n the non-fasting state, as well as when the patient has significant

hypertriglygeridemia (Schaefer et al., 2001; Schaefer et al., 2002b and Schaefer et al.,
w obtained in this study showed that the M. pruriens seed extract produced
ificapt reduction in LDL-cholesterol, total cholesterol and triglyceride with
able increase in HDL-cholesterol as shown in Table 3.7. Mucuna. pruriens extract

Id therefore be used to ameliorate complications associated with diabetes mellitus.
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Epidemiological evidence shows that the plasma concentration of hig
lipoproteins (HDL) has been reported to be inversely related to the risk of casei

disease (Nicholls et al., 2005). The best known anti-atherogenic function of H ticles
is attributable to their ability to promote the efflux of cholesterol frog
there is mounting evidence that HDL has other effects that are
cholesterol transporting functions, including antioxidant, anti-i

re-Salvayre et al.,

N) and creatinine

™~

M. pruriens could

ameliorate kidney damage which is one of the complica 1abetic mellitus.

following administration of Mucuna pruriens extract conf i
ti;n\

3.6.2 Histopathological studies
After 12 weeks of daily administratiQfs0
detected in the kidney (Fig. 3.7 a), liver (

ruriens extract no changes were

adrenal glands, pancreas (Fig.3.7c),
epidydimis of the normal rats (group A). alpetic rats (group B) were observed to
possess individual cell necrosis in the\pancreas (Fig. 3.8a), very mild tubular degeneration

tensive hepatic degeneration, peripheral hepatic

acuolation®of the centrilobular hepatocytes (Fig.3.8c). In
the adrenal gland and epidydimis isible lesion was observed.

In the diabetic ratswwit 5 mg/kg body weight of Mucuna pruriens (group
C), no visible lesion was o ed’in the kidney, adrenal glands, pancreas (Fig. 3.9a) and
epidydimis, but in th er, hyperplasia of the kupfiller and central venous congestion
were observed .9b).
In the rats treatédygivith 10 mg/kg, 20 mg/kg, 30 mg/kg, 40 mg/kg, 50 mg/kg, 100 mg/kg
. Pruriens and glibenclamide (5 mg/kg) no significant lesions were

eys (Fig. 3.9¢), liver (Fig 3.9a) and pancreas (Fig. 3.8¢c). In the normal
control, isletS are normal. The architecture of islet was preserved. The acini are lined
val cells with moderate cytoplasm and small round to oval nuclei. No
ibro r any inflammation was seen.
Microscopically, the pancreas Section of diabetic control shows pancreas with
gorged and congested blood vessels. The islets were damaged. The acini were lined by

round to oval cells with moderate cytoplasm and small round to oval nuclei.
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icrograph of the kidney showing no visible lesion in group A

107



Fig. 3.7b: Ph%h of the liver of rat in group A normal rat where no visible
lesion w@
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Fig. 3.8a Group B Nt int!rlobular connective tissue
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Fig. 3.8b: Photomicrogragh of tRe liver showing Kupfller cell hyperplasia
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Fig. 3.8¢c: Photomicrogragh of the liver showing no visible lesion
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Fig. 3.9a: Photomicrogragh of the 3 showing no visible lesion
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Fig. 3.9b: Photomi aph of the kidney showing a very mild tubular
degeneration in dK’[icra
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!
Fig. 3.9c: Photomicrograph of%y showing the amelioration of the kidney
cells upon the administration®t ethanoli®extract of M. pruriens
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Fig. 3.10a: Photomicrograph of the

crease showing quasi-amelioration of the
f ethanolic extract of M. pruriens to the
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Fig. 3.10b: Photomicrograph of the [Wer cells of rats in group B showing hyperplasia
of the Kupfller cell
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Fig. 3.10c: Photomicrograph of. wver cells of rats administered with the ethanolic
extract of M. pruriens showi melioration of the damage caused by diabetes
mellitus.
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Microscopically, the pancreas section of standard glibenclamide and M. prurien

rats section shows pancreas with normal architecture and acini. The isle




CHAPTER FOUR: FORMULATION STUDIES

4.1 Material properties of the M. pruriens ethanol extract

The bulk density, tap density and Hausner ratio of the ethanol se act of the

various powder mixes for direct compression are presented in Tab ¥ bulk density

of a powder describes its packing behavior during the vario ations of tableting
such as die filling, mixing, granulation and compre r bulk density is
advantageous in tableting because of reduction in the fNr the die. The ranking
of the bulk density was Extract > Avicel > Cellulose > Lactose€¥The tap density indicates
the rate and extent of packing that would be expérienged by a material during the various

unit operations of tableting (Wray, 1992). Thegtan

of the tap density was Avicel >
Extract > Cellactose > Lactose. The differe d in the tap density values could be

due to the difference in particle shape and

the packing arrangement of particles.

The Hausner ratio (tap to sity ratio) provides an indication of the degree of
densification which could resul#from vibration of the feed hopper during tableting. Higher
values of Hausner ratio prédic
Hausner ratio was Avicel Wj ellactose > Lactose. Thus, Avicel exhibited highest
degree of densificatigh wi ppthg while lactose had the lowest values. The angle of

repose (0) has been uséd"as agualitative measure of the cohesiveness or the tendency of

powdered or g d materials to flow, for instance, from hoppers through the feed

frame into t machine. Such uniformity of flow will minimize weight variations in

ith e in particle size. The ranking of angle of repose was Lactose > Extract >
el e > Avicel.
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Table 4.1: Material properties of M. pruriens ethanol extract (Mean £ SD, n =

Diluent Bulk Density  Tap Density Hausner Ratio A of
(BD) (TD) (HR) Qp se
©)
Extract 0.65+0.0 0.70+0.0 1.08+ 30.40+0.1
Avicel 0.64+0.0 0.71£0.0 0.90:0.0 22.32+0.3
Cellactose 0.77+0.0 0.79+0.0 4@ 26.12+0.2
40.64+0.5

0.0
Lactose 0.36+0.0 0.51+0.0 ‘

A

®\&
<</E
O\
E\
N
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4.2 Particle size and size distribution of formulations for direct compression
The size distributions of the formulations in the direct compression

deformation (Wray, 1992; Munoz — Ruiz and Paronen, 1996). It ha

cohesiveness is usually inversely related to the particle diameter ia
Obiorah, 1973).

hotton and

4.3 Binding properties of M. pruriens granules
4.3.1 Granule size distribution

The size distributions of the granules of gthangl extract of M. pruriens containing

PVP and Corn starch as binders obtained b e sis are presented in Tables 4.3.

Representative plots of cumulative weight ersize versus mean diameter for the

Mucuna pruriens formulations containing an@d’corn starch as binders are shown in
Fig. 4.1. Values of mean granule siz& for the formulations are shown in Table 4.4. The

mean granule size of the samples 4 d with increase in binder concentration. This can

be attributed to the strengthegihg of bonds between particles as there would be more

binder per bond as the conéent is increased (Luangtanan — Anan and Fell, 1990).
The mean granule size of was greater than that of corn starch.
4.4 Evaluation of t properties

4.4.1 Test for ﬁ ity of weight
sul the average weight and their corresponding percentage deviation for

byadirect compression (DC) with or without diluents using Avicel®
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Table 4.2: Particle size distribution of formulations by direct compression %
Diluent Particle diameter (um) Number of particles (%) Cumu ze
Extract only 0.9 7
1.3 25 3
48

3.2 21
3.7 42 43
4.5 \ 5
Avicel 1.9 4 100
4.5 0 95
6.0 70
7.4 56 64
8 6 6
Cellactose 15 22 100
8 90
53 76
. 8 70
. 9 9
Lactose 0.7 25 100
15 6 80

4.0 20 30

QY
S
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Table 4.3: Size distribution of M. pruriens seed ethanolic extract containing

corn starch as binders

Binder Mean sieve size (um)

PVP 1100
855
605
428
303
125

Corn starch 1100 0.87
855 4.34 5.41
605 25.72 37.51
428 34.68 49.72
3 69.94 74.51

5 100.00 100.00

N
&
A\
S
N
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Table 4.4: Values of mean granule size (G) of Mucuna pruriens granules co
no binder, PVP, corn starch as binders.

Binder Concentration (%"/,,)
- 0.00
PVP 1
4 \ 520
Corn starch 1 400

510

K\

®\&
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O\
E\
N
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Table 4.5: Uniformity of weight of the tablets prepared by direct compressio

Method of  Diluent/binder Compression  Average % devia

preparation pressure weight (mg)
(CP) kN
DC Extract without 5
diluents 10 0.1
DC Avicel 5 0.2
10 0.1
DC Cellactose 5 0.2
10 0.1
DC Lactose 5 0.3
0.1

(n-10) s
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Table 4.6: Uniformity of weight of the tablets prepared by wet granulation

Method of Binder Binder con-  CP (kN) Average 0

preparation centration weight ( tion
(%)

WG PVP 1 5 0.1

10 0.2

WG PVP 4 5 0.3

10 0.2

WG Corn starch 1 5 0.1

0 0.1

WG Corn starch 4 0.1

0.2

CP = compression pressure !
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This shows conformity with the British Pharmacopoeia (B.P) requirem
B.P (1998) standard for uniformity of weight for tablets states that th

(in this study, the weight of each tablet was 500mg). All the M. prurie

by both direct compression and wet granulation passed the weight

4.4.2 Mechanical properties of M. pruriens tablets

4.4.2.1 Crushing strength
The values of the crushing strength, friability anN strength-friability ratio

for M. pruriens tablets prepared by direct compregSion are presented in Tables 4.7. The

crushing strength and friability are important t pharmaceutical tablets that often

form part of a manufacturer’s own specificati® is especially important because
the tablet is likely to be subjected to va

subsequent use (Odeku and lItiola, 2003).

asive motions during production and
es of crushing strength and friability
provide measures of tablet strength
strength-friability ratio (CSFR)
M. pruriens tablets. The high

nd weakness, respectively. Thus, the crushing

as a measure of the mechanical strength of the
e (CSFR), the stronger the tablet.

The nature of dilugnt and pression pressure were shown to affect the tablet
crushing strength (CS) cansi ly. Generally, increased compression pressure resulted
in harder tablets. Thi§ mi as a result of the provision of greater compressibility to
the powder mass

(ltiola and Pi

er hj mpression pressure resulting in more plastic deformation

96). Tablets containing lactose showed the least CS values
Cellactose had the highest CS values. Avicel and Cellactose are
diluents thus possessing high compressibility. The ranking of

alues for tablets prepared by direct compression was Cellactose >
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Table 4.7: Mechanical properties of Mucuna pruriens tablets prepared by dir

compression

Diluent Concentration CP CS (N)
of binder (kN)
No diluents - 5 33.4+0.0 0. 2.210.0
- 10 36.5+0.0 71.440.0
Auvicel - 5 33.7+0.1 67.4+0.0

90.5+0.1

. 10 36.210\ . 520,
: 10 36§:00 @401  89.0:0.2

Cellactose - 5 0.7+0.0 47.5+0.0
- 10 0.5+0.0 78.2+0.0
Lactose - 5 0.9+0.0 22.0+0.1

- O 0 0.8+0.0 29.3+0.1

CP = compression pressurgy CS = &Jshlng strength, F = Friability, CSFR =
Crushing strength — friahjfit

\
é?
A\
S
N
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The values of the crushing strength, friability and crushing strength-friabi
for M. pruriens tablets prepared by wet granulation are presented in Tables 4.

binder type, concentration and compression pressure in wet granulation a d the
crushing strength of the tablets produced. The values of crushing streng
increasing binder concentration and compression pressure. It is well kng
the concentration of a plastoelastic binding agent leads to in plastic
deformation during compression and consequently to the formation ore solid bonds in

the resulting tablets. Tablets containing PVP had the highe

pared with corn
starch. M. pruriens tablets containing PVP as binders wgre an tablets prepared
by corn starch.

Generally, tablets prepared by direct compression were stronger than tablets

prepared by wet granulation for possessing hig réshing strength.

4.4.2.2 Friability

There was a general decrease in friabl increase in compression pressure as

shown in Table 4.7. As the compression pressure was increased there was a general

increase in CS and decrease | ility. The result also indicated that Mucuna

pruriens tablets containing |
had the least F value. All

test as they had F valug,s 1 his demonstrated the influence of compression pressure

se had the highest F value while those containing Avicel®
e tab repared by direct compression passed the friability
on the mechanical {pro of tablets. The ranking of friability values for tablets
prepared by direcisgo ion was Avicel®< Cellactose < lactose.

MP tablets prepared by wet granulation decreased with
increasing inder<@encentration and compression pressure. As compression pressure is

elevated sherefis aggeneral decrease in friability (Itiola and Pilpel, 1986, 1996). The

due to increasing binder concentration is attributed to increased degree

of inter-particular bonding (Esezobo and Ambujam, 1982; lwuagwu et al.,

% e tablets prepared by wet granulation using PVP and corn starch as binding

ts F values < 1%. Tablets containing corn starch were generally more friable than
containing PVP.
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Table 4.8: Mechanical properties of tablets produced by wet granulation %

Binder Binder Compression

Conc.  Pressure (KN)

Crushing Friability CS-F

%"/,
1 5
PVP 10 32.6
4 5 335
10 34.5
1 5 30.5
Corn 10 0
starch 4 5
10

Strength %
(N)
31.0 0. 43;

N
&
A\
%\
N
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The relationship between crushing strength and friability is such of an%
proportionality. Thus, tablets prepared by direct compression were less g th
tablets prepared by wet granulation.

4.4.2.3 Crushing strength — friability ratio

For a particular diluent, the CSFR values increased withg in mpression
pressure in tablets prepared by direct compression. Tablets contain vicel® had higher
of CSFR values

tose%> lactose.

CSFR values than tablets containing Cellactose® or lactose
for tablets prepared by direct compression was Avicel® >.Ce
For a particular binder the CSFR values increased Wi creasing concentration

had the highest CSFR compared to

tablets containing cornstarch.

CSFR, being a measure of the tablejgiard s higher in the tablets prepared
by direct compression than in tablets prepa @ granulation.

4.4.3 Release properties of M. prurienis tablets prepared by direct compression
4.4.3.1 Disintegration time

Values of disintegratigfytime and the dissolution characteristics (tso, tso, t1, k1 and
ko) of M. pruriens tablgts prep by direct compression and wet granulation are
presented in Table 4.9 \

The disintegratio of tablets prepared by direct compression increased with

increase in com ion ure as shown in Table 4.9. Similar observations have been
made by o igators and have been explained in terms of the effect of
compressigh pr e on the specific surface area of the particles and the rate of

iquigl into the interior of the tablets (Itiola & Pilpel, 1986, 1996; Odeku &
Itiola,<200 n and Rhodes (1976) stated that porosity and permeability of tablets

reduced compression pressure was increased leading to increase in disintegration
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This can be ascribed to the decrease in size of capillary spaces between the part
to bond formation, which prevent the easy penetration of water into the tabl

tablets prepared without diluents had the longest disintegration ti
insoluble, allows fluid into a tablet by capillary action, swells a

disintegrant. For this reason, the relatively hard tablets c ing Avicel still

disintegrated within 15 minutes.
The disintegration time test of tablets is very importa

in the dissolution process since it determines, to a lar

and lItiola, 1998). Depending on
e tablet and on the mechanism of

eased versus time (min) for extract without diluents, Avicel, Cellactose

e presented in Figures 4.2, 4.3, 4.4 and 4.5 respectively Plots of percentage

Ne versus time (min) of Mucuna pruriens tablets containing PVP and corn starch
rs are presented in Figures 4.6 - 4.8. From Table 4.9 differences in binders used in

et granulation resulted in different dissolution profiles. Generally for each binder used an
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Table 4.10: Concentrations and corresponding absorbance for M. pruriens %

Concentration (mg/mL) Absorbance (at 281.8nm
0.01 0.07+0.00
0.02 0.170.
0.04 0.33£0.0
0.06

0.08 X
0.1 0.90%0.02

A
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Fig 4.3: Plots of disso rofile of M. pruriens tablets prepared by direct
compression (with@ut diluents)
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increase in the concentration of the binding agent and compression pressure re

increase in dissolution time of the compressed drug.

profile of tablets containing PVP as binder could be due to the @
exhibited by PVP.
As shown in Table 4.9, differences in diluents used and pression pressure
resulted in different dissolution profiles (tso, tgo- the time @ : 50% and 80% of

the drug to be dissolved). Generally for each diluent ty d, an increase in the
compression pressure resulted in increase in dissolutiorN e compressed tablets.

The highest tsg values were obtained for tablets c@ntaiging Avicel as diluent while tablets

containing lactose had the least tso values. Tab mpressed without diluents had the

highest tgo while tablets containing lactose st.

4.4.3.3 Kitazawa plots

The plots of different dis i ofiles of tablets prepared by direct compression
and compressed at two diffes@nt compression pressures are shown in Figures 4.3-4.6.
From these, the values of t5, an (the time required for 50% and 80% of Mucuna

pruriens tablets to be diSere calculated using the integrated form of the equation

of Noyes and Whitney'(18

In[Cs/(Cs — C,@

where is t ncentration of the solute at saturation. C is the concentration at time t;

a issolution rate constant. Representative plots of In[Cs/(Cs — C)] versus t

(\wa et al., 1975) are presented in Figure 4.9. In all cases, two straight regression
l f Slopes k; and k; were obtained. The time at which the lines intersect is denoted t;.
QFrom Figure 4.9, the higher the compression pressure the lower the dissolution rate
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constants for all the tablets prepared by both the direct compression and wet gra
It can be observed that the values of tso, tgp and t; all increased with binder rati

while the values of k; and k, decreased.

The values of k; were lower than the values of kj, implying @ ssolution
rate of the drug after t;. The change from k; to ky at time t; is attributabletge i

than in dissolution tests (Kitazawa et al, 1977, Itiol
relationships between various measured parametgys of disintegration and dissolution

extent, the area of contact between thésolid and liquid (Itiola and Pilpel, 1986).

Furthermore, there were, significant (p < 0.05) relationships between

dissolution rate constant, k k,, and most of the other dissolution parameters. The
did n

parameters. A similar rvatt@g,was made by Odeku and Itiola (2003) and is due to the

dissolution rate constant, ow significant (p < 0.05) correlation with all the

fact that k; representgessegitially the period of time during dissolution when the tablet has

broken up.

. pruriens tablets by direct compression with or without diluents

uceeh satisfactory tablets which possessed good mechanical and release

, the crushing strength of tablets prepared by direct compression
irectly compressible diluent were higher than those prepared by wet

ing PVP and corn starch.
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CHAPTER FIVE: IN VIVO STUDIES

5.0 Antidiabetic properties of Mucuna pruriens tablets and glucose rabbits

5.1 Results and discussion

drug on glucose levels in alloxan-induced diabetic rabbits
tablets were evaluated and assessed hourly and the FESUIN in Table 5.1 while the
representative plots of the log blood glucose levelgragainst time (hour) are presented in
Figures 5.1-5.4. The blood glucose level redu€tion#Vversus time profiles depicted an

intravenous bolus administration under going elimination first order reaction in

a two-compartment model. The various rat s which denote the rate at which the

blood is cleared from the body and their ca ng t that is the time (hour) at which

the glucose elimination moved fromfone compartment to the other, and half lives are

presented in Table 5.2.

the orally”administered tablets in rabbits there was a

After a single dose
significant (p < 0.05) reduction lood glucose level of the rabbits from Ohr up to 10
hour when compared Withetlc standard. The profile which is similar for direct
compression and wetfgra jon“which means that the drug release is similar. In this

investigation reductio load' glucose levels correlates with drug release.

and time 10 hour, kj, the rate at which blood glucose was being

ular species reacts, as in this investigation, the velocity of the reaction is
ional to the concentration of the un-reacted substance, that is, glucose that is not
inated. Hence, the high velocity recorded at the onset of the course of the
imination. As time went on more of the glucose was being eliminated thus a lower

velocity of reaction ensued starting from 10 hour to 72 hour. The rate at which M.

148



pruriens tablet prepared by direct compression was eliminating glucose was hi
that of tablet produced by wet granulation. The rate at which glibenclamide (

0 going
.% ological

vel'went up until

up as a result of non-bioavailability of more M. pruriens tablet to e
activity, that is, to cause more glucose elimination. The blood gl

time the blood glucose elimination was moving from ope
resident time in the first compartment was the same for alfghe M. pruriens prepared by
direct compression and wet granulation and glibenéfamide while the second compartment
(ko) was almost the same too except for glib de that was much lower than M.

pruriens tablets prepared by direct compressi ranulation.

The corresponding elimination half ) of the rate constants are presented

in Table 5.2. Half life is the time requireC e concentration to be halved. The
elimination half-life of glibenclamide Was significantly (p < 0.05) lower than M. pruriens
tablets prepared by direct com d wet granulation at the initial stage of the

een 10 hour and 72 hour all the tablet had the same half

glucose elimination Kinetics.

-life.
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Table 5.1: Effects of the Mucuna pruriens tablets on alloxan-diabetic rab

elimination of glucose kinetics (Mean = SD)

Time Normal Diabetic DC WG
(hour) control control (mg/dL) (mg/dL L)
(mg/dL) (mg/dL)
0 82.3+3.3 468.3+8.5 458.8 £3.5 4 8.6 463.5 +5.2
1 80.5+2.4 468.5 +8.4 453.3+4.9 6.9 457.0 +4.7
2 81.9+25 469.0 +8.8 447.3 £6.9 . & 447.0 £8.9
3 81.5+2.4 470.0 £8.0 438.3+5.2 4518yt 7.7 437.5+7.7
4 81.3+2.6 470.0 £8.7 440.3 +11.8 417.5+6.4
5 81.5+15 473.5+6.7 431.5+11.3 410.3 +6.9
6 80.8 £3.4 474.8 +6.7 423.3 +11.5 389.8 +9.3
7 81.3+2.4 476.0 £6.6 411.3 +15.5 370.8 +8.2
8 82.0+2.1 477.8 6.2 397.8£16.3 357.3+6.8
9 82.3+2.9 478.3 £5. 361.5+8.5 386.5£14.9 341.5+6.0
10 82.3+2.1 332.0£11.7 365.8 £11.7 323.0 6.8
18 81.3+1.9 7571 359.0 £10.0 270.8 £10.8
24 81.3+2.6 299.5+£10.1 3325+11.8 258.8 +5.4
36 80.8 £2.2 287.58.3 314.8 7.2 248.8 +5.4
48 80.5 £2. 273.85.1 294.3 7.6 229.5+7.9
54 81.8 2. 49643 £1.5 257.0 £6.2 281.8+5.5 220.0 £7.7
60 81, 016 244.3 6.0 266.8 £6.7 221.3+7.0
72 - 222.3+9.3 246.3 8.7 228.0 +2.3
84 - 245.3 £10.7 260.8 £9.9 239.0+1.8
96 - 295.0£1.9 281.8 v6.6 253.5 +4.7
108 : - 351.8+12.3 310.0 +14.1 271.0+£3.2
120 81.3+2.6 - 403.5 £4.5 355.5+8.3 300.0 £3.7
825124 - 443.0 £5.3 391.3£10.5 340.5 6.6
x 82.8 £3.8 - 464.3 £3.6 427.5+11.1 361.8+4.4
81.3+25 - 483.3£2.2 452.8 £12.8 381.3+8.5
81.5+3.1 - 493.312.4 471.3 £11.7 409.5 £8.4
82.0 £3.2 - 496.5+1.7 487.8 +8.4 433.5+6.9
80.0 £2.4 - 4%(.)5 +1.1 495.0 +1.4 455.0 +5.0
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Fig. 5.1:®;ood glucose level in rabbits against time

151



Table 5.2: Glucose kinetics: Different rate constants (k) and corresponding p

change from one component to the other (t) and half-lives (t;,) for tabl ar
by direct compression and wet granulation.

WG 0.021 105 0.005
Glibenclamide - 0.035 10.0 52.0 0.005

(Daonil®)

Drug Method of k1 1 ko to 3

preparation (hr') (h)  (hr?) (hr

M. pruriens DC 0.028 10.0 7 0.007
Q ’.0

A

®\&
<</E
O\
E\
N
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CHAPTER SIX
GENERAL DISCUSSION Q

Diabetes mellitus is the most common disease associa Ith¥carbohydrate

metabolism and is a major cause of disability, morbidity a rtality, associated due to

its complications, and hospitalization resulting in a signi ial burden (Foster,

1996). While some NIDDM patients can be managed M e, others require oral
hypoglycaemic therapy and/or insulin. Althoughginsulin therapy affords a tight and
effective glycaemic control, certain drawbacks guchgs oral ineffectiveness, short shelf

life, requirement of constant refrigeration, pa rapy and fatal hypoglycaemia in

the event of excess dosage limit its use aaother hand, pharmacotherapy with

sulphonylureas and biguanides is also assoCig th side effects such as nausea and

vomiting, cholestatic jaundice,

[ab)

nulocytosis, aplastic and hemolytic anemias,
generalized hypersensitivity reacti
and Dale, 1991). Thereforeg'there is
pharmacological interventiofis fordiabetic mellitus.

rmatological reaction and lactic acidosis. (Rang

urgent need to find safe and effective

Many drugs co o\today are of herbal origin. Indeed, about 25 percent of

the prescription drugs ensgd in the United States contain at least one active ingredient

derived from p terial. Some are made from plant extracts; others are synthesized to

mimic a natura t compound. Herbal medicinal products are defined as any medicinal

ely Containing one or more active substances (Chandra and Jayakar,
2010) :
In'the present study, the suitability of the seed of Mucuna pruriens, reported to be
fu Jabetes ( as a possible antidiabetic agent in the management and treatment of the
Nions arising from diabetes mellitus and the standardization of its extract into a
é@sage form have been investigated.

The attainment of dry plant extract from Mucuna pruriens was done by first
determining which was the most efficient solvent system. Thus, we evaluated the
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extractive capacity of chloroform, n-hexane, ethylacetate, ethanol and metha
solvent ethanol proved to be the most efficient and effective and was subsequ se

design and formulate the tablets, which was in tandem with folkloric use. The g seed

usually is dipped in a local gin, left for some days before using
antidiabetic. The percent yield of the extraction process was 44%. The
be satisfactory when compared with the outcome of the work
(2010) which obtained a percentage yield extract of 18.7%"/.

extract contains

a@ proteins and lipids;

etabolites, singly or in

Results of phytochemical screening revealed thg
appreciable amount of carbohydrates, alkaloids, sapongin
trace amounts of tannins and phenols. Any of these seco
ntidiabetic effect of the seed of M.
d NMR techniques, Donati et al,

combination with others could be responsible fo
pruriens. Using a combination of chromatogral
2005 revealed the presence of D-chiro-inosii@ saccharide) and its two galacto-

derivatives in Mucuna pruriens seeds. ities detected explained the well

=

(Larner et al., 1998; Asplin et al’%993; Ostlund et al., 1993; Ortmeyer et al., 1995;
Donati et al., 2005). Simi veral phenolic compounds possess marked anti-diabetic

activity (Hsu et al.,

reover, tannin-containing drug demonstrated antidiabetic
activity (lwu, 198 et al, 2007). Although, only a small number of alkaloids
etivity, it is possible that alkaloid content of Mucuna pruriens

overall antidiabetic activity of the plant. Possibly the insulin-like

s (antibiotics) that eliminate them.

N acute toxicity study is always performed to establish the therapeutic index of a
ar drug and to ensure the safety in-vivo. Acute toxicity study is generally carried
for the determination of LDs, value in experimental animals. LD stands for "Lethal
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Dose". LDsg is the amount of a material, given all at once, which causes the deat 0
(one half) of a group of test animals. The LDso is one way to measure t

32g/kg body weight). As no death of mice was recorded at the dosess
be said that Mucuna pruriens ethanol seed extract is safe at doses

Alloxan monohydrate is a toxic glucose analogue that pre ially accumulates

in pancreatic beta cells via the GLUT2 glucose trangf the presence of

intracellular thiols, especially glutathione, alloxan geperat aelive oxygen species
(ROS) in a cyclic redox reaction with its reduction product;@ialuric acid. Autoxidation of
dialuric acid generates superoxide radicals, hydfogen peroxide and, in a final iron-
catalysed reaction step, hydroxyl radicals. ydroxyl radicals are ultimately

responsible for the death of the pancreatig@® which have a particularly low

antioxidative defence capacity, and the (& tate of insulin-dependent ‘alloxan

diabetes’. As a thiol reagent, alloxan also ely inhibits glucose-induced insulin

secretion through its ability to inhibit the beta cell glucose sensor glucokinase.

Different doses of allo oduce varying intensities of hyperglycaemia

ranging from 120 to 500 mg/dig(Ahmed et al., 1991; Dubey et al., 1994; Subramanium et

al., 1996). In the present study, an tion of alloxan (120 mg/kg body weight) raised the
blood glucose level 72 rs by 295%. This is comparable to that reported earlier by
(Tasaka et al., 1988)i Thus; antihyperglycemic effect of can be dependent upon the
dose of diabetogemig, age therefore on the degree of destruction of the beta cells

(Pabrai and Se ; is clearly indicates that part of the antihyperglycemic activity

w e destroyed, indicating a direct insulinomimetic effect.
en in the event of severe diabetes (> 450mg/dL) and an administration of low

»"Mucuna pruriens continued to exert an antihyperglycaemic effect even when the
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major part of the beta cells have been destroyed and treatment with extract disc )

as evidenced from our results, thus, indicating a direct insulinomimetic effect.

The present data indicated that the M. pruriens ethanol seed extract significantl ibited
dose dependent reduction of serum glucose in treated normal an ic
compared with control rats.

Diabetic rats treated with 5, 10, 20, 30, 40, 50 and 100
and glibenclamide, (5 mg/kg) as standard drug, showed a signific
glucose of about 18.6%, 24.9%, 30.8%, 41.4%, 49.7%,

respectively after 8 hours of treatment.

th
eduction in blood
5.4% and 59.7%

eed extract

After twelve weeks of daily treatment with the see racts (5, 10, 20, 30, 40, 50
and 100mg/kg) there was significant fall in bloodfSugar level of 55.3%, 59.5%, 68.4%,
74.7%, 80.89% and 83.2% and 83.6% respec At the same time, glibenclamide

caused a significant reduction of plasma gluces 7.8%.
@ on in blood glucose (58%). But after

redu blood glucose was 83% in blood

After 8 hours of treatment, there wa

about twelve weeks of treatment th

glucose. This means that the effect of Mucuna pruriens was better if they were given for a
therapeutic advantage from these plants in
be continued for a long duration.

aemic investigations show that M. pruriens can be
even more effective aMgantidiabetic agent than an orthodox medicine like
glibenclamide. This i§ in tent with the works of Bhaskar et al., (2008); Warrier et
al.,, (1996); Gro et a 01); Grover et al., (2002) and Akhtar et al., (1990).
Furthermore, t few years some of the new bioactive drugs isolated from

hypoglycaegfti s showed antidiabetic activity with more efficacy than oral

hypoglye@emi used in clinical therapy (Shabana et al., 1990; Ramon — Ramos et

Wg cose level in 72 hour from 77.5 to 461.9 mg/dL in chronic investigation and
to 455.3 mg/dL in acute investigation, (p < 0.05) in rats. The extract of the

f showed significant effect compared with respective diabetic control group,
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decreased the blood glucose level at all the doses administered. Decrease in bloo
level indicates antidiabetic effect of the ethanol extract of M. pruriens.

Alloxan exerts its diabetic action when it administered parenterally. Th ion of
Alloxan in pancreas is preceded by its rapid uptake by the B-cells e by
insulinsecreting cells has been proposed to be one of the important Te ermining
alloxan diabetogenicity. Another aspect concerns the formati active oxygen

pruriens decreased blood glucose level in diabetic rats. It i i diabetes could be
vital organs of which the pancreas is included. It can be sali ver that any plants that
possess antioxidant properties could be investigate@dfor a possible anti-diabetic properties
(Majekodunmi and Odeku, 2011).

To gain an understanding of the mgehafisn
hypoglycemic activity, various biochemica @

(72 day) treatment in rats. It has been demoOnsirate

y which M. pruriens elicits its

s were evaluated following (chronic

d that insulin deficiency in diabetes

mellitus leads to a variety of derangeMent in metabolic and regulatory process, which in

turn leads to accumulation of s cholesterol and triglycerides and LDL and
decrease the level of HDL igidiabetic patients (Al Rowais, 2002; Grover et al., 2001;
Leiweng Xiang et al., 20

2002; Yamini & Anil, Whhe abnormal high concentration of serum lipids in the

of M. pruriens on the hyperlipedimic level of the rats is dose

rly gvident from our results that alloxan caused significant elevation of
olestrol (174.0 mg/dL), Triglyceride (63.83 mg/dL), LDL (144.5
(39.33 mg/dL) and Creatinine (mg/dL). This is in agreement with the with
of Sharma et al., 1996 who reported that hypercholesterolemia and

f
myceridemia occur in alloxan diabetic rats. The marked hyperlipidemia that
erizes the diabetic state may therefore be regarded as a consequence of the

inhibited actions of lipolytic hormones on the fat depots ((Hardman and Limberd,
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2001). In contrast ,the groups treated with ethanol extract of M. pruriens at the
once daily for 12 week reduced all the lipid components such as cholesterol, d#i

LDL, and BUN, creatinine and increased the level of HDL in the serum of rat

atknown
% ering M.

prurien’s effect on the lipid components, it can be assumed to be al hypolipidemic

related manner. The more prominent effect being reduction in LDL

triggering factor for coronary occlusion. HDL is a protective choleste

agent, which will be a great advantage both in diabetic condition as as the associated

atherosclerosis or hyperlipidemic conditions.
This study also evaluated the toxicological effec extract of Mucuna
pruriens seeds using its effect on liver enzymes and serum¥ilirubin (total and direct) of

white albino Wistar rats in the laboratory. The test§’conducted were Total Bilirubin (TB),
Direct Bilirubin (DB), Serum Aspartate Ami saminase (AST), Alanine Amino
Transaminase (ALT), and Alkaline Phospha
that the serum AST, ALT, ALP as well as
(P < 0.05) increased in the rats that were g
control. ALT, AST and ALP levels are mainly

0 the liver enzymes and serum bilirubin (total

;The liver function tests revealed

and direct bilirubin were significantly
tered the doses in a dose depended

fashion when compared to the diabe

indicators of reduced protein sy

and direct) of the rats that rgeeived different amount of the dose of M. pruriens seed
extract were significantly (P < 0. increased when compared to the negative control
group. In all the experimepts, level of the liver enzymes and serum bilirubin decreased

rug administered. The increase in serum insulin levels

with increase in thefdo

glibenclamide enhances the secretion of insulin from the

%a erhans and lesser degree of necrotic changes as compared to the untreated
anWdiabetic rats. Hence, it may be tentatively summarized that the possible
ism (s) by which M. pruriens brings about the antihyperglycaemic action may be

ugh potentiation of pancreatic secretion of insulin from the intact pB-cells of islets
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(which may be evidenced by the perceived increased level of insulin in dia
treated with M. pruriens and glibenclamide) coupled with extra-pancreatic

regeneration of the islet of pancreas was also evidenced by the of the

architecture of the islets of Langerhans in histopathological

sulphonylureas) i.e. by depolarisation of islet membrape W
change in ion flux (Grodsky et al., 1977) or affecting

thing is how it can be standardized into an a ate dosage form and which method of

production or nature of excipient | be most ideal since the ultimate goal of our

investigation is to produce an al fe, efficacious and cheap anti-diabetic drug. In

spite of their efficacy herbal icinal products have been widely criticized due to lack of

standardization and good presenta (Majekodunmi et al., 2007). It is well known that
tablet manufacture through “@likect compression offers many advantages over other
methods (Shangraw, £99 ever, when a dry plant extract is incorporated as an active

component, it is pegessar ear in mind some considerations: the quality of the plant

material shoulgfbe glaramteed from a botanical, chemical and sanitary point of view. The

e formulation must satisfy predetermined biopharmaceutical standards.
powdered extracts may not exhibit the appropriate rheology and
&?SI ty required to be processed by direct compression. Numerous reports have

esSed techniques to solve this kind of problems, such as wet greanulation with non-
s solvents, direct compression of spray dried extracts, and selection of suitable

ipients for the formulation of dry plant extract in direct compression tablets (Plazier-
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Vercamen and Bruwier, 1986: Diaz et al., 1996: Renoux et al., 1996). Howe
studies such as our own have aimed at eliciting dry plant extracts of good fl

compactibility.
The rheological properties of dry plant extract of Mucuna prurig 1
determine the extract’s flowability and compressibility and t .Q

considering density, angle of repose and Hausner ratio. These re

similar to those
obtained from other species (Palma et al., 1999). The dry extract o ruriens possesses
suitable rheological properties and compressibility, use in direct
compression technology. The relatively low values of Haus
repose observed for extract; Avicel, Cellactose and lacto

The excipients selected, microcrystalline cellulose fAvicel), Cellactose (Wade and Weller,

1994), a-lactose monohydrate (Wade and

-~

lactose (Cellactose) has the highest density. Bttamiien this excipient is replaced by lactose,

mechanical properties (Alderborn and Nys hich may be transferred to the

formulation according to the rates in which . Cellulose and its combination with

a significant reduction of density (BD @nd TD) in the powder mixture is observed. The use

of directly compressible fillers such as Avicel and Cellactose produced good
quality tablets without prior

The tablets were gompressea, at the specified weight (500mg). The maximum

weight variation of th I as + 1.71%, which falls within the acceptable weight
variation range of £ §%, the tablets of all the batches passed the weight variation
test.

pression behaviour, the influence of compression forces (CF)

on the cru , friability and disintegration time of the tablets was shown. When

the co i is increased from 5kN to 10 kN, an increase in the crushing strength
of the t bserved. This increase in crushing strength was more remarkable with
f i containing Avicel and Cellactose because these excipients are very
Nble materials. Crushing strength for tablets produced by drug without diluents,
| and Cellactose was in the range of 3.3 to 4.1kg/cmz2, which falls above the limit of
Qnot less than 3.0 kg/cm?, while MP tablets containing lactose did not.
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The ranking of crushing strength values for tablets prepared by direct co
using Avicel, Cellactose and lactose are: Cellactose > Avicel > Lactose. of

tablets had friability value more than 0.90%.

There seemed to be not much difference in properties of tablet

compression and wet granulation methods. Tablets formed from granu Ily had a
lower crushing strength than tablets produced by direct co e crushing
strength data suggests that the increase in the compaction for nsification) during
the granulation reduces the strength of the compacted m @ reduction can be

dissipitated during the granulation process (Freitag and iebude, 2003; Bultmann,

tablets containing PVP as binder

attributed to the material’s ability to undergo plasti gn, which ability was

3.5kg/cmz, which falls above the limit of no 3.0 kg/cm?. The tablets produced by
7 seconds. PVP is a binder with high

It can as well acts as a disintegrant and this may

wet granulation disintegrated within 41 minute

cohesive tendency but of low viscosit

alter the rate and extent of the dghtg relea

The various tablets exhi
in the compression press and binder concentration. M. pruriens tablets containing
PVP dissolved fastergtha riens tablets containing corn starch. Concerning the

disintegration times he gablets, much difference was observed between direct

varying dissolution profiles due in part to differences

compression a granulation. For all the cases, the disintegration times increased

significantly he compression force was increased. In addition, as the binder

concentration inereased, the disintegration time increased as well.

en e values of k; and k; for tablets prepared by direct compression were
lower thamytheir corresponding values for tablets prepared by wet granulation implying a
r dis ion rate of the drug after t;. This could be expected as tablets prepared by

C pression disintegrated fater than tablets prepared by wet granulation.

The results of the elimination of glucose kinetics are in good agreement with the

othesis that the elimination of glucose from the blood takes place at the rate of a first-
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order reaction (Jokipii and Turpeinen, 1954). One quantity of physiological signi
k, the elimination kinetic rate constant which is the best single index of the ¢ ity of

organism to eliminate glucose from the blood. The elimination rate constant, icates
the fraction of glucose which is eliminated per unit time. The effects of § riens
extract tablets were evaluated on glucose level in rabbits after inductio
at the time of commencement and during treatment, the glucose

those following the intravenous bolus drugs. -

There was a significant (p < 0.05) increase on the ra
by direct compression compared to tablets prepared b
implied a faster dissolution as obtained in the in vitro dissolgion profile meaning that the
bioavailability of the drug in wet granulation was g0t as high as tablet prepared by direct
compression. In other words, tablets prep direct compression had more

bioavailability than tablets prepared by wet L0:

A
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CHAPTER SEVEN

CONCLUSION

The studies of the antidiabetic potential of the ethanglic ext Mucuna

pruriens seed and its tablet formulation have led to the following c

1-The administration of the various doses of ethanoli€®seed €xtract of Mucuna
pruriens led to the dose-dependent reduction in the level in both acute
and chronic administrations more effectively than N d for glibenclamide as
a standard drug. Acute toxicity studies sho that the @xtract was relatively safe
except at high doses when some adverse gffects’were observed although no death
was recorded. Oral administration of M., [ thanolic seed extract also reduced

the weight loss associated with diabet,

2- The biochemical and haematolog investigations of the blood and
histopathological examinations\ef the liver, pancreas and kidney of the rats carried

ions showed that M. pruriens ethanol seed

otective and cholesterol reducing activities comparable
to glibenclamide imydiabetic¥ats and could be useful for the treatment of hepatic
and kidney da Nfrom diabetes mellitus. These studies clearly support
the traditionalfus plant for the treatment of diabetes.

ies of M. pruriens tablets prepared by direct compression

d on the diluent type and compression pressure applied for

4- er
ch properties of the tablets produced by wet granulation.
Gengrally, tablets prepared by direct compression possessed better mechanical and
Yease properties than tablets prepared by wet granulation as they possessed
ceptable bond strengths and faster disintegration times. The disintegration time

% and dissolution rates of the tablets prepared by direct compression increased with
Q increase in binder concentration and compression pressure. Tablets prepared by
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direct compression using Avicel and Cellactose produced better tab
adequate bond strength to withstand the rigours of handling during ctu

packaging and use and at the same time released the active comp s) for

bilologic action.
der rate
e to that of

6- The elimination of glucose in rabbits was found to undergoWg

kinetics and the elimination of Mucuna pruriens tablets ara
glibenclamide tablets.
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Appendix 1: Absorbance maxima for M pruriens ethanol seed e t
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Appendix 2: Beer Lambert plot (calibration plot) for M. pruriens

y=9.150x- 0.01

Absorbance

0.12

-0. % Concentration (mg/mkL)
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Appendix 3: Dissolution profiles of M. pruriens tablets prepare iri
compression using Avicel® as directly compressible diluent.
Diluents  Weight (mg) of Compression  Time (min)Q’ﬂive%

diluents/combination Pressure (KN) g Release

Avicel® 400 5 20.54
26.51
33.65
\ 43.62
45 57.07
60 73.32
75 92.57

90 100.00
1 5 7.56
s 10 14.71
15 23.03
30 33.68
45 49.08
60 67.40
75 88.28
90 98.34

105 100.00
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Appendix 4: Dissolution profiles of M. pruriens tablets prepared by direc
compression using Cellactose as diluent.

Diluents  Weight (mg) of Compression  Time (min)
diluents/combination Pressure (KN) elease
Cellactose 400 5 5

10 14.66
22.08
32.74
N 47.34
60 64.78
75 85.30
90 100.00
Q 5 8.23
10 13.70
15 19.90
30 27.17
45 37.45
60 48.97
75 65.13
90 84.42
105 100.00
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Appendix 5: Dissolution profiles of M. pruriens tablets prepared by direct
compression using lactose as diluent.

Diluents  Weight (mg) of Compression  Time (min)
diluents/combination Pressure (KN) elease
Lactose 400 5 5

10 17.86
29.12
50.47
\ 76.67
60 64.78
75 100.00
90 100.00
Q 5 9.32
10 15.40
15 25.63
30 46.68
45 70.59
60 97.62
75 100.00
90 100.00
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Appendix 6: Dissolution profiles of M. pruriens tablets prepared by using
binding agent.

Binding Concentration ~ Compression  Time Interval

Agent (%0") Pressure (kN) (min)
PVP 1 5 5
10
15

75
90
105
1 5
10
s 15
30

45




Appendix 6 contd.: Dissolution profiles of M. pruriens tablets prepared by us

as binding agent.

Binding Concentration ~ Compression  Time Interval

Agent (%0") Pressure (KN) (min)

60
75

10 \ 6.45
10 13.79
15 22.26
30 32.54
45 53.07
60 77.76
75 96.65
90 101.31
105 101.23



Appendix 7: Dissolution profiles of M. pruriens tablets prepared by usi

starch as binding agent.

Binding Concentration  Compression  Time Interval
Agent (%"1) Pressure (KN) (min)
Corn starch 1 5 5

89.93
75 100.54
90 100.68
135 101.27
5 8.22
10 17.50
A 15 32.30
30 54.08
45 65.93
\ 60 82.81
75 91.62
90 100.00
105 102.00
4 5 5 7.56
10 15.89
15 25.09
30 37.08

196



Appendix 7 contd.: Dissolution profiles of M. pruriens tablets prepared
Corn starch as binding agent.

Binding Concentration  Compression  Time Interval Cum e %
Agent (%0"1) Pressure (KN) (min) e
45 3.30
60 v 65.27
74.14
80.01
N 94.17
120 100.00
135 100.00
5 6.45
10 13.06
15 20.40
30 28.80
45 38.16
60 59.21
75 75.46
90 75.18
105 98.45
120 100.01
135 100.01
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Appendix Il continued: Cummulative % drug release Vs Time for PVP 19

QV’

granulation

140 -

120 -

80 o

€0 - —-PVP 1% SKN

—&-PVP 1% 10kN
40 4

Cummulative % release
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Appendix Il continued: Ln [Cs/ (Cs-C) ] versus time plots for Mucuna prurie%
tablets prepared by direct compression using Avicel at 5kN compression v

= Avicel SkN

Ln[(Cs/Cs-c)]
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Appendix Il continued: Ln [Cs/ (Cs-C) ] versus time plots for Mucuna pruien%
prepared by direct compression Avicel using at 10kN compression pr.

Q
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Appendix Il continued Ln [Cs/ (Cs-C) ] versus time plots for Mucuna pruiens%
prepared by wet granulation using PVP 1% concentration at 10kN compyessi

pressure
1.2
1 -
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