
































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 Comb re turn mu cron a trim are known to be 98% 

effective in combating the guinea worm disease (Ayensu, 1978) 

The Qc.imj.uri £.r.at.i.ss.im.um leaf or whole plant is known to be very 

effective against diarrhoea and the use of Aŝ id.irjacht_a i.rulxp„a 

(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 sue It as asthma, hypertension, anaemia, piles and 

d i ab e t e s .

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 tarm in-con taining 

plant extracts containing a3.kaloads 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 is therefore 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 D_e_sjriod ium a. d s c e n_d.e.n_s_

(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 3 c hw arts man, 1992) Studies on I.n.d.ig o_f_e_r_a. a r_r_e_c_t_a . 

an anti-diabetic plant, indicated that an aqueous extract

administered orally, significantly lowered blood glucose

levels during the first 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 fasting normoglycaemic rats The plant, 

however, did not prevent the rise in plasma glucose after an

oral glucose load in these rats ( Nyarko e_t_. sJL. , 1993)

£uj..D_ejin_s_£ has been investigated for its insecticidal 

properties (G-bowonyo and Candy, 199 2a 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 &aĵ uiJD.£LleiLta has shown that the crude extract is
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v e ry active aga in s t ma 1 a r i a 1 p ar a site s . C 1 i n i c a 1 t r i a Is 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 used 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 isolated from the plant (Addae-Mensah eJ*. 

sJL. , 1977). Two of these 20 amide alkaloids, namely wisanine

and dihydrowisanine show significant tranqui1 lising and 

sedative activity by causing test mice to sleep in 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
1 i,' ii■ - i,■ 5: .treatment are L. ar r e c t q, and,< &. f.e.r.r_ug.in_e.a. Trea tmen I; is

done, by orally admin is t ‘JtH' ’ kqueous extract of the plant

material to patients for specific periods. According to

Y- e r s onn el at the C en t r e, aq u e ou s ex t r act s fro in t h e s e two

plants have been preserved to last longer

j In Nigeria, it has been reported that the crude aqueous

and 1m e t han o 1 i c e xt ract s of t he 1 e av e s of R . £ *rru £ i oea



significantly lowered plasma sugar levels of fasting albino 

rats (Iwu, 1980) However, the extract failed 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 (Iwu, 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 is really anti­

diabetic it is better to use diabetic animals which have 

glucose homeostasis. The overall aim of this study is to 

evaluate the efficacy of the -'flavonoids as anti diabetic 

materia 1 s using two sn ima1 models, wh ic h represenI the two 

ri a j o r typ e s of d i ab e t e s , t ha t is, the IDDM a rid h 11 e N J PD H . t o 

test for possible toxic side effects of these flavonoids, and 

how they affect the detoxifying enzyme system of the test 
animals.

6



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 functional insulin or i.t;s 

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 g luconeogenesis by 

inactivating pyruvate carboxylase thereby ensuring that there 

is no conversion of non-carbohydrates to glucose. Insulin 

roes not directly regulate hepatic glucose uptake, since 

glucose enters hepatocytes in 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 

r; t i mu 1 a t i n g glycogenosis and a 1 s o 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 is diverted to LriacyIglycerol 

synthesis (Bailey and Marks, 1989) In the absence of insulin 

ri vifore, a 1 ] the above processes will proceed at very low 

rates with a concomitant increase in 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/d I in

i c c:r a 1 hu ,uan s , bu t mu oh higher levels are routinely f ound i n

r a ients with deficient insulin action. At piasrna glucose 

1 -'“I above 180 mg/d 1 (lOmH) (hyperglycaemia) the urine volume 

is increased owing to osmotic diuresis and coincident 

.■Lligatory water loss (polyuria). This in turn leads to 

dehydration, increased thirst and excessive drinking 

;polydipsia) as well as sugar excreted in urine (glucosuria) 

i'z the disease persists, blood vessels can be damaged, leading 

. .■ l-.-eart diseases, stroke, blindness or kidney failure.

The "orId Health Organisation (W.H.O ) has reported that 

th " least 60 million people in the world suffer from diabetes 

J whi1st its preva1ence in most Western communities is

e 31 i TO a t ed at 2-5 %, it is now kn own t h a t i n some d e ve 1 op i n g

P ,'pn 1 a t i on s i t  c an reac h 10% or even 20% (Gyesie, 1992) In 

0 h an a, for instance, the rate i s., f ou nd to be i n c r e a s i ng . I n 

i. t w? es t imated that Gha.na., wi th a population of abou t 

j.5 mi 1 1 ion had about 2 0 , 0 0 0 d iabet ic pat i ents, that is, abou t 

•) 1 S' of the popu 1 ation . A prevalence rate of 0.2-1% of the 

general adult population has been Found by various



investigators (Dodu, .1953; Dodu and De-Heer, 1964; Own so,

1973; Owusu, 1976; Dodu, 1978) In 1992, it was reported that

about two people out of every hundred people in Ghana were

t'llsbetic, that is, about 2% of the population (Gyesie, 1992)

1 r Ghana, it has been found that the incidence of the disease 

is equal in both sexes with the prevalence of the diabetes

increasing with age, with a peak frequency of onset in the

fourth and sixth decades.

Diabetes remains a serious and increasing problem due to 

the fact that the actual cause of the disease is new

unfolding. Several factors have been implicated; from genetic 

environmental. The important influence of heredity

supported the notion that diabetes mellitus was an inborn

:’i-■order leading to abnormal generation of pancreatic beta

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. aJL. , 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, immune reactions, inflammation, stressful

' actors such as emotion a} distu r ban ces and rarely n eop 1 as t i c 

. n on om en on (Rot b e r and Rimoin, 1981; Ro 1 f e , 1991). At

present there is no known cure for the disease apart from the 

reduction of the symptoms (Ross aJL. , 1976; West e_t_- al- -
1931; Rolfe, 1991)

) :i .ibe t os t her efore d era and s a1 1  en t iori because of its 

effect on the health of many Much effort would be needed to
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)■ esearch into, and find a cure for the disease with special 

reference to what our environment and situation can best 

offer. For us 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 

.'fliong obese adults (Murray e_l_. aX. , 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 ir> s when t r e at men t is wit hd r awn (Rolfe, 1991).

1 ■ P.. 1 Ln.su.lin.rd ep enden t diabetic me 11 i tus (IPDM >

IDDM is usually characterised by the abrupt onset of 

symptoms, insulinopoenia, proneness to ketoacidosis, and 

dependence on insulin therapy to prevent ketosis and to 

■ iiI.: i.in liJ'c. W hi I (; c 1 ?)!<:: ,i r:i 1 I y I. h i :: 11 i n I«f ■ I. type imjciii:! in

juveniles, it may appear at any age (Bennet, 1983) Insulin 

i a j i I i t a t e s the transport of the metabolites of digestion into 

tissues dependent on it from the plasma. In its absence,

l fj r g e am on n t s of g 1 u c os e bn i 1 d s up in t h ft pi asm a an d is

unavailable to be utilised by the tissues. Gluconeogenic

activity in the liver increases to make up for1 the apparent 

Lack of glucose in these diabetics. It is known that, when 

insulin is present, the concentration of cell protein is 

ii -o.m e d  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, in majority of cases, to 

■ : eo'.'nt for the high susceptibility of the patient to

infection and delayed wound healing (Weringer £i_. al., 1981)

Another feature of I DDK 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 

. = r. c r e a t i c beta cell d a mag e . It was b e 1 i e ved that t he d amage 

was probably due to viral infections,, toxins or antibodies, 

effect ing a p r e vi ou sly normal pan c r eas Inf 1 airmiat ory 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.i6ns are 

known to be one of the environmental agents that produce

■ 1 ective 6amage to the bets cells of t he pancreas (Rother and 

Rimoin, 1981; Murray e_L. 3,1.■ . .1988) Current advances in

i./:fiu no logy, have led to the important recognition that 

i■ at ien ts with juvenile-onset d iabetes have islet cell

antibodies in their circulation that mediate both humoral and 

cellular immunity (Atkinson and Maolaren, 1990) The findings 

nre that IDDM is the resuIt of an auto-immune, or self-



. !.i recited attack on the pancreas. The attack does not, 

no w  ever , affect t he ma j o r i I: y of p an c r e a t i c cells, which 

reorete digestive enzymes but instead it restricts itself to 

the hormene produ c i ng cells. It is a 1 so 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 

n•; the remainder in 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 pati en t s , hav e nor ma1 or ab ove normal levels 

of circulating insulin. The defect, however, is primarily one 

-jf insu 1 in resistance of the periphera 1 tissues rather . than 

lack of insulin. Insulin resistance is a condition in which 

there might be a decrease in the number of insulin receptors 

■ ?: t he af f :ln i ty of t he r eocp tor s f o r I: he hormone (Har r is and 

'ri sbb , 3 382). Thi-J f inding 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 

t h e p r eva .1 en c e of N T DDM ( S a 1 an s 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 in 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 ketosis. 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 cases of 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 ‘of 

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 cJii novo liver synthesis of 

fatty acids and triacylglycero1 from excess calories 

stimu 1 ated by the hi.gh g 1 ucose level and high level of insulin

■: 31 her t ha n i n c r e as ed lipid mo b i 1 i z a t ion f r om t. he ad i p o s e

tissue. Unlike IDDM, no ketoacidosis is observed since 

uncontrolled lipolysis is not a feature oF this diabetic state 

.(Delvin, 1982) Repeated pregnancy, menopause, infection.



illness and ageing are implicated 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 d i a b e t i c
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 

jf glycogen. It also activates glycogen synthase involved in 

the synthesis of glycogen. In NIDDM, insulin is present and 

therefore glycogen synthesis is expected to occur In IDDM, 

t here is a r e 1 alive o r ab solute deficiency of insulin and 

.rn-ref ore 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 ret icil&iim.l and: is made up of, at least, two
m m m ' itypes o). proteins; a ’ fTlaVopSotein , NADPH-cytochrome P450 

reductase and a haemprotein, cytochrome P450 (CYP) Oxygen is 

the final electron acceptor in the system; one atom of the 

oxygen gets inserted into the substrate (the drug), usually in 

» hydroxy la t i on 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 

i J'j iJ:. ion to the d i abet es -induced CYP, the flavonoid extract 

(drug) also induces another CYP for its own metabolism, or 

rather inhibits the induction of the diabetes- induced CYP

1.3 IfiEmEfiI_DZ_JD.IARE.X£a

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 so mo amount of it.'3 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 I n s_u.l_ii!_ad nd rdj3JLrjLti_an

IDDK patients who are deficient in the hormone are put 

'■n daily insulin injection. The type and quantity of insulin 

ris 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

. ear o h i s u n d e r w * y t n find a mo r e 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

rri an ufacturers are p e r f o r m i n g cl i ri i c a I t rials o f a n e w f o r m of 

?. n su 1 i n t ha t c an b e t a ken orally T lie n e w f c i m uses 

r, e r, & t i c a 1 1 y engine e r e d h u rn a n i n s u 1 i n m ole c u 1 e s p r o t e c t e d b y a n 

cu ter wrapping of f a1 1  y ce 1 1  s t ha t are gi: adua 1 1 y broken down 

-■ ■: velease the insu 3 in in t he sma 1 1 in test ines where it is 

absorbed in the blood (Mennun, 1990) .
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1.3. 2 Oral, hvpoe iyji&fijn i_o__dxu£3.

Oral hypoglycaemic agents that are effective in the 

man axemen t of the disease in NX DDK 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 

'■ j: -_*ir responsiveness to sulphonylureas, These drugs are also 

limited in use due to their clinical hypoglycaemic side 

effects. Some of these side effects are found to be fatal, 

especially the impaired counterregu1atory response in NIDDM 

pat ien ts.

The biguanidiries are another type of oral hypoglycaemic 

agents which are believed to increase the utilization of 

r :■ o s e by t h s t i s su e s w h i .1 e d e c r e as ing hep at i c glucose ou tpu t 

r-. i t hou t glycogen s t orage . The b igu an id ines ar e however kn own 

: cause lactic acidosis (Lebovitz and Fienglos, 1983; Lewis 

end EIvin-Lewis, 1977) A synthetic fatty acid analogue known 

as 2-tetradecylglycidate (TDGA), is involved in long chain 

fatty acid oxidation with a resultant lowering of blood 

glucose levels in several animal species (Lee si. aJL. 1982) 

TDGA ac ts by irrever sibly in hib iting the ac t i v i ty of earn it ine 
f s. 1 ;i)itoy 1 !.ransf erase .

1.3.3 DJL®_£.a r .y_ <j ai lLvjj 1

The- f I if 11 ■ "I ;'n f > I - r •:: t ■ i-jilir-iil. inn f: I. 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 f i ~ z y d r j. n ks su c 1'j as coca c o 1 a. an d ale o hoi . H a t u r a 1

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. In a survey conducted

at the Nutrition unit of the Noguchi Memorial Institute For 

Medical Research, plasma glucose response to five Ghanaian 

fo od s wer e dote rmIned i n nine ma 1 e non-in su 1 in dependent 

diabetics in the form of mixed meal. All these nine subjects 

or. t r o 11 e d t h e i r d i ab e t e s w i t h d i e t alone. T he ob s ervat i on s 

wsre that, Ga ken k ey, rioe and big, green piantains could be 

ideal for diabetic diets in Ghana (Brakohiapa gji. aJL• . 1993.)

According to the authors, this finding, is similar to that 

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

1301). The reasons why these foods produce least post- 

Visndial rise in blood glucose levels is yet l_o be 

investigated. However, the high fibre content may be a factor 

(Brakohiap a -• p e r s on a 1 o o mm u n i c a t i on )

1 . 3 , 4  An J J L z u l J i  e rh a  JL p,r,eM Lgafc.ip.a s

The s e a r c h £ o r n e w an t i - cl i ab e L i o ag e n t s has extended to

the invest igat ion of tradi t i onaI p 1 an t med ioines . More than 

.10 Q d i f f & r e n t pis n t s a n r 1 pi a n t e x t r a c t s are reported to 

possess hypoglyoaem ic 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 an t f as .i lies are f ou ri d t o b e resp on s i b ] 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

's i tosteryl-D-glucoside isolated from the bark of F i rub 

re_lj-jgiflSft also shows hypoglycaemic activity (Atta-Ur-Rahman 

and 1 aman, 1989) In Madagascar, South Africa, Philippines, 

Jamaica, India and Australia, Cl. r,o_s.e.us. 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 

:■ : c i ab e t i c p rope r t y . T y p i c a 1 ex amp 1 e s are I.. a rrpj t.a. £.

f£.nr.u g_in_e_a (Z i n g i b e r a c e a e ) , M y r i a n t_hu s

*zbiir_e_o_u_s. (Mo 1"aceae) . &xlXJlqg1&is. t_a. rjsJt.iug.Ii (Loganiaceae)
ri n d C at h a ran t Vi n s £_q_&£.U£ (Apocynaccae) ( A y e n s u , .1.9 7 8 ) At the

CSRPM, decoctions of 1. a.zjL&s?±& and Q.. £.e.r_njg;me.a are

dispensed as ant i--d i abet ic preparations. In- the case of L. 

arr.fir.cia. a concentration of 2 0g/l extract is prepared by adding 

20g of the leaves to one litre of boiling water This is

further boiled for 20 minutes, filtered and cooled. This is
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th5ti used as a substitute for wa.ter For B.. ££xr_u£ in£& 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 I., arrect_a extract was found to 

prevent the development of hyperglycaemia in the genetically 

“ ; ?’'.'atic in ice (db/db mice) without any adverse effect (Gyasi, 

1983; Sittie, 1985; Quaye, 1986; Addy £±.. sJL. , 1992).

On oral administration to normal fasting rabbits and

rats, flavonoids of B_■ f.e_rir_u£in.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). £>.

f.or.rug.ine.a is a typical example of such plants whose anti-

hyperglycaemic effect is not well known. It is therefore 

h ■■ ped t hat, t he r esu 1 1 s of t his pr esen t. s tudy w:l 1 1 enhan c.e the 

interest and further research on the plant.
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i 4 Bji XJIEA

B.r.i.d e l.i.a fj£ixti£JLri.£a. (wild, cor r . spr eng . ) of the family 

Euphorbiaceae is a widely used plant in West Africa. For

example, in Togo the root bark is used for 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 

1 -r s nter y an d d i a r r ho e a , f o r f e-trer s , head aches, stiffnes s an d 

rheumatic pains. A decoction from the root is also used 

.•.gainst gonorrhoea, whilst the leaves are used against fever, 

and as a mouthwash (Addae-Mensah, 1992 ).

j3. Cnr: ruling a in combination with L. arr ecta 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 fastin£ blood glucose levels of albino rats, but failed to 

protect the animals against alloxan-induced diabetes (Iwu, 

."£80) as aiready mentioned Inits preparaIion 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. rnyr ice t in-3-0-fi-gin coside 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 

metabo1ised in humans. Rut in and 111e other f1avonoids are 

therefore potential anti-hyperglycaemic agents needing further 

investigations. A typical structure of a flavonoid is as 

. rown below:
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( a )  R, = R2 = H for Quercetin 

( b ) R1 - G 1 u . R;z “  II for Qu e  r c i t r i n

(o) Ri = Glu-Rha Rz = H for Rutin

fd ) R1 = Rha. R2 = OH for Myrici trin

(e) Ri - Glu. Rz = OH for myricetin-3-o-P-glucoside

(f) 0 1 - Me R2 H for 3-Metbylquerc01in



1 5 D RU.CL_T£ X I£J._T.Y_T E ST S

Toxicology is 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 

v. :<y say that there is no clear-cut d if f er ence between a drug 

and a poison. This is because a drug, administered in doses 

that alter physiological function in order to produce a

desired therapeutic effect, may produce toxic or harmful 

effects if greater than t he t her ap eut i c quantities are 

3:! Jii ini st ercd

I n t he ad tn in i s t r a t i on of a d r u g , t he t her ap eu tic index, a 

measure of the drug s safety becomes important. Thus the 

concentration of the drug at which 50% of the animals tested 

v 11 be killed ( LD a a ; c an be used a s a ine asu re of toxicity

Another important index of toxicity involves damage Lo vital

organs such as the liver and kidney

A e a L s ^ a n d  .chxfiaic. _toitijii.ty_Le.5Lts 

Acute toxicity refers to the harmful effect of a drug or 

3j. agent that manifests itself in seconds, minutes, hours or 

' J ay s af t er entering the patient, wh i1 st chronic t ox ic ity 

entails a long-term harmful effects of an agent weeks, months 

and years after entering the patient. The number of times the 

-Jr ug is a d m i n i s t e r ed c a n a 2.co r e su 1 1 in ucu te o i: c h r  on ic

V-xicity The results of chronic and acute toxicity

experiments together with other information including those 

d e r i v ed f j:- o m p h a r m ac o it i r i e t j. c s , t e r a t o g e n e s i s 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 in toxicity 

tests and is needed to determine the margin of safety of a 

p. \ v - n co sir ou n d . I n t h e s tud y 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 

*■-ten possible damages to these vital organs would be observed 

and its administration as a therapeut ic agent 1 iinited or 

abandoned.

1.5.2 I, iver fun ction test

The liver plays a major role in enzymatic transformation 

i r:d disposition of drugs. Many drugs will undergo limited or 

i an L tr:ansf ormat i on r esu 1 1 :i.ng in t!ieir accumulation and 

undesirable effects upon the liver The drug's adverse effect

•jn the liver disrupts its function and therefore one can
-■ ■ {[

measure liver function test as'a test of toxicity of the drug. 

7 h e liver cont a in s c e rta in sp6o A f ic c o mpoun d s and enzym es and 

tlierefore when it is damoged thece compounds and enz y me s are 

r e 1 e as ed into t he biood ci r cu1 a t ion 1e ad i n g to elevated levels 

o 1 t hese r;ojupound s and ensymes in th e p 1 a.sma .

A combination of 1 abo?: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,'ie bilirubin then forms a loose association with albumin in 

the plasma, and carried to the liver to be conjugated with 

£ Incuron ate, the product of which is more soluble for easy 

excretion into the intestine 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 liver 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 in muscle. It is 

predominantly located in the cell membrane and may act to 

. 3  n p  o r t am i n o ac i d s an d p ept ides into the cell i n t he form 

of gamma glutamyl peptides. Gamma glutamyl transferase 

activity is e 1 evated 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 Rfi.n.aJ— 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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C H A T T E R  2

28

MATERIALS AND_METHQDS.

2 . 1 ft&IERIj&LS.
2.1.1 An.ijti9. l.s.

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 from the Jackson 

T:?fcoratory 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 used, when the animals were purchased 

and used without breeding. Some of the non-diabetic

Jittermates of the mutant diabetic mice and the albino mice 

Ti the NMIMR were used for the induction of the Type I 

diabetes. All the animals were fed ad Lih.iJt.um on pelleted

animal feed from the NMIMR. The composition of the feed was

4 0% wheat bran, 40% maize, 2% fish meal, 17% cod liver oil and
17- sodium chloride.



2.1.2 E£ji^ui5_^ui_cJismjx,.a.l£
Glycogen, hydrochloric acid, potassium dihydrogen 

}■■!. o s p hat e , s od i ura c h 1 or id e , sod ium c i t r ate, sodium hyd roxide , 

sucrose and Tris-(hydroxymethyl)-aminomethane were purchased 

fro ei F Ink a. Gar an tie 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, U.S.A. Potassium chloride was

:.nohased from May and Baker Limited, England. 

Ethy1enediaminetetraacetic acid (EDTA) and Fo1 in-Cioca]teau 

Reagent were purchased from Hopkin and Williams, England. 

Creatinine, glucose and gamma glutamyl transferase test kits 

were supplied by Randox Laboratories limited, Ireland.

-.1.3 E.1 a, y an aid. txaai.

The extract made up1 of Quercet in - 3-neohesperidoside 

( rutin) and other flavonoids extrac t ed f rom B_rj d_eilia 

" r-rnginea leaves, was provided by Ivan Addae-Mensah of th.e 

Chemistry Department, University of Ghana.



2 .2 MEXHQIia
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2 .2 . 1  I nrl u c t inn nf d i a b_e t e s

For the model of insu1 in-dependent diabetes mellitus, 

non-diabetic littermates of the mutant strain C57BL/

Xs J m+/+db, and albino mice weighing approximately 20-30g were 

used. A freshly prepared solution of streptozotoo in (STZ) in 

ImM citrate buffer pH 4.2, was administered intraperitonealJy 

in a volume of 0.2ml for five consecutive days. Each mouse 

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

L.he five c'̂ .ys.

2 .2.2 ILI-tJxi is.tx a 11 a n . .oL 1  lazon q id &x.t;c a&. t

A frsshly prepared solution of the flavonoid in 0.85% 

sJ: e r i 1 i z ed s a 1 in e s o lu t i on w a s ad ministered in t r ap e r i t on e a 1 1 y

in a volume of 0 .5m1 to the test an imaIs. The control mice

received 0.5ml of the saline solution without the extract. 

Ksch test animal was given lOmg of the extract per kilogram 

* ■. c!y weig.hi . oubsoquen1 1 y some mice were given 2 0mg of the 

e x t r a c t p e r k i 1 o g r a m b o d y w e i g h t .

'/■! i t h r e s p e c t t o t h e diabetic .r:; t a t e t h & r e were various

' r e a t m e n I g r o u p s a s f o 1 1 o w s :

( i ) Von-d iabe t ic mice of s train C57BL/KsJ in+/f db or albino 

mice as one type of contro.1. m ice without the symptoms 

of diabetes.

* i ) STZ--induced diabetic mice as the model for the

i n :-z u 1 i n - d n p a n d e n t d i a b e t e s m e 1 1 j. t u s .

O i i >  Gerieti caJ ly diabetic mice of strain CS7BL/KsJ and



g en o typ e -Kl b/d bf , as the m od el for the non-in su 1 :i n dependent 

d i ab e t e s in e Hitu s .

In one type of treatment schedule set up Lo investigate 

the short-term effect of the ex I", r au t, t he extrac t was 

administered only once to the test animals followed by glucose 

m onito r in £ a t hourly or half-hourly intervals. This was done 

for all the three different groups of mice with respect to the 

(■; i abet ic r.: to tes ( io j , i i , i i i 3bo ve)

Another type of treatment schedule was set up .to 

investigate the long-term effect of the extract. A set of 

mice of the in su 1 in-dependent diabetes mellitus and an other- 

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

fl’ -X3.ma__£ 1 3 e determinat ion

Blood s amp 1e s collected from the tail ve i n were 

centrifuged using the Beckman microfuge for one and half 

n in u t e s 1 a ob t a i n. p 1 asma . Samples of pi as ma w e r e u s ed to 

me a sur e g lucose by a g 1uc o se oxidase met b od, using t he Be ckman 

Glucose analyser II as follows: A precise volume of lOul

sample was manually pipetted into enzyme reagent in a cup 

■ 1' 0 i.n i.ns" an e 1 ec t r odo t h3 t r esp0nd s J.o oxygen c0n cen I; i a t ion
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The rate of oxygen consumption which its directly proportional 

t o the c on centrat ion of g 1uc o se in the samp 1 e was di sp 1 ay ed as 

a d i reel J. e ad ou I: in m i 1 1 igr am of glucose per 1 00 millilitres

(mg/dl). 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.'-:?.1: described in the Sigma glucose kit. This method is a

quantitative, enzymatic (Glucose oxidase) determination at 

3.1:3-475 nm. The procedure is essentially that of Raabo and 

Ter lei Id sen (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.-rsa.LCent solution and the contents mixed thoroughly The

enzyme solution contained glucose oxidase from Asoer£Li 1.1 u_s. 

.sigJ5X, peroxidase from horseradish and buffer salts. The

colour reagent was made by reconstituting o-dianisidine 

d ihydrochioride provided in the kit with 20 ml distilled 

water. The combined enzyme-colour reagent solution was 

p repa red by c omb in ing 1 00 ml of t he enzyme solut i on and 1 . 6  ml 

: o 1 ou r r & ag en t sol u t i on. T h e t es t tu b e s were in c u b a t ed at. 

?}7°C for 30 ± 5 minu t es or a t i oom t eiripera tu r e for 45 minutes.

At the end of the inoubation period , a 1 11 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 beIow:
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P1 asiria g 1 ucose (mg/d 1) -- Test sample/ Standard x 100.

2.2. 4 Liver g ly psigg ri deter m io&ijjiD.
The procedure used is 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 GCjT 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 ml of 0.1 M ice-cold citrate buffer, pH

4.2 and sodium fluoride (HaF, 0.25%) The difference in 

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

1 1. e m  i n ed u s i n g t h e Bee km an glucose an a 1 y z e r or the Sigma

glucose kit as described above. Ten milligram amy .logluco- 

id as e p o w d e \: w as t hen add ed to each homogen ate and the

mixture allowed to stand at room temperature overnight. Total 

glucose was then determined for each hydrolysed homogenate and 

the amount of g 3 u v. o e  eg u i v a ] a n t t u t h e g ly c og on c o n t e n t of

the tissue was o b t a ined by sub tracting initial free glucose

-alue from the total glucose value In determining the 

glycogen c-onton t of the liver samp 1 es , a ca 1 ibrat iuri curve f or 

glycogen was prepared for each series of determination using 

differ en t con c en t r a. t i on s o f commo r c .i. a 1 g 1 y o ogen . hyd r o 1 ys ed 

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- 

'■r-rm 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 frozen below -70°C if not used 

immediately. The frozen tissues were thawed, placed in ice- 

cold 0.15M KC1 and homogenized (4ml/g wet weight) in lOmM 

"ris-buffer, pH 7.5, containing 0.25M sucrose. The tissue 

homogenates were centrifuged first at 1 0 ,0 0 0g for 2 0mins at 

4cC. The supernatant was centrifuged at 100,000g for 60mins 

at 4°C and the resulting microsomal pellet resuspended in 0.1M 

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 
** :■ oribed below

2 .2 . 6  Protein con c ent ration

To 50u1 microsomal preparation, 5m1 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 

iriTi-'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 using 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.
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In a preliminary assay. HCCR activity was measured in a 

3.5ml solution c on t a in i ng 0 3M p o t ass i um phosp h a t e buffer pH 

7 4, ImM EDTA, 13GuM cytochrome c and 50ul microsomal 

preparation. Subsequently the volume of microsomal

pr_eparat i on was ad justed t o c ont ain 0 .3 - 0 4mg protein. The 

reaction was initiated by adding 20ul of JOmM NADPH. The 

'ncrease in absorbance at 550 nm. was recorded at 25°C for 3 

minutes. The amount of cytochrome c reduced was calculated 

using the extinction coeffii'DiB|it{{ of 2.77 x 107 cm2/mole.

2.2.8 C a n a  glutamyl transfBragg (GfrT 1 dtt^minntinn

The procedure used was the one found in the R arid ox GGT 

. ;st kit. The assay is based on the use of L-gamnm-glutainyl- 

p-n i troari i ] i de as the donor substrate and g lyey Ig lyo ine as the 

glutamyl acceptor. The p-nitroani1ine produced in the



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 

’f? D h:tj o 1/1 pH 8.25, glycylglycine 60 mmol/l, L -gamma-glut amyl-p - 

nitroanilide 4mmol/l, and surfactant) This was mixed and 

iritial 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/I) = 1111 x dA<io5 /rain

2.2.9 Cxeâ t.iru.n_e’_cLe_t.exjrdrLat.ion.

The method used is based on the Jaffe reaction, which 

occurs between creatine and pierate ion formed in alkaline

medium. A red-orange adduct develops and the rate constant of

ad duct 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 

■ ■ . r rjyre. A s tandard was prepared by add ing 0 .2ml standard 

solution provided in the kit to 2 .0ml of the reagent mixture 

(picric acid 35mmol/l, surfactant and 0.32mo 1 / 1  of sodium 

hydroxide). These were mixed and absorbance of the standard, 

Astandard 1 and sample (serum), A S3 tl 111 p 1 « 1 ̂ read after 30 sec.. 

Partly 2 minutes later absorbance Aetandard2 and Asampie 2 

were read. Creatinine concentration in serum, (x). was 
ca1 ou1 ated as fo]1 ows:
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Asr.ande.rd2 ~ As; t and ard 1 - As t and arc!

Asample2 — Asamplel - Aeampl© 

x (mg/dl )  - A sample/Astandai’d X  2

2 . 2 . 1 0  S X A X IS IIC  A I^ A M L X a L i

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 resulting 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 

;’.;iEHTIST (3PPS) was the software used.
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C H A P T E R 3

R E S U L T S

3 . 1 SiiaSI__--TEiUL£FEECT 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 anima 1 was given 1 0mg/kg body weight of the 

extract. In the males, the initial plasma glucose level 

( 130.20 ± 3.5lmg/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/d1. No sign if icant d if f er eriee was f ound 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 .' rj 1 w e rc not 3 i g n i f i c. a n t ly d i f f e r era t before the start of the 

ex tract administration. As in the case of the ma 1 es no 

significant difference in the plasma glucose levels of the 

tost mice (139.90 ± 5.85mg/d) and the control mice (138.90 ±

5 . 0 Omg/ri .1) after t he t h r e e h ou r p e r 1 od ,
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itjure 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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(a ) Plasma glucose levels

Figul e 2a , shows the effect of the f 1 avon o i d extract on

as ting 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 

• xt r ac t ii?,med iat s 1 y af t cr the STZ admi.n istration, had an 

initial plasma glucose level of 166.73 ± 22.0Sms/di. This was 

.. ; i" s ig n i f i can t ly d i f f e r en t f r on t hat o f c on t r o 1 in ice 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 1 eve 1 of the test mice, 181.25 ± 18.06mg/d 1 and

the control mice with glucose level of 234.75 ± 28.04mg/dl was 

r.J: s tat is t ica 1 1  y s ign if ican t .

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

r- r « wee !■:. :• f te r the STZ in.j ect ion , in it ia 1 p lasma glucose leve 1

f t ot.h t es t and control an ima 1 s wer e very similar; 363.30 ±

15.02irig/u 1 and 365.20 ± 32.35mg/dl respectively After the

tvo h our period. s ign i f i cant difference (P <0 . 0 5 ) was found 

b e tween t lie pi a sma glucose level of the t c c t m ice (365.50 ± 

r' *. ?A tng/ d 1) an ■:! t h a t o f the c on t. r o 1 m i e (, 5 3 0 0 0 ±

mg /d I.) ft i 1 1 v I n t11 e t c s t a i; i in a 1 s , I; h e ]. e w a s n o

significant d i f f e i e n c e b e t w e e n a n y t w o m o a n 1 e v e 1 s w i t h i n t h e 

■. v o h ou r p e r i o d , h o w e v e r , w i t h i n t h e c on 1 1 o 1 an i m als, the 

ini t ia 1 g .1 uoose leve 1 of 365.20 ± 32 . 25mg/d 1 was f ound to be

s:lgnif ican1 1 y 1 ower than the 1 eve 1 of 530 . 0 0 ± 30 4 3mg/d 1

40



obtained after the two hour period.

In Group-3, in which the test animals were given the 

*■ v 1 3.c t two weeks after the STZ, no significant difference was 

found between the initial plasma glucose level of the test 

-nimals ('303.75 ± 13. 74 mg/d 1) and the control animals, (282.83 

i 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

g luc ■:*se level of 303.75 ± 18. 74mg/d .1 was s igr: if i can t ly not

i if f erent 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 

i raa 1 s, it was suspected that, the anima 1 s m ight 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 

n on - f as t iri£ P 1 asms glucose levels we r e me a su r ed

41
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Figure 2a:Short term effects of the flavonoid extract on 
plasma glucose levels of STZ-induced diabetic mice. Extract 
admin jestered ifttnediately, one week after and two weeks after STZ 
injection for group 1, 2 and 3 respectively.
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Figure 2b represents the non-fasting plasma glucose le^el 

in three groups of albino mice. The test animals in Group-1, 

were given the extract immediately after the STZ admini­

stration. The initial plasma glucose level of the test mice, 

'.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 

e s t mice (175.10 ± 12 . 37mg/d 1) 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 

. /1 1 wr-,s f ound to be sign if ican 1 1 y higher corapared to the 

level after one hour and a 1so 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 ;■ *•; hour Per iod , again no signif icant difference was 

observed between the test mice (285.50 ± 35,57mg/dl) and the

r. :■ -t tro 1 mice (319 75 ±73.70mg/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

•: l f erent. Af t e r t he t h r e e hou r p e r i od , t h e p .1 a s ma g 1 u cose 

j.t ve 1 of 1:he test mice (297.33 + 32. 24mg/d 1 ) was again not

43



ign ifican 1 1 y d i f f e r ent from the con tto 1 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.
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■gurc 2b: Effect of the flavonoid extract ori non fasting

plasma glucose levels of 3 groups of STZ- induced diabetic 
Mice . Extract administered immediately, one week after and two weeks 
after STZ injection for group 1, 2 &nd 3 respectively.
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b) Liver glycogen Levels:

Figure 2 c 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 

.lycogen 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 animals was found to be 3.74 ± 0.51% as against

4 ’’ ± 0.49% in the control an ima 1 s . This d if f erence was also

ot statistically significant. No significant difference in 

iv-?r glyc-'.gcr; level was found among the Group-3 animals. The 

iv&r glycogen level for the test anima1 s was 5.40 + 0 .2 2 % as

.gainst 4.70 ± 1.26%’ for the control mice.
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Figure 2c; Fffecf; of the flavonoid oxLract on liver
glycogen levels of 3 groups of STZ-induced diabetic Mice.
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Figure 2c. Effect of Lhe flnvonoid extroct nn liver 
glycogen level:> of :J ~rollps of STZ - inJllc.,d J iot",t i c H ice. 
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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 in Figure 2b. In Group-1, the liver glycogen 

f:.vel of J;he test aniaiaIs was found to be 2.33 ± 0 .2 2 % 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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Fijjure 2d: Liver glycogen Levels of STZ induced diabetic
Mice (Albino) in response to adininistration of the flavonoid
extract.

■  Test VIA Control



3.3.3 -Effect of the Extract

(. a :■ P 1 asm a G 1 u c o s e Levels

The results of the non-fasting plasma glucose levels of 

STZ-induced diabetic mice that were given the flavonoid

extract (2 0mg/kg body weight) three times a week for at least 

f :ur weeks are shown in Figure 3a.. The initial plasma glucose 

■ '.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— ss c? 173.33 ± 14.9lmg/d1. Two weeks after the STZ

injection, all the animals developed diabetes with plasma 

r . : c* se 1 e ve1 s above 40Omg/d1. For instance, t he p 1 asma 

oJJCuse 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

ar: i  7 3 Is increased from 17 9.38 ± 14.91 to 4 68.50 ± 57. 59mg/dl.

31 a wocks of the experimenta 1 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 ±

1 1 2  . 2mg/d 1 . In the seven th week, all the an ima 1 s :i n t he three 

treatment groups were fasted overnight and the plasma glucose

50



. 't - J m a sured an d c o rip a v e d w i t h t h e n o n - f as ting levels 

determined in the sixth week. The results are presented in 

Tigure <3b For the Group-1 mice, the non-fas ting 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 

i ' 2 . ?0 ± 122.o9mg/dI 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, 

■' t - f 3 s t. ir.s pi asm a g 3 u cos e level of t h e G r ou p -1 an i ma 1 s 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/dl.
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Figure 3a: Long-term effects of the flavonoid extract orl
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 
k Id in is tr at ion .
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Figure 3c shows the results obtained from experiments in 

which the long-term effect of the flavonoid extract on non- 

:;t ing 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-TS 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 

= ■; tract. After two weeks of the STZ injection, plasma glucose 

v ciz of C-r o up -1 an ima I s rose from 219.87 ± 23. 9 7mg/d 1 to

7 ?. 5 . 8 3 ± 33. 50 mg/d 1 w i t h levels in G r oup - 2 r i s :i. n g from 210.58 

* 23.52mg/dl to 698.33 ± 34.41 mg/dl whilst the value for the

controls rose from 219.79 ± 31.69mg/dl to 616.29 ± 27.49

mg/dl. 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

" ■■ G r oup - 2 an i m a 1 s also d e c r e as ed f r om 698.33 ± 34.41 to

570.50 ± 24.54mg/d1. The glucose level of the control animals

re as ed 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 lower than that of 

the control animals. However, the difference was not

statistically s ign i fi cant .
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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 

■-3 1. igations, the liver glycogen level of mice in Group-1 

was found 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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F i g'c : : -:i . ' i' r t • i c? r; t 'J t .■ i e i t rj; i J l  .t; o b t a i r. o :i f  r o m

sxper im£n ts in u h i ■ • !; !: 111, .1 oug t o j: in ».• f ! ■: t r - i-;c- r o von■i>:i

£•;; r ac t -‘ n t  h<-:■ &3 ! i v  ̂? g 1 y c. n v j 0 f £',rZ indu0 ed

d i a b s t i c k i c e w 01: f. n \ a 3 n e d . T h e e :i n i ir; a I •: a 1 ' t h & a n i iri a I s 

: itn  plac:ka £ 10 1 evel*: hown .in Figure o0 . kf lei seven

weeks of the invest igati-.-n.: the liver  giyot.gsn leve ls  of 

;J r oup -1 n i  c & rcas f  c u ri cl t o b e 0 4 1 4 0 . 0 5 % , 1J r c-u j: - in ice  h ad

• h  r  :■ e  v  a  I u  e  ;< w  0 r  e  n  c  t  r ;  i  g r ;  i  ■’  i  r  ■ ■? n  t  ]  y  :• f  f. e r  n  ■: j "  ; ■ r  ■ h  o  t h e  r
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Figure 3e: Effect of the flavonoid extract on liver
Klycogen levels of STZ-induced diabetic mice over a seven week 
vr. t i od .
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o ) L iv e  r m i  c r o s om a 1 p r o \. (-> i nr;:

The 1 ong -1 erm of f eot of’ t he f 1 avunoid c .»'••• • on the

ii r aicr :>soms. 1 p r ote ins (to tg.i > o 1: :? T2 inauced d is.!:■ -31 i c mice

ar e as given be 1 o w . T h e n i o r o s o &e s w & r e p r ■-/p ar ed u sing

. i v e r s o f a n i r.; a 1 c w i t h P 1 a s ni a £ 1 u o o s e s h o w n .1. - 1 .1 g u r e 3a.

i :Vi a 1 s i G i- o u p -1 h ad m i c r o s om a 1 p r o t e i n c f S . J mg / g liver

w e t w e i g h t t i c c a e ) . T h e v a .1 u e t o i: 1 1: a r c- »a p - 2 a n i n: a. 1 s w a s

f o u n d t o b e 7.40m g / £ a n d t h a t f' o r I he c o n t r o 1 in i c e w a s

& . 6 lmg/g '.Fig. 3 f  ) . Ano t hs r s e  t  oi  rj io ►- a 11- 5 n o ) given t he 

3 3.7;e treatinen t as a b o v e h a d  the f o 1 ] o wing J ev r• .1 s of liver 

:: 1 c r o s o ni a I p r o t e i n s - G r o u p - 1, 11. 5 i mg /' g , G r o u y • ■ 2 , i 8 . 3 7mg / £

ncl t h e  c-or, t r  o 1 m i c e ,  1 1 .  3 0 a;g / g  ( F i g .  ?• g  ) T h e  fc 1 o l  d g l u c o s e  

l e v e l s  o f  t  h e  s  e  a n  i  in a  1 s  a  r  & s  h o wn i n  F i g  u ?:■ e  3 c .

The long-term effect of th& flavonoid extract on

isdyctase ( N C C R) a c t i v i t y i n t h e m i r: r c g o m a 1 p r r_!. ̂ i r i o f t h e s e 

n ice are as foliows : At the enrJ ■ ■ f vhe t-n week period

animals in Grout -1  were found to havo an V,r'r ?-. activity 

: :  3.3. on t t  o 0  . 1 7  5 3  10 "  o f r o d :.:j o  ed o y o h i  cm e c p e r

m i 11 igr am m i o r o s oma I p r c t & i , G r oup 2 h ad 0 .1:. 03 S :c ' 0 - v M/mg

:: n i 3. s t t o  or. t c 1 m i o e had 3 . 8 714 x .10 ■ '7 M/mg (F ig . 3 f ). With 

he a 1 b ir; ir; i c e , t h e r eo' :.i o t a s e a t i v j. t i e.? w e r ° . Gv oup - 1 , 

0 .1264 x 10 “■7 M /mg, G r o u p - 2 , 0 . 0 7 2 2 x 3.0 '7 M / m g , a rid the

o r: t r o I m i o e h ad 0 . 2 ■. 2 7 x .1C 7! 1 / ii;g (F i g . : g )
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'/injure 3(f?.'g‘): Lon/*- term effect of the flavonoid extract on 

liver raioroisomal protein and NCCR activity.

^ albino mice
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Pidure 3 (f&g) · Lonu· Lerm effect of the flavonoid extrac t on 
li ve. microsomal protei n and NeeR activity. 

(II black non -diabetic tilterma te of db/db mic~E-8 

10 -I-----~~--·---- 100 

1.\ I .. . 
I 

80 

80 

::L • 40 

~ 0 
> ..... 

....: 

" III 
> ... ..... 
CO 
"-r 
-

-:: 

E 
~ ... 
-' 

20 

16 

10 

II 

0 

1

20 

_··- '-----·-0 
Grou p 1 GrOIlP 2 Contro ls 

N'1i NolO N·~ 

_ Prole ln (mg/g liver) I.!//.I NCCR activity (M/mg) 

Iv) albin" mic" 1E-8 
.. __ ._-_ ._------ 30 

;; 

20 

15 

10 

5 

0 
Grouo 1 Group 2 Controls 

N - 3 N • 5 N - 3 

2;JIJ Protein (mq/g liver) M NCCR activity (M/mg) 

~ 
QJ 

[ 
~ ..... 
:;: 

, 
0 
..; 
X 

~ -... 
~ 
1l 
'II 

I>: 

~ 



(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 con tro1 anima Is, had GGT level 

of 11.11 (U/I).

The results obtained for the creatinine levels in t.he 

1 -  induced diabetic mice, determined for possible toxic side 

effect or t he k i dn ey after t on wee ks of f1 av on o id 

administration, were 0.6190mg/d1, Group-2 had 0.9762mg/dl and 

1.0714mg/dl, respectively for groups 1,2 and controls.
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3 H Q J . N  PKP ENDKHT DTARfiTES STUDIES 

•' • ] Ih a x .t  - m j i  jd T .f ftc t. o f  th e  e x  t r a c t

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 and 250.80 ± 37.48mg/d] for the

■■ ■ J: r o 1 n i m a 1 s . A f t e r a n h our of the f 1 a von o id admini­

stration, no significant difference was recorded in the plasma 

Viucose concentration of the test animals (230.30 ± 17.37

.rjg/dl) arid that of the control animals (249.80 ± 44.86mg/dl)

However, after two hours, the test mice 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 

-r i~a 1 s was redv.cr--d by about 4% to 242.00 ± 23.39mg/d 1 . The 

difference between t he test and contro 1 was not statistically 

ignif icant . 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 9.04mg‘/dl. The difference

between the blood glucose level for the test and control

an ima 1 s we s found to be s t at i s t i c a 1 ly s ign i f i c an t . (P0.05).

W i h j n t. h e t o 3 t r o up, t h e p 1 a s m a glucose level after two 

hours and three hours were found to be significantly different 

:■ rom the mean plasma glucose level at the start of the study 

''■!ith the control mice no significant difference in plasma 

glucose level was found within the three hour period.
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glucose levels of female genetically diabetic mice oveir a
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Figure 4b shows the short-term effect of the flavonoid 

extract on non-fasting male genetically diabetic mice over a

u U;" e ho.j r p e r i od . Before the f 1 av on o id ad mini s t. rati on , 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 1 0 % to 

I? ' 7 90 ± ~6.15mg/dl from the initial level of 215.2-5 ± 31.02

.vjf /.:l 1. 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 

t-; I-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 tr. 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 

1 hr* iT;e3ri £ luaose levc 1 at the start of the study. In the 

control animals, no two groups were found to be significantly 
jIf ferent.
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Figure 4b: Effect of the flavonoid on non-fasting plasma
glucose levels of male genetically diabetic mice over a three
hour Period.



Figure 5a, 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 

s i-cT"! if icar; t ly different, before the flavonoid extract was 

n: in is ter ed . At the end of the three hour period, no 

significant difference in plasma glucose levels between the 

t.est an i,v,sis 187.20 ± 5 , 99rag/d 1 and the control animals,

.131.60 ± 31. 24mg/d 1 was detected.
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Figure 5a. Effect of the flavonoid extract on non-fasting
plasma glucose levels of young genetically diabetic mice over
a tvvo hour period.
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The an i t r i a l s  w i t h p 1 as  in a glucose levels in F i gu re 5 a were

F o r  f ou r w ? e ns an cl a f t e r the f o u r t h week, an o t h e j: short-

i *. effect of the extract was investigated. Figure 5b, shows 

effect of the flavonoid extract on these animals. The 

r.itial s.c?ori plasms glucose levels of both test mice with 

p l a s m a  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 

i-1' if ferencc was found b e t we en t he test m ice, 216,-50 ± 23.58 and 

c o n t r o ?  - n i c e ,  2 0 G . 2 0  ±  3 5 . 9 1
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Figure 5b: Effect of the flavonoid on fasting plasma
glucose levels of genetically diabetic mice over a three h o u r
period.
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) N o n -fa s ting plasma glucose levels

The long-term effect of the flavonoid extract on non­

sting plasma glucose levels of genetically diabetic mice was 

" 'ir e:! ising thc db/YJb mice . The animals had initial mean 

iasma 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 ± 4 7 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 *-~?I was f ound to be 292.17 ± 50 . 15mg/d 1. Statistical

a 1 y s i s s h o v  -i d that, the i n i t i a 1 an d the f i n a I m e an plasm a 

'.1 oose 1 eve Is wer e not si gr, i f i c an t ly different. Also no two 

an plasr.M: glucose levels were significantly different during

■e seven week period of investigations. The plasma glucose

vels of these animals were compared with glucose levels of 

c-e of the same strain and age which had been killed 

y  H e r  Th is was due to the unavai 1 a bi 1 ity of raice to serve 

.n t :■ : I z  dur ing t h o  p 6'r iod of invest!gat ions . These

i n a 1s h ad p 1asm a glucose levels ab ove 5 50 m g / d 1.

, Liver glycogen levels

Figure 6, s hows t he liver g 1ycogen 1cv e Is • f n on -fasting

net ica 1 1 y d iabe t ic m 1 o e studied f u r tho 1ong term effect of 

er f 1 avor o Id extr ac t . The an ima 1 s in Gr oup - 1 v ? s re g i v en the 

17 ci o  t  t !' r o c t i m o s a  w e e It for f ou r w e ̂ !■:s . T ! : o c e i n 0 r o up - 2 

r  e  t h e an i m a I s w h i o h  w e r e riot killed b u t kept f o r a n o t h e r



t hr ee wc&kr: withou t tho e:< t 1-act. The 1 i ver £ 1 y oogen level in 

!.h c- G 1- o I. p 1 Tv' a a f U u r j cl to b e 5.7 5 ± 0.48 % .live r (wet weig b t

tissue). The g 1 ycegen 1evel in the livers of the Group- 2  mice

was found to be 5.02 ± 0.42%. The liver glycogen levels of

these an in?Is 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 > L i ver m i c r osoma 1 prote in s

The values obtained for the liver microsomal protein of 

h o n on - f as t i n g genetically d i ab e t i c mice which were studied 

'7 or the evaluation of the long-term effect of the flavonoid 

xtract are shown in Figure 7 . At the end of the experiznenta 1 

period, mice in 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 

::::r ■: t thr ee t imes a week for four week s , but had the 

extract administration stopped for another three weeks had a 

total protein concentration of 9.01ing/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 

■ i tic .'nice is a Iso 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. T hese va lues wer e c o inp ar ed w i t h t h e re duc t a s e 

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 1 0 -7 M/mg protein.
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Figure 7: Long-term effect of the flavonoid extract on liver 
microsomal protein and NCCF activity of genetically 
diabetic mice (see text for description).
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C H A P T E R  4
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In this study, the possible anti-diabetic therapeutic

effects of some flavonoids extracted from B.. fjs.r_rjagine.5L and 

"heir possible effect on hepatic and renal functions were

investigated using 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

■ he plasma glucose levels of these mice were not reduced below 

V2 0mg/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'•glycaemic plants known but not being used as sources of 

anti-diabetic drugs because of the sharp drop in plasma 

1 u o o s e I e- v els after 1: he i r adm ini s t r at i on . a t  yp i c a 1 examp 1 e 

esing h y p o g J y c i n .

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 

" 0 r those of the control animals. However, when these 

...Cii.Tials woro not fasted, marked differences in the glucose 

levels between the test aniria 1 s and the contro 1 anima 1 s were



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 in 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. t s r m in ed . As f ou n d in F igu r e 2b , a 11 ho ugh the no rma 1

pattern was observed, that is, the non-fasting plasma glucose 

level of the Group-1 was lower than that in Group-2 which was 

3.1 so 1 ower than that in G roup-3 , no sign if ican t differences 

■ - e v s obo e vn d  b o t we en t he t es t m i ce and the control mice in 

all the three groups The glucose levels in these albino mice 

■rcre also found to be lfrwer',' 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 
• .■ s e 1. c v o ]. s b e 1 o w 4 00 mg/d 1.
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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 deve 1 oped , the extract was ab 1 e to 

maintain or stabilise the plasma glucose level in the test 

" x c e compared tu t he i ising 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- 

■vGOmg/dl at the end of the second week. In subsequent weeks,

Ihe test mice still had plasma glueose levels between 400- 

J j ::£/d I whi 1 st t hat of the con tro 1 mice rose f rom the 

• C"?T'g/d 1 range to over lOOOmg/dl. These animals were fasted 

?: rid glucose levels compar ed wi t h t he n on -fasting on es , as 

r-hown in Figure 2b. No sign ifican t differences were found 

uetween the fasting and non-fasting glucose levels in both the 

rji cup -1 and G r oup -2 mice, bu t t h e d i f f e r en e e in the control 

i c e wa s found t o b e s t at i s t i c a 1 ly s i gn j f i c s ri t. The abo v e may 

7 .tgest t h Ti ■: the f 1 avono id extract wcrks by lowering post­

prandial glucose, thereby having little or no effect on the 

t ing levels of t hese an ina 1 s . T h is m igInt. exp 1 ain 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
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wer e agairi g i v sr: tho ex t ra ct tl'ir ee times a week for three

rteeks but while the glucose levels of the test animals were 

kept between 400-SOOmg/d1 that of the control mice stayed high 

.xbove 10QOmg/d 1 as found in the 6 th 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.£hei glucose levels than the animals in the previous 

•xperiment. With this experiment, the difference among the 

three treatment groups was not statistically significant. * A 

1 ose-response of the flavonoid extract in 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 

1 e vs Is to s igrt i f i c ant levels. The r esn 1 !:.s c ou Id also indicate 

; .? i: wh en t he hyp er g ly c aem i a is extreme, the pi an t ext r ac t m ay 

not be able to reduce it effectively

Iri agresment with the 1 iterature , these results show that 

rhen diabetes becomes very severe its treatment with anti- 

hyperglycaemic agents becomes a problem, since most anti- 

ryperglycaeini c agents require funct;iunal beta cells for 

activity. Therefore, where the hyperglycaemia is not so 

nc " ' , iv d i c a ting t h at !: h e r e m i g h t s t ill b e a c e r t a in aroou n t

ji beta ceils not destroyed by the d iabe t ogen ic a.ge n t , 

j ign i f i c an t r ed u c t i o n s in p 1 asiria g 1 u c o s e levels were observed 

in this si tudy . Th is imp 1 ies that, the p 1 ant. ex trac t cou 1 d be 

working by enhancing insulin production by these cells.

In the NIDDM model, no significant differences in the
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;;i3 ting p 1 asma glucose levels were observed f or the test and 

c cti t r o 1 ■ A ;■ e t h r e e h ou r s aft e r 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 in their plasma glucose levels 

after the three hour period These results confirm what was 

* : r v ed :I r. t h e I DDM m od els, t hat is, the f 1 avon o id extract 

affect non-fasting plasma glucose levels.

In the long-term investigations, (Figs.6&7 and Figs.f&g) 

“he test animals were given the extract three times a week for 

four weeks. For the genetically diabetic mice (illDDM model), 

'Lt was found that, the extract ' maintained the plasma glucose 

...eveIs between 200--300mg/d 1, even when the animals were over 

:'i ve months old as compared to age-matched control mice with 

glucose level of over 500mg/dl. For instance, the initial 

p .1 a sro a £ I u o o s e level of 252.75 ± 37.55 mg/d 1 ji u s t in creased by 

bout 40m.£/dl of glucose to 292.17 ± 50.15 during the seven

weeks of investigations.

The C57BL/K.sJ +db/db+ strain of mouse is characterised by 

severe hyperglycaemia throughout life (Dray and York, 1979). 

The pathogenesis of diabetes in this mutant strain is known to 

■ -j r in [-■ hasez (l>u 1 in e_L. 3.1 • , 1933) Phase•• 1 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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bee ome s p ronoun c ed w i t h ext r e in e hyper j. n su I i n a en 5 a and 

decreased pancreatic insulin. At this stage, the beta cells 

o.ro not 3b le to meet the demands of the insulin levels 

. ivzC , thereforc 1eadin g to the unset of hyp e rgly c aem i a . 

In the third phase, both the pancreatic and plasma insulin 

ecrease, with beta cells losing their function as they

. *g e n e r a t v an d n e c r o t i s e .

The sulphonylureas are t he man n an t i-diabet ic compounds

used in treating NIDDM. They act as stimulants for the

release of insulin from beta cells. Drugs with mechanism of 

. ..e t  i on s iif! i 13 j:  t o su 1 p hony lu r e as will the ref 0 r e not be

_ . . ■. iv:iur irig the t hird phase of pathogenesis of d 1 abetes

. 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 

t ■ eta ceil function. It therefore see ms t o w0 rk with a

*J i : f. srent me0han ism from that of the su 1 ph0ny 1 ur ep.s a 11 hough 

':oth manifest their effect within hours of admini­

stration.

ii ep a t c , r a t h u r t han p e r ip her a 1 ins u 1 in r e s i s t an c e ' is the 

rti 0 j o r f a 0 10 r r e s p 0 n s i b 1 e f o r f a s ting hy p e r g 1 y c a 9 m i a i n t h e 

NIDDM (Campbell a_t.. slL. , 1988). High levels of glucose in the

f as t ing s ta t e is mostly du e to 1 a k 0 f hepa t i.<-; suppr ess ion of 

glucose p r 0 d u c t ion, a n d 1 e s s g 1 u c o s e u p t a li e b y e x t r 3 h e p a t i c 

•. r-. Z :.n ce t hn f 1 3 vor;o id ext r a t ■?ou 1 d no t 1 cdu c-e t he 

nigh fasting plasma glucose levels, a most suitable mechanism 

cC act! 0n I' o r t he f 1 av 0n 0 id s in i.g h t b e t he s t i mu 3. a t ion o f the



^xtrahepo t ic tissues to take more glucose since marked 

reductions were observed in the non-fasti rig plasma glucose 

levels. Thus the effect of the flavonoids 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 

1 or.g-1 exid , and f or a. 1 1 the treatment g r o u p s ,  that is, norma 1 , 

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 1 e'inct ion 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 in 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 

j e  1 j r  had ma r  It e •:! r  c du c t ions in non - f a s  t ing p 1 asma glucose 

Levels.
Liver g 1 ycogcri 1 e vel was investigated to find out. the 

■ f 1' dct ol the f 1 avonoid extract on hepatic glycogen 

’epos it ion 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 ̂ n n & 1 ucose p3 r • 1 y to the pr oduct ion 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 

- n -n - 1_ y, 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 IDDM 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 

r :i;;t i o n. a I ev id en c e to the proposition m ad e ab o v e , that the 

t . 3.01 ii no effect on the metabo 1 ism of the liver.

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

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

: f f e o t of the extract were u s e d . In these investigat i o n s , the 

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

the control mice. The results showed the same GGT levels for

7)13. three treatment groups, implying t h a t , there was no

it 1 e rj-image to the liver To find out whether a defective 

kit might have been used, human plasma from different subjects 

ix ere an a 1 y s ed . The r e su 11 s (not i n c 1 ud ed here) s h owed very 

marked differences which showed that the kit was in good 

order. In the case of the ren a 1 function t e s t , the c re a tinine 

levels of all three treatment groups were comp'arable with that 

of the t e 1: mice being slightly less than that of the control
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mice. Tliis suggests t h at t he ex 1l ao t dad n o t af f e o I: t he

kidney adversely, making its administration safe This

eon f i rms ear 1 ier r epor ts t hat, t he f 3.avon o ids ar e non • toxic 

and that they are totally absorbed and rapidly metabolised in 

hunans (Addae-Mens a h, 1992).

Drugs which help the body to return to the normal state 

B.f t e r a d 1 s e as e mu s t b e exc ret ed , an d the me e han ism for its 

excretion involves a hydroxylation reaction catalysed by the 

NADPH cytochrome F450 monooxygenase system which is inducible. 

Piabetes is also known to induce its own cytochrome P450

1 7 7/; 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 

4 he 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 

■ ■ f f •?c t s of the extr ae t. The resu 11s showed that in the IDDM

models, the test animals which, were given the extract had

\ j a 1 m i n r o s o m a 1 p r o t e i n levels c o mp a j: a b 1 e to, o l highe r than

the levels f ound in t he con tro1 an ima1s (F igs.3(f &g))

However, the reductase activities in the test animals were 

found to be 2-4 fold 1ess than those in the contro1 anima1s . 

Diabetes-inducible CYP, termed P450DM exists, and changes in 

l-.hr activity of the microsomal mixed function monooxygenase

\ ... t em i n r a t s suffering from diabetes h av e a 1 s o be en detected 

CFunae e_L- :kX,- , 1988) Since the f 1 avoprotein i. eductase is a

component of the monooxygenase system one may regard the
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r edu c t i on in rod it ota se activities as a r edu r t i on (to norma 1 

values?) of the increased drug metabolising system in the 

diabetic. Basal NCCR levels in the non-diabetic mice would 

i- ?.vc conf i. i:me.d the above . Howeve r, due tothe sma 1 1  er number 

of experimental animals during the period of study, this level 

:ouid 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 :in treating 

d i abetes.

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 reductase activity of

the test animals was 2 - 1 0  fold less than in the control

animals. This, again, confirms what was obtained in the IDDM 

studies; that the extract is a potential suppressor of drug 

metabolizing enzymes involving the cytochrome F450DM isozyme. 

The flavonoid could therefore, be used synergistically with 

other anti-diabetic drugs in the treatment of diabetes. The 

fact that the flavonoids did not induce specific drug

metabolizing enzymes for their own metabolism and subsequent 

elimination f rom t he body i up lies t hat they w i 1 ! b e able to

s t ay for a con s i d e r s b 1 e 1 eng t. h o f t i me f o r the: r e f f e c t, to be

It is recommended that 3 study of the possible 

interactions of the flavonoids with the cytochrome P450

, . o Iein in d iabet i.cs be in ves t i gated . A .1 so base 1 in e levels of
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cytochrome P450 in non-diabetic mice, STZ-induced diabetic 

in ice 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.
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Appendix lb: Calibration Curve for Liver Microsomal Protein
f.'r? termination
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A '?-// lc result of the Statistical Analysis used in testing for significant 
1-x'Sereces between and within groups.

Appendix 2

■;AY /VARIABLES BGL by Hour (10,17) /RANGES DUNCAN.

age 4

Variable BGL 

3y Variable HOUR

SPSS/PC+

-------O N E W A Y

Blood Glucose Level

9/7/93

Source
Prob.

Between Groups 
.1049

,,:ithin Groups

Analysis of Variance

D.F.

7

Sum of 
Squares

401056.7438

Mean
Squares

57293.8205

32 972382.7000 30386.9594

39 1373439.444

SPSS/PC+

F F
Ratio

1.8855

Page
9/7/93

Variable BGL 
By Variable HOUR

-------O N E W A Y

Blood Glucose Level

Multiple Range Test

r1 n rroce'lure
os for the .050 level -

.83 .13 3.19 3.24 3.29 3.32

ranges above are table ranges.
value actually compared with Mean(J)-Mean(I) is.. 

123.2618 + Range * Sqrt(l/N(I) + 1/N(J))


