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Abstract: Diabetes mellitus is a global disease, prevails all over the world, though the prevalence rate differs
from country to country. Diabetes, a disorder of carbohydrate metabolism, is characterized by high blood
glucose level and glycosuria resulting from dysfunction of pancreatic beta cells and insulin resistance. In
advance stages of diabetes, metabolism of protein and lipid is also altered. Many factors like heredity, age,
obesity, diet, sex, sedentary life style, socio economic status, hypertension and various stresses are involved
in the etiology of diabetes mellitus. Drug, diet and recently spices therapies are the major approaches used
for treatment and control of diabetes mellitus. In drug therapy, hypoglycemic medicines and insulin are used.
In diet therapy, diet composition, amount, distribution and time of food intake are important factors. The diet
must be acceptable, must supply adequate amount of nutrients, and be formulated in a way to normalize
body weight. The diet for diabetic children should have sufficient calories for adequate nutrition, normal
weight gain and growth. The diet should be high in complex carbohydrate, low in simple carbohydrate, low
in fat and high in mono-unsaturated fatty acid. High fiber diets are beneficial for treatment of diabetes.
Soluble fibers are more effective than insoluble fibers. Chromium is important for diabetes and functions in
carbohydrate and lipid metabolism primarily via its role in potentiating insulin action in carbohydrate
metabolism. In the spices therapy, cinnamon, cloves, bay leaves and turmeric have an insulin potentiating
activity and are beneficial for diabetic individuals. Cinnamon is effective in reducing glucose level in type 2
diabetic individuals. The effective ingredient in cinnamon for hypoglycemic function has been identified as
methyl hydroxy chalcone polymers. Other plant products have also hypoglycemic activities and may have
beneficial role in treatment of diabetes mellitus. Cinnamon should be a part of diabetic diets for its

hypoglycemic effect in diabetic individuals.
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Introduction

Diabetes mellitus is a global disease, found in all
nations of the world. The worldwide prevalence of
diabetes mellitus is expected to double between 1994
and 2010 to more than 240 million people (McCarty and
Zimmet, 1997). The prevalence rate of the disease
varies from country to country. Khan et al. (1993a) have
reported 1.49% prevalence of diabetes in NWFP,
Pakistan. Their calculation was based on the
information of respondents and not on actual serum
glucose determination in the laboratory. Prevalence of
diabetes, if reported on actual blood glucose level, may
be high.

There are two main types of diabetes mellitus
depending upon its etiology and treatment. Type 1 or
insulin dependent diabetes mellitus (IDDM) or juvenile
on-set diabetes involves autoimmune or idiopathic
etiology. Type 2 or non-insulin dependent diabetes
mellitus (NIDDM) or maturity on-set diabetes is basically
due to predominant insulin resistant or predominant
insulin secretary defects. Type 1 diabetes mellitus can
only be controlled by insulin therapy (Khan et al., 1993b).
Type 2 diabetes is the most common one and usually
starts at later life (over the age of 40) and mainly in
obese individuals. In this type, the insulin producing

cells in the pancreas produce insulin, but the output is
inadequate for the body's need or there is a defect in
liberation or/and action of insulin. This type of diabetes
is mostly common in elderly population and can be
controlled with diet and spices, hypoglycemic drugs and
insulin (Khan et al., 1993b; Khan and Ahmad, 1994).
Diabetes mellitus is a chronic disorder of glucose
intolerance. It is characterized by high blood glucose
level and glycosuria resulting from dysfunction of
pancreatic $-cells and insulin resistance. The defective
$-cells result in lack of total or partial synthesis of
insulin. The insulin resistance is caused by cell
membrane where glucose is not transported to the cells
for oxidation. As glucose is not metabolized, high
amount of glucose is circulating in the blood
(hyperglycemia). To keep the normal level of glucose in
the blood, the kidney removes the extra sugar from the
blood and excretes it in the urine. Because glucose is
not utilized by the body cells, the body is under constant
impression of hunger and that is why diabetics feel
increased appetite (polyphagia) and eat more frequently
(Robinson et al., 1986).

Symptoms of insulin resistance include a decreased
stimulation of muscle glycogen synthesis, defects in
glycogen synthesis activity, hexokinase activity and
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glucose uptake (Cline et al., 1999). In addition, altered
enzymatic activities, such as an increased phosphatase
activity and/or seryl phosphorylation of the insulin
receptor substrate by glycogen synthesis kinase 3 (GSK-
3), have also been shown to be involved in some cases
of Type 2 diabetes mellitus (Begum et al., 1991; Nadiv et
al., 1994; Eldar-Finkelman et al., 1997).

Insulin resistance plays an important role in the etiology
of many disorders including obesity, NIDDM, glucose
intolerance, hypertension and other related disorders.
Severe obesity and NIDDM are both characterized by the
diminished ability of insulin dependent tissues to
respond to insulin (Sasson et al.,, 1993). This insulin
resistance could be the result of a number of defects in
the insulin-signaling pathway (Olefsky., 1993; Moller and
Flier, 1991; Almind et al., 1993; Imamura et al., 1994;
Maddux et al., 1995). Much focus has been placed
on evidence that insulin receptor kinase
autophosphorylation and subsequent phosphorylation
of its principal substrate, IRS-1, are markedly decreased
in insulin-responsive tissues of subject with severe
obesity or NIDDM (Nadiv et al, 1992).
Dephosphorylation of the receptor $-subunit is
associated with the deactivation of its kinase activity and
therefore is associated with insulin signal down-
regulation (King et al., 1991).

Jarvill-Taylor et al. (2001) performed the comparative
experiments with the cinnamon methylehydroxy
chalcone polymers (MHCP) and insulin with regard to
glucose uptake, glycogen synthesis,
phosphatidylinositol-3-kinase  dependency, glycogen
synthesis activation and glycogen synthesis kinase-3$
activity. They also investigated the phosphorylation state
of insulin receptor. They concluded that the MHCP is an
effective mimetic of insulin. MHCP may be useful in the
treatment of insulin resistance and in the study of the
pathways leading to glucose utilization in cells.

In woman, gestational diabetes (glucose intolerance) is
developed during pregnancy due to complex hormonal
and metabolic changes. Glucose intolerance usually
becomes normal when pregnancy is over. In other
words, diabetes mellitus in pregnancy is a normal
physiological state.

In diabetes mellitus, insulin is produced in insufficient
amount or it is not working properly, hence formation of
glycogen decreases and utilization of glucose is
reduced. This increases the amount of glucose in
circulation and causes hyperglycemia. The amount of
glucose is also increased by gluconeogenesis. When
blood glucose level exceeds the renal threshold (160 -
180 mg/L) glucosuria occurs with wastage of energy and
increased excretion of water and sodium. Decrease
amount of insulin in circulation decreases lipogenesis
and increases lipolysis. Increased lipolysis release fatty
acids from adipose tissues. Fatty acids are also
absorbed from the intestinal tract. These fatty acids are

oxidized in liver to form ketone bodies including aceto -
acetic acid, beta-hydroxy butyric acid and acetone. The
liver utilizes only limited amount of ketone bodies and
releases the remaining ketones to circulation. In
diabetes mellitus, ketones are produced at a rate that far
exceeds the ability of the tissues to utilize them and the
concentration in the blood is greatly increased. This
condition is called ketonemia. Acetone is excreted by
lungs and gives the characteristic fruity odor in the
breath of diabetic individuals. Aceto-acetic acid and beta-
hydroxy-butyric acid are excreted in urine (ketonuria).
Ketones are strong organic acids, they combine with
bases, so the alkaline reserve of the body is depleted
and acidosis results. The accompanying dehydration
leads to circulatory failure, renal failure and coma.

The rapid release of fatty acids in the blood leads to
hyperlipidemia. The blood level of cholesterol increases,
so the development of atherosclerosis occurs at an
earlier age than in non-diabetics and is more
pronounced (Khan and Ahmad, 1993).

Muscle glycogen almost disappears and muscle protein
is broken down to support gluconeogenesis by the liver
in diabetics. Cardiac and skeletal muscles meet their
energy requirements from ketone and fatty acids. The
protein catabolism also increases and the amount of
nitrogen that is excreted as a result of deamination, is
also increased. The catabolism of protein tissues is
accompanied by the release of cellular potassium and
its excretion in urine.

Many factors are involved in the etiology of diabetes
mellitus. Heredity, age, obesity (over weight), diet and
sex are the major contributors. Other factors which help
in development of the disease are sedentary life style,
socio economic status, hypertension and various
stresses (Khan and Ahmad, 1994).

Different approaches have been used to reduce the
incidence rate of the disease and to cure the diabetes.
The most popular approaches are the drug therapy,
dietary therapy and recently the spices and natural
products therapy. Drug therapy is the most common
approach but is costly and has side effects. The dietary
therapy is the most natural, economical and more
feasible. Proper dietary intake can stop the incidence of
the disease and even can reduce the severity of existing
cases. The food quality and diabetes mellitus has close
association with each other. The broad aims of dietary
prescription for people with diabetes remain, first, to
abolish the primary symptoms, secondly to minimize the
risks of hypoglycemia and thirdly to minimize the long-
term macro-vascular and micro-vascular complications
which together result in morbidity and shortened
lifespan with all types of diabetes. Diet therapy in
diabetic consists of basically of precaution concerning
diet composition, the amount, distribution and timing of
food intake (Camerini-Davalos and Cole, 1987).
Precaution in eating needs a very strong will and many
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people may not restrict themselves to a particular way of
eating.

Natural products like spices have been used for taste
and flavor development in food preparations. So in a
way, spices become a part of diet not as a nutrient but
as taste and flavoring agents. Recently some of the
spices like cinnamon, cloves, bay leaves, turmeric and
jamon have been reported to have insulin-potentiating
effect in vitro. It has been reported that
cinnamon potentiates the insulin activity more than three
folds in carbohydrate metabolism (Khan et al., 1990).
The purpose of this review is to update the scientists of
the field and concerned individuals about the effects of
diet, nutrients and natural products on diabetes mellitus.

Effect of Diet on Diabetes Mellitus: Diet plays an
important role in the development and control of type 2
diabetes mellitus. Development of type 2 diabetes
mellitus is directly related to diet. Diet high in simple
carbohydrate and fat usually results in type 2 diabetes
mellitus in the latter stages of life. Also many patients
with type 2 diabetes can be controlled by diet alone with
out the use of hypoglycemic agents or insulin. Therefore,
dietary restriction is an essential factor in management
of type 2 diabetic individuals. Dietary restriction includes
diet composition, amount, distribution and timing of
food intake.

For proper management of diabetic individuals, the diet
must be designed to supply adequate amount of
nutrients namely carbohydrate, fat, protein, vitamins and
minerals. The diet should be acceptable and should be
formulated in a way to normalize body weight. The diet
for diabetic children should have sufficient calories for
adequate nutrition and normal weight gain and growth
(Khan and Ahmad, 1994 ).

The diabetic diet should contain 60% carbohydrate, 20 -
25% fat and 15-20% protein. High carbohydrate diet
increases the sensitivity of peripheral tissues to both
endogenous and exogenous insulin. Such diet improves
glucose tolerance and lowers the level of serum insulin.
In addition, the liberalization of carbohydrate might
facilitate the reduction of saturated fatty acids and
cholesterol in the diabetic diet (Jenkins and Josse,
1985; Collier et al., 1985).

Simple dietary restriction and increased exercise may
help in preventing diabetes mellitus from becoming a
major health problem, particularly in identified areas of
high prevalence ( Martin et al., 1981). Also dietary
management is a good approach in diabetics care.
Diets that enhance glycemic control are high in dietary
fiber, low to moderate in dietary fat and moderate in high
biological value proteins. The quantity of food intake
should be adjusted to maintain optimum body weight
(Moser, 1988). Decreasing caloric intake for NIDDM
patients results in weight reduction which is beneficial
for diabetics (Wilson et al., 1988). Very low energy diets

produce greater improvement in glycemic control than
more moderate diets in obese type 2 diabetes, even if
weight losses are the same (Wing, 1995). Diet therapy
especially weight loss is a corner stone in the
management of obese NIDDM patients. Reduction in
total and saturated fat and limited protein intake with
replacement by complex carbohydrate and/or mono-
unsaturated fatty acids are the recommended diets for
NIDDM. Such diets improve the metabolic control in
diabetic individuals and reduce the risk of chronic
complications (Griver and Henry, 1994). Decrease in
energy and saturated fat intake help in NIDDM control.
Diet that contains 60% carbohydrate and is rich in fiber
improves blood sugar and lipid (Fernandez et al., 1990).
Dietary manipulation is the first line of therapy for
diabetic patients. Dietary strategies should aim to
normalize blood glucose and lipoprotein levels in order
to reduce morbidity and mortality related to derangement
of carbohydrate and lipoprotein metabolism in diabetes
mellitus. To achieve these goals, quantity and quality of
diets must be considered according to each individuals
and his clinical condition. Total energy intake should
attain and maintain desirable body weight. Total dietary
energy should consists of < 30% of total fat with equal
distribution of saturated, mono-unsaturated and
polyunsaturated fatty acids, 10-20% of protein, 50-60%
of carbohydrate with restriction of simple carbohydrate.
Cholesterol intake should be reduced to less than 300
mg/day. In a study of 16 females with NIDDM adhered to
diets containing 15% protein (soybean: chicken: rice =
2.5:1.0:1.5), 30% fat (soybean oil : structural fat =2 : 1)
and 55% carbohydrate - calories (complex: simple
carbohydrate = 4.5 : 1.0), their serum total cholesterol,
LDL-cholesterol and blood glucose level decreased
(Tanphaichitr et al., 1993).

Silvis et al. (1989) estimated nutrient intake of 40 black
South African diabetic patients (18 male and 22 female)
with a validated food frequency questionnaire and
correlated it with metabolic variables. Their dietary intake
was characterized by low fat intake and dietary fiber
intake reached only 50% of recommended diet value.
High incidence of hypertension (61% of men, 68% of
women), obesity (mean body mass index of men was
266 * 4 and women 327 + 43 ) and
hypercholesterolemia in women (mean total cholesterol
of 6.8 + 2.1 mmol/litre) was observed. A mean protective
value of cholesterol carried by high-density lipoprotein
(>20%) was found in the man and insulin treated
patients. Glycated hemoglobin values indicated that only
33% of patients were in good glycemic control. They
postulated that the observed normal coagulation profile
of these patients, possibly a result of their prudent diet,
might protect them against the long term complication of
diabetes. Kerin et al. (1989) studied the effect of varying
among of carbohydrate, fat and fiber on metabolic
control in type 2 diabetes. High fiber and low fat diet
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improved metabolic control in type 2 diabetes. They
recommended unrefined and high in fiber and
carbohydrate diet for diabetics.

Bonanome et al. (1991) carried out study on 19 patients
55 + 6 years old with NIDDM in good glycemic control.
The patients were given 3 iso-energic dietary phases. In
phase | and 3, the diet was rich in complex carbohydrate,
while in phase 2 it was rich in mono-unsaturated fatty
acid. The results indicated that both diets were well
tolerated and did not alter glucose homeostasis or
worsen plasma lipid concentration. They reported that a
wider choice in diet selection was available to NIDDM
patients with out producing unwanted side effects.
Brand et al. (1991) compared the effects of low glycemic
index foods (porridge, pasta) with high glycemic index
foods (processed cereals, potatoes) on long term
glycemic control in NIDDM. The study was carried out on
16 subjects. They reported that glycemic control was
improved by low glycemic index foods as compared with
high glycemic index foods.

Effect of Carbohydrate on Diabetes Mellitus:
Carbohydrate plays a very important role in the
development and control of diabetes. Simple sugar is
directly responsible for the onset of type 2 diabetes,
while complex carbohydrate help in the control of type 2
diabetes. In the management of diabetes, higher
carbohydrate diet allows reduction in the proportion of
energy from fat when total energy is controlled and
glucose tolerance is improved in diabetics. Mixture of
carbohydrates assists glycemic control (Burgers, 1982).
The recent approach is that the diet of diabetics should
have 60% complex carbohydrate (Jenkins and Josse,
1985).

Viswanathan (1978) and Anderson and Sieling (1985)
found that rates of glycogen synthesis and glycogen
accumulation in liver, skeletal muscles and jejunal
mucosa were greater with high rather than low
carbohydrate diets. Glycolysis and activities of key
glycolytic enzymes were also higher in several tissues
with high carbohydrate diets. They argued on the basis
of their data that many metabolic changes are
accompanied with high carbohydrate and low fat diets.
Pun et al. (1988) studied the effects of diet with high
carbohydrate contents on diabetics having
hyperlipidemia and micro albuminuria. Dietary intakes of
28 patients with IDDM were assessed by dietary history
of 3 days using dietary recall method. The results
indicated that a high carbohydrate diet in treatment of
diabetes mellitus was not associated with significant
alteration in the amount of micro albuminuria or in hyper
triglyceridaemia.

Birchwood and Jenkins (1988) studied fructose and
sorhitol in the management of diabetes mellitus with
replacement of sucrose. They noted that these sugars
did not require additional secretion of insulin and had

minimal effect on increasing blood glucose. They
suggested that diabetes control might be favorably
influenced by fructose usage.

Anderson et al. (1991) studied the metabolic effects of
high carbohydrate (70%), high fiber (70 g) (HCHF) and
low fiber (10 g), low carbohydrate (LCLF), (37%) diet in
10 IDDM subjects of 35-36 years old. After a control
period of 1 week, subjects in a metabolic ward were
randomly assigned to HCHF or LCLF diets for 4 weeks.
After a 6-week wash period, subjects were re-entered to
the metabolic ward for 4 weeks on the alternate diet.
Artificial pancreas studies were made on each diet for
estimation of insulin requirements. Compared with the
LCLF diet, the HCHF diet reduced basal insulin
requirement  (P<0.025), increased carbohydrate
disposed off per unit insulin (P<0.0008) and lowered
total (P<0.0004) and high density lipoprotein cholesterol
(P<0.0013). Glycemic control and other lipid fractions did
not differ significantly. The results indicated that in IDDM
high-carbohydrate - high - fiber diets enhance peripheral
glucose disposal, decrease basal insulin requirements
and lower total cholesterol with out altering glycemic
control and triacylglyceroles.

Sun et al. (1977) found that if rats were fed on high
carbohydrate diet will have more insulin receptors per
liver cells than rats fed on high fat diet. They suggested
that high carbohydrate had better controlling effect on
diabetes as compared to high fat. Increased
carbohydrate intake does not worsen glycemic control
and decreases serum cholesterol concentration
(Weinsier et al., 1978).

Effect of Protein on Diabetes Mellitus: Diabetes
mellitus is basically a disorder of carbohydrate
metabolism, but with progression of the disease, protein
metabolism is also affected. Gluconeogenesis, a major
biochemical process that produces glucose from
protein, is accelerated in diabetes mellitus. So kind and
amount of protein may affect diabetic conditions. Jenkins
and Josse (1985) have recommended 15-20% protein
in the diet of diabetic individuals.

Raal et al. (1994) studied the effect of moderate dietary
protein restriction on the progression of diabetic
nephropathy on 22 subjects (20 to 41 years old) with
IDDM. The subjects were randomly assigned to an
unrestricted protein diet (> 1.6 g/kg body weight daily) or
a moderately protein restricted diet (0.8 g/kg body weight
daily) and followed for 6 months. Direct isotope method
was used to asses renal functions. Protein intake was
assessed by measurement of urinary urea nitrogen. The
2 groups were well matched for age, sex, duration of
diabetes, glycemic control, blood pressure and degree
of renal insufficiency. Patients consuming the
unrestricted protein diet ( n = 11) showed a progressive
decline in glomerular filtration rate of 1.3 ml min™
month™ with no change in proteinurea. The result
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indicated that patients consuming the moderately
protein-restricted diet showed a marked decrease in the
degree of proteinurea (2.15 to 1.13 g/day, P = 0.03) and
stabilization of glomerular filtration rate. This occurred
independently of changes in blood pressure or glycemic
control. They suggested that moderate protein restriction

could ameliorate progression of overt diabetic
nephropathy.
Turnbull and Ward (1995) studied the effect of

mycoprotein on acute glycemia and insulinaemia in
normal healthy individuals. Mycoprotein reduced
glycemia and insulinemia. They reported that the role of
mycoprotein was significant in the dietary treatment of
diabetics.

Effect of Fat on Diabetes Mellitus: Fat is an important
constituent of diet. In diabetes, lipogenesis (synthesis of
fat) is decreased and lipolysis (decomposition of fat) is
increased. Type and amount of fat and fatty acids may
have an affect on diabetes complications.

Garg et al. (1989) compared high carbohydrate diet with
a high monounsaturated fat diet for effect on glycemic
control and plasma lipoprotein in 10 patients with
NIDDM receiving insulin. Patients were randomly
assigned to receive first one diet and then the other,
each for 28 days, in a metabolic ward. In the high
carbohydrate diet, 25% of the energy was in the form of
fat and 60% in the form of carbohydrate (47% of total
energy in the form of complex carbohydrate). The high-
mono-unsaturated fat diet was 50% fat (33% of total
energy in the form of monounsaturated fatty acid) and
35% carbohydrate. The two diets had the same amount
of simple carbohydrate and fiber. The monounsaturated
fat diet resulted in lower mean plasma glucose
concentration and reduced insulin requirement when
compared with high carbohydrate diet. The same diet
also lowered 25% plasma triglyceride concentrations,
35% very-low-density lipoprotein cholesterol and
increased 13% of high-density lipoprotein (HDL)
cholesterol. Total cholesterol and low-density lipoprotein
(LDL) cholesterol concentration did not differ significantly
between diets. They suggested that partial replacement
of complex carbohydrate by mono-unsaturated fatty acid
in diet did not increase plasma LDL cholesterol and
might improve glycemic control and concentration of
plasma triglyceride and HDL cholesterol.

Axelrod (1989) observed some apparently beneficial
effects of omega - 3 fatty acids on platelet function,
eicosanoid formation and plasma triglyceride values in
diabetes mellitus. High doses (4 to 10 g daily) of
these fatty acids affected the patients adversely, though
these effects were very small (10 - 36%).

Sabina et al. (1992) examined the effects of glyburide for
4 weeks on glucose, insulin, lipid lipo-protein
metabolism in 10 men with NIDDM receiving dietary fish
oil concentrate containing omega-3-fatty acids. Glyburide

with omega-3-fatty acid decreased fasting glucose
concentration, basal insulin concentration were
unaltered, VLDL cholesterol concentration decreased
and apo-lipoprotein B concentration tended higher.

Effect of Fiber on Diabetes Mellitus: High fiber diets are
effective in diminishing insulin secretion and lowering
blood glucose and are thus beneficial for treating
diabetics, particularly those with type 2 diabetes. A
combined high carbohydrate, high fiber diet may blunt
the post prandial elevation of blood glucose and reduce
the insulin requirement.

Fibers of soybean and fenugreek seed are beneficial in
reduction of plasma glucose in patients with NIDDM and
in pregnant diabetic women (Madar and Thorne, 1987).
It has been reported that 15 g daily of soluble dietary
fiber in the average type 2 diabetic patient, has produced
10% improvement in fasting plasma glucose,
glycosylated hemoglobin and in total and LDL
cholesterol (Fuessle, 1987).

Different fibers have different effect on diabetic patients.
Toma et al. (1988) studied the effect of soluble and
insoluble dietary fibers in diabetic diet. Three different
meals were formulated with similar quantities of
available carbohydrate, protein and fat. These meals
were having low fiber, high soluble fiber and high
insoluble fiber. Ten patients with NIDDM in good
metabolic control received each test meal in randomized
order every two weeks. The high soluble fiber meal
produced significantly lower glucose and insulin
responses than diet containing low fiber or high
insoluble fiber. Dietary fiber promotes satiety and
assists in weight loss in diabetic patients and hence
helps in controlling diabetes (Garrow and Owens, 1990).
Madar (1990) studied the effects of dietary fibers from
legume seeds in control of blood lipids and glucose in
diabetic rats and humans. The results indicated that
dietary fiber could contribute to control lipid metabolism
disorders in NIDDM. They suggested that combination
of fibers from different sources might be more effective
than a single fiber type. Soluble fiber of leguminous
origin improved blood lipids, reduced LDL or VLDL
cholesterol and maintained HDL cholesterol (Venik and
Jenkins, 1988).

Vorster et al. (1988) studied the benefits from
supplementation of the current recommended diabetic
diet with gel fiber in 17 insulin treated and 10 on oral
medication in a doubled blind placebo-controlled study.
They found that gel fiber had significant beneficial effect
on glycemic control, insulin requirement and HDL
cholesterol values in insulin treated subjects. They
further noted that increased intake of dietary fiber was
associated with significant decrease in total serum
protein and increase in serum albumen in all subjects.

Effect of Minerals on Diabetes Mellitus: Minerals are
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essential component of life and hence of diets. They
perform important functions in the various biochemical
processes of the body. Some minerals, particularly the
trace minerals are active participants of metabolism.
Some of the minerals are the essential part of some of
the enzymes for their biological activities. As diabetes
mellitus is a disease of metabolic abnormality so
minerals as such or as a component of enzymes may
be playing a significant role in development and control
of diabetes mellitus. Amongst minerals, chromium is
involved in the development and control of diabetes
mellitus. Extensive research on the role of chromium in
the development and control has been reported.
Chromium is an essential micronutrient that functions in
carbohydrate and lipid metabolism primarily via its role
in the potentiation of insulin action. In the presence of
chromium in a usable form, much lower levels of insulin
are required (Anderson, 1993). Dietary intake of
chromium in most developed countries is suboptimal
and symptoms of marginal chromium deficiencies
appear widespread (Anderson et al., 1992).

Chromium functions in maintaining normal glucose
tolerance primarily by regulating insulin action. In the
presence of sufficient amount of chromium, in a
biologically active form, much lower amounts of insulin
are required. Chromium functions by increasing the
activity of insulin and therefore reducing the amount of
insulin required to control blood sugar and related
processes. It is important to keep insulin at low levels to
prevent secondary signs of diabetes. For example,
arterial plague formation is an insulin sensitive process
and increased levels of circulating insulin often
stimulates increased plaque formation leading to
atherosclerosis.

The role of chromium in diabetes should be considered
primarily as a means of preventing maturity on set
diabetes rather than as a cure or treatment. There is a
very strong evidence that insufficient dietary chromium
leads to impaired glucose tolerance that can be
alleviated by supplemental chromium. Since essentially
all those who go onto develop maturity onset diabetes
will have initially impaired glucose tolerance and
prevention of impaired glucose tolerance lead to
prevention of maturity onset diabetes. Impaired glucose
tolerance is the leading indicator of maturity on-set
diabetes (Anderson, 1992).

Chromium is involved in both carbohydrate and lipid
metabolism. Insufficient dietary chromium is associated
with increased risk factors linked with non-insulin
dependent diabetes and cardiovascular diseases.
Chronic chromium deficiency is implicated in several
cardiovascular and metabolic pathologies, including
NIDDM. Low to marginal intakes of chromium over
decades, coupled with decreased absorptive ability, are
believed to be contributing factors in NIDDM. Glucose
intolerant, type 2 diabetics and elderly subjects have all

been shown to respond to supplementary chromium.
Responses include improved glucose, insulin and lipid
values (Podell, 1983; Offenbacher and Pi-Sunyer, 1980;
Jeejeebhoy and Chu, 1977). Variables in human that
have been shown to improve following chromium
supplementation include fasting blood glucose
concentration and glucose tolerance, serum insulin and
insulin binding, total cholesterol and HDL cholesterol.
Insufficient dietary chromium leads to elevated
circulating insulin, elevating fasting glucose, impaired
glucose tolerance decreased HDL cholesterol and
elevated cholesterol and triglyceride (Anderson, 1986).
Chromium is required for maintenance of normal
glucose tolerance in several animal species including
man. In its biologically active trivalent state, it forms
complex with organic compounds that are important for
stability, intestinal absorption and biological activity. One
such complex, glucose tolerance factor (GTF), has been
reported in brewers yeast. This compound has insulin
potentiating activity in vitro (Mertz, 1982).

The suggested safe and adequate intake of chromium
for adults was established at 50-200 ug/day in 1980.
However, chromium intake in the US and other
developed countries is usually 50-60% of the minimum
suggested safe and adequate intake (National Academy
of Science, 1989). Chromium supplementation leads to
decreased total cholesterol and triglyceride, increased
HDL cholesterol and improved total cholesterol/HDL
ratio. Chromium supplementation of elderly subjects,
mean age 78, resulted in improvements in total
cholesterol and lipids with the greatest increase in
subjects with highest initial cholesterol values
(Offenbacher and Pi. Sunyer, 1980). The beneficial
effects usually involve more than 200 ug daily of
supplemental chromium on subjects with less
advanced stages of diabetes. The suggested daily
intake for chromium for normal adult subjects is 50-200
ug. Sixty days of supplementation with 500 ug/day of
chromium led to decreased glucose and insulin of 12
diabetics (Nath et al., 1979). Fasting blood glucose of 13
diabetics on either exogenous insulin or oral
hypoglycemic agents decreased from a mean of 259
mg/dl to 119 following daily supplementation with 500
ug of chromium (Mossop, 1983). Anderson et al. (1996)
studied the effects of chromium on 180 type Il diabetics
in Beijing, China. The diabetic individuals were divided
into three groups. One group was given placebo and the
other two groups were given 200 or 1000 ug/day for four
months. Subjects were on their routine diet and usual
medication during the study. Glycated hemoglobin
improved significantly after two months in the group
receiving 1000 ug of chromium per day and was lower in
both chromium groups after four months (Placebo, 8.4
+0.2: 200 ug Cr. 7.5 £ 0.2 and 1000 ug, 6.6 £ 0.1%). Two
hour meal tolerance glucose values were also
significantly lower for the subjects consuming 1000 ug
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of supplemental chromium after both two and four
months. Fasting and two hours meal tolerance insulin
values decreased significantly in both groups receiving
supplemental chromium after two and four months.
Plasma cholesterol also decreased after four months in
the group receiving 1000 ug of chromium. Supplemental
chromium had significant beneficial effect of Glycated
hemoglobin, glucose, insulin and cholesterol variables
of subjects with type Il diabetes. Chromium is a very safe
nutrient, intakes 300 times of the upper level of the
suggested safe and adequate intake result in no
observed adverse effects (Dourson, 1994). Chromium
absorption is also very low, 0.4 to 2.0% (Anderson and
Kozlousky, 1985), and indigestion resulting in vomiting
is likely to occur before any toxicity damage from
absorbed chromium.

Chromium is an essential part of a dietary factor that
improves glucose tolerance in chromium deficient rats
(Mertz, 1969). The beneficial effects of chromium is
related to a usable form of chromium and not to total
chromium. This usable form of chromium may be
present in foods, as such, or can be biosynthesized with
in the body by most people (Mertz et al.,1989).
Chromium deficiencies interfere with carbohydrate and
lipid metabolism and severe cases may lead to
diabetes mellitus and cardiovascular abnormalities.
Many foods are low in endogenous chromium, but may
be contaminated with chromium from external sources.
Some of this contaminating chromium appears to be
absorbed and utilized (Anderson and Brydon, 1983).
Khan et al. (1990) investigated an unidentified factor that
had potentiated the action of insulin in glucose
metabolism in selected foods and spices. Chromium
content of these foods and spices was also determined.
Among the selected foods, tuna fish, peanut butter, and
vanilla ice cream had some insulin potentiating activity.
Among the spices, cinnamon, cloves, bay leaves, and
turmeric potentiated insulin activity more than three-fold.
Insulin potentiating activity of foods and spices did not
correlate with total chromium.

Janjua (1988) studied the role of micro minerals
especially chromium on human health. He reported that
chromium was present in spices, bark of kekar, and in
the fruits of lasori, banana and amlah. He further
reported that chromium in herbs improved glucose
tolerance in  malnourished children and elderly
diabetics.

Other trace minerals may be playing a role in
development or control of diabetes. However, organized
work in the area of trace minerals other than chromium
and incidence of diabetes has not been done. It will be
a very beneficial work if the effect of individual minerals
on diabetes is studied.

Lin et al. (1993) studied the levels of blood metals in
healthy individuals and non-insulin dependent diabetics.
They investigated the relationship between divalent

metal ions and the development of diabetes mellitus.
They studied 25 outdoor patients of newly diagnosed
NIDDM and 54 healthy controls. Plasma and erythrocyte
zinc, copper, calcium and magnesium concentrations in
fasting were determined by flame atomic absorption
spectrometry. The results showed that NIDDM patients
had lower copper and magnesium levels, and higher
calcium levels in plasma than healthy controls.
Significantly lower zinc and higher calcium
concentrations in erythrocytes were found in NIDDM
patients. The erythrocyte levels of copper and
magnesium in NIDDM were slightly lower than those of
healthy controls. Variations of blood levels of these
metals might be related to the metabolic alterations in
NIDDM.

Copper is involved in normal carbohydrate and lipid
metabolism. Signs and symptoms of insufficient dietary
copper include anemia, pancreatic atrophy, heat
hypertrophy, glucose in-tolerance and elevated blood
lipids (Davis et al., 1987). More data are required to
evaluate the role of copper in diabetes.

Zinc is a multi functional nutrient involved in glucose and
lipid metabolism, hormone function and wound healing
(Hambidge et al., 1987).

Effect of Spices and Natural Product on Diabetes
Mellitus: Recently, spices and other natural products
have been used in the treatment and control of diabetes
mellitus. Spices and other plant products are
considered more natural, economical and safe in the
treatment of diabetes mellitus. It is really a kind of home
treatment and can be a part of usual diet. Control of
diabetes by natural products is becoming popular more
and more and is more appropriate for use in developing
countries. These products especially the spices may
have a direct role in the prevention and control of
diabetes. It will be appropriate if research work on the
effect of natural product on diabetes is collected.

Glazer and Halpern who observed that a yeast extract
had insulin-potentiating property reported the first
evidence that natural products have insulin-potentiating
activity in 1929. In 1979, Bever and Zahnd published a
list of plants which had oral hypoglycemic action (Bever
and Zahnd, 1979). Almost a decade later, Rahman and
Zaman (1989) and Ivora et al. (1989) published lists of
several hundred species, which had anti-diabetic
properties. Hypoglycemic property of bitter gourd has
been reported by many researchers (Khana, 1985;
Satyavati et al., 1987).

In 1955, Mertz and Schwarz (1959) reported that extract
of brewer's yeast could reverse the impaired tolerance to
glucose load in torula yeast fed rats. They termed the
active substance in brewer's yeast extract as glucose
tolerance factor (GTF). Toepfer et al. (1977) reported that
the biologically active extract from brewer's yeast
contained chromium, nicotinic acid, glycine, cysteine and
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glutamic acid. They provided further evidence for their
claim by synthesizing biologically active complexes
comprised of trivalent chromium, nicotinic acid, glycine,
cysteine and glutamic acid. Biologically active chromium
is that chromium, which potentiates insulin activity,
measured in vitro.

In 1988, working on purification of biologically active
chromium, Khan et al. (1990) discovered that certain
spices like cinnamon, cloves, bay leaves and turmeric
displayed insulin potentiating activity. They termed this
activity as insulin potentiating factor (IPF) present in
these spices. This activity of spices did not correlate with
chromium content of spices. Khan et al. (2003c)
elaborating on the list of natural products that potentiate
insulin activity, reported that jaman seed, bitter gourd,
fenugreek and tea had insulin potentiating activity.
The tea activity was inhibited by addition of milk to the
tea.

Anderson et al. (2001) characterized this unidentified
factor present in cinnamon as methyl hydroxy chalcone
polymers (MHCP). They reported that MHCP found in
cinnamon increased insulin dependent glucose
metabolism roughly 20 fold in vitro. They explained that
MHCP makes fat cells more responsive to insulin by
activating the enzyme that causes insulin to bind to cells
(insulin-receptor-kinase) and inhibiting the enzyme that
blocks this process (insulin-receptor-phosphatase)
leading to maximal phosphorylation of the
insulin receptor, which is associated with increased
insulin sensitivity.

Khan et al. (2003a; 2003b) studied the effect of
cinnamon doses on blood glucose, triglyceride (TGL),
cholesterol, high-density lipoproteins (HDL) and low-
density lipoproteins (LDL) for 60 days in Type 2 diabetic
individuals. Sixty, Type 2 diabetic individuals of both
sexes and of age 48 + 6.5 years were divided into 6
groups; each group was having 10 individuals. Groups
1, 2 and 3 were assigned for 1g, 3g and 6g cinnamon
doses/day respectively. Groups 4, 5 and 6 were
assigned for 1g, 3g and 6g placebo doses/day
respectively. Cinnamon and placebo were given in the
form of capsules with breakfast, lunch and dinner. The
doses were taken for 40 days followed by a 20 days
blank period. Fasting blood samples were taken on
days 0, 20, 40 and 60; the blood glucose, TGL,
cholesterol, HDL and LDL of both the cinnamon and
placebo groups were determined. The cinnamon doses
significantly (P < 0.05) reduced the mean fasting blood
glucose, TGL, cholesterol and LDL but did not
significantly change the mean fasting HDL levels in Type
2 diabetic individuals when compared with the control
values for cinnamon (day O values for cinnamon
doses). The placebo doses did not affect the blood
glucose, TGL, cholesterol, HDL and LDL levels in Type
2 diabetic individuals when compared with the control
values for placebo (day O values for placebo doses).

There was no significant effect of 1g, 3g and 6g
cinnamon doses/day on the concentration of glucose,
TGL, cholesterol, HDL and LDL in Type 2 diabetic
individuals. In the light of their findings, they
recommended that Type 2 diabetic individuals should
use 1-3g cinnamon in their food preparations on regular
basis. The diabetic individuals can use cinnamon
shakers for sprinkling of cinnamon powder on the curry
in the plate. The patients can prepare cinnamon tea
without sugar and can use it after meals. Also diabetics
can chew cinnamon bark after meals. This will keep
their sugar level near to normal values.

lyer and Mani (1989) studied the effect of curry leaves
(bay leaves) supplementation (Murraya Koenigi) on lipid
profile, Glycated protein and amino acids in 30 NIDDM
patients. The results indicated a transient reduction in
fasting and postprandial blood sugar levels with no
appreciable change in other parameters.

Sharma and Rahuram (1990) and Rahuram et al. (1994)
observed the hypo-glycemic effect of fenugreek seeds in
15 NIDDM subjects. Incorporation of fenugreek in diet
produced a significant fall in fasting blood glucose and
improvement in glucose tolerance, by improving
peripheral glucose utilization. Bijlani et al. (1993) studied
acute postprandial and long term metabolic responses
to a traditional mixture of barley, Bengal gram and wheat
mixture on 8 healthy and 6 NIDDM. The subjects who
consumed cereal pulse mixture showed reduced
plasma glucose, decrease glycosylated hemoglobin
levels and carbohydrate tolerance and increased LDL
cholesterol level. Sook and Myung (1992) investigated
the hypoglycemic effects of Korean wild plants, Capsella
Bursa-Pastoris Medicine (CBM), Connective Communis
L (CCL), Calystegica Japonia Choicy (CJC), Discoria
Japonia Thumb (DJT) and Persicaria Per foliate Gross
(PPG), used as a herb or soup in male rats. The results
suggested that CCL or DJT alleviate the hyperglycemic
state in diabetes mellitus.

Bhardwaj et al. (1994) observed the effective reduction of
LDL cholesterol by indigenous plant product. A herbal

powder containing guar-gum (Cyamopsis
tetragonolobr), methi (Trigonella foenumgraaccum,
fenugreek), Tumbdika (Cephalandra indica) or

meshasringi (Gymnema sylueskre) was administered
to 30 control and 30 NIDDM patients for a month. Total
and low density lipoprotein cholesterol were reduced
significantly after treatment.

Botanical products can improve glucose metabolism
and over all condition of persons with diabetes not only
by hypoglycemic effect but also by improving lipid
metabolism, antioxidant status, and capillary function
(Broadhurst, 1997). A number of medicinal/culinary
herbs have been reported to yield hypoglycemic effects
in subjects with diabetes. These include cinnamon,
cloves, bay leaves, turmeric (Khan et al., 1990), bitter
melon, Momordica charantia (Srivastava et al., 1993;
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Raman and Lau, 1996), gurmar, Gymnena syluestre
(Basakaran et al.,, 1990; Shanmugasundaram et al.,
1990; Bishayee and Chatterjee , 1994), Korean ginseng,
Panax ginseng (Sotaniemi et al., 1995), onions, Allium
cepa and garlic, Allium sativum (Koch and Lawson,
1996), holy basil, Ocimum sanctum (Rai et al., 1997),
and flaxseed meal, Linum usitatissimum (Cunnane et al.
1993).

Broadhurst et al. (2000) evaluated the possible effects of
49 herb, spice, and medicinal plants extracts on insulin
function in the insulin-dependent utilization of glucose
using a rat epididymal adipocyte assay. Cinnamon was
the most bioactive product followed by witch hazel, green
and black teas, allspice, bay leaves, nutmeg, cloves,
mushrooms, and brewer’s yeast. The glucose oxidation
enhancing bioactivity was lost from cinnamon, tea, witch
hazel, cloves, bay leaf and all spice by
polyvinylpyrrolidone (PVP) treatment, indicating that the
active phytochemicals are likely to be phenolic in nature.
They concluded that the extracts of specific plants had
improved the glucose and insulin metabolism.
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