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disease as a major public health problem has. been stressed
in several reports {(Cahill, 1979; Stout, 1979; yudkin;
1986). The complicated pathophysiclogy of diabetes has also
been discussed in various aspects by Soskin (1941) and
Young (1941}, Apart from the classical symptoms such as
glycosuria, polyuria and emaciation, other important symptoms
include polyphégia (excessive appetite) and polydipsia
(excessive thirst). However, diabetes can be completely
asymptomatic, or it can appear as an isolated disorder of
any organ or system. Fulminant ketoacidosis (elevated
concentration of ketone bodies in the body tissués and
fluids) which is fatal unless immediately treated, may be
the first sign {Cahill, 1979).

Often diabetes is manifested by one of the long-term
éomplications which are many and severe. For exampie, the
presenting event may be of a myocardial infarction in a
young man, an unexpectedly large newborn,pruritus vulvae in
the female, and recurrent skin infections. Other pathologic
states such as foot ulcer, retinopa?hy (non-inflamatory
disease of the retina), or proteinuria (protein in urine),

Or many other phenomena which at first élance appear unrelated
may provide a clue to the diagnosis of aiabetes (Cahill,1979).
Diabetes mellitus is proteaﬁ in its‘manifestations and this
variability is central to its diagnosis (Cahill, 1979;

Yudkin, 1986).

In Yudkin's account, it was pointed out that people
with diabetes are at risk of certain infections when their

blood glucose control is poor. There may be carbuncles or
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boils and a particularly dangerous inféction can spread as
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a necrosing process through skin and fiscia (necrosing
fasciitié). Changes also take place in the caﬁillafies of
the retina andlfhe renal glomerulus in longstanding diabetics.
The damage is produced by the cumulative effeqﬁs of elevation
of blood glycose, so that B80% of diabetics have some
retinoPaéhy 20 yeéars after diagnosis. Generally, over 1
percent of all diabetics go blind every year from retinopathy.
M&ch of this is, however, preventable (yudkin, 1986).

Vascular disease (arterial, arteriolar and capillary)
is the lérgest énd moét intractable problem in clinical
diabetest(Baird:and Strong, 1974). In a group of 370 male
diabetics ih aniiﬁdustrial population maintained for 10 years,
the death rate of diabetics was 2.6 times higher than that
of the matched controls, and the excess mortality was highest
in the géoup undeé 45 years of age (Pell and D' Alonzo,
1970). Tﬁe most striking difference was seen in the incidence
of coron;ry heart disease which caused the deaths of nearly
three tiﬁes as many diabetics as ngn-diabetics. Other workers
have shoﬁn a high fre@uency of abné&mal oral and intravenous.
glucose éo;efanée_and'hypeﬁslycaemia in subjects with
Ischaemic Heart.diseaée (Ringsbury, 1966; Wahlberg and
Thomassoﬁ, 1968; Falsetti et g;, 1970; Sloans EE‘EE' 1970).
Other oréans or systems such as the kidney and nervous system
are also:affectéd'in diabetes (Baird and Strong, 1974;
_ Yudkin, ;986). 'Even the skin and the small intestine are

not sparéd.

! v
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Diabetes has been found in all human societies where

o

any consistent search has been made. The same is true of

animals, particularly those living in association with man,
whether as domestic or laboratory animals. Thus diabetes has
been describea in mice, rats, cats, dogs, pigs, horses, .
cattle, sheep and goats in addition to foxs (Fox, 1923),
monkeys (Sokoloverorva, 1960; Hamilton and Brobeék, 1963),
and hippopotamuses (Hayashi, 1967). Diabetes, particularly in
domestic animals, has been comprehensively reviewed by Brunk
(1968).

Whergas the familial occurrence of diabetes has been
described in many animals, the precise genetic basis has
only been established in a few (Renold, 1968). Quite signi-

ficant is the fact that the genetic basis for the occurrence

. 0f hyperglycaemia and/or obesity may be a single gene: mutation

as in the case of mice (Renold, 1968). It-hay also be a
complex and possibly variable polygenic system as in the case

of the Chinese hamsters (Butler, 1967}. Indeed, in Acomys

cahirinus (spiny mice) or Psammomys obesus (sound rats) the

inherited feature of the abnormallﬁetabolic trait is simply

derived from the apparent generalized bredisposition of these

species to the development of diabetes and/or obesity. It is
quite likely that the availability of sufficient information
on a sufficient number of éenerations of these animals would
lead to conclusions similar to those for the mice or Chinese
hamsters. These animals can be used as animal models of

human diabetes mellitus which is also known to have important

genetic component,



Apart from diabetes that arises spontaneously in animals
as a result of gene mutation, diabetes can also be produced
experimentally by admihistration of a compdund known as
alloxan (Lukens, 1948; Howell and Taylor, 1967). This type

of experimental diabetes was first produced by Dunn et al

" (1943) when they discovered that alloxan caused necrosis of

the pancreatic islets. Analysis of the literature clearly showed

that the majority of‘works'on diabetes using animal models
were carried out using alloxan - diabetic rats. This is due

to the fact that unlike in genetically d;abetic rats whefe
animal models usually arisé from séontaneous gene mutation and
selective breeding over a long period of time (Renold,1968),‘
experimental diabetes can easily be induced in animals by
alloxan administration. Moreover, diébetés of a desired grade
of severity can easily be obtained by giving a particular

does of the compound (Lukens, 1948). Thﬁs, alloxan.- induced
diabetic rats were used as animal model df human diabetes in
this study.

According to Baird and Strong (1974}, two main types of

“human diabetes have 1oﬁg been recognised, and. it is now clear

that the level of élasma insulin correlates well with the
clinical picture and the type of treatment reéuired in each
type of diabetes, The two main types are the juvenile - onset
(type 1) diabetes mellifus and the maturity - onset (type 2)
diabeées mellitus. Based on necessity for insulin therapy,
juvenile - onset and maturity - onset diabetes aré commonly
and preferébly referred to as insulin -dependent diabetes
mellitus (IDDM) and noninsulin - dependent.diabetes mellitus

(NIDDM) respectively (Baird and Strong, 1974; Cahill, 1979).
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Insulin - dependent diabetes mellitus (IDDM)} usually _
developé‘during the first 40 years of life in patients of
normal or less than normal weight. The majority develop
severe symptoms of diabetes acutely over a period of several
weeks or‘monthé. If treatment with insulin is delayed fatal
ketoacidésis rapidly developS. The noninsulin - dependent
diabetes mellitus (NIDDM) usually appears in middle-aged or
elderly patients who are often obese and in whom hypergly-
caemia can usually be controlled by dietary means alone or,
if not, by an oral hypoglycaemic compound. Insulin is
detectablé in the plasma of nearly all patients in this
category, and they are therefore less prone to develop
ketosis (ketoacidosis]; In this sense the disegse is less

severe than in the insulin - dependent type; however, the

.complications associated with long-term diabetes occur in

both types (Baird and Strong, 1974; Cahill, 1979).

It is now clear that many environmental factors may
contribute to the'dévelopment of diabetes in a genetically
predisposeé subject (Barnett et al; 1981; Horton, 1983).

Accoxrding to Horton (1983), the environmental factors that

1 -
cause predisposition to noninsulin - dependent diabetes

mellitus (NIDDM) include diet, obesity, physical inactivity,
various forms of stress, hormonal imbalance, drugs, toxins
and ageing. The degree of carbohydrate intolerance depends
on the interaction between these environmental and genetic

! a

factors. Certain HLA (human lymphocyte antigen) associations
- L * . .
have been implicated for causing predisposition to insulin-

dependent diabetes mellitus (IDDM). The HLA region which is
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on th? short.arm of chromosome six consists of several
genes{ many of which also play important~£ole in immune
response. These have been broadly classified into the HLA
class I, II and III genes. The class II region encodes the
major §uscep£ibility to insulin-dependent diabetes mellitus
(IDDM); The poésible predisposing environmental factors to
this type of Qiébetes include vifuses, drugs and chemicails

(Barnett and Todd, 1990). Therefore, effort to prevent or

‘treat diabetes (NIDDM or IDDM) should be aimed primarily

towards eliminating the predisposing environmental factors.
Also, the genetic component needs to be more clearly defined
for betéer therapeutic approach to diabetes!

It is well known that dietary treaﬁment is a primary
thergpyinuNIDDM and is a vital injunctive treatment to IDDM
(Gill, {990). The observation that diet is the fundamental
element of therapy in most cases of diabetes is perhaps the
only-uncontroversial conclusion of the Univer%ity Group
Diabetes Program,_whiéh cast some doubt on the value of at
least two drugs widely used in the treatment of diabetes
(Mann, 1980). Based oﬁ the_impoftance of diet in diabetes and

.

the doubt surrounding the efficacy of some anti-diabetic
drugs, it will be intefesting to consider the glycaemic'effects
and, ther?fpre, the possible therapeutic significance of
many local food étﬁffs in diabetes.

Thekinfluegcé of a high carbohydrate diet on glucose
tolerance and its possible role in the pathogenesis of NIDDM

have already been the subject of extensive investigations.

. 1 .
Many years ago, Himsworth (1935) demonstrated that very low
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carbohydrate diets (50g a day) caused impaired glucose

tolerance in normal volunteers, and that very high carbo-
hydrate diets (5009 a day) have an opposite effect. Brunzell
et al (1971) similarly reported improved glucose tolerance
with high carbohydrate feeding in mild diabetes whereas Grey
and Kipnis (1971) found a 50 percent decrease in fasting
blood glucose concentrations and no change in glucose toler-
ance. These studies suggest that over—eating has a positive
effect on glucose disposal efficiency in nondiabetic subjects,

Gain in body weight which may lead to obesity is an
important long térm consequence of overfeeding. The work of
Sims g;ig; {1973} on experimentally induced obesity is impor-
tant in this respect. Their research was conducted to

determine if the metabolic abnormalities commonly associated

"with long -~ standing, spontaneous obesity would develop if

lean men with no- personal or famlly history of obesity become
obese:}by overeating. 1In groups of subjects who gained
approximately 25 percent above their original weight and
whose adipose tissue mass doubled (by increasing Fdipose cell

- . L}
size), fasting and glucose - stimulated plasma insulin
f

" concentrations were increased. Oral and intravenous glucose

tolerance were decreased, ‘but did not become abnormal. More-
\ _
over, insulin resistance in both muscle and adipose tissue

was revealed by fore-arm perfusion and in vitro incubation
techniques ({(Horton et al, 1975).
Thus when subjects were at their initial, lean body

' 5
weight the higher carbohydrate diet seemed to be associated
o
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with increased basal and insulin - stimulated rates of

élucose metabolism, After weight gain, the responses to

insulin were significantly decreased indicating the develop-

‘mént of insulin resistance. Thus, high carbohydrate diets

per se (ignoring the effects of the resulting obesity) seem
capable of increasing insulin sensitivity leading to improved
plasma glucose response,

%

It is however importan;-to note that the studies which

imply that high carbohydrate feeding may increase insulin

sensitibity.and,therefore,improve glucose.metabolism were
conducted. in qondiabetic subjects; the results might be
differentbin diabetics. This is because ié is possible that
high carbohydrate diets may be deleterious in that group |
(Couléton et al, 1983). Also, analysis of the existing
reports indicating increasedinsulin senstivity resulting
from high carbohydrate diet (Himsworth, 1935; Brunzell et al
1971} revealed that a large part of the improvément in |
glucose tolerance took place when dietary carbohydrate was

increased from low {(less than 10%) to moderate ({30-40%) of

daily caloric intake. Further,significant improvement did

_not occur until the carbohydrate intake was increased to

approximaFely 60-70% dQaily caloric intake. Moreover, the
crucial issue is not whether high carbohydrate diets improve
insulin sénsitivit&, but whether plasma glucose concentration
will be reduced in diabetics fed with high carbohydrate diets.
This is important because diabetes is a disorder whose best

known characteristic is elevation of blood glucose (WHO,1985).
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There are reports of significant deterioration in
glucose tolerance resulting from high carbohydrate feedlng
in certaln diabetic patients (Reaven and Olefsky, 1974;
Ginéberg EE al, 1976). Simply increasing dietary carbohy-
drate intake by 12-15% can lead to significant elevations
of postprandial (after meal) glucosa concen?ratgons in

patients with "chemical" diabetes and even normal subjects.

Since these studles were performed W1th liguid formula dlets,

it is 1mportant to con51der what’ happens when such patlents

are eating SOIid food. It was noted that increasing dletary
carbohydrate from approx1mately 40% to 55% did not lead to
deterloratlon in diabetic condition in a 20-week out-patient
study (Weinoer et al}) 1974). However, approximately half of
the 18 patients studged had a fasting plasma glucosé concen-
tration (FPGC) of leso than 125 mg/dl: (nondiabetic level).
eczzz)two patientigtF*fﬁf;with FPGC in excess of 200 mg/dl

(diabetic) démonstratod a two - to three - fold increase in
24 - hour urine glucose excretion on the 55 percent carbo-
hydrate diet. ‘

In.1979: the Food and Nutrition Committee of the
American Diabetes Assooiation published dietary recommenda-
tions advocating a high carbohydrate diet for diabetics. This
was followed io 1980 by:advic¢e from the special Report Commi-
ttee of the Canadian Diabetes Association that the diets of
all diabetic patients sh?uld be 45 percént carbohydrate or
more. Later, concern was expressed that official liberalisa-
£ion of a previouo carbohydrate restriction might be used as

a license to consume those carbohydrate foods which would

+ il *) .
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compromise good diabetic control (Reaven{ 1980; 1981). This
matter;has been well debated (Jarret, 1981a; 1981b). One
outcome has béen to re-emphasise the possible therapeutic value
6f'fibre Supplement in diabetic diets (William et 2},1980){
This is based:oq the observation that diets with high fibre
content improve glucose tolerance in diabetic subjects (Mann,
1980). © . . : ‘.
A major impediment to the therapeutic use of fibre in
diabetic diets is, however, the requirement that they should
be intimately mixed with the food, to simulate a situation
analogous ;o that found in unprocessed foods (Fenkins et al,
1979; Williams et al, 1980; Cohen_EE_El, 1980f. At present
the clinical use of purified fibre supplement is therefore

limited both by this requirement and by the unpalatability of

.the viscous fibre materials. Only two products, ah experimental

guar crispbread (Jenkins et al 1978; Jemkins et al, 1980)
and granulate (Aro et al, 1981) have been found to be palatable
and effective but neither is produced commercially. Since |
diet still remalnsthe f;ndamental aSpect of dlabetlc therapy
(Mann, 1980; Jenkins et al, 1982; Glll 1990}, it is necessary
to investigate some other common dietary substances for their
effects on glucose éolerance. This will bring to attention,
the possible therapeutic significance of such dietary sub-
stances in diabetes mellitus. The dietary substances which
have hitherto rece}ved little or no attention in fhis respect
include common salt (NaCl) and common varieties of pepper

(Capsicum annuum L. fam. Solanaceae).
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Much of the previous works on common salt (Nacl) were
on its cardiovascular effects while those on pepper particu-

larly the cluster peppers (C. annuum var. fasciculatum Sturt)

have been focused on its pharmacodynamics and toxicology. '
Extensive data from epidemiological, clinical and animal I

!
experimental studies have indicated a causal relationship

between salt consumption and blood pressure (Dahl, 1972; -
Luft et al, 1977; Lenel et al, 1948; Meneely et al, 1953).
Furthermore, éLevation of plasma cholesterol by chronic

excess salt feeding in rats and dogs has been suggested as

one possible biochemical basils for a link between atheros-

clerosis and hypertension in man (Dahl, 1960). The pharma-
codynamics and toxicologic effects of pepper on intestinal

absorptive cells due to its constituent pungent principle’

i
rcalled capsaicin has also been studied (Lille and Ramrez,

1935; Sirsatanic and Khanolkar, 1960; Nopanitaya and Nye,'
1974; Monsereensor, 1980},

, A detgihﬂdiscussion on|the structure, uses and syste-
matics of C. annuum can be found in purseglove (1968).
Essentially,‘é . annuum is al variable herb, or sub-shrub
which is sometimes woody at the base.'I£ is much branched,
erect and 0.5 - 1.5m high. [The fruit is by far the most -
important part of 'the plant based on its taxonomic, diet&ry
and medicinal sigﬂificance. The fruit is an indehiscent

many-seeded berry that is variable in gize, shape, colour;

and degree of pungency. It is green or purplish, ripening

to red/forange, yellow, brown, cream, or ﬁurplish.
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The considerable taxonomic imporﬁance of the fruit is
attested to by its ule in the separation of the species (C.
annuum; into seven bjtanical varietiesf-Out of thése, three
varieties were cho;en for this study because of their pre-.

valence and common use for cooking in Nigeria (Plate 1).

These are C. annuum var. fasciculatum Sturt, C. annuum var

abbreviatum :Fingerh and C. annuum var., grossum (L.) Sendt.
— ) —— e

'Brief taxonomic descriptions of these varieties by Purseglove

(1968) are presented below:

(i) €. annuum var, fasciculatum Sturt - Fruits are

clustered, erect, slender, about 7.5cm long and
very pungent. As the fruits are not borne singly-
it is probable that these are forms of C.

fruitescens.

(ii) C annuum varl abbreviatum Fingerh - Fruits are

generally ovlte, wrinkled, 5cm long or less,

|

{iii) C.. annuum var,. grossum (L) Sendt - Fruits are
+ large with basal aepression,-inflated, red or

yellow, flesh|thick and mild.

The dietary importancé of peppers, according to
Purseglove (1968), includel mainly fheir use in cooking in
various ways or being eaten raw in salads, The pungent pro-
perty of peppers contributis most significantly to fheir
dietary importance. In Nigeria, particularly in the southern
part, it is believed that taking the pungent pepper promotes
good health and longevity (Persocnal survey). This is probably

why the:pepper soup made mainly with C. annuum var. fascicu

latum is still very popular|. Sweet peppers {C. annuum var.

' i
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grossum) are often stuffed with meat and are also piékled.
The dried fruits are ground to produce powdgred paprika,
which is used as a condiment and in cooking. It is also a’
constituent of Hungarian goulash. Chilli peppers (C. gggggﬁl
are used for culinary purposes and for seasonings. Chillies
are the hot ingredient of curny powder, which is made by
grinding roas%eé dried chilliJZ with tumeric, coriander,
cumin and other spices. Chillies are extensively used in
Central America and are constiLuents of dishes such as
tamales and chile con carne. Pepper sauce, such as fabasco,
is made by pickling the bulb in strong vinegér or brine,
Extracts of chiliies are used in the manufac£ufe of ginger
beer and other beverages. The|medicinal significance of

Chilli . pepper is indicated by |the use of its fruit as an

subStance g

'antibacferia%iﬁ?lt.is also a remedy for back pains, rheuma-

tism and swollen feet in Hawaiil while constituting an import-
ant ingredient in Central African medicine (Watt and Breyer-
Brandwijk, 1962).

Reports from some short-term studies have récently

suggesteg that dietary substances such as sal? and pepper
(Thorburnjgsiéi, 1986; Onokpite 1987a5, and even natural
palm-winé (Onokpite, 1987b; 19840) may affect glucose hémeo—’
stasis in the npnéiabetic state. Also pertihéht is the
possibil%ty thaF the degree of intake of these substances, |
particulérly that of salt (Odeigah and Obieze, 1986), may vary
as a result of genetically - controlled differences in taste

:55 oﬁ&k&)ti/ ;XT’ﬂ

recognition thresholds.
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More studies are, however, still needed on the influence of
genetic and common dietary factors, that are yet to receive
considerable attention, on glucose tolerance in nondiabetic
as well as diabetic states,

Thus, the present study was undertaken to determine
whether an 8-year beriod of isolation can cause'genetic
differences in the pattern of glucose tolerance in SPD rats.
Also, the comparative effects of some common diet%ry elements
(usﬁally taken with carbohydrate meals) on oral glucose
tolerance (OGT) in normal and alloxan-induced diabetic rats

will also be determined. These common dietary substances

include: C. annuum var, fasciculatum (cluster peppers),

C. annuum var. abbreviatum (Wrinkled peppers), C. annuum ,

var. grossum (sweet peppers)}, and common salt (NaCl) as

previously mentioned. Considerable attention will be focused

on the therapeutic implications of these dietary substances

in human diabetes mellitus. The possible role of genetic factors
in the differences in incidence of diabetes in human popula-'
tions will also be evaluated.

It is hoped that the outcomé of this work will reveal
some common dietary substances that can decrease glycaemic
response in experimental rats and possibly in man. The basid

! ' .

. . Bt | e .
principle of@f-qgjemn—b of diabdﬂi?has generally been restriction

or avoidance of sugar and sugary foods (Gill, 1990) coupled
with insulin therapy for type 1 diabetes, and hypoglycaemic
drug (sulphonurea compounds) therapy for type 2 (Baird and
strong, 1974; Cahill, 1979; Gill, 1990). To date, however,

these conventional therapeutic methods have not provided the
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total solution to the problems of diabetics.. For instance, .
there exists the issue of non-compliance with the restriction

or avoidance of sugar and sugary foods by diabetics (Gill,

e -

1990). NotEF?“g%?iong ago, evidence that insulin stimulates

development of .atherosclerosis was brought forward (Stout,
1979). Moreover, a high risk of hypoglycaemia (abnormally
low blood glucose) frequently attends the use of insulin and
sulphonurea compounés. Chlorprobamide, the most widely
available sulphod%ea drug in the tropics frequently causes
severe hyp?glyCaemié sometimes with permanent brain damage
or death (Gill, 1990}. ,

The use of common food substances that pbssess hypo-
glycaemic Ectivity may compliment the conventional methods
of diabetic management. Such therapeutic strategy will
definitely reduce the hypoglycaemic drug and insulin demand
by the diabetics. This .will therefore significantly
alleviate the problems and risks associated with the use of
these gonventional agents in the management of diabetes.
Moreover, many tropical countries like Nigeria now face
economic Problems which directly affect the provision of
health care. Thus, relatively simple thérapeutic improvementsf-
will alleviate such economic problems and, as a result, lead

to a significant reduction in diabetic morbidity and mortality.

B

-
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MATERIALS AND METHODS

——— - ——— A b o ————— -

2.1  MATERIALS

2.1.1 Chemicals

(ii)
(1id)

(iv)

fvf

_Sgrai- Pak Glucose reagent kit {(Miles Labora-
tories limited, Slough, England). . '
Glucose Monohydrate (Merk, Darmstadt, W.Germanyi
Alloxan (2,4,5,6 - Tetraoxypyrimidine)
.Sodihm Chloride (Reagent grade)

Anaesthetic Ether.

2.1.2 Glassware

 —

(i)
(ii)
(iii)
(iv)
(v)

(vi)

— i

MeaSuri?g Cylinders

Pasteur Pipettes with Rubber Teats
Conical, Flasks

Microhaematocrit Tubes

Microlitre Pipettes

Test Tubes " :

po ol W s s A S g i ———

1)
(ii)
(iii)
(iv)

(v)

Centrifuge

Spectrophotometer (Spectronic 20)
Salter'and Metler Weighing Balances
Dissecﬁing Set

Ratogram (Restraint Device: locally Manufactured)

4
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(vi) ~ Seal-Eease (Tube Sealer) and Holder (Glay Adam,
Néw Jersey).

(vii) Cannula (Intramedic Polyethylene tubing :

i.d. 0.34", 0.4. 0.5")
(viii) Microannula (Portex Intravenous Cannula
2FG 0.d. 0.63mm Green Luer 200/300/010) |
(ix) Thefmometer , : ;
(%) Syrinées And Needles I
' (xij éurgi¢al Blade and Holder
(xii)  Stitching Needle and Thread
2.1.4 Miscellaneous Materials
2 (1) Sprague - Dawley (SPD) Rats and Cages j
(ii) Animal Feeds (Pfizer, Ikeja) |
' (iii) Fruits of Three Varieties of Chil;i Peppers |
! . : " ?(Piate 1}. viz: Cluster Peppers (C.annuum var.
i‘ S fasciculatum) Wrinkled Peppers (C.annuum var.
- | abbreviatum) and Sweet Peppers (C.annuum var.
) . grossum). | |
- 2.2 METHODS |
pi

Adult rats of both sexes weighing 150-200g were obtained
from the Laboratory Animal Centfé%(LAC) of the College of
Medicine, University of Lagos (CMUL). The animals were cagéd

_-‘(males and females separately) in a group bﬁ 3-5 rats per
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cage. The temperaﬁure was 27i2°C. Rat pellets (from Pfizer)
and tap water were made available ad libitum. The cages
were thoroughtly cleaned and the rats examined. On this
regime, the animals remained uniformly'healthy and active

throughout the period of study.

—— o — v o T — i kT A m— S — — N e e e e ———

Personal.survey_was undertaken to know the pepper
varieties most commonly consumed in Nigeria. The three
pepper varieties mentioned in section 2.1,4,iii above were
found to be the most widely used. Suitable dose of these
pepper extracts was then established to be 15.6mg/100g body
weight (b.wt) by giving varying doses and then observing thé
general conditién of animals after the'dosing -Lower doses |
than 15.0 mg/1080g b.wt. of extract had no glycaemicfeffects'
while higher dos?s cqused violent aérobatic jumps by the rats.
The diabetogenic dose of alloxan was found to vary from 4.0;-
8.0mg/100g b.wt according to the literature (Lukens,1948).
Experimental trials to induce diabetes with alloxan in the
laboratory however indicated that the appropriafé dose for £his
study was 4.0mg/100g. b.wt. This dose was the least but signi-
ficantly diabetogenié dose as assessed by 24-hoir fasting p}asma
glucose:concentratioy (FPGC) which was 203mg/100ml on the
£ifth day (D5), taking the day of alloxan administration as
D1. Salt was adminiséered as normal (physiologic) saline
(9.0g%) at a dose of 9.0mg/100g b.wt. (Onokpite, 1987).

Alloxan was given intravenously (Luken, 1948) while the

* .
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dietary substances (salt and peppers) were orally admini-

stered since the§ are normally consumed through the mouth.

2.2.3 Preparation and Administration of Alloxan Solution

Experimental (alioxan) diabetes discovered by Dunn et
al (1943) was induced by intravenous (jugular vein) admini-
stration o} 4.0ﬁg/100g body weight (b.wt.) alloxan (see |
Appehdix 2) as 0.8g% solution. This drug is known to be
diabetogenic in animals due to its pancreaticfbeta cytotoii-
city (Dunn et'al: 1943; Lukens, 1948). Each healthy non-
fasted adult rat was-aﬁaesthetized using Ether'fumes,
weighed, and laid supine on a dissecting board. The anterior
aspect of the neck was shaved and a longitudnal skin incision,,
1.5 cm long, made on the mid-line of the shaved area. By
gentle dissection, the jugular vein was exposed‘and punctured
using a 23-gauge stbrile steel needle. A single lumen
flexible ?olyethylene qannula (Portex intravenous cannula,
2FG 0.4. 0.63mm Green Luer 200/300/010) was inserted and
manipulated carefully towards the heart. Freshly - prepared
alloxan solution was then infused. The day of alloxan
.administration was regarded as the first day or D1. Glucose _
Tolerance Test (GIT) was carried out on D5 after fasting,thé

h :
animals for 24 hours. Also in the nondiabetic. group,glucose

tolerance was assessed after fasting the animals for 24 hours.



%

¥

22

2.2.4 Extraction, Preparation and Administration of Dietary

— e — o i e —————— ] ————— T T —— — —  —  —  ——

This was done by the Soxhlet Method using the Soxhlet
¥
Extractor (Fig.1). . The apparatus is essentially a modified

distillation get;u§ whereby water vapour condenses and the

hot distilled waéer fall in drops on the 'specimen for
) ‘ .

extraction. The specimen is normally put inside a filter
paper thimble positioned directly below the condenser. The

: : c T g N
fruits of the three pepper varieties (Plate 1) being the ! >

E

part normélly consumed 'were obtained in large quantities
L) 7 .
from Agege local market in Lagos for drying and ‘homogeniza-

tion. 5g'of the weéll dried, homogenized pepper powder was

put into h filter papef thimble and inserted into the soxhlet

apparatus for extraction.

2.2.4.2 Preparation of Pepper and Salt Solutions

\ o —— ke Bl ot e e A — i = —— -
J

2.2.4.2.1'2999953 The initial concentration of the extract

was usually higher than the desired concentration of 15.0mg/mi.

I
By dilution with distilled water, the initial concentration-

was adjusted to 15:Omg/ml using the following formulax:

v, v, -
T

1

2
where C,.= original concentration (mg/ml}; Vv, = original

volume (ml). ‘ ‘
C, = required concentration (mg/ml); and V, = required VMUMB&dJ-_
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plate 1. The three varieties of chillie peppers used in the study:
: . {a) Capsicum annuum var. grossum {sweet peppers); S

(b) C. annuum var. fasciculatum
(¢) &+ annuum var. abbreviatum

(cluster peppers);
(wrinkled peppers).

Fl
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volume (ml). Note that V, should finally be adjusted to Vi
»

2.2.4,2.2 8alt: Since the total volume of solufion of
each dietary substance required on each day of experiments
is less than ZS.Oml, 2.25g of salt (reagent grade) was put
in a measuring cylinder and distilled water was added to
make up the volume of the solution to 25,0 ml level. The
solution was then shaken well to completely dissolve the
salt; IE is important to note that 2.25g, of salt in 25.0ml
solution is equivalent to 0.99% (normal saline) which is the:

required salt concentration for the experiments.

2.2.4.3 Administration of Salt_and_Pepper Solutions

The solutions prepared above were combined with glucose.

‘and administered orally for Glucose Tolerance Test (GTT).

Since 30g% glucose solution is normally required for the
test (Junod et al, 1969; Onokpite, 1987), 7.5g glucose was
weighed into a measuring cylinder., Normal saline or pepper
extract was then gradually added and the solution shaken
thoroughly and intetmittently until a true solution was
formed and the 25.0 ml level of'the meésuring éylinder was
reached. It should be noted that 7.5g glucose in 25.0 ml
solution is equivalent to the fequired 30g% glucose for the

GIT. The procedure for the GIT is detailed in the section

below.

i e e T —— o " —

Glucose tolerance was analysed by oral glucose tolerance
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test (OGTT) using standard procedure (Junod et al, 1969;
Onokpite, 1987). The test was performed on the fifth day
(b5) taking the day of alloxan administration as the first
day (D1).. This was based on the fact th;t in animals,
particularly in rats, alloxan—@iabetes is characterised by

a triphasic alteration of plasma glucose levels (Lukens,

1948) and -that on D5, the third and permanent hyperglycaemic

-phase of alloxan diabetes would have set in and stabilized

{Lukens, 19;8; Beach et al, 1956). After fasting the animals
for 24 hours, OGTT was carried out by oro-gastric intubation
at 0900h. This was accomplished under 1£ght ether anaes-
thesia, using a single-lumen polyethylene cannula (intramedic
polyethylene tubing i.d 0.34", o.d 0.5"). The Cannula was
manipulated into the oesophagus until about 515.0 cm length
hés gone in., A glucose load (30g%) was then infused at a
volume of 1.0ml/100g b.wt. Prior to intubation and under
anaesthesia, the tail was cut using a sterile surgical blade
to obtain 125 pl of blood sample into hepé&inize@icapillary
tubes. These were then centrifuged at 3,000 r.pm forh{O
minutes to separate the plasma. Subsequent blood collections
were made at 30-minutes interval‘§9r 2 hours. The last blood
sample was collected an hour later at 180 - minute time

point of OGTT. Analysis of plasma glucose was done using

a standard microtechnique called glucoée oxidase/peroxidase
method (Prinder, 1969) described in 2.2.5.1 below.

N.B. The rats were in a restraint device throughout the period

of blood collection (Plate 2).
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Plate

2. The Ratogram(manufactured locally):An animal
restraint device used in blood coliection x
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2.2.5.1 @Glucose Oxidase/Peroxidase Method For Quantitative

|
A glucose oxidase /peroxidase (GOD/POD) reagent kit .
. +the |

essentially cénsists of,enzymes glucose oxidase and peroxi@ase

and chromogen (4~ aminophenazone/phenol). The glucose in |
]

plasma (or serum), in the presence of glucose oxidase
' f

!

oxide. The peroxide oxidizes the chromogen in the presencef

+

of peroxidase to form a pink color which is measurable by !

. !
Spectrophotometry. The absorbance of the'sample (Asample)
. ! {
and of the standard (100mg% glucose) was then read against

the blank using the following equation.

I
L)

b . . A sample x 100
Plasma Glucose Concentration= A standard fr-mg/100ml.

*
t
| 1

The detailed method.of peraparation of GOD/POD reagent is

presented in Appendix 3.

] 4

~
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2.2.6 étudy on the;Influence of Genetic Factors oh Glucose \\

-_————_——._q..-._—_—...—————--—-——-—.-———-—_—_—---...—_

.

The two isolated colonies are maintained at the °*
1
Biological Garden, University of Lagos, Akoka and the

Laboratory Animal Center, College of Medicine, University
of Lagos, Idi—Araba. The Akoka colony was derived from a

*

small stock secured from the Idi-araba colony in August,1982.
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2.2.6.1 Selection, Caging_and_Treatment of Animals

R

Animal samples{E ~ i .. -~=consisting of 2 males and

8 females were randomly selected from each colony.: The
animals from. each colony were then sub-grouped into 2 in the
Experimental Room of the laboratory Animal Centre,Idi-Araba.
Each sub-group was made up of 1 male and 4 females per cage
for harem mating to take p;ace. The two cages containing
the two sub-groups of animals from each colony were labelled
as‘“Nondiabetic" and "Diabetic" respectively. These animals
were taken to be the parental generation. The presence of
sperm which was observed on the vaginal=smear and several
mucus plugs o; the cage floor was indicative of intromissions
and successful mating. Pregnant females were later separated
out and cagediindividually. After paturition and weaning

of young ones at the age of about 5 days, parents:from the
ﬁondiaﬁetic category=were subjected to glucose tolerance test
(GTT) after fasting for 24 ‘hours. Those from the diabetic
category were pre-treated with alloxan to induce diabetes

before carrying out GI'T on D5 as described previously ({(See
Section 2.2.5.). S
£

2.2.6.2 Treatment of First and Second Generation Qffspring

—— T S ik e A e T T — i o — ity ot o . T e

To see tbe contributoryﬂéffebts of genetic and environ-
mental factors?to the differences in the pattern of glucose
tolerance cbhserved in t@e parental generation between the
animals from the two-different colonies, similar experiments
as in the parents were conducted on the first and second

generation offspring.
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2,2,7. Data Analysis

————— - —— P ——

}
Glucose Tolerance Index (GTI) for each rat computed

by adding the fas?ing - , one - , two -, and three- hour {
plasma glucose concentrations (PGCs), was used to assess
glucose £olerance-according to the methods of previous
workers (Beach et é;, 1956; Reaven, 1983; Onokpite, 1987).
Overall ﬁesults were expressed as Mean t S.D or Mean (S.D) 1
unless otherwise sﬁated. Statisﬁical significance for
comparisbé of resu;ts was determined with the student t- ‘
test.- Regression and other analyses were carried out when

pertinent.; ‘P values less than 0.05 were considered !

significanﬁ.

il
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31i Glucose Tolerance in Normal and Alloxan—Treated
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Tﬁe plasma glucose concentrations (PGC) of alloxan -
treated rats were strikingly higher than the PGC of the L
controls at evéry time - point of oral glucose tolerance
test.{Fig.Z}. The mean fasting plasma glucose concentration
(FPGC) of alloxan-treated animals+was 240#55.2 mg%. This
value waf significantly higher {P<0.001) than 118x12.6 which!
was the meaﬁ FPGC of those animals not injected with alloxan:
(Table 1). The highest plasma glucose level attained by l
alloxan-treated rats during glucose tolerance test was
620161.7?mg%. This peak plasma glucose concentration (PPGC)I
was attalned at 120-minute time-point of glucose tolerance
test (GT?) as compared with the significantly lower PPGC |
(P<0.001) of animals not given alloxan which was 21743.7mg%

and whicﬁ occurred at 90-minute time-point of GTT. After

180 minutes, the plasma glucose conhcentration (PGC) of

untreated rats has been brought down to 139127,0mg%. This

PGC value was significantly lower than the PPGC of the group

(P<0.05) - and was very significantly lower than the PPGC of *

alloxan-treated rats which was 572161.4mg% (P<0.00%): The
i
180-m1nute PGC was however, not significantly dlfferent from

the PPGC 1n the alloxan-treated group (Table 1}.

Whén glucose tolerance was assessed by glucose tolerance

index (GTI), it was revealed that glucose tolerance in
' ' - f
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1l Plasma Glucose Concentration(mg%) |
Group Nug?er GTI

Rats Omin 30min 60min 90min 120min 180min j

Nondiabetid 21

118 195 198 217 181 139 | 636
(Norma1) ' |(12.6) (22.9) (28.0) (35.7) (32.4) (27.0) | (80.8)
Alloxan- | o 240% 203% 532% s53g% 620%  572% | 19657

Diabetic |(s5.2) (45.8) (104.3) (39.7)(61.7) (61.4) |(226.2)

<

F .

' ) |
|

Table 1. Glucose tolerance in normal and alloxan - treated

(alloxan - diabétic rats.

N.B. Asterisk (*) indicates significant dlfference {P<0, 001)
Results are presented as means (5.D.). . 2

GT1-= Glucose Tolerance [ndex.

-

Lkt -‘t o l:
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alloxari-treated rats was grossly abnormal as compared with

those net treated Qith the substance. TheIGTI of 1965% 226,2
of alloxanwtreéted rats was significantly,higher than !
636+80,8, whicﬁ was the GTI of animals not given alloxan 2
(P<0.001). Infact it could be noted that the GTI of.allogan—

treated rats was three times greater than that of animals | |

‘ ‘ |
not treated with the substance. A close examination of Fig.3 .
¥ | .

and the raw data in Appendices 4A,B,5A and B will show that

" the highest GTI. in the animals not treated with alloxan is!

quite lower than:the lowest GTI in alloxan-treated animals.
This fact furthér underscores the severe glucoée intolerance
present in the alloxan-treated animals. ‘ |
ihe»fbregoing results of glucose tolerance in the '
alloxaé—treated=andiuntreated rats strongly suggests that L '
the establishment of the two broad animal caiegories, viz:l
"nondiabetic (normal) control’ and “alloxan-diabetic (diabétic)
control" have been successfully accomplished. This suggestion
was corroborated by the fact that the fasting plasma glucos%
concéntiatiéns (?PGC) and two-hour PGC of animals in the
nondiabetic and diabetic cafegorieé‘satisfy the WHO (1985)
recommendations for human nondiabetic and diabetic states.
Accofdiﬁg ?P WHO (1985), an FPGC of 140 mg% ahd above, with
a two-hour P?C;éf;ZOOmg% and above is sdfficiént for the
diagnosis of diabétes mellitus., 1In the preéent study, the
FPGC of alloxan-induced diabetic rats whichlfénged between
173-348mg% (Appendices 5A&B) and the two-hour PGC which was
503-706 mg$ met-tﬁe WHO standard for diabetic state. In the !’

same vein, the FPGC of animals not given alloxan which ranged

R
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Fig. 3. Glucose tolerance indices in nondiabetic (o) '
and alloxan-dlabetic ( K ) rats. The means ‘
are significantly difterent {(P< 0.001).
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100-138mg% while the two-hour PGC of 128-239mg% satisfied
the WHO criteria for nondiabetic states,

3.2 Influence of.Sex_and Body Weight on Glucose Tolerance i

A T g A A e —— T T . — il A i oy S — - Y — . S = M

T v i ) b — -

As assessed by glucose tolerance index, no significant |

" ! N -
" difference was found in the pattern of tolerance between ]

males and females in both the nondiabetic and diabetic

L
categories (Table 2). The mean GTI of 613+74.6 in nondiabetic

male rats was not significantly different from that of their |
T ; . |
female pounterpgrts-which was 654383.9 (p30.05). Also in

r N . Q :
the diabetic category, the mean GTI of male and female rats
hhich wér§'1961:252.3 and 1970+208.4 respectively were not }
significantly different (PS@.OS). _ I

. ; [
.. : |

3.2.2 Influence_of_Body Weight

O et ————— s oy e S B —

The animals used in this study were non-obese with

body weights within the normal ran;e of 150-200g. As |
revealed by Tables 3a&5, nondiabetic animals with lower body :
weights (150-170g) had a mean GTI of 612%66.8, This value

was not significantly different (P%0.05) from that of animals!
with highér body weights (180-200g) with a mean GTI of |
655t85,6. Also in the diabetic rats, the mean GTI between |
these animals groupedaaccording to body weights (lower and ’

higher) were not significantly different (2068+229 vs

1903£243.7; P>0.05). Regression analyses further indicated
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t
i
’
Male Female
Group GTI No of GTI No of
' Mean (SD) Rats Mean (SD) Rats
Nondiabetic T
(Normai) 613(74.6)a 9 654 (83.9)a 12
. :_‘ : \
Alloxan- - |t .t .
s oxal 196)(252.3)b| 10 1970(208.4)4 9

Diabetic }

v
% 3 v

»

" ] -

. | e

f'

! ' ' )
Table 2. Influence of sex on glucose tolerance as assessed

+

by glucose tolerance index (GTI).

N.B. GTI values with the same letters are not significantly
i i ) !

diffe;ent'(P > 0.05) from each other. Resﬁlts are present

as mean (SD).

ed -
|
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»
150 ~ 170g 180 ~ 200g
o ' :
540 553 :
595 o 633
674 1 : 546
507 746
637 710
653 | 565
676 590
739
— 738
& 730 .
%[Meap GTT 612 + 66.8 655 + 85.6 |
t - :
i
Table 3a. Influence of body weight on glﬁcose tolerance in
nondiabetic rats as assessed by glucose tolerance index
(GTI). ) |
N.B. The mean, GTI in the two body weight class of
E (*150 - 170g' "and '180 - 200g') are not significantly

different (P > 0.05) .

i ]

=
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it

150 - 170g 180 - 200g

2324 2187
2156 i 1547
1808 1810
2284 1950
2038 2069
1796 2114

1646

Mean GTI 2068 + 229

1903 + 243.7

t

39

Table 3b. Influence of Body weight on glucose tolerance in

1

N.B. The mean GTI in the two body weight class ranges

alloxan-diabetic rats as assessed by GTI.

(150-170'g and '180-200g') are not significantly different

(P > 0.05), ,

fr
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that no consistent or significant association could be !
established between body weight and GTI. A berusal of
Fig.4 will reveal that the data-points in the scatter

diagram describing the association of GTI with body weight
|

do not conform to any specific pattern in both the non-
diabetic and alloxan-diabetic categories, Moreover, the ,

correlation coefficient (r) of the association was 0.8 and

' |
-0.3 in nondiabetic and diabetic. rats respectively, Students
t test indicated that these values were not significantly

different from 0,

3.3 Influence of Genetic Factors on Glucose Tolerance in

T T A o . i L ik ————— e e o 1 2 R e M . e g —— e i Bl
e e s e e, e e D e o R s e -t i W . . ——p A .

The two isolated colonies were maintained in the
Biological Garden, Unilag, Akoka and the Laboratory Animal
Centre, College of Medicine, University of Lagos, Idi-Araba.
The Akoka colony was derived from a small stock secured from
the Idi-Araba colony in August 1982. The rats were bred
{mass breéding} in the animal house:of the Biological Garden,
Akoka since 1982 without accessions from elsewhere. Glucose
tolerance pattern was studied in nondiabetic and alloxan-
induced diabetic rats from these two colonies for EEEEE‘

geggragigps (Parental, F, and Fj).

u-.—_—.-.—————..._—__.-....—_———.-—_-.-_—_—._—_—_....._.___—-—___—-.__———._

—— it oy ——— i

‘No significant difference in the pattern of glucose
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E

‘tolerance was found between .the parent animals from Akoka

and Idi-Araba colonies in the nondiabetic category (TaBle

|
4, Figs 5akb). ‘ '

In the alloxan category, however, striking difference.,
- cert

Co * 7 ;
in glucose tolerance was observed between akoka and Idi- j, h

Araba animals. Those from Akoka had a lower ~ran fasting

! i

-plasma glucose concentration (FPGC) of 134%2u.Zmg% when coﬁpared

t .

I‘ .
with that of animalssfrom Idi-Araba with FPGC of 245128.9."3%.
This difference was found to be statistically significant

(P<0.01}). The mean glucose tolerance index (GTI) of Akoka

' rats was also céf;espondingly lower ) P<0,01) than that of '

Idi-Araba rats (1601+£39.1 vs 1940+74.6)"

A o i e i L Al o i Mk . S S — T — o — " o]

- s e e o S e

F1_and Fp Generation Offspring

The extent to which the pattern of glucose tolerance

observed in the parents was genetic and/or environmental

L3

needs to be evaluated. This is particularly sc in the case
of alloxan-diabetic capééory where important differences in
glucose tolerancé was ébserved begﬁeen animals from the two
colonies. Thus, glucose tolerance test was carried out in.
the F4 and F2 generation offspring. Cognizance was taken

e

of the fact that, unlike the parents, the offspring were
bred .and maintained in the same .rigidly controlled environ-
ment (Experimental Boom: Laborato;x Animél Centre, CMUL, .
Idi-Araba}. .,

In the nondiabetic group, no significant difference ,

in glucose tolerance was found between :.animals from the two
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Idi-Araba Colony. Akoka Colony
Generation | Group FPGC(mgz) | 6T1 * | No of | FPGC(mg2)| &7 No of
- Rats Rats
Nondiabetic| 117 4 | 467 4 | . 12z 5 | 486 ;
Parental (10 9) (57.2) (17.5) (53.8) |
(p) ptabetic | 295¢ [ 1k || 16 AR ’
(28.9) | (74.6) (20.2) (39.1) |
- * ;
Nondiabetic| 120a | 450 b 113 a | 440 b .
First 10 10
Generation | (9.9) (39.5) (16.6) | (49.7)
Offspring Disbetic | 1241 ¢ | 1931 d 131 a 1621 e | |
(F1) ol (2r9) [ 595y | B | 16y | (79.3) M
Second Nondiabetic| 121 a | 459 b 116 a 450 b |
‘7Generation" (14.7) | (51.9) 7 (13.5) (47 .4) 10
‘Ofﬁpﬁng _
- Diabetic 248 ¢ 1952d | 8 134 a 1631 e 9
2 (31.3) | (109.2) ( 9.7) (93.0)

Table 4. Fasting plasma glucose concentration (FPGC) and glucose tolerance
indices (GTI) in nondiabetic and alloxan-diabetic rats from Idi - Araba and -
Akoka Colonies. _ .

N.B. GTI values with the same alphabets are not s1gn1f1cant1y different (P>0 05)

from one another. However, those with different alphabets are 51gn1f1cant1y

ndifferent (0,05). Results are presentdas mean (SD). .
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observed in the diabetic category.
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in GTT at 0.05 level between Idi-Araba and Akcka rats in the non-

diabetic category, significant difference was observed in the
diabetic category (P 0.05).
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colonies in the F1 and F) offspring. The fasting péésma o
glucose concentrations and glucose tolerance indices of the_
offspring (Fq and F3) were not significantly different f}om |
those of the parenté (Table 4; Figs Sasb). It Eﬁérefore

appeared that, in the present study, glucose polerénce in i

r

1y

the nondiabetic state is not of genetic or environmental L

importance.

In the diabetic animals, important differences were-" f
observed between the offspring from the two colonies. The
pattern of result was similar for the F{ and F> offspring
and the parent animals (Table 4; Figs 5agb). The FPGC of

‘ Akoka F1 diaﬁetic cffspring was 131x16.1mg% while the GTI

was 1621179,3. These values were significantly lower than ,

those of Idi-Araba Fq diabetic offspring with FPGC of 241227mg%

X

and GTI of 1931#59.5 (P<0.05). 1In the Fp generation, Akoka'
rats had FPGC of 134197 and GTI of 1631:93.0 compared with -

the significantly higher FPGC and GTI of Idi-Araba rats which

4

were 248131, 3mg% and 1952%109,2 respectively (P<0.05), It ,

P
\_

s

should be noted that{}sj<Zpattern of results is siﬁilar_t&
E o = :

that of the alloxan-diabetic pérent%j%iFigs Sagb). It
therefore appeared Ehat glucose toléﬁance in'alloxanwdiabe§ic'
rats is largely genétic. The explanationahay'lie in genetic
differences in sensitivity to alloxan in the rats maintained
* at these two different colonies.

- =
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3.4 The Influence of Dietary Substances on Glucose Tolerénce.

»

+3.4.1 The Influence of Three Varieties of C.annuum (Chilli

tié

Peppers)

LI

4
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'3i4.1.1 C. annuum Var. fasciculatum (Cluster-Peppers)
;n,the nondiabetic animals treated with this pepper

variety, the peak plasma glucose concentration {PPGC) was

166122.5mg%. When this value was compared w}th the PPGC of |

ti.e nondiabetic control rats which was 181132.4mg%, the

———

. , \ s e S o
difference was significanty 7 =L L «5(P<0,05). The mean
) S e [l

e MR .

glucose tolerance index (GTI) of the pepper - treated non-
diabetic animals was also significantly lower than that of

the control (566+74.7 wvs 635180}8; P<0.05); see Table 5 and

' Fig.6a. Also, the mean glucose tolerance curve of the non-

diabetic control rats was found to lie below that of the

untreated animals (Fig.é6a).

The pattern of results in the diabetic category was
4

somehow similar to that of the nondiabetic. This is because
ﬁepper significantly lowered plasma glucose concentions in
this category also. This plasma glucose reducing effect of
cluster peppers was found to persist ?oré&fﬁ%ﬁ%ﬁégzghours
during glucosttolerance testing (Fig.7a). Thé_mean PPGC
of rats treatéarwith this pepper variety wasr410i42.1mg%.
This value was significantly lower than the PPGC of the
diabetic control a;imals which was 620161.7mg% (P<0,01). The
mean GTI in the pepper - treated group was 1202 $69.9 as

1

compared with the significantly higher GTI of 1965%226,.2 in

—-

N L
the diabetic control rats. This effect is desirable in

diabetes because the primary problem of a diabetic is the
) i
control of postprandial (after feeding) hyperglycaemia.
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Concentration (mg°L)

Glucose

O{ [ | ] ! l !

30 60 90 120 | 180 !

Time {minutes)

Fig. 6a.. The effect of common salt and three varieties of chilli peppers °
on gluco_se tolerance in nondiabetic rats, N.B.: (0) control, - .

) Capsicum annuum var, fasciculatum; (e) annuum var,
_abbreviatum; (A) C. annuum var grossum, 5(E]_}—Camon salts -
@) Common salt combined with C. annuum var. fasciculatum: '

+

&
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3.4.1.2. C annuum Var. abbreviatum {Wrinkled,PepEers)

The mean glucose tolerance index (GTI) of the non-

diabetic treated rats was 649+73.4, Thfs value was not

significantly different from the mean GTI of the nondiabetic

*

control animals which was 636280.8 (P>0.05). No significant .

L3 I

difference was also observed between the treated and untféa@ed'

. w5 i
rats when the plasma glucose concentrations at every time- .
point of glucose tolerance test (GTT) was compared (Table 5). .

In the diabetic animals, this variety of pepper was r
“
observed to afféct glucose tolerance significantly. The ;
mean GTI of 1553%170.2 in the treated rats was sigﬁificantly;
lower (P<0.05) than that of the control which was 1965:226.2

(Table 6; Fig.7b). The plasma glucose reducing effect of

C. annuum var abbreviatum was, however, observed to be lower

than that of C. annuum var fasciculatum when the plasma

3

glucose concentrations and glucose tolerance indices were

compared (Table 6; Figs 6a,b,7asb). Thus the glucose tolerance

i

curve of animals treated with C. annuum var abbreviatum was
L % . .
found to lie above the curve of those treated with C. annuum

var. fasciculatum (Figs.6a,7a). Wrinkled peppers may there-

fore not be efficacious in the treatment of diabetes.

L)
L 4

3.4.1.3. C. annuum var grossum {Swect Peppers).
Point -*to :'point comparisons of plasma gldcose'leve1§
% ' : |
did not show that this pepper variety had .:any significant
. * N

effect on glucose tolerance in the nondiabetic animals. 'The

mean glucose tolerance index GTI of the nondiabetic rats

L]
-
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i No of Plasma Glucose Concentration (mg%) GTI
~ Treatment . Rats ™ ; . {
O.pin | 30 mins| 60 mins| 90mins| 120mins| 180mins|
> Glucose e | 195 | 198 | 27 | 181 139 | 636
only 21 . : S
(Control) (12.6) [(22.9) [(28.0) |(35.7) | (32.4) [(27.0) |(80.8)
Glucose 108 159 157 163 | 166 131 | S66%
and 12 (18.6) | (28.1) | (37.9) | (22.4)] (22.5) | (30.9) | (74.7)
CAF - |
|
Glucose |16 | 179 | 207 27 | 199 | 127 | 649
i ﬂg . .
cand P N0 | (1.0) | (31.0) | (22.6)] (49.0) (16,4 [73.9)
Glucose . 122 190 193 199 | 169 136 | 620
o (8.7) | (#1.3) | (50.0) | (42.1)] (23.1) | (12.7) | (85.0)
- .. ' |
L] | *
Glucose 132 194 219 204 210 174 734
and
Salt 5 ft6.8) | (26.2) | (6.6) |(11.5) | (13.6) | (21.0)] (33.9)
Glucose 18 172 177 176 | 183 136 | 597
CAga?gd Y (25.3) {(32.0) [(14.5) |(25.4) | (17.2) | (31.0)] (48.2)

Table 5. Effect of C. annuum var. fasciculatum (CAF), C. annuum var.

abbreviatum (CAA), C. annuum var. grossum {CAG), common salt (NaCl},
L

and CAF combined with NaCl on glucose tolerance in nondiabetic rats

¥ B. Results are presented as mean (S.D). Asterisk (*}) indicateé

significant difference from the control (P < 0.05).

L

¢

»

f
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2 ro
) No of ‘P]asma Glucose Concentration(mg%) 6Tl
Treatment Rats ' g
oy 0 min, 30 min 60min 90min  120min  180min ]
Glucose i
only 19 240 293 532 538 620 572 1965
(Control) (55.2) (45.8) (104.3) (99.7) (61.7) (61.4) |(226.2)
Glucose 208 244 295 38 410 ., 288 | 1200F¥
and 2 Ty (20.9)  (33.7)  (63.8) (42.1)° (34.9) (69.9)
~Glucose 10" | 182 260 459 470 492 420 | 1553.%
cand (23.0) (73.6)  (40.2)  (137.0) (91.0) (38.6) [(170.2)
Glucose 9 239 270 4M 525 545 571 1757 1
and 1
;?_ CAG (74.9) (62.9) (73.1) (63.0) {(8.7) (76.0) (220.9?
& |
ang 10 242 328 564 567 640 580 2026 |
Salt (61.5) (36.9) (125.0) (120.5) (51.5) (54.6) [(217.5).
Glucose
CAF and g 210 250 33 _4?0 493 387 1425
Salt (82.1} (52.0) 80.6 92.9 (93.7) (101.0) (304.2)l
% Table 6. Effect of C annuum var. fasciculatum (CAF), C. annuum var.
‘1 abbreviatum (CAA); c. aﬁnuum var. grossum (CAé), common salt (.NaCl),;
and CAF combined with NaCl on glucose tolerance in diabetic rats.
N.B. Results are presented as mean (SD). Asterisk (*) indicate
zignificant difference from the control: * < 0,05; ** p < 0.01).
o
&
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700

Glucose Concermtration ( mg %)

<

Fig.7a.

Time (mirutes)

The effect of common salt and three varieties of chillie peppers '
on glucose telerance in alloxan-diabetic rats. N.B.: (o) control;
(*) Capsicum annuum var fasciculatum; (@) C. annuum var

abbreviatum; .g) C. annuum var grossum; () common salt ,-(_E) T
abbreviatum L. annuum grossum

common salt combined with_g. annuum var. fasciculatum,
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L 3
'3

treated with sweet peppers was 6201#85.0. It was not signi-

ficantly different from 636:80.8 which was the mean GTi for

.the nondiabetic control animals (P>0,05).

In the diabetic category also, no statistically

significant difference could be established between the mean
GTI of animals‘treated with sweet peppers which was 17572220,9
and that of the diabetic control which was 1965+226.2 (?ables

5 & 6; Figs 6b & 7b). '
N ; . !
|

“Thus, among the three common varieties of pepper
|

1
1

considered in this study, C. annuum var. fasciculatum

(cluster peppeﬁﬁ) had the most considerable plasma glucoée,
reducing efféct during glucose tolerance testing. This s

effect was consistent in the nondiabetic and diabetic states.

C. annuum var abbreviatum (Wrinkled Peppers) reduces plasma

glucose level during glucose tolerance teéting only in the
|

diabetic state while C. anhnuum var, grossum (sweet peppers)

had no effect in both the nondlabetlc and dlabetlc condltlons.

C. annuum var., fasciculatum therefore appeared to be the only

.

likely candidate that may be efficacious in diabetic theraby.

¥
y

Y |

3.4.2, TInfluence of Common Salt (NaCl). on Glucose Tolerance

Unlike i annuum var. fasciculatum, salt increased
»

glycaemic levels in nondiabetic and diabetic rats. The glucose

tolerance index of 734%33.9 in nondiabetic salt -~ treated
rats was significantly higher -(P<0.05) than 636+80,8 which-
was the GTI of nohdiabetic cqptrols (Table 5). These con-
sistent increases in plasma glucose concentrations during

glucose tolerance testing indicated that salt increased '



%

glycaemic response to glucoee challenge in the animals:

1
(Fig.6a). .

In the diabetic rats salt also 1ncreased glycaemlc

-~ i
response to glucose challenge durlng%b GTT The gluCOEe k* “‘t\‘

tolerance index (GTI) of 20261217.5 was 51gn1f1cantly hlgher

than that of the diabetic controls whlch was 19651226.2:
' |

. (Table 6; Fig.7b). These results indicate that salt may not

have any desirable effect in diabetes. ‘E
' !
. _ %
. . i 1 \
3.4.3 Joint Effect of C annuum var. fasciculatum and Common
t

Salt (NaCl) on Glucose Tolerance i 1
*

i!.

At the time of completing this investigation, it was

|
gathered that common salt and cluster peppers (C. annuum yar.

g

fa501cu1atum) are usually included as condiments in anti-!

i
diabetic preparations by many ngerlan Herballsts. The results

of this study had, however, shown that these two dletary '

|
substances-(gut of the four considered) had consistent buq *

: 4 : T
opposite effects on glucose tolerance in both the nondiabetic
] - : , %

. | ‘a
and diabetic states, It was, therefore, of major interest, to
A 3 ]

see the effects of a combined solutiocn of common salt and |

cluster peppers on glucose tolerance.

in the noﬁdiabetic category, the mean glucose tolerance
index (GTI) of the animals given the cdﬁﬁined solution was

597+48.2, This value was observed to be between that of

salt - and cluster pepper - treated animals which were ‘
|

734+33 9 and 566+74 7 respectlvely (Table 5 Fig.6b). The

trend is similar with diabetic animals. The mean GTI of the
} ‘ \
' [ f

R |
. |
I'w

|
4 .



%)

Pk

¥

57

group administered with the combined solution was 1425%304,2,
This value was between 2026%217.5 and 1202:69.9 the glucose

tolerance indices of rats given salt and cluster peppers

respectively (Table 6; Fig.7b).

The mean glucose tolerance curves of animals treated

with the combined solution were found to lie between those

of animals treated with only salt and only pepper solution

in both the nondiabetic and diabetic rats (Figs 6a&7a).
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4.0 DISCUSSION

The fact that alloxan diabetogenicity-lies in its ,

!
direct toxic action on the pancreatic beta cells is not an,

X

issue in debate (Beach gE-3£, 1956; Howell, 1967; Lundquis#
and Rerup, 1967). It is well known that alloxan toxicity -

i

causes befa cell injury which results in the loss of insuiin
secretory functlon of the pancreas. Since insulin plays a
very 1mportant role in glucose homeosta51s because of 1t;
hypoglycaemic effects, an insufficiency or inefficiency gf
this hormone (insulin) causes hyperglycaemia - the most f
crucial diagnoétic feature of diabetes mellitus (Baird a;d
Stréng, 1974; Cahill, 1979). The hyperglycaemia is due to
two main mechanisms: a reduction in the rate of glucosef
removal from the blood by the peripheral tissues and aﬂ
increase in the rate of release of glucose from the 1i§er

*

into the circulation. The latter mechanism consists of '’

hepatic gluconeogenesis and lipolysis that follow as cbmpen—

satory reactions to insulin lack under the influence éf such
hormones as growth and adrenocortical hormones (Baird{and
Strong,s1974). o
.The poor state of glucose metabolism in diabetes

implies that the rate of intestinal absorption of glucose

and other food substances will surpass body fuel utiiization.
This condition is most easily and clearly assessed by Glucose
Tolerance Test (GTT) whereby the blood level of a glucose
load admlnlstered orally is followed for a period of time

{Baird and Strong, 1974; Cahill, 1979; WHO, 1979). 'Thus, the

significantly higher pPlasma glucoserconcentrations (PGCs)



- of the alloxan-treated rats as compared with those of

untreated rats during GTT in this study showed that experi-

- mental diabetes has been successfully established.

Apart from glucose intolerance which was considered

)]

in this study.as the main indicator of diabetes, other
important symptoms that showed the successful establish-
ment of diabeteg in the alloxan-treated rats were also
present. These include the presence of abnormally wet cageé
which might have resulted from polyuria (profuse urinatidﬁ}.
Moreover, it was ffequently necessary to re-fill the watei
bottles of alloxan - treated rats suggesting the presencqfof
polydipsia (excessive thirst). The mechanism responsiblégfor

these observations have been reported by Baird and Strong_

E2

< - (1974). In the hyperglycaemic state, glucose concentration
et . ;

.in the blood may exceed the renal reabsorption capacity for
glucoseyand glycosuria (excretion of glucose in urine) iesults.
The level of blood glucose at which this ‘happens in the
majorlty of people is approximately 180mg/100m1‘NC>in{‘NWatmn

2

&ﬁJnéLq;bn the renal reabsorption thresholds

in experlmental animals 1nclud1ng ‘rats.' The presence qf
glucose in the glomerular filterate increases its osmélality.
Thus, water reabsorption is prevented as the filterapé passes '
down the fenal tubular system; There is marked increése in
- the volume of urine (polyuria) and the loss of water;ané
minerals causes excessive thirst (polydipsial.
~In this study sex did not influence glucose télerance

significantly in the nondiabetic and alloxan-diabetic animals.

Therefore, on the basis of oral glucose tolerance dssessment,
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sex difference in sensitivity to the diabetogenic effect
’ ,

‘'of alloxan 4o not exist, This observation was consistent
. . [

with that of Lukens (1948). Later, Beach et al (1951) n@ted
more sevege and higher incidence of glycosuria and ketoﬁuria
{ketones in‘urine) in alloxan-diabetic female rats wheﬁ

compared with males. They pointed out the similarity of this

observation to that of humans where diabetes appears much more

frequently among women than men. However, Beach et al (1951)

could not show any sex difference in the postprandial (after
meal) blood sugar concentrations. Thus, the parameter‘used to
assess the influence of diabetes matters; while glyco;uria
and ketonuria may show greater susceptibity to alloxan toxicity
in female than male rats, glucose tolerance or plasm? glucose
determinations may not. |

Obesity is a common clinical disorder associated with
insdlin resistance. This fact has been repeatedly demonstratéd

in human and animal experimental studies (Rizza et al, 1981;"

Horton, 1983), Diabetes develops if there is a beta cell

defect which hinders insulin sécretéry capacity to;compen—
sate for thé insulin resistance caused by obesity kHorton,
1983). Since variatibn in body weight within normal raﬁge
does not contribute to insulin resistance or élucoSe intole-
rance in man, it was not surprising that the body;weights of
the non-obese rats used in this study did not sighificantly
influence élucose tolerance.

‘No difference in the pattern of tolerance was found'
between the parents and offspring from Idi-Araba and Akoké

colonies in the nondiabetic category. In contrast, glucosé

ot
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tolerancé assessment showed that alloxaﬁ - diabetic animals

|
from Idi-Araba had significantly reduced tolerance to glucose

L
when compared with their Akoka counterparts (P < 0.001)%
This difference in glucose tolerance Was'largely due tohthe

significantly higher fasting plasma glucose concentratién

|
le

-
4; Fig.5a). This difference may be due to variation in |

' . .
(FPGC) in theée alloxan-diabetic rats from Idi-Araba (Tab

sensitivity to alloxan toxicity between the two colonies

If this is the caée,
|

sensitive than -those
1

The difference

v
animals from Idi-Araba must be moreh
. " |

1

|

from Akoka to alloxan action.

in sensitivity to alloxan indicated |
|

1 !
above seemed largely genetic because first and second (F1E
and Fo) generation offspring showed remarkably the same

1
|
; |
pattern of tolerance as their respective parents. The |

L - \
evidence in support of the presence of genetic factors is |

: |
strengthened by considering the fact that the offspring weTe

1

ment thereby minimiZing or even eliminating the effects of |

\

bred'and maintained in the same rigidly controlled enviro_nw

environmental factors, '

—

These results complement the observation in human beirgs
' {

that genetic predisposition to environmental causative factdr

: |
is crucial in the development of type 1 (IDD). and type 2

(NIDD) diabetes (Barnett et al, 1981). Similar explanation

]

!
|
|
L .
of genetic susceptibility has been postulated (Kambo et al, k
. : o
1989) for the third recently described foxrm of diabetes L

: |
(WHO, 1385) known as Tropical or Malnutrition Related Diabetels

(MRD). It is believed that cassava (Manihot esculenta)
' N

!
!
|
!
o
|

!

|

!

1



%

137

62

consumptlon is ah important env1ronmental factor in MRD\
The' presence of cyanogenic glycosides in this plant is l
thought to cause exocrine pancreatic damage in persons |

‘ ) : : | |
taking low protein diets (McMillan and Geevarghese, 1979).

The present study, however, further suggests thatlthe

1nteract10n between genetlc and environmental factors in

|

dlabetes also operates at the population level. If it is\ '5
possible to have two isolated colonies of rats that diffbr |
in their genetic ﬁredilection to alloxan diabetes, it seemed
reascnable to expect diverse cultural and racial differences w
in ipcidence end Severity of diabetes in human populatio@s. I
Long ,ago Mills (1930) found that the incidence of diabetés
is low in Ireland, but higher among the Irish in Boston. = E
Spellberg and Leffi(1945] similarly found low incidence (? ;
percent) in New Orleans and a high incidence (45 percent}l
in New England. More recently, Cahill (1979)—}eported thel
rarity of diebetes in Eskimos and its prevelence in certain
Americ¢an Indians such as the Pima in Arizona where 50 percent
of the population ﬁay‘develop diabetes. The disease ‘s noﬂ
common among the Chinese, in whom it is mild and accompanigd
by supersensitiﬁenees to insulin; however, hlgh rates were,
observed in A51an Indians who have moved to South Africa. [

Moody (1962) 901nted out that random breeding popula+
tions have a teﬁdency to maintain genetic equilibrium and 1 g 5
this must be overcome if any change is to ochr. Thus, any‘ !

|

factor which tends to break up large populations into smallFr

ones are likely to cause change. If two parts of one p0pulaF10n
i : .

¥

|
|
|
|
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are séparated by some barrier, they therefore no 1onger]
share from a common gene pool. This means exchange of génes
between the populations so isolated is pfevented. There#ore,
the occurrenée.of new mutations, genetic drift and the %ction
¢f natural selectién iﬁ one population will be differené
from the other. ' 1

It is qﬁité difficult to explain the divergence in
susceptibilit? to. alloxan between the rats selected from\the
two isolated colonies on the basis of a single hereditar;
difference. Quantitative or polygenic inheritance éeemslmore
probable. Nevertheless, more studies are sfill needed toL
characterise the genetic component of alloxan - diabeteslin'
rats and other animals more accurately. 1

Physioloéic saline (0.9g% NaCl) incréased plasma gchose
fesponse during or;l glucose tolérance tesé (0GTT) in'thel
present study. Several years aéo Clifford {(1936) showed tﬂat
sodium chloride accelerated in vitro hydrolysis 6f pure réw
starch by salivary and pancreatic amylases.' Acceleration Af
starch digestion by stimulating amylase activity may thenl

explain why moderate addition of salt increased plasma gluhose

and insulin responses to bread and lentils (Thorburn et al,
. . f

1986). In this study, glucose was used as the carbohydrate

L]

and similar results were obtained. Therefore, acceleration1
of small intestinal absorption of glucoée may be an additiénal

mechanism through which salt increases glycaemic response.]

Oral rehydration fluid replaces the ¢ i~ - electrolykes

B S
and waterg:l£§5i;
1]

1.jduring diarrhoea. The éodium in this 1

|
|
|

-
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fluid is known to help the transport of glucose by the

6

. l

sodium/potassium-dependent adenosine triphOSphate aocrosi
h :

the small intestine (Thorburn et al, 1986)} This mechanism

may also fascilitate the transport of glucose during glucose
tolerance testing'thereby leading to increase in glycaemic

response as observed in this study. ' 1

1

" salt, by”viffue of this effect on glocose toleranceL
‘may not be efficacious in the treatment of human diabetesl
mellitus. Infact salt may worsen an already established ]
diabetes or even accelerates its progress towards mortallty.
It is also quite likely that chronic excess salt ingestioﬁ
may p#ecipitate diabetes in a subject who a;pears hofmal but
is predisposed to the disease for genetic reasons. It may1
therefore be advised that the general population, particul%rly

the diabetics, §hoﬁid restrict their salt intake. 1

Cluster peppers (C. annuum var. fasciéulatum} unlikel

salt, reduced glgcaemlc response durlng oral glucose tolerance

test (OGTT) ]

curve and GTI of raﬁs treated with a combined sclution salt

r :
and cluster peppers ‘could be located somewhere between those '

This explalns why the mean gluqose tolerance

of anlmals given elther salt or cluster pepper solution alone
(Figs.6a,6b,7a,7b). It is likely that cluster peppers achieLed
its effect on oral glucose tolerance (0GT) by delaying gastric
emptying into the duddenum. This implies that a low level L

of glucose will be passed to the small intestine for absorpéion

in a particular period of time. The active and pungent prin4

ciple of pepper,.capéaicin, is known to be toxic to the 1
- |
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1
inte;tinal Qucosa (Sirsatnik and Khanoka;, 1960) . Thus,
clﬁster peppersumay be irritating to thelduédenum fhereby
auéomatically depressing the pyloric pumﬁ. This is achieved
by an enterogastric reflex from the duodénum to the stomach
which inhibits the degree of antral peristalsis in the 1
stomach. The irritation can aléo cause intestinal release
of enterogasﬁrone, a hormone which passes through the biood
to the stomach also to inhibit the pylori; pump activitﬁ by
depressing antral peristalsis (Guyton, 5961). 1

1 Moreovef, the toxicity of peppe; on:the intestinaq
mucosa (Sirsatnik and Khanolkar, 1960) may lead to destruc-
tion‘of some 6f the intestinal absoré}ivévcelis . The su%face
area available for glucose absorption from the intestine?
would therefo#e be reduced considerably. It is also propable
that'capsaicin in#erferes in some manner wath the sodium
pump ‘mechanism which fa?%ﬁlitates active ubtake of glucose
from the gut to tﬁe blood (Guyton, 1961). It may also be
that cluster peppe;s increases pancreatic insulin release

or/and enhances insulin - mediated glucose.uptake by the

periperal tissues. H

The plasma glucose reducing effect of cluster peppers .

during glucose ‘tolerance test suggests that this pepper |
) . 1
variety may play a desirable role in the treatment of humﬁn

diabetes mellitus. However, this desirable effect must be

balanced against the possible toxic action which this variety

" l
of pepper may have on the intestinal mucosa. Intensive :
1

insulin and sulphonurea drug therapy increase the risk of
hypoglycaemic ehcephalopathy (Young, 1985) and other deletérioﬁs
|

|
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conditions (Baird and Strong, 1974; Cahill, '1979). The

immediafe benefits derived from such dietary regimes that
are rich‘in cluster peppers cannot be overemphasized. TPis
is because the‘pepper will reduce insulin and hypoglycaemic
drué demand éhereby reducihg adverse reactions and compli-

cations associated with the use of these agents.

Wrinkleﬁ peppers (C. annuum var. abbreviatum) sigﬁi-
ficantly reduced glycaemic response in the dlabetlc condltlon

only. As compared with cluster peppers (C. annuum var,

fasc;culatum)f,wrinkled peppers had a lower plasma glucoée

concentration reducing effect during OGTT 'in both the non-
diabetic aﬁd alloxan - diabetic rats. Sweet peppers (C. |
annuum var. gggﬁggg) did not affect glucose tolerance in
both the nondlabetlc and diabetic anlmals..It is 51gn1fliant
to note that the magnitude of effects of these three varie-
ties of chilli peppers varied directly agcording to the
degree of 'their pungency. Thus, the punge?t principle of
peppers, capsaicin, may be the ingredieﬁ%responsible for the

effects observed in this study. It will of 'course be interes-

ting to study the effect of pure capsaicin on glucose tolerance.

‘The exact mechanlsm(s) through which these dietary
substances 1nf;uen0ed glucose tolerance in this study is Qtill
unclear, It will, therefore, be elucidating:to focus futufp
research efforts on the effects of these dietary substances
partichlarly common salt (NaCl and cluster peppers) on the!

following physiological processes: - I
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(1)

(ii)

(iii)

(iv)

67 !

l
gastric emptying in rats and other experimental ;

animals, ! f
l

in vitro absorption of glucose using the everted
' l

gut sac (Crane, 1960), l
' l

|

l

insulin response {Jimenez et al, 1986), and
|

in vitro insulin - stimulated glucose uptake in|

l
(Le-Marchand-Brustel, |

muscle and liver tissues
1978).

. !

]
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Out of the three common Varieties of chilli Peppers
Considered jin this investigation, clusterlpeppers (c. aﬁnuum_
var, fa301culatum) appeared to pe the only likely candydate-f

for the treatment of human diabeteg Mmellitus. Thig jg based

Compared with other Varieties of beppers vigz. wrinkled Peppers

(c. annuum var.}abbrev1atum and sweet Peppers (c. annuum var,



*,

XY

!3,

69

REFERENCES

—— e — i — —

Aro,A.; Uusitripa,M.; Vontilainer, E; Heriso,K,; Korhonem, T,

Sirfonen,0. (1981) ., Improved diabetic control and hypochor

© " . Y :lesterolemic effect induced by long - term
dietary supplements with guar gum in type 2
(insulin - deperident diabetes), Diabetologia 21,
29 - 33,

Bailey,N T.J.(1981). Statistical methods in biology, 2nd ed.
Hodder and Stoughton, London Sydney Auckland
Toronto 216pp.

Baird,J.C.and Strong,J.A. (1974). Diabetes mellitus. In .
Davidson's principles and practice of medicine.
Macleod J (Eds). The English Language Book Society
and Churchill Livingstone. pp 675=-711.° -

Barnett,A.I.T.;Eff,C.; Leslie,R.D.G. and Pyke,D.A. (1981)’
Diabetes in identical twins. Diabetologia 20,
87 - 93, T

Barnett,A.H. and Todd,J.(1990). Pathogenesis of type/ (insulin~
dependent) diabetes implications for the 1990s.
Practical Diabetes Digest 1(4), 122 - 128

Beach, E.E+,Bradshaw,P.J.and Cullimore,0.S, (1956)., Effect of
strain differences on alloxan diabetes in albino
rats. Diabetes 5, 105 - 111

Beach,E.E. ,Bradshaw P.J.,Phoeb,J.and Blatherwick N.P. (1951),
Alloxan diabetes in the albino rat as influenced

by sex. Am.J. Physiol. 166, 364 - 373.

Brunk,R. (1968). Hefter - Heubner Handbych der Experimentellen
Pharmakologie (E.Dorbach, ed}, Springer Berlio
Press city, Paris. 325pp.

Brunzell J D, Lérner RL, Hazzard WR, Porte D and Bierman EL
(1971) . Improved glucose tolerance with high carbo-
hydrate feeding in mild diabetes N.Engl. J.Med 284
521 - 524, '

Butler,L. (1967). Concerning diabetes mellitus. Diabetologia 3,
124,

Cahill,G.F.Jr. (1979). Diabetes mellitus: In: Cecil- Textbook
of Medicine, Edited by Benson, Mcdermott and
Wyngarrden Sunders Co. New York,.pp -1969 - 1986,

Clifford,w.M. (1936). The effects of halogen salts on salivary
and pancreatic amylase. Biochem J 30, 2049-2053,

Cohen,M,, Leog,V.W.; Salmon E, Martin FIR (1980). The role of .
guar and dietary fibre in the management of diabetes
mellitus. Med J Aust 1, 59-61,



N

70

Committee of the American Diabetes Association on Food and
Nutrition (1979}, Special Report: Principles of r
nutrition angd dietary recommendations for individuals
with diabetes mellitus Diabetes Care 2, 250-253

Crane,R.X. (1960) . Intestinal absorption of sugars. Physiol
Rev 40(4), 789 - 825, ‘ T

Couiston,A.M.,Liu,G.C. and Reaven,G.M. (1974) . Increased plasma
glucose insulin and lipid responses to high carbo- -
hydrate low fat diets in normal subjects. Metabolism
32, 52 - 5 ‘

Dahl,1.K. (1960) . Effects of chronic excess salt feeding: -
elevation of plasma cholesterol in rats ang dogs.

J_Exp Med 12, 635 - g65, ;

Dahl,L.K.(1972). salt ang hypertension. Cardiovas Rrev 1,

Dahl,1.K,; Heine,M, and Tassinar,L. (1962), Effects of chronic
€Xcess salt ingestion: evidence that genetic factors
play an important role in Susceptibility to eXperimental
hypertension. g Exp Med 115, 1173 - 1190 :

Dunn,J.s.; Sheehan,H.L., Mcletchie N.G.B, {1943) . Necrosis of
Islets of langerhans produced experimentally. Lancet I,
484 - 487, T

Falsetti,H.L.; Schnatz,J.D.,Greene,D.G. and Bunnell,I.L. (1970)
Serum lipids and glucose tolerance in angiographically
proved coronary artery disease, Chest 38, 111 -~ 1135

Fox,H. (1923). Disease in captured wild animals and birds.
Lippncott,‘Philadelphia, Pennsyvalnia pp 39-40 and
412 - 414, {
Fries,E.D. (1975}, Salt, volume and bPrevention of hyper@ension.
Circulat{gg 53, 589-593 -

Gartner,K.(1968). Handbuch des Diabetes (E Pfeiffer ed)
Handbuch de Diabetes (E Pfeiffer ed) Lehman Munich.
New York. 150pp. ‘

Gill,G. (1990). Practical management of diabetes in the tropics,
Practical Diabetesg Digest 3 (1), 75 - 78

Ginsberg,H.;Olefsky,J.M,;Kiﬁmerling,G.; Grago,P. and Reaven G.M.
(1976). Induction of hypertriglyceridemia by a low fat
diet J. Uin Endocrinol Metab 42, 729 - 735,

Grey,N. and Kipnis,L. (1971). Effect of diet composition on the
hyperinsulinemia of Obsesity N Engl J Med 285, 827-831

Guyton,A.C. (1961) . Medical Physiology. WB Saunders Company
(2nd EQg). Philadelphia and Londen 1181 pp.

Hamilton,C.L. and Brobeck,I.R., (1963) . Concerning diabetes
mellitus, Endocrinology 73, 512,




%3

E*’ A

4

15

71

Hayashi,J. (1967}, Cited by E Hahn, The New Yorker Sept.23
p 114,

Himsworth,H.P. (1935). The dietetic factor determining the
glucose and sensitivity to insulin of healthy men.

Clin Sci 2, 67 - 94,

1

Horton,E.S, (1983). Role of environmental factors in the ,
development of noninsulin¢dependent diabetes mellitus.
In: Am J Med Proceedings of a Ssymposium on New Perspec-
tives in Noninsulin - Dependent Diabetes Mellitus and
the Role of Glipizide in its Treatment p 32 - 39.

Horton,E.S.,Danforth,E.Jr. Sims,E.A.H. and Salans,I.B. (1975)
Endocrine and metabolic alteration in spontaneous
and experimental obesity. In: Obesity in perspective,
Bray G.A.(ed). US Government Printing Office, Washinton
pp 323 - 334,

Howell,S.L. and Taylor,K.W. (1967). The acute pancreatic effect
of alloxan in the rabbit, J. Endocr 37, 421-427,

Jarret,R.J. (1987a). How much carbohydrate? Diabetologia 20,
507 (Letter) S

Jarret,R.J.(1981b). More about carbohydrate'Diabetologia 21,
472-478 (Letter) T

Jenkins,D.J.A.; Nineham R.,Graddock C, Graig - Mcfeely P,
Donaldson K, Leigh T and Snock J (1973). Fibre and
diabetes. Lancet 1, 434 - 435 (Letter).

Jenkins,D.J.A., Taylor R.H.and Wolever T.M.S. (1982}, The
diabetic dietary carbohydrate and differences ih
~digestibility Diabetologia 23, 477 - 484, :

Jenkins,D.J.A.; Wolever,T.M.S.;Taylor,R.H., Reynolds'D,Nineham R,
Taylor R, Metz G.L. Bacon S, Hockaday T.D.R. (1978). Guar
crisbread in the diabetic diet. Br Med J 2, 1744-1746,.

Jimenez,J.,Risco,S.,Ruiz,T. and Zaruelo,A. (1986). 'Hypoglycaenmic
activity of Salvia Cavandulifolia. Planta Medica
260-262,

Junod,A.; Lambert,A.E.; Stauffacher ,W, and Renold,A.E. (1969),
* Diabetogenic action of streptozotocin: relationship
of dose to metabolic response J Clin Invest 48, 2129-

Kambo,P.K.; Hitman,G.A.; Mohan,V. (1989), The genetic predis-
position fibrocalculous pancreatic diabetes. Diabetologia

32, 45 - 61.




L

n )

72

Kingsburg K.i.(1966). The relation between glucose tolerance
and atherosclerotic vascular disease Lancet IT,1374-1379.

LeMarcHand,Y,; Jeanrenaud,B. and Freychet,P. (1978). Insulin
binding and effects in isclated soleus muscle of lean
and obese mice. Am J Physiol 234, E 348 - E358.

Lenel,R.;Katz,L.N.and Rodbard,s. (1948) Arterial hypertension
in the chicken, am J Physiol 152, 557 .

Lille,J. and Kamrez,E, (1935), Pharahacodynamic action of the
active iprinciples..of chillie pepper {Capsicum annuum)
Chem Abstr 29, 483 - 488 '

Luft,F.G.; Grim,C.E.; Higgins,J.T.and Weinberg,M.H.(197?).
Differences in response to sodium administration in
normotensive black and white subjects J. Lab Clin- Med
90 ,555 - 562, ' :

Lundquist,I. and Rerup,C. (1967). On the development of alloxan
diabetes in mice, European J Pharmacol 2, 35 - 47

Lukens,F.D.W. (1948). Alloxan Diabetes. Physiol Rev 28, 304-330,

Mann,J.I. (1980). Diet and diabetes. Diabetologia 18, 89-950

Marlis,E.B.; Nakhoda,A.E.: Ponssien,P. and Sima,A.A.F. (1982).
The diabetic syndrome of the 'BR’ wistar rat: possible
relevance of type 1 (insulin - dependent) diabetes in
man. Diabetologia 22, 225 - 232,

Meier,H. and Yerganiare,G.A. (1959) Spontaneous heredity
diabetes mellitus in the Chinese hamster (Cricetulus
griseus): I Pathological findings. tProc Soc Exp Biol
Med 100, 810 - 815

Meneely,C.R.; Tucker,R.G.;Darby,W.J. and Auerbach,S.H. (1953},
Chronic sodium chloride toxicity in Albino rat.
Occurence of hypertension and of a syndrome of edema
and renal failure. J Exp Med 94, 525

Mills,C.A.(1930). Diabetes Mellitus, Is climate a responsible
factor in etiology? Arch Int Med 46, 569 - 581

McMillan,D.E.and Geevargnese P.J.(1979). Dietary cyanide and
tropical malnutrition diabetes., Diabetes care 2,202-208,

Monsereemisor, Y. (1960) . In vitro itestinal absorption of
capsaicin. Toxicol Appl Pharmacol 23, 134-139

Moody,P.A. (1962). Introduction to évolution - 2nd Ed.Harper
and Row, New York, Evanston & London and John Weather-
hill,Inc. Tokyo. 553 Ep.

Nopanitaya,W. and Nye,I. (1974),.Duodenal mucosal response to the
pungent principle of hot pepper (capsaicin)in the rat:
light and electron microscopic study.Toxicol Appl
Pharmacol 30, 149-161, . ‘

Odeigah,P.G.C. and Obieze,A.C, (1986), Differen%F in sodium
chloride testes sensitivity in a rural an urban population
in Nigeria:implications for the incidence of hypertension

-~ t

TN ML Y e e R N
i 1



Xi
- i !
W . IPAGE
Appendix 21: Joint effect on common salt.and 101
' * C.annuum var fasciculatum on OGT in '
1 nondiabetic rats
R ‘ o
ik Appendix 22: Statistical analyses 102
& Appendi» 23: Student's t - Distribution . 106
Appendix 24: The Correlation Coefficient | 107
Appendix 25: 5 percent points of variance-ratio (¥) 108
‘ : Distribution B
Appendix 26: 1 percent points of variance -ratio (F) ! 109
Distribution ‘
. [
it
s

-
[x

&)

je——



,"\
.
4
s
*
Ly
z.
&7
¥
~
e

®ii ]

— e

ABSTRACT I

The influence of genetic and some dietary factor%
on glucose tolerance in normal (nondiabetic) and diabetic

rats (Rattus norvegicus) has been investigated. Diabeth was

induced by intravenous (jugular vein) administration ﬂf

alloxan ét_4.0mg/100g body weight as 0,8g% solution. It was

observed that the mean glucose tolerance index (GTI) of the
alloxan - treated rats was 1965 % 226.2, This was signifi-
cantl& higher than the mean GTI of the nondiabetic rats which
was 636°+ 80.8 (P <0.01)., No significant assoéiation éf
glucose tolerance could be established with either se% or
body weight. . |
Alloxan - treated animals of Idi-Araba colony were
found to have significantly higher fasting plasma glupose

concentration (FPGC) of 245128,9mg% when compared'witﬁ the

" mean FPGC of those from Akoka which was 134120,2mg% (P<0,05),

ﬁ
The mean GTI of Idi-Araba alloxan-diabetic rats was therefore,

correspondingly higher than that of Akoka animals (1540:74.6
Vs 1605139.1; P<0,05), That this différence in glucoée |
tolerance‘betwegn animals from éhe two isolated coloﬂies was
largely genetic was indiéated by the first (F7) and éecond:
(F3) generation offspring having a pattern of observation that
was remarkably similar to that of the parents. j

In the nondiabetic category, treatment with cluster

peppers {(C. annuum var, fasciculatum) resulted in significantly

lower mean GTI of 566x74.7 as compared to 636180.8 which was

|
the mean GTI of the nondiabetic control animals (P<0.05). The

£
mean GTI of alloxan-diabetic rats treated with cluster peppers

was also significantly lower than that of the alloxah—diabetic
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i
controls {1202169.9 vs 1965:226.2; P<0,01). Common s&lt

|

(NaCl) on the other hand had an opposite effect on g#ucose
tolerance in that the mean GTI of salt - treated nondiabetic
and diabetié rats were significantly higher than thoée of
their respective conﬁrols. Expectedly, the mean gluc;se
tolerance curves of rats {(nondiabetic and diabetic) treated
with a combined solution of common salt :and cluster %eppers

were located some2where between the curves of those ftreated

with either salt or cluster pepper alone. [

l
Wrinkled peppers (C. annuum var., abbreviatum) lowered
' - T |

GTI significantly in the diabetic category alone (P{0.0S)
while sweet peppers (C. annuum var grossum) had no significant

effects on glucose tolerance in both the nondiabetié and
i

diabetic rats. Thus, as compared with wrinkled and Fweet
peppers, cluster peppers appeared to have the strohgest and
most consistent plasma glucose reducing effect duri%g glucose

tqlerance test in both the nondiabetic and diabetiq states.

[}
v

:;iF}QOuld therefore be suggested that the different
inciaenéejggd severity of diabétes in different hu#an popula-
tions may be due laréely to genetic factors., Moreover, if

the results«of the effects of the dietary substances are
confirhed by other animal and human experimental s%udies,
cluster peppers should be of value in the treatment of diabetes
mellitus. On the other hand, salt consumption should be

restricted in the general population, particularly:the diabetic:

|
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1.0 " INTRODUCTION

According té WHO Study Group on Diabetes Mellitus (1985),
diabetes is recognized by elevation of the blood glucose
concentration ihyperglycaemia) resulting from insulin insuffi- -
ciency or inéfficiency. -The classical symptoms of di%betes
iﬁclude seﬁere:thirst {peclydipsia), profuse urination:(polYuria)
and weight K loss (Baird and Strong,1974). Two importan% key
factors have been identified in the development of thé disease;

these are the genetic constitution and the environment (Mills,

1930; Horton, 1983). It is generally believed that an

individual inherits a susceptibility to develop diabetes

and that one or more environmental factors can eventually
precipitate the disease. In the absence of.effective kreatment,
diabetes culminates in coma and death {Baird and StrQ;g,1914;
Cahill, 1973; WHO, 1985). |
|

The cliqical diagnosis of diabetes is. often perpted by
the classical symptoms (Baird and Strong, 1974). In this
circumstance, according to WHO {(1985), a sinéle plasma glucose
estimation in excess of 200mg$% is sufficient to establish-
diabetes. However, a random plasma sugar estimation below
200mg% does not exclude the disease and in this case, standar-
dization 6f the conditions under which the blood sugér estima-
tion is done .is necessary. As a result, the Oral Glﬁcose
ToleraqceiTesF (OGTT) has been of fundamental ihporténce in

the diagnosis of diabetes (Junod et al, 1969; Baird and Strong,

1974; Cahill, 1979; WHO, 1979; WHO, 1985). _ -
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may also be taken every half an hour

£ "

To perform oral glucose tolerance test (OGTT) |in human

1

subjects, WHO (1985) recommendations néed, to be followed.

The test should be carried out in the morning after an over-

<night fast of 10-16 hours during which water may beldrunk.

' After co;lection of the fasting blood sample, the sébject

should drink 75g of glucose dissolved in 250-300 ml of water
. ; |
over the course of 5 minutes. Blood samples must be collected

1
J

2 hours after the glucose loading; if appropriate,:éamples

during this pe%iod. A

fasting plasma glucose concentration (FPGC) greater than

" 140mg% ahd a 2~hour plasma glucose level of 200mg$ and above

indicates diabetes mellitus. !

For the past few years, studies on glucose tolerance
! N | . ;‘ -

have attracted considerable interest for many reasons. For
: 1 .

' ' C e i
instance, glucose tolerance has genetic significance because
of the association of a large number of genetic diseases with

a high incidence of abnormal glucose tolerance. These genetic
' i

diseases, caused by chromosomal aberrations and inborn errors

T

- of metabolism include the Prader - Willi syndrome, sexual

ateliotic dwarfism, Schmidt's “syndrome, Friedfiech'? ataxia,
optic atrophy, nerve deafness and Turner's syndrome (Cahill,

1979). Moreover, glucose tolerance is important as a test

- system for écreening of newly discovered antidiabetic agents

or modifying substances (Beach et al , 1956; Junod et al ,

v F =
1969; Reaven, 1963}. =
i
There is evidence that the overall worldwide prevalence
of diabetes is gradually increasing and this has continued

to generate much concern (Gill, 1990). The gravity;of this
|
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w APPENDIX 1
Composition of Animal Feed from Piizer and the
Préportion of the Major Food Substances Present
According to the Manufacturer,
@
Composition,
)
Maize i
Groundnut ' ) Mineral Premix
wheat Middling Bone Meal
Fish Meal' ' Cyster Shell
Brewer's Fried Grain Salt
Vitamin Premix Anti -~ Oxidant
[ ' !
Ly ) L . : |
v Proportion of Major iFood Substances, .
k~ - '
Protein 14%
Fat ' 3% -
‘ . ¢
Fibre : : 8% '
: ' . it
APPENDIX 2
Formular and structure of Alloxam (2,4;3,6 - Tetraoxypyrimidine or
5,6, Diouracil) :
rormular: C4(NH)2 O4
, Structure: NH —— CO
= | o
Cco Co
| l
. C) =————— CO

D
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APPENDIX 3

Glucose Cxidase/Peroxidase (GCL/POD) REAGENTS.

Reagents.
vial 1: Buffer/Enzymes/Chromogen
Bottle 1A: Phenol

o

~ Standard: glucose *100mg%

Preparation of Working Solution.

Solution {(1): Add the contents of one vial 1 to one bottle 1A.

Mix untill completely dissolved. _ ‘

Procedure.

Pipette into test tubes

Blank | Standard Sample
Sample - _ - 0.02ml
€% Standard - 0.02ml -
Solution (1) ‘2.50m1 2.50ml 2,50ml o

Mix and incubate at 37% for 15 minutes or allow to stand at room

temperature for at least 30 minutes.

Read the absorbance of the sample (A sample) and of the Standard

(A standard) against the blank.

Wave length: 505nm (500 - 550nm)
Cuvette: lcm light path

T Temperature: 37° or room temperature {(not less than,200c)

Reading: against blank
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APPENDIX 4A

i
%
|
~ |
e 1
1
OGT in Nondiabetic (Normal) Control Male Rats, 1
' {
i \
%
. !
: 1
: ' PGC (mg¥%) :
Sl - NN . = = Tl
Omin 30min 60min 90min 120min 180min
1 200 125 174 163 161 146 119 553
2 200 107 196 176 192 206 144" 633
.. 3 | 180 114 195 201 238 133 98 546
2 , .
4 | 160 103 162 180 193 154 103" 540
5 200 114 185 196 210 185 141 - 636
]
6 195 120 202 = 214 253 227 186 747
[
7 200 118 196 _ 208 238 213 171 750
: . 208 1 f
8 188 108 173 179 185 159 119 565
9 198 110 177 185 . 194 . 168 127 590
L
Mean 191 113 184 189 207 177 134 613
S.D. 13.6 | 6.9 13.6 16,7 30.1 32.7  29.5 74.6
=) o
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3 ' i 1
i 13 ! !
SPEN B ! i
P APPENDIX 4B, ;
| f
. l'
OCGT in Nondiabetic (Normal) Control Female Rats. :'
'l
!
{
J"l
Rat Bt PGC (mg% 'l Grr
- . !
No Omin __30min_ 60min _ 20min. 120min_ 180mid
e _ 7 f
1 150 134 220 183 188 167 111 | | 595
' : /
2 185 135 220 261 262 200 143; 739
3 165 138 217 233 202 167 130/ 674
: : |
4 150 132 173 144 - 133 sq’ 507
!
5 161 117 193 197 223 170 153 637
] r : /
6 185 102 217 221 247 239 176 738
3 7 175 100 144 150 142 128 113 491
8 179 106 211 216 242 200 171 693
9 160 119 195 199" 225 180 1f5 653
10 182 138 214 2qg 244 200 i 730
] ‘.
11 170 122 240 228 288 216 144 710
’ -
12 155 114 190 200 220 212 Fso 676
| !
i
Mean 168 122 203 204 226 184 5143 654
. i
S.D.  13.1 14.7 25.7 33.5 39.1 33.2 25.7 | 83.9
!
:
!
!
1 !
\ !
!
rIF
: ‘
:’
e ’




APPIENDIX SA

£

¥

CGT in Diabetic Control Male Rats,

;;
: PGC (mg%) . i
zgt 3wt — : - GTI
' , Omin ° 30min £0min 90min 120min 180min ]
; !
P . !
1 200 292 . 252 626 628 662 607 / 2187
2 197 195 205 320 348 558 472 | 1547
3 200 204 267 456 475 609 539 1810
. } [
4 193 231 299 524 538 620 575 1950
’ ' [
5 200 157 351 726 605 619 s67 || 2069
. , I
6 180 290 ¢ - 638 - 565 521 |1 2114
) ! I
W 7 165 315 . 323 682 619 694 633 | 2324
{
e 8 150 292 299 616 569 658 590 1| 2156
9 150 235 251 483 469 586 504 [ [ 1808
10 200 219 227 416 2419 ' 550 461 | 1646
| ,l,
. ]
Mean 184.5 243 - 475 549 519 622 547; 1961
. ’ ' o
S.D. 22.1 | 51.9  46.9  129.6  97.4 ' 47.9 57.41 | 252.3
;
, |
, i
' !
~ !
: ]
!

)
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@2 ) APPENDIX SB |
:
- CGT in Diabetic Control Pemals Rats. i
=
Rat . PGC (mag¥%)}
No B.Wt. GTI
Omin 30min 60min 90min 120min. 180min
1 194 f 179 - 412 - 538 621 1749
2 186 192 252 424 443 604 521 1741
3 150 348 330 482 478 590 618 2038
i
4 200 269 316 591 598 | 649 597 2108
5 180 197 309 574 719 706 638 '} 2135
2 6 165 301 362 571 668 731 681 2284
v 7 178 1269 332 534 614 677 640 2117
8 191 173 272 460 506 567 558 1758
9 150 205 342 571 452 1503 517 1796
Mean 177 237 314 513 560 618 599 . | 1970
S.D. 18.4 | 61.8  36.5 69,7  104.4 77,3 56.2 | |208.4
i
i
z.; ,I
o~ J
2 :

e,
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AvboinIX 6A

OGT inithe Parental Generation of Nondiabetic Rats from AkokKa,

52
I;gtJ sex | B.wt. PGC (ng%) 1 .
Qmin 30min  60min  90min  120min  180min
1 M 150 136 174 102 148 121 94 453
3 2 F 190 | 144 122 89 117 108 102 425
3 F 150 110 116 175 187 130 115 530
4 F 160 102 142 142 148 123 100 467
5 F 170 | 124 152 194 133 124 111 1553
1 . l‘

Mean 164 122 150 140 147 121 104 486
3eDe 16.7 |.17.5 19.7 45.2 25,9 8.1 8.5 53.8

. :

ll

EE APPENDIX 6B E

4 OGT in the Parental Generation of Nondiabetic Rats from Idi-Arabal

|

li

ﬁgt Sex B.wt, | - Pec (mon GT£

Omin  30min_ 60min  90min  120min  180min {

1 F 175 102 131 131 119 101 103 437’
20 r | 180 | 120 167 132 “127 115 91 | 458
3] 0w 200 119 131 132 108 . 102 72 425 .
4 F 165 | 128 175 178 165 149 9 551

oMean 180 117 151 143 130 117 91 468

s b 14.7 10.9 23,3 23,2 24.8 22.4 1342 57,2

a0
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AFPENDIX 7A

CGT in Akoka Diabetic Patent Rats.,

QR
Rat ' o PGC (mg%) @
No SCX B.Wto Il GTI
| Omin_30min €0min  90min _120min _180min ;
21 F 200 147 246 297 525 5741 563 1581
2 M 195 155 194 284 494 561 571 1571
- a
3 F 150 121 233 370 564 583 . 584 1658
E - | |‘
% a | F 161 113 214 337 525  $76 569 1595
Mean 177. 134 222 322 527 574 572 1601,
b \
S.D. 24,7 {20.2 22,7 39,1 28.7 9.2 ) 8.8 39.1\
|
. 1
foe
g
%ﬁ APPENDIX 7B
‘g ' . 1
OGT in Idi~Araba Diabetic Parent Rats, '
PGC (mg%)
natl sex | B.wt. — ‘ GT1
Omin 30mins 60mins 90mins 120mins 180mins
1 F 150 217 267 513 526 554 583 . 1867
2 F 165 285 247 514  594. 568 662 2029
3 M 170 234 267 514 514 500 643 1891
‘4 F 205 243 311 - 560 562 602 567 1972
| Mean 173 245 273 525 549 556 614 1940
k- .
S.D. 23,3 | 28,9 27,0 23.2 36.3 42.4  45.9 74.6
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APFENDIX 8A ' \\
|
OGT in First Generation Nondiabetic Offspring of Akoka Rats,
o ' o
.
) |
!
|
|
, m
: PGC (mg¥%) \
ot | sex | Buwt. — ' \GTI
Omin 3Cmin 60min 90min 120min 180min |
I _ 1 1
1 F 165 82 170 98 112 93 74 347
2 M 1s0 | 119 123 119 140 120 107 465
{
3 M 165 135 129 140 130 107 . 102 484
4 F 187 114 151 146 122 118 94 472
! ‘ \

” & 5 M 175 119 149 131 132 109 98 457
% ' i
¥ 6 F 185 131 161 142 141 115 106 494

. | \
7 F 200 101 125 113 123 100 . 86 400
8 F 160 125, 155 137 135 112 102 476
' |
9 F 190 107 131 119 126 103 90 419
10 M 187 95 119 107 120 97 ' 82 381
‘ |
| 3 , ;
Mean 176 113 141 125 128 107 94 440
¥ ‘ . \
S.D. 15.9 | 16.6 17.9, 16.3 9.2 9,1 10.9 49.7
: {
, {
. |
P 1
b |
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APPENDIX 8B |

b
i
\
\
\
'

OGT i 15T Generation Nondiaﬁetic Of f spring Of“Idi-Araba RatsJ

i
3

= ~ '
" Aat ‘ - PGC (mg%)
mes | sax | B,wt, _ — GTI
g .. Omin 30min_ 60min 90minm 120min_ 3120min L
b .
1 r 155 | 103 149 114 130 106 : 78 401
2 r 150 136 166 121 131 112 ' 92 461
3 r 175 118 150 152 132 127 115 512
e | m ] 170 117 19 111 115 116 0 @3 421
5 ﬂ 120 123 157 130 130 117 % 466
. . . LA ' “
6 ¢ 1920 131 163 140 136 123 - 104 s
9 r 165 113 148 115 121 107 ' ee 419
.8 " 166 127 160 135 133 120 ‘100 .| 482 °
9 M 178 117 151 120 124 111 : 88 . 436
10 M 130 110 145 . 110 118 104 80 404
Mean 172 120 154 125 127 114 92 | as0 |
S.D. 134 [ 9.9 7.2 13,9 7.0 7.7 11.9 9.5 |
‘ .
%,
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APPENDIX 9A

!

OéT in 1ST Generation Diabetic Offspring Of Akoka Rats

2

%

o
ot sex| B.we, = Poc (ng%) : -t GTI
—tO0min 30min 60min_90min_ 120min .180min ¢ ¢ —
14 m| 150 [ 118 219 442 529 s81 674 | l1e1s
2 M| 175 110 220 365 559 578 569 1622
3} F 180 160 195 289 495 'sS66 576 1591
4} F ] 165 | 142 241 280 530 569 5588 || 1549
5 M| 200 143 243 290 S22 57 560 1564
\J 6 E' 200 140 190 287 497 - 564 575 _[1566
7] m 160 118 230 367 564 590 581 1656
8 Pl 154 116 217 340 . 528 579 572 1607
9| m 165 136 220 320 525  $76 570 | 1602
0 [ Fl 170 | 117 209 289 512 ses  se1 | 1555
11 F 190 45 229 373 . 544 582 603 i ?703
1 | 'K
Mean 175 131 219 331 s28 575 se2 | 1621
SeD. 173 { 16,1  16.7 51,2 22.1 8.0 3.0 | }9.3
£ ' ;

[
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APPENDIX 9B |
|

. L _ :
OGT im First Generation Diabetic Offspring Of Idi-Arabs Rats,

k

)

: |
] , o PGC (mgk) f . - '
ot | sex | mowt. ' — — —~—t GTI
—t Omin 30min 60min_ %02in ' 120min  180mim
» .o ! i
1 | M | 19 238 306 585 557 897 se2 | 192
2 L r ] 200 | 230 272 510 533 s0s  64e | e
3 " 165 200 242 ses  sey . 563 65 | | 2002
¢ v |10 | 200 272 518 539 0 sss sy | | 1es6
s | n | 1s0 220 260 516 529 , S57  ss84 | | 1em
] ; ‘
6 ] 200 282 244 511 593 , 565 659 | {2017
7 | F 195 237 260 517 625 503 646 | | 1903
8 | F } 180 | 240 308 557 559 597 sse | | 1953
. |
Mean 181 | 241 271 523 566 ° 556 611 ! 1931
Seb. 18.3 |27.9 25.1 20,4 339, 35,7 434 | 595

e

; SR
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APPENDIX 10A

%* OGT in Second Generation Nondiabetic Offspring Of Idi-Araba Rats.

Rat o PGC (ﬂg‘) ‘_

nobl sex| B.we. ; GTI
' : Qmin_30min 60min 90min_ 120min _180min
1} m.| 156 | 131 163 10 137 124 101 ,495
2.1 P | 165 100 140 103 112 101 82 | 386
3 M | 163 115 150 120 - 125 110 92 437
o 4} F | 175 145 170 160 147 127 110 | 542
S | F 180 116 147 118 120 106 87 !421
6 M 165 120 154 130 135 114 95 , 459
7 | P { 157 125" 154 137 135 118 95 '475
Mean 165 | 121 154 130 130 114 946 459
S.D. 10,1 [14.7 9.9 18.4 11.8 9.4 9.1 51,9
{
&

o .
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APPENDIX 108
e OGT in Second Generation Nondlabetic Offoprirq Of Akoka lat"s.
| | |
| , |
T e am — T
::t Sex B.wt, T GTI
Omin 30min 60min 90min 120min 180min 5
1 F ) 165 ] 117 146 136 133 109 100 ’ 456 .
2] F 170 105 131 115 118 103 90 ';L'1413
w 31 M o135 | 125 156 140 143 113 105 | ‘483
D : :
¥y M 174 ] 94 121 105 108 97 8s [ {381
- . |
5 M 169 - | 139 176 155 158 125 117 536
6| P | 160 .| 109 13 120 123 105 91 425
7 M | 180 103 126 110 113 101 87 | 401
8 F ol 175 | 113 141 125 128 107 94 1439
9 M 160 § 121 151 135 138 111 101 ‘468
100 M | 170 | 129 166 145 148 115 107 - lage
Mean 170 | 116 145 128 131 1209 98 | 450
% s.0. 8s6 ) 13.5 17,0 16,0 16.0 7.9  10.1 ?7.4

@)
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OGT in Second Generation Diabetic Offspring Of Idi-Araba Rats.

APPENDIX 11A

PGC (mg%)
et | sex | Blwt. ! . ? IGTI
: Omin 30min 60min 90min 120min 180min }
1 M 165 205 . 247 499 531 517 575 31796
2 M 175 253 279 531 578 568 623 11975
R F 175 298 . 320 577  §50 540 690 2105
4 F 165 265 287 539 590 582 634 2020
5 F 200 241 © 271 523  S66 556 611 1931
6 N 180 229 263 515 555 543 600 1887
R ' ¥ .
7 P 180 217 255 507 542 529 587 1840
8 P | 178 277 295 S47 602 596 648 fosg
; ; |
Mean 177 248 277 530 576 : 554 621 fgsz
S.D. 10.9 31.3 24.0 24.9 38,0 26,8 36.7 109, 2
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APPENDIX 11B
% OGT in Second Genération Alloxan~Diabetic Offspring Of Akoka [Rats.
PGC (mg%) N
Omin 30min 60min 90min 120min 180min !
S Kl — i
1 F 175 132 220 335  S24 573 582 1622
2.] P § 173 | 139 227 365 641 585 600 1689
: ! |
x 3 N 189 140 223 348 533 590 610 1688
& | l
Yoy M 177 115 186 269 498 560 556 1500
5 M 170 130 202 300 512 563 569 1562
6 P 190 142 230 382 649  S%4 611 1729
| : | i
7 F 200 136 210 324 529 569 565 1594
1 , |
8 F 165 125 194 283 505 557 560 1525
3 i
9 M 165 147 235 399 . 754 601 620 1767
o ._ R _ |
Mean 178 134 192 333 571 577 586 1631
S.D. 12,2 9.7 65.9 44.4 B8B.7 16,1  24.6 93,0

’i"')
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APPENDIX 12
: A _ '
e . .
- C. annuum Var, fasciculatum " and OGT in nondiabetic Rats,
‘ i
l .
1 .
1
| . , PGC (mg¥) J !
:;t Sex B, Wt, ) : ‘ - : GTI
. Omin 30mins 60mins 90mins 12‘Gmi‘ns 180mins I
1 : | |
1 M o[i190 ] 112 177 70 186 198 190 J.?va
2 F-| 1@0 146 133 176 181 160 135 637
2 X | |
* Q3 M | 200 109 183 187 186 181. 172 649
Y ) . ) : i
4 F 195 111 165 164 169 165 117 | 557
: ' i1
5 M 200 113 167 192 150 144 116 ' 815
' o ‘ to
3 " 180 7 131 133 144 145 110 466
| {
7 F 210 106 159 190 170 181 154 ?31
s | P | 200 | 87 183 124 112  1is 82 408
' . ' | .
9 M 200 101 162 180 - 174 171 152 604
1 . I
10 " 200 121 125 117 144 154 109 501
’ ) | N ¢
11 r 210 87 192 174 155 © 175 168 . 544
12 r 195 126 126 180 182 177 124 607
Mean 197 168 159 157" 163 166 131 566
’ T - }.
S.D. ' 9.61 | 18.6 24.1 37,9 22,4 . 22,5 30,9 74.7
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T AN .‘ |
' APPﬁDIX 13 |
&y :
C. annuum ‘Jaf fasciculatum and OGT in Uiabetic Rats, \
|
" i i
Nof | sex VIB.Wt. : Pec %) ! 1GTI
Omin 30mins 60mins 90mins 120mins 180mins | |
1 m. | 165 ‘220 217 372 282 384 287 L172
2 M 195 203 - 269 390 444 293 1209
R 3 M 165 208 215 326 444 472 300 ?;06
3 4 F 155 228. 219 273 282 383 289 1173
5 F 165 207 - 327 445 469 300 1303
6 m | 170 205 291 268 392 443 293 ézoé
7 F 180 | 204 248 353 - 404 257 | 1123
8 F {150 213 290 273 293 1365 330 1181
9 M 170 200 249 349 382 401 250 Jzoo
10 M | <170 213 - 279 293 1376 339 1307
11 | om | 165 | 197 220 275 311 437 212 1321
12 F 190 194 247 274 315 343 310 1121
S Mean 170 208 244 295 348 410 288 1202
SeDs 13,0 11.0 *29.9 33.7 53.? 42,1 34,9 6%.9




APPENDIX 14

.

[

i |
: €+ annuum Var, abbreviatum and OGT in Normal Rats,
' i
i
I : i
i
f |
' - PGC (mg%) |
::t Sex | ' B.wt, - - _ | GTI
e Omin 30min 60min 90min 120min 180min || |
1 ‘ ' ) ' 1
11 M| 160, %6 180 207 210 276 134 . K?}s,
2 " 150 139 165 161 195 151 149 | 600
| _ 5 , ¢
3 F 140 70 150 271 180 145 121 | 607
. L
S 4 F.| 160 112 135 210 - 195 133 650
s F 175 161 - 185 224 226 100 3675.
6 M | 155 84 190 187 - 145 . 109 ., %2?
7] )} 17 100 - 217 239 172 118 po?
8 M 1165 132 209 197 - 226 136 691
: o - . . . Lo
9 } F 180 148 221 227 254 253 145 | 771
’ o | ol
Mean 162 116 179 207 2177 199 127 649
| . | e
S.D. 12,5 | 31,0 31.0 31,0 27.6 49.0' 16.4 73.4
1 : ! . l |
= '




11? ! |
. .
“ APPENDIX 15, = | \
Ce annuum vai:‘. abbreviatum and OGT in Diabetic Rats., ‘
. :? ' , : . I
f-«;] . . : ' . '
. . PGC (mg%) ,
P2t ) sex| -Buwt. [ | 6TL
' . Omin 30min ‘60min 90min ‘129m1n 180min {.
| # | |
1 M 160 152 260 499 470 481 394 | 1526
| 4
2 F 150 | 185 287 435 520 399 404 | 1423
3 M 150 | 207 314 483 569 478 421 | 1589
: |
4 F | ‘180 182 340 418 621 609 483 ' 1686
® 5 M | 175 150 367 402 669 363 366 1281
N ‘.-53 . ! ' '
¥ 6 F | ‘160 161 179 421 320 406 3gs 1.73
7 F 175 172 - 440 420 449 404 (1465
8 M 200 194 152 478 270 535 442 1649
9 M 195 205 233 497 - 578 423 11793
10 F 165 216 206 516 368 621 480 1833
Mean 171 | 182 260 459 470 492 420 1553
] : ’ f B ' ) |
S.D. 17.3  [23.4 73.6 40.2 137.0 91.0  38.6 170.2
; ;
! 4

!
W




B | APPENDIX 16 .

*

C. annuum vér. grossum and OGT in non_diabetic Rats.,.

-
«

@ ) . ‘
f .. ;o PGC (mg%)
RSt | sex | B.wt, . :
o . ; Cmin 30min  60min 90min 120min 180min
1 F|.1145 131 190 189 200 183 145
2 F | 150 133 174 156 185 165 129,
3 F 160 12t 161 193 169 171 %38
a | M 160 |. 109 146 -~ 284  15¢ 200 ' - 152
5 M 180 117 129 143 139 151 378
e L 6 ™ 170 112 206 137 215 132 102
SN
3 5 3 165 517 221 165 220 142 e
g F 175 237 34 221 245 183 147
9 M 200 132 251 249 260 192 158
Mean 167 122190 - 193 199 169 136
S.D. 16.6 8.7 41.2° '50,0 42,1 23.1 17,7
¥
& £

R
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" APPENDIX 17

x -

L3
-

C. annuum var., grossum and OGT in"QiabetiQ_Rats.

»
-

.

)

R
PGC (mg%)
:2t Sex | B.wt, - - ' A
Omin 30min €E0min S0min 120min  180min
1 F . 150 195 270 314 525 553 468 §
2 Y 220 178 247 409 502 537 622 17,
3 F 210 340 224 484 479 540 621
4 " 185 238 201 402 456 550 572
5 ¥ 160 138 178 295 422 533 463
6 F 170 16¢ 293 331 ° 548 £37 493
7 M 150 202 316 369 - 541 535
8 F 175 274 339 437 571 549 607
9 F 180 310 - 467 503 554 643
- 10 M 190 346 362 505 618 559 679
Mean 179 229 270 401 525 545 = 571
S.D. 23.¢ | 74.9 6€2.9 73,1 63.0  B,7 76,0

¢h

~

el

L

a
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. APPENDIX 18
o) Common Salt and OGT in nondiabetic Rats. T-
" i
" PGC {mg%) 5
bl sex | oBowt, : GTI
- Omin 30mins 60mins 90mins 120mins 180mins
_ _ ' i
1 M 165 133 181 215 © 205 - 214 165 722
2 F 175 13c 222 218 196 191 187 726
3 ™ 150 133 196 233 225 225 192 7P3
4 F 200 137 224 225 243 217 205 784
. .
€ 5 | 210 143 188 213 196 206+ . 138 760
6 ~ 200 120 175 217 200 2058 is8 700
7 F 195 127 150 217 188 192 176 712
8 F 200 132 219 235 206 227 172 746
. ! !
Mean 187 132 194 219 204 210 174 734
S.D. 21.0 6.8 26.2° 6.6 11.5 13.6 21,0 33,9
|
'
@ 3
3,
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- APPENDIX 19 |
|
_Common Salt and OGT in Diabetic Rats.
i
: ' ﬁ
: |
[
- PGC (mg%) '
RIt | sex | B.wt, ~ . GTI
. Omin 30mins 60mins 90mins 120mins 1B80mins
1 | F 160 356 360 522 508 610 628 2111
. : |
2 F 160 277 346 631 628 669 607 2184
3 F 170 225 339 _ 614 749 726 648 2213
4 M 230 163 381 766 635 639 577 2145
LS M 200 298 - 673 - 685 531 2187
P |
6 M 165 207 282 666 658 682 617 22%2
Vi F 205 186 - 452 - 558 631 1827
8 F 170 200 282 464 473 624 531 1819
9 M 199 205  33% 360 378 578 482 1625
10 M 180 212 .297 496 50% 629 549 1886
- i
Mean 184 242 328 564 567 640 S80 2026
S.D. 23.5 61.5 36.9 125.0 120.5 51.5 54,8 217.5
A
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APPENDIX 20

Joint Effect Of Common Salt and L. annuum var, fasciculatum
on OGT in Diabetic Rats. ' |

[ 3
*

, PGC (mg%)
hat! sex | B.ut. 3 —1 o1

) Omin 30mins 60mins 90mins 120mins 180mins
1 M 220 258 250 437 450 593 471 1759
2 M 150 167 231 233 407 392 260 1052
3 F 185 250 212 447 364 641 532 1870

i é& 4 F 200 171 193 219 321 342. 213 945
5 M 210 208 174 336 333 403 L e agh
6 F 180 190 269 285 536 443 339 1257
7 F 185 233 288 386 - 546 439 160
8 M 160 210 307 - 336 579 491 392 . | 1429
9 F 160 206 326 340 - 492 421 1459
Mean 183. 210 250 33S 450 493 387 142¢
S.D. 23,8 12.1 52.0 80.6 92.9 93.7 101.0 304.2
3
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APPENDIX 21

101

Joint Effect of Common Salt and C. annuum var.

fasciculatum on OGT in Normal Kats,

PGC (mg%) .
ot | sex | B.wt. GTI
Omin 30min 60min 90min 120min 180min
1 M 190 114 168 167 172 168 120 ' 569
2 F 210 84 121 206 205 198 92 . 580
"3 M 220 119 148 165 129 16% 140 589
4 F 225 86 170 171 159 178 152 587
5 F 195 113 178 170 188 200 190 575
6 M 170 106  19¢ 175 191 205 143 629
7 M 200 160 221 184 189 1€8 112 624
8 F 160 87 140 162 151 166 107 523
9 F 180 137 204 193 201 200 165 695
Mean 194 118 172 177 176 183 136 597
S.D. 22.0 25.3 32.0  14.5 25.4 17.2 31.0 48,2




;%following conventional statistical methods:-

.
102

APPENDIX 22 - L

Statistical _Analysis of Data,

The analysis of data obtained in this study was done using the

5

(a) Mean () =« 12>, x ;
‘ T n P
|

where n= number 0s observations
_ _ n
and ==, x= Xy + Xy # eeee # X OF = u
- ) A
(b} Variance (8" )= n-1 {x=x)

Where the summation on the right-=hand side

t

is calculated by:

= (x - 0)? =_§‘ x¢ -1 [g x}z

1
t

; J valiaiiwo
1

{c) Standard-DéviaEion (s) = i

(d) Variance - Ratio (F) Test: This test iz performed to
samples toc be compar@d

know whether the variances of the two

can be assumed equal,
e €
51

<L F = .
3 . Szz *

where the samples are labelled so that S1 is greater than

52.

|

'{
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S O

P |
Then find from table of P = distribution (Apendix ) the !

; approp;iate value of F for the chosen level of significance ;

corrensponding to Pi a n 7.1 degrées of freedbm'in the numerato%
and F? =n, - 1 exceeded in the data, the result is significant |
and the unknown variances should not be assumed eqLal when comparing

i where t, with n, + n, = 2 dgrees of frcedom, can be read from

'Appendix 23 according to the probability required.

the means of the samples by student t test. f'

' !

. i

(e) Student t test, For comparing the means of two small samrﬁes
from normal popﬁlétions with (unknown variance assimed equél),

X - Xy ; f

t = —— ' !

' 1 s 1 f

4 2 r |

S n, n, | } f

[ - :

ﬁﬁ where s= _;;253_1 (x = §1)2 * :2%552 (x -'%2) ;
- o : s WL T 2 !
1 Lo J
I

!

|

|

.f

i

I

!

i

I

ii Unknown variance not assumed equal

f
I
!
!
i

]
i
!
{

- :
r
!

ok
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*

Now treat as beign distributed like *Student’®s® ¢t with f degrees of

freedom, the latter being given byﬁ

é% : S U _
f = . ' !
' . u2 + (1 - u)2 :
- n - 1 2
where "u= C S 2/n
; ) i 1 1
2

7

%gf) Reqression Analysis

* .

(i) Correlation coefficient

S1/m + S/

(r) was calculated by the

104

+
formular:. r= {x - %) ({y - fg
* .o~ --2
(x - %)° (y = ¥
., . |
- J‘ \

(i1) significance test for Correlation Coefficient was carried

B . '

usings i b e
. n - 2
{Ej r\ }
i - Z
r ]
| |

'ﬂ%
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The value of 't' can be reffered to in the usual Student t table

105

l

(Appendix 23). The degrees of freedom (d.f.) in this case in n - 2.

[ % v

H

The need to work out 't' using the equation in 'fii' above can be

avoided by using the table in Appendix 24. The table gives tne,

value of *‘r' which must be exceeded for significance test at various

levels. The degrees of freedom is n -~ 2 as usual,
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o APPENDIX 223
. i STUDENTS cigsTRiBCTION (Bailey, 1981) . .
Degrees Pl or P
. s of .- . : T R
. o~ Jrecdom LA LA (R} un2 Nn.a] (XL (it
1 e 12T 3K 6lbe i 6300
2 2900 b 4a0s 69658 9yis hARES A
1 238y 0 agE 4.54) 5541 10.24 BN
4 2132 1776 2747 4604 7073 RO .
-] 2018 2871 1385 4032 5893 0.K6Y :
6 1943 1047 1143 07 5.208 5.9y
7 1595 2,368 2998 249 | LIRS 5,408
.8 1560 206 2898 LS| s 5041 :
9 K33 2067 2501 10 4.297 4781 '
10 1812 2028 2764 3189 a1 | asm .
it 1.796 2201 27% 2106 4.025 4437
12 1.782 21 2681 JOss A930 4. 01K
. 13 1.771 2160 2650 10i2 1KS2 4.2
o | 14 L.761 21458 26 39TT 1 ATRT 4,140
’X‘ ! 15 1.751 ; hRKY 262 2943 3,723 4071
_ , i
‘ It 1396 § 2920 15K 292 o856 101%
17 1740 200 2867 1598 3646 RETYS
18 172 0 2o 2582 2p7¢ TN’ 19m
19 1729 ] 203 2539 286 1579 VKR
20 a7 -i roke 1A | 2Bl 1582 RS0
] H
2 f 1 20m0 2508 2831 3527 1X1Y
2 ©o1nT L 2074 2508 2219 3.50% a0
23 | oams b 2oy 2.500 2807 3488 | 3767
.24 ' IME | 2064 2492 2797 1407 1745
25 D oy 2060 2485 2787 1450 3728
i
o 0 I 1706 | 2086 2479 2979 3435 3107
b3 B R [t Y U5 2413 am 3421 Le90
28 [ 173m I JO4H 24467 2763 3.40% 1074
29 Tobesy 2048 2462 275 1396 1659
30 ) 1697 § 2042 2487 2350 3385 Iede

S S BN S

The table gives the percentage points most frequently required for sipmiicance

tests and confidence limits hased on “Student’s’ i-distribunion. Thus the probabibity

of ebscrving a value of . with 10 degrees of freedom greater in ahsoluic rafur
than 3.169 e < = 3168 ar > + 30691 is exactly 0.01 or § per cemt.

i

1
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APPENDIX 24

k.4
THE cokrELaTION colrhicient (Bailey, 198t)
¥
egrees Visle et T
af e e e e e e g = . . n o e ——
Iréicdom 0.10 0.0 s 0 0.001
1 09K77 | 009692 | 0999S)1 | 09998K 0.999998S
2 09000 | 09500 09800 0990 | 099%0
3 0805, | ORTE 0.9343 0.95¢7 0.9911
4 0.729 0K11 0.8%2 09172 09741
s 0,669 0.754 0833 1§75 09508 .
6 0621 0.707 0.789 0K 0.9249
7 0.582 0.666 0.750 0.79% 0.898
§ 0.549 0.612 0718 0.765 0872
9 0.52) 0.602 0645 0.73% 0.847
10 0.497 0.576 0.65% 0718 0.823
1 . 0476 0.553 0634 0.6K4 0.0/
12 | o0as7 0532 0612 0661 0.780
1Y p 044 0514 0,592 0641 0.760
141 o042 0.497 0.574 0623 0.742
IS 0412 0482 0.558 0,606 0.725
16 . 0.400 0.46% 0.543 0.590 0.70%
17 0.389 0.456 0.529 0.575 0.693
1*® 0.378 0.444 0.516 051 | 0679
19° | 0.9 0433 0.503 0.549 0.66%
20 0.360 0.423 0.492 0.517 0.652
2% 0.323 0381 0.445 0.487 0.597
30 0.29 0.349 0.409 0.349 0.554
35 0.275 0335 | 0381 0.418 0.519
40 0257 |- 0304 0.358 0.393 0.490
as 0.243 0.288 0.338 0.372 0.465
50 0.231 021 0322 0.354 0.443
&0 0.211 0.250 0.295 0.328 0.408
20 0.195 0231 |, 0274 0.30° 0.380
80 0.183 07 0.257 0.243 0.357
90 0.073 0.205 0.242 0.267 0.338
100 0.164 0195 © | 0230 0.254 0.321

The wable gives percentage points for the disiribuion of the eslimated corre-
lation coeflicient r when the true value p is zero. Thus when there are 10 degrees
of {reedom fi.c. in samples of 12) the probabilits of observing an r greater in
ghsolure rafue than 0.576 (ie. < —0.576 or > +0.5760 15 00% or § per cenl.

N
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S PER CENT POINTS OF VAR

1

AN

I

.

1
4
|

2]
thu

The tabie
Ihus of g,

S P oven poinis of 101e At fibunion o
rand gy = 1% the prububnon Thal the o

u

A TR

[CRN

Pt alaty,

[FYPE YIRS
v .

Hr

N1
e
Ny
Aun

2o
Jwe
]
133

- where the numerator st detainalor pave 1.
et B3 s 8 per ey

tetirs

ANCE-RATIOF) DISTRIBU How Bailey, 1901 ),

£

TN
19 4.
anl
LR
3N

Iaiatatura

3
4
&
%
.

N
1

1x%
184

1.7
It
L85
e

and £y degroes ol freedom o Pt




B
.
'
’
j N
APPENDIX 26 i
| PER CENT POINTS OF VARIANCE-RATIO ) DisTRIBUTION ( Bailey,1981 ). '
- \ , . R . .
1\!' 1 [ M 2 ' ] 4 [ . H » 9 " iz 1% o R l 1 '
B . i . i ; S SRS
! AORT | e M S T LCEUREA L | SuRy N2 MISh Nk 615" IS0 6301 A - .
2 YRS W Wi g s W ul Wl I wg ks w3yt o LR EEM CIXS w24 w7 WA . T
3 iz [ Lk b JCT R | 2 houl | B T 2338 = Il lhtw 4 ol ' . ot
4 J= A O N Inpe 19 9x (RN (LS L T8 13 e 1444 [l (BTN [AES] 11an ’ e
4 10 180 [T | W Hre- Hin” HEXTY L1 el rin 1510% LN s 43K G - : .
.
IS IR [ TE S N R R N L N xd7 o (1 Tuy KT T e foIn b -
- 2% 93 LN RS Tan T N had ®72 anl #.31 tln S b .
¥ 1.2h aee v Tl oot RN a1 [ Syy M 4 Ss2- A bl A il
W 1§* 3n sl s 6dl Sl Rl tal saT 3 1 1 LR Ani 4ot ay
1 [[13ex} * s [N L Sed AW p il ;e 49 1% 431 ERT LR 132 iy
b vht Y = Aot Rl 63 [3S da Vs M :
I v T ax2 ane aw W ne L R ‘'
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