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Asiadam Herbal Medical Centre, Yadeeya Traditions] Science/
Healing Centre and Afladei International Herbal Dru”s
Manufacturing, all in Accra. Most of these herbal centres
have some contact with the country®s hospitals, universities
and research institutes, arid carry out some research into the
medicinal plants they use.

A variety of ailments are claimed to be treated by a
number of medicinal plant preparations, from stomachache to
diarrhoea, skin infections, heart diseases, diabetes, malaria,
anaemia and worm infestations. For example, preparations made
from the roots of Combretum mucronatrim are known to be 98%
effective in combating the guinea worm disease (Ayensu, 1978)
The Q@.mj.ui £rat.i.ss.inun leaf or whole plant is known to be very
effective against diarrhoea and the use of AsMid.irjachta i.rubpa
(neem) to treat malaria has been in existence since time

immemorial along the Western, Central and Eastern Africa

(Sofowora, 1982) The CSRPM specialises in the treatment. of
diseases suek as asthma, hypertension, anaemia, piles and
diabetes.

In spite of the fact that these herbal preparations have
been in use since time immemorial, there is still the need for
toxicological tests to verify their safety It is an all too
acceptable misconception that all that is natural is good",

cause a number of highly toxic compounds have been isolated
from these plants. For example, many of the tarmin-con taining
plant extracts containing a3kaloads have side effects on a
number of different organs of the body (Atta-Ur-Rahman and

Saman, 1939). Care must therefore be exercised before herbal
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extracts can be fully accepted either in the indigenous or
modern systems of medicine. There istherefore the need for
scientific investigations not only for efficacy but also for
toxicity

There have been several scientific investigations in this
department to establish efficacy of herbal preparations. One
such investigation has shown that Degjriddium adscendens
(Papilionaceae) used at CSRPM for the management of asthma,
inhibits anaphylactic contractions (Addy, 1989). The plant
extract also reduces muscle tone and inhibits agonist induced
contractions of airway smooth muscle (Addy and Burka, 1989)
H. ad.sjie.niiaus was also found to inhibit NADFH-dependent
oxygenation of arachidonic acid by kidney cortical mierosomes
(Addy and 3chwartsman, 1992) Studies on I.ndigofera arrecta.
an anti-diabetic plant, indicated thatan aqueous extract
administered orally, significantly lowered blood glucose
levels during the Ffirst two weeks of administration (Addy and
NyarkOj 1988), prevented the development of hyperglycaemia in
the db/db mouse (Addy fit. al. , 1992), and decreased the plasma
glucose levels of Tfasting normoglycaemic rats The plant,
however, did not prevent the rise in plasma glucose after an
oral glucose load in these rats ( Nyarko et. skL., 1993)

Aj.Dejinsf£ has been investigated for its insecticidal

properties (G-bowonyo and Candy, 1992a and 1992b; Gbewonyo e&£.
al. , 1993).

A lot of work has been done in other places to establish
the; efficacy of herbal preparations. Work at CSRPM on

Cj~eialEPJLs &aj™uidD.fLleiLta has shown that the crude extract is
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very active against malarial parasites. Clinical trials at
the centre showed a complete cure of the disease within 3-5
flays (Boye and Ampofoj 1983).

There has been intensive research work on PJ..pex EllineSD.Se.
a plant wused locally for many medicinal purposes (Addae-
Mensah, 1992). These include the treatment of gonorrhoea,
syphilis, rheumatism, the management of cough, bronchitis,
intestinal disorders, and treatment for various other viral
and bacterial infections. More than 20 different amide
alkaloids have been 1isolated from the plant (Addae-Mensah eJ-
sk., 1977). Two of these 20 amide alkaloids, namely wisanine
and dihydrowisanine show significant tranquillising and
sedative activity by causing test mice to sleep 1iIn a dose-
dependent manner for periods varying from 8-72 hours and also
protect mice against metrazole-induced convulsions (Ayitey-
Jmith and Addae-Mensah, 1977). Other amide alkaloids such as
piperidine, wisanine, and  trichostaohine and their dihydro
derivatives also possess some activity against mosquito larvae
(Addae-Mensah and Achieng, 1986).

As stated earlier, one of the diseases treated at the

CSRPM is diabetes mellitus: Two plant materials used for the

treatment are L. arreclit’éLi;l-rfg?é &. ferrw.inea Treatmenk is
done, by orally administ It ” kqueous extract of the plant
material to patients for specific periods. According to
Yersonnel at the Centre,aqueous extracts fron these two

plants have been preserved to last longer
JIn Nigeria, it has been reported that the crude aqueous

and 1methanolic extracts of the leaves of R. £*rrufioea
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significantly Jlowered plasma sugar levels of Tfasting albino
rats (lwu, 1980) However, the extract Tfailed to protect the
animals against alloxan-induced diabetes, except pretreating
the animals with the drug before the alloxan administration in
order to obtain a considerable suppression of hyperglycaemia.
Additional work on B- ferruginea has been on its flavonoids as
the potential active ingredients (lwu, 1980; Addae-Mensah and
Munenge, 1988). For example, Addae-Mensah and Manenge (1989),
investigated Quercetin-3-neophesperidoside (Rutin) and other
flavonoids as the active hypoglycaemic agents in B. ferrueinea
using New Zealand white rabbits artificially made hyper-
glycaemic by glucose infusion. They observed that the
flavonoids lowered the blood glucose levels of these animals.

Since the animal models were made hyperglycaemic by
glucose infusion, it implies that, they had no defect and
neither was there impairment in the glucose tolerance Such
animal models cannot be said to represent the diabetic state.
In order to establish that the flavonoid 1is really anti-
diabetic it 1is better to wuse diabetic animals which have
glucose homeostasis. The overall aim of this study is to
evaluate the efficacy of the -"flavonoids as anti diabetic
materials wusing two snimal models, which represenl the two
najor types of diabetes, that is, the IDDM arid hlie NJPDH . to
test for possible toxic side effects of these flavonoids, and
how they affect the detoxifying enzyme system of the test

animals.



Diabetes mellitus is defined as an acute and chronic
metabolic disorder characterised principally by hyperglycaemia
(raised blood glucose level) resulting from an absolute or
relative deficiency of metabolioally Tfunctional insulin or its
receptors (Bobbin, 1967; Seifter and Englard, 1983).

Insulin is known to exert multiplicity of acute metabolic
effects in the regulation of glucose and other nutrient
homeostasis. It is known to inhibit hepatic glucose
production and promote glucose uptake by causing an immediate
inactivation of phosphorylase, which catalyses the breakdown
of glycogen. It also activates glycogen synthase involved in
the synthesis of glycogen. Insulin blocks gluconeogenesis by
inactivating pyruvate carboxylase thereby ensuring that there
is no conversion of non-carbohydrates to glucose. Insulin
roes not directly vregulate hepatic glucose uptake, since
glucose enters hepatocytes iIn proportion to extracellular
glucose concentration. However, it does enhance the synthesis
of glucokinase, the high Km glucose phosphorylating enzyme
which is required to phosphorylate the high concentration of
glucose entering the hepatocyte. In contrast to liver,

glucose uptake by skeletal muscles and adipose tissues is

dependent upon the prevailing concentration of insulin. The
insulin increases glycogen synthase activity. thereby
rtimulating glycogenosis and also increases
phosphofructokinase activity, thereby stimulating glucose

metabolism via glycolysis in fat and muscle cells (Ellenberg

and Rifkin, 1983). In the adipose tissue, much of the glucose



taken up by the adipocytes 1is diverted to Lriacylglycerol
synthesis (Bailey and Marks, 1989) In the absence of insulin

nivifore, al] the above processes will proceed at very low
rates with a concomitant increase 1in the plasma, glucose
levels.

The clinical picture of diabetes mellitus is a composite
of signs and symptoms arising both from the carbohydrate
metabolic defect and from widespread vascular disturbances
Fasting plasma glucose level rarely exceeds 120 mg/d1l in
iccral hu,uens, but muoh higher levelsare routinely found in
ra ients with deficient insulin action. At piasrna glucose
1 -1 above 180 mg/d1 (lIOmH) (hyperglycaemia) the urine volume
is increased owing to osmotic diuresis and coincident
.mLligatory water loss (polyuria). This in turn leads to
dehydration, increased thirst and excessive drinking
;polydipsia) as well as sugar excreted iIn urine (glucosuria)
iz the disease persists, blood vessels can be damaged, leading
.m F-eat diseases, stroke, blindness or kidney failure.

The "orld Health Organisation (W.H.O ) has reported that
" least 60 million people in the world suffer from diabetes

J whilst its prevalence in most Western communities is
e3liTated at 2-5%, it is now known that in some developing

P ,"mlationsit can reach 10% or even 20% (Gyesie, 1992) In

ohana, for instance, the rate is,found to be increasing . In

Lt w? estimated that Gha.na., with a population of about

J-5 mitlion had about 20,000 diabetic patients, that is, about

9 1S of the population . A prevalence rate of 0.2-1% of the

general adult population has been Found by various
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investigators (Dodu, .1953; Dodu and De-Heer, 1964; Oown so,
1973; Owusu, 1976; Dodu, 1978) In 1992, it was reported that
about two people out of every hundred people in Ghanawere

t"llsbetic, that is, about 2% of the population (Gyesie, 1992)
1r Ghana, it has been found that the incidence of the disease
is equal in both sexes with theprevalence of the diabetes
increasing with age, with a peak frequency ofonset in the
fourth and sixth decades.

Diabetes remains a serious and increasing problem due to

the fact that the actual cause of the disease Iis new
unfolding. Several factors have been implicated; from genetic
environmental . Theimportant influence of heredity

supported the notion that diabetes mellitus was an inborn
Zi-morder leading to abnormal generation of pancreaticbeta
cells (Rother and Rimoin, 1981). However, environmental
factors resulting in acute viral infections such as mumps have
been implicated as another possible cause (Boucher et- ai. ,
1974; Martin si. al., 1981). Of late, it appears likely that
th condition known as diabetes mellitus can be produced by
nearly all the common recognised pathological processes
infections, toxins, immunereactions, inflammation, stressful
"actors such as emotiona} disturbances and rarely neoplastic
.nonomenon (Rotber and Rimoin, 1981; Rolfe, 1991). At
present there is no known cure for the disease apart from the
reduction of the symptoms (Ross al., 1976; West et- al- -
1931; Rolfe, 1991)

Ji.ibetos therefore demands allentiori because of its

effect on the health of many Much effort would be needed to



10

yesearch into, and find a cure for the disease with special
reference to what our environment and situation can best
offer. For wus in Ghana in particular and Africa in general,
these resources include traditional medicaments.

Over hundred years ago, it was recognised that the
" _.yt3.se appeared in at least two forms, one affecting mainly
younger people, often children, and the other more frequent
“fliog obese adults (Murray el. axX. , 1988) The former are
those who are ketosis-prone or insulin-dependent (IDDM) and
the latter non-ketotic or non-insulin dependent (HIDDM). Some
MTDDM patients may, however, require insulin treatment to
control excessive hyperglycaerrtia, although they do not go into

r s when treatment Is withdrawn (Rolfe, 1991).

1wP..1 Ln.su.lin.rdependent diabetic mellitus (IPDM >

IDDM is usually characterised by the abrupt onset of
symptoms, insulinopoenia, proneness to ketoacidosis, and
dependence on insulin therapy to prevent Kketosis and to

mil_:iiin 1iJ%c. Whi I c1?x:jrzilly Lhiz 1 inkdml type

Jjuveniles, it may appear at any age (Bennet, 1983) Insulin
iajilitates the transport of the metabolites of digestion into
tissues dependent on it from the plasma. In its absence,
Ijrge amonnts of glucose bnilds up iIn thfpiasma and is
unavailable to be utilised by the tissues. Gluconeogenic
activity in the liver increases to make up forli the apparent
Lack of glucose in these diabetics. It is known that, when
insulin is present, the concentration of cell protein 1is

E-omed within narrow limits, however, absence or
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deficiency of the hormone causes marked alterations. The
expression melting down of flesh into urine” aptly describes
the profound loss of tissue protein and increased nitrogen
excretion that occur in the uncontrolled insulin-dependent
diabetes (Jefferson £t aJ.., 1983) The defects in impaired
protein synthesis are believed, iIn majority of cases, to
m:e0"."nt for the high susceptibility of the patient to
infection and delayed wound healing (Weringer £i_. al., 1981)
Another feature of IDDK is the uncontrolled rate of lipolysis
in the adipose tissue. There is also high acceleration of
k=-tone body production in the liver If the ketone bodies
produced are not rapidly used, ketoacidosis may result leading
to coma and death.

A common feature of all _IDDM cases is the presence of

.=rcreatic beta cell damage. It was believed that the damage
was probably due to viral infections,, toxins or antibodies,
effecting a previously normal pancreaslInfiaimiatory and

degenerative lesion resulting from pancreatitis and carcinoma
were also usually implicated in the destruction or damage to
the pancreas (Dolger end Seeman, 1976) Viral infect.i6éns are
known to beone of the environmental agentsthat produce
mective 6amage to the bets cells of the pancreas (Rother and
Rimoin, 1981; Murray el. 31m. .1988) Current advances in
i/funology, have led to the iImportant recognition that
imtients with juvenile-onset diabetes have islet cell
antibodies in their circulation that mediate both humoral and
cellular immunity (Atkinson and Maolaren, 1990) The findings

nre that |1DDM is the result of an auto-immune, or self-
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lirecited attack on the pancreas. The attack does not,
now ever , affect the majorilty of pancreatic cells, which

reorete digestive enzymes but instead it restricts itself to

the hormene producing cells. It is also now clear that,
despite its onset . IDDM actually does not develop suddenly at
all. Silently for several years it typically "brews®"™ as the

immune system slowly eliminates the beta cells with the
symptoms appearing only when at least 80% of these cells are
ne; the remainder iIn due course are eliminated over the next
two or three years.
In this study non-diabetic littermates of mutant
genetically diabetic mice and some albino mice were induced
into the IDDM state using streptozotocin as the diabetogenic

agent.

NIDDM refers to the type of the disease in patients who,
unlike the IDDM patients, have normal or above normal levels
of circulating insulin. The defect, however, is primarily one
4F insulin resistance of the peripheral tissues rather . than
lack of insulin. Insulin resistance 1is a condition in which
there might be a decrease in the number of insulin receptors
m?2 the aff:hity of the reocptors for Ekhe hormone (Harris and
risbb, 3382). ThiJ finding goes to support ot,her observations
that diabetes often nced not be panereatic in origin (Stainer,
1581) For example , obesity has been strongly associated with
the prevalence of NTDDM (Salans e.t. a . i . 1983) Obesity

frequently induces abnormalities in carbohydrate metabolism.
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However, most individuals overcome these abnormalities
completely after losing weight. Although higher levels of
insulin may be found 1in obese NIDDM, the level is not as high
es in the non-diabetic obese patients, suggesting that a form
of beta cell failure to satisfy a higher insulin requirement
may exist in these NIDDM patients who therefore, may require
exogenous insulin to reduce extreme hyperglycaemia (Delvin,
1982)

This type of diabetes is typically “mild" and shows
little tendency to Kketosis. The majority of subjects with
NIDDM are adults at the time of onset and are obese, but the
disease can occur in children and non-obese adults (Bennett,
1983). Surveys have, however, shown that while HIDDM accounts
for 80-90% of diagnosed casesof diabetes, as much as 80% of
the NIDDM population is obese (National Diabetes Data Group,
1979).

NIDDM, like IDDM, IS characterized by hyperglycaemia.
However. carbohydrate metabolism is different from that %f
IDDM because insulin is present. In this type of diabetes
hyper 1 ipoproteinaemia is observed with high levels of very low
density lipoprotein (VLDL) The high levels of lipoprotein
may be due to the rapid rates of clii novo liver synthesis of
fatty acids and triacylglycerol from excess calories
stimulated by the hi.gh glucose level and high level of insulin
m3lher than increased lipid mobilization from the adipose
tissue. Unlike 1DDM, no ketoacidosis is observed since
uncontrolled lipolysis is not a feature oF this diabetic state

-(@elvin, 1982) Repeated pregnancy, menopause, infection.
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illness and ageing are 1implicated as diabetogenic stress
factors in NIDDM (Dolger and Seeman, 1976) With the advent
of modern methods of diabetes control, most NIDDM patients
r-re now able to [live healthy, normal lives, and for longer
periods too.

In this study, genetically diabetic mice, strain

C£7BL/KsJ, genotype +db/db+, were used as the NIDDM model.

i.2.3 Livet-JSlvcpflen levels in diabetic

Glycogen, a very large branched polymer of glucose
residues, is a readily mobilised storage form of glucose.
A["hough glycogen occurs in many kinds of cells, its main
concentration is in cells of the parenchyma of the liver and
-f skeletal muscles Its concentration in the liver of a fed
human adult is estimated to be about 5-7% or less (Seifter and
Englard, 1963) However the metabolic lability of glycogen
makes its quantitative determination difficult. Generally,
glycogen synthesis in the liver is favoured by insulin and
"I :"ccorticoids; some of the effect of the latter are mediated
through insulin since such steroids can stimulate its
secretion (Ellenberg and Pifkin, 1983). As mentioned earlier
insulin inhibits phosphorylase which catalyses the breakdown
JT glycogen. It also activates glycogen synthase involved in
the synthesis of glycogen. In NIDDM, 1insulin is present and
therefore glycogen synthesis is expected to occur In IDDM,
there is a retalive or absolute deficiency of 1insulin and
.mrefore glycogen levels are expected to be low. Work done

at this department has reveoled no significant difference
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between the glycogen content in the liver of normal diabetic
mice and STZ-induced diabetic mice (Sittie, 1985) It is
therefore difficult to predict glycogen levels in relation to
insulin levels in diabetes, since regulation of glycogen
synthesis is so complex. Also the effect of the gluco-
corticoids are in fact quite complex in that they can also
promote glycogenolysis through permissive effects on glucagon

and other catabolic hormones (Ellenberg and Rifkin, 1983)

Drugs are important in helping the body to attain a
normal state after a disease. However, after they have done
their work. drugs must be excreted. This excretion is the
function of the [liver which utilizes a two-phase reaction.
The first phase of the reaction uses the microsomal HADPH-
de-pendent cytochrcme P450 monooxygenase enzyme complex to make
the drug more polar by hydroxylation reactions. The second
phase involves conjugation of the product of the phase one
reaction with acids such as glucuronate and sulphate, and
subsequent excretion in the bile.

The monooxygenase complex is an electron carrier system
in the endoplasmic reticil&im.land: is made up of, at least, two
types 0. proteins; am 4%‘%V6p§otein , NADPH-cytochrome P450
reductase and a haemprotein, cytochrome P450 (CYP) Oxygen 1is
the final electron acceptor in the system; one atom of the
oxygen gets inserted into the substrate (the drug), usually in
» hydroxy lation reaction, arid the other is reduced to water

"sing the electrons in the carrier system donated by the
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NADPH . A whole range of constitutive enzymes of cytochrome
,:M50 exist for the normal metabolism of particular tissues.

Tn addition specific cytochrome P450 proteins for the

metabolism of particular drugs are inducible and are
synthesized in response to the administration of drugs, thus
ensuring their metabolism and subsequent excretion. Because

r T.his induction, the protein content of the endoplasmic

reticulum goes up when living things are exposed to drugs.
Changes in the activity of the microsomal mixed function
oxygenase system in the liver of rats suffering from diabetes
have been detected, and inductioti of CYP by the disease has
been documented (Funae at. ad.., 1988). For example, CYP with
the molecular weight of 52,000 has been induced in genetically
diabetic rats, and this diabetes-induced CYP seems to be the
as that induced with acetone, ethanol or fasting (Funae
si- al., 1988). Funae al. . (1988) have also been able to
purify and characterized a diabetes-inducible CYP (termed
P4-50DM) to electrophoretical homogeneity (H.wt. 51,000) by
high performance liquid chromatography (HPLC) from liver
microsomes of diabetic rats induced with streptozotoein (STZ).
It would be interesting to find out in this study, whether in
iJjition to the diabetes-induced CYP, the flavonoid extract
(drug) also induces another CYP for its own metabolism, or

rather inhibits the induction of the diabetes-induced CYP

13 IFiEmEFil_DZ_JD.1ARE._XEa
The method of treatment, depends on the type and severity

of the disease and whether or not thp body of the patient is
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able to produce somo amount of it3 own insulin. Several forms
of treatment are available. These involve insulin adminis-
tration, oral hypoglycaemic drug administration, dietary

control measures and treatment with traditional plants or
herbal preparations. In all cases, strict dietary control

measures are beneficial (Lutherodt, J977)

1.3.1 Ins u.l ii! adnd rdj3JLrjLti_an

IDDK patients who are deficient iIn the hormone are put
m daily insulin injection. The type and quantity of insulin
s well as the times of injection depend on the patient®s
status and are best decided by the clinician. Problems of
antigenicity have, however, become common with the
intramuscular injection of the insulin (Dolger and Seeman,
"976; Berhanu and Qlefsky, 1981). Fortunately, intensive
. earoh is underw*y tn find a more convenient way of
administering the insulin by upper gastrointestinal absorption
(Uishihata ai. » 1931a and 1981b) Insulin is a protein
and therefore when taken by mouth is destroyed by the
proteinases of the lower gastrointestinal tract. Other drug
manufacturers are performing clinical trials of a new form of
2nsulin that can be taken orally Tlie new fcim uses
rer&tically engineered humnan insulin molecules protected by an
cuter wrapping of faliy cells that are gtadually broken down
= velease the insu3in in the small intestines where it is

absorbed in the blood (Mennun, 1990) B
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1.3.2 Oral, hvpoe iyji&fijni_o_dxufs.

Oral hypoglycaemic agents that are effective in the
manaxement of the disease In NXDDK patients have been
developed for over half a century Typical amongst these are
the sulphonylureas. These drugs stimulate the production and
secretion of insulin by the islet cell as well as stimulating
deposition of glycogen by its action on hepatic enzymes
(Liebovitz and Feinglos, 1983) However, after several months
or years of treatment, the pancreatic beta cells may lose
Bf-*ir responsiveness to sulphonylureas, These drugs are also
limited in wuse due to their clinical hypoglycaemic side
effects. Some of these side effects are found to be fatal,
especially the impaired counterregulatory response in NIDDM
patients.

The biguanidiries are another type of oral hypoglycaemic
agents which are believed to increase the utilization of
rm ose by ths tissues while decreasing hepatic glucose output
rithout glycogen storage . The biguanidines are however known
: cause lactic acidosis (Lebovitz and Fienglos, 1983; Lewis
end Elvin-Lewis, 1977) A synthetic fatty acid analogue known
as 2-tetradecylglycidate (TDGA), is involved in long chain
fatty acid oxidation with a resultant Jlowering of blood
glucose levels in several animal species (Lee si. al. 1982)
TDGA acts by irreversibly inhibiting the activity of earnitine

fs1 )iyl lransferase .

1.3.3 DI®fary qaillvjjl

The- flifim "1 n Hettm ijiliil. Imfl provide
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sufficient calories to keep the patient s weight at the normal
non-obese level. Patients are mostly advised to avoid foods
containing refined carbohydrates such as sugar, biscuits,
<=t fi~zy drjnks suclJ as coca cola and aleohoi . Hatural
fruits and vegetables should be encouraged (Rolfe, 1991).
food scientists have been concerned with the effect of the
fibre content of foods on the process of carbohydrate
metabolism, digestion and absorption. Ina survey conducted
at the Nutrition wunit of the Noguchi Memorial Institute For
Medical Research, plasma glucose response to Tfive Ghanaian
foods were dotermlned 1In nine male non-insulin dependent
diabetics in the form of mixed meal. All these nine subjects
a.trolled their diabetes with diet alone. The observations
wsre that, Ga kenkey, rioe and big, green piantains could be
ideal for diabetic diets In Ghana (Brakohiapa gji. aJle. 1993.)
According to the authors, this finding, is similar to that

observed in normal non-diabetic subjects (Brakohiapa et. al- >

1301). The reasons why these foods produce least post-
Visndial rise in blood glucose levels is yvet lo be
investigated. However, the high fibre content may be a factor

(Brakohiapa-personal oommun ication)

1.3,4 AnJ J L zulJierhaldLpreMLgafc.ip.as

The search £or new anti-diabelLio agents has extended to
the investigation of traditional plant medioines. More than
10Q diff&rent pisnts ann piant extracts are reported to
possess hypoglyoaemic properties. Few of these "natural

treatment”  for diabetes have received adequate medical and
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scientific scrutiny and only a small number of purportedly
active compounds have been wholly or partially characterized
(Bailey and Marks, 1989), A survey of the [literature has
shown that a large variety of compounds obtained from several
c ant fas ilies are found to be responsib]e for the
hypoglycaemic action. For instance, glycosides isolated from
the families Caesalpinaceae, Compositae, Convolvulaceae,
Ericaceae, lioraceae, Myrataceae, Papaveraceae, Ranunculaceae,
Phamnaceae and Scrophulaceae have been shown to possess active
ingredients which lower plasma glucose in test animals.
Polysaccharides, oils and vitamins from the family Graminae
chow pharmacological activity by decreasing plasma glucose
level in animals (Atta-Ur-Rahman and Zaman, 1989) Beta-
Sitosteryl-D-glucoside isolated from the bark of Firub
relj-joifisSft also shows hypoglycaemic activity (Atta-Ur-Rahman
and laman, 1989) In Madagascar, South Africa, Philippines,
Jamaica, India and Australia, . roseuws. has long been used as
an infusion, in the treatment of diabetes (Sofoworo, 1982)

In Ghana, a number of plants have been documented to have

m :cliabetic property . Typical examples are |L1.. arrpjta. £.
fE.nr.uginea (Zingiberaceae), Myrianthus
*zhiireous. (Molaceae). &daXJlqglé&is.ta rjsit.ig.li (Loganiaceae)

nnd CatharantVns £ qg&.\E (Apocynaccae) (Ayensu, 1978) At the
CSRPM, decoctions of L azjl&s?™& and Q..£.e.r_njg;me.a are
dispensed as anti—diabetic preparations. In- the case of L.
arfircia. a concentration of 20g/1 extract is prepared by adding
20g of the leaves toone litre of boiling waterThisis

further boiled for 20minutes, Tfiltered and cooled.Thisis
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ths5ti used as a substitute for water For B.. ££xr_uf inf£& 5kg of
the dried leaves is boiled in 80 litres of water for 1.5
hours. It is cooled and the volume readjusted to take care of
evaporation. The patient then takes one teacupful of the
decoction 3 times daily The L, arrect_a extract was found to
prevent the development of hyperglycaemia in the genetically
“;?7."atic nice (db/db mice) without any adverse effect (Gyasi,
1983; Sittie, 1985; Quaye, 1986; Addy £.. sl., 1992).

On oral administration to normal fasting rabbits and
rats, flavonoids of Bm f.erir fin.ea have been shown to be active
as hypoglycaemic agents (Addae-Mensah and Munenge 1989)

Due to the secrecy surrounding traditional medicaments, many
potent medicinal plants are not well known (Ampofo, 1977). £.
for.ng.ire.a is a typical example of such plants whose anti-
hyperglycaemic effect is not well known. It is therefore
hmped that, the resulls of this present study w11 enhanc.e the

interest and further research on the plant.
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Br.iide li.a fffixtiflrifa. (wild, corr. spreng.) of the family

Euphorbiaceae 1isa widely used plant in West Africa. For
example, in Togo the root bark is usedfor intestinal, bladder
as well as skin diseases. In the Hausaland, the leaf and stem

bark decoctions are used to immunise a person against
syphilis. The pulped bark is used as enema or beverage for
145 ntery and diarrhoea, for fetrers, headaches, stiffness and
rheumatic pains. A decoction from the root is also used
.=.gainst gonorrhoea, whilst the leaves are used against Tfever,
and as a mouthwash (Addae-Mensah, 1992 ).

B Or:rulinga In combination with L. arrecta have been in
use at the CSRPM for the treatment of diabetes. This plant
was used at the Centre to treat some patients whose fasting
plasma glucose levels were above 240mg/100ml of blood (Ampofo,
1977) A gradual fall in the fasting plasma glucose resulted
until it became normal after 12 weeks. However, in all cases,
the patients returned to the diabetic state when treatment was
discontinued.

Since 1303 work on this plant has been centred on its
aqueous methanol extract of the leaves, mainly the flavonoids.
7r Nigeria, these have been reported to significantly lower
1\e fastinf blood glucose levels of albino rats, but failed to
protect the animals against alloxan-induced diabetes (lwu,
."£80) as aiready mentioned Inits preparalion a freshly
prepared solution of the flavonoids in 0.85% sterilized saline
solution is administered infcraperitoneally in a volume of

0.5ml to the test animals. A number of these flavonoids have
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been isolated and among these are quercetin, queroitrin,

myricitrin. myr ice tin-3-0-fi-gincoside and 3-methyl-
quercetin (Addae-Merisah 1992). Rutin has been found to be
<"tr-tivoly non-toxic since 2.25g daily for 7 days shows no
toxic effect in man. It is totally absorbed and rapidly
metabolised in humans. Rutin and 1le other flavonoids are
therefore potential anti-hyperglycaemic agents needing further
investigations. A typical structure of a flavonoid 1is as

-rown below:

(a) R, = R2 = H for Quercetin

(b) Rl -Glu. Rz* n  for Quercitrin

) Ri =Glu-Rha Rz =H for Rutin

fd) R1 =Rha. R2=0H for Myrici trin

) Ri -Glu. Rz=O0H for myricetin-3-o0-P-glucoside

(f) 01 - Me R2 H for 3-Metbylquercolin
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15 DRU.CL TEXIEJ. T.Y TESTS

Toxicology 1is defined as the study of poisons A poison
a.ay be defined as that which causes sickness or death, when
taken in sufficient quantity From the above definitions, one
vy say that there 1is no clear-cut difference between a drug
and a poison. This is because a drug, administered in doses
that alter physiological function in order toproduce a
desired therapeutic effect, may produce toxic or harmful
effects if greater than the therapeutic quantities are
3 d&ini stercd

In the adtinistration of a drug, the therapeutic index, a
measure of the drug s safety becomes iImportant. Thus the
concentration of the drug at which 50% of the animals tested
v 11 be killed (LDaa; can be used as a 1ieasure of toxicity
Another important index of toxicity iInvolves damage Lo vital
organs such as the liver and Kidney

Aeals”and .chxfiaic._toitijii.ty Le. 5.ts

Acute toxicity refers to the harmful effect of a drug or
3). agent that manifests itself in seconds, minutes, hours or
Jays after entering the patient, whilst chronic toxicity
entails a long-term harmful effects of an agent weeks, months
and years after entering the patient. The number of times the
-Jrug is administered can a2co resull in ucute ok chronic
V-xicity The results of chronic and acute  toxicity
experiments together with other information including those
derived fpom pharmacoitiretjcs, teratogenesis and perinatal

+fxicity form the basis for the evaluation of the possible
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hazardous properties of a drug as well as its safety (Rumke,
1964) The determination of an effective lowest concentration
or safe dose level is another important objective iIn toxicity
tests and is needed to determine the margin of safety of a
p\v-n cosiround . In the study reported here, short-term
effects of the flavonoid extract were related to the acute
toxicity whilst [long-term administration of the flavonoid
extract was related to the chronic toxicity For a measure of
the toxicity of the flavonoids, liver and kidney function
tests were performed due to the fact that, certain drugs or
their metabolites are able to damage these vital organs
tnereby affecting their function. If the flavonoid is toxic
sten possible damages to these vital organs would be observed
and its administration as a therapeutic agent 1iinited or

abandoned.

1.5.2 Liver function test
The liver plays a major role iIn enzymatic transformation
ir.d disposition of drugs. Many drugs will undergo limited or
i anL transformation resulling 1in tlieir accumulation and
undesirable effects upon the [liver The drug®s adverse effect
< the liver disrupts 1its function and therefore one can
measure liver function tes: ;;jg test of toxicity of the drug.
7he liver contains certain sp6oAfic compounds and enzymes and
tlierefore when it is damoged thece compounds and enzymes are
released into the biood circulation leading to elevated levels

0l these r;ojypounds and ensymes in the plasma.

A combination of labo?atory tests most frequently used in
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confirming liver damage include serum bilirubin, aspartate
smino-transferase (AST), alanine aminotransferase (ALT) and
gamma glutamyl transferase (GGT). Serum bilirubin gives the
most informative biochemical indicators on how severe the
liver damage is. Bilirubin itself results from the reduction
of biliverdin catalysed by the enzyme bilirubin reductase.
7,7ie bilirubin then forms a loose association with albumin in
the plasma, and carried to the liver to be conjugated with
£lIncuronate, the product of which is more soluble for easy
excretion into the iIntestine with the bile. During liver
damage, however, the conjugation is not done or reduced to the
minimum leading to an elevated concentration of the bilirubin
in the serum. Although bilirubin determination was one of the
r .rarieters for the Iliver function test, it could not be
performed, due to non availability of the reagents for its
determination during the period of the study.

The other most important parameter for the )iver function
used is gamma glutamyl transferase (GGT)-.- This enzyme is
present in serum and in all cells except 1in muscle. It is
predominantly located in the cell membrane and may act to
.3 nport amino acids and peptides into the cell in the form
of gamma glutamyl peptides. Gamma glutamyl transferase
activity is elevated in all forms of liver damage and is the
most sensitive serum enzymatic indicator of liver damage
(Committee for Clinical Chemistry and Clinical Physiology.
1976) . GGT was therefore selected for the [liver function

tests.
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1.5.3 Rfinal- func-1 ion best
The functions of the kidney may be characterised as
excretory, regulatory and endocrine. The excretory function

serves to rid the body of most of the undesirable end-product

of metabolism, as well as any excess of inorganic substances
ingested in the diet. The regulatory function of the kidney
plays a major role in homeostasis (Rook et. al.. 1987)

Damage to such a vital organ may result in the death of the
patient. The adverse effect of the drug or its metabolite may
be on the kidney, hence the renal function tests to test for
the possible damage to the kidney by the flavonoid extract.
Possible tests for evaluating renal function, involve
clearance of various compounds (creatinine in particular),
estimation of glomerular filtration rate, assessment of
glomerular permeability by establishing the types of proteins
appearing in urine, measurement of plasma creatinine,
measurement of the concentrating ability of the tubules and
the measurement of blood urea nitrogen (BUN) (Heinegard and
Tiderstrom, 1973). One disadvantage of the BUN is that, it is
elevated during heavy protein meal Due to this demerit of
BUN, serum creatinine determination was selected for assaying

renal function.
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CHATTER 2

MATERIALS AND_METHQDS.

2. FRIERIjELS.
2.1.1 ALijtio.ls
Genetically diabetic mice, strain C57BL/KsJ m+/+db
genotype +db/db+ and their non-diabetic lean littermates were
bred locally at the Animal unit of the Noguchi Memorial
Institute For Medical Research (NMIMR) from breeding pairs
purchased from Jackson laboratory Bar Harbour Main, U.S.A. -
Another set of genetically diabetic mice of the same strain
and genotype and their [lean non-diabetic littermates were
purchased from Jackson laboratory to supplement those bred at
the NMIMR. In addition, albino mice were purchased from the
Animal unit of the NMIMR. The mice purchased Tfrom the Jackson
T:foratory were allowed to stay for at least one week for them
to acclimatise before being used. When locally bred, both
m3.le and female mice of the diabetic strain with their non-
diabetic lean littermates were purchased and used, whereas
only female mice were wused, when the animals were purchased
and used without breeding. Some of the non-diabetic
Jittermates of the mutant diabetic mice and the albino mice
T the NMIMR were used for the induction of the Type |
diabetes. All the animals were fed ad Lih.iJt.un on pelleted
animal feed from the NMIMR. The composition of the feed was
40% wheat bran, 40% maize, 2% fish meal, 17% cod liver oil and

17~ sodium chloride.



2.1.2 EEJi~ul5_Nui_cJismjx,a.le
Glycogen, hydrochloric acid, potassium dihydrogen
mosphate, sodiua chioride, sodium citrate, sodium hydroxide,

sucrose and Tris-(hydroxymethyl)-aminomethane were purchased

froa FlInka Garantie Chemika, Switzerland Amy log lucosidase
(EC 3.2.1.3), bovine serum albumin, cytochrome c, reduced
nicotinamide adenine dinucleotide phosphate  (NADPH) and

streptozotocin (STZ) were purchased from Sigma Chemical
Company St, Louis, Mo, U.S.A. Citric acid was purchased from
T*st.man Kodak Company, WESh A 4 Potassium chloride was
: .nohased from May and Baker Limited, England.
Ethylenediaminetetraacetic acid (EDTA) and Folin-Cioca]teau
Reagent were purchased from Hopkin and Williams, England.
Creatinine, glucose and gamma glutamyl transferase test Kkits

were supplied by Randox Laboratories limited, Ireland.

-.1.3 E.lay anaid.- txaai .

The extract made upl of Quercet in-3-neohesperidoside
(rutin) and other flavonoids extrac ted from Brjdeilia
' r-rnginea leaves, was provided by lvan Addae-Mensah of th.e

Chemistry Department, University of Ghana.
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2.2 MEXHQlia

2 .2.1 Infductinn nf diabetes

For the model of insulin-dependent diabetes mellitus,
non-diabetic littermates of the mutant strain C57BL/
XsJ m+/+db, and albino mice weighing approximately 20-30g were
used. A freshly prepared solution of streptozotooin (STZ) in
ImMM citrate buffer pH 4.2, was administered intraperitonealldy
in a volume of 0.2ml for five consecutive days. Each mouse

received 40mg per kilogram body weight of the STZ for each of

Lhe Ffive c™.ys.

2.2.2 ILI-tiiis.txallan ..oL 1 lazonqid &.tca&.t

A frsshly prepared solution of the flavonoid in 0.85%
slerilized saline solution was administered intraperitoneally
in a volume of 0 .5m1 to the test animals. The control mice
received 0.5ml of the saline solution without the extract.

Ksch test animal was given I0mg of the extract per kilogram

*mcly weig.hi . oubsoqueniiy some mice were given 20mg of the

extract per kilogram body weight.

Mith respect to the diabetic rtate thé&re were various

“"reatmenl groups as follows:

(i) Von-d iabe tic mice of strain C57BL/KsJ mnt/fdb or albino
mice as one type of control. mice without the symptoms
of diabetes.

*1) STZ--induced diabetic mice as the model for the
inzulin-dnpandent diabetes mell jtus .

oii> Gerieti caJ ly diabetic mice of strain CS7BL/KsJ and
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genotype Klb/dbf, as the model for the non-insulin dependent
diabetes reHitus.

In one type of treatment schedule set up Lo investigate
the short-term effect of the exlraut, the extract was
administered only once to the test animals followed by glucose
monitorinfE at hourly or half-hourly intervals. This was done
for all the three different groups of mice with respect to the
Qiabetic rctotes (io j, i1, 111 3bove)

Another type of treatment schedule was set wup -to
investigate the long-term effect of the extract. A set of
mice of the insulin-dependent diabetes mellitus and another-
set of the non-insulin dependent diabetes mellitus model were
riven the extract three times a week for at least. four weeks.
Glucose monitoring in this set up was done weekly

The test mice were given the extract at different times
with respect to the induction of diabetes with STZ in the case
cf the IDDK  model, or age of mice in the case of the
genetically diabetic NIDDM model. Glucose monitoring here was

done weekly

f1’>8ma_£1 3e determination
Blood samp les collected from the tail vein were
centrifuged wusing the Beckman microfuge for one and half
ninutes 1la obtain plasma . Samples of piasma were used to
measure glucose by a glucose oxidase metbod, using the Beckman
Glucose analyser 1l as follows: A precise volume of I0ul
sample was manually pipetted into enzyme reagent in a cup

m170Inins” an electrodo th3t responds Jo oxygen concen Lkiation
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The rate of oxygen consumption which its directly proportional
to the concentration of glucose in the sample was displayed as
a direel Jdeadouk in milligram of glucose per 100 millilitres
(mgzdl). This unit of measurement of plasma glucose
concentration was used as such and not converted to mmols/1 .
Another method used for the determination of glucose was
r-?t described in the Sigma glucose Kkit. This method 1is a
quantitative, enzymatic (Glucose oxidase) determination at
3.1:3475 nm. The procedure is essentially that of Raabo and
Ter leildsen (1960) with a minor change in the quantity of
chromogen to increase sensitivity In this procedure 25 ml of
each plasma sample and two standards were carefully pipetted
into test tubes and 0.5 ml distilled water added to each tube.
Into each tube was added 5,0 ml of combined enzyme-colour
r~4slGt solution and the contentsmixed thoroughly The
enzyme solution contained glucose oxidase from Asoerflillus
siglbX, peroxidase from horseradish and buffer salts. The
colour reagent was made by reconstituting o-dianisidine
dihydrochioride provided in the kit with 20 ml distilled
water . The combined enzyme-colour reagent solution was
prepared by combining 100 ml of the enzyme solution and 1.6 ml
nlour r&agent solution. The test tubes were incubated at
#e°c for 30 + 5 minutes or at ioom teiwkerature for 45 minutes.
At the end of the inoubation period, ail1 the tubes were
removed from the incubator and absorbance read at 450 nm using
the Shimadzu Double Beam Spectrophotometer, Model UV-190.
Concentrations of the glucose in the plasma were obtained

using the conversion below:
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Plasiria glucose (mg/d1l) — Test sample/Standard x 100.

2.2.4 Liver glypsiggn determio&ijjiD.

The procedure used 1is that of Murat and Serfaty (1974).
After each period of study, the mice were anaesthetized, and
blood taken by cardiac puncture, centrifuged and the serum set
aside for the determinations of CCiT and creatinine. The
"-domen of each was quickly opened and approximately 0.1- 0.3
g liver tissues removed and immediately placed in pre-weighed
vials containing 10 mI of 0.1 M ice-cold citrate buffer, pH
4.2 and sodium Ffluoride (HaF, 0.25%) The difference iIn
reight gave the wet weight of the liver tissue used.
Immediately after the weighing, the tissues were individually
homogenised using a Polytron homogenizer

After homogenization, free glucose in the tissue was
11. em ined using the Beekman glucose analyzer or the Sigma
glucose kit as described above. Ten milligram amy .logluco-

idase powdeX was then added to each homogenate and the
mixture allowed to stand at room temperature overnight. Total
glucose was then determined for each hydrolysed homogenate and
the amount of g3uvoe eguivalant tu the glycogon content of
the tissue was obtained by subtracting initial free glucose
-alue from the total glucose value In determining the
glycogen c-ontont of the liver samples, a calibratiuri curve for
glycogen was prepared for each series of determination using
different concentrations of commorcial glyoogen . hydrolysed
alongside the tissue homogenates to ensure that conditions

were similar for both. For the glycogen calibration, a 100ml
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stock solution of 5 mg/ml glycogen was prepared by dissolving
J-5 g commercial glycogen in 100ml distilled water. From the
stock of 5 mg/ml, serial dilutions were made with concen-
trations ranging from 0-3 mg/ml. The amount of glycogen in

each liver sample was determined using the calibration curve.

2.2.5 Preparation of liver microsomes

Mice in treatment groups for the evaluation of the long-
'm—m effect of the extract were killed at the end of the
experimental period, the abdomen was opened immediately and
about 0.1-0.3 g of the liver excised for [liver glycogen
determination as described above. The rest of the liver was
removed and pooled for each group of mice undergoing the same
treatment. These were Tfrozen below -70°C if not wused
immediately. The frozen tissues were thawed, placed in ice-
cold 0.15M KC1 and homogenized (4ml/g wet weight) in 10mM
"ris-buffer, pH 7.5, containing 0.25M sucrose. The tissue
homogenates were centrifuged first at 10,0009 for 20mins at
4cC. The supernatant was centrifuged at 100,000g for 60mins
at 4°C and the resulting microsomal pellet resuspended in O0.1M
potassium phosphate buffer pH 7.5, divided into small aliquots
and frozen immediately below -70°C. Protein concentration in
each preparation was determined using the Folin-Lowry method

* moribed below

2.2.6 Protein concentration
To 50ul microsomal preparation, 5ml of an alkaline copper

solution was added, mixed thoroughly and allowed to stand at
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room temperature for at least 10 minutes. Ten millilitres of
diluted Folin-Ciocalteau reagent was added rapidly with
inTi-"diate mixing. After 30 minutes of incubation at room

temperature the absorbance at 750 rim against the sample blank
W3S read. A calibration curve was prepared for each series of

determination wusing commercial bovine serum albumin, from a

stock solution containing 0.2 mg/ml. From the stock
solutions, serial dilutions were made with concentrations
ranging from 0-0.2 mg/ml. The amount of microsomal protein

was determined using the calibration curve.

In a preliminary assay. HCCR activity was measured in a

3.5ml  solution containing O 3V potassium phosphate buffer pH

7 4, ImM  EDTA, 13GuM cytochrome c¢ and 50ul microsomal
preparation. Subsequently the volume of microsomal
preparation was adjusted to contain 0 .3-0 4mg protein. The

reaction was initiated by adding 20ul of JOmM NADPH. The
"ncrease iIn absorbance at 550 m. was recorded at 25°C for 3
minutes. The amount of cytochrome c¢ reduced was calculated

using the extinction coeffii™ DiBlif{of 2.77 x 107 cm2/mole.

2.2.8 Cana glutamyl transfBragg (GRT1 dtt™minntinn

The procedure used was the one Tfound iIn the Raridox GGT
.;st kit. The assay is based on the use of L-gamnm-glutainyl-
p-n itroari i]ide as the donor substrate and glyeylglyoine as the

glutamyl acceptor. The p-nitroaniline produced in the
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reaction is determined by its yellow colour, which is
monitored at 405nm. To 0.20ml of the serum prepared as above
(section 2.2.3) was added 2.0ml of the reagent (Tris-buffer
PDhyol/1 pH 8.25, glycylglycine 60mmol/l, L-gamma-glutamyl-p-
nitroanilide 4mmol/1, and surfactant) This was mixed and

ritial absorbance read at time Eero. The time was noted and

absorbance were read after 1, 2, and 3 minutes against air at
405nm. The concentrations of the GGT in the serum were

obtained using the conversion below:

Serum GGT activity (U/1) = 1111 x dA<ios /rain

2.2.9 Cxeatiru.n €_cle texjrdrlation.

The method used is based on the Jaffe reaction, which
occurs between creatine and pierate ionformed in alkaline
medium. A red-orange adduct develops and the rate constant of
adduct formation is a linear function of the hydroxyl ion
concentration over a broad range of picric acid concentrations
" .-:ler, 1375).

Rand ox creatinine test kit provided the detailed
mm r rjyre. A standard was prepared by adding O0.2ml standard
solution provided in the kit to 2 .oml of the reagent mixture
(picric acid 35mmol/I, surfactant and 0.32mo1/1 of sodium
hydroxide). These were mixed and absorbance of the standard,
Astandard1 and sample (serum), Astlbl«1~ read after 30 sec..
Partly 2 minutes later absorbance Aetandard2 and Asampie?2
were read. Creatinine concentration in serum, ). was

caloulated as fo]iows:
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Asr.ande.rd2 ~ As;tandardi - Astandarc!

Asample2 — Asamplel - Aeampl©

x (mg/dl) - Asample/Astandaid x 2

2.2.10 SXAXISIICAI"AM LXalLi

The mean + standard error of the mean (MEAN + SEM) was
n:ed in expressing the data. The t-test for paired
observations was used for the statistical analysis and
differences vresulting in the P-values less than 0.05 were
considered significant. Analysis of variance (one-way) was
used for the differences between the treatment groups and

ti-jiir controls. The STATISTICAL PACKAGE OF THE SOCIAL

7. IEHTIST (3PPS) was the software used.
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CHAPTER 3

RESULTS

3.1 SiiaSl__ --TETULEFEECT OF THE EXTRACT

Figure 1, shows the short-term effect of the flavonoid
extract on plasma glucose levels of non-fasting non-diabetic
inice which were lean littermates of the diabetic mutant strain
used. Each animal was given 10mg/kg body weight of the
extract. In the males, the initial plasma glucose level
(130.20 + 3.5Img/d 1) determined before administration of the

tract, for the test animals was not significantly different
the plasma glucose levels of the control animals of
124.50 + 3.25mg/d1l. No sign ificant differerice was found three
hours after the flavonoid administration, between the plasma
glucose level of the test animals (122.25 * 6 50mg/dl) and the
plasma glucose level of the control mice (130.00 +* 6.31mg/dl)

In the females, the plasma glucose levels of the test
animals 135.15 + 4.5Bmg/dl and the controls 140.20 =+ 2.86
r "1 werc not 3ignificantly differeat before the start of the
extract administration. As in the case of the males no
significant difference in the plasma glucose levels of the
tost mice (139.90 + 5.85mg/d) and the control mice (138.90 =+

5.00mg/ri D) after the three hour perlod,
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1: Short-term effect of the f.lavcmoid extract on non-
fasting plasma glucose levels of non-diabetic mice
over a three hour Period.
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) Plasma glucose levels

Figule 2a, shows the effect of the fiavonoid extract on
asting plasma glucose levels of STZ-induced diabetic mice.
There were three groups of mice, each group was given the
extract at a different time with respect to the induction of
the diabetes. The test animals In Group-1, which were given

xtract iiyediatsly aftcr the STZ admi.-nistration, had an
initial plasma glucose level of 166.73 +* 22.0Sms/di. This was
- ;¥ significantly different fron that of control hice which
had a glucose level of 181.25 +* 36.3G;ng/dl before the extract
xas administered. After a two hour period, the difference in
the glucose 1evel of the test mice, 181.25 + 18.06mg/d1 and
the control mice with glucose level of 234.75 + 28.04mg/dl was
r.1 statistically significant .

In Group-2, where the test animals were given the extract
rr« wee b »fter the STZ injection ,initial plasma glucose level
f tot.h testand control animails were very similar; 363.30 =+
15.02irig/ul and 365.20 + 32.35mg/dl respectively After the

tvo hour period. significant difference (P<0.05) was found

I+

between tlie piasma glucose level of the tcct mice (365.50

r~.?Atg/d1) ans  that of the control mi e (@530 00

I+

mg/d 1) tti1 vintie tcst aiimls, thele was no
significant diffeience between any two moan levels within the
mvo hour period, however, within the conilol animals, the
ini tial g.luoose level of 365.20 = 32 .25mg/d1 was found to be

s:Ignificanily 1ower than the 1level of 530.00 + 30 43mg/d1
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obtained after the two hour period.
In  Group-3, in which the test animals were given the
#wv1 3ct two weeks after the STZ, no significant difference was
found between the initial plasma glucose level of the test
-nimals ("303.75 = 13. 74mg/d1l) and the control animals, (282.83
1 22.44mg/dl) before the extract administration. After the
two hour period, again no significant difference was observed
between the test mice 388.75 = 7 43mg/dl and the control mice,
409.67 + 7 70mg/dl. Within the test group, the initial plasma
glucwse level of 303.75 +* 18.74mg/d 1 was sigr:ificantly not
iifferent it the end of the two hour period with plasma
glucose level of 388.75 = 7.43mg/dl. In the case of fehe
control animals, the initial plasma glucose level of 282.83 %
22.44mg/dl was found to be significantly different from 409.67
+ 7.70 mg/dl glucose at the end of the two hour period.
Due to the high plasma glucose levels of the Group-2
irmals, 1t was suspected that, the animals might not have
been fasted overnight. However, because significant
difference was found between the test mice and the control
nice, the experiment was repeated but instead of fasting, the

non-fastirif Plasms glucose levels were measured
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effects of the
levels of STZ-induced diabetic mice.
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Figure 2b represents the non-fasting plasma glucose Ile”el
in three groups of albino mice. The test animals iIn Group-1,
were given the extract immediately after the STZ admini-
stration. The initial plasma glucose level of the test nmice,
".78.50 £+ 16.73mg/dl and the control mice, 171.75 <+ 30.00mg/dl
Tere not significantly different before the extract admini-
stration. After a three hour period, there was again no
significant difference between the plasma glucose level in the

est mice (175.10 = 12 .37mg/d1) and the control mice (232.50 %
31.43mg/dl) Within the group, no two mean plasma glucose
levels were found to be significantly different for the test
i.rdsals, whilst in the controls, the initial plasma glucose
./11 w-s Tfound to be significaniiy higher corapared to the
level after one hour and aiso after the three hour period.

In Group-2, where the test animals were given the extract

\ie week after the STZ administration, the initial plasma

glucose levels of the test mice, 286.80 + 24.7 ling/dl and the
control mice, 274.50 + 57.12mg/dl were not significantly
different before the extract was administered. After the
*h m hour Period, again no significant difference was
observed between the test mice (285.50 + 35,57mg/dl) and the
rmttrol mice (319 75 x73.70mg/dl)

In the Group-3, the test animals were given the extract-
two weeks after the STZ administration. The initial plasma
glucose level of the test mice, “280.42 = 3].87mg/dl and the
control mice 291.63 * 57.21mg/dl were not significantly
« | ferent. After the three hour period, the plasma glucose

Jtve1l of 1he test mice (297.33 + 32.24mg/d1) was again not
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ignificani1y different from the conttol mice with 413.13 =+

42.94mg/dl glucose. In the group, no two mean plasma glucose

levels were found to be significantly different in both the

test animals and the control animals.

INTEGRI pROCEDAMUYS
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2b: Effect of the flavonoid extract oi non Tfasting
glucose levels of 3 groups of STZ-induced diabetic
Extract administered immediately, one week after and two weeks

after STZ injection for group 1, 2 &d 3 respectively.
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b) Liver glycogen Levels:

Figure 2c shows the mean liver glycogen levels (% wet
eight tissue) of fasting STZ-induced diabetic mice whose
iucose levels are shown in Figure 2a. In Group-1, the [liver
.hcogen level of the test mice was 3.28 = 0.22% whilst that
? the control mice was 3.51 + 0.29%. These values were not
ignificantly different. In Group-2, the liver glycogen level
c the test animalswasfound to be 3.74 =+ 0.51% as against
47 £ 0.49% in the controlanimals. This difference was also
ot statistically significant. No significant difference iIn
iv-?r glyc-".gcr; level was found among the Group-3 animals. The
iv&r glycogen level forthe test animals was 5.40 + 0 .22% as

.gainst 4.70 + 1.26%for the control mice.
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Figure 2c; Fffecft of the flavonecid oxLract om liver
glyeoegen levels of 3 groups of STZ-induced diabetic MNice.-
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Figure 2d shows the mean [liver glycogen levels of non-
fasting STZ-induced diabetic (albino) mice whose glucose
levels are shown iIn Figure 2b. In Group-1, the liver glycogen
tvel of lhe test aniaials was found to be 2.33 = 0.22% whilst
jlc.t of the control animals was 2.39 + 0.54%. In Group-2, the
liver glycogen level of the test animals was observed to be
2.14 + 0.36% as against 2.50 £+ 0.55% for the control animals.
In the Group-3, the liver glycogen level of the test animals
was 3.22 + 0.53% as against 4.73 * 0.54% in the control

animals. The values for the tests animals were not signi-

ficantly different from those of the control animals.
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3.3.3 -Effect of the Extract
(am Plasma Gilucose Levels

The results of the non-fasting plasma glucose levels of
STZ-induced diabetic mice that were given the Tflavonoid
extract (2omg/kg body weight) three times a week for at least
f:ur weeks are shown in Figure 3a.. The initial plasma glucose
m"s of the three treatment groups were determined and shown
not to be significantly different. Group-1 in which the
triinals were given the extract immediately after the STZ, had
initial plasma glucose level of 163.30 * 8.28mg/dl. Group-2
in which the animals were given the extract two weeks after
the STZ, had plasma glucose level of 160.50 + 2.24mg/dl and
the controls which were not given the extract had initial
I F ss c¢? 173.33 = 14.9Img/d1l. Two weeks after the STZ
injection, all the animals developed diabetes with plasma
r.:c*se 1levels above 400mg/di. For instance, the plasma
0JJCuse level of Group-1 animals increased from the initial
level of 163.30 + 8.28 to 480.90 + 73.19rog/dl, that Of the
Group-2 animals increased from an initial level of 160.50 =
2.24 to 436.40 + 129.65mg/dl whilst that of the control
ai73 Is increased from 179.38 + 14.91 to 468.50 = 57.59mg/dl.
3la wocks of the experimental period, piasma glucose
levels of the Group-1 mice rose from the initial level of
163.30 +8.28 to 408 += 60.25 mg/dl, that of the Group-2 rose
f-Dm an initial level of 1G0.50 + 2.24 to 472.80 = 122.69mg/dl
whilst the control mice rose from 179.38 + 14.91 to 780.50 *
112 2mg/d1 . In the seventh week, all the animals 1in the three

treatment groups were fasted overnight and the plasma glucose



51

tJ m asured and coripaved with the non-fasting levels
determined in the sixth week. The results are presented in
Tigure <D For the Group-1 mice, the non-fasting glucose

level of 403.80 + S9.25 mg/dl in the sixth week and the
fasting level 371.30 + 49.95 mg/dl in the seventh week were
not significantly different from each other The same was
true of the Group-2 mice where a non-fasting glucose level of
i2.?20 = 122.09mg/dl and a fasting level of 3G3.10 +
28.12mg/dl were measured. However, in the control mice, the
non-fasting level of 730.50 + -"122.2 mg/dl was found to be
significantly different from the fasting level of 406.63 =+
33.14mg/d1 (P<0.05).
These same animals. including the controls, were given
the extract for another three week period. After this period,
Wt-f3stir.s piasma g3ucose level of the Group-1 animals was
observed to be 493.63 + 135.66mg/dl, that of Group-2 was
470.90 + 124.76mg/dl whilst that of the controls rose to

1125.00 + 166.31mg/Zdl.
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Figure 3a: Long-term effects of the flavonoid extract ol
non fasting plasma glucose levels of STZ-induced diabetic mice
in three treatment groups (see text for description of
treatment groups).
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Figure 3b: Comparison of fasting and non-fasting plasma
glucose levels in STZ-induced diabetic mice after flavonoid
kK inistration .
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Figure 3c shows the results obtained from experiments in
which the long-term effect of the flavonoid extract on non-
;ting plasma glucose levels was measured in  STZ-induced
Jiabetic mice that were given the extract three times a week
for four weeks. As shown in the figure, all the three
Meatment groups developed the diabetes after two weeks of the
"T-IS injection with plasma glucose., levels above 600mg/dl The
initial plasma glucose levels of the three treatment groups
were not significantly different before administration of the
=mtract. After two weeks of the STZ injection, plasma glucose
vciz of GCroup-1 animals rose from 219.87 =+ 23.97mg/d1 to
7?25 .83 + 33.50mg/d1 with levels in Group-2 rising from 210.58
* 23.52mg/dl to 698.33 * 34.41 mg/dl whilst the value Tfor the
controls rose from 219.79 + 31.69mg/dl to 616.29 <+ 27.49
mg/Zdl. At the end of the experimental period of seven weeks,
the glucose level of Group-1 animals had decreased gradually
from 725.83 + 38.50mg/dl to 470.17 + 30.91mg/dl whilst that of
" mGroup-2 animals also decreased from 698.33 <+ 34.41 to
570.50 = 24.54mg/dl. The glucose level of the control animals
reased steadily from 616.29 + 27 49 mg/dl to 850.00 + 39.96
rr/d3/. After the seven weeks of investigations, the glucose
levels of Group-1 and Group-2 animals were Jlower than that of
the control animals. However, the difference was not

statistically significant.
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Figure 3c: Long-term effect of the flavonoid extract on
non-fasting plasma glucose levels of genetically diabetic
mice, and 5TZ-induced diabetic mice.
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(b) Liver Glycogen Levels
Figure 3d shows the mean [liver glycogen levels (% wet
weight tissue) of the STZ-induced diabetic mice that were used
in the study of the long-term effect of the flavonoid extract
on plasma glucose levels (Figure 3a) After ten weeks of the
m3 ligations, the [liver glycogen level of mice iIn Group-1
was Tfound to be 2.78 £ Q.38%, those in Group-2, had a glycogen
\tvei of 2.33 + 0.14% whilst the level for the control animals
t—s 3.28 = 0.50%. These glycogen levels were not signi-

ficantly different from each other.
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Figure 3d: Effect of the flavonoid extract on liver
fClycogen levels of STZ-induced diabetic mice over a ten week
period.
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0) Liver microsomal pro\&inr;:
The 1ong-term offeot of the fiavunoid c .»"eee « o0n the

i r aicr zsons.l proteins (toty.i> ol: ZT2 inauced dis.m3lic mice

are as given below. Thenioroso&es w&re prmpared using
.ivers of aniralc with Plasnma £1uoose shown 1-1.1gure 3a.

iMals 1 Group-1 had microsomal protein cf S. Jmg/g liver

wet weight ticcae). The value tok 1la roegp-2 aninalswas

found to be 7.40mg/£ and that fbr lhe control nice was
& .61Img/g ".Fig. 3f) . Anothsr set ©0i rflo» all5n0) given the
337e treatinent as abovehad the fol]Jowing Jevrels of liver
zlcrosonial proteins- Group-1, 11.5img/g, Grouy-e , 1i8 .37mg/£
ncl the c-or,trol mice, 11.30ag/g (Fig. %g) The fclold glucose
levels of these aniinals ar& shown in Figuas 3c.

The long-term effect of th& flavonoid extract on
isdyctase (NCCR) activity in the mirrcgomal prri~in of these
nice are as foliows: At the end wmfF vhe t-n week period
animals in Grout -1 were found to havo an Vir?2 activity

33ont to ©0.1753 - of rod:ijoed oy ohicme c per
milligram miorosomal prct&i , Group 2 had 0.103S T “0o-w/mg
ni3st t o o.t cl mioe had 3.8714 x .10wM/mg (Fig. 3F). With

he aibir; rice, the re"dotase a tivjtie? wer°. Gvoup-1,
0.1264 x 10“swM/mg, Group-2, 0.0722 x 30 ™/mg,arid the

o rtrol mioe had 0.2m27 x I 7Wiig (Fig. :9)
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(d) Toxicological evaluation of the flavonoid extract:

The serum GGT level of the STZ -induced diabetic mice was
measured after ten weeks of the flavonoid extract admini-
stration for possible toxic side effect on the liver All the
animals, both the test and the control animals, had GGT Ilevel
of 11.11 (U/1).

The results obtained for the creatinine levels in t.he
1 - induced diabetic mice, determined for possible toxic side
effect or the kidney after ton weeks of fiavonoid
administration, were 0.6190mg/dl, Group-2 had 0.9762mg/dl and

1.0714mg/dl, respectively for groups 1,2 and controls.
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3 HQJ . N PKPENDKHT DTARTITES STUDIES
o] lhax.t-m jijdT.fftct. of the extract

Figure 4a shows the short-term effect of the flavonoid
extract on non-fasting female genetically diabetic mice over a
three hour period. Both the test.and control animals had mean
plasma glucose levels at the start of the study not
.significantly different from each other The level was 277.90
+ 20.77mg/dl for  test animals and250.80 + 37.48mg/d] for the
mmirol nimals . After an hour ofthe flavonoid admini-
stration, no significant difference was recorded in the plasma
Viucose concentration of the test animals (230.30 + 17.37
.rjozdl) arid that of the control animals (249.80 = 44.86mg/dl)
However, after two hours, the testmice showed a reduction in
the plasms glucose levels of about 39% to IBS.80+ 16 32mg/dl
from the initial glucose level whilst the level in the control
T i~als was redva—d by about 4% to 242.00 = 23.39mg/d1 . The
difference between the test and control was not statistically
ignificant. At the end of the three honr period the piasma
glucose level of the test animals was reduced by about 48% to
144.80 = 10.33mg/dl whilst that of the control animals was
reduced by about 19% to 204.50 =t 9.04mg7dl. The difference
between the blood glucose level for the testand control
animals wes found to be statistically significant. (P0.05).

Wi hjn the to3t roup, the piasma glucose level after two
hours and three hours were found to be significantly different
wrom the mean plasma glucose level at the start of the study
MW th the control mice no significant difference in plasma

glucose level was found within the three hour period.
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Figure 4b shows the short-term effect of the flavonoid
extract on non-fasting male genetically diabeticmice over a
ul* e hojr period. Before the fiavonoidadministration, the
test and control animals had no significant difference in
their mean plasma glucose levels. One hour after admini-
stration of the extract, the plasma glucose level of the test
animals was reduced by about 9% to 204.20 + 24.42mg/d1 from
the initial level of 223.70 £ 39.85mg/dl whilst the plasma
glucose level in the control animals reduced by about 10% to
17’7 90 + ~6.15mg/dl from the iInitial level of 215.2-5 + 31.02
Mf/711. However, the two mean values were not significantly
different. Two hours after administration of the extract, the
; lasma glucose levels of the test animals reduced by about 40%

to 134.00 + 10.64mg/dl whilst that of the control animals

reduced by about 11% to 192.63 + 27.26 mg/dl. The two mean
plasma glucose levels were, however, not significantly
differer:t At the end of the three hour period, the plasma

€l-nose level of the test animals reduced by about 47% to
118.70 + 7.35mg/dl whilst that of the control animals reduced
=y 4X w. 207.38 <+ 31.15mg/dl. The two values were found to be
significantly different (P<0.05).

Within the test group, the mean plasma glucose levels
after two hours and three hours following the administration
of the extract were found to be significantly different from
1hr* M £luaose levcl at the start of the study. In the
control animals, no two groups were Tfound to be significantly

jJlIfferent.
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Figure b5a, shows the short-term effect of the flavonoid
extract on non-fasting plasma glucose levels of genetically
diabetic mice over a two hour period. In this study, the
plasma glucose level of the test animals (191.58 + 10.58
rag/di) and the control animals (192.20 + 16.91mg/dl> were not
skdlificar; tly different, before the flavonoid extract was
ninistered . At the end of the three hour period, no
significant difference iIn plasma glucose levels between the
test aniysis 187.20 + 5,99rag/d1l and the control animals,

.131.60 = 31.24mg/d 1 was detected.
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Figure b5a. Effect of the flavonoid extract on non-fasting
plasma glucose levels of young genetically diabetic mice over
a two  hour period.
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The anitwiais withplas a glucose levels in Figure 5a were

For four w?ens and after the Tfourth week, anothef short-

i* effect of the extract was investigated. Figure 5b, shows
effect of the Tflavonoid extract on these animals. The
r.itial scai plasms glucose levels of both test mice with
ptasma glucose level, 363.50+ 36.32 and control mice with
plasma glucose level, 390.10 + 43 93 were not significantly
different. After the three “"hour period, no significant
Hifferencc was found between the test mice, 216,-50 + 23.58 and

contro? -nice, 20G.20 * 35.91
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Figure 5b: Effect of the flavonoid on fasting plasma

glucose levels of genetically diabetic mice over a three hour
period.
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) Non-fasting plasma glucose levels
The long-term effect of the flavonoid extract on non-
sting plasma glucose levels of genetically diabetic mice was
"red ising thc db/YIb mice . The animals had initial mean
1asma glucose level of 252.75 + 37.55mg/dl before the extract
administered. Four weeks after the extract administration
lasma glucose levels of the animals (six in all) was found to
2 322.75 * 47 46mg/dl (see Figure 3c). Half of these animals
ere killed and the other half kept for another three weeks
ithout the extract. After this period, the plasma glucose
t*?1 was found to be 292.17 + 50 .15mg/d 1. Statistical
alysis shov-id that, the initial and the final mean plasma
loose 1levels were not sio,ificantly different. Also no two
an plasr.M: glucose levels were significantly different during
= seven week period of iInvestigations. The plasma glucose
vels of these animals were compared with glucose levels of
ce of the same strain and age which had been killed
yH er This was due to the unavalilability of raice to serve
ntm:1z during tho period of iInvestlgations. These

inals had p lasma glucose levels above 550 mg/d1.

, Liver glycogen levels

Figure 6, shows the liver glycogen 1lcve Is < non -fasting
netically diabetic mloe studied fur tho 1long term effect of
a flavorold extract. The animals in Group-1 v?sre given the
17¢o0t t Froc timos a weelt for four we”~Ws . Tloce in Oroup-2

re the animals whion were riot killed but kept for another
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three wcé&k: without tho extiact. The 1iver £1yoogen level in
the Glolp 1 Waa fUupd to be 5.75 + 0.48% liver(wet weigbt
tissue). The gilycegen level in the livers of the Group-2 mice
was found to be 5.02 + 0.42%. The [liver glycogen levels of
these anin?lIs were compared with glycogen levels of the same
strain and age as described in (a) above. These animals had
liver glycogen level of 5.39 = 0.34%. All the three glycogen

levels were not significantly differerit from each other.
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Figure 6 : Effect of the flavonoid®on liver glycogen levels of £ extra
genetically diabetic mice over a seven week period-
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r> Liver microsomal proteins

The values obtained for the liver microsomal protein of
ho non-fasting genetically diabetic mice which were studied
or the evaluation of the long-term effect of the flavonoid
xtract are shown in Figure 7. At the end of the experiznental
period, mice iIn Group-1 which were given the extract three
times a week for four weeks had 15.29mg of total protein/g
"iver (wet weight) The Group-2 animals which were also given
zr mt three times a week for four weeks, but had the
extract administration stopped for another three weeks had a
total protein concentration of 9.0ling/g liver The above
"alues were compared with those of mice of the same strain and
ge as described in (a) above. These animals had microsomal

protein concentration of 15.97mg/g liver.
The reductase activity of the non-fasting genetically
m i1 tic .nice 1is also shown in Figure 7. At the end of the
investigations, the activity in Group-1 was 0.4636 x 10-7M/mg
r.icrosomal proteins. Mice In Group-2 had activity of 0.0930 x
10~*M/mg - These values were corpared with the reductase
activity of mice of the same strain and age as described in
(a) above. The value for these animals was found to be- 0.9767

X 10-7M/mg protein.
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Long-term effect of the flavonoid extract on liver
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CHAPTER 4

In this study, the possible anti-diabetic therapeutic
effects of some flavonoids extracted from B. fjs.rrfjagiresL and
"heir possible effect on hepatic and renal functions were
investigated wusing non-diabetic mice, STZ-induced diabetic
mice and genetically diabetic mice. The evaluation was done
in two parts, one involving a short-term effect, and the other
involving a long-term effect of the flavonoid extract.

The short-term effect of the extract on the normal non-
diabetic mice showed that the extract is not hypoglyeaemic as
mhe plasma glucose levels of these mice were not reduced below
V2omg/dl after three hours of receiving the flavonoid extract.
This property of the extract is advantageous because the risk
of a possible *shock™ resulting from a sharp drop in plasma
glucose levels will be avoided. In fact, there are many
hvr-eglycaemic plants known but not being used as sources of
anti-diabetic drugs because of the sharp drop in plasma
1uoose levels after 1heir administration . atypical example
esing hypogJycin .

In the IDDM model studied for the short-term effect of
the extract, the test animals were found to have fasting
plasma glucose levels that were not significantly different
" or those of the control animals. However, when these
..Ci.Tials woro not fasted, marked differences in the glucose

levels between the test anirials and the control animals were
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observed. For example, when the mice studied initially for
the short-term effect of the extract in the IDDM were fasted
overnight before blood was taken for the glucose level
determinations, it was observed that marked differences in
glucose levels between the test mice and control mice occurred
— in the case of the Group-2 mice which were given the
extract one week after the STZ injection. The amount of
* _cose in the Group—2 mice were also found to be higher than
those in Group-3, which were given the extract two weeks after
the STZ administration. There was therefore the suspicion™
that, the animals iIn the Group-2 might not have been fasted
well enough hence the higher plasma glucose levels. This
- . rptsd repetition of the experiment. However, due to lack
of lean littermates of the diabetic mice, which were used in
th? previous experiment, albino mice were used, and instead of
the fasting plasma glucose levels, the non-fasting levels were
J tsrmined . As found in Figure 2b, allhough the normal
pattern was observed, that 1is, the non-fasting plasma glucose
level of the Group-1 was lower than that in Group-2 which was
31so lower than that in Group-3, no significant differences
mevs oboevnd botween the test mice and the control mice in
all the three groups The glucose levels in these albino mice
mce also found to be Hmwa™,” than those of the lean littermates
used previously This may be due to the fact that, the albino
mice which belong to a different strain, respond differently
to the diabetogenic agent. They are probably less sensitive,
and therefore were not quite diabetic, with non-fasting plasma

e e lcvo]ls below 400mg/d 1.



78
In the long-term investigations, it was found that, the
extract could not prevent the development of the diabetes.
Plasma glucose in all three groups increased steadily even for
the animals which were given the flavonoid extract immediately
after 3TZ injection. This means that the extract has little,
if any. effect on the beta cells of the pancreas. However,
fter the diabetes had developed, the extract was able to
maintain or stabilise the plasma glucose level in the test
""xce compared tu the iising levels in the control mice. For
these animals, it was observed that all the three treatment
groups developed diabetes during the first two weeks of the
treatment with STZ, with plasma glucose levels between 400-
mvGOmg/dl at the end of the second week. In subsequent weeks,
lhe test mice still had plasma glueose levels between 400-
Jj ::£/d1 whilist that of the control mice rose Tfrom the
«'7T"g/d1 range to over 1000mg/dl. These animals were fasted
2rid glucose levels compared with the non-fasting ones, as
rhown in Figure 2b. No significant differences were found
uetween the Tasting and non-fasting glucose levels in both the
gicup-1 and Group-2 mice, but the differenee in the control
ice was found to be statistically signjficsiat. The above may
7.tgest thTim the fiavonoid extract wcrks by lowering post-
prandial glucose, thereby having little or no effect on the
ting levels of these aninals. This might explain why with
artificial hyperglycaemia (Addae-Mensah and Nunenge, 1989) the
flavonoids caused d marked reduction in glucose levels in the
?nimals infused with glucose

From the otb week onwards the test mice end the control



79

were again giva: tho extract tIree times a week for three
rteeks but while the glucose levels of the test animals were
kept between 400-SOOmg/dl that of the control mice stayed high
xbove 10Q0mg/d1 as found in the 6th week (Figure 3a). This
implies that the flavonoids maintain their effect once shown
">ut earlier and seem to be ineffective with extreme hyper-
glycaemia.

The above experiment was repeated with the animals having
,v.fhei glucose levels than the animals in the previous
experiment. With this experiment, the difference among the
three treatment groups was not statistically significant. * A
1ose-response of the flavonoid extract iIn these animals is
recommended for future work since an increase in the dose in
these animals might have been able to reduce the high glucose
levsls to sigtificant levels. The resniks could also indicate
; 2t when the hyperglycaemia is extreme, the piant extract may
not be able to reduce it effectively

In agresment with the 1iterature, these results show that

rhen diabetes becomes very severe 1Its treatment with anti-

hyperglycaemic agents becomes a problem, since most anti-
ryperglycaeinic agents require funct;iunal beta cells for
activity. Therefore, where the hyperglycaemia 1is not so
nc” ", ivdicating that there might still be a certain aroount

Jji beta ceils not destroyed by the diabetogenic agent,
jJignificant reductions in plasiria glucose levels were observed
in this gtudy. This implies that, the plant. extract could be
working by enhancing insulin production by these cells.

In the NIDDM model, no significant differences iIn the
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Bting plasma glucose levels were observed for the test and
ccatrol mAm three hours after they had been given the
xlrsct. However, when the mice were not fasted in this
short-term experiment, the glucose levels of the test mice
\ere all found to be significantly different from those of the
#""trcl mice three hours after they had been given the
extract. As shown in Figures 4a and 4b, some of the test
animals had about 50% reduction iIn their plasma glucose levels
after the three hour period These results confirm what was

*:rved 4. the I1DDM models, that is, the flavonoid extract
affect non-fasting plasma glucose levels.

In the Jlong-term iInvestigations, (Figs.6&7 and Figs.f&Qg)
“he test animals were given the extract three times a week for
four weeks. For the genetically diabetic mice (illDDM model),
1t was found that, the extract “"maintained the plasma glucose
...evels between 200--300mg/d1, even when the animals were over
"ive months old as compared to age-matched control mice with
glucose level of over 500mg/dl. For instance, the initial
p lasoa £ luoose level of 252.75 + 37.55mg/d1 Just increased by
bout 40m.£/dl of glucose to 292.17 + 50.15 during the seven
weeks of iInvestigations.

The C57BL/K.sJ +db/db+ strain of mouse 1is characterised by
severe hyperglycaemia throughout life (Dray and York, 1979).
The pathogenesis of diabetes in this mutant strain is known to

mjr in [hasez (Pulin elL. 3.1, 1933) Phase=l involves obese
characteristics, with normal pancreatic insulin and
“"yp-erinsulinaemia implying that, the beta cells are able to

provide the increased insulin demand. In Phase-2, the obesity
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beeomes pronounced with extreme hyper jnsu linaen5a and
decreased pancreatic insulin. At this stage, the beta cells
oro not 3ble to meet the demands of the insulin levels

.ivzC, thereforc 1leading to the unset of hyperglycaemia.
In the third phase, both the pancreatic and plasma insulin
ecrease, with beta cells losing their function as they
*generatv and necrotise .

The sulphonylureas are the mann anti-diabetic compounds
used in treating NIDDM. They act as stimulants for the
release of insulin from beta cells. Drugs with mechanism of
.. ion siiflil3; to sulphonylureas will therefore not be
_ . .miv:iuririg the third phase of pathogenesis of diabetes
.n the db/db sionse The flavonoids were found to maintain
lisma glucose levels of the NIDDM models even when they were
as old as six months and might have been in the third phase of
the pathogenesis. The flavonoid extract somehow maintain the
teta ceil function. It therefore seems to work with a
Yi:fsrent meohanism from that of the sulphonylurep.s allhough

“:oth manifest their effect within hours of admini-
stration.

ilepat c, rathur than peripheral insulin resistance " is the
mojor Tfaolor responsible for fasting hyperglycaomia in the
NIDDM (Campbell at. slL., 1988). High levels of glucose in the
fasting state is mostly due to la k o0f hepatis suppression of
glucose production, and less glucose uptalie by extr3hepatic

e - Z:nce thn fi3vor;oid extra t suid not icduce the

nigh fasting plasma glucose levels, a most suitable mechanism

cC act!on For the fiavonoids night be the stimu3ation of the
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~xtrahepo tic tissues to take more glucose since marked
reductions were observed in the non-fastirig plasma glucose
levels. Thus the effect of the Tflavonoids is not to suppress
glucose production in the livefc but rather on the stimulation
of peripheral glucose uptake by the ex.trahepat.ic tissues.

In all cases, that is, for both the short-term and the
1or.g-lexd, and for all the treatment groups, that 1is, normail,

and NIDDM models, the extract could not reduce the
fasting plasma glucose levels significantly whilst it
manifested itself within hours of administration in the non-
fasting models. Unfortunately, however, the unavailability of
"rsulin kit prevented the correlation between the plasma

e le"inction with that of the insulin levels. For
instance, in normal animals a correlation exists between
"lasma glucose levels and the circulating insulin levels such
that, an increase in plasma glucose level results 1iIn a
corresponding rise in plasma insulin levels. However, the
extract cannot be said to work by stimulating the release of
insulin alone since the old db/db mice with no functional beta
jeljr had maritest rcductions in non-fasting ptasma glucose
Levels.

Liver glycogcri level was investigated to find out. the
sFTdct [o]} the flavonoid extract on hepatic glycogen
’epos ition For instance, if the levels were to increase in
the presence of the extract compared to the control animals
then one would be in a position to attribute the reduction in
:1"nn &lucose p3rely to the production or deposition of

J-yoogen .in the liver In both the short-term and the long-
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term effects of the flavonoid extract on the IDDM model, no

ignificanfc differences were observed in the glycogen levels

between the test mice and the control mice. One can therefore
state that, the extract does not work by promoting the
deposition of glycogen in the liver. In the case of the NIDDH
rods 1, the glycogen levels were determined for only those
- na- LV,0 long-term effect of the extract. Results
showed that, the glycogen levels in the test mice were not

significantly different from the control mice as shown in
Figure 6. This confirms what was observed in the I1DDM models.
However, it was observed that animals with higher levels of
plasma glucose always had higher levei.s of glycogen, whether
the animals had been given the extract or not. This is
ri;;tional evidence to the proposition made above, that the
t.3.01 i no effect on the metabo lism of the liver.

In the evaluation of a possible toxic side-effect of the

flavonoid extract, only the models studied for the long-term

:ffeot of the extract were used. In these investigations, the

plasma GGT levels of the test mice were compared with those.of

the control mice. The results showed the same GGT levels for
7N13. three treatment groups, implying that, there was no
itle rj-image to the liver To find out whether a defective

kit might have been used, human plasma from different subjects
xere analysed . The resulls (not included here) showed very
marked differences which showed that the kit was in good
order. In the case of the renal function test, the creatinine
levels of all three treatment groups were comp"arable with that

of the te 1 mice being slightly less than that of the control
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mice. Tliis suggests that the exllaot dad not affeok the
kidney adversely, making 1its administration safe This
eon firms earlier reports that, the f3avonoids are non etoxic
and that they are totally absorbed and rapidly metabolised in
hunans (Addae-Mensah, 1992).

Drugs which help the body to return to the normal state
B.fter a dlsease must be excreted, and the meehanism for its
excretion involves a hydroxylation reaction catalysed by the
NADPH cytochrome F450 monooxygenase system which is inducible.
Piabetes is also Kknown to induce its own cytochrome P450
177/; Kcagents for the determination of the C7P were not
available during the period of study. However, since the
reductase is part of the monooxygenase complex, measurement of
4he reductase activity was used as a measure of the effect of
the flavoneids on this elimination process.

The total liver microsomal protein and the reductase
activity were measured for mice set up to study the long-term
mffstts of the extraet. The resulls showed that in the IDDM
models, the test animals which, were given the extract had
\J al minrosomal protein levels compajable to, ol higher than
the levels found in the control animals (Figs.3(f&g))
However, the reductase activities in the test animals were
found to be 2-4 fold less than those in the control animals.
Diabetes-inducible CYP, termed P450DM exists, and changes in
Fhr activity of the microsomal mixed function monooxygenase

\ _tem in rats suffering from diabetes have also been detected
CFunae e L- xX,-, 1988) Since the flavoprotein Leductase is a

component of the monooxygenase system one may regard the
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reduction in rod#otase activities as a redurtion (to normatl
values?) of the increased drug metabolising system in the
diabetic. Basal NCCR levels in the non-diabetic mice would
F2vc conf Lizedd the above . However, due tothe smailler number
of experimental animals during the period of study, this level
touid not be determined. It is therefore recommended that
further work be done on the NCCR levels of the non-diabetic
mice. This action of the flavonoid may be of some benefits to
the diabetics since the high  levels of drug metabolizing
enzymes may account for the high Inactivation of anti-diabetic
V. u.s, thereby rendering them ineffective iin  treating
diabetes.

In the case of the NIDDM model (figs 6&7), whereas the
total microsomal protein level of the test animals was
comparable to the control animals, the reductaseactivity of
the test animals was2-10 fold less than in the control
animals. This, again, confirms what was obtained in the I1DDM
studies; that the extract iIs a potential suppressor of drug
metabolizing enzymes involving the cytochrome F450DM isozyme.
The flavonoid could therefore, be wused synergistically with
other anti-diabetic drugs in the treatment of diabetes. The
fact that the flavonoids didnot induce specific drug
metabolizing enzymes for their own metabolism and subsequent
elimination from the body 1iuplies that theywil! be able to
stay for a considersbie 1ength of time for the:r effect to be

It is recommended that 3 study of the possible
interactions of the flavonoids with the cytochrome P450

, -0lein in diabeti.cs be iInvestigated . Also baseline levels of
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cytochrome P450 in non-diabetic mice, STZ-induced diabetic
nice and genetically diabetic mice could be included.

In conclusion it could be said that the flavonoids
extracted from B. ferruginea. have been established as anti-
diabetic agents. They were not hypoglycaemic, but potentially
good anti-hyperglycaemic agents. Their effect of reducing
plasma glucose levels was much more pronounced in the HIDDM
model than in the IDDM model. The reduction in the plasma
glucose confirms the observations made by other workers using
the crude extract (Ampofo, 1977) and the active component, the
flavonoids, (Addae-Mensah and Munenge, 1989) of the plant.
The flavonoid extract has been shown to be a very good
suppressor of non-fasting hyperglycaemia, most probably
because of an effect on glucose uptake by extrahepatic
peripheral tissues. Ho toxic side-effect of the extract was
observed. Also found was the fact that, the flavonoids
suppress drug metabolising enzymes, possibly the ones induced

by diabetes.
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Appendix la: Calibration Curve for Liver Glycogen
Determination.

INTEGRI pROCEDAMUYS

Glycogen Concentratlon(mg/ml)
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Appendix Ib: Calibration Curve for Liver Microsomal Protein
f¥termination

INTEGRI pPROCEDAMUS

O 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Protein Concenfration (mg/ml)
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Appendix 2

A " Ic result of the Statistical Analysis used in testing for significant
1-x"Sereces between and within groups.

mAY /VARIABLES BGL by Hour (10,17) /RANGES DUNCAN.

age 4 SPSS/PC+ 9/7/93
------- ONEWAY
Variable BGL Blood Glucose Level

3y Variable HOUR

Analysis of Variance

Sum of Mean F F
Source D.F. Squares Squares Ratio
Prob.
Between Groups 7 401056 .7438 57293.8205 1.8855
.1049
~Athin Groups 32 972382.7000 30386.9594
39 1373439.444
Page SPSS/PC+
9/7/93
——————— ONEWAY
Variable BGL Blood Glucose Level
By Variable HOUR
Multiple Range Test
m rroce” lure
os for the .050 level -
8 13 3,19 3.24 3.29 3.32

ranges above are table ranges.
value actually compared with Mean(J)-Mean(l) is..
123.2618 + Range * Sqrt(I/N(1) + 1/NQ))



