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ABSTRACT

Although the discovery of insulin in the early 1900’s revolutionized the treatment
of the diabetic patient the morbidity and mortality caused by this disease of glucose
metabolism remains high. As the seventh leading cause of death in Canada and the
leading cause of both blindness and lower leg amputations, diabetes affects all organ
systems. It is however, the cardiovascular consequences of the disease that continue to
result in the majority of diabetic deaths. Although the current regimen of insulin and/or
oral hypoglycaemic therapy delays the onset of complications current treatment regimens
provide little promise for long-term efficacy or cure. Therefore, the search for improved
methods to control blood sugars continues.

One of the most promising new approaches to diabetic therapy is the use of
vanadium. First discovered in 1985 to effectively lower blood glucose in rat models this
transition metal and many synthetic compounds containing vanadium have been proven
effective hypoglycaemic agents. Most of these agents however retain the side effect
profile of the original vanadium compounds. Most notably these include severe
gastrointestinal toxicity, appetite suppression and high mortality rates as a result. If these
side effects could be controlled or elimmated vanadium possesses the potential to be an
excellent alternative to current therapy.

The use and acceptance of nutraceuticals and alternative medicines is rapidly
increasing and these products can be used to control many health problems. Therefore we

approached the issue of vanadium toxicity with the hypothesis that the addition of a



nutraceutical agent with broad range effects and anti-diarrtheal action to a vanadate
compound may reduce toxicity and provide an efficacious therapy for diabetes. The
developed compound is named CT99.

In acute studies CT99—treatment lowered diabetic blood glucose levels to non-
diabetic levels within 16 hours. This equalled the effectiveness of a conventional
vanadate/water solution. Importantly, the accumulation of vanadium in plasma and major
organs was equal to or significantly lower than levels accumulated with a treatment
solution made of vanadium and water. In chronic trials CT99 was effective in reducing
blood glucose levels for months at a time without the requirement of further treatment.
Animals treated for up to one year revealed little evidence of toxicity. Water and food
intake in diabetic animals treated with CT99 were normalized, as was body weighf
Similarly, evidence of liver, kidney or serum lipid abnormalities was absent. Cardiac
function was also improved vs. untreated diabetic animals. Most importantly CT99-
treatment significantly reduced the occurrence of diarrhea and death in diabetic animals
vs. the vanadate/water solution. These results apply to both Type 1 and Type 2 diabetes.

Clearly, CT99 possesses excellent poterltial as a therapeutic agent against
diabetes. The compound is orally administered, whereas insulin requires injections
several times daily. CT99 acutely and chronically controls blood glucose. The control of
blood sugar status was so strong that the common complications of diabetes, namely
ocular disease, cardiac disease and lipid abnormalities were eliminated. With diabetes
approaching epidemic proportions this has strong implications in reducing morbidity and

mortality while reducing the enormous health care costs of the disease.
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REVIEW OF LITERATURE

I. Diabetes
1. Definition:

Diabetes mellitus is a group of metabolic diseases characterized by carbohydrate
intolerance associated with a reduced capacity to utilize ingested glucose resulting in
hyperglycemia. The disease is multifactorial in origin resulting from a combination of .
genetic, environmental and autoimmune mechanisms. Diagnosis depends on symptoms
of excessive urination (polyuria), increased thirst (polydipsia), increased food intake
(polyphagia) and weight loss but requires high blood glucose levels defined as fasting

glucose levels > 7 mM or random plasma glucose levels > 11.1 mM ),

2. Classification:

The expert committee on the diagnosis and classification of diabetes mellitus
revised the classification and terminology of diabetes in 1997 @ Currently, the two
major forms of the disease are known as Type 1 and Type 2 diabetes, formerly referred to
as insulin dependant diabetes mellitus (IDDM) and non-insulin dependant diabetes
mellitus (NIDDM) respectively. In Type 1 diabetes deficient production of pancreatic
insulin by either an autoimmune process or an idiopathic mechanism reduces uptake of
glucose by the liver and peripheral tissues. Conversely, in Type 2 diabetes relatively high
circulating levels of insulin are ineffective for glucose uptake because of insulin receptor
and post-receptor defects. Type 2 diabetes has a stronger genetic basis than Type 1 and is

also associated with obesity and abdominal fat. Gestational diabetes mellitus (GDM) is



defined by the occurrence of glucose intolerance at any time during pregnancy
irrespective of diabetic status post-pregnancy. Several other diabetes subgroups exist
including specific genetic diseases causing diabetes (glucokinase deficiency,
mitochondrial diseases, Down’s syndrome, etc), pancreatic disease associated diabetes,

endocrinopathies, infectious disease and drug or chemically induced diabetes.

3. Epidemiology:

The burden of diabetes continues to grow and today approximately one million
Canadians have the disease with over 60,000 new cases being diagnosed annually @, The
prevalence of diabetes increases with age as 3% of the under 34 year-old population and
> 10% of the over 64 year-old population are diabetic. Greater than 90% of diabetics
have the Type 2 variant. Although all ethnic groups are affected with diabetes it is
important to note that the Aboriginal population has a 3-fold higher occurrence of the
disease than the remaining population. Diabetes as a whole accounts for the seventh
leading cause of death in Canada (5,447 deaths in 1996), however, the actual number of
deaths related to diabetes is as much as five times higher than that considering that
cardiovascular failure in a diabetic person is classified as a cardiac disease death and not
a diabetic death at this time. The impact on society can also be estimated by the nearly
25,000 potential years of life lost annually due to the disease. Overall, with direct medical
costs, disability, work loss and premature death, it is estimated that diabetes costs

Canadians over $9 billion (US) annually .



4. Etiology and Pathogenesis:

i) Type I Diabetes

Several mechanisms are involved in the onset of Type | diabetes. An autoimmune
role in the development of the disease has been suggested, while genetic influences are
highly suspected yet not completely understood. Similarly, viral, nutritional and toxic
mechanisms may also play a part. However clear evidence remains absent.
Autoimmunity is suggested by the presence of immune cells, namely T and B
lymphocytes, plasma cells and macrophages within the 3-cells of the pancreas ) This
inflammatory response selectively destroys insulin-producing cells of the pancreas and
has been termed insulitis. Interestingly, this infiltration does not affect the a,0 or PP
endocrine cells within the islets or any of the exocrine pancreas © Attack of the p-cells
appears to result from the abberant expression of altered human leukocyte antigens
(HLA’s) on the cell surface ) These altered receptors activate T cells and thereby act as
an antigen destining the insulin producing cells for destruction. The altered HLA
molecules also provide a clue to the genetic predisposition towards diabetes, as the major
histocompatability complex (MHC) is the area of the genome producing the HLA
molecules. The finding that the production of a HLA DQp chain with an aspartic acid at
residue 57 resulted in protection from diabetes further substantiates the role of the HLA
molecules ®. Further evidence of genetic involvement is shown by the increased chances
(30-50%) of an identical twin contracting the disease than a non-identical twin of a
diabetic ©. Several antibodies involved in the pathogenesis of Type 1 diabetes have also
been found. These include islet cell antibody (ICA), islet cell surface antibody (ICSA)

and insulin autoantibodies (IAA). ICA’s are detected in > 70% of diabetic patients but



less than 1% of non-diabetic controls and may have potential in screening programs as
titres are highest early in the disease and decrease significantly with disease progression
U010 The IAA protein is also positive in about half of newly diagnosed cases while
other antibodies with high specificity continue to be studied (219 Viral infection may
also influence the development of diabetes as o interferon and anti-coxsackie virus
antibodies have been found more often in diabetic patients >'%. Therefore it appears risk
factors for diabetes include family history, autoimmune diseases, serum antibody markers

and potentially certain viral infections.

ii) Type 2 Diabetes

In this form of diabetes two distinct defects coexist. Peripheral tissues, namely
muscle and adipose tissue, fail to respond appropriately to circulating insulin and thus the
term insulin resistance. Simultaneously, the pancreas fails to respond to this insulin
resistance by releasing higher levels of insulin in order to compensate. Therefore the
basis of this form of diabetes is more complex than its Type 1 counterpart. Both genetics
and environment are believed to be crucial in the insulin resistant transformation. The
genetic influences on Type 2 diabetes are strong. This is apparent with the high rates of
familial aggregation and even higher rates of disease in identical twins of Type 2 diabetic
patients. Offspring of two Type 2 diabetic parents have nearly an 80% rate of disease
development while any first degree relative with diabetes doubles the odds of a patient
developing diabetes '), Genetic mutations in the insulin gene have been described but
are extremely rare “®?Y. Therefore it has been suggested that insulin defects in

(22)

themselves are not involved in the pathogenesis of Type 2 diabetes *”. The insulin



receptor has also been studied as the site of potential insulin resistance. In genetic defects
of the insulin receptor however, insulin resistance is much more severe than in Type 2
diabetes and this has been determined as the cause of severe hyperglycemia in Rabson-
Mendenhall syndrome, leprechaunism and other rare disorders (23-29) " A5 the involvement
of insulin and its receptor are unlikely in Type 2 diabetes, this leaves an enormous
number of downstream possibilities in the insulin cascade. This signalling pathway is
reviewed in section 1i1). It 1s hypothesized that many of these pathways do play a role in
diabetes. Firstly, it has been shown that the insulin receptor is down regulated in diabetes
and this may account for some of the insulin resistance @29 Secondly, the most well
described substrate of the insulin receptor, insulin receptor substrate-1 (IRS-1) has been
found to have genetic changes resulting in 30% less glucose uptake in response to insulin
@730~ Although it is clear that genetics play a major role in the etiology of Type 2
diabetes, 1t 1s obvious that much of its involvement remains to be elucidated.
Compounding the genetic basis of this disease there is a great deal of evidence to suggest
environmental and lifestyle issues plays a part in diabetes development. Marked
differences exist in worldwide prevalence rates. These differences range from
approximately 50% prevalence in Arizona Pima Indians to 0% in New Guinea 3132),
Further evidence of enviromental involvement in the etiology of Type 2 diabetes results
from data showing migrational and rural-urban differences within the same races.
Chinese migrants in Mauritius for example have an 8 fold higher chance of developing
diabetes than do their mainland compatriots while large differences also exist between

urban Figians and rural Indians ©'*?. Western populations currently have much higher

rates of diabetes but with the migration and urbanization patterns in the far East it is



expected that worldwide diabetes prevalence will increase dramatically. Although not
completely understood, the reasons for these ethnic and geographical differences appear
to be lifestyle in origin. Diets high in fat and physical inactivity are closely associated
with the development of insulin resistance while central obesity remains one of the

. 4
strongest risk factors (33.34)

iii) Insulin Signalling Pathway

Because diabetes is such a complex disease involving the pancreas, liver and
peripheral tissues that stems from multiple disorders of insulin production, insulin
receptor activation and insulin signalling, a focussed examination of the insulin mediated
cascade of actions is necessary to appreciate the complexities of the disease. The anabolic
hormone insulin produces a variety of cellular effects by initiating a complex cascade of
phosphorylation and dephosphorylation reactions involving several intermediate
enzymes. Insulin, produced in the endocrine pancreas by the B-cells of the islet of
langerhans is produced initially as a single chain of amino acids and is cleaved into two
polypeptide chains (A and B) bound together by two disulphide bonds (33:36) 1p response
to elevated blood glucose or a high ratio of glucagon: insulin, insulin is released into the
bloodstream. Circulating insulin contacts insulin-dependant tissues (primarily muscle
and fat) and initiates its effects by binding to the insulin receptor (IR). This receptor is a
tetrameric protein composed of two identical a chains and two identical B chains (Figure
1) 729 The o chains located on the extracellular surface of the plasma membrane bind
insulin “?. Through an allosteric conformational change in the transmembrane domains

of the B chains, a signal is transmitted intracellularly “D The intracellular segments of the
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Figure 1. Insulin signalling pathway. Insulin binds
to the insulin receptor, a tyrosine kinase that
autophosphorylates increasing its own activity.
Insulin receptor substrate proteins (IRS’s) and shc
activate the GRB-2/SOS controlled MAPK
pathway (black) while phophatidylinositol 3-kinase
(PI 3-K) and its targets stimulate PKC, PKB,
glycogen synthase kinase and FKHR transcription
factors (grey).

Ref: Kido Y, Nakae J, Accili D. Clinical review 125: The insulin receptor
and its cellular targets. J Clin Endocrinol Metab. 2001 Mar;86(3):972-9.



B chains are members of the protein tyrosine kinase family of receptors and upon
activation specific tyrosine regions of the [ chains are autophosphorylated “2),
Simultaneously, an intracellular insulin receptor substrate (IRS-1) protein is
phosphorylated. In addition, several other IRS-1 like proteins have been identified which
potentially play a role in the transmission of the insulin signal “3) These proteins include
[RS-2 and Gabl with similar actions to IRS-1 and the more tissue specific varieties IRS-3
(fibroblasts, liver and adipose tissue) and IRS-4 (embryonic kidney cells). The ability of -
all of these proteins to bind the phosphorylated insulin receptor lies in a common amino
acid sequence known as the SH2 domain (named after the Src homology regions found in
the Src proto-oncogene protein) found to recognize phosphorylated tyrosines @9 An SH3
domain is also common to the proteins but the function of it is as yet undetermined.
Phosphorylated IRS-proteins continue the kinase cascade by associating with a
similar SH2 domain of phosphatidylinositol 3-kinase (PI-3K) and others @499 The class
la PI-3K’s have been identified as the subclass responsible for insulin mediated effects
@9 Activation of PI-3K by IRS-1 results in the phosphorylation of phosphatidylinositol
bisphosphate (PIP2) producing phosphatidylinositol triphosphate [PI(3,4,5)P3]. This
reaction is essential in many of the global effects of insulin as documented by
wortmannin inhibition of the reaction “”*®. The stimulation of glucose uptake, cell
proliferation, protein synthesis, and membrane ruffling are all responses dependent on PI-

(#3:4952) Rurthermore PI-3K is responsible for gene expression controlling

3K’s activity
glucose-6-phosphatase, hexokinase II, glucose-6-phosphate dehydrogenase and GLUT4
production. Inhibiton of PI-3K with wortmannin or LY294002 blocks insulin stimulated

glucose uptake GO Pprotein synthesis is also delicately controlled at the level of PI-3K.



The phosphorylating activation of both initiating and elongation factors involved in
mRNA translation are both regulated at the PI-3K level (53-35) Although crucial to
GLUT4 activity PI-3K does not function alone in the process of glucose transport. PI-3K
mediates many of its effects through protein kinase B (PKB), p70 S6 kinase and atypical
protein kinase C’s (PKCy and PKC9).

PKBa activation by insulin is a result of a complex interaction between both PI-
3K and PIP3 and the PH domain of PKBa itself “****% One apparent consequence of
this reaction is the shuttling of PKBa to the plasma surface and multi-site
phosphorylation. This has been shown to upregulate and increase translocation of the
GLUT4 transporter to the plasma membrane in muscle and adipose tissue while other cell
types may vary in response to PKBa specifically. The effect of PKBa on glycogen
synthase activity is an area of debate. Glycogen synthase is activated through a
dephosphorylation reaction involving the inhibition of glycogen synthase kinase-3 (GSK-
3), which appears to be PKB dependent, and the concomitant activation of PP1G
(glycogen bound form of protein phosphatase 1) by p90 rsk2 (60.61)

p70 S6 Kinase activation through multi-site phosphorylation normally requires
both PI-3K and PKBa “?. However, evidence of alternative pathways exist in which
insulin directly activates it or the mTOR (mammalian target of rapamycin) pathway
produces it. It appears p70 S6 kinase is not involved in GLUT4 mediated glucose uptake,
since rapamycin does not inhibit the effects ) However, synthesis of the GLUTI
transporter has been shown to involve the enzyme, postulating a role for it in the
extended effects of insulin ®**”. The PI-3K, PKB, mTOR pathway also provides an

essential framework for many of the protein synthesis effects of insulin. Translation



initiation factors are controlled by phosphorylation reactions. As such the components of
the msulin cascade play prominent roles in control of translation. Insulin stimulation
phosphorylates initiation factors thereby activating translation. With inhibition of this
pathway, through wortmannin or rapamycin treatment, phosphorylation is inhibited.
Conversely, overexpression of PKB results in increased protein synthesis via activation
of initiation factors ©%.

The atypical PKC enzymes are activated in response to PI-3K, PIP3, PIP2 and
PDK1 and elicit a separate pathway, independent of the PKB-P70 S6 kinase pathway.
Multiple investigations have proven the involvement of the PKC’s in cellular glucose
uptake. With overexpression of wild type PKC’s GLUT4 translocation was elevated
while overexpression of dominant negative mutants partially inhibited GLUT4
translocation and glucose uptake 7%,

The mitogen activated protein kinase (MAPK) pathway also plays a role in the
insulin-signalling cascade as well, however its importance has yet to be determined.
Complex cascades of events initiated by the IR activate MAPK resulting in
phospherylation of p90 ribosomal S6 kinase and phospholipase A2 (PLA2) (Figure 1).
MAPK may be important in the process because of its interactions with PI-3K as GTP-
loaded Ras interacts directly with PI-3K. It appears the MAPK pathway may provide
glucose transport assistance through elevating GLUT3 transporter levels in prolonged
insulin treatment but not via effects on the GLUT4 transporter “***. Evidence for MAPK
involvement in glycogen synthase activity was diminished with the finding that

PD98059, an inhibitor of MEK, was unsuccessful in blocking insulin stimulated

activation of glycogen synthase . Current evidence supports a role for the insulin
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dependent MAPK pathway in protein synthesis however. PD98059 inhibition of MEK
blocks the activation of initiation factor elF-4E a protein important in the recognition of
mRNA by ribosomes %, Other initiation factors including elF-2B however appear to be
activated by PI-3K independent of the MAPK pathway . It is clear that a combination
of several pathways is required for these processes.

Many of the steps implicated in insulin-dependent glucose transport, glycogen
synthase and protein synthesis are controlled by phosphorylation. Therefore, one may .
assume that in addition to the many kinases involved in phosphorylation, protein tyrosine
phosphatases (PTP’s) capable of dephosphorylating the same steps could have equally
integral roles in these processes. Although kinases have been the focus of research to
date, some phosphatases have been identified which play a role in the cascades above.
PTPase 1B has been shown to dephosphorylate the IR and SH-PTP2 can reduce the

(7279 By blocking these steps respectively, each could

phosphorylation of IRS-1
potentially interfere with the cellular actions of insulin. These enzymes provide potential
locations for pharmacologic intervention. Vanadium compounds are an example of
protein tyrosine phosphatase inhibitors (PTPI), substances capable of blocking the PTP

. . . . . . 4
action and thereby improving the response of tissues to insulin 7+

5. Complications:

Diabetes 1s a multi-systemic disease. In addition to adversely affecting
carbohydrate metabolism, it also causes cardiac disease, renal failure, blindness,
peripheral neuropathy and is the leading cause of lower limb amputations. In fact,

diabetic patients aged 35-64 are 6 times as likely to suffer a stroke or heart attack than
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non-diabetics while the senior diabetic population is twice as likely. Diabetes also
represents the leading cause of blindness and the major inciting factor for dialysis in
Canada. In only 15 years (1981-1996) the percentage of renal failure patients as a

consequence of diabetes has risen from 16% to 28% ¢,

6. Current Therapeutic Approach:

i) Diet and exercise

The primary therapy for the diabetic patient continues to be lifestyle
modifications. Although the necessity for insulin in Type | diabetes is absolute, a healthy
diet combined with a good body mass index can reduce the amount of medication
needed. In Type 2 diabetes, an early diagnosis combined with exercise, weight control
and a proper diet can completely postpone or reduce the need for medication. In addition
to controlling the glycemic status, these changes can provide beneficial effects to blood
pressure and lipid levels which when combined with an abstinence from smoking will
reduce the major complications of diabetes, macro and microvascular disease. The
difficulty of remaining on such a strict regimen cannot be underestimated. Unfortunately,

most patients end up on either insulin or oral hypoglycaemic agents.

if) Insulin

Several biosynthetic varieties of insulin are produced by recombinant DNA
technology and are used in the treatment of both Type 1 and 2 diabetic patients % These
compounds are biologically equivalent to the human hormone with identical polypeptide

structures and immunogenicity. Each insulin preparation is chosen for its specific profile

12



of action. Regular (R) insulin acts rapidly with a short duration and is best suited for use
during acute hyperglycaemic episodes including diabetic coma, pre-coma and surgical
procedures. NPH and lente (L) insulins are intermediate acting medications with
moderate onsets of action and duration used commonly in patients. Ultralente insulin (U)
is a long acting analogue with hypoglycaemic activity greater than 24 hours. Mixtures of
all these insulins are also available in different quantities. Acting directly on tissue insulin
receptors, these medications temporarily control blood glucose levels by increasing the -
uptake of carbohydrates, increasing the storage of glycogen in the liver and converting
glucose to fat in adipose tissues. Appropriate doses reduce glycosuria and prevent both
diabetic coma and diabetic ketoacidosis. The only method of administration of these
substances is via intramuscular injection. As a result, patients risk infection if the skin
surface is not properly decontaminated prior to injection. Skin irritation and local allergic
reactions are other possible side effects. The potential for any insulin compound to cause
severe hypoglycemia is a concern and doses must be cautiously monitored in order to
properly reduce blood glucose levels, especially under stress conditions such as

exerecise, illness and missed meals where insulin requirements change significantly.

iii) Sulfonylureas

This group of drugs is currently the front line treatment of Type 2 diabetes when
both diet and exercise fail to control glycemic status. Included in this category of
hypoglycaemic agents are glyburide, glipizide, gliclazide, chlorpropamide,
acetohexamide and tolbutamide. Although the mechanism of action of all sulfonylureas

(SU) is the same, the pharmacokinetics of the above drugs differs significantly 0D, Each
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is chosen based on its profile of half-life, duration of action and time to peak
concentration ®. The SU’s are administered orally and function by increasing pancreatic
B-cell activity and thereby improving insulin release. Interaction of the SU with a
specific SU receptor on the B-cell membrane results in the closure of voltage dependant
K* channels and consequently a rise in intracellular Ca** secondary to membrane
depolarization. Additionally, the drugs improve peripheral glucose uptake and reduce
hepatic glycogenolysis through ill-defined mechanisms furthering their hypoglycaemic
effects ’®). These agents are not of use in Type 1 diabetes because of the necessity for
functioning B-cells. In Type 2 diabetes the drugs are very effective early in the course of
the disease and especially when fasting glucose levels are < 11.2 mM. However,
prolonged treatment with sulfonylureas results in progressively less responsiveness and
often demands the addition of either insulin or another class of oral hypoglycaemics. The
susceptibility of elderly and underweight Type 2 diabetic individuals to severe
hypoglycaemic episodes is the major risk associated with these medications while weight
gain in patients on SU’s is a significant concern especially considering that most Type 2
diabetic patients are already overweight. Common side effects include nausea, heartburn,
epigastric fullness, mild diuresis and skin reactions. Therapy with sulfonlyureas is
cautioned in patients with adrenal disease and contraindicated in pregnancy, thyroid
disease, and both renal and hepatic failure because metabolic degradation of the drugs

involves both the kidney and liver 9.
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iv) Biguanides

Metformin is a recent addition to the oral hypoglycaemic agents used in Type 2
diabetes treatment . Its mechanism of action is poorly identified but appears to involve
improving the peripheral effects of insulin possibly via increasing the expression of
insulin receptors peripherally, while reducing the hepatic glucose output. It has often
been used as an adjuvant therapy with one of the SU’s when responsiveness to those
agents diminishes but is more recently being used as a monotherapy. Its ability to reduce .
blood glucose levels is similar to the SU’s but is not associated with hypoglycaemic
events. And while SU’s may result in weight gain, the UKPDS ®%#. An uncommon but
serious side effect of the medication is lactic acidosis, while gastrointestinal side effects
are common including nausea, bloating, vomiting, diarrhea and flatulence. Metformin is
contraindicated in acidotic states, renal and hepatic impairment, pregnancy and excess

alcohol ingestion .

v) a-glucosidase inhibitors
These medications slow the absorption of carbohydrates post-prandially thereby
buffering the immediate rise in blood glucose levels following large meals. These

®2) " Specific drugs included in

substances have less effect on fasting blood glucose levels
this group are acarbose and miglitol. Both substances competitively inhibit the GI tracts
pancreatic amylase and brush border a-glucosidase thus blocking the hydrolysis of
carbohydrates ®*). No effect on insulin or insulin receptors exists and therefore the drugs

are popular to combine with other antihyperglycemic medications in Type 2 diabetes

treatment. Circulating lipid levels have also been shown to decrease moderately with
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treatment ®¥. As a single treatment in addition to diet and exercise most side effects are
limited to gastrointestinal problems (diarrhea, abdominal pain and flatulence). In
combination with other medications various side effects have been observed although

‘7 . . . . .
most are rare "%, Contraindications to these drugs include most GI diseases.

vi) Thiazolidinediones (TZD’s)

Members of this family including rosiglitazone and pioglitazone exhibit a paradox -
in that they improve glycemic control while reducing circulating insulin levels. It is
suggested that these effects may in fact prolong B-cell survival. The anti-hyperglycemic
activity is achieved primarily through increasing the sensitivity of muscle and adipose
tissue to insulin while reducing hepatic gluconeogensis ®3) The TZD’s are agonists for
peroxisome proliferator-activated receptor-gamma (PPARy) which when activated on
muscle and adipose tissue membranes causes activation of insulin responsive genes that
alter glucose transport and utilization via the GLUT-4 transporter ®% Lipid profiles in
treated patients also show improvements with HDL levels rising and triglyceride levels
falling. These drugs are used both alone and in combination for the treatment of Type 2
diabetes. Adverse effects have included edema and weight gain similar to the SU’s. They
are contraindicated in diabetic patients with severe congestive heart failure and hepatic

failure V%)

vii) Non-sulfonylurea Secretagogues

Repaglinide and nateglinide provide anti-diabetic action through a mechanism

similar to their SU counterparts but have different pharmacokinetic properties. With
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significantly shorter half-lives these substances stimulate insulin secretion briefly and if
taken with meals provide excellent post-prandial glucose control ®73%) " Although this
requires a strict dosing regimen, the chances of a severe hypoglycaemic event is reduced
versus that caused by the SU’s. Weight gain however remains a concern as with the SU’s.

Contraindications to these medications include hepatic and renal impairment {6,

I1. Vanadium

1. Basic Chemistry:
Vanadium is a group 5 transition metal and is a trace element naturally present in

| #9 The element exists in three oxidation states of which vanadyl (IV)

both water and so1
and vanadate (V) are the most physiologically active. In biological systems the balance
between these states is maintained as a function of the pH, vanadium binding ligand
availability and access to oxidation from the air 9 The oxidation states (III) and (IV) are
cationic in solution while (V) is anionic. In complexing with an infinite array of potential
ligands, vanadium can exist as monomers, oligomers and polymers. Further complexity is
found with vanadium existing as insoluble precipitates and soluble solutions when only
slight modifications of pH are made. Such diversity with basic chemistry continues to
hinder the interpretation of vanadiums action in vivo. The basic chemistry of vanadium is

. R 9
extensively reviewed elsewhere ©0),
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2. Physiologic Functions:

Although the precise physiologic actions of vanadium are unclear it seems evident
that the substance is required in the body as a trace mineral OL92) Dietary deficiencies of
the substance in animal studies have produced a variety of effects. Reproductive
difficulties include reduced fertility, higher rates of spontaneous abortion and decreased
milk production. Skeletal abnormalities included leg deformations, foot inflammation and
generalized musculoskeletal pain %) Vanadium also appears important in thyroid, iron,
glucose and lipid metabolism ©%) Both pancreatic amylase and lactate dehydrogenase,
two enzymes involved in the metabolism of glucose from starches were altered by
vanadium deficiency. It is estimated that a daily vanadium intake of approximately 10ug
in humans is sufficient to eliminate these effects. This dietary intake is easily achieved
with a balanced diet . The highest levels of vanadium (> 40ng/g) can be found in
shellfish, cereals, mushrooms and fish 697 Even with a diet rich in these foods it is
postulated that the maximum intake of vanadium in the daily diet would not exceed 30ug.
No toxicity has been noted at these levels and several over the counter supplements
currently contain vanadium in similar quantities. The total body pool of vanadium is
approximately 200ug %),

Vanadium is not readily absorbed from the intestinal tract normally O399 Y ess
than five percent of the ingested amount is taken into the blood under physiologic
conditions. However, the administration of vanadium salts, including those most often
used in insulin-mimesis, increase the bioavailability of the element by raising the

(100,101)

absorption another five percent Vanadium reaching the vascular system

undergoes several modifications. In the acidic environment of the stomach and duodenum
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most vanadium is transformed to the vanadyl (IV) state '°?. That remaining in the (+V)
state as vanadate i1s more readily taken up into the intestinal lining cells through a poorly
understood anion-transport system, possibly a phosphate pathway (%Y. Within the
vasculature, the majority of vanadate is transformed to vanadyl and both are carried in
association with transferrin and ferritin (IV only) %) Both species are shuttled to
bone which acts as the primary reservoir for vanadium within the body. The excretion of
vanadium is primarily a renal function with smaller concentrations found in bile and
feces (98:106.107)

In addition to the effects of vanadium deficiencies mentioned above many direct
actions of the substance are documented. Vanadium is exploited as a potent inhibitor of
protein phosphotyrosine phosphatases (108,199 Also it has been shown to have growth
factor like effects !''%''? This is not surprising since as a phosphatase inhibitor vanadium
1s able to alter the levels of protein tyrosine kinases (PTK’s). In doing such, second
messenger systems dependant on kinase activity can be dramatically transformed. These
changes have been found to be both mitogenic and cytotoxic depending on cellular

113,114 . : .
(13,14 Mitogenic effects are extremely dose specific over narrow

conditions
concentration ranges while cytotoxicity is noted with peroxovanadium treatment and not
vanadium salts ">''® In acting on cellular proliferation proto-oncogene induction has
also been noted. Many insulin-like effects are replicated with vanadium treatment. These
include increasing glucose transport, anitlipolytic activity in adipocytes, increased hepatic

glycogen synthesis and cellular uptake of potassium (9,
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3. Insulin-mimetic Actions:

Vanadium’s insulin-mimetic effect is the best studied of its cellular actions.
Almost all metabolic effects of insulin can be reproduced without insulin using vanadium
species. As outlined above insulin produces its cellular effects through the action of a
specific tyrosine kinase receptor that activates a cascade of protein kinases. In contrast,
vanadium acts independently of the insulin receptor (120123) " The additions of cell
permeable inhibitors to the insulin receptor block all effects of insulin but none of the -
same vanadium effects *¥). IRS-1, immediately downstream of the insulin receptor in the
cascade of insulin phosphorylation is also therefore not activated by vanadium. PI3-
kinase is another second messenger activated by insulin. Its actions are diverse but
include the phosphorylation of the PI pathway and the production of phospholipids
(Figure 1). The specific inhibition of PI3-kinase with wortmannin also blocks the cellular
effects of insulin “”*®. Similarly, vanadiums effect on glucose metabolism is blocked

125 However, the antilipolytic effects of insulin but not vanadium were

with wortmannin
blocked during wortmannin treatment. Vanadiums insulin-mimetic action 1s currently
under intense investigation. Shecter and colleagues have identified two potential sites of
activation. The activity of both an intracellular cytosolic protein tyrosine kinase
(CytPTK) and a membrane bound PTK are increased with vanadium administration.
Insulin has no effect on either "?*'*>Inhibition of the 53 kD CytPTK with nM doses of
staurosporine blocked the glucose oxidation and lipogenesis effects of vanadium without
blocking insulin effects (1260 A1l vanadium mediated insulin-like effects are not accounted

for by this mechanism since the same treatment did not abolish glucose transport

changes. Therefore the potential for insulin and vanadium to act synergistically, through
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separate pathways, promises to be an area of much research in the treatment of diabetes.
The ability of vanadium to increase glucose uptake, glycogen synthesis and inhibit
lypolysis lends it to potential therapeutic use in the treatment of both Type 1 and Type 2

diabetes mellitus.

4. Vanadium Salts:

Evidence for the essentiality of vanadium and its hypoglycaemic potential in
diabetes therapy is growing (121.128) yanadium’s use in the treatment of diabetes stems
from the first trial of sodium metavanadate. Administered to Type 1 diabetic rats over a
four-week period it restored blood glucose to non-diabetic control levels {129)
Subsequently, various vanadate (or vanadium salt) solutions have been exploited for their
anti-diabetic properties. Irrespective of the salt solution used it was shown that sodium
orthovanadate, sodium metavanadate and vanadyl sulphate all possess equal
hypoglycaemic effects (39 Urine volume, glycosuria and glucose tolerance were equal in
the three vanadate treated diabetic rat groups. Surprisingly, diabetic rats treated with
vanadyl sulphate for three weeks remained normoglycemic 13 weeks after termination of
the treatment >V,

One of the more common uses in vitro for vanadium compounds are as inhibitors
of protein tyrosine phosphatases (PTPases). The role of liver PTPases in vivo is
speculated to account for some the insulin mimetic effects of these agents. This enhanced
action of protein kinases in the insulin-signalling cascade is a proposed mechanism of

vanadate action in diabetes !*?). In fact significant decreases in PTPase activity were

found in vanadate treated diabetic animals while markedly increased numbers of hepatic
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insulin receptors were also apparent {>*). Streptozotocin (STZ) induced Type 1 diabetic
rats have reduced islet cell content and insulin secretion. However, with vanadate
treatment these diabetic animals responded by increasing islet cell size and insulin
content to near control levels V. However, the insulin secretion of these same cells was
improved only 12% over the untreated diabetic rats. Also, it was shown that other
hormones involved in glucose homeostasis including glucagon, corticosterone and

(134)

noradrenaline are minimally affected by vanadate . The mechanism of vanadium -

action in diabetes is therefore complex and multifactorial and is reviewed elsewhere {133-
137)Carbohydrate transport is reduced in diabetes primarily through a reduction in GLUT
transporter volume and activity. Vanadate treatment has been shown to increase GLUT
expression and transcription nearly back to non-diabetic levels (3% Similarly, cardiac
myocyte glucose oxidation and GLUT4 expression are reduced in diabetes. Vanadate
treated myocytes responded with normal levels of glucose oxidation and improved
GLUT4 expression #190) 15 addition to the improved glucose response of vanadate
treated animals, GLUT-5 expression is also increased and fructose transport is improved
(141).

The lipid profile of the diabetic patient is altered drastically from the non-diabetic.
The cholesterol and triglyceride changes partially account for the increased rates of
atherosclerotic disease and myocardial infarction found in the diabetic population. Ten
weeks of vanadate treatment to diabetic mice improved serum total cholesterol and
triglyceride levels in combination with their hypoglycaemic actions (42) Only 21 days of
vanadate treatment was necessary to reverse the diabetic lipid profile in Type 1 diabetic

rats. This included total lipids, cholesterol and triglycerides (143,14%)
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The leading cause of death in the diabetic population is cardiac in origin *>'4%,

As a result mtense investigation has been placed on the cardiac effects of vanadium
compounds. Cardiac performance has been shown to improve with vanadate treatment in
diabetes '*”. One study attributed some of this effect to vanadate’s ability to reverse
diabetic hypothyroidism “*”. The free radical generating enzymes within the heart and
vasculature show increased activity in diabetes. With vanadium treatment, diabetic rat
levels of glutathione peroxidase, catalase and superoxide dismutase were corrected to
near normal, while glycoproteins, plasma lipid peroxide and erythrocyte membrane
phospholipids were restored to normal *®'*”). Cardiac lipoprotein lipase, reduced in

| (150)

diabetes and potentially atherogenic has also been restored to norma . Vascular

integrity has also been improved with vanadate treatment as evidenced by normalization
of endothelin levels in STZ diabetic treated rats (",

The multisystem effects of diabetes are not limited to the heart, vasculature and
serum lipids however. Intestinal alterations in diabetes have also been analysed with
respect to vanadium treatment. Increased sodium-dependent glucose transport and Na,K-
ATPase activity in Type 1 diabetic rats was corrected with vanadate treatment while the
decreased activity of intestinal 6-phosphofructo-1-kinase and 6-phosphofructo-2-kinase
were also restored (%139, Carbohydrate metabolism relies heavily on the release of
pancreatic amylase into the intestine and this is interrupted in diabetes. Vanadate induced
normoglycemia was combined with the restoration of amylase transcription and activity
in diabetic rats (%7,

Many biochemical parameters altered in the diabetic state have been assessed to

determine the effects of vanadate treatment on general metabolism, liver and renal
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function. Renal and hepatic glucose-6-phosphatase and fructose-1,6-bisphosphatase
activities were returned to normal levels with vanadate (**'*®_ Additionally it was found
that plasma glutamic pyruvic transaminase, glutamic oxaloacetate transaminase (142 Yiver
arginase activity and expression (139.160) " hyruvate kinase expression and tyrosine
aminotransferase gene expression " were positively affected with vanadium treatment.
Increased mRNA synthesis of P-enolpyruvate carboxykinase (PEPCK) and others
gluconeogenic enzymes implies improved glucose utilization by the liver (161162) " Other

hepatic indices improved with vanadate include tryptophan-niacin metabolism (163)

(150) (165

hexokinase activity “®?, hepatic lipase activity "°?, glucose-6-phosphate ) and protein
C activity ! As much as hepatic and cardiac consequences abound in diabetes, so do
renal dysfunction and kidney failure. Blood urea nitrogen (BUN), a clinical index of renal
disease, increases in diabetes and is reduced in vanadium treated rats (142) Renal sorbitol,
urinary albumin, IgG excretion and kidney size were also reduced with treatment (167.168)
This data suggests vanadium exhibits a remarkable spectrum of anti-diabetic
properties, and these are the reasons for its continued interest in the diabetic research
community. However, vanadium salts have been and currently are heavily scrutinized for

(169,170)

their toxic side effects These include gastrointestinal toxicity, diarrhea,

dehydration and vanadium accumulation in vital organ systems (129.169,171-17D) 1y fact, the

severity of this toxicity has resulted in vanadate-induced death in animal models (78)
Appetite suppression and reduced water intake were some of the first effects

noted with vanadium treatment in diabetes. Reduced water intake in diabetic animals is

another sign of effective anti-diabetic action. The removal of glucose, an osmotic diuretic

from the circulation reduces both polydipsia and polyuria. However, appetite suppression
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1s more concerning as many researchers have noticed reduced body weight gain while
. o (179,180) : : . . . N
treatment persisted . The accumulation of vanadium in various organs has also

(76180 Although these studies have defined bone as the major

been documented
reservolr for vanadium, no toxic effects have been found functionally or pathologically to
date. While liver and kidney are also sites for vanadium storage toxic effects on these
organs are still debated (144,166)

In diabetic pregnancy, it has been shown that serum vanadium levels are much
higher than expected, resulting in nearly 50% mortality in the dams. As well,
reproductive capacity was decreased as evidenced by reduced live offspring (#2159 A
complete review of developmental and reproductive effects is cited 7%

In vitro effects of vanadium also point to potential toxicity. Cell culture exposure
results in increased proliferation and differentiation of cells and is therefore potentially
carcinogenic '®¥. The mitogenic effects of the substance include activation of several
proteins involved in phosphorylation including c-jun and junB (*>'%® By contrast
vanadium was also shown to possess cytotoxic effects, attributed to the action of
vanadate on PTPases. Furthermore vanadium has been shown to inhibit cell adhesion and
induce protooncogene expression (887,

The role of vanadium salts in the treatment of diabetes has undergone significant
advances in the last 20 years. Beneficial effects on the diabetic state range from its
hypoglycaemic actions down to effects on specific liver and plasma enzymes as outlined.
However, it remains clear that the unknown long-term effects of vanadium accumulation

and the known toxic complications of its treatment require further investigation prior to

instilling this regimen into the drug repertoire for human diabetics.
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5. Modified Vanadium compounds:

In an attempt to reduce toxicity several methods of modifying the chemical
structure of vanadium have been attempted. Organo-vanadium complexes were
synthesized to increase uptake in the intestinal lining, as vanadium salts are poorly
ingested (188) Bis(maltolato)oxovanadium(IV) is one such species found to achieve anti-
diabetic effects at one half the dosage required of vanadium salts, with minimal toxicity

U88) " The same group also found naglivan, another organo-vanadium compound, .

(189)

produced antidiabetic effects without overt signs of toxicity . Vanadyl sulphate

administration was directly compared to three newer organic complexes by Reul et al

(90 All three compounds improved glycemic control and restored

with success
glycolytic enzyme function greater than vanadium salt therapy alone. Interestingly, this
was independent of intestinal uptake as the same results were achieved with an intra-
peritoneal route of administration.

The combination of vanadium compounds with hydrogen peroxide produces
potent insulin-mimetic agents known as peroxo-vanadium (pV) complexes. While
vanadate is known to function independent of the insulin receptor pV’s act on the insulin
receptor and insulin receptor substrates (9L192) By inhibiting the dephosphorylation of
the insulin receptor theses substances potentiate the effects of insulin and as such may be
useful as insulin adjuvants.

The simplest method of alleviating the toxicity of vanadium compounds in
diabetes treatment would appear to be reducing the dosage of vanadate. Recently, it was

found much lower doses than previously used were effective in reducing blood glucose

when given in combination with benzylamine 199 By improving GLUT-4 recruitment
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and glucose transport in adipose tissue minimal doses of vanadium incapable of acting as
a hypoglycaemic alone possessed substantial effects in combination after as little as two-
weeks. The synergistic combination of vanadium and magnesium (MgV) was also tested
and found to have beneficial effects '**. The MgV solution improved insulin sensitivity
and glycogen synthesis in treated diabetic rats to a greater degree than V alone.
Vanadium’s pro-oxidant functions are believed to be detrimental in its use as an anti-
diabetic agent. With the administration of an anti-oxidant, U-83836E significantly
improved diabetic indices were found after 12 weeks of treatment (193)  polydipsia,
polyuria, glycosuria and hyperglycemia are further decreased with combination treatment
while HbAlc and cataract formation were also reduced. The use of chelating agents in
synergy with vanadium may also be a route to successful diabetic treatment. Tiron
chelation of vanadium produced lower vanadium accumulations in both bone and kidney
while not inhibiting the anti-diabetic properties of the agent (196.19) The recent popularity
of nutraceuticals, or functional foods led to another method of delivering vanadium. In
combination with Trigonella seed powder, a hypoglycaemic material itself, vanadium

restored glycemic control and altered enzymes to normal at a lower dosage (198),

6. Human trials:

The use of vanadium in human diabetic patients is in its early stages. Small
studies with Type 2 diabetic patients have been run and resulted in moderate success.

Improved cholesterol levels and insulin sensitivity as assessed by euglycemic,

hyperinsulinemic clamp was achieved but in the absence of blood glucose control (199,200)

Fasting glucose levels have been reduced but with gastrointestinal complications @on,
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These side effects were much less severe than those of animal trials and consisted of mild

. . . o . . 16
nausea, abdominal pain, gas, diarrhea and vomiting all of which decreased over time (169)

A comprehensive review of these trials is cited ®%.

II1. Alternative Medicine:

1. Basics:

Over the past ten years alternative medicine in its various forms has dramatically
increased in popularity. Chiropractic, acupuncture, homeopathy, massage therapy, and
the various naturopathic and herbal remedies available all provide patients with non-
conventional alternatives to medical treatment. Increased use of these therapies is
attributed to an increase in the proportion of the population using these therapies rather
than simply increased visits per patient annually @) The use of natural and herbal
medicines accounts for a large proportion of this growth with approximately 12.1% of the
population using these therapies in 1997 compared to just 2.5% in 1990 2939 " Similarly
sales of plant medicines and herbs increased dramatically by 25% per year since the mid
1990°s and were estimated at $2.5 billion in the USA in 1996 ¥%**%. Clearly in the midst
of an aging population with more health problems the acceptance of natural alternatives
to Western medicine is occurring. Similarly, research interest into natural, Chinese and
diet-derived therapies is also increasing as evidenced by the development of the National
Centre for Agri-food Research in Medicine. Some extensively used plant and animal

derived products such as St. John’s wort, echinacea and glucosamine are used in the
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management of common medical conditions such as depression, colds and arthritis
respectively.

The gastrointestinal side effects experienced by vanadium treated diabetic
subjects are common and many investigations have led to new vanadate compounds and
oxidized species of current drugs. In contrast, it seems reasonable that the judicious use
of appropriate natural products capable of altering the response of the gastrointestinal

tract to vanadium may function to reduce the harmful toxicity of vanadate.

2. Functional Foods and Nutraceuticals:

i) Definition

Functional foods are similar in appearance to conventional foods. They provide
health-related benefits (prevention or treatment of disease) beyond those obtained by
normal nutrition. Nutraceuticals are defined as naturally derived bioactive compounds
that are found in foods, dietary supplements and herbal products that have health
promoting, disease preventing or medicinal properties. Nutraceuticals are therefore
commonly denoted as the extract or pill form of a functional food concentrating the
active component for increased anti-disease activity. Therefore, for example, diets rich in
certain fish would be classified as a functional food, the specific omega-3 fatty acids
within the fish oils including linolenic acid, eicosapentanoic acid (EPA) and

docosahexaenoic acid (DHA) can be delivered as a nutraceutical via capsules (206),
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ii) Examples

The breadth of action and variety of functional foods/nutraceuticals used can be
appreciated by discussing a few of the more popular agents:
Cranberry juice — used since 1920 for treating and preventing urinary tract infections.
The mechanism involves urine acidification and inhibiting bacterial adhesion to the
bladder surface ®°7.
Ginseng — one of today’s most popular alternative medications. It is used to promote both |
physical and mental performance. Although large-scale studies are lacking, smaller scale
studies have shown increased resistance to infection and increased energy metabolism
(208)
St. John's Wort — available for internal use in capsule form and externally as an ointment
or oil. It is currently used for depression, anxiety, menstrual cramps, colds, congestion
and fighting infection (209210

Although the effects of most functional foods and nutraceuticals are multi-
systemic, some are known to possess especially strong effects on the gastrointestinal
tract. Anti-diarrheal compounds fitting into the functional food or nutraceutical categories

are plentiful but not all those used currently have substantial scientific proof of efficacy

(Table 1).

iii) Probiotics

One popular class of anti-diarrheal nutraceuticals are the probiotics. These are

foods with live microbial species as components which when ingested are suspected of
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Table 1: Natural Remedies Commonly Used in the

Treatment of Diarrhea.

Acidophilus Guarana Rhubarb
Agrimony Lady’s Mantle Savary

Apple Meadowsweet Slippery Elm
Barberry Mormon Tea Squaw Vine
Bilberry Mullein Tamarind
Blackberry Nutmeg Tea - Black
Black Current Oakbark Tea - Green
Black Haw Poppy Wild Cherry Bark
Blueberry Psyllium Wild Strawberry
Borage Raspberry Wood Betony
Fennel Rhatany Yellow Dock

Reference: Peirce A. The American Pharmaceutical Association
Practical Guide to Natural Medicines. First Edition. Stonesong
Press. 1999.



enhancing the normal flora of the gut and displacing toxic bacterial species. Common
foods within the probiotic genre include yogurt, milk products and kefir.

Acidophilus — Lactobacillus acidophilus bacterial species normally resident within the GI
tract can be supplemented with exogenous acidophilus. Eight ounces of yogurt is the
equivalent of one enteric-coated capsule. Controversy regarding the efficacy of these

supplements continues and may depend on the species of Lactobacillus used @l1-218,

iv) Prebiotics

The prebiotics on the other hand do not contain live microbes themselves. Rather
these functional foods are indigestible food ingredients which selectively stimulate
growth of certain normal gut flora. Examples include lactulose, sorbitol, inulin and soy
oligosaccharidases @',
Short Chain Fatty Acids — produced by intestinal bacteria in response to fermented milk

decrease plasma cholesterol levels by deconjugating bile acids and inhibiting their

resorption distally in the GI tract (215.216)

v) Teas

Teas, both black and green are popular beverages worldwide derived from the
leaves of the Camellia sinensis plant with an extremely broad based range of effects from
the stimulatory effects of 50mg caffeine in a cup of black tea to the diuretic properties of
both. The production of black tea vs. green tea relates to a complex fermentation process
altering the chemical composition. Herbalists maintain the uses of these leaf extracts

include the treatment of diarrhea, common colds, asthma, congestion, headache and
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stroke “'?. Dilution of the leaves in boiling water produces an extract in which the
strength correlates with the time of steeping. Diarrhea therapy requires a much stronger
extract than that used for other purposes. The components of tea believed to be important
in  some of these effects include polyphenols, flavanoids, tannins and
theophylline/theobromide.

Polyphenols are a large group of related compounds composed of aromatic rings
substituted with hydroxyl groups composing up to 40% of tea by weight @
Polyphenols include catechins, gallocatechins, flavonols, gallic acid and tannins with
several more specific molecules in each group respectively @D Within the plant they
function as a chemical defense against predators @® However, more recently tea and its
components are recognized as being preventive in diseases ranging from diabetes to
cancer to heart disease and renal disease “'”. Specifically green tea has been found to
reduce plasma glucose levels in old rats while suppressing intestinal glucose transport.
(220221 As cardiac pathology, especially myocardial infarctions are so common in
diabetes it is important to note the variety of effects teas have on cardiac disease.
Coronary artery disease and atherosclerosis are the result of lipid deposition and
oxidation within the intimal layer of the vasculature. Any reduction in antioxidants or
corresponding increase in reactive oxygen species (ROS) has the potential to result in
increased oxidized low-density lipoprotein (oxLDL) and the development of vascular
plaques eventually leading to ischemia and heart attacks. The catechins, most notably
epicatechin gallate (EGCG) found within tea are potent antioxidants as are tocopherols,
both of which can inhibit oxidation of low-density lipoprotein @222 " gimilarly, these

compounds reduce vascular smooth muscle proliferation while limiting peroxidation and
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(225.220)  Teq treatment has also reduced plasma

peroxide decomposition products
cholesterol and triglyceride levels while increasing the activity of superoxide dismutase
in treated rats “*"**® Inflammatory changes and histamine action are also potentially
interrupted by the rutin and catechin content of tea @) Hypertension is also a common
confounding disease especially in Type 2 diabetic obese patients. To maintain a healthy
blood pressure sensitive control must be maintained within the vasculature controlling the
release of vasoconstrictive and vasodilatory substances. Flavanoids have been found to
potentiate the release of vasodilatory substances while catechin may control thromboxane

229230 The complications of diabetes are not

A2 release, a powerful vasoconstrictor
limited to the heart and vasculature however. Renal disease and neurological diseases
also increase in prevalence in the diabetic population and teas have been found to have
beneficial effects on both of these organ systems. Catechins effect on blood pressure
mentioned above has the capacity to improve kidney function in cases of renal
hypertension since renal artery stenosis and vascular constriction are crucial in this
pathology. Both increased sodium and prostaglandin E2 release are suspected to account
for improved renal circulation, delaying renal failure @3L232) Eurther evidence of renal
protection was the finding of reduced renal disease indices, BUN and creatinine,
following tea treatment to rats induced with nephropathy @33 presently, the effects of tea
on the nervous system include improved alertness, reduced blood pressure centrally, and
even slowing of the CNS functional deficits associated with aging (234-236)

The effects of tea compounds and tea itself are well described in cancer research

. - . . . 219,237-
as well. Several reviews are cited focussing on this area of nutraceutical research (
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20 The final cited review also identifies some of the effects of tea on skin, eye,

infectious and metabolic diseases.

IV. Experimental Models:

1. Type 1 Diabetic Animals:

Animal models of Type 1 diabetes either spontaneously develop diabetes (BB
rats, NOD mice) or are induced with the disease via viral, chemical or surgical
mechanisms ®*"**¥). Induction of diabetes through chemical means involves the injection
of either streptozotocin (STZ) or alloxan intravenously or intraperitoneally. STZ (2-
deoxy-2-(3-methyl-3-nitrosurea)l-d-glucopyranose)(a+)) is an antibiotic derived from
Streptomyces bacteria that exerts cytotoxic effects on the pancreatic islets of Langerhans,

@49 These mechanisms may

specifically the B-cells in a poorly understood manner
include but are not limited to free radical production, DNA destruction, alkylation and the
liberation of nitric oxide @*2*®_ Alloxan functions similarly but is used more often in
rabbit models while STZ is commonly used with rat species ***. Commonly used species
of rat include Sprague Dawley and Wistar animals injected with STZ at a dose > 40

mg/kg, although most researchers choose to use doses in the 60 mg/kg range to ensure

hyperglycemia and hypoinsulinemia.
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2. Type 2 Diabetes:

The hyperglycaemic, hyperinsulinemic, hyperlipidemic and obese syndrome
characterisitic of human diabetes is not easily replicated. In fact, several similar
syndromes are defined such as syndrome X or the metabolic syndrome @49 In these
states, the degree of hyperglycemia and specific complications vary. As a result several
different categories of Type 2 diabetic animal models exist. These are thoroughly
reviewed elsewhere and include rat, mouse and primate models ®*%. Rat species often
harbour the fatty (fa) or corpulent (cp) genes while mice carry the diabetic (db) or obese
(ob) genes. One animal model commonly used currently is the Zucker fatty rat first
described in 1961 %2 Although this animal is not overtly hyperglycaemic it does
present the other hallmarks of the diabetic state. A subset of this strain, the Zucker
diabetic fatty rat (ZDF) was bred from these animals and expresses increased circulating
glucose levels ®* The male animals develop overt diabetes with high glucose and
insulin levels at approximately 7 weeks of age ©*% However, by 12 weeks
hyperinsulinemia slowly decreases with even further hyperglycemia. The development of
this diabetic state corresponds with pathologic changes to pancreatic islet cells, including
a reduction in glucose stimulated insulin secretion. This model simulates the Type 2

human diabetic condition well. The slow development of the condition and the following

reduction in insulin secretion are both characteristic of human diabetes.
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HYPOTHESIS

A combination of sodium orthovanadate and a nutraceutical compound with
known anti-diarrheal properties will eliminate the gastrointestinal toxicity associated with
vanadium treatment. In doing so, this orally administered nutraceutical compound will

facilitate applications in the treatment of Type 1 and Type 2 diabetes in animals.
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MATERIALS AND METHODS

1. Materials:

Product

Alanine aminotransferase assay kit

Albumin assay kit
Alkaline phosphatase assay kit
Amylase assay kit

Asparatate aminotransferase assay kit

Blood urea nitrogen assay kit
Bodipy FL C5-HPA

Bovine serum albumin
Calcium chloride

Cholesterol assay kit

Citric acid

Citric acid-trisodium salt
Creatinine assay kit
Dextrose

Ethanol

Fura-2

Globulin assay kit
HEPES

Hydrogen peroxide

Supplier
Sigma-Aldrich Canada Ltd. (Oakville, ON)
IDEXX laboratories Inc. (Toronto, ON)
IDEXX laboratories Inc. (Toronto, ON)
IDEXX laboratories Inc. (Toronto, ON)
IDEXX laboratories Inc. (Toronto, ON)

Sigma-Aldrich Canada Ltd. (Oakville, ON)
IDEXX laboratories Inc. (Toronto, ON)

IDEXX laboratories Inc. (Toronto, ON)
Molecular Probes (Eugene, OR)
Sigma-Aldrich Canada Ltd. (Oakville, ON)
Sigma-Aldrich Canada Ltd. (Oakville, ON)

Sigma-Aldrich Canada Ltd. (Oakville, ON)
IDEXX laboratories Inc. (Toronto, ON)

Fisher Scientific. (Napean, ON)
Sigma-Aldrich Canada Ltd. (Oakville, ON)
IDEXX laboratories Inc. (Toronto, ON)
Fisher Scientific. (Napean, ON)

Fisher Scientific. (Napean, ON)

Molecular Probes (Eugene,OR)

IDEXX laboratories Inc. (Toronto, ON)
Sigma-Aldrich Canada Ltd. (Oakville, ON)

Sigma-Aldrich Canada Ltd. (Oakville, ON)
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Insulin elisa kit
Ketamine

Magnesium chloride
Nitric acid
Phosphatidic acid
Potassium chloride
Sodium chloride
Sodium citrate
Sodium orthovanadate

Sprague Dawley rats

Streptozotocin
Total bilirubin assay kit
Total protein assay kit

Triglyceride assay kit

Triton X-100

Uric acid assay kit
Vanadium references
Vettest 8008
Xylazine

Zucker diabetic fatty rats

American Lab Products (Windham, NH)
Mid-West veterinary Labs (Winnipeg, MB)
Fisher Scientific. (Napean, ON)
Sigma-Aldrich Canada Ltd. (Oakville, ON)
Sigma-Aldrich Canada Ltd. (Oakville, ON)
Sigma-Aldrich Canada Ltd. (Oakville, ON)
Sigma-Aldrich Canada Ltd. (Oakville, ON)
Sigma-Aldrich Canada Ltd. (Oakville, ON)
Sigma-Aldrich Canada Ltd. (Oakville, ON)

Central Animal Care Services, University of
Manitoba (Winnipeg MB)

Sigma-Aldrich Canada Ltd. (Oakville, ON)
IDEXX laboratories Inc. (Toronto, ON)
IDEXX laboratories Inc. (Toronto, ON)

Sigma-Aldrich Canada Ltd. (Oakville, ON)
IDEXX laboratories Inc. (Toronto, ON)

Sigma-Aldrich Canada Ltd. (Oakville, ON)
IDEXX laboratories Inc. (Toronto, ON
SCP Science (Baie D'Urfé, QC)

IDEXX laboratories Inc. (Toronto, ON)
Mid-West veterinary Labs (Winnipeg, MB)

Genetic Models Inc. (Indianapolis, IN)
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II. Methods:

1. Animals:

Male Sprague Dawley rats weighing 175-200 g were obtained from Central
Animal Care Services (University of Manitoba, Winnipeg, MB). Zucker diabetic fatty
rats and Zucker non-diabetic control animals were obtained from Genetic Models Inc.
(Indianapolis, IN). Animals were housed two per cage on woodchip bedding in
polycarbonate cages, and offered free access to both food (lab diet 5P00, Prolab) and
water. A 12:12 light:dark cycle was employed using 600-1800 hrs as the light cycle. The
animals were maintained at 20°C with 50% humidity throughout the study. Animals were
sacrificed with a single intraperitoneal injection of a 9 mg/ml ketamine:0.9 mg/ml
xylazine cocktail. Blood was collected by exsanguination and centrifuged briefly to
obtain plasma. Plasma was stored at -20°C for subsequent analysis. Internal organs were
surgically excised and snap frozen in liquid nitrogen. These were then maintained at -

80°C.

2. Insulin-dependent diabetic model:

Rats were lightly anaesthetized and tail vein injections of streptozotocin (STZ)
were used for diabetic induction. STZ at a dosage of 55mg/kg body weight was diluted in
a citrate buffer vehicle (pH = 4.5) and injected in a single dose. Control animals received
an injection of buffered vehicle alone. Animals were allowed to adjust to their diabetic

state for 4 days prior to treatment.
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3. Blood Glucose Analysis:

Four days post-STZ administration, blood glucose levels were assessed using a
Bayer glucometer elite® testing system in all animals. A distal tail snip generated the 5 ul
quantity of blood necessary for analysis. Subsequent daily glucose levels were done by
removing the scab formed on the tail. Daily testing was performed from 0900 hrs — 1100
hrs. Glucose tolerance testing is performed by the oral administration of a 3 g/kg glucose
load using 40% glucose solution ®*”. Blood glucose is measured prior to and 30, 60, 120,

240 and 360 minutes post glucose.

4. Treatment of Diabetes:

A plant based nutraceutical extract was combined with sodium orthovanadate at a
concentration of 20 mg vanadate/ml nutraceutical. This decoction was named CT99.
Because of patent restrictions, the exact composition of CT99 cannot be revealed at this
time. For the majority of all experiments the sodium orthovanadate was identical coming
fro the same lot of vanadium produced at Sigma®. Where indicated however, different
lot numbers of vanadate were used and the manufacturer notes these to be of different
purities. CT99 was maintained at room temperature without access to light for 5 hrs prior
to use. A water/vanadate preparation was also used to treat the diabetic animals. Sodium
orthovanadate was suspended in double distilled water at a concentration of 20 mg/ml
and stored without exposure to light at room temperature for 5 hrs prior to animal
treatment. At 1600 hrs daily, any animal with a blood glucose level > 10 mM was orally
gavaged with the appropriate treatment solution. Rats with daily blood glucose levels <

10 mM were considered normoglycemic and not treated that day. Animal treatment
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groups included CT99-treated diabetics (CT99-D), water/vanadate-treated diabetics
(water/van-D), diabetic (D) and non-diabetic animals (ND) each treated periodically with
water or nutraceutical alone (no vanadate). Each animal received 2 ml of treatment

solution, corresponding to a total vanadium dose of 40 mg.

5. Biochemical Analysis:

Biochemical diagnostic kits were used for assessment of alanine aminotransferase
(ALT), aspartate aminotransferase (AST) triglycerides (TG), and cholesterol levels. A
Vet test 8008® spectrophotometric system was used for albumin, alkaline phosphatase,
amylase, blood urea nitrogen (BUN), creatinine, globulin, total bilirubin, total protein and
uric acid analysis. The ALT, AST, TG and cholesterol assays were also performed with
this system. Urine specific gravity was assessed with a hand refractometer while plasma

insulin levels were measured with an ELISA assay @258,

6. Myocardial Contractility:

i) Perfusion with Phosphatidic Acid

Rat cardiomyocytes mounted on glass coverslips were mounted in a Leiden
chamber heated to 37°C with a Medical Systems PDMI-2 Open Perfusion Micro-
Incubator (Greenvale, NY). Cells were perfused with a HEPES buffered solution
bubbled with 100% oxygen. The control perfusion buffer contained 140 mM NaCl, 6mM
KCl, ImM MgCl,, 1.25mM CaCl,, 10mM dextrose and 6mM HEPES (pH 7.4) and
0.02% BSA. Myocytes were equilibrated for 10-15 min prior to treatment with

phosphatidic acid (PA) at concentrations of 10,25 and 50uM respectively. Cells were
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perfused with PA for a period of 15 minutes and were paced at 0.5 Hz with duration of

200ms using platinum electrodes.

ii) Cardiomyocyte Contractile Performance

Active cell shortening (unloaded) and changes in resting cell length were
measured using a video edge detection system (Cresent Electronics, Sandy, UT) coupled
to a Pulnix monochrome CCD camera at a capture rate of 60 Hz in as described in detail .

elsewhere %,

iii) Measurement of Cellular Ca®*

The Ca”™ sensitive dye fura-2 was used as an intracellular indicator of Ca®".
Myocytes adherent to laminin-coated glass coverslips were loaded for 15 min at 37°C
washed prior to experiments. These were placed in a Leiden chamber that was mounted
on a Nikon Diaphot microscope with a 40x epiflourescent objective. Cells were excited
at 340 and 380 nm with an emission of 505nm. The fluorescence was collected on a
SPEX flourolog spectrofluorometer and quantitated ratiometrically with photomultiplier

tubes and a Pentium computer as described in detail previously (259),

iv) Measurement of the Movement of PA

The movement of PA in the cardiomyocyte was measured using the fluorescent
indicator 2-(4,4-diflouro-5,7-dimethyl 4-bora-3a,4a diaza-indecend-3 pentanoyl) -1-
hexadecanoyl-sn-glycero-3-phosphate (3-BODIPY FL Cs- HPA). Briefly a mixture of

unlabelled PA and BODIPY PA (10:1 ratio) at a [25uM]gna was added to cells with
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fluorescence measured over time. Cells were excited at 488nm and the emission at
525nm was monitored. Cells were placed in a heated chamber as used in calcium and
contractile measurements. Images of fluorescence were captured with Bio-Rad MRC 600
confocal microscope equipped with a Krypton/Argon ion laser (American Laser Corp.,

Salt Lake City, UT).

7. Vanadium level Determinations:

i) Sample Preparation

Plasma samples were diluted 1:1 with 0.25 M sodium citrate solution containing
1% Triton X-100. These solutions were directly assayed for vanadium. Weighed aliquots
of frozen tissue samples were digested in three stages: the first using 4 mL concentrated
HNO;, the second using a combination of 2 mL HNOj and 30% H,O; and finally 2 mL
HNO;. All digestions were carried out at 130 °C until the sample was completely dry.
After the third drying, 1% HNO; was added to the digests and heated at 80 °C for 1 hr.

Once cool, the samples were volumed and analysed. Dilutions were made as required.

i1) Standards

Standard solutions of vanadium at varying concentrations were prepared from a
Certified Reference Standard of vanadium (1 mg/mL, SCP Science). Calibration curves
were generated before and after sample sets. Standards used for Plasma Analysis.
Standard solutions from 0-100 pg/L were made up in a 0.125 M sodium citrate (Fisher
Scientific) solution containing 0.5% Triton X-100 (BDH). Standards used for Tissue

Analysis. Standard solutions from 0-100 pg/L were made up in 1% HNO;.
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iii) Vanadium Analysis

Vanadium concentrations were measured using a Polarized Zeeman Graphite
Furnace Atomic Absorption (AA) Spectrophotometer equipped with an autosampler.
The detector wavelength was set to 318.4 nm using a slit width of 0.40 nm. A vanadium
lamp current of 10.0 mA was used. A deuterium lamp was used for background
correction. Sample volumes of 20 ul. were used followed by insertion into a graphite
tube. The following temperature profile was used for vanadium analysis: two drying -
steps beginning at 80-120 °C ramped over 30 sec. with a hold time of 20 sec. and from
120-450 °C ramped over 25 sec. and held for 20 sec. This was followed by an ashing
step starting at 900-1400 °C ramped for 25 sec. and held for 20 sec. and finally
atomization at 2850 °C for 10 sec. A 10 sec. cleaning step at 3000 °C as well as a 5 sec.
cool down were programmed for each run. The purge gas used in these analyses was
argon used at a flow rate of 200 mL/min except during atomization at which time it was
set to 40 mL/min.  Vanadium concentrations were calculated from external standards
based upon relative correlations in peak absorbance. Instrument performance and thus
result validity was obtained through sample spikes, standard reruns and for the tissue
samples, digested blanks and digested bovine liver 1577b (Standard Reference Material).
The low-end detection limit of the instrument was 2.0 ug/L. All analyses were carried

out in duplicate.

8. Statistical Analysis:
Statistical treatment of data was performed using a Students t-test. Results were

reported as mean + SE. Statistical significance was determined at a P level of < 0.05.
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RESULTS

I. Vanadium Toxicity:

In our laboratory strong evidence of vanadium toxicity has been demonstrated in
both Type 1 and Type 2 diabetic rats. STZ-induced diabetic Sprague Dawley rats treated
with 2ml of a 20mg/ml sodium orthovanadate in water solution were effectively treated
for hyperglycemia (Figure 2) but at the expense of severe toxicity. Over 70% of the
diabetic rats orally gavaged with vanadate experienced diarrhea over an 11-week study
and greater than 70% of these animals died during the course of the trial (Figure 3). By
comparison, non-diabetic control and diabetic animals gavaged with 2ml of water alone
expex‘ienced none of these side effects. In a model of Type 2 diabetes, we found similar
results. When treated with sodium orthovanadate the blood glucose levels of Zucker
diabetic fatty rats were returned to near control levels (Figure 4). The 15mg/ml
vanadate/water solution gavaged to these animals produced diarrhea in over one half and

resulted in the death of a single animal over the 4-month trial (Figure 5).

II. Acute Effects of CT99:

The effect of both vanadate (vanadate/water solution) and CT99 on blood glucose
control is shown in Figure 6. The initial blood glucose of the STZ-induced SD diabetic
rats 1s approximately 22 mM and identical in both the CT99-D and vanadate-D treatment
groups. This level is four fold higher than that of a non-diabetic (ND) Sprague Dawley

rat. Upon treatment, blood glucose levels fell within the first hour to 17.4 + 1.96 mM and
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Figure 2. Blood glucose levels in non-diabetic
(ND), diabetic (D) and water/vanadate-treated
(Vanadate-D) Type 1 diabetic Sprague Dawley
rats. All D data after day 4 significantly
different from both vanadate-D and ND.
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Figure 3. Incidence of diarrhea and death in non-
diabetic (ND), diabetic (D) and water/vanadate-
treated (Vanadate-D) Type 1 diabetic Sprague
Dawley rats. Values represent % of animals
experiencing these parameters; n = 5,5 and 7 in
ND, D and Vanadate-D groups respectively.
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Figure 4. Blood glucose levels in non-diabetic
(ND), diabetic (D) and water/vanadate-treated
(Vanadate-D) Zucker diabetic fatty rats. All D
data after day 4 significantly different from both
vanadate-D and ND.
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Figure 5. Incidence of diarrhea and death in non-
diabetic (ND), diabetic (D) and water/vanadate-
treated (vanadate-D) Zucker diabetic fatty rats.
Values represent % of animals experiencing
these parameters; n = 6, 6, 9 in ND, D and
Vanadate-D groups respectively.
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16.3 £ 2.96 mM in the vanadate-D and CT99-D treatment groups respectively. During the
second hour post-treatment blood glucose levels in both the vanadate-D and CT99-D
treated animals rose slightly to 19.95 + 2.36 mM and 18.8 = 0.99 mM respectively. No
statistically significant changes occurred over the next two hours and at the four hour
time point blood glucose levels were 16.01 £ 1.67 mM (vanadate-D) and 19.55 + 2.01
mM (CT99-D). Large drops in blood glucose levels occurred during the four to eight
hour post-treatment interval. The vanadate-D treated animals displayed a glucose level of
12.83 + 1.85 mM and the CT99-D animals showed blood glucose values of 14.55 = 1.98
mM. This reduction in blood glucose level at the eight-hour time point was statistically
significant in both groups (P < 0.01). An even more marked hypoglycemic effect was
achieved over the following eight-hour interval. Sixteen hours after vanadate treatment,
the vanadate-D and CT99-D rats’ glucose levels were reduced to ND levels. The values
at this point were 6.03 = 1.16 mM and 6.38 + 1.23 mM respectively, both significantly
lower than the initial glucose levels (P < 0.0001). The final eight hours of glucose
monitoring showed slight recovery in glycemic status to 7.11 + 1.03 mM and 9.56 + 3.53
in vanadate-D and CT99-D rats.

Vanadium levels were measured in several organs and plasma to compare the
uptake and storage of vanadate when delivered in the H,O and CT99 systems. Plasma
vanadium levels are shown in Figure 7. All non-diabetic (ND) and diabetic (D) control
animals had plasma vanadium levels lower than the detection limit of the AA
spectrophotometer (2.00 pg/L). In contrast, the vanadium treated animals displayed
detectable levels of vanadium at all time points. The highest levels of vanadium in

plasma were found at the one and two hour time points (~ 2.5 mg/L) with decreasing
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Figure 7. Plasma vanadium level changes in Type
1 diabetic rats treated with a single dose of Na-
orthovanadate/ddH,O (vanadate-D) or CT99. Each

point represents mean +£ SE of n =6. * P <0.03.



concentrations up to 16 hours post-treatment. CT99-D administration significantly
reduced plasma vanadium concentration at the 16-hour time point compared to the
vanadate-D treatment (0.50 = 0.07 mg/L vs. 1.05 + 0.20 mg/L).

Vanadium concentrations were analyzed in eight selected organs (Figures 8-15).
No vanadium was detectable in any organ of the ND or D animals with all levels lower
than the detection ability of the AA spectrophotometer. In the CT99-D and vanadate-D
treated animals the highest concentrations were found in bone > kidney > liver >
pancreas > lung > heart > muscle > brain. Leg bone measurements display a gradual
increase in vanadium concentration over the 24-hour period. Vanadate-D treated animals
retained significantly more vanadium than their CT99-D counterparts at the 24-hour time
point (5.91 + 0.32 ug/g vs. 3.24 + 0.79 pg/g respectively). The increased accumulation of
vanadium occurred solely over the 16-24 hour period (Figure 8). Kidney accumulation of
vanadate was rapid and reached a maximum within the first two hours post-treatment.
Levels remained stable from 4-24 hours with vanadate-D animals accumulating
significantly more vanadium than the CT99-D rats over all time points (Figure 9).
Temporal deposition of vanadium in liver paralleled that of the kidney although levels of
accumulation were lower (Figure 10). Again at 8 and 16 hours vanadate-D rats retained
significantly more vanadium than the CT99-D rats. Vanadium concentrations in
pancreatic samples displayed the largest variability (Figure 11). Notwithstanding,
vanadate-D treated rats exhibited significantly higher levels of accumulation at two
hours. All later time points showed no differences. Lung examination revealed similar
levels of vanadium at all time points measured in the vanadate-D and CT99-D rats

(Figure 12). Levels peaked shortly after administration of the treatment solutions in both
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Figure 8. Vanadium level changes in bone of
Type 1 diabetic rats treated with a single dose
of Na-orthovanadate/ddH,O (vanadate-D) or
CT99. Each point represents mean + SE of n =
6. * P <0.01.
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Figure 9. Vanadium level changes in kidney of
Type 1 diabetic rats treated with a single dose of
Na-orthovanadate/ddH,O (vanadate-D) or CT99.
Each point represents mean £ SE of n = 6. * P <
0.03.
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Figure 10. Vanadium level changes in liver of
Type 1 diabetic rats treated with a single dose of
Na-orthovanadate/ddH,O (vanadate-D) or CT99.
Each point represents mean + SE of n = 6. * P <
0.03.
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Figure 11. Vanadium level changes in pancreas
of Type 1 diabetic rats treated with a single dose
of Na-orthovanadate/ddH,O (vanadate-D) or
CT99. Each point represents mean + SE of n =
6. * P <0.05.
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Figure 12. Vanadium level changes in lung of
Type 1 diabetic rats treated with a single dose of
Na-orthovanadate/ddH,O (vanadate-D) or CT99.
Each point represents mean = SE of n = 6.



groups with two-hour values of 5.64 = 2.10 ug/g and 3.34 £ 0.56 ug/g in vanadate-D and
CT99-D respectively. By four hours and thereafter, levels remained < 1.0 ug/g.
Significantly lower vanadium levels were found in hearts of rats receiving CT99
treatment than vanadate/water at both four and 16 hours (Figure 13). CT99-D rat had
levels of vanadium that plateaued at ~ 0.3 ug/g after four hours. Muscle sections from the
lower leg revealed little differences between treatment groups and minimal accumulation
by 24 hours (Figure 14). Levels in both groups were less than 0.20 ug/g by this point.
The lowest vanadium levels were found in brain (0.06 ug/g in vanadate-D and CT99-D)

(Figure 15). No differences at any time-point were noted.

II1. Chronic Effects of CT99:
i) Type 1 Diabetes

The efficacy of CT99 as a chronic therapy in the treatment of diabetes was first
examined in the STZ-induced Type 1 diabetic Sprague Dawley rat. The animals in this
study were separated into 4 treatment groups (Table 2). The incidence of diarrhea and
mortality for the vanadate-D and CT99-D animals are presented in Figure 16.
Approximately 63% of the vanadate-D treated animals developed severe diarthea and
37.5% of these animals died as a direct result of these complications. By comparison,
CT99-D animals were completely free of both diarrhea and mortality. Because of the
toxic effects of vanadate/water solution, further analyses of surviving D rats in this

treatment group were limited to an analysis of its hypoglycemic effects.
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Figure 13. Vanadium level changes in heart of
Type 1 diabetic rats treated with a single dose of
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Table 2. Animal treatment groups for three-month
trial of CT99 in Type 1 diabetes.

Group Title Specifications n

ND Nutraceutical-treated 5
non-diabetic SD rats

D Nutraceutical treated 5
diabetic SD rats

CT99-D Diabetic SD rats treated 15
with 20 mg vanadate/
ml nutraceutical

Vanadate-D Diabetic SD rats treated 8
with 20 mg vanadate/
ml water

ND = Non-diabetic, D = Diabetic, SD = Sprague
Dawley rats
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Figure 16. Diarrhea and mortality in diabetic SD rats
treated with 40 mg vanadate in 2 ml water (vanadate-
D) or 40 mg vanadate in 2 ml nutraceutical solution
(CT99). Diarrhea and mortality are represented as the
percentage of animals in each group.



Blood glucose levels were monitored throughout the study. The results are shown
in Figure 17. Pre-treatment glucose levels in all of the diabetic animal groups were
approximately 22 mM. D animals showed a gradual increase in blood glucose
concentration rising from 22.5 mM to 25 mM over the 11-week experimental period. By
comparison, ND animals had blood glucose levels of 5-7 mM throughout the study. The
first treatment was administered on day 4 and this reduced blood glucose levels in the
CT99-D animals to control levels (approximately 7.0 mM). This was found in both .
vanadate-D treated animals and CT99-D groups and was statistically different compared
to the D rats. Glucose stabilization over the 11 week study was maintained at a level of ~
8 mM in these groups. This closely resembled the ND blood glucose values. One of the
most striking findings in this study was the long-term glycemic control of the CT99-D
rats (Figure 18). These animals averaged 24 + 5.6 days of consecutive normoglycemia
without treatment. Therefore, for approximately 1/3 of the total study, glycemic control
was achieved without further CT99 treatment. Chronic glycemic control in individual rats
varied from 4-71 days of normoglycemia. Fifty percent of the CT99-treated diabetic
animals exhibited glucose levels < 10 mM for greater than 15 consecutive days without
receiving further CT99 treatment.

Another measure of the long-lasting hypoglycemic efficacy of CT99 is the
frequency of treatments each rat received over the course of the study (Figure 19). On
average, the CT99-D animals were treated only 17% of the days in this study. This
amounts to one treatment every six days in order to maintain the daily blood glucose

level of ~ 8 mM in the CT99-D animals.
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treatment in diabetic rats. Blood glucose levels of CT99-
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animals, n = 15.
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Figure 19. Frequency of CT99 treatment in
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days in the study that CT99-treated diabetic rats
required treatment to return blood glucose levels to
< 10mM, n=15.



The potential for CT99 to have toxic side effects was investigated in greater
detail. Sodium orthovanadate delivered in water has been shown to inhibit food and water
intake 7. It was possible therefore, that CT99 may affect these parameters as well. Both
food and water intake were measured in the ND, D and CT99-D animals during the study
(Figure 20). ND animals consumed approximately 67 ml of water and 25 g of rat chow
daily. D rats consumed significantly more water and food (175 ml of water and 45 g of
rat chow daily). CT99-treatment normalized water and food consumption. Water and
food intake in CT99-D animals was 65 ml and 25 g, respectively.

As shown in Figure 21, D rats had significantly lower body weights during the
course of this study than their ND counterparts. Although CT99 treatment did not
normalize body weight, the rate of weight gain was greater in CT99-D than in D rats, as
reflected by the slope of the lines in Figure 21. CT99-D animals (y = 3.08 g/day) gained
weight more rapidly than the D rats (y = ,1'94 g/day) but remained lower than the weight
gain for the ND rats (y = 3.80 g/day).

Several additional parameters of toxicity and organ function were assessed (Table
3). Liver toxicity was measured with plasma ALT enzyme assays. Plasma ALT levels in
ND rats were 50 U/L whereas D animals had elevated ALT activity (64 U/L). ALT
activity in CT99-D rats was normalized (51 U/L).

Kidney function was evaluated using a plasma creatinine assay, BUN analysis and
measurement of urine specific gravity. Creatinine levels were significantly lower in the D
animals in comparison to the ND rats. CT99-D rats had creatinine levels that were
significantly improved vs. the D animals and not significantly different than ND values.

BUN levels were not significantly different among the three groups. The specific gravity
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Figure 20. Water and food consumption in non-diabetic
(ND) rats, diabetic (D) rats and CT99-treated (CT99-D)
diabetic rats. Intake of water (ml) and rat chow (g) was
measured over 24 hr periods on days 48-50. Data are
mean + SE of n =35, 5, 15 respectively. * P < 0.05 vs.
ND and CT99D.
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Table 3. Biochemical analysis in non-diabetic (ND),
diabetic (D), and CT99-treated Type 1 diabetic

(CT99-D) rats.

Assay ND D CT99-D

' Insulin (mM) 0.69 = 0.17 0.29 = 0.01* 0.54 % 0.08
TG (mg/dl) 150 + 15 250 + 68 198 + 22
Chol (mg/ml) 6135+£530  82.75+18.29 58.36 + 4.59
Creat (mg/dl) 0.31 +0.02 0.23 = 0.03* 0.31 +0.02
BUN (mg/dl) 1655+ 1.46 1813+ 1.00 17.17 +2.15
ALT (U/L) 49.66+ 191  63.73 + 4.35% 51.09 + 4.57
Urine Gravity 1.0140.003  1.03 = 0.005* 1.02 % 0.005
Cataracts (%) 0 40* 0

TG = Triglyceride, Chol = Cholesterol, Creat = Creatinine, BUN
= Blood Urea Nitrogen, ALT = Alanine Aminotransferase. Data
is reported as mean + SE of n = 5,5,15 in ND, D and CT99-D rats
respectively. * P <0.05 vs. ND animals.



of urine was significantly higher in D rats in comparison to ND rats. CT99-treatment
returned this value to control levels.

Plasma cholesterol and triglycerides were also measured in the rats (Table 3).
Lipid levels tended to be higher in D rats when compared to ND values. However, this
did not achieve statistical significance. CT99-treatment of D rats brought these indices
closer to control values.

We also monitored the status of plasma insulin as a function of diabetes and
CT99-treatment (Table 3). Plasma insulin levels were very low in D rats as a result of the
STZ administration (~ 42% of control). CT99-D rats had plasma insulin levels similar to
the ND animals and significantly improved compared to the D rats.

During the course of the study, cataract formation was observed in the diabetic
rats. Although this was not analyzed via conventional optic methods, the cataracts were
easily visible as large areas of opaque cloudiness in the eye. Forty percent of the
untreated diabetic rats had developed this‘ lesion by the end of the study (Table 3). None
of the ND controls or the CT99-D rats exhibited any visual evidence of cataract
formation (Figure 22).

Finally, vanadium levels were measured in the ND, D and CT99-D animals
following the study. All tissues measured (plasma, lungs, liver, bone, kidney, pancreas
and heart) in the ND and D animals yielded concentrations of vanadium lower than the
detection limit of the spectrophotometer ([V] < 5.00 ug/L). As expected, levels in both
the vanadate-D and CT99-D animals were elevated. In all organs and plasma no

significant differences were found between the two groups (Figures 23, 24). Highest
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concentrations of vanadium were found in bone > kidney >liver > lung > pancreas >
heart

As heart dysfunction is the leading cause of mortality in the diabetic population
and diligent control of glycemic status reduces diabetic complications, the effect of
CT99-treatment on cardiomyocyte function in diabetic SD rats was examined. Figure 25
shows cardiomyocyte contractility in response to exposure to phophatidic acid (PA).
Active cell shortening in ND animals is increased approximately 20% from basal levels
with PA perfusion over 15 mins. of observation. Cardiomyocytes from D animals display
an inhibition of active cell shortening at all time points. Contractility is reduced to 75% of
pre-PA levels and this inhibition is statistically different from ND animals at all time
points. Treatment of diabetic rats with CT99 completely normalized cardiomyocyte
function while cardiomyocytes from insulin-treated diabetic rats, more closely resemble
the D animals response. CT99-treated animals had statistically improved contractility vs.
both D and insulin-D animals. Resting cell lengths before and after PA treatment of the
same cardiomyocytes were also measured and this data is shown in Figure 26. Both ND
and CT99-D resting cell lengths remain unchanged with treatment, while the cell lengths
in insulin-D and D cells are reduced with PA treatment. This is statistically significant at
6 mins of treatment where insulin-D cells are a full micron shorter than ND cells.

Cardiac contractility is closely associated with Ca** homeostasis. As such we
measured the effects of CT99-treatment on Ca®’ transients in response to PA perfusion
(Figure 27). Both ND and CT99-D cells responded to PA administration with an

approximately 20% increase in intracellular Ca’>" as measured by Fura-2. Conversely,
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Figure 25. Effects of phosphatidic acid (PA) on
cardiomyocyte contractility in non-diabetic (ND),
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rats. Data represents mean + SE of n = 12, 10, 11
and 4 respectively. * P < 0.05 vs. ND and # P <
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both D and insulin-D cells show reduced intracellular Ca** and this was significantly
depressed vs. ND animals at later time points.

A group of CT99-treated SD rats were used for an electron microscopic analysis
of the effects of CT99 administration on pancreatic ultrastructure. As noted in the
Materials and Methods, following the study the EM analysis was conducted in a blinded
fashion to reduce bias (groupl = ND, group 2 = D, and group 3 = CT99-D). The
pancreatic EM sections were analysed to examine the effects of both STZ and CT99-
treatment on B-cell structure and therefore insulin production capability (Figures 28-30).
ND sections reveal active B-cells with complete absence of necrotic tissue within the
islets (Figure 28). By contrast, D pancreatic sections reveal near complete necrosis of the
islets with severe damage to most B-cells. Arrows indicate scarce numbers of remaining
hyperactive B-cells (Figure 29). CT99-D animals were made diabetic with intravenous
STZ injections but subsequently treated with the CT99 compound. These pancreas
images show characteristics of both hyperactive B-cells and necrotic tissue (Figure 30).
However, it appears an increased frequency of normal and hyperactive B-cells is apparent
when compared to the D images.

Although the results of our pilot study suggest CT99 is effective as an agent in the
treatment of Type 1 diabetes, it is necessary to prove the absence of side effects after
longer periods of treatment with the vanadium containing CT99 compound. Therefore we
followed up this three month study with a year long trial of CT99 in STZ-induced
diabetic SD rats. Both ND and CT99-D animals were monitored daily for a full year and
again treated only if glucose values rose above 10 mM. Diabetic control (D) animals

however, were followed daily for 10 weeks at which time these animals were sacrificed
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Figure 28. Electron microscopic image of
pancreatic section from non-diabetic (ND) SD rat.
B = 3-cell, A = o-cell.



Figure 29. Electron microscopic image of
pancreatic section from diabetic (D) SD rat. B = -
cell, A = a-cell. Arrows display hyperactive B-
cells.



Figure 30. Electron microscopic image of
pancreatic section from CT99-treated diabetic
(CT99-D) SD rat. D = 6-cell, A = a-cell. Arrows
display areas of hyperactive B-cells.



because of deteriorating health as assessed by the animal care and veterinary staff in the
animal care facility at St. Boniface Hospital Research Centre. A group of ND animals
were also sacrificed at 10 weeks to monitor the severity of the diabetic state in the D
animals at 10 weeks. These treatment groups are displayed in Table 4.

An account of the general health of all animals in the study is shown in Figure
31. All data is reported as the percentage of animals in each treatment group experiencing
the health concemn. Over the full year only 6.6% of ND animals experienced diarrhea
while 75% of their D counterparts had diarrhea in only 10 weeks of monitoring. CT99-
treatment reduced the occurrence of this toxicity to only 20%. Since ND animals at 10
weeks had no diarrhea, it might be expected that over a full year of monitoring rates of
diarrhea in untreated D animals would only rise higher. Post-mortem examination of
major organ systems found CT99-treatment did not increase the occurrence of internal
tumor or cyst development. Both ND and CT99-D animals at one year were found to
contain growths in approximately 45% of animals. At 10 weeks neither ND nor D
animals showed evidence of growth development. External dermatological examination
revealed evidence of lesions (erythema, dryness, scaliness, localized hair loss) in very
few ND and CT99-D animals (6.6% and 4% respectively) at one year while 10-week-old
animals in both the ND and D groups were free of these conditions. Visible cataract
formation appeared in less than 10% of ND animals at one year while nearly 60% of D
rats at 10 weeks showed cataracts. CT99-treatment completely eliminated the occurrence
of cataract formation at one year. Finally, mortality rates were assessed as 13.3% and
16% in one year ND and CT99-D animals respectively. No premature deaths occurred in

either of the 10-week rat groups.
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Table 4. Animal treatment groups for 1 year
trial of CT99 in Type 1 diabetes.

Group Title Specifications n

ND 10 weeks Control non-diabetic SD rats 13
periodically gavaged with water
for 10 weeks

D 10 weeks Control diabetic SD rats 12
periodically gavaged with water
for 10 weeks

ND 1 year Control non-diabetic SD rats 15
periodically gavaged with water
for 1 year

CT99-D 20 mg/ml vanadate/nutraceutical 27
treated diabetic SD rats
for 1 year

ND = Non-diabetic, D = Diabetic, SD =
Sprague Dawley rats
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Figure 31. Health summary of animals in year
long trial of CT99. Data represents % of non-
diabetic (ND), diabetic (D) and CT99-treated
diabetic (CT99-D) animals experiencing side
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In this study three different sodium orthovanadate solids were used with the
nutraceutical solution to prepare CT99 and these have been denoted CT99-Da, CT99-Db
and CT99Dc. The three CT99 solutions differ only in the lot number of sodium
orthovanadate supplied by Sigma Aldrich Canada Ltd. (Oakville ON). Thus CT99-Da
was prepared from sodium orthovanadate developed by the supplier at different times
from the CT99-Db and CT99-Dc solutions. The orthovanadate in these separate lot
numbers was very different in terms of purity. The previous data (Figure 31) represented
the overall data using all of these solutions. Figure 32 shows the occurrence rates of
diarrhea and death in each of these treatment groups individually. CT99-Da treated rats
experienced no diarrhea or death, both of which are improvements upon the ND
occurrence rates (6.6% and 13.3%). Conversely, CT99-Db and CT99-Dc treatment
resulted in higher rates of diarrhea and death than found in ND rats. We have combined
all of the data from the three CT99 solutions to make a fairer representation of the use of
vanadium in CT99 in the treatment of these rats. Therefore, all further data will represent
a combination of the three sodium orthovanadate treatment groups (a, b and c).

Glycemic status monitored daily for the full year is shown in Figure 33. As
expected ND animals’ blood glucose levels fluctuated only slightly daily and remained
between 4 and 8 mM. Conversely, the D blood glucose values began at 21.9 mM and rose
during the 10-week period to 27.7 mM. Following STZ treatment, CT99-D rats began the
study in a similar glycemic range (21.7 mM). With CT99-treatment however, the glucose
levels quickly normalized and remained around 8 mM for the first half of the study at
which point an even further reduction to ND levels was achieved. For the final 150 days

of the study, glycemic levels in ND and CT99-D rats were nearly identical (~ SmM).
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Figure 33. Effect of CT99 treatment on blood
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For long-term control of blood glucose levels, a more accurate measurement is
glycated hemoglobin levels. These were also measured and are reported in Figure 34.
Glycated hemoglobin in ND rats was 2.91 + 0.10 %. In comparison, the percentage of
hemoglobin that was glycated in D animals was significantly higher at 11.31 £ 0.31 %.
CT99-treatment normalized this to 3.09 + 0.09 %.

A final assessment of glucose tolerance is shown in Figure 35. In a glucose
tolerance test the blood glucose level in response to a glucose load is measured over 6
hours. At all time points assessed, the blood glucose levels in D rats were significantly
higher than both ND and CT99-D animals. Once again, CT99-treatment completely
normalized the glucose tolerance of diabetic rats.

Further evidence of glycemic control in CT99-D animals is evidenced by the
reduction in the number of treatments required to maintain glucose levels lower than 10
mM. As shown in Figure 36 every animal required treatment at least once in the first
month to lower blood glucose. However, by only the second month, less than half of all
diabetic animals in the CT99-D group required a treatment to induce normoglycemia.
Over the next several months, the percentage of rats needing a dose of CT99 fluctuated
between 48 and 84 %. By the eight month of the study this number was reduced to 16 %
and over the final 3 months of the study no animals required CT99 treatment to maintain
their blood glucose levels at a normal level. In other words, all the CT99-treated diabetic
rats maintained their blood glucose levels below 10 mM for the final three months of the
study without receiving any treatment at all.

Another way of depicting the long-lasting effects of CT99 is also shown in

Figures 37-39. Normoglycemia was maintained with fewer than 200 treatments in the
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first month of the study (Figure 37). Recalling the n = 25, this amounts to less than eight
doses of CT99 per rat per month to maintain blood glucose levels < 10 mM. Over the
second to fourth months approximately 70 treatments were required per month and
therefore less than three treatments with CT99 per month were required for
normoglycemic status. Small fluctuations occured over the fifth to seventh months but
from the eighth month onward, treatment with CT99 was almost unnecessary to control
blood sugar status. Only 8 treatments were required in the ninth month and these were the
last doses of CT99 administered.

The glycemic control of individual animals is expressed in Figure 38. The total
number of treatments administered over one year ranged from three to 65 per rat. The
mean was 26.48 + 3.99 treatments. Therefore, animals were on average gavaged twice a
month to control diabetic hyperglycemia. This data does not incorporate the improved
glucose control over time. As such, Figure 39 shows the average percentage of days that
animals required CT99 during the first and second halves of the one-year trial. Over the
initial six months, CT99 was administered only 14 % of the days to control blood sugar.
However, the long-term efficacy of CT99 in diabetes therapy is accentuated over the
second half of the study. Diabetic animals only required treatment 1.1 % of the days
during the second six months of the study.

Both food and water intake were monitored throughout the experiment (Figures
40 and 41). The first assessment of water intake was performed at 15 weeks. ND intake
measured 99.75 + 4.55 ml/day (Figure 40). By comparison water intake in D animals
was significantly elevated even at the 6-week time-point (175.00 + 9.45 ml/day). With

significantly lower body weights at this interval, the D increase is even more notable.
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Figure 39. Days requiring treatment for diabetic
SD rats treated with CT99. Data represents mean
of n = 25 animals for first and last half of study.
Diabetic animals were only administered CT99 if
their blood glucose concentration was > 10 mM.
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CT99-D water intake was reduced significantly from the D intake but at 15 weeks
remained higher than the ND animals. However, water intake differences between ND
and CT99-D groups were not significantly different at either the 34 or 48-week
measurements.

Food intake was similarly different amongst the groups (Figure 41). Once again,
the 6-week D rats (45.58 + 0.66 g/day) showed significantly elevated food intake vs. the
ND rats at 15 weeks (59.19 + 2.42 g/day) and although CT99-D food intake (58.87 £ 1.01 .
g/day) was elevated vs. ND, it was significantly lower than the D rats. However at both
34 and 48 weeks the differences between ND and CT99-D food intake was absent. Thus,
both water and food intakes were normalized in CT99-D animals over the course of the
study.

To augment the food and water intake data, we also monitored the weights of all
animals during the study (Figure 42). All animals began the study at the same weight,
approximately 260 g. However, during the first 60 days the ND animals gained weight at
a rate of 4.26 g/day while the D animals only gained 1.10 g/day although eating and
drinking significantly more. CT99-treatment of D rats restored a more normal metabolic
profile and during this same time frame these animals increased body weight at a rate of
3.44 g/day. Throughout the majority of the study the ND and CT99-D rats paralleled each
other with respect to weight gain. As expected, the diabetic animals (CT99-D) had
significantly lower body weights. The trend toward CT99-D animals’ weights
approaching the ND rats continued throughout the study and by year end the two groups

had statistically similar weights (815.11 £ 19.92 g and 859.3 + 28.51 g respectively).
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CT99-treated animals were analyzed for several biochemical parameters to assess
potential toxicity (Table 5). Neither D nor CT99-D rat serum albumin levels differed
significantly from ND animals. Serum alkaline phosphatase levels were not different
between ND and CT99-D rats (119.08 + 12.44 and 121.38 £ 11.16 U/L) but D levels
were significantly elevated (574.67 + 102.80 U/L). For alanine aminotransferase (ALT),
untreated diabetic (D) rats had significantly higher levels than either ND or CT99-D
animals. The treatment of D animals with CT99 reduced ALT levels vs. ND as well.
Diabetic animals (D) also had statistically elevated levels of both serum amylase and
aspartate aminotransferase (AST) while CT99-treatment normalized these enzymes.
Other significantly altered biochemical parameters in the D rats included blood urea
nitrogen (BUN), cholesterol, triglycerides, uric acid, and urine specific gravity while
CT99-D animals all had values restored to those of the ND animals. The only parameter
measured in which CT99-D animals differed significantly from their ND counterparts
was total bilirubin (0.42 + 0.02 mg/dL vs. 0.35 + 0.02 mg/dL). Creatinine levels were
unchanged amongst the three groups. Serum globulin and total protein levels were
elevated in CT99-D vs. D rats but there were no changes vs. ND animals.

CT99-treatment of diabetic animals did result in significant changes to the
circulating insulin pool (Figure 43). ND animals at one year had plasma insulin levels of
2.30 + 0.65 ng/ml. STZ injection resulted in a significant reduction in this level as D
animals at just 10 weeks of age revealed insulin levels of 0.38 + 0.12 ng/ml. CT99-D
animals at one year showed insulin levels significantly higher (1.34 + 0.22) than their D

counterparts and not significantly altered vs. the ND animals.
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Table 5. Biochemical analysis in 1 year non-diabetic
(ND), 10 week diabetic (D), and 1 year CT99-
treated Type 1 diabetic (CT99-D) rats.

Assay ND D CT99-D
“Albumin (g/L)  2.45 +0.08 2.29+0.13 2.59 +0.06 #
Alk Phos (U/L) 119.08 +12.44 574.67 £ 102.80 * 121.38+11.16
ALT (U/L) 113.67 £13.03 291.89 £74.42 * 82.24 £ 5.89 *#
Amylase (U/L) 1734.42+80.82 1367.11+113.90*  1739.81 + 65.80
© AST (U/L) 160.50 = 1430 450.89+92.66*  159.81 +9.63
BUN (mg/dL) 19.23+0.94 2849+ 1.51 % 20.10 £0.98
Chol (mg/dL)  88.60 = 7.47 61.79 +5.43 * 105.94 + 6.09
Creat (mg/dL)  0.54 + 0.03 0.43 £ 0.05 0.50 £ 0.03
Globulin (g/dL) 3.30 £ 0.10 3.01+0.16 3.50 + 0.06 #
TotBili (g/dL)  0.35 +0.02 0.38 £ 0.03 042 +0.02 *
Protein (g/dL)  5.75+0.15 530+0.28 6.09+0.11 #
TG (mg/dL)  117.03+23.01  32.5+3.01*% 114.59 + 12.17
U Acid (mg/dL) 1.09 +0.20 1.81+0.29 * 124+ 022
Urine Sp Grav ~ 1.01 £ 0.001 1.03 +£0.003 * 1.01 +£0.002
Alk  Phos = alkaline phosphatase, ALT = alanine

aminotransferase, AST = aspartate aminotransferase, BUN =
blood urea nitrogen, Chol = cholesterol, Creat = creatinine, Tot
Bili = total bilirubin, TG = triglyceride, U Acid = uric acid, U
Spec Grav = urine specific gravity. Data is reported as mean = SE
of n =12, 9, 21 in ND, D and CT99-D rats respectively. * P <
0.05 vs. ND animals. # P< 0.05 vs. D.
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ii) Type 2 Diabetes

Greater than 85% of all diabetics are of the Type 2 variety ©. Therefore, CT99
was tested in a model of this form of diabetes, the Zucker diabetic fatty rat (ZDF). Six
animal groups were established as shown in Table 6. All animals were monitored for
overt signs of vanadium toxicity and the results are shown in Figure 44. ND and D
control animals not receiving vanadium were free of gastrointestinal (GD) toxicity.
Vanadate-D30 treated rats responded to the first vanadium dosage with significant GI
toxicity. Fifty % of these animals developed diarrhea within the first 12 hours post-
treatment.  Comparatively, when administered as CT99, the same 30 mg Na-
orthovanadate dose resulted in no apparent toxicity (CT99-D30 rats). The larger 40 mg
dose of vanadium is shown to have a dose dependant effect as 100% of vanadate-D40
animals developed diarrhea. CT99 partially alleviated the toxicity with 25% of these
animals remaining unaffected (CT99-D40). Mortality rates for all groups are shown in
the same figure. No animals in either of the ND or D control groups died during the
course of the study. Mortality rates rose significantly when vanadium was administered
conventionally in ddH0. It is shown that the 40 mg dose caused 75 % mortality in a
water vehicle. This was lowered to 42 % with CT99 treatment. More significantly, the 30
mg dosage of vanadium administered as CT99 resulted in zero mortality while the
vanadate-D30 method of delivery caused a 10% death rate. Due to the toxicity and
mortality resulting from vanadate-D40, vanadate-D30 and CT99-D40, further analysis of
these treatment groups was discontinued. Further analysis here would have been biased

by sample differences.
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Table 6. Animal treatment groups for use of CT99 in

Type 2 diabetes.

Group Title Specifications n

ND Nutraceutical-treated 4
non-diabetic Zucker rats

D Nutraceutical treated 6
ZDF rats

CT99-D40 2 ml of 20 mg vanadate/ ml 12
nutraceutical treated ZDF rats

Vanadate-D40 2 ml of 20 mg vanadate/ ml 12
water treated ZDF rats

CT99-D30 2 ml of 15 mg vanadate/ ml 10
nutraceutical treated ZDF rats

Vanadate-D30 2 ml of 15 mg vanadate/ ml 10
water treated ZDF rats

ND = Non-diabetic, D = Diabetic, ZDF = Zucker
diabetic fatty rat, n = sample size.
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The effect of CT99-D30 on blood glucose control in ZDF rats is shown in Figure
45a. ND Zucker rats were normoglycemic throughout the course of the study with
average blood glucose levels of ~ 6 mM. It must be noted that these animals were only
available for order at an age equivalent to the ZDF’s in our study at 45 days. Therefore
these controls were followed from time of arrival (day 45) to the end of the 4 month trial
(day 117). D rats not treated with vanadium had significantly higher glucose levels.
Blood glucose rose from an initial level of ~ 18 mM to > 25 mM by the end of the study.
Prior to treatment, the CT99-D30 animals had an average glucose level of ~ 20 mM.
Following the first dose of CT99, the glycemic level was reduced to near control levels of
7 mM and long-term stabilization was maintained over the 4-month study at a glucose
level of ~ 10 mM.

Clinically, fasting blood glucose levels are commonly used to assess glycemic
control in diabetes. Figure 45b shows 12-hour fasting blood glucose in the ND rats
equalled 4.42 £+ 0.06 mM, while the D animals exceeded 20 mM (20.28 + 0.70 mM).
CT99-30 treatment of D animals significantly lowered fasting glucose levels (6.34 + 0.25
mM) compared to that of their D complement.

Body weights were monitored throughout the study to assess the effect of
vanadium on weight gain (Figure 46). ND animals gained weight at a rate of 1.24 g/day.
D animals, not unexpectedly, showed significantly reduced weight gain (0.083 g/day) and
remained nearly stagnant over the final 100 days of the study. CT99-D30 treated animals

regained a normal anabolic profile with weight gains equalling that of the ND rats (1.22

g/day).
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Similarly, both food and water intake were measured during the study (Figure
47). Individual ND rats ingested ~ 24 g of food and 30 ml of water/day. By comparison,
D rats consumed ~ 36 g and 130 ml of food and water respectively, both significantly
larger than the ND animals. Normalization of food intake occurred with CT99-D30
treatment (~ 20 g). Water intake in these animals was also significantly reduced to ~ 52
ml/day.

Several biochemical indicators of organ toxicity were assessed and the results are
shown in Table 7. Aspartate aminotransferase (AST) is used as a measure of potential
liver toxicity. Diabetic control rats (D) show significantly depressed AST levels (71.60 +
3.73 U/L) compared to the ND control rats (106.08 = 19.76 U/L). This was restored with
CT99-D30 treatment (92.29 + 6.53 U/L). Creatinine and blood urea nitrogen (BUN)
levels are used as biochemical indicators of renal function/dysfunction. Again, D animals
had statistically different levels than their ND counterpart with respect to creatinine levels
(0.27 £ 0.01 mg/dl vs. 0.35 + 0.02 mg/dl respectively). CT99-D30 brought the creatinine
levels back to ND values (0.35 + 0.02 mg/dl). No significant changes were seen in the
three groups when BUN was assessed.

Plasma insulin levels in all Zucker animals were also measured (Table 7). ND
animals reveal circulating plasma insulin levels of 0.384 £ 0.12 ng/ml while their D
counterparts have substantially lower levels (0.172 = 0.03 ng/ml). The CT99-D30 rats
(1.26 £ 0.20 ng/ml) express plasma insulin levels more than 4 times higher than the ND

animals and more than 7 times greater than their D complement.
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Table 7.

Biochemical analysis in plasma samples from
non-diabetic (ND), diabetic (D), and CT99-

treated Type 2 diabetic (CT99-30D) rats at 4-month
endpoint.

Assay ND D CT99-30D
AST (U/L) 106.08 + 19.76 71.60 & 3.73%* 92.29 + 6.53
Creat (mg/dL) 0.35+0.02 0.27 £0.01* 0.35 +0.02
BUN (mg/dL) 16.9 £1.32 18.35+1.04 20.09£1.08
Insulin (mM) 0.384 +£0.12 0.172 £ 0.03* 1.26 + 0.20%*

AST = Aspartate aminotransferase, Creat = Creatinine, BUN =
Blood Urea Nitrogen. Data is reported as mean + SE of n = 4, 6
and 10 in ND, D and CT99-30D rats respectively. * P < 0.05 vs.

ND animals.



DISCUSSION

The ability of vanadium compounds to reduce hyperglycemia in animal models of
diabetes was shown 17 years ago by John McNeill "?”. Most laboratories have since
attempted to administer vanadium compounds to diabetic animals and humans by
suspending these agents in water. The concentration of vanadium necessary to reduce
hyperglycemia however is associated with some severe side effects, namely

(29169171 Therefore, rather than

gastrointestinal toxicity and high mortality rates
attempting to chemically modify the vanadium compound itself, we have suspended
sodium orthovanadate in a nutraceutical solution known to have anti-diarrheal and
beneficial gastrointestinal properties. The resulting compound was named CT99.

First, we wanted to prove that the nutraceutical component of CT99 did not
detract from vanadium’s potent anti-diabetic hypoglycemic effect. In Figures 6 and 17, it
is shown that 40 mg of vanadium dissolved in CT99 nutraceutical has an equivalent
hypoglycemic action as the vanadate/water solution. Over the entire 24-hour time course
the CT99-D rats mimic the glucose level of their vanadate-D treated counterparts (Figure
6). Most 1importantly, at 16 hours post treatment the CT99 solution was capable of
reducing the glycemic level of the diabetic animals to that of a non-diabetic rat (~ 6 mM).

It was hypothesized that CT99 would be able to control glucose without side
effects by reducing the amount of vanadium able to cross the gastrointestinal tract lining
during passage from the stomach to the sigmoid colon. Measurement of vanadium in

blood was therefore assessed and is shown in Figure 7. Plasma vanadium levels

immediately after administration are similar with both CT99 and vanadate/water
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solutions. However, by the 16-hour time point CT99 reduced the uptake of vanadium into
blood. Important to note is that this time point corresponds to the that of maximal
hypoglycemic action and may therefore play a role in the anti-diarrhea and anti-diabetic
effects of CT99.

Although vanadium is known to be an essential element for higher animals its
biologic effects are still unknown ©"*2. Normal levels of vanadium in animals are very
low (10-100 uM) and therefore the dose of vanadium used in this study is a potential
toxicity concemn to different organ systems. Figures 8-15 present the levels of vanadium
in these selected organs acutely after one dose of CT99 and vanadate/water. CT99-D
treated rats had reduced vanadium levels in five of eight selected organs (bone, kidney,
liver, pancreas and heart) compared to vanadate-D treatment, while equal levels were
found in the other three organs. The potential for CT99 to reduce vanadium uptake over
longer periods of treatment may therefore be a mechanism to reduce toxicity. Dai and
colleagues have shown that over a one-year treatment period with vanadium in drinking
water, accumulation occurred in a similar fashion to that in this study (bone > kidney >
liver...). It must be mentioned that McNeill’s group found no organ dysfunction with
these vanadium levels 7% 29 Therefore, since CT99 significantly reduced vanadium
levels 1n five of eight organs vs. vanadate-D after one treatment, the potential benefits of
CT99 treatment used long-term may be staggering.

Vanadium usage as a therapeutic clinical agent has been limited to date because
of its deleterious side effects. The elimination of both diarrhea and mortality in CT99-D
animals at three months suggests that the antidiarrhetic properties of the nutraceutical

work synergistically with the hypoglycemic action of sodium orthovanadate (Figure 16).
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Over a full year CT99-treatment was assccociated with an extremely low incidence of
diarthea (Figure 31) and a mortality rate equivalent to non-diabetic animals. The
mechanism by which the CT99 nutraceutical reduces vanadium toxicity is undetermined.
However, two of the possibilities include reducing vanadium uptake or altering the direct
effects by which vanadate causes diarrhea. The former option is probably less likely.
Figures 8-15 show the acute accumulation of vanadium upon administration of CT99. At
most time points examined vanadium levels in plasma and the organ tissues were not
significantly different from those associated with vanadium administered in water. It has
been observed throughout our studies that most cases of diarrhea occur just following the
first dose of vanadium and this is supported by other groups @D As such, the importance
of the nutraceutical in inhibiting vanadate absorption acutely across the gut wall appears
minimal. However, over the long-term these small differences may accumulate and lower
total body vanadium accumulation. This may reduce peripheral tissue toxicity. Without a
vanadate-D group maintained during the full year trial this is speculation as these levels
would need to be contrasted with CT99-D animals. A more likely postulate concerning
the ability of CT99 to protect animals from both diarrhea and mortality is that this
nutraceutical synergistically combines with vanadate to reduce direct vanadium toxicity.
Diarrhea normally results from dysfunction involving osmotic imbalance, increased fluid
secretion, inflammation, or a reduction in gut motility (262 Vanadate may, therefore,
promote diarrhea by any of these mechanisms. However, since acute diarrheal episodes
are so common with vanadium treatment this would make the chances of an
inflammatory process being involved in the vanadium effects less probable.

Alternatively, vanadium may act osmotically to draw fluid (especially water) from the

118



cells in the gut wall to the intestinal lumen. However, osmotic diarrhea is produced by
poorly absorbed solutes and Figures 8-15 show vanadium to be taken up into plasma and
organs within hours of oral administration. Instead, diarrhea may be a result of a toxic
mechanism altering ion channel activity within the brush border of the GI tract,
increasing active secretion of water into the lumen. The activities of several transporters
are crucial to normal fluid absorption and secretion. These include the Na'/Cl transporter
and the CI' channel. Both pathways are dependant on phosphorylation for activation.
Therefore vanadate, a known phosphatase inhibitor, may inhibit the deactivation of G
proteins and cAMP in a manner similar to the cholera bacteria. This would inhibit the
Na™/CI" transporter reducing Na" uptake while activating the CI” channel promoting a
major loss of the Cl” ion. Both of these effects would lead to a severe loss of water and
electrolytes from the intestine.  Although the exact mechanism of vanadium-induced
diarrhea is unknown, it remains clear that CT99 may avoid any of these processes by
combining with and altering vanadate’s actions. Extensive examination of the stool
contents and GI pathology is a crucial next step in the determination of the diarrhoeal
mechanism. We have identified that vanadium purity is essential in the CT99 compound.
Three different sodium orthovanadate derivatives were assessed and significant
differences existed amongst these with respect to their effects on both diarrhea and
mortality (Figure 32). These Sigma® preparations of sodium orthovanadate varied from
95-99.9% pure and the differences may be involved in the differing toxicities, although
this is difficult to prove as the exact products are not reproducible by the parent company.
The type of diabetes had an influence on the sensitivity of the rat to the anti-

diarrhetic action of CT99. In the Type 2 diabetic rats, dose dependant toxicity was
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evident. When administered 40 mg of vanadium in CT99 ZDF animals exhibited high
rates of both diarrhea and death, however the nutraceutical solution still reduced toxicity
vs. 1ts vanadium/water counterpart (Figure 44). Reducing the dosage of vanadium to 30
mg resulted m the complete elimination of diarrhea and death while a vanadate/water
solution still yielded greater than 50 % diarrhea and 10 % mortality. Clearly, CT99 still
provided substantial protection against the most common side effects of vanadium
treatment i both Type 1 and Type 2 diabetes. It is also uncertain if the poorer protection
afforded by CT99 in the ZDF rats was due to the type of diabetes present or the strain of
the rat. An additional study of the effects of CT99 in another model of Type 2 diabetes
(1.e. the db/db mouse) would resolve this issue.

In human diabetic patients, constantly fluctuating blood glucose levels result in
many of the complications of the disease ©®2%. Presently, the conventional
pharmacologic treatment for Type 1 diabetes is insulin therapy. Although intramuscular
injections of sulin are effective in acutely reducing blood glucose levels, an oral
delivery method for controlling blood glucose levels would minimize patient discomfort,
eliminate needle costs and disposal concerns, and reduce chances of infection.
Additionally, the fluctuating blood sugar levels that can be associated with insulin
therapy necessitate monitoring and treatment more than once per day.

The ability of CT99 to reduce blood glucose levels not only acutely but
chronically as well is apparent from the data shown in Figures 6, 17, 33, 34, 35 and 45.
With a single dose of CT99, glucose levels dropped in diabetic animals to non-diabetic
control levels. More importantly, this glycemic control is sustainable over weeks and

months at a time without further treatment requirements. The commonly used marker for

120



effective glycemic control over long periods of time is glycated hemoglobin (GHb). With
high circulating glucose levels in plasma, the hemoglobin protein is modified with the
addition of carbohydrate residues. In non-diabetic or well-controlled diabetic patients,
GHb levels should be lower than 7%. As Figure 34, indicates CT99-treatment
normalized GHD levels in diabetic rats. GHb was reduced from over 11% in diabetic
animals to approximately 3% in CT99-D animals. Therefore, in addition to its mode of
delivery, the capacity of CT99 to regulate blood glucose levels over extended periods of
time represents another exciting advantage of this therapy over the conventional insulin
injection method. This characteristic appears more powerful in the Type 1 diabetic rats.
Type 2 rats required more diligent treatment to maintain normoglycemia (Figure 45). It
must be emphasized that the initial pre-treatment glucose levels of both CT99-D and D
animals were very high (22.5mM). Thus, even extreme hyperglycemia is controlled well
with CT99.

Another risk associated with injected insulin in Type 1 diabetes is hypoglycemic
shock. Continuous monitoring of drug dosage and blood glucose levels is mandatory. In
these studies, 40mg of CT99 given to D animals was effective in controlling glucose
levels long-term and was not assocliated with a single hypoglycemic event (reducing
blood glucose < 3 mM). Notwithstanding, doses in excess 40 mg may result in
hypoglycaemic episodes. Therefore, although monitoring of glycemic levels with CT99-
treatment may require less diligence than conventional insulin therapy, the dosage of
CT99 should still be closely monitored. Additionally, during both month long and year

long trials, the CT99 dose of 20 mg vanadate/ ml nutraceutical did not have to be
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increased despite large gains in animal body mass. This may certainly be important when
the goal of eliminating side effects is as essential as it is with vanadium.

The reduced frequency of CT99-treatment required to maintain normoglycemia
attests to blood glucose stability. As such one might speculate that secondary
complications common with insulin therapy may be minimized with CT99 treatment.
Indeed, by the end of the study 40% of D rats had developed severe cataracts, a common
complication of uncontrolled hyperglycemia (Table 3). However, none of the CT99-
treated D rats exhibited cataracts. This further substantiates the strong hypoglycemic
effect of the CT99 compound. The most devastating complication of diabetes however,
remains cardiovascular disease and dysfunction °*. Figures 25-27 provide evidence that
CT99 is cardioprotective via its ability to control hyperglycemia. CT99-treatment of
diabetic animals restored cardiac cell shortening ability and intracellular Ca®* release in
response to phosphatidic acid. These indices were both returned to non-diabetic control
levels with the use of CT99. The strongest evidence of CT99 efficacy remains the ability
of the compound to control diabetes for greater than 3 months consecutively without
further treatment (Figures 36, 37, 39).

The efficacy of CT99 to reduce tissue toxicity was substantiated by biochemical
analyses (Tables 3, 5, 7). Significant improvements in plasma creatinine urine specific
gravity and normal ALT levels in CT99-D animals suggest metabolic normalization, in
addition to extended glycemic control. After extended periods of treatment with CT99,
alkaline phosphatase, amylase, AST, BUN and uric acid were also restored to normal

levels.

122



The mechanism by which vanadate lowers blood glucose levels is still not
completely understood (137.180266.267) © A pechanism proposed by Malabu et al suggested
that appetite suppression alone produces hypoglycemia 7. However, McNeill and

@%%) In our studies strong evidence of a return to a

colleagues contested this postulate
normal metabolic profile existed. After a period of one year D rats treated with CT99
regained normal body mass. Both water and food intake was also normalized with CT99-
treatment. These results support conclusions drawn from McNeill’s group. A more
plausible possibility for the hypoglycaemic action of vanadate concerns its effect on
plasma insulin concentration. The significantly increased plasma insulin levels found in
the CT99-D rats versus D animals provide evidence for either regeneration of f-cells
within the pancreatic islets or functional stimulation of those B-cells not destroyed by
STZ. The latter may be more plausible because we observed significantly higher plasma
[insulin] in ZDF rats treated with CT99 as well. Furthermore, electron microscopic
analysis of pancreatic islets confirmed necrosis in B-insulin secretory cells in both CT99-
D and D rats. However, the quantity of hyperactive B-cells found in the CT99-D animals
was significantly greater than the D rats. This would argue against B-cell regeneration as
a potential mechanism. Thus, it appears possible that in the CT99-D rats, the remaining
functional B-cells are more active in order to control blood glucose. Evidence exists both
to support and refute this mechanism of action for vanadate *°2").

It is also possible that vanadate may have an intracellular site of action that is
independentof its potential effects on B-cell function. The intracellular phosphorylation

process critical for glucose transporter (GLUT 4) movement to the cell surface to induce

glucose transport would be stimulated by phosphatase inhibition. Vanadate is a known
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potent phosphatase inhibitor (108.109) A clear understanding of the specific phosphatase
that vanadate may target to alter glucose homeostasis would represent critical
information. Thus, CT99 may work through insulin receptor independent and dependent
mechanisms to control blood sugar levels.

Regardless of the mechanism of action of the CT99 compound, it is clear that it is
a potent hypoglycemic agent effective both acutely and, more importantly, chronically in
both Type 1 and Type 2 diabetes. Notably, this compound acts in the absence of any
detectable side effects. The benefits offered by the oral route of administration cannot be
underestimated considering the millions of insulin-dependent diabetic patients that

currently require intramuscular injections on a daily basis.
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CONCLUSIONS

1. CT99 provides a vehicle through which vanadium salts can be administered orally.

2. CT99 eliminates evidence of the overt toxicity associated with vanadate in

conventional water solutions.

3. Metabolic profiles, namely body weight and food/water intakes, of diabetic animals

treated with CT99 return towards their non-diabetic counterparts.

4. Biochemical parameters assessed in diabetic animals treated with CT99 are improved

vs. the non-CT99 treated diabetic animals.
5. The effects of CT99 last for extended periods of time. In fact, some diabetic animals
initially treated with CT99 show no signs of diabetes and require no further treatment to

remain normoglycemic.

6. CT99 is effective in the treatment of both Type 1 and Type 2 diabetes in rat models.

125



REFERENCES

1. Report of the Expert Committee on the Diagnosis and Classification of Diabetes

Mellitus. Diabetes Care. 2000 Jan;23 Suppl 1:54-19.

2. Report of the Expert Committee on the Diagnosis and Classification of Diabetes

Mellitus. Diabetes Care. 1997 Jul;20(7):1183-97.

3. Diabetes in Canada. National Statistics and Opportunities for Improved Surveillance,
Prevention and Control. Diabetes Division, Bureau of Cardio-respiratory Diseases and
Diabetes, Laboratory Centre for Disease Control, Health Protection Branch, Health

Canada, Aug. 27, 1999.

4. Foulis AK, Liddle CN, Farquharson MA, Richmond JA, Weir RS. The histopathology
of the pancreas in type 1 (insulin-dependent) diabetes mellitus: a 25-year review of
deaths in patients under 20 years of age in the United Kingdom. Diabetologia. 1986

May;29(5):267-74.

5. Scherbaum WA. Etiology and pathogenesis of type 1 diabetes. Horm Metab Res

Suppl. 1992;26:111-6.

126



6. Gepts W, De May J. Islet cell survival determined by morphology. An
immunocytochemical study of the islets of Langerhans in juvenile diabetes mellitus.

Diabetes. 1978;27(suppl. 1):251-261.

7. Bottazo GF, Dean BM, McNally JM, Mackay EH, Swift PG, Gamble DR. In situ
characterization of autoimmune phenomena and expression of HLA molecules in the

pancreas in diabetic insulitis. N Engl J Med. 1985 Aug 8;313(6):353-60.

8. Todd JA, Bell JI, McDevitt HO. HLA-DQ beta gene contributes to susceptibility and
resistance to msulin-dependent diabetes mellitus. Nature. 1987 Oct 15-21;329(6140):599-

604.

9. Bamett AH, Eff C, Leslie RD, Pyke DA. Diabetes in identical twins. A study of 200

pairs. Diabetologia. 1981 Feb;20(2):87-93.

10. Lendrum R, Walker G, Cudworth AG, Theophanides C, Pyke DA, Bloom A,
Gamble DR. Islet-cell antibodies in diabetes mellitus. Lancet. 1976 Dec 11;2

(7998):1273-6.

11. Lendrum R, Walker G, Cudworth AG, Woodrow JC, Gamble DR. HLA-linked genes

and 1slet-cell antibodies in diabetes mellitus. Br Med J. 1976 Jun 26;1(6025):1565-7.

127



12. Palmer JP, Asplin CM, Clemons P, Lyen K, Tatpati O, Raghu PK, Paquette TL.
Insulin antibodies in insulin-dependent diabetics before insulin treatment. Science. 1983

Dec 23;222(4630):1337-9.

13. Wilkin T, Hoskins PJ, Armitage M, Rodier M, Casey C, Diaz JL, Pyke DA, Leslie
RD. Value of insulin autoantibodies as serum markers for insulin-dependent diabetes

mellitus. Lancet. 1985 Mar 2;1(8427):480-1.

14. Karjalainen J, Salmela P, Ilonen J, Surcel HM, Knip M. A comparison of childhood

and adult type I diabetes mellitus. N Engl J Med. 1989 Apr 6;320(14):881-6.

15. Foulis AK, Farquharson MA, Meager A. Immunoreactive alpha-interferon in insulin-

secreting beta cells in type 1 diabetes mellitus. Lancet. 1987 Dec 19;2(8573):1423-7.

16. Banatvala JE, Bryant J, Schernthaner G, Borkenstein M, Schober E, Brown D, De
Silva LM, Menser MA, Silink M. Coxsackie B, mumps, rubella, and cytomegalovirus
specific IgM responses in patients with juvenile-onset insulin-dependent diabetes mellitus

in Britain, Austria, and Australia. Lancet. 1985 Jun 22;1(8443):1409-12.

17. Kenny SJ, Aubert RE, Geiss LS. (1995) Prevalence and incidence of non-insulin

dependent diabetes. In: Diabetes in America, 2nd ed. (National Diabetes Data Group,

ed.), pp. 47-68. National Institutes of Health/NIDDK, Bethesda, MD.

128



18. Rewers M, Hamman RF. (1995) Risk factors for non-insulin-dependent diabetes. In:
Diabetes in America, 2nd ed. (National Diabetes Data Group, ed.), pp. 179-220. National

Institutes of Health/NIDDK, Bethesda, MD.

19. Elbein SC. The genetics of human noninsulin-dependent (type 2) diabetes mellitus.J

Nutr. 1997 Sep;127(9):1891S-1896S.

20. Tager H, Given B, Baldwin D, Mako M, Markese J, Rubenstein A, Olefsky J,
Kobabyashi M, Kolterman O, Poucher R. A structurally abnormal insulin causing human

diabetes. Nature. 1979 Sep 13;281(5727):122-5.

21. Steiner DF, Tager HS, Chan SJ, Nanjo K, Sanke T, Rubenstein AH. Lessons learned

from molecular biology of insulin-gene mutations. Diabetes Care. 1990 Jun;13(6):600-9.

22. Kahn CR, Vicent D, Doria A. Genetics of non-insulin-dependent (type-II) diabetes

mellitus. Annu Rev Med. 1996;47:509-31.
23. Kahn CR, Flier JS, Bar RS, Archer JA, Gorden P, Martin MM, Roth J. The
syndromes of insulin resistance and acanthosis nigricans. Insulin-receptor disorders in

man. N Engl J Med. 1976 Apr 1;294(14):739-45.

24. Taylor SI. Lilly Lecture: molecular mechanisms of insulin resistance. Lessons from

patients with mutations in the insulin-receptor gene. Diabetes. 1992 Nov;41(11):1473-90.

129



25. Flier JS. Lilly Lecture: syndromes of insulin resistance. From patient to gene and

back again. Diabetes. 1992 Sep;41(9):1207-19.

26. Roth J, Taylor SI. Receptors for peptide hormones: alterations in diseases of humans.

Annu Rev Physiol. 1982;44:639-51.

27. Almind K, Bjorback C, Vestergaard H, Hansen T, Echwald S, Pedersen O.
Aminoacid polymorphisms of insulin receptor substrate-1 in non-insulin-dependent

diabetes mellitus. Lancet. 1993 Oct 2;342(8875):828-32.

28. Laakso M, Malkki M, Kekalainen P, Kuusisto J, Deeb SS. Insulin receptor substrate-

1 variants in non-insulin-dependent diabetes. J Clin Invest. 1994 Sep;94(3):1141-6.

29. Imai Y, Fusco A, Suzuki Y, Lesniak MA, D'Alfonso R, Sesti G, Bertoli A, Lauro R,
Accili D, Taylor SI. Variant sequences of insulin receptor substrate-1 in patients with
noninsulin-dependent diabetes mellitus. J Clin Endocrinol Metab. 1994 Dec;79(6):1655-

8.

30. Ura S, Araki E, Kishikawa H, Shirotani T, Todaka M, Isami S, Shimoda S,
Yoshimura R, Matsuda K, Motoyoshi S, Miyamura N, Kahn CR, Shichiri M. Molecular
scanning of the insulin receptor substrate-1 (IRS-1) gene in Japanese patients with
NIDDM: identification of five novel polymorphisms. Diabetologia. 1996 May;39(5):600-

8.

130



31. King H, Rewers M. Global estimates for prevalence of diabetes mellitus and impaired
glucose tolerance in adults. WHO Ad Hoc Diabetes Reporting Group. Diabetes Care.

1993 Jan;16(1):157-77.

32. Fuyjimoto WY. Overview of non-insulin-dependent diabetes mellitus (NIDDM) in

different population groups. Diabet Med. 1996 Sep;13(9 Suppl 6):S7-10.

33. Helmrich SP, Ragland DR, Leung RW, Paffenbarger RS Jr. Physical activity and
reduced occurrence of non-insulin-dependent diabetes mellitus. N Engl J Med. 1991 Jul

18;325(3):147-52.

34. McKeigue PM, Shah B, Marmot MG. Relation of central obesity and insulin
resistance with high diabetes prevalence and cardiovascular risk in South Asians. Lancet.

1991 Feb 16;337(8738):382-6.

35. Halban PA. Proinsulin processing in the regulated and the constitutive secretory

pathway. Diabetologia. 1994 Sep;37 Suppl 2:S65-72.

36. Derewenda U, Derewenda Z, Dodson GG, Hubbard RE, Korber F. Molecular

structure of insulin: the insulin monomer and its assembly. Br Med Bull. 1989

Jan;45(1):4-18.

131



37. Ebina Y, Ellis L, Jarnagin K, Edery M, Graf L, Clauser E, Ou JH, Masiarz F, Kan
YW, Goldfine ID, et al. The human insulin receptor ¢cDNA: the structural basis for

hormone-activated transmembrane signalling. Cell. 1985 Apr;40(4):747-58.

38. Ullrich A, Bell JR, Chen EY, Herrera R, Petruzzelli LM, Dull TJ, Gray A, Coussens

L, Liao YC, Tsubokawa M, et al. Nature. 1985 Feb 28-Mar 6;313(6005):756-61.

39. Luo RZ, Beniac DR, Fernandes A, Yip CC, Ottensmeyer FP. Quaternary structure of

the insulin-insulin receptor complex. Science. 1999 Aug 13;285(5430):1077-80.

40. Van Obberghen E, Ksauga M, Le Cam A, Hedo JA, Itin A, Harrison LC. Biosynthetic
labeling of insulin receptor: studies of subunits in cultured human IM-9 lymphocytes.

Proc Natl Acad Sci U S A. 1981 Feb;78(2):1052-6.

41. White MF. The insulin signalling system and the IRS proteins. Diabetologia. 1997

Jul;40 Suppl 2:S2-17.
42. Kasuga M, Fujita-Yamaguchi Y, Blithe DL, Kahn CR. Tyrosine-specific protein
kinase activity is associated with the purified insulin receptor. Proc Natl Acad Sci U S A.

1983 Apr;80(8):2137-41.

43. Taha C, Klip A. The insulin signaling pathway. J Membr Biol. 1999 May 1;169(1):1-

12.

132



44. Keller SR, Lamphere L, Lavan BE, Kuhne MR, Lienhard GE. Insulin and IGF-I
signaling through the insulin receptor substrate 1. Mol Reprod Dev. 1993 Aug;35(4):346-

51

45, Smith-Hall J, Pons S, Patti ME, Burks DJ, Yenush L, Sun XJ, Kahn CR, White MF.
The 60 kDa insulin receptor substrate functions like an IRS protein (pp60IRS3) in

adipose cells. Biochemistry. 1997 Jul 8;36(27):8304-10.

46. Shepherd PR, Withers DJ, Siddle K. Phosphoinositide 3-kinase: the key switch

mechanism in insulin signalling. Biochem J. 1998 Aug 1;333 ( Pt 3):471-90.

47. U1 M, Okada T, Hazeki K, Hazeki O. Wortmannin as a unique probe for an
intracellular signalling protein, phosphoinositide 3-kinase. Trends Biochem Sci. 1995

Aug;20(8):303-7.

48. Cross DA, Alessi DR, Vandenheede JR, McDowell HE, Hundal HS, Cohen P. The
inhibition of glycogen synthase kinase-3 by insulin or insulin-like growth factor 1 in the
rat skeletal muscle cell line L6 1s blocked by wortmannin, but not by rapamycin:
evidence that wortmannin blocks activation of the mitogen-activated protein kinase

pathway in L6 cells between Ras and Raf. Biochem J. 1994 Oct 1;303 (Pt 1):21-6.

133



49. Clarke JF, Young PW, Yonezawa K, Kasuga M, Holman GD. Inhibition of the
translocation of GLUT1 and GLUT4 in 3T3-L1 cells by the phosphatidylinositol 3-kinase

inhibitor, wortmannin. Biochem J. 1994 Jun 15,300 ( Pt 3):631-5.

50. Okada T, Kawano Y, Sakakibara T, Hazeki O, Ui M. Essential role of
phosphatidylinositol 3-kinase in insulin-induced glucose transport and antilipolysis in rat
adipocytes. Studies with a selective inhibitor wortmannin. J Biol Chem. 1994 Feb

4;269(5):3568-73.

51. Tsakiridis T, McDowell HE, Walker T, Downes CP, Hundal HS, Vranic M, Klip A.
Multiple roles of phosphatidylinositol 3-kinase in regulation of glucose transport, amino
acid transport, and glucose transporters in L6 skeletal muscle cells. Endocrinology. 1995

Oct;136(10):4315-22.

52. Yeh JI, Gulve EA, Rameh L, Birnbaum MJ. The effects of wortmannin on rat skeletal
muscle. Dissociation of signaling pathways for insulin- and contraction-activated hexose

transport. J Biol Chem. 1995 Feb 3;270(5):2107-11.

53. Lin TA, Kong X, Haystead TA, Pause A, Belsham G, Sonenberg N, Lawrence JC Jr.

PHAS-I as a link between mitogen-activated protein kinase and translation initiation.

Science. 1994 Oct 28;266(5185):653-6.

134



54. Pause A, Belsham GJ, Gingras AC, Donze O, Lin TA, Lawrence JC Jr, Sonenberg N.
Insulin-dependent stimulation of protein synthesis by phosphorylation of a regulator of

5'-cap function. Nature. 1994 Oct 27;371(6500):762-7.

55. Kido Y, Nakae J, Accili D. Clinical review 125: The insulin receptor and its cellular

targets. J Clin Endocrinol Metab. 2001 Mar;86(3):972-9.

56. Burgering BM, Coffer PJ. Protein kinase B (c-Akt) in phosphatidylinositol-3-OH

kinase signal transduction. Nature. 1995 Aug 17;376(6541):599-602.

57. Alessi DR, Andjelkovic M, Caudwell B, Cron P, Morrice N, Cohen P, Hemmings
BA. Mechanism of activation of protein kinase B by insulin and IGF-1.

EMBO J. 1996 Dec 2;15(23):6541-51.

58. Didichenko SA, Tilton B, Hemmings BA, Ballmer-Hofer K, Thelen M. Constitutive
activation of protein kinase B and phosphorylation of p47phox by a membrane-targeted

phosphoinositide 3-kinase. Curr Biol. 1996 Oct 1;6(10):1271-8.

59. Klippel A, Reinhard C, Kavanaugh WM, Apell G, Escobedo MA, Williams LT.

Membrane localization of phosphatidylinositol 3-kinase is sufficient to activate multiple

signal-transducing kinase pathways. Mol Cell Biol. 1996 Aug;16(8):4117-27.

135



60. Lawrence JC Jr, Roach PJ. New insights into the role and mechanism of glycogen

synthase activation by insulin. Diabetes. 1997 Apr;46(4):541-7.

61. Dent P, Lavoinne A, Nakielny S, Caudwell FB, Watt P, Cohen P. The molecular
mechanism by which insulin stimulates glycogen synthesis in mammalian skeletal

muscle. Nature. 1990 Nov 22;348(6299):302-8.

62. Pullen N, Thomas G. The modular phosphorylation and activation of p70s6k. FEBS

Lett. 1997 Jun 23;410(1):78-82.

63. Sehgal SN. Rapamune (Sirolimus, rapamycin): an overview and mechanism of

action. Ther Drug Monit. 1995 Dec;17(6):660-5.

64. Taha C, Tsakiridis T, McCall A, Klip A. Glucose transporter expression in L6 muscle
cells: regulation through insulin- and stress-activated pathways.

Am J Physiol. 1997 Jul;273(1 Pt 1):E68-76.

65. Taha C, Mitsumoto Y, Liu Z, Skolnik EY, Klip A. The insulin-dependent
biosynthesis of GLUT1 and GLUT3 glucose transporters in L6 muscle cells is mediated
by distinct pathways. Roles of p2lras and pp70 S6 kinase. J Biol Chem. 1995 Oct

20;270(42):24678-81.

136



66. Hajduch E, Litherland GJ, Hundal HS. Protein kinase B (PKB/Akt)--a key regulator

of glucose transport? FEBS Lett. 2001 Mar 16;492(3):199-203.

67. Standaert ML, Galloway L, Kamam P, Bandyopadhyay G, Moscat J, Farese RV.
Protein kinase C-zeta as a downstream effector of phosphatidylinositol 3-kinase during
insulin stimulation in rat adipocytes. Potential role in glucose transport. J Biol Chem.

1997 Nov 28;272(48):30075-82.

68. Bandyopadhyay G, Standaert ML, Zhao L, Yu B, Avignon A, Galloway L, Karnam
P, Moscat J, Farese RV. Activation of protein kinase C (alpha, beta, and zeta) by insulin
in 3T3/L1 cells. Transfection studies suggest a role for PKC-zeta in glucose transport. J

Biol Chem. 1997 Jan 24;272(4):2551-8.

69. Lazar DF, Wiese RJ, Brady MJ, Mastick CC, Waters SB, Yamauchi K, Pessin JE,
Cuatrecasas P, Saltie]l AR. Mitogen-activated protein kinase kinase inhibition does not
block the stimulation of glucose utilization by insulin. J Biol Chem. 1995 Sep

1;270(35):20801-7.

70. Flynn A, Proud G. Insulin-stimulated phosphorylation of initiation factor 4E is

mediated by the MAP kinase pathway. FEBS Lett. 1996 Jul 1;389(2):162-6.

137



71. Welsh GI, Stokes CM, Wang X, Sakaue H, Ogawa W, Kasuga M, Proud CG.
Activation of translation initiation factor eIF2B by insulin requires phosphatidyl inositol

3-kinase. FEBS Lett. 1997 Jun 30;410(2-3):418-22.

72. Cicirelll MF, Tonks NK, Diltz CD, Weiel JE, Fischer EH, Krebs EG. Microinjection
of a protein-tyrosine-phosphatase inhibits insulin action in Xenopus oocytes. Proc Natl

Acad Sci U S A. 1990 Jul;87(14):5514-8.

73. Kuhne MR, Pawson T, Lienhard GE, Feng GS. The insulin receptor substrate 1
associates with the SH2-containing phosphotyrosine phosphatase Syp. J Biol Chem. 1993

Jun 5;268(16):11479-81.
74. Swarup G, Cohen S, Garbers DL. Inhibition of membrane phosphotyrosyl-protein
phosphatase activity by vanadate. Biochem Biophys Res Commun. 1982

Aug;107(3):1104-9.

75. Tonks NK, Neel BG. From form to function: signaling by protein tyrosine

phosphatases. Cell. 1996 Nov 1;87(3):365-8.

76. Canadian Pharmacists Association . Compendium of Pharmaceuticals and Specialties.

Ed. 33; 1998.

138



77. Martin FI. An appraisal of the mechanism of action of the sulphonylurea drugs.

Aust NZ J Med. 1971 Aug;1:Suppl 2:31-6.

78. Kyllastinen M. Sulphonylurea in combination with insulin therapy: does it make

sense? A review. Ann Clin Res. 1983;15 Suppl 37:29-32.

79. Kirpichnikov D, McFarlane SI, Sowers JR. Metformin: an update.

Ann Intern Med. 2002 Jul 2;137(1):25-33.

80. United Kingdom Prospective Diabetes Study (UKPDS). 13: Relative efficacy of
randomly allocated diet, sulphonylurea, insulin, or metformin in patients with newly
diagnosed  non-insulin  dependent  diabetes  followed  for  three  years.

BMJ. 1995 Jan 14;310(6972):83-8.

81. Dunn CJ, Peters DH. Metformin. A review of its pharmacological properties and
therapeutic use in non-insulin-dependent diabetes mellitus. Drugs. 1995 May;49(5):721-

49.

82. Rabasa-Lhoret R, Chiasson JL. Potential of alpha-glucosidase inhibitors in elderly
patients with diabetes mellitus and impaired glucose tolerance. Drugs Aging. 1998

Aug;13(2):131-43.

139



83.Bischoff H. Pharmacology of alpha-glucosidase inhibition. Eur J Clin Invest. 1994

Aug;24 Suppl 3:3-10.

84. Leonhardt W, Hanefeld M, Fischer S, Schulze J. Efficacy of alpha-glucosidase

inhibitors on lipids in NIDDM subjects with moderate hyperlipidaemia.

Eur J Clin Invest. 1994 Aug;24 Suppl 3:45-9.

85. O'Moore-Sullivan TM, Prins JB. Thiazolidinediones and type 2 diabetes: new drugs

for an old disease. Med J Aust. 2002 Apr 15;176(8):381-6.

86. Komers R, Vrana A. Thiazolidinediones--tools for the research of metabolic

syndrome X. Physiol Res. 1998;47(4):215-25.

87. Culy CR, Jarvis B. Repaglinide: a review of its therapeutic use in type 2 diabetes

mellitus. Drugs. 2001;61(11):1625-60.

88. Levien TL, Baker DE, Campbell RK, White JR Jr. Nateglinide therapy for type 2

diabetes mellitus. Ann Pharmacother. 2001 Nov;35(11):1426-34.

89. Nriagu JO. Vanadium in the Environment. In Adv. Environ. Science Technol. John

Wiley and Sons, Inc: New York, 1998; Vol. 30,31.

140



90. Tracey AS, Crans DC. Vanadium Compounds. Chemistry, Biochemistry and

Therapeutic applications. Oxford University Press, 1998.

91. Harland BF, Harden-Williams BA. Is vanadium of human nutritional importance yet?

J Am Diet Assoc. 1994 Aug;94(8):891-4.

92. French RJ, Jones PJ. Role of vanadium in nutrition: metabolism, essentiality and

dietary considerations. Life Sci. 1993;52(4):339-46.

93. Anke M, Groppel B, Gruhn K, Kosla T, Szilagyi M. In 5. Spurenelement-symposium
New Trace Elements; Anke M, Baumann W, Braunlich H, Bruckner C, Groppel B. Eds

Friedrich-Schiller-Universitat Jena, 1986;1266-75.

94. Nielson FH, Poellot RA, Uthus EO. FASEB J, 1997:11;A148(abs862).

95. Nielson FH. In Vanadium and its Role in Life; Sigel H and Sigel A., Eds; Metal Ions

in Biological Systems, Marcel Dekkar, New York, NY, 1995, Vol 31;543-73.

96. Ikebe K, Tanaka R. Determination of vanadium and nickel in marine samples by

flameless and flame atomic absorption spectrophotometry. Bull Environ Contam Toxicol.

1979 Mar;21(4-5):526-32.

141



97. Myron DR, Givand SH, Nielsen FH. Vanadium content of selected foods as
determined by flameless atomic absorption spectroscopy. J Agric Food Chem. 1977 Mar-

Apr;25(2):297-300.

98. Byrne AR, Kosta L. Vanadium in foods and in human body fluids and tissues. Sci

Total Environ. 1978 Jul;10(1):17-30.

99. Nielson FH. In Metal-Ligand Interactions in Biological Fluids, Bioinorganic

Medicine; Berthon, G., ED; Marcel Dekkar, New Yaork, NY, 1995, Vol 1:425-7.

100. Bogden JD, Higashino H, Lavenhar MA, Bauman JW Jr, Kemp FW, Aviv A.
Balance and tissue distribution of vanadium after short-term ingestion of vanadate.

J Nutr. 1982 Dec;112(12):2279-85.

101. Wiegmann TB, Day HD, Patak RV. Intestinal absorption and secretion of
radioactive vanadium (48VOy5’) in rats and effect of AI{OH);. J Toxicol Environ Health.

1982 Aug;10(2):233-45.

102. Chasteen ND, Lord EM, Thompson HJ. In Frontiers in Bioinorganic Chemistry;

Xavier AV, Ed; VCH Verlagsgesellschaft, Weinhem, FRG, 1986;133-41.

103. Cantley LC Jr, Resh MD, Guidotti G. Vanadate inhibits the red cell (Na*, K

ATPase from the cytoplasmic side. Nature. 1978 Apr 6;272(5653):552-4.

142



104. Chasteen ND, Lord EM, Thompson HJ, Grady JK. Vanadium complexes of

transferrin and ferritin in the rat. Biochim Biophys Acta. 1986 Oct 29;884(1):84-92.

105. Sabbioni E. Marafante E. In Trace Element Metabolism in Man and Animals
(TEMA-4); Howell J McC, Gawthorne JM, White CL. Eds; Australian Academy of

Science, Canberra, 1981;629-31.

106. Patterson BW, Hansard SL 2nd, Ammerman CB, Henry PR, Zech LA, Fisher WR.

Kinetic model of whole-body vanadium metabolism: studies in sheep.

Am J Physiol. 1986 Aug;251(2 Pt 2):R325-32.

107. Hopkins LL Jr, Tilton BE. Metabolism of trace amounts of vanadium 48 in rat

organs and liver subcellular particles. Am J Physiol. 1966 Jul;211(1):169-72.

108. Poucheret P, Verma S, Grynpas MD, McNeill JH. Vanadium and diabetes. Mol Cell

Biochem. 1998 Nov;188(1-2):73-80.

109. Shisheva A, Ikonomov O, Shechter Y. The protein tyrosine phosphatase inhibitor,

pervanadate, is a powerful antidiabetic agent in streptozotocin-treated diabetic rats.

Endocrinology. 1994 Jan;134(1):507-10.

143



110. Stern A, Yin X, Tsang SS, Davison A, Moon J. Vanadium as a modulator of cellular
regulatory cascades and oncogene expression. Biochem Cell Biol. 1993 Mar-Apr;71(3-

4):103-12.

111. Sekar N, Li J, Shechter Y. Vanadium salts as insulin substitutes: mechanisms of
action, a scientific and therapeutic tool in diabetes mellitus research. Crit Rev Biochem .

Mol Biol. 1996 Dec;31(5-6):339-59.

112. Wang H, Scott RE. Unique and selective mitogenic effects of vanadate on SV40-

transformed cells. Mol Cell Biochem. 1995 Dec 6-20;153(1-2):59-67.

113. Sabbioni E, Pozzi G, Pintar A, Casella L, Garattini S. Cellular retention, cytotoxicity
and morphological transformation by vanadium(I'V) and vanadium(V) in BALB/3T3 cell

lines. Carcinogenesis. 1991 Jan;12(1):47-52.

114. Sabbioni E, Pozzi G, Devos S, Pintar A, Casella L, Fischbach M. The intensity of
vanadium(V)-induced cytotoxicity and morphological transformation in BALB/3T3 cells
is dependent on glutathione-mediated bioreduction to vanadium(IV). Carcinogenesis.

1993 Dec;14(12):2565-8.

115. Etcheverry SB, Crans DC, Keramidas AD, Cortizo AM. Insulin-mimetic action of

vanadium compounds on osteoblast-like cells in culture. Arch Biochem Biophys. 1997

Feb 1;338(1):7-14.

144



116. Barrio DA, Braziunas MD, Etcheverry SB, Cortizo AM. Maltol complexes of
vanadium (IV) and (V) regulate in vitro alkaline phosphatase activity and osteoblast-like

cell growth. J Trace Elem Med Biol. 1997 Jun;11(2):110-5.

117. Cortizo AM, Salice VC, Vescina CM, Etcheverry SB. Proliferative and
morphological changes induced by vanadium compounds on Swiss 3T3 fibroblasts.

Biometals. 1997 Apr;10(2):127-33.

118. Cortizo AM, Etcheverry SB. Vanadium derivatives act as growth factor--mimetic
compounds upon differentiation and proliferation of osteoblast-like UMR106 cells. Mol

Cell Biochem. 1995 Apr 26;145(2):97-102.

119. Shechter Y, Shisheva A. Vanadium salts and the future treatment of diabetes.

Endeavour. 1993 Mar;17(1):27-31.

120. Mooney RA, Bordwell KL, Luhowskyj S, Casnellie JE. The insulin-like effect of
vanadate on lipolysis in rat adipocytes is not accompanied by an insulin-like effect on

tyrosine phosphorylation. Endocrinology. 1989 Jan;124(1):422-9.

121. Strout HV, Vicario PP, Saperstein R, Slater EE. The insulin-mimetic effect of

vanadate is not correlated with insulin receptor tyrosine kinase activity nor

phosphorylation in mouse diaphragm in vivo. Endocrinology. 1989 Apr;124(4):1918-24.

145



122. Fantus IG, Ahmad F, Deragon G. Vanadate augments insulin-stimulated insulin
receptor kinase activity and prolongs insulin action in rat adipocytes. Evidence for

transduction of amplitude of signaling into duration of response. Diabetes. 1994

Mar;43(3):375-83.

123. D'Onofrio F, Le MQ, Chiasson JL, Srivastava AK. Activation of mitogen activated
protein (MAP) kinases by vanadate is independent of insulin receptor .

autophosphorylation. FEBS Lett. 1994 Mar 7;340(3):269-75.

124. Shisheva A, Shechter Y. Quercetin selectively inhibits insulin receptor function in
vitro and the bioresponses of insulin and insulinomimetic agents in rat adipocytes.

Biochemistry. 1992 Sep 1;31(34):8059-63.

125. Elberg G, He Z, Li J, Sekar N, Shechter Y. Vanadate activates membranous
nonreceptor protein tyrosine kinase in rat adipocytes. Diabetes. 1997 Nov;46(11):1684-

90.

126. Shisheva A, Shechter Y. Role of cytosolic tyrosine kinase in mediating insulin-like

actions of vanadate in rat adipocytes. J Biol Chem. 1993 Mar 25;268(9):6463-9.

127. Nielson F, Uthus E. The essentiality and metabolism of vanadium. In: N.D.

Chasteen (ed.). Vanadium in Biological Systems. Kluwer Academic Publishers,

Dordrecht. 51-62, 1990.

146



128. Nielson FH. The nutritional essentiality and physiological metabolism of vanadium
in higher animals. In: Vanadium Compounds. American Chemical Society, Washington.

297-307, 1998.

129. Heyliger CE, Tahiliani AG, McNeill JH. Effect of vanadate on elevated blood
glucose and depressed cardiac performance of diabetic rats. Science. 1985 Mar

22;227(4693):1474-7.

130. Becker DJ, Ongemba LN, Henquin JC. Comparison of the effects of various
vanadium salts on glucose homeostasis in streptozotocin-diabetic rats. Eur J Pharmacol.

1994 Aug 1;260(2-3):169-75.

131. Pederson RA, Ramanadham S, Buchan AM, McNeill JH. Long-term effects of
vanadyl treatment on streptozocin-induced diabetes in rats. Diabetes. 1989

Nov;38(11):1390-5.

132. Fantu IG, Deragon G, Lai R, Tang S. The insulin-mimetic agent vanadate promotes
receptor endocytosis and inhibits intracellular ligand-receptor degradation by a

mechanism distinct from the lysosomotropic agents. Diabetes. 1996 Aug;45(8):1084-93.

133. Pugazhenthi S, Hussain A, Yu B, Brownsey RW, Angel JF, Khandelwal. Vanadate

induces normolipidemia and a reduction in the levels of hepatic lipogenic enzymes in

obese Zucker rat. Mol Cell Biochem. 1995 Dec 6-20;153(1-2):211-5.

147



134. Brichard SM, Ongemba LN, Kolanowski J, Henquin JC. The influence of vanadate
on insulin counter-regulatory hormones in obese fa/fa rats. J Endocrinol. 1991

Nov;131(2):185-91.

135. Fantus IG, Tsiani E. Multifunctional actions of vanadium compounds on insulin
signaling pathways: evidence for preferential enhancement of metabolic versus mitogenic -

effects. Mol Cell Biochem. 1998 May;182(1-2):109-19.

136. Goldfine AB, Simonson DC, Folli F, Patti ME, Kahn CR. In vivo and in vitro
studies of vanadate in human and rodent diabetes mellitus. Mol Cell Biochem. 1995 Dec

6-20;153(1-2):217-31.

137. Orvig C, Thompson KH, Battell M, McNeill JH. Vanadium compounds as insulin

mimics. Met lons Biol Syst. 1995;31:575-94.

138. Strout HV, Vicario PP, Biswas C, Saperstein R, Brady EJ, Pilch PF, Berger J.
Vanadate treatment of streptozotocin diabetic rats restores expression of the insulin-
responsive  glucose transporter in  skeletal muscle. Endocrinology. 1990

May;126(5):2728-32.

148



139. Kopp SJ, Daar J, Paulson DJ, Romano FD, Laddaga R. Effects of oral vanadyl
treatment on diabetes-induced alterations in the heart GLUT-4 transporter. J Mol Cell

Cardiol. 1997 Sep;29(9):2355-62.

140. Li SH, McNeill JH. In vivo effects of vanadium on GLUT4 translocation in cardiac

tissue of STZ-diabetic rats. Mol Cell Biochem. 2001 Jan;217(1-2):121-9.

141. Hajduch E, Darakhshan F, Hundal HS. Fructose uptake in rat adipocytes: GLUTS
expression and the effects of streptozotocin-induced diabetes. Diabetologia. 1998

Jul;41(7):821-8.

142. Ding W, Hasegawa T, Hosaka H, Peng D, Takahashi K, Seko Y. Effect of long-term
treatment with vanadate in drinking water on KK mice with genetic non-insulin-

dependent diabetes mellitus. Biol Trace Elem Res. 2001 May;80(2):159-74.
143. Gupta D, Raju J, Prakash J, Baquer NZ. Change in the lipid profile, lipogenic and
related enzymes in the livers of experimental diabetic rats: effect of insulin and vanadate.

Diabetes Res Clin Pract. 1999 Oct;46(1):1-7.

144. Sekar N, Grovindasamy S. Effects of vanadate on plasma lipoprotein profiles in

experimental diabetic rats. Biochem Int. 1991 Mar;23(5):935-40.

149



145. Seranno Rios M. Epidemiology of cardiovascular disease in type 2 diabetes.

Int J Clin Pract Suppl. 2001 Sep;(121):4-7.

146. Janka HU. Increased cardiovascular morbidity and mortality in diabetes mellitus:

identification of the high risk patient. Diabetes Res Clin Pract. 1996 Feb;30 Suppl:85-8.

147. Ozcelikay AT, Yidizoglu-Ari N, Ozuari A, Ozturk Y, Altan VM. The effect of .

vanadate on alloxan-diabetic rat atria. Diabetes Res Clin Pract. 1993 Mar;19(3):189-94.

148. Matsubara T, Musat-Marcu S, Misra HP, Dhalla NS. Protective effect of vanadate
on oxyradical-induced changes in isolated perfused heart. Mol Cell Biochem. 1995 Dec

6-20;153(1-2):79-85.
149. Sekar N, Kanthasamy A, William S, Balasubramaniyan N, Govindasamy S.
Antioxidant effect of vanadate on experimental diabetic rats. Acta Diabetol Lat. 1990

Oct-Dec;27(4):285-93.

150. Levy E, Bendayan M. Lipoprotein lipase in experimental diabetic rats: beneficial

effect of vanadate treatment. Diabete Metab. 1991 Jan-Feb;17(1):44-8.

151. Hopfner RL, Misurski D, Wilson TW, McNeill JR, Gopalakrishnan V. Insulin and

vanadate restore decreased plasma endothelin concentrations and exaggerated vascular

150



responses to normal in the streptozotocin diabetic rat. Diabetologia. 1998

Oct;41(10):1233-40.

152. Madsen KL, Ariano D, Fedorak RN. Vanadate treatment rapidly improves glucose
transport and activates 6-phosphofructo-1-kinase in diabetic rat intestine. Diabetologia.

1995 Apr;38(4):403-12.

153. Inoue H, Kaku K, Matsutani A, Tao T, Ayame H, Kaneko T. Insulin-like effects of
vanadate on rat liver 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase mRNA and

protein inductions in diabetic rats. Endocr J. 1994 Feb;41(1):75-82.

154. Madsen KL, Porter VM, Fedorak RN. Oral vanadate reduces Na(ﬂ—dependent

glucose transport in rat small intestine. Diabetes. 1993 Aug;42(8):1126-32.

155. Hajjar JJ, Dobish MP, Tomicic TK. Reversal by vanadate of the effect of diabetes

on intestinal growth and transport. Diabetes Res. 1989 Mar;10(3):139-41.

156. Johnson TM, Meisler MH, Bennett MI, Willsky GR. Vanadate induction of

pancreatic amylase mRNA in diabetic rats. Diabetes. 1990 Jun;39(6):757-9.
157. Bendayan M, Gingras D. Effect of vanadate administration on blood glucose and

insulin levels as well as on the exocrine pancreatic function in streptozotocin-diabetic

rats. Diabetologia. 1989 Aug;32(8):561-7.

151



158. Genet S, Kale RK, Baquer NZ. Effects of vanadate, insulin and fenugreek
(Trigonella foenum graecum) on creatine kinase levels in tissues of diabetic rat. Indian J

Exp Biol. 1999 Feb;37(2):200-2.

159. Salimuddin, Upadhyaya KC, Raju J, Baquer NZ. Modulation of mRNA levels of
liver arginase by insulin and vanadate in experimental diabetes. Indian J Biochem

Biophys. 1999 Apr;36(2):125-8.

160. Salimuddin, Upadhyaya KC, Baquer NZ. Effects of vanadate on expression of liver

arginase in experimental diabetic rats. TUBMB Life. 1999 Aug;48(2):237-40.

161. Valera A, Rodriguez-Gil JE, Bosch F. Vanadate treatment restores the expression of
genes for key enzymes in the glucose and ketone bodies metabolism in the liver of

diabetic rats. J Clin Invest. 1993 Jul;92(1):4-11.
162. Miralpeix M, Carballo E, Bartrons R, Crepin K, Hue L, Rousseau GG. Oral
administration of vanadate to diabetic rats restores liver 6-phosphofructo-2-kinase

content and mRNA. Diabetologia. 1992 Mar;35(3):243-8.

163. Pandharpurkar S, Shastri NV. Effect of vanadate on tryptophan metabolism in

streptozotocin diabetic rats. Indian J Biochem Biophys. 1992 Dec;29(6):519-21.

152



164. Sochor M, Kunjara S, Ali M, McLean P. Vanadate treatment increases the activity
of glycolytic enzymes and raises fructose 2,6-bisphosphate concentration in hearts from

diabetic rats. Biochem Int. 1992 Nov;28(3):525-31.

165. Sun Q, Sekar N, Goldwaser I, Gershonov E, Fridkin M, Shechter Y. Vanadate
restores glucose 6-phosphate in diabetic rats: a mechanism to enhance glucose

metabolism. Am J Physiol Endocrinol Metab. 2000 Aug;279(2):E403-10.

166. Pugazhenthi S, Mantha SV, Khandelwal RL. Decrease of liver protein kinase C in
streptozotocin-induced  diabetic rats and restoration by vanadate treatment.

Biochem Int. 1990;21(4):651-7.

167. Lohr JW, Bennett M1, Pochal MA, McReynolds J, Acara M, Willsky GR. Effect of
vanadate on renal hypertrophy and sorbitol accumulation in streptozotocin induced

diabetes in rats. Res Commun Chem Pathol Pharmacol. 1991 May;72(2):191-202.

168. Nakazawa A, Igarashi K, Tani N, Momotsu T, Ito S, Shibata A. Effect of vanadate
on renal function in rats with streptozotocin-induced diabetes. J Diabet Complications.

1991 Apr-Sep;5(2-3):179-80.

169. Srivastava AK. Anti-diabetic and toxic effects of vanadium compounds.

Mol Cell Biochem. 2000 Mar;206(1-2):177-82.

153



170. Domingo JL. Vanadium: a review of the reproductive and developmental toxicity.

Reprod Toxicol. 1996 May-Jun;10(3):175-82.

171. Gil J, Miralpeix M, Carreras J, Bartrons R. Insulin like effects of vanadate on
glucoskinase activity and fructose-2,6-bisphosphate levels in the liver of diabetic rats. J

Biol Chem 1987;262:6658-6662..

172. Brichard SM, Okitolonda W, Henquin JC. Long-term improvement of glucose

homeostasis by vanadate treatment in diabetic rats. Endocrinology 1998;123:2048-2053.

173. Blondel O, Bailbe D, Portha B. In vivo insulin resistance in streptozotocin diabetic
rats — evidence for reversal following oral vanadate treatment. Diabetologia 1989;32:185-

190.

174. Ramanadham S, Mongold JJ, Brownsey RW, Cros GH, McNeill JH. Oral vanadyl

sulphate in treatment of diabetes mellitus in rats. Am J Physiol 1989;257:H904-H911.

175. Sakurai H, Tsuchiya K, Nakatsuka M, Sofue M, Kawada J. Insulin-like effects of

vanadyl 10n in streptozotocin induced diabetic rats. J Endocrinol 1990;126:451-459.

176. Dai S, Thompson KH, Vera E, McNeill JH. Toxicity studies on one-year treatment

of non-diabetic and streptozotocin-diabetic rats with  vanadyl sulphate.

Pharmacol Toxicol. 1994 Nov;75(5):265-73.

154



177. Domingo JL, Gomez M, Sanchez DJ, Llobet JM, Keen CL. Relationship between
reduction in food intake and amelioration of hyperglycemia by oral vanadate in STZ-

induced diabetic rats. Diabetes. 1994 Oct;43(10):1267, 1269-70.

178. Clark TA, Pierce GN. Vanadium: Effects in Diabetes. In Press. Molecular and

Cellular Biochemistry. 2002.

179. Malabu UH, Dryden S, McCarthy HD, Kilpatrick A, Williams G. Effects of chronic
vanadate administration in the STZ-induced diabetic rat. The antihyperglycemic action of
vanadate is attributable entirely to its suppression of feeding. Diabetes. 1994 Jan;43(1):9-

15.

180. Wang J, Yuen VG, McNeill JH. Effect of vanadium on insulin sensitivity and

appetite. Metabolism. 2001 Jun;50(6):667-73.

181. Mongold JJ, Cros GH, Vian L, Tep A, Ramanadham S, Siou G, Diaz J, McNeill JH,
Serrano JJ. Toxicological aspects of vanadyl sulphate on diabetic rats: effects on
vanadium levels and pancreatic B-cell morphology. Pharmacol Toxicol. 1990

Sep;67(3):192-8.

155



182. Ganguli S, Reuland DJ, Franklin LA, Tucker M. Effect of vanadate on reproductive
efficiency in normal and streptozocin-treated diabetic rats. Metabolism. 1994

Nov;43(11):1384-8.

183. Ganguli S, Reuland DJ, Franklin LA, Deakins DD, Johnston W], Pasha A. Effects

of maternal vanadate treatment of fetal development. Life Sci. 1994;55(16):1267-76.

184. Etcheverry SB, Cortizo AM. Vanadium bioactivity on cells in culture. In: Vanadium

Compounds. American Chemical Society, Washington. 270-276, 1998.

185. Wang H, Wang JY, Johnson LR, Scott RE. Selective induction of c-jun and jun-B
but not c-fos or c-myc during mitogenesis in SV40-transformed cells at the

predifferentiation growth arrest state. Cell Growth Differ. 1991 Dec;2(12):645-52.

186. Wang H, Scott RE. Unique and selective mitogenic effects of vanadate on SV40-

transformed cells. Mol Cell Biochem. 1995 Dec 6-20;153(1-2):59-67.
187. Stern A, Yin X, Tsang SS, Davison A, Moon J. Vanadium as a modulator of cellular
regulatory cascades and oncogene expression. Biochem Cell Biol 1993 Mar-Apr;71(3-

4):103-12.

188. McNeill JH, Yuen VG, Dai S, Orvig C. Increased potency of vanadium using

organic ligands. Mol Cell Biochem. 1995 Dec 6-20;153(1-2):175-80.

156



189. Cam MC, Cros GH, Serrano JJ, Lazaro R, McNeill JH. In vivo antidiabetic actions
of naglivan, an organic vanadyl compound in streptozotocin-induced diabetes.

Diabetes Res Clin Pract. 1993 May;20(2):111-21.

190. Reul BA, Amin SS, Buchet JP, Ongemba LN, Crans DC, Brichard SM. Effects of
vanadium complexes with organic ligands on glucose metabolism: a comparison study in

diabetic rats. Br J Pharmacol. 1999 Jan;126(2):467-77.

191. Posner BI, Faure R, Burgess JW, Bevan AP, Lachance D, Zhang-Sun G, Fantus IG,
Ng JB, Hall DA, Lum BS, et al. Peroxovanadium compounds. A new class of potent

phosphotyrosine phosphatase inhibitors which are insulin mimetics. J Biol Chem. 1994

Feb 11;269(6):4596-604.

192. Bevan AP, Drake PG, Yale JF, Shaver A, Posner BIl. Peroxovanadium compounds:

biological actions and mechanism of insulin-mimesis. Mol Cell Biochem. 1995 Dec 6-

20;153(1-2):49-58.

193. Marti L, Abella A, Carpene C, Palacin M, Testar X, Zorzano A. Combined
treatment with benzylamine and low dosages of vanadate enhances glucose tolerance and

reduces hyperglycemia in streptozotocin-induced diabetic rats. Diabetes. 2001

Sep;50(9):2061-8.

157



194. Matsuda M, Mandarino L, DeFronzo RA. Synergistic interaction of magnesium and

vanadate on glucose metabolism in diabetic rats. Metabolism. 1999 Jun;48(6):725-31.

195. Ugazio G, Bosia S, Burdino E, Grignolo F. Amelioration of diabetes and cataract by
Na;VO, plus U-83836E in streptozotocin treated rats. Res Commun Mol Pathol

Pharmacol. 1994 Sep;85(3):313-28.

196. Domingo JL, Gomez M, Llobet JM, Corbella J, Keen CL. Improvement of glucose
homeostasis by oral vanadyl or vanadate treatment in diabetic rats is accompanied by

negative side effects. Pharmacol Toxicol. 1991 Apr;68(4):249-53.

197. Domingo JL, Bosque MA, Luna M, Corbella J. Prevention by Tiron (sodium 4,5-
dihydroxybenzene-1,3-disulfonate) of vanadate-induced developmental toxicity in mice.

Teratology. 1993 Aug;48(2):133-8.

198. Gupta D, Raju J, Baquer NZ. Modulation of some gluconeogenic enzyme activities
in diabetic rat liver and kidney: effect of antidiabetic compounds. Indian J Exp Biol. 1999

Feb; 37(2):196-9.

199. Goldfine AB, Simonson DC, Folli, Fpatti ME, Kahn CR. Metabolic effects of
sodium metavanadate in humans with insulin-dependent and nomninsulin-dependent
diabetes mellitus in vivo and in vitro studies. J Clin Endocrinol Metab. 1995;80:3311-

3320.

158



200. Cohen N, Halberstam M, Shlimovich P, Chang CJ, Shamoon H, Rossetti L. Oral
vanadyl sulfate improves hepatic and peripheral insulin sensitivity in patients with non-

insulin-dependent diabetes mellitus. J Clin Invest. 1995;95:2501-2509.

201. Boden G, Chen Z, Ruiz J, Van Rossum GDV, Turco S. Effects of vanadyl sulfate on
carbohydrate and lipid metabolism in patients with non-insulin-dependent diabetes

mellitus. Metabolism. 1996;45:1130-1135.

202. Goldfine AB, Willsky G, Kahn CR. Vanadium salts in the treatment of human
diabetes mellitus. In: Vanadium Compounds. American Chemical Society, Washington.

353-368, 1998.
203. Eisenberg DM, Davis RB, Ettner SL, Appel S, Wilkey S, Van Rompay M, Kessler
RC. Trends in alternative medicine use in the United States, 1990 — 1997. JAMA

1998;280:1569-1575.

204. Grauds C. Botanicals: Strong Medicine for Health and Profit. Association of

Natural Medicine Pharmacists. 1997;3:1

205. Vann A. The herbal medicine boom: Understanding what patients are taking.

Cleveland Clinic Journal of Medicine. 1998;65(3):129-134.

159



206. Harris WS, Isley WL. Clinical trial evidence for the cardioprotective effects of

omega-3 fatty acids. Curr Atheroscler Rep. 2001 Mar;3(2):174-9.

207. Sobota AE. Inhibition of bacterial adherence by cranberry juice: Potential use for the

treatment of urinary tract infections. J Urol. 1984;131: 1013-1016.

208. Avakian EV, Sugimoto RB, Taguchi S, Horvath SM. Effect of Panax ginseng

extract on energy metabolism during exercise in rats. Planta Medica. 1984;50:151-154.

209. Linde K, Ramirez G, Mulrow CD, Pauls A, Weidenhammer W, Melchart D. St
John's wort for depression--an overview and meta-analysis of randomised clinical trials.

British Medical Journal. 1996;313:253-58.

210. Peirce A. Natural Medicines. Stonesong Press 1999.

211. Gaon D, Garmendia C, Murrielo NO, de Cucco Games A, Cerchio A, Quintas R,
Gonzalez SN, Oliver G. Effect of Lactobacillus strains (L. casei and L. Acidophillus
Strains cerela) on bacterial overgrowth-related chronic diarrhea. Medicina (B Aires).

2002;62(2):159-63.

212. Simakachom N, Pichaipat V, Rithipornpaisarn P, Kongkaew C, Tongpradit P,

Varavithya W. Clinical evaluation of the addition of lyophilized, heat-killed

160



Lactobacillus acidophilus LB to oral rehydration therapy in the treatment of acute

diarrhea in children. J Pediatr Gastroenterol Nutr. 2000 Jan;30(1):68-72.

213. Tankanow RM, Ross MB, Ertel IJ, Dickinson DG, McCormick LS, Garfinkel JF. A
double-blind, placebo-controlled study of the efficacy of Lactinex in the prophylaxis of

amoxicillin-induced diarrhea. DICP. 1990 Apr;24(4):382-4.

214. Clements ML, Levine MM, Black RE, Robins-Browne RM, Cisneros LA, Drusano
GL, Lanata CF, Saah AJ. Lactobacillus prophylaxis for diarrhea due to enterotoxigenic

Escherichia coli. Antimicrob Agents Chemother. 1981 Jul;20(1):104-8.

215. Jones PJ. Clinical Nutrition: 7. Functional foods — more than just nutrition. CMAJ.

1998;166(12):1555-63.
216. St-Onge MP, Farnworth ER, Jones PJ. Consumption of fermented and nonfermented
dairy products: effects on cholesterol concentrations and metabolism. Am J Clin Nutr.

2000 Mar;71(3):674-81.

217. Harbowy ME, Balentine DA. Tea Chemistry. Critical Reviews in Plant Sciences.

1997;16(5):415-480.

218. Beart JE, Lilley TH and Haslam E. Plant polyphenols - secondary metabolism and

chemical defence. Phytochem. 1985;24:33-38.

161



219. Dufresne CJ, Farnworth ER. A review of latest research findings on the health

promotion properties of tea. J Nutr Biochem. 2001 Jul;12(7):404-421.

220. Zeyuan D, Bingying TXL, Jinming C, Yifeng C. Effect of green tea and black tea
on the blood glucose, the blood triglycerides, and antioxidation in aged rats. J. Agric.

Food Chem. 1998;46:875-8.

221. Shimizu M. Modulation of the intestinal function by food substances. Nahrung.

1999:43:154-8.

222. Wiseman SA, Balentine DA, Frei B. Antioxidants in tea. Crit. Rev. Food Sci. Nutr.

1997;37:705-18.

223. Vinson JA, Jang J, Dabbagh YA, Serry M, Cai S. Plant polyphenols exhibit lipo-
protein bound antioxidant activity using an in-vitro oxidation model for heart disease. J.

Agric. Food Chem. 1995;43:2798-9.

224. Yokozawa T, Dong E, Nakagawa T, Kim DW, Hattori M, Nakagawa H. Effects of
Japanese black tea on atherosclerotic disorders. Biosci Biotechnol Biochem. 1998

Jan;62(1):44-8.

162



225. Yokozawa T, Oura H, Nakagawa H, Sakanaka S, Kim M. Effects of a component of
green tea on the proliferation of vascular smooth muscle cells. Blosci Biotechnol

Biochem. 1995 Nov;59(11):2134-6.

226. Pearson DA, Frankel EN, Aeschbach R, German JB. Inhibition of endothelial cell
mediated low-density lipoprotein oxidation by green tea extracts. J. Agric. Food Chem.

1998;62:44-8.

227. Yang TT, Koo MW. Hypocholesterolemic effects of Chinese tea.Pharmacol Res.

1997 Jun;35(6):505-12.

228. Lin YL, Cheng CY, Lin YP, Lau YW, Lau YW, Juan IM, Lin JK. Hypolipidemic
effect of green tea leaves through induction of anti-oxidant and phase II enzymes
including superoxide dismutase, catalase and glutathione S-transferase in rats. J. Agric.

Food Chem. 1998;46:1893-9.

229. Tijburg LB, Mattern T, Folts JD, Weisgerber UM, Katan MB. Tea flavonoids and

cardiovascular disease: a review.Crit Rev Food Sci Nutr. 1997 Dec;37(8):771-85.

230. Tijburg LBM, Chio JH, Rhee SJ. Effects of green tea catechin on phospholipase A2

activity and antithrombus in streptozotocin diabetic rats. J. Nutr. Sci. Vitaminol.

1999;45:337-46.

163



231. Yokozawa T, Chung HY, He LQ, Oura H. Effectiveness of green tea tannin on rats

with chronic renal failure. Biosci Biotechnol Biochem. 1996 Jun;60(6):1000-5.

232. Yokozawa T, Oura H, Sakanaka S, Ishigaki S, Kim M. Depressor effect of tannin in

green tea on rats with renal hypertension. Biosci. Biotech. Biochem. 1994;58:855-8.

233. Yokozawa T, Nakagawa T, Lee KI, Cho EJ, Terasawa K, Takeuchi S. Effects of
green tea tannin on cisplatin-induced nephropathy in LLC-PK1 cells and rats. J Pharm

Pharmacol. 1999 Nov;51(11):1325-31.

234. Hindmarch I, Quinlan PT, Moore KL, Parkin C. The effects of black tea and other
beverages on aspects of cognition and psychomotor performance. Psychopharmacology

(Berl). 1998 Oct;139(3):230-8.

235. Joseph JA, Denisova N, Fisher D, Shukitt-Hale B, Bickford P, Prior R, Cao G.
Membrane and receptor modifications of oxidative stress vulnerability in aging.

Nutritional considerations. Ann N'Y Acad Sci. 1998 Nov 20;854:268-76.

236. Juneja LR, Chu DC, Okubo T, Nagato Y, Yokogoshi H. L-theanine-a unique amino

acid of green tea and its effects in humans. Trends in Food Sci. Technol. 1999;10:199-

204.

164



237. Yang CS, Yang GY, Chung JY, Lee MJ, Li C. Tea and tea polyphenols in cancer

prevention. Adv Exp Med Biol. 2001;492:39-53.

238. Mukhtar H, Ahmad N. Tea polyphenols: prevention of cancer and optimizing health.

Am J Clin Nutr. 2000 Jun;71(6 Suppl):1698S-702S.

239. Brown MD. Green tea (Camellia sinensis) extract and its possible role in the

prevention of cancer. Altern Med Rev. 1999 Oct;4(5):360-70.

240. Katiyar SK, Mukhtar H. Tea antioxidants in cancer chemoprevention. J Cell

Biochem Suppl. 1997;27:59-67.

241. Hribal ML, Oriente F, Accili D. Mouse models of insulin resistance.

Am J Physiol Endocrinol Metab. 2002 May;282(5):E977-81.

242. Jun HS, Yoon JW. The role of viruses in type I diabetes: two distinct cellular and
molecular pathogenic mechanisms of virus-induced diabetes in animals. Diabetologia.

2001 Mar;44(3):271-85.

243. Lampeter EF, Signore A, Gale EA, Pozzilli P. Lessons from the NOD mouse for the

pathogenesis and immunotherapy of human type 1 (insulin-dependent) diabetes mellitus.

Diabetologia. 1989 Oct;32(10):703-8.

165



244, Parfrey NA, Prud'homme GJ, Colle E, Fuks A, Seemayer TA, Guttmann RD, Ono
SJ. Immunologic and genetic studies of diabetes in the BB rat. Crit Rev Immunol.

1989;9(1):45-65.

245. Rerup CC. Drugs producing diabetes through damage of the insulin secreting cells.

Pharmacol Rev. 1970 Dec;22(4):485-518.

246. Yamamoto H, Uchigata Y, Okamoto H. Streptozotocin and alloxan induce DNA
strand breaks and poly(ADP-ribose) synthetase in pancreatic islets. Nature. 1981 Nov

19;294(5838):284-6.

247. Uchigata Y, Yamamoto H, Kawamura A, Okamoto H. Protection by superoxide
dismutase, catalase, and poly(ADP-ribose) synthetase inhibitors against alloxan- and
streptozotocin-induced islet DNA strand breaks and against the inhibition of proinsulin

synthesis. J Biol Chem. 1982 Jun 10;257(11):6084-8.

248. Cetkovic-Cvrlje M, Sandler S, Eizirik DL. Nicotinamide and dexamethasone inhibit
interleukin-1-induced nitric oxide production by RINmMSF cells without decreasing
messenger  ribonucleic acid  expression  for  nitric oxide  synthase.

Endocrinology. 1993 Oct;133(4):1739-43.

249. Lopez-Candales A. Metabolic syndrome X: a comprehensive review of the

pathophysiology and recommended therapy. J Med. 2001;32(5-6):283-300.

166



250. Shafrir E. Animal models of non-insulin-dependent diabetes. Diabetes Metab Rev.

1992 Oct:8(3):179-208.

251. Zucker LM. Hereditary obesity in the rat associated with hyperlipidemia. NY Acad

Sci 1965;131:447-58.

252. Bray GA. The Zucker-fatty rat: a review. Fed Proc. 1977 Feb;36(2):148-53.

253. McCaleb ML, Sredy J. Metabolic abnormalities of the hyperglycemic obese Zucker

rat. Metabolism. 1992 May;41(5):522-5.

254. Friedman JE, de Vente JE, Peterson RG, Dohm GL. Altered expression of muscle
glucose transporter GLUT-4 in diabetic fatty Zucker rats (ZDF/Drt-fa). Am J Physiol.

1991 Dec;261(6 Pt 1):E782-8.

255. Tokuyama Y, Sturis J, DePaoli AM, Takeda J, Stoffel M, Tang J, Sun X, Polonsky
KS, Bell GI. Evolution of beta-cell dysfunction in the male Zucker diabetic fatty rat.

Diabetes. 1995 Dec;44(12):1447-57.

256. Yuen VG, Vera E, Battell ML, L1 WM, McNeill JH. Acute and chronic oral

administration of bis(maltolato)oxovanadium(IV) in Zucker diabetic fatty (ZDF) rats.

Diabetes Res Clin Pract. 1999 Jan;43(1):9-19.

167



257. Greenbaum CJ, Cuthbertson D, Krischer JP. Type I diabetes manifested solely by 2-

h oral glucose tolerance test criteria. Diabetes. 2001 Feb;50(2):470-6.

258. Casiglia D, Giardina E, Triolo G. IgG auto-anti-idiotype antibodies against antibody
to insulin in insulin-dependent (type 1) diabetes mellitus. Detection by capture enzyme
linked immunosorbent assay (ELISA) and relationship with anti-insulin antibody levels.

Diabetes Res. 1991 Apr;16(4):181-4.

259. Maddaford TG, Hurtado C, Sobrattee S, Czubryt MP, Pierce GN. A model of low-
flow ischemia and reperfusion in single, beating adult cardiomyocytes.

Am J Physiol. 1999 Aug;277(2 Pt 2):H788-98.

260. Dai S, McNeill JH. One-year treatment of non-diabetic and streptozotocin-diabetic
rats with vanadyl sulphate did not alter blood pressure or haematological indices.

Pharmacol Toxicol. 1994 Feb;74(2):110-5.

261. Llobet JM, Domingo JL. Acute toxicity of vanadium compounds in rats and mice.

Toxicol Lett. 1984 Nov;23(2):227-31.

262. Andreoli TE, Bennett JC, Carpenter CCJ, Plum F. Cecil Essentials of Medicine.

Ed.4. W.B. Saunders Co. 1997.

168



263. Colwell L, Quinn L. Glycemic control and heart disease. Nurs Clin North Am. 2001

Jun;36(2):321-31, vii-viit.

264. Barranco JG. Glucose control guidelines: current concepts. Clin Nutr. 1998 Sep;17

Suppl 2:7-17.

265. Serrano Rios M. Epidemiology of cardiovascular disease in type 2 diabetes. Int J

Clin Pract Suppl. 2001 Sep;(121):4-7.

266. Nakai M, Watanabe H, Fujiwara C, Kakegawa H, Satoh T, Takada J, Matsushita R,
Sakurai H. Mechanism on insulin-like action of vanadyl sulfate: studies on interaction
between rat adipocytes and vanadium compounds. Biol Pharm Bull. 1995

May;18(5):719-25.

267. Tsiani E, Abdullah N, Fantus IG. Insulin-mimetic agents vanadate and pervanadate

stimulate glucose but inhibit amino acid uptake. Am J Physiol. 1997 Jan;272(1 Pt

1):C156-62.

268. McNeill JH, Battell M, Cam M, Dai S, Thompson K, Yuen V. Oral vanadium and

lowering of blood glucose. Diabetes. 1994 Oct;43(10):1268-70.

169



269. Zhang AQ, Gao ZY, Gilon P, Nenquin M, Drews G, Henquin JC. Vanadate
stimulation of insulin release in normal mouse islets. J Biol Chem. 1991 Nov

15;266(32):21649-56.
270. Nakamura S, Tanigawa K, Kawaguchi M, Inoue Y, Xu G, Nagami H, Teramoto M,
Kato Y, Tamura K. Effect of chronic vanadate administration in partially depancreatized

rats. Diabetes Res Clin Pract. 1995 Jan;27(1):51-9.

271.Fagin JA, Ikejiri K, Levin SR. Insulinotropic effects of vanadate. Diabetes. 1987

Dec:36(12):1448-52.

170



