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ABSTRACT

Diabetes is a problem in Kenya and many herbalgregpns are being used to treat it. This
study aimed at documenting the plants that are @methe treatment of diabetes mellitus in
Machakos County in Kenya, the three most commordgduplants were subjected to
phytochemical screening and efficacy evaluationvell as effects on biochemical parameters,
liver and kidney histology. The ethnobotanical ormhation was collected through

guestionnaires, focus group discussions, collectiod identification of the plant specimens.
Phytochemical screening was done using standalohitpees. The most commonly employed
speciesZanthoxylum chalybeum, Ficus sycomorus and Ximenia americana were selected for

phytochemical analysis and efficacy and safetyuatan. Antidiabetic efficacy was determined
using a rat model of diabetes mellitus. The effjcatudy used 75 adult male Wistar rats.
Aqueous stem bark extracts of the three plants wengnistered to diabetic rats after induction
of diabetes via single streptozotocin injectionndffkg bwt intraperitoneally). Development of
hyperglycemia was assessed by measuring blood ggutbree days post induction and
comparing these with normal controls. The efficadythe plant extracts was also compared

against Glibenclamide, a conventional diabetes.drug

A total of nineteen plant species distributed asrb3 families were identified as being used to
manage diabetes mellitus. The secondary metaboiiteZanthoxylum chalybeum, Ficus
sycomorus and Ximenia americana were flavonoids, terpenoids, tannins and glycosides

Zanthoxylum chalybeum also contained alkaloids and saponins. All thrémnts investigated

Xiii



exhibited significant antidiabetic activity compdrt the untreated diabetic controls (P<0.05).
Diabetic rats exhibited elevated fasting blood gke levels, decreased body weight, and
increased water and food intak&anthoxylum chalybeum stem bark extract decreased fasting
blood glucose in diabetic rats at three dose le{Hsng, 100mg and 1000mg). There was no
significant difference between the extract fed ditabrats and the normal controls (P<0.05).
Ficus sycomorus stem bark extract significantly reduced glucoselein diabetic rats (P<0.05)
at doses of 100mg and 10mg/kg bwt compared to atelediabetic ratsXimenia americana
stem bark extract at the three dose levels emplagetliced blood glucose to levels that were
not statistically significant (P<0.05) compared ttee Glibenclamide group. Additionally at
100mg and 10mg/kg bwt, blood glucose levels wegnitantly reduced compared to the

untreated diabetic group.

These observations suggest that the aqueous stémeXteacts ofZ. chalybeum, F. sycomorus

and X. americana possess significant antihyperglycemic activity. eTtphytochemical
composition of the plants may account for the aalietic activity observed, as well as the
differences in efficacy between the plants. Theraswio difference in the biochemical
parameters in the experimental groups thus thetplzan be deemed safe at the dosages used.
This study thus validates the traditional use ef tiiree plants for the management of diabetes
mellitus in the study area. The study recommendthdu studies to determine the most
efficacious doses of the plant extracts. A studyhef remaining sixteen plants should also be

carried out to determine their efficacy in the ngeraent of diabetes.
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CHAPTER ONE

INTRODUCTION
The term diabetes mellitus describes a metabadiorder of multiple aetiology characterized by
chronic hyperglycaemia with disturbances of carlgolte, fat and protein metabolism resulting
from defects in insulin secretion, insulin actian,both (DIAMOND Project Group, 2006). The
twenty first century has seen a rise in diabetesisncomplications in Africa and it is estimated
that from 2007 to 2025, the prevalence of diabetate continent will increase from 3.1% to
3.5% which is an increase from 10.4 to 18.7 millpeople (Kinget al., 1998; Zimmetet al.,
2001; Awahet al., 2009). The most affected are between the aig8S and 64 years impacting
people in their most economically productive ye@snmet et al., 2001). According to the
World Health Organization (WHO), the global prevale was estimated at 2.8% in 2000, with
projections of 4.8% in 2030. The total number afspas affected will rise from 171 million in
2000 to 366 million in 2030 if no action is takefild et al., 2004). However, recent data from
the International Diabetes Federation (IDF) reveakat this number had already been reached
in 2011. The IDF expects an even higher numberb@f illion affected persons in 2030 (IDF,

2007, Friedrich, 2012).

The effects of diabetes mellitus include long— tetamage, dysfunction and failure of various
organs. Diabetes mellitus may present with charatie symptoms such as thirst, polyuria,
blurring of vision, and weight loss. In its mostveee forms, ketoacidosis or a non—ketotic

hyperosmolar state may develop and lead to stgpona and even death in absence of effective



treatment. The long—term effects of diabetes nusllinclude progressive development of the
specific complications of retinopathy with potehtidindness, nephropathy that may lead to
renal failure, and/or neuropathy with risk of fadters, amputation, charcot joints, and features
of autonomic dysfunction, including sexual dysfumet People with diabetes are at increased
risk of cardiovascular, peripheral vascular ancbmvascular disease (WHO, 1999; Brownlee,

2005).

The only available pharmacological intervention foype 1 diabetes is insulin (Gough and
Narendran, 2010). Conversely, therapeutic strasefgietype 2 diabetes involve insulin and four
main classes of oral antidiabetic agents that d&tau pancreatic insulin secretion
(sulphonylureas and rapid-acting secretagoguedifimstopics like glibenclamide, glipizide,
rapaglinide), reduce hepatic glucose productiogu@nides like metformin), delay digestion and
absorption of intestinal carbohydratedlucosidase inhibitors like acarbose) or impraveuiin
action (thiazolidinediones like pioglitazone, rd#agone). Each of above agents suffers from
generally inadequate efficacy and number of seramlyverse effects (Grant, 2003; Bailey, 2008).
With regard to these limitations, there is needexplore other treatment and management

strategies (Pareek al., 2009).

The field of herbal medicines research has beemirgaisignificant importance in the last few
decades and the demand to use natural productiseirtréatment of diabetes is increasing

worldwide. The available literature shows that ¢hare more than 400 plant species showing



antidiabetic activity (Groveet al., 2002). Although some of these plants have gegaitation in
traditional medicine, many remain to be scientlficgroven (Dropkin, 2010; Kollinget al.,
2010). A scientific investigation of traditionalbal remedies for diabetes may provide valuable
leads for the development of alternative drugsstrategies.

The streptozotocin-induced Wistar rat model foretylpdiabetes is a good model that has been
used extensively in animal models to study both plaghology of diabetes mellitus and

complications related to the disease as well asilplesinterventions.

With the impact of type 2 diabetes set to continthe, risk of related complications such as
blindness, amputations and kidney disease areasicrg, forcing additional burden on countries
already stretched to the limit by common life-theseng infections. Further, the cost of
medication, especially the high cost of insulinaisnajor handicap to proper diabetes care in
Sub-Saharan Africa (Sobngwt al., 2001; Beraret al., 2005; International Insulin Foundation,
2005). This high cost of anti-diabetic drugs hasnsé¢hese populations turn to traditional
medicines and natural products to treat diabetesveder, for majority of the products, the
pharmacology and efficacy has not been studiedt€eTise therefore, a need to generate efficacy
and safety data for these herbal remedies. Thmnvdtion will inform the development of
cheaper, anti-diabetic drugs with fewer side effeittat will find greater affordability with

diabetes patients, particularly those in Africa ifamet al., 2011).



This study investigated the plants used for theagament of diabetes in selected locations of
Machakos County. Three most commonly used herbaitdabetics were subjected to
phytochemical screening and efficacy evaluationStreptozotocin (STZ) - induced diabetes

mellitus in Wistar rats.



CHAPTER TWO
LITERATURE REVIEW
2.1 Aetiology and pathogenesis of diabetes mellitus
There are 2 major types of diabetes, type 1 and &plrype 1 diabetes accounts for 5-10% of
total cases and is characterized by autoimmunediopathic beta-cell destruction, usually
leading to absolute insulin deficiency. Type 2 aoue for 90-95% of total diabetes cases and
may range from predominantly insulin resistancehwitlative insulin deficiency to a

predominantly secretory defect with or without ilnsuesistance (WHO, 1999).

Glucose, a fundamental source of cellular energyeleased by the breakdown of endogenous
glycogen stores that are primarily located in tleerl Glucose is also released indirectly in the
muscle through intermediary metabolites. These e#voldy energy stores are replenished from
dietary glucose, which, after being digested ansodi®ed across the gut wall, is distributed
among the various tissues of the body (Bryaral., 2002). Although glucose is required by all
cells, its main consumer is the brain in the fagtin “postabsorptive” phase, which accounts for
approximately 50% of the body’s glucose use. Ano2&#% of glucose disposal occurs in the
splanchnic area and the remaining 25% takes placmsulin-dependent tissues, including
muscle and adipose tissue (DeFronzo, 2004). Appratdly 85% of endogenous glucose
production is derived from the liver, with glycogdysis and gluconeogenesis contributing
equally to the basal rate of hepatic glucose priboloc The remaining 15% of glucose is

produced by the kidneys (DeFronzo, 2004).



Normally, following glucose ingestion, the increaseplasma glucose concentration triggers
insulin release, which stimulates splanchnic andpperal glucose uptake and suppresses
endogenous glucose production. In healthy adultspdoglucose levels are tightly regulated
within a range of 70 to 99 mg/dL, and maintained dpecific hormones including insulin,
glucagon and incretins as well as the central argplperal nervous system, to meet metabolic
requirements (Tortora and Grabowski, 2003; Guytad &all, 2006; Wardlaw and Hampl,
2007). Various cells and tissues such as withinbitan, muscle, gastrointestinal tract, liver,
kidney and adipose tissue are also involved in dlglucose regulation by means of uptake,
metabolism, storage and excretion (Gerich, 2000tofa@ and Grabowski, 2003; DeFronzo,
2004; Guyton and Hall, 2006). This highly contrdlierocess of glucose regulation is evident in
the postprandial period, during which under norpiaysiologic circumstances, glucose levels
rarely rise beyond 140 mg/dL even after consumptiba high-carbohydrate meal (Guyton and

Hall, 2006).

Among the various hormones involved in glucose l&gn, insulin and glucagon, both
produced in the pancreas by islets of Langerhaesha most relevant (Tortora and Grabowski,
2003). Within the islets of Langerharfscells produce insulin and-cells produce glucagon.
Insulin, a potent antilipolytic hormone, reducesda glucose levels by accelerating transport of
glucose into insulin-sensitive cells and faciliigtiits conversion to storage compounds via

glycogenesis and lipogenesis (Tortora and Grabg@26ki3).



Glucagon is produced in response to low normal agaclevels or hypoglycemia and acts to
increase glucose levels by accelerating glycogaiwignd promoting gluconeogenesis (Tortora
and Grabowski, 2003). After a glucose-containingam however, glucagon secretion is
inhibited by hyperinsulinemia, which contributesdoppression of hepatic glucose production
and maintenance of normal postprandial glucoseaote(Tortora and Grabowski, 2003). The

hormone amylin contributes to reduction in postdrahglucagon, as well as modest slowing of

gastric emptying (Drucker and Nauck, 2006).

Incretins, which include glucose-dependent insutoyc polypeptide (GIP) and glucagon-like
peptide-1 (GLP-1), are also involved in regulatafnblood glucose, in part by their effects on
insulin and glucagon (Poret al., 2003; Drucker and Nauck, 2006). However, both GLénd
GIP are glucose-dependent hormones secreted ondy whucose levels rise above normal
fasting plasma glucose levels and they do not tyrestimulate insulin secretion. Normally,
these hormones are released in response to meklbyaactivating G protein—coupled receptors
on pancreati@-cells, they aid in stimulation of insulin secretidHowever, when glucose levels

are low, GLP-1 and GIP levels are diminished (DaxcR006).

Diabetes mellitus is a group of metabolic diseasbaracterized by hyperglycemia. The
characteristic state of chronic hyperglycemia soamted with long-term damage, dysfunction,
and potential failure of different organs, espédgitthe eyes, kidneys, nerves, heart, and blood

vessels (American Diabetes Association, 2010). Naogefactors contribute to the development



of type 2 diabetes mellitus, with the central defdaeing inadequate insulin secretion and/ or
diminished tissue responses to insulin at one aerpoints in the complex pathways of hormone
action (American Diabetes Association, 2010). limsulleficiency and insulin resistance

frequently coexist, though the contribution to hygbgcemia can vary widely along the spectrum

of type 2 diabetes mellitus.

2.2 Complications of diabetes mellitus
Diabetes predisposes patients to opportunisticiities, vascular and neural pathologies. Based

on its pathophysiology diabetes mellitus can beeaouchronic.

2.2.1 Acute complications

These include diabetic keto acidosis (DKA) and Retetic hyper-osmolar state (NKHS).
Diabetic ketoacidosis is seen primarily in indivadisl with type 1 diabetes mellitus while non-
ketotic hyperosmolar state is prevalent in indialduwith type 2 diabetes mellitus. The two
disorders are associated with absolute or relatitdlin deficiency, volume depletion and altered
mental state (Kitabchét al., 2008). In DKA, insulin deficiency is combined tivicounter-
regulatory hormone excess with respect to glucagatecholamines, cortisol and growth
hormone (Stentzet al., 2004). The decreased ratio of insulin to glucagamromotes
gluconeogenesis, glycogenolysis and ketone bodydtion in the liver and also increases free
fatty acid and amino-acid delivery from fat and elago the liver(Hansen and Moller, 2010).

Ketosis results from a marked increase in freg fattd release from adipocytes due to increased



lipolysis (Kelleret al., 2003). In DKA, nausea and vomiting are ofterspre. Severe DKA may
result in lethargy and central nervous system e eventually leading into coma. Cerebral
edema, an extremely serious complication, is seest finequently in children (Molleet al.,

2005; Kitabchiet al., 2008).

Non-ketotic hyper-osmolar state is most commonlgnsen elderly individuals with type 2
diabetes mellitus. Its most prominent featuresudel polyuria, postural hypotension, and a
variety of neurological symptoms including altereéntal state, lethargy, seizure and possibly
coma (Kitabchiet al., 2008). Insulin deficiency and inadequate fluithke are the underlying
causes of NKHS. Hyperglycemia consequent to instdificiency induces an osmotic diuresis

leading to excessive intravascular volume deplefigegliaet al., 2004).

2.2.2 Chronic complications

The chronic complications of diabetes mellitus etffmany organ systems and are responsible
for most of the morbidity and mortality associateith the disease. Chronic complications can
be either vascular or nonvascular. Vascular coraptios are then subdivided into microvascular
(retinopathy, neuropathy and nephropathy) and mvascular complications (coronary artery
disease, peripheral vascular disease and cerebrdaasisease) (Tripathi and Srivastava, 2006;
Fowler, 2008). Nonvascular complications includstggporesis, sexual dysfunction and skin
changes. Diabetes mellitus is the most common cafuséult blindness, a variety of debilitating

neuropathies, and cardiac and cerebral disordeigathi and Srivastava, 2006).



Early in the course of diabetes, intracellular hhgbgemia causes abnormalities in blood flow
and increased vascular permeability. This refldetsreased activity of vasodilators such as nitric
oxide, increased activity of vasoconstrictors swsh angiotensin 1l and endothelin-1 and
production of permeability factors such as vascetatothelial growth factor. In diabetes, arterial
endothelial dysfunction seems to involve both imsulresistance specific to the

phosphotidylinositol-3-OH kinase pathway and hypagmia (Chaet al., 2000).

2.2.2.1 Diabetic retinopathy

Diabetic retinopathy occurs in 75% of all persoasihg diabetes for more than 15 years and is
the most common cause of blindness (Tripathi amncaSava, 2006, Fowler, 2008). The risk of
developing diabetic retinopathy or other microvdacaomplications of diabetes depends on the
duration and severity of hyperglycemia (Hardetgl., 2003; Wilkinsonet al., 2003; Emanuele

et al.,, 2005). Diabetic retinopathy is classified intaot stages, non-proliferative and
proliferative. The non-proliferative stage appeats in the first decade or early in the second
decade of disease and is marked by retinal vasmitananeurysms, small hemorrhages in the
middle layers of the retina, and cotton-wool spats includes loss of retinal pericytes, retinal
oedema resulting from increased retinal vasculampability, alterations in regional blood flow,
and abnormal retinal microvasculature, all of whiehd to retinal ischemiéGardineret al.,
2007). Proliferative retinopathy is characterizedte formation of new blood vessels on the
surface of the retina in response to retinal hypoXhe newly formed vessels may appear at the

optic nerve and/or macula and rupture easily, lggath vitreous hemorrhage, fibrosis and retinal
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detachment resulting in blindness (Stratébral., 2003 Hardinget al., 2003; Wilkinsonet al.,

2003; Bunce and Wormald, 2006).

2.2.2.2 Neuropathy

The precise nature of injury to the peripheral Berfrom hyperglycemia is not known but likely
is related to mechanisms such as polyol accumulaiigury from advanced glycosylated end
products and oxidative stress. Peripheral neurgpattiabetes may manifest in several different
forms, including sensory, focal/multifocal and andmic neuropathies. About half of all people
with diabetes have some degree of neuropathy, wddaohbe polyneuropathy, mono-neuropathy
and/or autonomic neuropatli@hawet al., 2003). Polyneuropathy is the most common form of
neuropathy in diabetes (Tripathi and Srivastav@62G-owler, 2008). There is loss of peripheral
sensation which, when coupled with impaired micsowdar and macrovascular junction in the
periphery, can contribute to non-healing ulcers, l[dading cause of non-traumatic amputation
(Abbott et al., 1998). There is thickening of axons, decreaseicrofilaments, and capillary
narrowing involving small myelinated or non-myelied C-fibers. It can occur both from direct
hyperglycemia-induced damage to the nerve parenatgmd from neuronal ischemia leading to
abnormalities of microvessels, such as endothel&l activation, pericyte degeneration,
basement membrane thickening and monocyte adh@ginoent et al., 2005; Sorensed al.,

2006).
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Pure sensory neuropathy is relatively rare andcastsal with periods of poor glycemic control
or considerable fluctuation in diabetes controlisitharacterized by isolated sensory findings
without signs of motor neuropathy. Symptoms ardcglfy most prominent at night. Mono-
neuropathy is less common than polyneuropathy adddes dysfunction of isolated cranial or
peripheral nerves. Autonomic neuropathy can involveultiple systems, including
cardiovascular, gastrointestinal, genitourinarydauotor and metabolic systems (Yagihashi

al., 2007; Fowler, 2008).

2.2.2.3 Nephropathy

Diabetic nephropathy is defined by proteinuria ggedhan 500 mg in 24 hours, but this is
preceded by lower degrees of proteinuria, or “natlsaminuria.” Microalbuminuria is defined
as albumin excretion of 30-299 mg per 24 hours (EQw008). Without intervention, diabetic
patients with microalbuminuria typically progress proteinuria with decreased glomerular
filtration rate and end stage renal failure (DiaglseControl and Complications Trial (DCCT)
Research Group, 1995; Giorgiabal., 2004). This progression occurs in both type d gpe 2
diabetes. Dysfunction of the glomerular filtratia; attributed to changes in synthesis and
catabolism of various glomerular basement membraaeromolecules such as collagen and
proteoglycans, leading to an increase in glomerbEsement thickening (Microalbuminuria
Collaborative Study Group, 199€haturvediet al., 2001). Another possible mechanism to

explain the increase in permeability of the glomesuis the increase in renal vascular
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endothelial growth factor (VEGF) levels observegiaclinical models of diabetes, since VEGF

is both an angiogenic and a permeability factora(@fal., 2000).

2.2.2.4 Cardiovascular disorders

In diabetes mellitus there is marked increase wersgé cardiovascular diseases, including
peripheral vascular disease, congestive heartrégilgoronary artery disease, myocardial
infarction and a one to fivefold increase in suddeath. Cardiovascular disease is the primary
cause of death in people with either type 1 or @pmhabetes (Turnest al., 1996; Califfet al.,

2008; Holmaret al., 2008).

Macrovascular complications may be unaffected @neworsened by diabetes therapies. An
improvement in the lipid profiles of individuals ithe intensive group (lower total and low-
density lipoprotein cholesterol, lower triglycergjesuggested that intensive therapy may reduce
the risk of cardiac vascular mortality. In additibm coronary artery disease, cerebrovascular
disease is increased in individuals with diabetedlitms (Almdal et al., 2004; Kisselat al.,
2005). Individuals with diabetes mellitus have eaged incidence of congestive heart failure the
etiology of which may include factors such as myded ischemia from atherosclerosis,
hypertension and myocardial cell dysfunction seaoypdo chronic hyperglycemia (Tripathi and
Srivastava, 2006; Fowler, 2008). Low density lipmpm particles found in type 2 diabetes are
more atherogenic and are more easily glycated asceptible to oxidation (Lyons and Jenkins,

1997; Durrington, 1999; Goldberg, 2001; Beauchatrgd., 2004).
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2.2.2.5 Hypertension

Hypertension is up to twice as common in peoplé diabetes as in the general population. The
central pathological mechanism in macrovasculagatis is the process of atherosclerosis, which
leads to narrowing of arterial walls throughout bioely. Atherosclerosis is thought to result from
chronic inflammation and injury to the arterial Wal the peripheral or coronary vascular system
(Libby, 2001). In response to endothelial injurydainflammation, oxidized lipids from low
density lipoprotein particles accumulate in theathdlial wall of arteries. This results in the loss
of elastic tissue from the walls of the medium dade arteries, which consequently become
rigid. When elastic tissue is lost the arteriesooee increasingly less able to absorb the pressure
wave, which is pumped into the circulation with Bvkeart beat, the pressure within the system
therefore rises and the blood pressure goes upp@ebal., 2000; Libby, 2001). High blood
pressure in diabetes appears to hasten the sliédelriey failure; it accelerates the process of
atherosclerosis, and is also associated with aeased mortality from strokes and heart attacks

(Cooperet al., 2000; Bastaki, 2005; Fowler, 2008).

2.2.2.6 Infections

Individuals with diabetes mellitus exhibit a greaaftequency and severity of infection (Bertoni

et al., 2001). The reasons for this include incompletidyined abnormalities in cell-mediated

immunity and phagocyte function associated with dngfycemia as well as diminished

vascularization secondary to long-standing diab@Beerlings and Hoepelman, 1999; Mazade
and Edwards, 2001). Many common infections are nfiguent and severe in the diabetic

population, whereas several rare infections aren saenost exclusively in the diabetic
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population. These include rhinocerebral mucormy@sid malignant otitis externa, which is
usually secondary td®seudomonas aeruginosa infection in the soft tissue surrounding the
external auditory canal (Lest al., 1999; Ferguson, 2000; Rodetral., 2005; Cockram and Lee,
2010). Pneumonia, urinary tract infection, and saimd soft tissue infections are all more
common in the diabetic patients. The most commaarsms causing infections in diabetic
patients are Staphylococcus aureus, Escherichia coli, Streptococcus pneumoniae and
Mycobacterium tuberculosis (Lauplandet al., 2004). Diabetic patients have an increasedafite
colonization ofS aureus in skin folds and nares and also have a greatkrafi postoperative

wound infections (Tripathi and Srivastava, 2006).

2.3 Diagnosis of diabetes mellitus

The requirements for diagnostic confirmation fqreason presenting with severe symptoms and
gross hyperglycaemia differ from those for the gstpmatic person with blood glucose values
found to be just above the diagnostic cut—off vaweHO, 1999). The clinical diagnosis of
diabetes is often prompted by symptoms such agased thirst and urine volume, recurrent
infections, unexplained weight loss and in severges, drowsiness and coma. A single blood
glucose estimation in excess of the diagnosticesladicated, establishes the diagnosis in such
cases. An oral glucose tolerance test (OGTT) tabéish diagnostic status need only be
considered if casual blood glucose values lie & uhcertain range and fasting blood glucose
levels are below those which establish the diagnotdiabetes (Alberti, 2010). If an OGTT is

performed, it is sufficient to measure the bloadglcgke values while fasting and at 2 hours after a
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75 g oral glucose load. For children the oral gh&ctmad is related to body weight: 1.75 g per kg.
The diagnostic criteria in children are the samdoasadults (Mahler and Alder, 1999; WHO,

1999).

The diagnosis of diabetes in an asymptomatic stisjeauld nevebe made on the basis of a
single abnormal blood glucose value. For the asgmptic person, at least one additional
plasma/blood glucose test result with a value @ diabetic range is essential, either fasting,
from a random (casual) sample or from the oral @dectolerance test (OGTT). If such samples
fail to confirm the diagnosis of diabetes mellitgsyveillance with periodic re—testing until the
diagnostic situation becomes clear is advised (WH@99; Tripathi and Srivastava, 2006;

Alberti, 2010).

The criteria for diagnosis of diabetes mellitus eitber of the following: Symptoms of diabetes
plus random blood glucose concentrations greatan .1 mmol/l (greater than 200 mg/dl),
fasting plasma glucose greater than 7.0 mmol/latgrethan 126 mg/dl) (6.1 mmol -1 (110 mg
dl-1) for whole blood) or two-hour plasma glucoseager than 11.1 mmol/l (greater than 200
mg/dl) during an oral glucose tolerance test. Rgs defined as no caloric intake for at least 8
hours (WHO, 1985; Expert Committee on the Diagnasid Classification of Diabetes Mellitus,

1997; Expert Committee on the Diagnosis and Classibn of Diabetes Mellitus, 2003;

American Diabetes Association, 2010).
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Though there is strong correlation between elemation plasma glucose and glycated
hemoglobin, the relationship between fasting plaglnaose and hemoglobin in individuals with
normal glucose tolerance or mild glucose intoleeaiscless clear and the test is not universally

standardized or available (Tripathi and Srivast2@86; American Diabetes Association, 2010).

2.4 Classification of diabetes mellitus

There are two major forms of diabetes: Type 1 apoeT2 diabetes mellitus. Type 1A diabetes
mellitus is primarily due to autoimmune-mediatedtdaction of pancreatig cell islets resulting

in absolute insulin deficiency (Alberti, 2010). TeydB diabetes mellitus is also characterized by
insulin deficiency and a tendency to develop kstasowever, individuals with type 1B diabetes
mellitus lack the immunologic marker indicative ah autoimmune destructive processfof
cells. Type 2 diabetes is characterized by ing@aistance and/or abnormal insulin secretion and
increased glucose production. Distinct genetic avedabolic defects in insulin secretion/action
give rise to the common phenotype of hyperglycefiizzuya and Matsuda, 1997; Tripathi and

Srivastava, 2006).

2.4.1 Type 1 diabetes

Type 1 diabetes represents approximately 10% afaaks of diabetes and develops secondary to
autoimmune destruction of the insulin-produciirgells of the pancreas (Mathes al., 2001).
Due to the pathophysiology, insulin therapy is oaded at the onset of this disease. Type 1

diabetes represents a heterogenous and polygesocddr, with a number of non-HLA loci
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contributing to disease susceptibility (Concanebal., 2009). There is yet no identified agent
substantially capable of preventing this type ckdse.

The WHO and the American Diabetics Association hpraposed that type 1 diabetes can be
divided into autoimmune/immune-mediated diabeteg€T1A) and idiopathic diabetes wifh

cell obstruction (Type 1B). This type of diabetesllitus requires exogenous insulin to prevent
diabetic ketoacidosiélripathi and Srivastava, 2006). Markers of the imendestruction of the
B-cell include islet cell autoantibodies, autoantiies to insulin, autoantibodies to glutamic acid
decarboxylase (GADG65), and autoantibodies to thestge phosphatases 1A-2 and If-Dne
and usually more of these autoantibodies are prese85—90% of individuals when fasting
hyperglycemia is initially detected (American Disdse Association, 2010). Immune mediated
diabetes commonly occurs in childhood and adolesgdrut it can occur at any age, even in the

8" and §' decades of life (Tuont al., 1993; American Diabetes Association, 2010).

A strong association has also been drawn betwgenlyiabetes and human leukocyte antigen
(HLA), with linkage to the DQA and DQB genes, ahdsiinfluenced by the DRB genes. These
HLA-DR/DQ alleles can be either predisposing ortgctive (Redondet al., 2001; Concannon

et al., 2009). In this form of diabetes, the rateafell destruction is quite variable, being rapid

mainly in infants and children and slow mainly oluéis. Some patients, particularly children and

adolescents, may present with ketoacidosis astenfanifestation of the disease. Others have
modest fasting hyperglycemia that can rapidly clarig severe hyperglycemia and/or

ketoacidosis in the presence of infection or otsteess. Still others, particularly adults, may
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retain residuap-cell function sufficient to prevent ketoacidosis fnany years; such individuals
eventually become dependent on insulin for sunawel are at risk for ketoacidosis. At this latter
stage of the disease, there is little or no insséioretion, as manifested by low or undetectable
levels of plasma C-peptide (Pearsbral., 2003; Alberti, 2010; American Diabetes Assoo@afi

2010).

Autoimmune destruction of-cells has multiple genetic predispositions anélso related to
environmental factors that are still poorly defin@dthough patients are rarely obese when they
present with this type of diabetes, the presenagbesity is not incompatible with the diagnosis

(American Diabetes Association, 2010).

2.4.2 Type 2 diabetes

This form of diabetes accounts for 90-95% of thegk diabetes. Type 2 diabetes results from a
combination of defects in insulin secretion andulimsaction, either of which may predominate
(WHO, 1999). At least initially, and often througlidheir lifetime, these individuals with type
2 diabetes do not need insulin treatment to supwe may require it for the control of blood
glucose levels if this is not achieved with dietred or with oral hypoglycemic agents. Type 2
diabetes is a progressive disorder, which is agtgtiwith diminishing pancreatic function over
time. Recognition of the phase is important in ¢heical management of the disorder because
depending on the stage, effective control may reglifestyle modification, oral agent therapy,
oral agents combined with insulin, or insulin aldi¢eyeret al., 1999, 2001; Buchanan 2003).

Insulin resistance, defined as a clinical statelich a normal or elevated insulin level produces
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an inadequate biological response, is considerdzt ta hallmark for the presence of metabolic
syndrome and type 2 diabetes (Hunter and Garve98)19The cellular mechanisms that

contribute to insulin resistance are not fully urstieod (Alberti, 2010).

The presence of insulin resistance in an individnast be compensated by hyperinsulinemia to
maintain normal glucose tolerance (Kahn, 2000; Bnelm, 2003). It has also been observed that
in those individuals who develop diabetes, a pregjue loss of the insulin secretory capacity of
B-cells appears to begin years before the clinicdrbsis of diabetes (Weyetrral., 1999, 2001,
Buchanan, 2003). The pancreatic dysfunction failsdmpensate for the insulin resistance and
results in a state of relative “insulin deficiendgading to hyperglycemia. It is at this stage that
impaired glucose tolerance and impaired fastingage may be present (Cefalu, 2000). With
worsening islet dysfunction and the inability tongmensate fully for the degree of insulin

resistance, clinically overt type 2 diabetes depel@NVeyerret al., 1999, 2001; Buchanan, 2003).

Although the specific etiologies are not known camimune destruction ¢¥-cells does not occur

in type 2 diabetes. The risk of developing thigrfasf diabetes increases with age, obesity and
lack of physical activity. It occurs more frequgnith women with prior gestational diabetes
mellitus and in individuals with hypertension orstigidemia, and its frequency varies in
different racial or ethnic subgroups (Reaven, 193&ronzo, 1992; Haffner, 1996; Liestal.,
1998; Isomaat al., 2001). It is often associated with a strong gengtedisposition, more so

than is the autoimmune form of type 1 diabetes. él@w, the genetics of this form of diabetes
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are complex and not clearly defined (American DiebeéAssociation, 2010). Patients who are
not obese by traditional weight criteria may hamdrereased percentage of body fat distributed

predominantly in the abdominal regi¢fripathi and Srivastava, 2006).

Ketoacidosis in this type of diabetes usually ariseassociation with the stress of another illness
such as infection as opposed to spontaneous kdusagiin type 1 diabetes. This form of

diabetes may go undiagnosed for many years betaede/perglycemia develops gradually and
at earlier stages is often not severe enough ®p#tient to notice any of the classic symptoms
of diabetes. Nevertheless, such patients are etased risk of developing macrovascular and
microvascular complications (Weyest al., 1999, 2001; Buchanan, 2003; Tripathi and
Srivastava, 2006). Whereas patients with this fafimdiabetes may have insulin levels that
appear normal or elevated, insulin secretion iedefe in these patients and insufficient to

compensate for insulin resistance (Tripathi and&eStava, 2006).

2.5 Diabetes in Kenya

Epidemiological surveys conducted by the NairolgdahDiabetic Management and Information
Center (DMI) give the estimated prevalence of diedemellitus in Kenya at 3% in 2003 and
above 6% in 2007 (IDF, 2007). In some rural paftthe country such as Nyeri in central Kenya
and Kilifi in the Coast province the prevalenceasshigh as 11.6% and above 20% among the

richer families in the major urban centers (Ch&fd,0).
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The Ministry of Health estimates the prevalenced@betes to be around 10% (3.5 million
people (Jalang’o, 2006). The cause of much humterswg, diabetes also places a considerable
economic burden on individuals, families and heath systems. The number of people with
obesity-related type 2 diabetes appears to begrgiarply as the sedentary behaviours and high-
fat, high-sugar foods that are typical of expandinigan poverty replace the constant physical

activity and vegetable-based diet that charactehigeural lifestyle (McFerran, 2008).

2.6 Management of Diabetes

Generally, current therapeutic strategies for t9pdiabetes are limited and involve insulin and
four main classes of oral antidiabetic agents shatulate pancreatic insulin secretion, reduce
hepatic glucose production, delay digestion andm t®n of intestinal carbohydrate or improve

insulin action (Gough and Narendran, 2010). Theshylycemia observed in diabetes mellitus is
the result of a mismatch between the quantity @&ulin necessary to regulate metabolic
processes and the amount of insulin being secistekep-cells. Insulin replacement therapy is

the mainstay for patients with type 1 diabetes itosliwhile diet and lifestyle modifications are

the basis for the treatment and management of 2ypabetes mellitus in its initial stages.

Insulin is also important in type 2 diabetes madlitwhen blood glucose levels cannot be
controlled by diet, weight loss, exercise and aradications (Bastaki, 2005; Tripathi and

Srivastava, 2006; Gough and Narendran, 2010).
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Insulin was discovered by Banting and Best in 18@2pletely revolutionizing the treatment of
diabetes mellitus. Progress has been made, intrgeans, in the production, formulation and
delivery of insulin preparations, as well as theedepment of insulin treatment regimens which
maintain long-term-normoglycaemia with a low rigkhgpoglycemia. Insulin is the most potent
glucose-lowering agent, with hypoglycemia being tmdy major dose-limiting factor. Insulin

has progressively more side effects as the dosendseased and may be administered
intravenously or intramuscularly. However for lotegm treatment, subcutaneous route is

preferred (Bastaki, 2005).

Insulin significantly reduces glucose concentradidmy suppressing hepatic glucose production,
increasing postprandial glucose utilization and rowpng the abnormal lipoprotein that is
characteristic of insulin resistance. Insulin tipgranay also decrease or eliminate the effects of
glucose toxicity by reducing hyperglycemia to imggansulin sensitivity ang-cell secretory
function (Soeborget al., 2009). With the advent of recombinant DNA tedogy, more
adaptable forms of insulin analogues have beergdedi The subsequent availability of rapid-
acting (insulin lispro, insulin aspart) and longiag (insulin glargine and detemir insulin) insulin
analogues for meal and basal requirements offen budividual and collective advantages
(Yadav and Parakh, 2006; Monaetial., 2008). The developments towards insulin delivedy

to external continuous subcutaneous insulin infugimps, capable of achieving excellent

metabolic control and reduced risk of hypoglyce(iiapathi and Srivastava, 2006).
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Oral hypoglycaemic agents are important in thettneat of type 2 diabetes mellitus where there
are residual functioning pancreafiecells. However, owing to the progressive naturethsf

disease, oral antidiabetic agents even when udedsinely are often unable to control the
hyperglycemia (Wallace and Matthews, 2003; Kremid Bailey, 2005a). Consequently, within
4-5 years, therapy can no longer compensatefoell failure. Oral hypoglycaemic agents
include sulphonylureas, biguanides;glucosidase inhibitors, thiazolidinediones and enor
recently meglitinide analogues (Krentz and Bail2§05a; Krentz and Bailey, 2005b; Krermtz

al., 2008; Bailey, 2009).

Sulphonylureas act directly on the isfet cells to close ATP-sensitive K+ channels, which
stimulate insulin secretion (Ashcroft and Gribbl999; Gribble and Reimann, 2002). The
efficacy of sulphonylureas depends on the preseheefunctional pancreg®all et al., 2000).

Sulphonylureas are associated with hypoglycemia wie risk being higher in the elderly and
patients with renal insufficiency. The first gerteva of sulfonylureas included tolbutamide,
acetohexamide, tolazamide, and chlorpropamide. forge generation of more effective
sulphonylureas has been developed and includeengldmide, glipizide, gliclazide, and

glimepiride (Ballet al., 2000; Bastaki, 2005; Tripathi and Srivastavl&)0

Metformin is the most commonly used biguanide. mtgchanisim of action is not fully
understood although it is antihyperglycemic and hgpoglycemic. When used alone or in

combination with a sulfonylurea, metformin improwggcemic control and lipid concentrations
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in patients who are nonresponsive to sulphonylu(@sant, 2003; Bailey, 2008 Metformin
improves insulin resistance in the liver, skeletalscle and adipose tissue (Zheiwal., 2001).

It also reduces hepatic glucose output. Its efficac reducing fasting plasma glucose and
postprandial glucose concentrations is similahtd bf sulphonylureas but in contrast it does not
cause weight gain or hypoglycaemia (Cusi and Defrp998; Bastaki, 2005; Tripathi and

Srivastava, 2006).

Rosiglitazone and pioglitazone are the two thiakio&diones currently in use.
Thiazolidinediones act by lowering insulin resigtann peripheral tissue, but an effect to lower
glucose production by the liver has also been teddiStaels and Fruchart, 2005; Sengblal.,
2006). Thiazolidinediones increase glucose transpmio muscle and adipose tissue by
enhancing the synthesis and translocation of Spdoifms of the glucose transporter proteins.
The thiazolidinediones can also activate genes tbgtlate free fatty-acid metabolism in
peripheral tissue, thus lowering triglycerides armh-esterified fatty acid levels and inducing
differentiation of adipocytes. Their blood glucdserering activity is dependent on the presence
of at least normal circulating levels of insulindagfficacy is greater in combination with insulin
therapy or an insulin releaser (Ka#dnal., 2006). Thiazolidinediones are especially effexin
combination with insulin to reduce the high insuiasage and improving glycemic control in
type 2 diabetes. They are also used effectivelgombination with other classes of antidiabetic

agents (Nestet al., 2003; Bastaki, 2005; Tripathi and Srivastavfl6)0
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The meglitinide analogues are a new class of ddegeloped from the meglitinide portion of
sulphonylureas (Garrinet al., 1985). They work by improving early-phase inswdecretion and
examples are repaglinide and nateglinide (Blick@06). Another meglitinide known as
mitiglinide though not currently approved in theitéd States and Europe, recently received
approval for use in Japan (Phillippe and Wargo,320Repaglinide is derived from the non-
sulphonylurea moiety of Glibenclamide whereas ratiglg is derived from the amino acid D
phenylalanine. The meglitinides are rapid-actingulim secretagogues that have a fast onset and
short duration of action resulting in more physgial secretion of insulin from thp-cell
without causing continued elevation of insulin imetpost absorptive phase, thus reducing
glycaemia without increasing the risk of hypoglytée The mechanism of action of

meglitinides is glucose-dependent (Dornhorst, 2MHNies, 2002; Blickle, 2006).

Alpha-Glucosidase inhibitors competitively inhibitglucosidases that are associated with the
brush border membrane of the small intestine ard@sponsible for the digestion of complex
polysaccharides and sucrose. This slows carbolegirdigestion and lowers post-prandial
hyperglycemia. They can be used as monotherapy combination with other oral antidiabetic
drugs. The three-glucosidase inhibitors that have been developedaaarbose, miglitol, and

voglibose (Lebovitz, 1998; Holmast al., 1999; Bailey and Day, 2009).

2.7 Alternative medicine for diabetes
The field of herbal medicines research has beemirgaisignificant importance in the last few
decades and the demand to use natural productseirtréatment of diabetes is increasing
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worldwide. Presently, over 400 traditional plargatments for diabetes have been reported,
although only a small number of these have recesosehtific and medical evaluation to assess
their efficacy (Mukherjee, 1981; Marles and Farngtvo1995; Rai, 1995; Dropkin, 2010;
Kolling et al., 2010; Gunjaret al., 2011). Metformin is an effective oral glucose-trnmg agent
which was developed based on the us&altga officinalis to treat diabetessalega officinalis

is rich in guanidine, the hypoglycemic componentiffanet al., 2011).

The hypoglycemic effect of some herbal extracts besn confirmed in human and animal
models of type 2 diabetes (Jaradal., 2008; Kavishankaet al., 2011; Gupta and De, 2012;

Pandeyaet al., 2013; Preethi, 2013)The World Health Organization Expert Committee on
diabetes recommended that traditional medicinabhée further investigated (Bailey and Day,
1989). The major obstacle in the integration obhémedicine into modern medical practices is
the lack of scientific and clinical data provingethefficacy and safety. There is a need for
clinical research in herbal drugs using appropriagi@assays for biological standardization,
pharmacological and toxicological evaluation andedigping various animal models for toxicity

and safety evaluation. It is also important to lesth the active component/s from these plant

extracts (Gunjaet al., 2011).

A scientific investigation of traditional herbalmedies for diabetes may provide valuable leads

for the development of alternative drugs and sgiate Alternatives are clearly needed for better
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management of diabetes because of high cost andapaability of current therapies for many

rural populations, particularly in developing caue.

A study by Dropkin (2010) found that a number ofda and alternative medicine options are
available for diabetes care in Mombasa. Howeveis difficult to comment on the quality of
care provided because studies evaluating the efficd these treatments, which can differ
greatly between providers, are extremely limitethe Tauthor reports that many patients get
frustrated with the slow progress they are makiity wonventional care and look for a quick fix

through alternative medicine which was also notg&ablling et al (2010).

In spite of the presence of known antidiabetic roieés in the pharmaceutical market, remedies
from medicinal plants are used with success td thea disease (Bhattaraehal., 2002). Many
traditional plant treatments for diabetes are ubeoughout the world. Plant drugs (Bailey and
Day, 1989) and herbal formulations (Mitgal., 1996; Bhattacharyet al., 1997; Annapurnat

al., 2001) are frequently considered to be less taxid have fewer side effects compared to
synthetic ones. Based on the WHO recommendatigm®gdiycemic agents of plant origin used
in traditional medicine are important (WHO Expedrimittee on Diabetes Mellitus, 1980). The
attributed antihyperglycemic effects of these @aare due to their ability to restore the function
of pancreatic tissues by causing an increase ulimsutput or inhibit the intestinal absorption

of glucose or to the facilitation of metabolites imsulin dependent processes. Achieving
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glycemic targets in type 2 diabetes remains a grealienge during clinical care (Coekal.,

2001).

In general, there is very little biological knowggd on the specific modes of action in the
treatment of diabetes, but most of the plants hiagen found to contain substances like
glycosides, alkaloids, terpenoids and flavonoidat tare frequently implicated as having
antidiabetic effects (Loew and Kaszkin, 200@yariodendron anisatum, Schkuhria pinnata,

Mangifera indica, Xerophyta spekei, Lonchocarpus eriocalyx have been documented as being

used for treatment of diabetes in Mbeere and Enditials of Kenya (Kareret al., 2007).

2.7.1Zanthoxylum chalybeum

Zanthoxylum comprises about 549 species distributed worldwidainly in tropical and
temperate regions (Global Biodiversity InformatiBacility, 2010). This genus includes trees
and shrubs, usually dioecious in the family Rutacehe trees have leafy crown, with few
branches and reach up to 20 meters. The specibsajenus are characterized by the presence
of recurved spines on its trunk and branches. €heds are varied, may be alternate or opposite,

simple or compoun@Kumar and Paridhavi, 2012; Patieteal., 2012).

Zanthoxylum chalybeum Engl. family: Rutaceae is a deciduous spiny sloubree up to 12 m,
crown rounded but open. Bark pale grey; smooth datk scales and prickles. The trunk has
characteristic large, conical, woody knobs withrpharickles. The branches also bear scattered

thorns with conspicuous dark scales. Leaves aregoond, usually 3-5 pairs of shiny leaflets
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plus a terminal leaflet; leaflets are oblong tapéit or lanceolate, 2.5-7 x 1-2.5 cm, with a sgon
citrus smell when crushed. Flowers are sweet sdegédlowish-green, in racemes or panicles 5-
10 cm long, produced immediately below the leavdbe@base of the new branchlets. Fruits are
spherical, about 5 mm in diameter, reddish-brovptifteng to allow the shiny black seeds to

partly protrude (Pattinet al., 2012).

Zanthoxylum chalybeum grows in medium to low altitudes in dry woodlandgpassland, often
on termite mounds. It is native to Burundi, Demticr&kepublic of Congo, Ethiopia, Kenya,
Lesotho, Malawi, Mozambique, Namibia, Rwanda, Sem&outh Africa, Swaziland, Tanzania,
Uganda, Zambia and Zimbabwe. It grows at an akitalup to 1 600 m and a mean annual

rainfall of 750-1 500 mm. Bark extracts are saiduce malaria (Beentje, 1994; Katende, 1995).

Zanthoxylum chalybeum stem bark is commonly used in parts of Asia anst Bdrica to treat
diabetes. Decoctions are used to treat diabetdguseklated symptoms in Kenya, Tanzania and
Asia (Moshi and Mbwambo, 2002; Keter and Mutisol20Z. chalybeum Engl. Roots are used
to treat diabetes and related symptoms in Tanz@heshi and Mbwambo, 2002). In Kenya,
chalybeum stem bark decoction is used to treat diabetesedBas the available literature, the
hypoglycaemic activity oZ. chalybeum has not been validated experimentally in the yo\and

in vitro diabetic models, clinical and chemicaldias (Keter and Mutiso, 2012).
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The plant is also used for treatment of malarieklsicell disease, measles, tuberculosis, skin
infections and coughs (Olilet al., 2002; Tabuti2008; Rukungat al., 2009). In Tanzani&.
chalybeum root bark is used to treat oesophageal candidiBsist bark is powdered and added
to tea then taken orally (Runyosb al., 2006).Z. chalybeum has also been shown to possess

antitrypanosomal activity 165 values between 1 and 16pug/ml (Rukuegal., 2009).

Other species in the gendanthoxylum also possess antidiabetic activity. For exampdgious
parts ofZ. zanthoxyloides including the roots, bark and leaves have beed fse medicinal
purposes, including the treatment of diabetes tuslliSignificantly (P < 0.05) lower blood
glucose was observed in the treated animals in agsgn to non-treated groups (Alokeal.,
2012).Zanthoxylum armatum is used in Nepal to treat diabetes (Singh andi$ig2g11). In India

Z. nitidumis used traditionally to treat diabetes (Kumar Baddhavi2012).

Medicinal properties of this genus have been aiteith to the presence of secondary metabolites
like alkaloids, sterols, flavonoids, aliphatic aatbmatic amides, lignins, coumarins, sterols,

carbohydrate residues (Alokeal., 2012).

2.7.2Ficus sycomorus

Ficus sycomorus Linn belongs to the family Moraceae, comprising abdutgénera and over
1,400 species of trees, shrubs, vine and herbsn ofith milky latex juices. They are usually
found near streams in the savannah afeaycomorus is a tree that grows up to 20 m with

widely spreading branches and a massive crown.pSéiee cattle eat its foliage (El-Sayetdil .,
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2010; Sarget al., 2011; Aduon®t al., 2012).Ficus species are used as food and for treatment of
various diseases such as ulcers, vomiting, vagoaplaints, fever, diabetes, inflammation and
liver disease, malaria, cancers, hypertension, atbmproblems, aphrodisiacs, analgesics,

antimicrobials and antihelmintics (El-Sayetdl., 2010;Sarget al., 2011).

Ficus sycomorus is used in Nigeria, Niger, Mali, South Africa, Gea, Kenya, Tanzania,
Somalia, Ethiopia and Ivory Coast as extracts oitdr leaves, root and stem barks to treat
various ailments such as cough, diarrhea, skinciitfies, stomach disorders, liver disease,
epilepsy, tuberculosis, lactation disorders, hethiasis, infertility and sterility (Igbokwet al.,
2010; Aduomet al., 2012). The plant has also been reported to baetent antimicrobial agent
against ciprofloxacin resistaBalmonella typhi. The Hausa and Fulani tribes of northern Nigeria
use the stem-bark df. sycomorus to treat diabetes mellitus, fungal diseases, jaedind
dysentery (Hassaet al., 2007; Aduomet al., 2012). In Palestinegthe milky sap fromF.
sycomorus stem bark is used for treating skin diseases vehdecoction of the stem bark is used
for problems of the digestive system. It is alseduas seasoning, leaves are dried and added to
cake as a condiment, eaten raw or cooked as sayrBnches of the species are collected for

use as fuel (Auda, 2012).

Aduomet al (2012) established the lkpof the methanol extract & sycomorus as 1500mg/kg.
In this study, the methanol stem bark extractFofsycomorus at a dose of 250mg/kg body

weight, elicited significant hypoglycemic activity diabetic rats, P<0.05. With glucose levels
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reverting back to normal control levels, comparedhwuntreated diabetic animals. The
hypoglycemic effect of the methanolic stem-barkraott of F. sycomorus was not dose-

dependent.

Njagi et al (2012) determined the effect of aqueous stem leatkact on blood glucose on

alloxan induced diabetic rats. The percent reduostiof blood glucose levels in mice by the
aqueous stem bark extract IBf sycomorus at the three dose levels (50 mg/kg body weight,
100mg/kg body weight and 150 mg/kg body weight)imuthe 1st hour were 30%, 28 % and
49%, respectively. Results indicated that all thdese levels of the extract lowered blood

glucose levels as effectively as insulin 3 houtsrafeatment (Njagit al., 2012).

The medicinal properties of this genus have betibatied to presence of flavonoids, tannins,
coumarins, terpenes, phytosterols, alkaloids aed titlycosides (El-Sayed al., 2010; Sarget

al., 2011). The phytochemical analysis of the metharsiem-bark extract oF. sycomorus
revealed the presence of flavonoids, saponins|aidisa reducing sugars and glycosides. Some
flavonoids and glycosides have been found to sateyi-cells regeneration, increase insulin
secretion or possess insulin-like effects (Aduetnal., 2012). Antioxidant studies of the
chemical constituents oF. sycomorus leaves revealed that quercetin, gallic acid, rutin,
isoquercitrin, quercetin 3, @-a-L-dirhamnoside are the major constituents of thentpand
represent the antioxidant ingredients. Thus, tlesence of these free radical scavengers. in

sycomorus might be relevant in relation to this plants vasduiological properties and medicinal
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uses (El-Sayedt al., 2010). Hassast al (2007) reports that the aqueous ethanolic sterk bar
extract contains tannins, saponins, reducing sufjak®n aglycones, anthraquinone glycosides,

flavonoid glycosides and condensed tannins.

Other species in the genkgcus have also been studied for their antidiabeticvagtiKhan et

al., 2012). The,alcoholic extract ofF. bengalensis stem bark at a dose of 25, 50 &
75mg/day/100g body weight lowered the blood sugaell 47 to 70%, and also restored the
normal levels of serum urea, cholesterol and fmtatlein of alloxan diabetic albino rats (Gupta
al., 2008). The Yoruba-speaking people of Westernehig often employ decoctions and
infusions of F. exasperata leaves traditionally for the treatment of variousiman diseases,
including diabetes mellitugAdewole et al., 2011). Continuous treatment of STZ-treated
spontaneously hypertensive rats (SHR) and obeskeZutabetic rats with ethanolic extract of
F. exasperata (FEE) for a period of 4 weeks caused significaetrdase (p<0.05) in blood
glucose levels of the FEE treated diabetic rate(#aleet al., 2011). F. retusa L. "variegata”,
alcoholic extract (400 mg/kg) was found to redudeodth glucose levels of diabetic rats

significantly as compared to the diabetic groupg®tal., 2011).

F. bengalensisis well known in the treatment of diabetes (Dhuragetral., 2013). Studies have
reported thatF. bengalensis, F. carica and F. glomerata are effective in the treatment of
diabetes. The ethanol extract of leavef.gfomerata has significant antihyperglycemic effect in

experimental albino rat model of diabetes melliflise fruits ofF. glomerata, locally known as
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Gular have been used since ancient times in thetiedicine as a remedy of diabetes mellitus.
The aqueous extract df. bengalensis at a dose of 500mg/kg/day exhibited significant
antidiabetic and amelioferative activity as evidshdy histological studies in normal akd
bengalensis treated streptozotocin induced diabetic rat&icus exasperate Vahl and F.
arnottiana Miq. are also reported to have antidiabetic agtifKhanet al., 2012; Dhunganat

al., 2013).

The antidiabetic activity of variouBicus spp. is postulated to be due to the presenceusrio
chemical compounds including, alkaloids, flavongiglaponins, tannins, glycosides, gallic and
reducing sugars. Additionally, elements including &, Cr, Mn, Fe, Cu and Zn which are
responsible for initiating insulin function havedmeshown to be present, but the levels differ

with the plant part and species (Kraral., 2012).

Clinical research suggests that diabetes causadighgtion of mineral trace elements in body.
These trace elements play an important role irptbhduction of secondary metabolites which are
responsible for pharmacological actions of medicplants. But the exact mechanism of these
active metabolites is yet to be established. Themehts potassium, Calcium, Manganese,
Copper and Zinc have been reported to be resperfibkhe secretion of insulin from the beta
cells of pancreas (Khaet al., 2012). There is a need to study further pharnoagchl activity,

toxicological effects and the exact mechanism ef élxtract in the search for ideal alternative

drugs, especially in underdeveloped countries. @lkenents present iRicus species have an
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important role in the treatment of diabetes. Resaftprevious work have shown variation in
elemental composition of medicinal plants from oegto region, thus there is a need to vouch
for more research on medicinal plants to integtiaéer medicinal values in the advance system

of medicine preparation (Khaal., 2012).

The aqueous extract & sycomorus stem bark contained pharmacologically active srtrsts
such as gallic, tannins, saponins, reducing sugdkaloids and flavones aglycones and caused

no haematological, hepatic and renal toxicitiebglgveet al., 2010).

2.7.3Ximenia americana

The genus<imenia belongs to the family Olacaceae and comprisestabagpeciesX. roiigi, X.
aegyptiaca, X. parviflora, X. coriaceae, X. aculeata, X. caffra, X. americana andX. aegyptiaca
(Monte et al., 2012).X. americana Linn. is the most common. It is commonly knownfalse
sandal wood, Wild Plum, tallow wood, Sour Plum, [gel Plum or Sea Lemon. It is found
mainly in tropical regions (Africa, India, New Zaald, Central America and South America),
especially Africa and Brazil. The plant is a sntedle reaching a height of up to 6 metres, with
gray or reddish bark, with leaves small, simplé&rakte of bright green color and with a strong
smell of almonds. The flowers are white or yelldwishite, curved and aromatic. Fruit are
yellow-orange, aromatic, measuring 1.5 to 2.0 cndiameter, surrounding a single seed and
have a pleasant plum-like flavor (Okiglebal., 2009; Feyssat al., 2012; Monteet al., 2012;

Shantheet al., 2012).
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It is a plant of diverse habitats in semi-arid Basl, in many types of dry woodland, sandy open
woodland and dry hilly areas and coastal bushlahds. frequently found on coastal dunes,
along water courses and on stony slopes. It ocuadtitudes up to 2000m above sea level and
where rainfall exceeds 500mm per year and tempesnf 14 -3F C. It grows on many soil

types; however, often on poor and dry types (Festsala, 2012; Shanthet al., 2012).

In Asia, the young leaves are consumed as a vdgetadwever, the leaves also contain cyanide
and need to be thoroughly cooked, and should netaben in large amounts (Morsieal., 2012).

In Brazil, a tea obtained frod. americana stem bark has been used in popular medicine as
cicatrizing, astringent and as an agent againseéssiee menstruation. As a powder, it treats
stomach ulcers and the seeds are purgative (Mengt.,, 2012). In the Indian system of
medicine, the various plants parts like leavestsiobark, roots and fruits are used for the
treatment of diabetes, mouth ulcers, malaria, cank&rhoea fever and inflammation (Siddaiah
etal., 2011; Shanthet al., 2012). In MaliX. americana roots and leaves are used to treat throat
infection, malaria, wounds and dysmenorrhea. IreN&gthe tree has been used against malaria,
leprotic ulcers and skin diseases, schistosomitesisy, diarrhoea, ringworm, river blindness and
tooth ache (Okigbet al., 2009; Leet al., 2012; Shanthat al., 2012). In tropical West Africa,
the root has been used medically for febrile helagladn infusion or a decoction of the root is
drunk as medicine for venereal disease. In Tanz#maroot is used as a febrifuge and diarrhoea
remedy. In Zimbabwe, a decoction of the leafy twggiven for febrile colds and cough and as

laxative (Okigbacet al., 2009; Shanthet al., 2012).
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Investigations have shown that the constituentsXofamericana posses several biological
activities such as, antimicrobial, antifungal, diabetic, anticancer, antineoplastic,
antitrypanosomal, antirheumatic, antioxidant, aesig molluscicide, pesticidal, also having
hepatic and hematological effects (Siddasahl., 2011; Monteet al., 2012). Oral administration
of the methanolic extract of. americana leaves (200, 400 and 600mg/kg body weight) for
seven days resulted in a significant reduction oot glucose level in alloxan induced
hyperglycemic rats. The effect was compared to oh&5gm/kg (i.p) Glibenclamide (Siddaiah
et al.,, 2011). From phytochemical analysis of crude americana aqueous, methanolic,
ethanolic, butanolic and chloroform extracts froifiedent parts (leaves, root, stem and stem
bark) the secondary metabolites contained were néago glycosides, flavonoids, tannins,
phenolics, alkaloids, quinones and terpenoids typesaddition, the plant is potentially rich in
fatty acids and glycerides and the seeds contaivatiwes of cyanide (Siddaiaét al., 2011;
Monte et al., 2012). Flavonoids and tannins have been showhat@® antidiabetic activity
(Siddaiahet al., 2011).

Work on plants of the genuXimenia is justified, particularlyX. americana species, where
systematic study relative to specific biologicatiaty of their chemical constituents is not
comprehensive (Montet al., 2012). There is oral evidence indicating that pfant is effective

in many disease conditions including diabetes tusllbut there are few documented scientific

studies (Shanthet al., 2012).
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2.8 Animal models for diabetes

Different animal models of type 1 and type 2 diaketor have been used for screening for
antidiabetic activity of novel drugs. These rangenf surgical models, genetic models, various
animal strains that spontaneously develop diabetes,chemical models of diabetes mellitus.
The species of animal used is determined by sefextdrs. Generally, smaller animals are more

manageable and cheaper hence, rats and mice armgieommonly used.

One of the most commonly used methods for indudiabetes is by damaging the pancreas by
the administration of chemicals such as streptanot(STZ) and alloxan. These animal models
mimic several characteristics of the human diseaSbemically induced models of diabetes
mellitus enable for evaluation of blood glucoseldwing treatment with a novel test drug.
Results are compared to non-diabetic or diabetimas treated with conventional antidiabetic
drugs. A type 1 diabetic rat model has been deeelasing the Wistar rat by injecting adult rats
with a single dose of streptozotocin at 45 mg/kgyaperitoneally (Ramesh and Pugalendi, 2006;
Gayathri and Kannabiran, 2008). The streptozotouiiniced Wistar rat develops complications
associated with hyperglycemia, similar to the humiaetic situation. Thus this diabetic rat is a
suitable model for the investigations into the patby of diabetes mellitus and complications
related to the disease as well as possible intéoren(Ramesh and Pugalendi, 2006; Gayathri

and Kannabiran, 2008; Deedsal., 2011).
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Rodents also show a substantial gender differen&I¥Z sensitivity. Male mice and rats tend to
be more susceptible to STZ-induced diabetes. Tétsedised sensitivity experienced by females
may be attributed to oestradiol’s ability to prdtpancreatig3-cells from apoptosis induced by

oxidative stress (Deedsal., 2011).

2.9 Streptozotocin

Streptozotocin (2-deoxy-2-(3-(methyl-3-nitrosou@iD-glucopyranose) is a broad spectrum
antibiotic synthesized b$reptomycetes achromogenes. It is used clinically for the treatment of
metastatic islet cell carcinoma of the pancreagpeBrmentally, it has been used in different
animal species to induce both type 1 and type Reties mellitus (Szkudelski, 2001; Deetlal .,

2011).

The frequently used single intravenous dose intadu$ to induce type 1 diabetes is 40-60
mg/kg body weight but higher doses are also usé&d. iS also efficacious after intraperitoneal
administration of a similar or higher dose, butgindose below 40 mg/kg body weight may be
ineffective. STZ may also be given in multiple la@ses (Szkudelski, 2001; Srinivasan and

Ramarao, 2007; Dee@sal., 2011).

Streptozotocin action if8 cells is characterized by alterations in bloodulims and glucose
concentrations. Hyperglycemia and a drop in insat& observed two hours after injection. This

is followed six hours later by hypoglycemia withghi levels of blood insulin. Finally,
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hyperglycemia develops and blood insulin levelsrelese. These changes in blood glucose and
insulin concentrations reflect abnormalitiegtoell function. STZ impairs glucose oxidation and

decreases insulin synthesis and secretion (Szkad2001).

STZ is taken up by the pancreafiecells via glucose transporter GLUT2. The main reason for
the STZ-induced -cell death is alkylation of DNA. The alkylatingtavity of STZ is related to
its nitrosourea moiety, especially at the O6 posibf guanine. Since STZ is a nitric oxide (NO)
donor and NO was found to bring about the deswnabf pancreatic islet cells, it was proposed
that this molecule contributes to STZ-induced DN#&xméhge (Morgaret al., 1994; Krénckeet

al., 1995). However, the results of several experis@novide the evidence that NO is not the
only molecule responsible for the cytotoxic effe€tSTZ. STZ was found to generate reactive
oxygen species, which also contribute to DNA fragtagon and evoke other deleterious
changes in the cells. The formation of superoxid®re results from both STZ action on

mitochondria and increased activity of xanthinedasie (Szkudelski, 2001).

It was demonstrated that STZ inhibits the Krebsleyand substantially decreases oxygen
consumption by mitochondria. These effects strotigiit mitochondrial adenosine triphosphate
(ATP) production and cause depletion of this nudieoin B-cells. Restriction of mitochondrial

ATP generation is partially mediated by NO. AugneehATP dephosphorylation increases the
supply of substrate for xanthine oxidagkcélls possess high activity of this enzyme) and

enhances the production of uric acid — the finaldpct of ATP degradation. Xanthine oxidase
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then catalyses the reaction in which the superoaiten is formed. As a result of superoxide
anion generation hydrogen peroxide and hydroxyicedsl are formed. STZ-induced DNA
damage activates poly (adenosine diphosphate) AiaByiation. This process leads to depletion
of cellular Nicotinamide adenine dinucleotide (NADfurther reduction of the ATP content and
subsequent inhibition of insulin synthesis and et@an. Streptozotocin causes alkylation or
breakage of DNA strands and a consequent increasthd activity of poly-ADP-ribose
synthetase, an enzyme depleting NADB+oells finally leading to energy deprivation andcatie

of B-cells is reported (Srinivasan and Ramarao, 200Ku&eIski, 2001).

The potent alkylating properties of STZ are the rmeause of its toxicity. However, the
synergistic action of both NO and reactive oxygerecgees may also contribute to DNA

fragmentation and other deleterious changes caus&d Z (Szkudelski, 2001).

2.10 Glucose measurement

According to the recommendations of the Americaaldtes Association, self monitoring blood
glucose should be used in patients on intensivdimgherapy and may also be useful in patients
using less frequent insulin injections, noninsuherapies, or medical nutrition therapy alone
(American Diabetes Association, 2010). Glucose tooimg is important when evaluating
treatment regimens in diabetic patients as welinathe experimental set up when evaluating
novel products for antidiabetic activity (Polsepal., 2008). During the last five decades a

significant improvement in glucose biosensor tedbgyw including point-of-care devices,
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continuous glucose monitoring systems and nonimeagiucose monitoring systems has been

made (Wang, 2008).

The glucose biosensors are divided into five ckedssed on the type of transducer used. These
are; electrochemical, optical, thermometric, piézcteic and magnetic (Newman and Turner,
1992). Majority of the current glucose biosensoes & the electrochemical type. They provide
better sensitivity, reproducibility, are easy toimtain and low cost. Electrochemical sensors are
subdivided into potentiometric, amperometric, onawctometric types (Habermullest al.,
2000; Pearsoet al., 2000; Thevenott al., 2001). Enzymatic amperometric glucose biosensors
are the most common devices commercially availdbleghis study, an amperometric glucose
meter was used. Amperometric sensors monitor cisrganerated when electrons are exchanged
either directly or indirectly between a biologislstem and an electrode glucose oxidase is the
standard enzyme for biosensors. It has a relativglier selectivity for glucose (Wang, 2008;

Yoo and Lee, 2010).

The glucose biosensor operates on the principlettiegaimmobilized glucose oxidase catalyzes

the oxidation of glucose by molecular oxygen prodggluconic acid and hydrogen peroxide.

Glucoset O, + 2H, — Gluconic acid + HO»

H,O, — 2H++ O, + 2e
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Hydrogen peroxide is oxidized at a catalytic, plath anode. The electrode recognizes the
number of electron transfers and this electron flewroportional to the number of glucose

molecules present in blood (Wang, 2008; Yoo and 26&0).

2.11 Objectives
The study aimed at documenting the plants thatiseel to treat diabetes mellitus in Machakos
County in eastern Kenya. Three most commonly engaloglants,Zanthoxylum chal ybeum,

Ximenia americana and Ficus sycomorus were evaluatetbr antidiabetic efficacy.

The specific objectives of the study were

1. To determine the principle chemical groups 4nchalybeum, X. americana and F.
Sycomor us.

2. To determine the efficacy df. chalybeum, X. americana and F. sycomorus aqueous
extracts in diabetic rats.

3. To determine the effect aZ. chalybeum, X. americana and F. sycomorus aqueous

extracts on biochemical parameters, liver and kidristology.
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CHAPTER THREE

METHODOLOGY
3.1 Study area
Machakos County is located in the Lower Eastert gfakenya. According to the 2009 National
Census, Machakos County had a population of 1,848(Benya National Bureau of Statistics,

2009). The study area is shown in the map below.
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Figure 1: A map of Machakos County
45



3.2 Collection and identification of plants

Preliminary data on the use of herbs for the mamage of diabetes in Machakos County was
obtained in a meeting with herbalists. The Kambemaonity is the dominant tribe in this
county. The study area was selected based on theséxe utilization of traditional medicine by
the community in the area. Information was colldaising semi structured questionnaires and
also using focus group discussions. The medicitatp were identifiedn situ by the herbalists
during a guided tour of the study area. Plant spens were collected and placed in a plant press
awaiting botanical identification. The specimenseviden identified at the University of Nairobi

herbarium, in the Department of Botany where vouspecimens were also deposited.

3.3 Preparation of plant extracts
Harvesting was done on a dry day and plants hadestanually and washed thoroughly in
running water. Cleaned plant materials were theeddin the shade for one week. The

completely dried material was weighed and groumal rowder using an electric mill.

For aqueous extraction, 100 g of powder was exdast 1litre distilled water for 25 minutes
using a hot plate. The decoction extract was tiiemrdd and centrifuged at 5000rpm for 10 min
and the supernatant collected. This procedure e@sated twice. The supernatant collected was
pooled together and concentrated to make the Violaime. The extract was freeze dried (Christ
Beta 336, Martin Christ Freeze Dryers, Osterodernfaay) and stored at 4° C awaiting

phytochemical screening and efficacy and toxicitgleation.
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3.4 Phytochemical screening

The plants were screened for principle chemicaligsausing the following standard methods.

3.4.1 Test for alkaloids

The presence of alkaloids was determined by fistadving 0.02 g of extract in 1 ml methanol,
filtering the mixture, followed by boiling the eztrt with 2 ml of 1% hydrochloric acid for 5
minutes. Five drops of Dragendorff’'s reagent wanthe added into the extract. Formation of an

orange precipitate indicated the presence of atalBalehi-Surmagtet al., 1992).

3.4.2 Test for tannins
Half a gram (0.5g) of the water extract (crude dowder) was dissolved in 2ml of distilled
water and filtered. Two drops of ferric chloride svthen added to the filtrate. A blue black

precipitate indicated the presence of tannins (Begeet al., 1969).

3.4.3 Test for cardiac glycosides

Keller-kiliani test was used to assess the presehcardiac glycosides. A hundred milligrams
(100mg) of crude dry powder of the plant was tréateh 1ml of glacial acetic acid containing
one drop of 5% ferric chloride (Feflsolution. To this solution, 1ml of concentratedpsuric
acid was under-layered. The appearance of a browgnat the interface of the two layers with
the lower acidic layer turning blue green upon gtiag for a few minutes indicated the presence

of cardiac glycosides (Ajaiyeobu, 2002).
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3.4.4 Test for steroids

Liebermann-Burchard reaction was used to assessrimence of steroids. A chloroform

solution of 0.5g of the crude dry powder of thenplaas treated with 0.5ml of acetic anhydride
and 2 drops of concentrated sulphuric acid addedhdbe sides of the test tube. A blue green
ring indicated the presence of sterols, while colohange from pink to purple indicated

triterpenes (Brain and Turner, 1995).

3.4.5 Test for saponins
The presence of saponins was determined by frotiestgHalf a gram (0.5g) of the plant extract
was shaken in 5ml of distilled water and allowedtand for 10 minutes. Stable froth more than

1.5cm and persisting for at least 30 minutes wdisative of saponins (Kapoet al., 1969).

3.4.6 Test for flavonoids and flavones

One gram of extract was dissolved in 10 ml didileater and then filtered using Whatman filter
No.1. 10 mg magnesium turnings were then added intol of the filtrate, followed by the
addition of 0.05 ml concentrated sulphuric acide Titesence of magenta red observed within
three minutes confirmed the presence of flavonoidsle orange colour indicated presence of

flavones (Brain and Turner, 1995).
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3.5 Determination of antidiabetic efficacy

3.5.1 Ethical Approval

The efficacy study was conducted at the rodentitiacinstitute of Primate Research (IPR),
Karen, Kenya. Approval for the study was obtainexhf the Institutional Review Committee,

Institute of Primate Research.

3.5.2 Experimental animals

Eighty, 10 week old, male Wistar rats were purctidsem the University of Nairobi. The rats
were housed in groups of five in plastic cages wi#inless steel covers. They were acclimatized
for 3 weeks at room temperature (20—25°c) unde2/a2lLh light/dark cycle. All rats received
standard rat chow (Unga fedfsand distilled watead libitum during acclimatization and also
throughout the experimental period. The acclimatizats were randomized using a table of
random numbers and assigned to the experimentapgrim sets of five animals per group as

shown in Table 3.1
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Table 3.1 Experimental groups: Normal and diabetic rats weregiven Z. chalybeum, F.
sycomorus, X. americana or Glibenclamide at doses of 10, 100 or 1000mg/kepdy weight
orally

Group  Streptozotocin Z. X. F. Glibenclamide
Number 45mglkg bt chalypeum americana sycomorus 10ma/kg bwt
1 X X X X X

2 V X X X X

3 \ 10mg X X X

4 \ 100mg X X X

5 \ 1000mg X X X

6 \ X 10mg X X

7 \ X 100mg X X

8 \ X 1000mg X X

9 \ X X 10mg X

10 \ X X 100mg X

11 \ X X 1000mg X

12 V X X X \

13 X v X X X

14 X X v X X

15 X X X \ X

Diabetic rats were either given Glibenclamide oe ofthe various doses of the plant extracts. Etdati
treatments given are indicated by),(the cross (X) indicates that animals in thatugrevere not given

that particular treatment
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The respective extracts, doses 1000mg/kg bwt, 10@ndgwt and 10mg/kg bwt were
reconstituted in distilled water and administeredlydat 0900 hrs via stomach tube. This was
done for fourteen days. Rats in groups 1 and 2iveddlistilled water, while rats in group 12
received Glibenclamide (10mg/kg bwt) at a conceiamaof 200pug/ml for fourteen days. Rats
were weighed on a weekly basis using a weighingrza (Sartorius, GMBH GOTTINGEN,

Type L2200P, Germany). Weights were expressedamgyr

3.5.3 Induction of diabetes

Rats in groups 2-12 were fasted overnight and tegeéntraperitoneally with streptozotocin

(STZ, Sigma Aldrich, USA) at a dose of 45mg/kg bodgight to induce diabetes. The

streptozotocin powder was reconstituted in stéli®® Sodium chloride, at a concentration of
7.5mg/ml. A drop of blood was collected from thi ¥ain on day 3, 7 and 12 after injection and
glucose levels determined using a glucometer (§té®, Chemlabs, Kenya) to confirm stable
hyperglycemia. Rats with glucose levels greaten thdmmol/L were considered diabetic and

used for the efficacy study.

3.5.4 Determination of plasma glucose
Blood was obtained by a prick on the lateral tainvand blood glucose determined using a
glucometer (SoftStyle® Chemlabs, Kenya). Resultsewexpressed in mmol/L. The rats were

sampled for a further seven days after extract agtnation to assess long term glucose control.
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Blood for determination of plasma glucose was aiatdi from the tail vein and the clinical

profile of the animals described.

3.5.5 Oral glucose tolerance test (OGTT)

The OGTT was performed to determine the short-&ffect of the extracts on glucose control at
the end of extract administration (day 14). Ratslingroups were fasted overnight and then
administered 2 g glucose kg—1 body weight orallydrap of blood was withdrawn from the tall
vein before (0 min) and 30, 60, 90 and 120 minradtéministration of glucose solution. Blood

glucose was measured using a glucometer and resyplitessed in mmol L-1.

3.5.6 Biochemical parameters

Blood for biochemical evaluation was collected eardiac puncture at euthanasia. Samples
approximately 5mis were collected into serum tulié= blood was allowed to clot and left for
10 minutes at room temperature for serum to foretu® was separated by centrifugation at
3000rpm for 10 minutes and stored at—20°C untiliregl for analysis. Liver enzymes; aspartate
aminotransferase, alanine aminotranferase andirsdkphosphatase, creatinine and blood urea
nitrogen were determined using commercial kits (ldlyzer 2000, Human Diagnostics®,

Germany) according to the manufacturers’ protocol.
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3.5.7 Pathological examination

The animals were euthanized in a carbon dioxidentiea and the pancreas, liver and kidneys
removed and fixed in a 10% solution of formaldehytee fixed tissues were then dehydrated in
graded concentrations of alcohol (50-100%), cleanexlylene and embedded in paraffin wax.
The sections (5um) from each of the tissues weaeneed using a microscope (10x and 40x)

after staining with hematoxylin and eosin dye.

3.6 Statistical analysis
Data was expressed as mean zstandard error of (&Eavl). Two-way analysis of variance
(ANOVA, GraphPad Prism 5) was used to determinéeihces in means between groups.

Values were considered significantly differentta tevel of < 0.05.
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CHAPTER FOUR
RESULTS

4.1 Meeting with herbalists

A total of seven traditional health practitionersre recruited as resource persons for the survey.
The interviewed (5 male, 2 female) had a mean dg&l®% + 3.27 years. Three of the
interviewees had attained primary education whole thad attained secondary education. Six of
the THPs interviewed acquired the traditional madicyowledge from members of the family
and one through divine visions. The duration ofcpca ranged from 5-40 years. All the

interviewed were affiliated to the Ukambani HerbtdiAssociation.

4.1.1 Traditional Health Practitioners’ knowledge d diabetes

The interviewees had good knowledge of diabetetherbasis of acceptable clinical symptoms
such as frequent thirst, frequent urination, fagigdizziness and problems with vision. The
interviewees also relied on laboratory reports alsd reports from patients who had confirmed
cases of diabetes and were already on conventi@ament. Five of the interviewees associated

diabetes with family history.

4.1.2 Plant species used to treat diabetes mellitus
Nineteen plants were mentioned as being used datrirent of diabetes mellitus in Machakos
and its surrounding towns. Out of these, a totasinfeen plant species, distributed across 13

families were identifiedn situ with the assistance of the herbalists and spe@meltected. The
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plant species, family, vernacular names, the paséxl, and mode of preparation are shown in
Table 4.1. The most frequently mentioned plantsew&anthoxylum chalybeum, Ximenia
americana and Ficus sycomorus. These were selected for phytochemical analysisedficacy

and safety evaluation.

The family Asteraceae was represented by the higha&mber of species (three species) and

Fabiaceae by two species. The rest were represbytade species each (11 families).
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Table 4.1 Plants used for management of diabetes hitetis in Machakos County

Family Plant Local Frequency of Part of plant Preparation and Use
Species name Mention (n=7)  used
Rutaceae Zanthoxylum Mukenea 4 Stem bark,Half a teaspoonful in hot water 2 times daily
chalybeum Engl. roots, leaves,
seeds
Olacaceae Ximenia americana Mutula 4 Leaves, seedsg3 teaspoonfuls in 4 glasses hot water,
Linn roots, stem take one glass 3 times a day for 14 days
bark
Lamiaceae Ocimum Mukandu 3 Leaves, wholeBoil llitre water, add 4 teaspoons
kilimandscharium plant
Guerke
Simaroubaceae Harrisonia Mukilyulu 1 Leaves, roots, Half a teaspoonful in hot water 2 times daily
abyssinica Oliv seeds
Polygonaceae = Oxygonum Song'e 1 Whole plant One teaspoonful in hot watém2s daily
stuhlmannii
Dammer
Amaranthaceae Amaranthus Musavula 1 Whole plant One teaspoon in hot wated foeeks
caudatus Linn (mixed with several others)
Fabaceae Erythrina abyssinica Muvuti 2 Stem bark Dose; 3 teaspoonfuls in 4 glasses of hot water.
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Asphodelaceae

Asteraceae

Asteraceae

Moraceae

Fabaceae

Asteraceae

Tiliaceae

Verbenaceae

Labiatae

Lam

Aloe secundiflora
Engl.

Launea cornuta
Hochst

Sonchus asper (L.)
Hill

Ficus sycomorus
Linn.

Acacia mellifera
Vahl.

Bidens pilosa

Linn.

Grewia bicolor Juss.

Lantana virbunoides

Forssk.

Ocimum suave Linn.

Kiluma

Muthunga

(small)

Muthunga

(Giant)

Mukuyu

Muthiia

Munzee

Mulawa

Mukeny'a

Mwenye

leaves Take one glass 3 times a day for 14 days

Stem, leaves Dose: 1 teaspoonful in 4sgis®f hot water.
One glass in the morning and evening for 14 days
Whole plant Dose: 2 teaspoonfuls in 4 glassd®bivater.
Take 1 glass twice daily for 14 days.
Stem bark, Dose: 2 teaspoofuls in 4 glasses of hot water,
leaves take one glass twice daily
Stem bark Boil 2 teaspoons in 500mls wate
Flowers, 1 tablespoonful in hot water for very high hypemgnia,
whole plant 3 times daily. For mild hyperglycemia,
3 teaspoons in hot water 3 times daily
Stem bark 2 teaspoonfuls to 1 Bod.for 10 minutes
Whole plant 2 tablespoonfuls to 1 li@ water

Leaves, whole2 tablespoonfuls to 1 litre hot water

plant

*All plants/ plant parts were dried under shade gralind into powder before being constituted
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4.1.3 Plant parts used
Majority of the plants were used as the entire (p(28.6%), followed by the stem bark (25%),
leaves (21.4%) and root bark and seeds (10.7% edul® the flowers accounted for 3.6%. This

information is presented in Table 4.2 below.
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Table 4.2: Frequency of plant part used for the prparation of traditional diabetes
remedies

Plant parts used Number of plant Percentage
species (%)
Whole plant 8 28.6
Stem bark 7 25
Leaves 6 21.4
Root bark 3 10.7
Seeds 3 10.7
Flowers 1 3.6
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4.1.4 Herbal medicinal preparations and administraion

The plants are used either as mixtures or as spigles. To prepare, the plant parts are first
harvested then dried in the shade. The completétyg ghlant(s) are then ground into powder. A
specific quantity of the powder is then mixed int lmeater or boiled in water for about 10
minutes. The resulting decoction or infusion isetalseveral times a day, depending on the
prescription from the particular traditional healhactitioner. These medicines are prepared
when required and most interviewees did not presdre medicines. The herbal medicines are
administered orally and the most commonly mentiongaantities and frequency of
administration were one teaspoon three times aatay tablespoonful three times daily and one
cup three times daily. The duration of treatmengeal from one week to four months. Most of
the interviewees reported that the plants used wetassociated with any toxicity. There was
only one mention of stomach ulcers related to dssome of the plants at high doses. This was
remedied by a concoction prepared by the traditibealth practitioner to reduce the level of
acidity. However, interviewees advised their paseto avoid alcohol, meat, sugary foods and

salt.

4.2 Phytochemical Analysis

The aqueous stem bark extractZothalybeum, F. sycomorus andX. americana contain several

secondary metabolites as shown in Table 4.3 below.
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Table 4.3: Secondary metabolites fronZ. chalybeum, F. sycomorus and X. americana crude
stem bark extracts

Compound Z. chalybeum F. sycomorus X. americana
Alkaloids + - -
Flavonoids + + +
Steroids - - -
Terpenoids + + +
Saponins + - -
Tannins + + +
Phenols + - +
Glycosides + + +

+ Present

- Absent
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4.3 General characteristics of the animals

Three days after administration of streptozotoditinig/kg bwt IP) the rats appeared lethargic
and displayed restricted movement, however thamedamor improved in the weeks during and
after treatment. Rats classified as diabetic hguefgtlycemia> 14mmol/L. Diabetic rats also
displayed polyuria, polydipsia and weight loss ¢hiidays after induction. Control rats were

active throughout the study period.

4.4 Effect of Z. chalybeum, F. sycomorus and X. americana stem bark extracts on fasting
blood glucose levels

At baseline, before induction of diabetes, bloadacgke levels were not significantly different in
the various experimental groups, with levels of 36mmol/L. Three days after administration
of streptozotocin (45mg/kg bwt) the rats exhibitggberglycemia (range 14-38.4mmol/L). The

results are presented in Figures 2, 3 and 4 below.

Administration of the extract oZ. chalybeum stem exhibited significant decreases in fasting
blood glucose in diabetic rats at the three dogeldeof 10mg, 100mg and 1000mg per kg body
weight (P<0.05). This difference was not significkor all three doses of the extract, compared
to the rats given Glibenclamide (10mg/kg bwt). $amly, there was no significant difference
between the extract fed diabetic rats and the nocomatrols or the non-diabetic rats that were
given 1000mg/kg bwt of the extract (P<0.05). Howewdood glucose levels of the rats given

10mg/kg bwt of the extract were significantly highH®<0.05) compared to both the normal
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controls and the normal rats givéh chalybeum at 1000mg/kg body weight. There was no
significant difference (P<0.05) in blood glucosedks at different doses of the extract for the
diabetic rats. The blood glucose levels of norna#s were not changed. Untreated diabetic rat
blood glucose levels were significantly (P<0.05)d arontinuously elevated throughout the

experimental period. Figure 2 below summarizesehesults.
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Figure 2: Effect of Z. chalybeum on fasting blood glucose levels in normal and eliirats
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F. sycomorus stem bark extract significantly reduced glucosele in diabetic rats (P<0.05) at
doses of 100mg and 10mg/kg body weight compareghteeated diabetic rats. However, the
decrease at the dose of 1000mg/kg body weight wisignificantly different from the untreated
diabetic group. Comparing these levels with theb&iclamide treated group there was no
significant difference (P<0.05) with the extradated groups (100mg and 10mg/kg bwt) though
levels were significantly lower compared to thebdigc rats given 1000mg/kg body weight of
extract. Similarly, blood glucose levels of the liic rats given 1000mg were significantly
higher compared to the diabetic rats given lowesedof the extract (100mg and 10mg/kg bwt)
(P<0.05). Levels of blood glucose in the diabe®©dmg/kg bwt group were also significantly
higher compared to the normal control groups. Intast, lower doses of the extract reduced
blood glucose levels such that these were not fgignily different compared to the normal

controls (P<0.05). A summary is presented in Fidure
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Figure 3: Effect of F. sycomorus stem bark extract on fasting blood glucose lewet®ormal and diabetic rats
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X. americana stem bark extract at the three dose levels emgl|ogedluced blood glucose to
levels that were not significantly different (P<®)Ocompared to the Glibenclamide group.
Additionally at 100mg and 10mg/kg bwt, blood glueokvels were significantly reduced
compared to the untreated diabetic group. Theréifiee between the three dose levels was not
significantly different, as was the difference cargal to normal control groups (p<0.05). These

results are summarized in Figure 4 below.
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Figure 4: Effect of X. americana stem bark extract on fasting blood glucose lewefsormal and diabetic rats
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4.5 Effect of Z. chalybeum, F. sycomorus and X. americana stem bark extracts on oral
glucose tolerance

Zanthoxylum chalybeum administration 30 minutes prior to glucose loadiegulted in a gradual
reduction in glucose levels, but this was not staglly significant compared to the diabetic
controls (P< 0.05). Results of the OGTT are showirigure 5 Glibenclamide (10mg) did not
reduce the levels significantly compared to thereated diabetic controls. The results were
comparable to those of the three dose levels oéxbract. The gradual decrease in blood glucose
levels was not dose dependent. The diabetic coh&dlthe highest reduction (39.8%) in blood
glucose 120min after glucose load, followed by diebhetic (10mg) group (38.9%). There was

no significant difference in the normal controls (@.05).
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Figure 5: Effect of Z. chalybeum extract on fasting blood glucose level after gieetwad in normal and diabetic rats
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For F. sycomorus there was no significant difference between th&é&iclamide treated rats and
the extract treated diabetic rats except at 2 hpost glucose loading with the diabetic rats
given 1000mg/kg body weight of the extract (P<0.(0Similarly, the difference between the

three dose levels was not statistically significartis information is presented in Figure 6.
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Figure 6: Effect of F. sycomorus extract on fasting blood glucose level after ghectwad in normal and diabetic rats
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X. americana resulted in a gradual decrease in blood glucogeldeafter glucose load. This
decrease was however not statistically signifieammhpared tdhe control groups (P<0.05). This

data is shown in Figure 7.
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Figure 7: Effect of X. americana extract on fasting blood glucose level after ghectbad in normal and diabetic rats
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4.6 Effect of Z. chalybeum, F. sycomorus and X. americana stem bark extracts on body
weight

There was a significant loss in the body weightreéted and untreated diabetic rats 1 week after
induction of diabetes (Figures 8, 9 and 10). ThEsrdase was greatest in the untreated diabetic
group (36.44%).Z. chalybeum extract treated diabetic animals experienced apeoatively
decreased weight loss which was dose dependent54t%, 24.38% and 26.63% for
1000mg/kg, 100mg/kg and 10mg/kg treated animalpeds/ely, compared to the untreated
diabetic rats at 36.44% . The weight loss in thib&siclamide treated rats (16.33%) was not
significant compared to the normal control groupswvdeks post treatment, although this
difference was significant when compared with thernmal control rats that were given
1000mg/kg bwt of the extract. The weights of th&amt treated diabetic rats, at all three doses
were not significantly different compared to thab8hclamide treated rats (P<0.05). Extract
treated normal controls had a higher weight galh12%) compared to the untreated normal

controls (2.82%). Figure 8 below summarizes thisrimation.
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Figure 8: Effect of Z. chalybeum extract on body weight in normal and diabetic rats
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The F. sycomorus treated diabetic rats had a weight loss of 17.53%89% and 30.17%
respectively for 1000mg, 100mg and 10mg/kg bwt, clwvhivas higher compared to the
Glibenclamide treated rats (16.33%). This decreease significant for 100mg and 10mg/kg bwt
treated rats compared to the Glibenclamide grou®.0%). The extract treated normal control
group had a higher weight increase (15.6%) compiaréide untreated normal controls (2.82%),
though this increase was not statistically sigatfic(P<0.05). A summary is presented in Figure

9 below.
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The X. americana treated diabetic rats showed a dose dependeneadecin weight loss at
33.03%, 31.88% and 27.17% for 1000mg, 100mg andgliimbwt respectively. This weight
loss was statistically significant (P< 0.05) for0Ddhg and 100mg/kg bwt when compared with
the Glibenclamide group (16.33%). Extract fed ndrmoantrols had a higher weight gain
(16.63%) compared to the normal controls (2.82%hoagh this was not significant (P<0.05).

Figure 10 is a summary of this information.
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Figure 10: Effect of X. americana extract on body weight in normal and diabetic rats
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4.7 Effect of Z. chalybeum, F. sycomorus and X. americana stem bark extracts on food
intake

Consumption of standard chow was measured dailgpge. Data reported here are mean daily
consumption in grams per kilogram of body weight day. Diabetic rats had significantly
higher food consumption compared to non-diabetis (B<0.05). Administration of extract or
Glibenclamide did not reduce these levels backateline or normal control levels. There was
also no significant difference between the thretaex groups (P<0.05). Extract treated normal
controls had a higher food intake compared to nbreoatrols but this difference was not

statistically significant (P<0.05). Figure 11 beltsa summary of these results.
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Figure 11: Effect of Z. chalybeum extract on food intake in normal and diabetic rats
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Diabetic rats treated with. sycomorus stem bark extract had elevated food intake whiels w

significantly higher compared to the normal cordgrahd extract treated normal rats (P<0.05).
These levels were however not significantly diffeareompared to the untreated diabetic rats.
There was no significant difference between thedhdose levels (P<0.05). Extract treated
normal rats showed no significant difference coragaio untreated normal controls (P<0.05).

This information is presented in Figure 12 below.
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Figure 12: Effect of F. sycomorus extract on food intake in normal and diabetic rats
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Rats treated witlX. americana stem bark extract did not have significantly etedafood intake.
However, this was significantly higher comparedhe normal controls only in the 100mg/kg
bwt dose group (P<0.05). There was no significaffier@nce between extract treated diabetic
rats at the three dose levels (P<0.05). Extrasdtéd diabetic rats showed no difference
compared to the Glibenclamide treated diabetic Mdsmal controls and extract treated normal
controls showed no significant difference (P<0.0B)ese results are presented in Figure 13

below.
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Figure 13: Effect of X. americana extract on food intake in normal and diabetic rats
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4.8 EffectZ. chalybeum, F. sycomorus and X. americana stem bark extracts on water intake
Water consumption per cage was measured weeklyhéoduration of the study. Significant
differences (P < 0.05) in the consumption betweabetic and non-diabetic rats were seen 72
hours post induction and throughout the 28-day pakiction period. Extract administration did
not reduce these levels back to baseline or nocaratrol levels. Extract administration did not
cause a significant difference in water intake hie hormal controls (P<0.05). Diabetic rats
treated with Glibenclamide had significantly el@dtvater intake throughout the study period
(P<0.05). A summary is presented in Figures 14,af8 16 below. Data are presented as

millimeters of water consumed per rat per day.
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Figure 14: Effect of Z. chalybeum extract on water intake in normal and diabetis rat
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Figure 15: Effect of F. sycomorus extract on water intake in normal and diabetis rat
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Figure 16: Effect of X. americana extract on water intake in normal and diabetis rat
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4.9 Effect of Z. chalybeum, F. sycomorus and X. americana stem bark extracts on
biochemical parameters glutamic oxaloacetic transamase, glutamic pyruvic transaminase
and alkaline phosphatase

All diabetic rats had significantly elevated alkadiphosphatase levels compared to the normal
controls (P<0.05). Diabetic rats treated w#thchalybeum and F. sycomorus had significantly
lower alkaline phosphatase levels compared to at@de diabetic rats (P<0.05). Fat
chalypeum and F. sycomorus, the levels of alkaline phosphatase (ALP) wereeiggly
proportional to dose of extract used with the ddfece between the doses being statistically
significant (P<0.05). In contrast extract treateaknmal rats had significantly lower levels

compared to normal controls (P<0.05).

Diabetic rats had elevated levels of serum glutamialoacetic transaminase (GOT) and
glutamate pyruvate transaminase (GPT) comparedotdrats, but these levels were not
significant(P<0.05). Treatment did not have a digant difference on these levels in diabetic
rats. However, extract treated normal controls lder GOT and GPT levels compared to

untreated normal controls. These results are shiowigure 17 below.
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Figure 17: Effect of Z. chalybeum, F. sycomorus andX. americana stem bark extracts on hepatic enzymes (GOT, GHETadwline
phosphatase) in normal and diabetic rats
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4.10 EffectZ. chalybeum, F. sycomorus and X. americana stem bark extracts on serum
creatinine and bilirubin

Extract treated normal controls had lower creaénievels compared to untreated normal rats
although the difference was not statistically digant. Extract treated normal rats had higher
bilirubin levels compared to untreated normal colstrand diabetic rats. These levels were
however not significantly different. Creatinine atdirubin levels were not significantly
different in diabetic rats within the various tr@&nt groups (P<0.05). Results are expressed in

Figure 18 below as mg/dl.
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Figure 18: Effect of Z. chalybeum, F. sycomorus and X. americana stem bark extracts on serum creatinine and bihiridgvels in

normal and diabetic rats
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4.11 EffectZ. chalybeum, F. sycomorus and X. americana stem bark extracts on serum

urea

Extract treated normal controls had lower urealegempared to untreated normal controls but
these levels were not significantly different. Sarurea levels were not significantly different
between the different diabetic treatment groupsO(65). Results are presented in Figure 19

below as mg/dI.
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Figure 19: Effect of Z. chalybeum, F. sycomorus andX. americana stem bark extracts on serum
urea levels in normal and diabetic rats
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4.12 EffectZ. chalybeum, F. sycomorus and X. americana stem bark extracts on serum total
protein and albumin

There was no significant difference between leeél®tal protein and albumin in serum across
different extract treatments and diabetic and nbaoatrol groups. These results were expressed

as g/dl as shown in Figure 20 below.
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Figure 20: Effect of Z. chalybeum, F. sycomorus andX. americana stem bark extracts on serum total protein andnaibun normal
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4.13 Histological findings

4.13.1 Effect ofZ. chalybeum, F. sycomorus and X. americana stem bark extracts on the
histology of the pancreas

Administration of STZ decreased the numbep efcells and the sections from untreated diabetic
rats demonstrated shrunken islets of Langerharsdeijenerative necrosis. In the sections from
extract treated rats, the islets of Langerhans appeess shrunken compared to those from the
untreated group and were also more in number (Eigd). All three extracts showed a higher

number of normal islets of Langerhans comparedteeated diabetic rats.

99



(A) Normal control showing normal (B) Sectioorh an untreated diabetic rat
Islet (arrows) morphology, size and howing abnormal Islets with fewer islets
number (Magnification 10x) compared to the normal controls (Magnification 10x)

(C) Extract treated diabetic rat pancreas showing
increased number tHtss(arrows) compared to untreated
diabetic rats (Magcéiion 10x)

Figure 21: Effect of Z. chalybeum, F. sycomorus and X. americana stem bark extracts on the
histology of the pancreas in normal and diabeti ra
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4.13.2 Effect ofZ. chalybeum, F. sycomorus and X. americana on the histology of the liver

Diabetic rat livers exhibited loss of normal arelture, narrowing of sinusoids, infiltration by
lymphocytic cells, hepatocyte degeneration and mdmage. Figure 22 shows normal liver
histology in the normal rats, and moderate and reepathology in the diabetic rats. Extract
treated rats demonstrated normalization of livestdiogy with normal architecture, decreased

hemorrhages with presence of little or no infiltvatby lymphocytic cells.
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(A) Liver in normal control rats showing normal (B)Er in extract treated rats diabetic rats
architecture (Magnification 10x) showing mild hemorrhages and mild
lymphocytic infiltration (Mgification 10x)

(C) Liver in untreateichlgetic rats showing abnormal cellular
architecture, hemorrleaged lymphocyte infiltration

(Magnification 10x)

Figure 22: Effect of Z. chalybeum, F. sycomorus and X. americana stem bark extracts on the
histology of the liver in normal and diabetic rats
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4.13.3 Effect ofZ. chalybeum, F. sycomorus and X. americana on the histology of the
kidneys

Diabetic rats showed kidney pathology with glomesalerosis, hyalinization of the blood vessel
walls, tubular atrophy and glycogen vacuolizatidnmemal tubular epithelial cells. Additionally,
there was thickening of tubular basement membralyesphocytic infiltration in interstitial
spaces, loss of brush border in tubular epithelkls, loss of architecture and rapture of cell
membranes. There was no difference between extreated and non-treated diabetic rats.

Results are summarized in Figure 23 below.
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(A) Kidney in normal rats showing normal  (B) Kidney section from a diabetic rat showing
Architecture (Magnification 40x) glycogen vacuolization and loss of celluar
architecture (Magnitica 40x)

(C) Kidney in diabetic rats showing loss of arcbitee and rapture of cell membranes
(Magnification 40x)

Figure 23: Effect of Z. chalybeum, F. sycomorus and X. americana stem bark extracts on the
histology of the kidneys
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CHAPTER FIVE

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS
5.1 DISCUSSION
Data obtained from the informants shows that tiawoll knowledge on medicinal plants and
plant use is prevalent in the studied region. Et®nal use of herbal medicine products requires
that adverse effects and potential interactions aeeorded. The establishment of
pharmacovigilance programs for herbal products hsstimportant. The World Health
Organization has issued guidelines addressinggbige (WHO Expert Committee on Diabetes,

1980).

In the present study,. chalybeum extract was observed to have significant antidialegfects in
streptozotocin- induced diabetic rats compared tureated diabetic controls. Daily
administration of varying concentrations of chalybeum extract to diabetic rats for 2 weeks
produced a dose-dependent reduction in fastingdbfpocose levels. This decrease in fasting
blood glucose extract treated diabetic rats wassigstificantly different from that of diabetic
rats treated with Glibenclamide at 10mgliafy weight. Diabetic rats administered 1000mg and
100mg/kg bwt of the extract also had fasting blaghacose levels that were not significantly
different from those of the normal controls (P<Q.0this is the first report of the efficacy @f
chalybeum against diabetes mellitus in an experimental regttiOther species in the genus
Zanthoxylum have however been studied experimentally, witmifigant antidiabetic activity
reported. For example, various partsZofzanthoxyloides including the roots, bark and leaves

have been used for medicinal purposes, including tteatment of diabetes mellitus.
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Significantly (P < 0.05) lower blood glucose wasetved in the treated animals in comparison
to non-treated groups (Alolet al., 2012). Other species in the genus that are waddionally

to treat diabetes a#® armatumis used in Nepal, and nitidum in India (Singh and Singh, 2011,
Arun and Paridhavi012). The beneficial effect & chalybeum treatment in diabetic rats was
likely due to improved insulin release and glucaptake in remnang-cells (Buchanan, 2003
Increased insulin secretion following chalybeum could also increase conversion of blood
glucose into glycogen by enhancing the glycolytid glycogenic processes with concomitant
decrease in glycogenolysis and gluconeogenesisa(@rsl., 2012). The hypoglycemic activity
of Z. chalybeum observed in this study may be attributed to tleesdary metabolites identified
through phytochemical screening. These include l@illk®, saponins, glycosides, tannins,
terpenoids and phenols. In general, there is vittlg biological knowledge on the specific
modes of action in the treatment of diabetes, boatrof the plants have been found to contain
substances like glycosides, alkaloids, terpenandsfiavonoids that are frequently implicated as
having antidiabetic effects (Loew and Kaszkin, 200Phese phytochemicals possess wide
therapeutic benefits and studies have demonstratgddiabetic, anti-oxidant, and anti-
inflammatory activities with these compounds (Pietral., 2011; Aryaet al., 2012; Shihet al.,
2012). Medicinal properties of this genus have batnbuted to the presence of secondary
metabolites like alkaloids, sterols, flavonoidsplaétic and aromatic amides, lignins, coumarins,
sterols, carbohydrate residues (Alakeal., 2012). Thus, combination of these compounda. in

chalybeum may exert synergistic anti-diabetic effects in dieetic rats.
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F. sycomorus significantly reduced fasting blood glucose lewatisioses of 100mg and 10mg/kg
body weight compared to untreated diabetic rate Aigher dose, 1000mg/kg body weight was
not statistically significant. The results were gamwhen compared with the Glibenclamide
treated rats and normal controls where the 100ndgl@&mg/kg body weight groups showed no
significant difference while the 1000mg/kg body grgi group was significantly higher. These
results concur with those of Aduoghal (2012) who reported significant hypoglycemic aityiv

in diabetic rats treated intraperitoneally with &%fJkg body weight of the methanolic extract of
F. sycomorus stem bark compared with untreated diabetic rat®.@%). In this study too, the
hypoglycemic effect of the methanolic stem barkaottwas not dose dependent. This could be
due to antagonism. The extract contained many secgmmetabolites, some of which could be
antagonistic. Therefore, at low doses, the conagatr of these antagonistic molecules was low
and thus, offering no hindrance to the antidiabstibstances present in the extract. A similar
observation was reported on the hypoglycaemic etiebark extract oPterocarpus santalinus

on blood glucose concentration in streptozotocduaed diabetic rats (Aduost al., 2012). The
aqueous stem bark extract injected intraperitopeallas found to lower blood glucose as
effectively as insulin 3 hours after treatment aseb of 50 mg/kg body weight, 100mg/kg body
weight and 150 mg/kg body weight in alloxan induckabetic rats (Njaget al., 2012). Other
species in the gendscus have also been studied for their antidiabeticvégti The, alcoholic
extract ofF. bengalensis stem bark at a dose of 25mg, 50mg and 75mg/dag/18sdy weight
lowered the blood glucose level 47 to 70%, and edstored the normal levels of serum urea,

cholesterol and total protein of alloxan diabetisireo rats (Gupteet al., 2008). Continuous
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treatment of STZ-treated SHR and obese Zucker ticabats with ethanolic extract df.
exasperata (FEE) for a period of 4 weeks caused significaatrdase (p<0.05) in blood glucose
levels of the FEE treated diabetic rats (Adewetleal., 2011). Ficus retusa L. "variegata”,
alcoholic extract (400 mg/kg) was found to redudeod glucose levels of diabetic rats
significantly compared to the diabetic group (Satrgl., 2011).The ethanolic extract of leaves of
F. glomerata had significant antihyperglycemic effect in the eMmental albino rat model of
diabetes mellitus.F. exasperate Vahl and F. arnottiana Mig. are also reported to have
antidiabetic activity (Kharet al., 2012; Dhunganat al., 2013). The antidiabetic activity of
various Ficus spp. is postulated to be due to the presence wdus chemical compounds
including, alkaloids, flavonoids, saponins, tannimggtycosides, gallic and reducing sugars.
Additionally, elements including potassium, calciuohromium, manganese, iron, copper and
zinc which are responsible for initiating insulumttion have been shown to be present, but the

levels differ with the plant part and species (Kiegal., 2012).

X. americana administered at 10mg and 100mg and 1000mg/kg heelght reduced fasting
blood glucose significantly compared to untreatebetic rats. At all three dose levels; 10mg,
100mg and 1000mg/kg body weight fasting blood gbectevels that were not significantly
different compared to the Glibenclamide treated.r&iddaiahet al (2011) showed that the
methanolic extrack. americana leaves had a significant dose dependent hypoglyceffect in
alloxan induced diabetic rats at doses of 200, @@ 600mg/kg bwt (P<0.05). The observed

hypoglycemic activity ofX. americana stem bark extract may be due to the presence of
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secondary metabolites including saponins, glycasiflavonoids, tannins, phenolics, alkaloids,
guinones and terpenoids. Studies have isolatednsay glycosides, flavonoids, tannins,
phenolics, alkaloids, quinones and terpenoids fobrorudeX. americana aqueous, methanolic,
ethanolic, butanolic and chloroform extracts fraeaues, roots and stem bark (Siddaghhl.,
2011; Monteet al., 2012). Flavonoids are known to be used forttbatment of diabetes thus
the presence of flavonoids and tannins may hava besponsible for the observed antidiabetic

activity (Siddaiatet al., 2011).

The anti-hyperglycemic action of the extracts obs@rmay result from potentiating the insulin
effect of plasma by stimulating insulin releaserrthe remnant pancreatecells or its release
from the bound form. Additionally, it might involvextra-pancreatic action in these including
the stimulation of peripheral glucose utilizatiom enhancing glycolytic and glycogenic
processes with concomitant decrease in glycogeisobsd gluconeogenesis (Pareekal.,

2009).

Following administration of 2g/kg body weight glseoorally, all three extracts resulted in a
gradual decrease in blood glucose levels which des® dependent f&. chalybeum extract,

and not forF. sycomorus and X. americana. There was no significant difference in glucose
tolerance between extract treated normal rats atr¢ated normal controls (P<0.05). This may
indicate that the effects of the extracts in lowgrglucose are not acute but long term. These

results suggest that the extracts could not dyestimulate insulin secretion or insulin
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sensitivity. A study indicated that there was ngn#icant improvement in insulin level in
diabetic rats supplemented for 2 weeks Wwitlia viscose L. a medicinal plant commonly used in
Morocco for treatment of diabetes (Abéteal., 2004). Moreover, in another study there was no
significant improvement in insulin level in diabepatients supplemented with psyllium seeds
from Plantago ovata Forsk. Therefore it could be suggested that theglygaemic properties of
the extracts were not solely dependent on insudtiom or secretion (Abbet al., 2004). The
different constituents of antidiabetic plants cobnéVe different sites of action in the bodgi@ld

et al., 2008). Other possible mechanisms of antidialgéints are drenomimeticism, pancreatic
beta cell potassium channel blocking, cAMP (2nd seeger) stimulation (Marles and
Farnsworth, 1996), inhibition in renal glucose reaiption (Eddoukst al., 2002), inhibition of
insulin degradative processes and reduction inlimsesistance (Pulokt al., 2006), providing
certain necessary elements like calcium, zinc, rmsigm, manganese and copper for the beta-
cells (Mohamedt al., 2006), regenerating and/or repairing pancrdagia cells (Mohameet

al., 2006), increasing the size and number of callhe islets of Langerhans (Mohamedl.,
2006), stimulation of insulin secretion (EsmaeihdaYazdanparast, 2004), stimulation of
glycogenesis and hepatic glycolysis (Miwtaal., 2001), protective effect on the destruction of
the beta cells (Kinet al., 2003), improvement in digestion along with reglut in blood sugar
and urea (Krishnan, 1968), prevention of patholalgconversion of starch to glucose (Sepha
and Bose, 1956), inhibition o-galactocidase and—glucocidase (Sharma and Mujumdar,

1990), cortisol lowering activities (Gholap and Ka004), inhibition of alpha-amylase (Heidari
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et al., 2005) and preventing oxidative stress that issfidy involved in pancreati@-cell

dysfunction found in diabetes (Hideakial., 2005).

There was significant loss in body weight of diabeats compared to normal rats, a symptom
synonymous with diabetes mellitus. The loss of beight associated with STZ-induced
diabetes could be due to dehydration and catabalidats or breakdown of tissue proteins, with
consequent wasting of muscle (Pupstmal., 2005). Normal body weight gain is indicator of
efficient glucose homeostasis; but in diabeticecgse is not available therefore the cells use
alternatively proteins for energy; consequently tluexcessive breakdown of tissue protein a
loss in body weight occurs. Treatment wthchalybeum resulted in a reduction in body weight
loss compared to untreated diabetic rats (P<OTHg can be attributed to the improvement in
glycemic control. Similar effect on body weight gavas previously reported with other plants,
well known for their anti-diabetic activity (Pareekal., 2009). This is also in agreement with
the finding that normal controls that were giver three extracts had a higher weight gain
compared to the untreated normal controls. Thiddcoupart be explained also by the fact that

extract treated normal controls had a higher fawakie compared to untreated normal controls.

F. sycomorus treated diabetic rats at 100mg/kg bwt and 10mbikghad a similar weight loss to
the untreated diabetic rats. However, the higheedd00mg/kg bwt reduced the weight loss in
diabetic rats to levels that were not differentnirthose of the Glibenclamide treated diabetic

rats. Diabetic rats that were giv&namericana extract showed a dose dependent decrease in
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body weight, which was greater at lower doses efedktract. For all extract treated diabetic
groups, the rats were unable to recover body weitghpre-diabetic levels. Other studies have
also reported the same trend using other antidabpéint extracts (Ahmed and Urooj, 2008).
This could be as a result of the severity of thepdbzotocin induced hyperglycemia resulting in

minimal residual functional pancreaflecells (Kelleret al., 2009).

Diabetic rats had a significantly higher food irdakompared to normal controls. This was not
remedied by treatment either with extract or Glidamide. Polyphagia is a classic symptom of
diabetic mellitus resulting from abnormalities irlsohydrate metabolism. This is caused by the
inadequatdevels of insulin in the body. Glucose entry intellg is dependent on insulin and
therefore without insulin the cells cannot take glpcose from the blood stream and they
effectively start to starve. The body's responsec#dlular starvation is to increase the
concentration of glucose and ketone bodies in blétmvever, without insulin the cells cannot
use the glucose or ketone bodies and they there@rnue to starve. In diabetes due to insulin
resistance or absence of insulin, glucose cannotemato the satiety center thus the
arteriovenous difference remains low and the fegdenter is chronically active (Gerich, 2000;

DeFronzo, 2004; Guyton and Hall, 2006).

The diabetic rats were observed to have signifigdngher water intake compared to the normal
controls. Treatment with extract or Glibenclamidd dot reduce these levels back to normal.

The increased water intake is a result of prolonggokerglycemia. The kidneys cannot handle
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such a high level of glucose and they start to leaksive amounts of glucose into urine. As the
kidneys cannot excrete glucose without water, laag®unts are passed osmotically into the
renal tubules and excreted along with the excesgliveose. The result is excessive intake of
water to prevent dehydration and the consequenéssie passing of urine (Gerich, 2000;
DeFronzo, 2004; Guyton and Hall, 2006). Ahmed amdoJ(2008) also reported significantly

increased water intake b glomerata extract treated diabetic rats compared to norimatrols.

Diabetes mellitus is associated with high leveliofulatory cholesterol and other lipids and
this accounts for the atherosclerosis, arteriogslerand severe coronary heart disease which
leads to increase in levels of transaminases, markeymes important in heart and liver
damage. Studies have obsentbdt the liver is necrotized in diabetic patientberefore, the
increment of the activities of GOT, GPT, and ALPplasma may be mainly due to the leakage
of these enzymes from the liver cytosol into theolll stream, as a result of the hepatotoxic effect
of STZ (El-Demerdastet al., 2005). Other studies have also shown that S®lte in a
significant increase in serum levels of GOT, GPT@ &LP 1, 3 and 6 hours after treatment
(Ragbetli and Ceylan, 2010). The study establighatl the level of increase of these enzymes
was dependent on the dose of STZ administered mgther STZ doses resulting in a greater
increase in enzyme levels. Ragbetli and Ceylan QR@lso report that studies are needed to
verify and clarify the relationship between diffeteloses streptozotocin induced diabetes and
biochemical parameters. The levels of GOT, GPTAldd have been reported to be increased in

alloxan-induced diabetic rats. In this studychalybeum andF. sycomorus treated diabetic rats
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had significantly (P<0.05) reduced levels of ALRIghmproving renal and hepatic functions.
This observation is consistent with earlier reparishepatoprotective potentials of leaf extracts
of V. amygdalina in mice (Akahet al., 2009). Treatment of diabetic rats with either onar
garlic was observed to cause a reduction in thgigcof these enzymes in plasma compared to
the untreated diabetic group (El-Demerdashl., 2005). Rawiet al (2011) observed a highly
significant decrease in activity of serum and ligé&iP after four weeks of continous treatment of
diabetic rats with either glibenclamidd, indica, P. guajava or the mixture of botiM. indica, P.
guajava as compared with diabetic control (P<0.05). Thehtlly elevated levels of GOT and
GPT in diabetic rats compared to normal controly rba the result of the greater need for
gluconeogenic substrate in the diabetic rats. Theagon of both enzymes may also reflect
damage of the hepatic cells (Raawal., 2011). Treatment with the extracts and Glibendi@mm
diabetic rats did not result in a significant des® in the levels of these enzymes. The effect of
the extract in lowering GOT and GPT levels was hev®bserved in extract treated normal rats
which were lower compared to untreated normal abstiThis decrease in serum GOT and GPT
may be attributed to the presence of tannins aabfloids in the plant extracts (Raetial.,
2011). The significant decrease in serum ALP dgtiimdicates the protective effect of the
extracts on the liver and improvement in liver fuoic (Rawiet al., 2011). Serum levels of urea
and creatinine in diabetic rats were not signifibadifferent from those of normal rats. Elevated
serum levels of urea and creatinine are significaatkers of renal dysfunction. These results

thus indicate that diabetic rats did not suffer eemal dysfunction (EI-Demerdashal., 2005).
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In the histological analysis of the pancreas, siets of Langerhans from extract treated rats
appeared less shrunken compared to those fromrtreated group and were also more in
number. The improvement in pathology in extrachtied rats was similar to that of diabetic rats
that were given Glibenclamide. These results conuitin those of Koshyet al (2012) who
reported thatElytraria acaulis was able to reduce the pancreatic damage in sh@pion
induced diabetic rats. Rats treated with Glibendi@nshowed diffused necrotic changes of mild
to moderate degree in the pancreas with a mildatemtuin the size and number of the islets in
this group. The effect oE. acaulis extract (400 mg/kg) on streptozotocin diabetic raias
comparable with that of Glibenclamide. The pandéted@dmage observed in Glibenclamide and
E. acaulis extract treated diabetic animals was milder tha i the untreated diabetic control
group. Costus pictus was shown to increase the area and diameter ofretic islets in
streptozotocin induced diabetic rats compared teeated diabetic controls (Jayaaral., 2008).
Islet cells of diabetic rats treated with 500mgdey of Alchornea cordifolia plant extract
regenerated considerably suggesting the presenswlae cells in the islets with the ability of
regenerating (De Fronza al., 1997) suggesting that the plant extract at tbsedcould induce
the quiescent cells to proliferate to replace st tells. The exact mechanism is not known but
it has been documented that the flavonoid fractibthis plant extract decreases blood glucose
and increases the numberpetells (Chakravarthet al., 1980). It has also been documented that
phenolic content of therapeutic plants contributesmensely to their antioxidant activity. The
phenolic constituent may have stopped further destm of the remaining-cells in the islet by

mopping up the circulating reactive oxygen spegeserated by the alloxan to destroy fhe
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cells and then allowing other phytochemicals of filent to induce regenerative activities
(Ikechukwu and Obri, 2009). Other studies also supthe protective effect of antioxidant
defense mechanisms against streptozotocin indueedreatic damage. Anthocyanins were
found to protect pancreatic tissue including isfetells against apoptosis induced by
streptozotocin through the regulation of apoptasid in this way prevent loss of islet viability
and functionality. They were also found to rest@mtioxidant-defense mechanisms, thus
protecting tissues from oxidative damage in thebelig state (Nizamutdinovet al., 2009).
Costus pictus aqueous extract was found to have strong antiokidetivity. This may be due to
the presence of phenols and flavonoids, which naae la major role in reducing oxidative stress
associated with diabetes (Jayasral., 2008). Methanol extracts &oringa oleifera pods were
effective in preventing oxidative protein damagedyick is thought to be involved ifi-cell
damage in streptozotocin induced diabetic ratsgorgn about regeneration of pancredticells
(Guptaet al., 2012). This may be true for the aqueous extrat# chalybeum, F. sycomorus
andX. americana which were found to contain flavonoids and phendlee histological findings
are in concordance with improved glycemia obseixestreptozotocin induced diabetic rats that
were given extracts d. chalybeum, F. sycomorus andX. americana. Oxidative stress has been
shown to play a role in the pathogenesis of diabet&sequently; antioxidants may have a role
in the alleviation of diabetes. Streptozotocin proes oxygen radicals in the body, which cause

pancreatic injury leading to hyperglycemia (Joh@91).
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In the liver, extract treated rats demonstratedmadization of liver histology with normal
architecture, decreased hemorrhages with presentittleo or no infiltration by lymphocytic
cells. Other studies have shown similar result$ wither extractsMormodica charantia fruit
agueous extract had ameliorative effects in stetein induced hepatic damage (Abdollehi
al., 2010). In another study, curcumin treated diabetts showed improved liver pathology
when compared to diabetic controls (Soetilah@l., 2012). Diabetes-induced liver injury was
associated with increased amounts of lipid perdiadaand decreased antioxidant enzyme,
indicating oxidative stress, and the dephosphaopylabf adenosine monophosphate-activated
protein kinase (AMPK) as well as translocation aftpin kinase C (PK@) to the membrane in
the liver of rats with streptozotocin-induced ditdse Moreover, in STZ-induced diabetic rats,
there were excessive amounts of lipid deposithenliver sections, as shown by hematoxylin
and eosin staining; all of these abnormalities veeneliorated by curcumin treatment. Curcumin
treatment also significantly suppressed hB-activity as well as reduced the degradation of
cytosolic kBa: as a consequence, the level of proinflammatotpkiyes, TNFe and IL-13
were further significantly decreased. Curcumin ttremt markedly inhibited diabetes-induced
increased expression of nicotinamide adenine demticle phosphate (NADPH) oxidase subunits
(p67phox and p2phox), nitrotyrosine and inducible nitrous oxide syr#BdiNOS) which is an
essential mechanism responsible for increasediveaakxygen species production (Soetiketo
al., 2012). Zafart al (2009a) showed a progressive development of thierls in the liver of
diabetic rats which seemed to be due to streptozotdost liver sections showed increased

fibrosis with plasmacytic infiltrate causing didion of the usual concentric arrangement of
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hepatocytes. There was also congestion of porsgele and sinusoids and the veins were also
dilated. Their study showed that GOT and GPT Eware significantly increased in the serum
of streptozotocin-treated animals, thus corrobogatiesults from this study. The increase in
serum aminotransferases levels may be due to ttheélacedamage in the liver caused by
streptozotocin-induced diabetes. The detailed nmeshaby which enzymes are released from
the cytosol and mitochondria of hepatocytes is ecmnpletely known (Zafaet al., 2009a).
Experimental studies have shown that subtle mensbchanges are sufficient to allow passage
of intracellular enzymes to the extracellular spé&@arella, 1997). A very large concentration
gradient between the hepatocytes and the sinusejulde usually exists for enzymes. Cell
damage increases permeability causing cytosolenzsgmes to spill into the sinusoids and from
there into the peripheral blood (Garella, 1997hds been shown by Rogestsal (1986), that
mitochondrial activity was decreased 53 % per gadndiabetic liver and cytoplasmic GOT
activity was increased 3-4 fold in STZ diabeticsra¥osset al (1988) proposed that STZ in
hyperglycemic animals caused a time dependentri®OT, GPT, and ALP levels. The work of
Barneoet al. (1990) showed that STZ-induced diabetes in ratslyced alterations in hepatic
functions as described in poorly controlled diattiThis alteration in hepatic function may be
because of increased activity and mRNA levels afjmase as reported by Salimuddinal
(2008) in their study. Hepatocellular dysfunctioasaevaluated by the GOT and GPT activities
in plasma. The results of this study showed thetpsbzotocin diabetes in rats produced
alterations in the hepatic functions as well ascttire of hepatocytes. The increase in the levels

of GOT and GPT in diabetic rats after 1-3 weekattrent was also reported by many other
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workers (Zhangt al., 1995; Isogaet al., 1997). Okadat al (1997) reported that GOT activity
was lower than the amount of enzyme in diabetic tisdues. Alkaline phosphatase is a
membrane bound glycoprotein enzyme. It is presertighest concentrations in the sinusoids
and in the endothelium of the central and periporténs; smaller concentrations occur in the
biliary canaliculi. Barnecet al. (1990) evaluated cholestasis by plasma ALP activitysTZ
induced diabetes and their results showed that kkBls were raised. Leibovitalt al (1991)
observed increased levels of serum ALP in patholdgionditions involving the kidneys and
liver. Increase in the levels of ALP in diabeti¢sravas also reported by Ramesh and Pugalendi
(2006). These results corroborate findings frons gtudy.Annona squamosa L. aqueous leaf
extract ameliorated liver tissue damage in a dosgewnident manner in which hepatocytes
possessed regular size of nuclei, well defined lm&lindaries, reduced vacuoles and granulated
characters as well as narrowed sinusoids when ceapaith those of control diabetic rats
(Rabintossaporet al., 2009). The improvement of histological morphglay liver in diabetic
rats that received aqueous leaf extracdh.adquamosa is probably explained by its hypoglycemic
effect caused from anti-oxidant activities of itevbnoids (Shirwaikaret al., 2004), thus
decreasing op-cell injury and reducing hyperglycema. The mugpdabtained from the extract
may absorb the blood glucose (Riyatdal., 1988; Ajabnooet al., 1990) and unknown active
ingredients stimulate either the pancreatic inssdiaretion from the existirgrcells or its release
from the bound form (Shirwaikast al., 2004). These mechanisms may synergize to restore
glucose metabolism, lead to the recovery of nommedabolic process. In addition to the liver

histological improvement caused by hypoglycemicedf the anti-oxidant properties of the
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extract itself may also directly improve the hisgital features of the liver by free radical

scavenging ability (Saijet al., 1995; Shirwaikaet al., 2004; Rabintossaposnal., 2009).

Administration of streptozotocin resulted in degaige changes in the kidneys of diabetic rats
characterized by glomerulosclerosis, hyalinizatioin blood vessel walls, tubular atrophy,
glycogen vacuolization of renal tubular epithelie¢lls, thickening of tubular basement
membranes, lymphocytic infiltration in interstiti@paces, loss of brush border in tubular
epithelial cells, loss of architecture and raptafecell membranes. Similar findings have been
reported in other studies (Zafetral., 2009b; Teolet al., 2010; Koshyet al., 2012). Treatment
with extract did not improve the histological chaagobserved. This is in contrast to other
studies that have shown amelioration of renal damafter administration of plant extracts
(Tedonget al., 2006; Teolet al., 2010; Ganesht al., 2012). This might be due to the extent of
renal damage in this case or the fact that higbsesl of the extracts might have been required.
Studies have shown that this process of renal repai be dose dependent (Kosdwl., 2012;

Basha and Saumya, 2013).

5.2 CONCLUSIONS

The use of traditional medicine for the treatmehtiabetes mellitus is prevalent in the area
studied. With the knowledge being passed orallyrdgenerations. There is a need therefore to
document this knowledge for posterity as well aset@ble a systematic classification and

investigation of the medicinal uses and antidiabadiivity and toxicity of these plants. This will
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also ensure sustainable use of these natural eesotg prevent depletion or extinction of useful
species. The following conclusions were made base@sults obtained.

1. Zanthoxylum chalybeum stem bark extract resulted in a dose dependenease in
fasting blood glucose levels in diabetic rats thias not significantly different from that
of Glibenclamide at 10mg/kg body weight. Diabetatsr administered 1000mg and
100mg/kg body weight of the extract also had fgsbiood glucose levels that were not
significantly different from those of the normalntmls (P<0.05).

2. F. sycomorus significantly reduced fasting blood glucose levaisdoses of 100mg and
10mg/kg body weight compared to untreated dialvats:

3. X. americana administered at 10mg, 100mg and 1000mg/kg bodghweeduced fasting
blood glucose in diabetic rats to levels that waoe significantly different compared to
the Glibenclamide treated rats. At 10mg and 100mdikdy weight, fasting blood
glucose levels were significantly different commhte untreated diabetic rats.

4. Z. chalybeum, F. sycomorus and X. americana stem bark extracts did not have any
hypoglycemic effects in normal rats.

5. Z chalybeum, F. sycomorus and X. americana stem bark extracts contain secondary
metabolites that may be responsible for the arlietia effects observed.

6. Treatment of diabetic rats with. chalybeum and F. sycomorus significantly reduced
serum alkaline phosphatase levels in a dose dependeanner, suggesting

hepatoprotective effects.
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7. No significant differences were observed in the dtiepand renal function indices
between extract treated rats and normal controis tite extract could be considered safe

at the doses used.

5.3 RECOMMENDATIONS
Based on the results obtained, the following recemushations are proposed:

1. The efficacy of combined doses of the extracts kkhba determined to justify multiple
plant therapy in the treatment of diabetes mellitus

2. Further research is required to explore antidiabattivity of the extracts at different
dosages within the dosages used so as to deteth@nmost efficacious dose for each
extract.

3. Quantification of the phytochemical compounds asded with antihyperglycemic
activity should be carried out to account for thigedences in activity between the plant
species.

4. The antidiabetic activity of the organic extracfstlee plants should be investigated to
determine the most efficacious solvent.

5. Long term toxicity of the plants should be inveategl to determine the effects associated
with long term use.

6. Conservation measures should be put in place amdr#ditional health practitioners
educated on sustainable use as well as other possibrces for example cultivation of

the medicinal plants.
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APPENDIX 1
EVALUATION OF MEDICINAL PLANT-PREPARATIONS USED IN  THE
TREATMENT OF TYPE Il DIABETES MELLITUS

Serial number of the questionnaire........................

NaME Of INEIVIEWEL ... o.ee et e e e e e Date ....ovvieiiiii e

PART ONE: CONSENT
A. RESEARCHER'S DECLARATION

1. The following research will be undertaken widspect to the indigenous knowledge and intellectual
proprietary of the herbal practitioners.

2. We will at no given time initiate or conduct gtiges that are deemed to obtain information from t
respondents by intimidation, coercion or false gmee.

3. We will be under no obligation to edit or tampee information provided by the respondents.

4. The information collected will be used for thesdribed research purpose only and not any undistlo
intentions.

Signatory Researchers:

1) Clare Njoki Kimani ............ccoooiiiiiiicii i, Date ..o,

2)Dr. James Mbaria .......cccoovi it Date ..o,

B: RESPONDENTS CONSENT AGREEMENT

L e hereby agteeparticipate in this study with my
full consent and conscience and declare that tdo#ds of my knowledge the information that | have

provided is true, accurate and complete.

Signature/Thumb print...........ccooooiiiiiiiii s Date...cocvvieeiieieee e



PART TWO

A: BIODATA

NN = g = PP Age (Yrs)............ Gender
Location of practice.............covvvviiiiiii i innnnn. 1 P Division
Number of years of practice ...................

How did you acquire your skills?
Level of education (None; Primary; Secondary; G@leOther .............ccoooiiiiiiiiii i,
(0] o1 7= Tox {5 P
B: INFOFRMATION ON TRADITIONAL HERBAL PRACTICE
1. Do you treat diabetes mellitusS? ............commmeeieiiiiiiiiiiiiiiiiiiiinnns
2. WICN tYPES? e s
3. For the above condition (...........ccccvveennnne. ), what are gigns/symptoms or patient
complains?

4. Number of cases treated in the last six months

5. When did you treat the last case (Last week/moatr)y



6. Was the patient referred to you? By who?

7. Are any of the above conditions inherited?

8. Which gender is mostly affected? (1)Male (2) Female

C: MEDICINAL PLANTS USED

1. Which plants do you use to treat the above conditio

Vernacular
name

Ingredient
(whole plant, leaves
roots, seeds, flowers

Preparation/Quantity
,Used and method of
administration

Level
confidence

of




Key for confidence level 1. High, 2. Medium, 3. Low

2. Which three plants do you most commonly use?

4. What side effects are associated with the piardsabove? (What happens if one takes too

much of the medicine?)



5. What do you give in case of the situation ingjjioe 5 above?



10. How do you know that treatment is effective?

a. Fullrecovery[ |

[ ]

b. Partial recovery

[ ]

c. Symptomatic recovery

11. How much do you charge for a single completgsmof treatment?

13. Are there any complementary measures requoedréatment to be effective? (e.g. diet

[gaTeTo 1 1Tor=i o] ) F PP



14. What is the time required to make a full reecg\adter the onset of treatment?



