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Background: Association of Alzheimer's Disease (AD) with Type 2 Diabetes (T2D) has been well established.
Cyclo(His-Pro) plus zinc (Cyclo-Z) treatment ameliorated diabetes in rats and similar improvements have
been seen in human patients. Treatment of amyloid precursor protein (APP) transgenicmicewith Cyclo-Z exhib-
itedmemory improvements and significantly reduced Aβ-40 and Aβ-42 protein levels in the brain tissues of the
mice.
Scope of review:Metabolic relationship betweenAD and T2Dwill be describedwith particular attention to insulin
sensitivity and Aβ degradation in brain and plasma tissues. Mechanistic effect of insulin degrading enzyme (IDE)
in decreasing blood glucose and brain Aβ levels will be elucidated. Cyclo-Z effects on these biochemical param-
eters will be discussed.
Major conclusion: Stimulation of IDE synthesis is effective for the clinical treatment of metabolic diseases includ-
ing AD and T2D.
General significance: Cyclo-Z might be the effective treatment of AD and T2D by stimulating IDE synthesis.

Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Alzheimer's Disease (AD) is themost common formof dementia cul-
minating in the gradual accumulation of amyloid-beta (Aβ) protein into
microscopic “plaques” and the twisting of tau proteins into strands of
dead and dying neurons. It is also characterized in the early stages
with defects in inflammation and oxidative stress [1]. Inflammation is
especially important as it occurs in pathologically vulnerable regions
of AD and can influence AD development. Individuals suffering from
AD exhibit several behavioral symptoms including: confusion, disorga-
nized thinking, memory loss, impaired judgment, and disorientation.
In the final stages, they lose the ability to communicate, fail to recognize
loved ones, and become bed-bound, which is ultimately fatal. About 5
million Americans were afflicted with AD in 2013 [2] and this number
is projected to be 14 million in the USA alone by the year 2050. World-
wide, nearly 44 million individuals are currently afflicted with this dis-
ease [3]. The cost of caring for AD patients in the USwas estimated to be
$226 billion in 2015with the global cost for caring estimated to be $605
billion [4].

Diabetes, both Type 1 and 2, are also major health concerns. The pa-
thology of Type 1 diabetes (T1D) is insulin deficiency with no β-cell re-
sponse to glucose. Type 2 Diabetes (T2D) starts with hyperinsulinemia,
but this condition deteriorates during the progression of diabetes until
the patients can no longer produce insulin. Many T2D patients have suffi-
cient β-cell reserve to maintain a relatively euglycemic or normal blood
glucose state; however, in the advanced disease state, insulin production
by the pancreaticβ-cell is reduced, and insulin administration is required.
More than 90 percent of all diabetic patients have T2D, also known as
adult onset diabetes. Over 29million Americans (9.3% of the total popula-
tion) were reported to be diabetic in 2012 according to the National Dia-
betes Statistics Report (2014) published by the National Center for
Chronic Disease Prevention andHealth Promotion,whichwas an increase
from 25.8million in 2010. Extrapolating from this increase, it is projected
that more than 30 million Americans will be diagnosed as diabetic in
2016. Furthermore, 25.9% of Americans over age 65 are diabetic and 86
million were considered pre-diabetic in 2012. Worldwide diabetics in-
creased from 108 million in 1980 to 422 million in 2014 [5] representing
6.6 ± 3.8% of the world population in the years 2000–2012 [6]. Interna-
tional Diabetes Federation Report estimates are lower but still significant
showing that 2.8% of the world population are currently diabetic and es-
timating 4.4% or 366 million diabetics by 2030 [7]. Diabetes ranks as the
seventh leading cause of death in the US (67,071 deaths in 2010) with a
cost of care exceeding $245 billion in the US alone (2012). Thus, AD and
diabetes represent specific health problems and significant medical ex-
penses for care in the aged population.
2. Clinical manifestations

2.1. Alzheimer's Disease

Alzheimer's Disease (AD) is a neurodegenerative disease in which
the brain actually shrinks as more brain cells die. Signs of the disease
are initially behavioral with memory defects and the inability to recog-
nize faces or objects, problems in communication, impaired judgment
and reasoning, and changes in personality. Several cellular andmolecu-
lar mechanisms (oxidative stress, mitochondrial dysfunction, inflam-
mation, proteotoxicity, and altered gene expression) are involved in
AD [8]. Although some genetic factors may contribute, sporadic form
of AD mainly occurs after the age of 65. According to the Alzheimer's
Association report in 2015, the annual new cases of AD in Americans
of 65–74 years old were 2/1000 to13 new cases/1000, respectively,
and 39 new cases/1000 in age 85 and older [9]. Many of the oldest AD
patients are also afflicted with cerebrovascular disease and typically ex-
perience brain inflammation. These facts suggest that AD is an adult
onset metabolic disease experienced as aging progresses. Some re-
searchers believe that aging which influences the oxidative and inflam-
matory states of the brain is the most important risk factor for AD [10].
Oxidative stress with toxic oxygen free radicals are also regarded as
pathological abnormalities. Currently, the apolipoprotein E (APOE)
gene is the only gene that is related to late onset AD; although, correla-
tion with the development of the disease in patients and genetic muta-
tion is weak. The apolipoprotein E4 (APOEε4) allele is present in about
25–30% of the general population and 40% of AD, which also runs in
the family. Individuals carrying the ε4 allele are at increased risk of AD
compared to those carrying the more common ε3 allele [11]. APOEε4
is a major cholesterol carrier that supports lipid transport and injury re-
pair in the brain. Mild cognition impaired (MCI) subjects have higher
APOEε4 levels compared to non-MCI subjects [12].

The most significant risk factor for AD is unhealthy lifestyle
choices. Cigarette smoking and obesity are associated with an increased
risk for the development of both vascular and non-vascular dementia
in the aging population [13]. According to the Alzheimer's Association re-
port of 2016, the risk of getting AD increases if a family member also has
the disease. Aside from the genetic consideration of the APOEε4 allele
which may be familial, this risk may also be due to lifestyle similarities
in family members in regards to energy consumption or expenditure,
such as overeating of high fat foods, or lack of exercise, and stress due to
family or career obligations. Other identified risk factors are high blood
pressure, high cholesterol, and head trauma. Minimizing these lifestyle
risks factors may be helpful in delaying and possibly treating AD by re-
versing metabolic abnormalities though healthy living.
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2.2. Type 2 Diabetes

Type 2Diabetes (T2D) is the adult onset formof diabetes. T2Dbegins
with insulin resistance in the absence of any clinical symptoms; howev-
er, over time insulin sensitivity gradually diminishes, and eventually
reaches a point where insulin signaling does not work even though
the body is producing increased levels of insulin. When insulin resis-
tance reaches this severe stage, pancreatic beta cells no longer produce
enough insulin to overcome the lack of insulin signaling, and blood glu-
cose levels rise ultimately resulting in diabetes. Initially T2D symptoms
are subtle with the patient exhibiting thirst and frequent urination due
to the high levels of osmotically active glucose in the bloodwhich serves
to pull fluid from the tissues. Subsequent volume depletion can result in
dizziness and orthostatic hypotension and syncope as well as non-
specific symptoms such as lethargy. Fluid may also be removed from
the eye lenses, affecting its ability to focus, and resulting in blurred vi-
sion. Diabetics may also exhibit tiredness due to cells being deprived
of glucose. Even though diabetics tend to eat more to relieve hunger,
they tend to lose weight, since they metabolize alternate fuels stored
in muscle and fat due to the inability to metabolize glucose. The most
important diabetes related clinical complications are neuropathy,
nephropathy and retinopathy. Diabetic neuropathy is a wide range of
dysfunctions. The most common form of it is distal symmetric
polyneuropathy affecting somatic sensory, motor nerve and autonomic
nervous system. Although the exact mechanisms are not clear, T2D pa-
tientswith lower extremity ulceration exhibited increased risk of severe
retinopathy [14]. Diabetic nephropathy is observed in the presence of
persistent proteinuria in sterile urine of patients with elevated blood
pressure. Twentyfive to 50% of diabetic patients develop disease and re-
quire kidney dialysis or transplantation. AmongUS adults with diabetes
from 1988 to 2014, prevalence of diabetic kidney disease did not
change, while prevalence of albuminuria and eGFR declined [15].
Diabetic retinopathy is themost common cause of blindness. Classically,
diabetic retinopathy is divided into three stages; back ground,
preproliferative, and proliferative retinopathy. Background retinopathy
may be reversible if normal or near normal blood glucose levels are
maintained [16]. Preproliferative retinopathy is increasing retinal ische-
mia due to capillary nonperfusion. Proliferative diabetic retinopathy is
the presence of newly formed blood vessels or fibrous tissue arising
from the retina and extending along the inner surface. Combined trac-
tional and rhegmatogenous retinal detachment is rare (7–35%) but a se-
rious complication in this disease [17].

2.3. Common clinical manifestations between Alzheimer's Disease and
Type 2 Diabetes

Alzheimer's Disease (AD) and Type2Diabetes (T2D) are very serious
health problems with vastly different symptoms yet share a complex
and linked mechanism. T2D is a disease in which the body fails to use
insulin properly and progresses to a state where the beta cells of the
pancreas produce very little insulin. On the other hand, AD is a neurode-
generative disease of the brain with Aβ deposit and tau protein tangles
in brain tissues. Although not all research results are in agreement, the
majority of the data suggests that diabetics, specifically T2D subjects,
are at much higher risk of developing AD than normal subjects. Elderly
people with diabetes have an especially increased risk of mild cognitive
impairment (MCI) [18] and an association of diabetes with MCI varies
with amyloid subtype (amnestic) MCI and nonamnesticMCI) and num-
ber of domains, andwith the sex of thepatient,with females beingmore
susceptible than males [19]. Diabetes as a significant risk factor for de-
mentia or AD has been clearly established by studies in the US [20]
and several other countries (Taiwan [21], China [22], Japan [23], and
Finland [24]). T2Dhas also been associatedwith an increased risk of vas-
cular dementia [25], and pre-diabetic insulin resistance is a risk factor
for ADpathology and reducedmemory function [26]. Some studies indi-
cate that improving T2D can delay or prevent AD pathology [27]; and
therefore, prevention and control of diabetes may reduce the risk of
MCI and AD later in life [28]. A significant association between diabetes
and AD has also been reported by linking insulin and glucose metabo-
lism load to β-amyloid levels in AD [29]. In this study, it was demon-
strated that oral glucose intake significantly increased plasma Aβ
levels in AD patients compared to non-AD controls. These data suggest
that T2D and AD originate from a common cause (lifestyle mismanage-
ment) and share common pathological conditions such as insulin sensi-
tivity, metabolism, or deficiency. Interestingly, a common enzymatic
link between the two diseases is found in the insulin degrading enzyme
(IDE). IDE is a zinc protease and the most well known enzyme that de-
grades both insulin and extracellular and intracellular Aβ [30]. Zinc de-
ficiency which has been noted in both AD and T2D patients [31–33],
which causes IDE deficiency since zinc is an absolute requirement for
IDE synthesis. Since IDE deficiency contributes to the induction of
some forms of AD [34,35], increasing degradation of extracellular Aβ
by IDE or similar enzymes would be beneficial for the possible preven-
tion and/or treatment of AD [36]. Degradation of internalized insulin
also improves insulin sensitivity, implicating a potential treatment of di-
abetes [37].

3. Pathophysiology

3.1. Alzheimer's Disease

Alzheimer's Disease (AD) is a progressive form of dementiawith loss
of neurons and the presence of two neurological hallmarks: extracellu-
lar amyloid plaques and intracellular neurofibrillary tangled tau pro-
teins in the brain. AD research has been focused on the use of animals
to both improve our understanding of the pathophysiology of AD and
to test novel therapeutic approaches. Unfortunately, the animal re-
search thus far has not been successfully translated into therapeutic
treatment(s) for humanpatients. Amyloid plaque formation plays a piv-
otal role in AD pathogenesis [38]. Accumulation of β-amyloid peptides
(Aβ) in the brain is the first critical step in the pathogenesis of AD [39]
and ismainly due to the aggregation of Aβwhich is cleaved sequentially
from amyloid precursor protein (APP) by two enzymes,β-secretase and
γ-secretase. The order of cleavage is very important since ifα-secretase
cleaves APP first, then Aβ plaques are not formed. Neurofibrillary
tangles result from aggregation of the tau protein, a component of the
internal structure of the nerve cells that is associated with the microtu-
bules and functions to facilitate neuronal transport. If tau protein is
prevented from binding to themicrotubules, it self-aggregates into tan-
gles, promoting microtubule disassembly, and inhibiting neuronal
transport. Tauopathy is initiated by formingneurofibrillary tangles, neu-
ritic plaques, and neuropil threads [40]. Excessive phosphorylation of
tau has also been shown to contribute to tangle formation [41] and pre-
vents neuronal cell function. In AD, brain synapses are disrupted by the
Aβ plaques and tau tangles, damaged neurons die. Since neurons in the
brain connect and communicate at synapses where neurotransmitters
carry information from one cell to the other; the result is disruption of
the brain's communication network.

3.2. Type 2 Diabetes

In T2D, the patient is unable to process insulin signaling correctly,
making the body insulin-resistant, which is the inability of cells to re-
spond adequately to normal levels of insulin within the liver, muscle,
and fat tissues. In the liver, insulin suppresses glucose release, but in
the setting of insulin resistance, the liver inappropriately releases glu-
cose into the blood. However, not all people with insulin resistance de-
velop diabetes, since an increase of insulin secretion by pancreatic beta
cells is frequently seen as the disease progresses. Initially, the pancreas
makes more and more insulin to keep up with the insulin demand
due to the loss of the ability of muscle and fat tissues to utilize insulin
effectively. Diabetes occurs when the pancreas loses its ability to
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produce enough insulin to compensate for the insulin resistance and as
a result, blood sugar levels are no longer kept in control. The proportion
of insulin resistance versus beta cell dysfunction (insulin secretion) dif-
fers among individuals, with some having primarily insulin resistance
and only aminor defect in insulin secretion;whereas, others have slight
insulin resistance and primarily a lack of insulin secretion. Many people
think of T2D as themore common form of diabetes affecting adults, but
it has become an increasingly serious childhood problem as obesity
rates are alarmingly increasing due to consumption of high energy
food containing high fat and sugar demonstrating that the type of food
consumed, activity level, genetics, and other external factors have sig-
nificant roles as well. While the specific cause of T2D is still not clearly
known, researchers have identified several potentially importantmech-
anisms associated with T2D and insulin resistance: increased break-
down of lipids in fat cells, resistance to and lack of incretin, high
glucagon levels in the blood, increased retention of salt and water by
the kidneys, and inappropriate regulation of metabolism by the central
nervous system.

3.2.1. Lifestyle effects of Type 2 Diabetes
The main lifestyle cause of T2D is excessive consumption of food

(hyperphagia), due to the abundance of processed food in modern life.
The number of people with T2D and those considered obese (obesity
is a symptom of insulin resistance) has increased over the last decade.
In countries wheremeat consumption is low, such as in Asian countries
where there is less consumption of protein but a high carbohydrate diet,
diabetes develops without showing obesity. It is preferable to consume
an animal protein diet since plant protein sources such as phytic acid
from soy bean are difficult to digest for producing needed amino acids
in the body. Thus, in Asian countries, the main protein sources are soy
proteins and other vegetables and T2D can develop without high obesi-
ty. In Westernized countries, where meat consumption is high, obesity,
lack of exercise, and poor diet all contribute to the development of T2D
in obese subjects afflicted with insulin resistance and mild or no diabe-
tes. The high protein intake (meat) initially allows the fat cells to grow
rapidly without developing diabetes; however, the subjects become
obese and then later develop diabetes. Experts suggest a link between
people who carry their weight more prominently in the abdomen and
a higher likelihood of developing T2D [42]. High sugar intake isn't nec-
essarily a precursor for T2D, but eating and drinking excessive amounts
of carbohydratesmake it easier to becomeoverweightwhen consuming
high proteins. Failing to be active and not getting the recommended
amount of exercise also contributes to insulin resistance and an overall
less healthy system, which eventually triggers T2D. People who are
obese tend to be less active andmore likely to not eat a healthy balanced
diet rich in vitamins and nutrients that the body needs to function at top
capacity.

3.2.2. Genetics of Type 2 Diabetes
While an unhealthy lifestyle is a major contributor, not every over-

weight person will develop T2D and some slender, fit people will be
born with an inherent likelihood to eventually develop T2D. Not only
can hereditary factors impact the likelihood of an individual becoming
overweight, but researchers have found that certainDNA alleles directly
affect insulin production and secretion. The National Institute of Health
states that having two copies of the transcription factor 7-like 2
(TCF7L2) gene makes an individual 80% more likely to develop T2D
over his/her lifetime [43]. There are no other specific genetic abnormal-
ities linked to the inheritance of diabetes. The increasing number of
cases of childhood obesity is not simply because these children are not
eating and living healthy, but also because this lack of a healthy lifestyle
so early may trigger the activation of latent genes more quickly. The
cause of T2D varies fromperson to person, and can be due to a combina-
tion of genetic factors and lifestyle choices. It can, however, be con-
trolled more easily when the body is kept healthier. Beside altered
gene expression, misguided intracellular signaling in various body
tissues have also been implicated in T2D. Pancreatic beta cells are espe-
cially susceptible to damage by high blood sugar, and since these same
beta cells produce the insulin that controls blood glucose levels, addi-
tional damage to these cells creates a vicious circle that only exacerbates
the situation. The liver also has a large role in T2D development. Nor-
mally the liver releases glucose at times of low blood sugar in response
to glucagon produced by the pancreas. Once sugar levels are normal-
ized, the liver no longer releases glucose stores until the body needs it
again. However, in the diabetic condition, the liver may continue to re-
lease glucose even after sufficient levels are present in the blood stream.
The net result is excessively high blood sugar levels which can cause
more damage to the liver or pancreatic beta cells.

3.3. Linkage of Type 2 Diabetes to Alzheimer's Disease

Numerous studies have documented a strong association between
diabetes and Alzheimer's Disease (AD) [16–20,44]. However, themech-
anisms underlying this association have not been clearly established.
Studies have shown that insulin resistance or deficiency alters Aβ and
tau protein phosphorylation which lead to the onset of AD [45]. Some
researchers have proclaimed that AD is really a form of “Type 3
Diabetes” [46]. Insulin resistance in the brain typically precedes and
contributes to cognitive decline above and beyond other known causes
of AD [47] and abnormalities in the activity of twomajor signaling path-
ways for insulin and insulin-like growth factor in non-diabetic people
with AD has been identified [48]. Thus, brain insulin resistance appears
to be an early and common feature of AD. These insulin signaling path-
ways could be targeted with new or existing medicines to potentially
help brain insulin resistance and possibly reduce or even improve cog-
nitive decline. Butyrylcholinesterase and acetylcholinesterase were
commonly found in high levels in both AD and diabetic patients which
may play an etiological role influencing insulin resistance and lipid me-
tabolism. Alpha7 nicotinic acetylcholine receptor is an important factor
of the cholinergic nerve system in the brain for AD [49]. Antagonists of
this receptor, such as the drug memantine, are suitable for the treat-
ment of AD. Theremay be a potential role of the alpha 7 nicotinic acetyl-
choline receptor in reducing inflammatory neurotoxicity in AD [50].
Zinc deficiency is commonly noted in both AD and T2D [31,51]. More-
over, zinc is critical in the enzymatic non-amyloidogenic processing of
the amyloid precursor protein (APP) and in the enzymatic degradation
of Aβ peptide. On the other hand, zinc binds to Aβ which promotes its
aggregation into a neurotoxic species, and as a result, disruption of
zinc homeostasis in the brain results in synaptic and memory deficits.
Thus, zinc dyshomeostasis may play a critical role in the pathogenesis
of AD [52]. Furthermore, these authors proposed that chelating zinc or
regulating zinc is a potential AD therapeutic treatment. Zinc and nutri-
tional supplements of zinc showed beneficial effects on diabetes [53].
More importantly, both AD and T2D have insulin degrading enzyme
(IDE) deficiency, and increasing IDE synthesis is beneficial for both AD
and T2D as discussed in the next chapter.

4. Clinical impact of insulin degrading enzyme (IDE) on Alzheimer's
Disease and Type 2 Diabetes

Human insulin degrading enzyme (IDE)was first discovered in 1988
[54]. The IDE gene is located on chromosome 10q23–24 in humans, and
its defect affect AD pathogenesis [55]. Only recently has it been discov-
ered that IDE cleaves both insulin and amyloid-β and therefore may be
linked to both AD and T2D [56,57]. More recently, a zinc-dependent
metalloprotease, neprilysin (NEP) that degrades both Amyloid β
peptides 1–40 and 1–42 has been identified [58]. Although it has
many other substrates such as enkephalin, atrial natriuretic peptide,
endothelin, and substance P, it is not known to degrade insulin. Al-
though there are many publications discussing the importance of IDE
activities on Alzheimer's Disease (AD) and Type 2 Diabetes (T2D), inter-
pretation of these data on the treatment of diabetes is controversial or
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confusing. In fact, stimulation of IDE synthesis in the body is helpful for
the prevention and treatment of both T2D and AD. Cognitive impair-
ment and T2D are common disorders in the elderly. However this co-
existence could be a scenario in which T2D and cognitive impairment
share causal pathways, or cognitive impairment could be implicated in
T2D, or vice versa [59]. The exact mechanism that leads T2D to cause
cognitive dysfunction and dementia, or conversely, the role of AD on
the induction of diabetes has not been clearly established. It is known
that hyperglycemia and insulin resistance can cause structural changes
in the hippocampus and hypothalamus, which are involved in regulat-
ing carbohydrate metabolism and branched chain amino acid
homeostasis, which are impaired in patients with AD [60]. A clear rela-
tionship between AD and T2D has been established by the fact thatmice
with induced IDE deficiency exhibited both AD and T2D symptoms [34,
35] and similarly findings were reported in humans [30,61,63].

Many of the diabetes studies indicate that inhibition of extracellular
IDE activitiesmay be a usefulmethod for treating diabetes [64,65], since
extracellular IDE can interfere with normal blood glucose transport by
decreasing plasma insulin levels within diabetic subjects. Although,
plasma insulin levels decrease to a certain amount by increasing extra-
cellular IDE, it is the level of cytosolic IDE synthesis, not extracellular
levels, that is important for the treatment of insulin resistance in diabet-
ic subjects. Intracellular IDE degrades inactive internalized insulin
preventing the accumulation of incompletely degraded insulin frag-
ments in the cytosol which can interfere with the insulin signal trans-
duction mechanism for glucose uptake. IDE therefore improves insulin
sensitivity by removing internalized insulin and insulin-related degra-
dation peptides. Thus, IDE synthesis stimulation is beneficial for the pre-
vention and treatment of both AD and T2D.

4.1. Cyclo-Z treatment for IDE synthesis

Many publications indicated that plasma zinc levels in patients with
Alzheimer's Disease (AD) significantly decreased compared to controls
[66–68] and in patients with Type 2 Diabetes (T2D) [33]. Since IDE is a
zinc requiring enzyme, treatment with zinc supplementation would
be warranted. In fact, many studies indicated that zinc homeostasis is
an important factor for the prevention and treatment of AD. However,
others indicated that zinc may stimulate Aβ aggregation causing more
harmful in AD [70,71]. These conflicting reports were explained by the
fact that 1 mM dose of zinc may be harmful for AD patients as zinc
may reinforce Aβ aggregation and result in an increase in the number
or size of neuronal Aβ plaques while low zinc (50 μM) exerts protective
effects against Aβ-40 induced toxicity [72]. Zinc deficiency is mostly
caused by impaired intestinal zinc absorption and cellular zinc uptake.
Control brain CHP + Zn brain
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Fig. 1. Enzymatic activity on insulin degradation in Cyclo-Z treatedmouse brain. To understand
10mg zinc plus 1.0 mg CHP/L to the drinkingwater on IDE activity in the brain tissues of APP tra
20min to degrade radiolabeled insulin whereas the cytosol from Cyclo-Z treated animals degra
IDE activity by Cyclo-Z therapy (right) (n = 6). IDE is the only known enzyme that can digest
required for IDE enzyme activity. Hence, Fig. 1 supports the hypothesis that Cyclo-Z treatment
Cyclo(His-Pro) has a chelating effect on zinc and assists in zinc transport
through an intestinal Cyclo(His-Pro) transportingmechanism indepen-
dent of the normal elemental zinc transport system [73]. The normal el-
emental zinc absorption mechanism is a facilitated diffusion transport
process, via the zinc transporter (ZnT) proteins mediating zinc efflux
and influx into intracellular vesicles [74]. These proteins contain a
variable number of histidine, similar to Cyclo(His-Pro). Human serum
albumin has a stronger inhibitory effect on zinc medicated Aβ-42
fibrillogenesis and cytotoxicity [75]. Evidence from these studies for
inhibiting zinc mediated amyloid β-protein fibrillogenesis and cytotox-
icity by serum albumin support the hypothesis that Cyclo-Z, which con-
tains dipeptides similar to serum albumin may be helpful in preventing
and treating AD, based on the fact that Cyclo-Z contains high amounts of
histidine to chelate zinc and thus stimulate intestinal zinc absorption.

To understand the mechanism by which Cyclo-Z affects insulin sen-
sitivity, we tested the effects of 10mg zinc plus 1mgCHP/L in the drink-
ing water of APP transgenic mice and measured IDE activities in the
cytosol of brain samples. In this study, we observed that IDE activity in
the brain tissues of these mice increased about 30% in comparison to
normal control mice [Fig. 1] [76]. During 5 weeks of treatment, there
was a significant decrease in the levels of Aβ40 (60%) and Aβ42 (25%)
compared to controls [Fig. 2] [76]. Thus, Cyclo-Z has a positive effect
on IDE levels in the brain to degrade Aβ proteins. Similarly in our previ-
ous diabetes studies, zinc or Cyclo(His-Pro) alonewereminimally effec-
tive in controlling blood glucose levels, but Cyclo-Z was very effective in
controlling blood glucose levels in genetically IDE-deficient T2D G-K
rats and in obese diabetic ob/ob mice [77,78]. Thus, Cyclo-Z treatment
is effective in IDE stimulation for blood glucose control. Together these
data suggest that stimulation of IDE synthesis and activity by Cyclo-Z
treatment may have a positive effect on the treatment of both AD and
T2D, since treatment of humanApp transgenicmicewith Cyclo-Z exhib-
ited increased IDE activity in brain tissues of mice [Fig. 1] and decreased
Aβ activity [Fig. 2].

4.2. IDE action on the prevention and treatment of AD

The etiology of AD is still not clearly understood, and no safe and ef-
fective anti-AD drug to prevent, halt, or reverse the progression of AD is
currently available. Insulin degrading enzyme (IDE) and Neprilysin
(NEP) has been known to be the only known enzymes that degrades
Aβ40, Aβ42 [58]. The IDE gene is located on chromosome 10q23.3
close to a region of linkage for the late-onset Alzheimer's Disease sus-
ceptibility genome [79]. A mouse model of AD shows decreased IDE
levels in the cerebrum and accelerated phenotypic features of AD [80].
Through immunohistochemical studies, this group also demonstrated
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that human astrocytic phospholipase A2 group 3 (Pla2g3) expression
was significantly increased in human AD brains compared to controls.
One function of Plag2g3 is to induce chronic oxidative stress, which is
highly relevant to the slow progression of AD and the reduction of IDE
The authors concluded that the increase of Pla2g3 expression contrib-
utes to decreased levels of IDE and suggested that Plag2g3 is involved
in the initiation and/or progression of AD. Others have shown that
upregulation of Neprilysin (NEP) also reduces Aβ accumulation in
the brain [81]. NEP, a zinc-dependent metalloprotease similar to
IDE, cleaves and inactivates several peptide hormones including
neurotensin, bradykinin, and neuropeptide FF [82]. IDE and NEP, both
zinc enzymes, have comparable effects for clearing Aβwith similar cat-
alytic action [83]. However, somatostatin treatment preferentially
upregulates IDE, compared to NEP [81]. Somatostatin is a peptide hor-
mone that regulates the endocrine system and affects neurotransmis-
sion and cell proliferation via interaction with G protein-coupled
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receptor α-subunit at the cell membrane surface followed by signaling to the β-subunit whi
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atypical Protein kinase C (PKC). This cascade activates glucose transporter synthesis and/or tra
somatostatin receptors and inhibition of the release of numerous sec-
ondary hormones. It is possible that zinc supplementation may stimu-
late synthesis of both IDE and NEP.

4.3. IDE action on the prevention and treatment of Type 2 Diabetes

The insulin-receptor complex has roles in insulin-mediated signal
transduction for glucose uptake, gene expression, and enzyme synthesis
[Fig. 3]. Following activation, the insulin-receptor complex is internal-
ized, inactive insulin is separated from the receptor, and the receptor
is recycled or degraded in the endosome through IDE activation
[Fig. 4]. Degraded insulin fragments are then completely digested into
amino acids by lysosomal proteases like Cathepsin D. In diabetic
subjects, IDE levels in the cytosol are reduced, probably due to zinc
deficiency, and the reduced levels of IDE results in glucose intolerance
[85,86]. Thus, deficit of IDE contributes to the development of T2D in
obese mice [87], and in an aging rat model [88]. Decreased IDE levels
in the brain may contribute to both T2D and the sporadic form of AD.
In addition, Fakhrai-Rad et al. [89] reported that genetically diabetic
G-K rats have a defective IDE gene located on chromosome 1, while
mice with T2D, have a mutation in this gene on chromosme19. Based
on these facts, we hypothesize that decreased cytosolic IDE will lead
to an accumulation of inactive insulin fragments in the cytosol, which
affects the ability of the insulin signal transduction mechanism for glu-
cose uptake to function properly, ultimately resulting in insulin resis-
tance and diabetes. Thus, cytosolic IDE is required for maintaining a
good healthy glucose metabolism. Contrary to those who suggest that
inhibition of IDE activity is beneficial, IDE stimulation would be an im-
portant method for treating human diabetes.

4.4. Metabolic association of IDE between Alzheimer's Disease and Type 2
Diabetes

Alzheimer's Disease (AD) and Type 2 Diabetes (T2D) are closely
related to each other as both exhibit common metabolic disorders in-
cluding zinc [90,91] and insulin degrading enzyme (IDE) deficiencies
[30,35]. Mittal et al. [56] has also suggested that AD is a neuroendocrine
disorder and that IDE could be the major player which possesses the
ability to shift T2D to other metabolic pathways such as regulation of
amyloid beta degradation by IDE. T2D and AD share the pathological
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characteristics of amyloid deposits derived primarily from islet amyloid
polypeptide (APP) in T2Dβ-cells and amyloidβ (Aβ) in AD neurons [57,
92]. There has been disagreement in the research community regarding
the interpretation of the role of IDE in the treatment of diabetes. Based
on the ability to lower plasma insulin levels, many researchers conclud-
ed that IDE inactivation or inhibition of IDE synthesis may help in the
control of blood glucose metabolism [64,65]. However, more recently,
researchers have reported that IDE activity is essential to maintain nor-
mal insulin sensitivity in humans [37,94]. We also agree with the latter
group that IDE stimulation is beneficial for the treatment of both AD and
T2D.

5. Methods of treating Alzheimer's Disease and Type 2 Diabetes

5.1. Treatment of Alzheimer's Disease

An early step in the pathogenesis of Alzheimer's Disease (AD) is
the excessive cerebral accumulation of the amyloid β-protein (Aβ)
containing plaques [95,96] and neurofibrillary tangles composed of
neurofilament and hyperphosphorylated tau protein (2). Aβ has been
demonstrated to be neurotoxic in numerous studies and appears to be
responsible for initiating thememory loss associatedwith AD (3, 4). De-
creasing Aβ plaque load would presumably reduce the pathology and
cognitive difficulties associated with this disease. Aβ levels can be
controlled bymodulating amyloid precursor protein (APP) gene expres-
sion, blocking APP processing to the Aβ-40 and Aβ-42 isoforms, and/or
increasing Aβ degradation. APP is an integral membrane protein syn-
thesized from transcripts derived by alternative splicing of RNA tran-
scribed from a single gene. Following translation, each APP may be
processed by either alpha secretase or beta plus gamma secretase cleav-
age pathways to yield the Aβ peptides [97]. Thyroid hormone has been
shown to be a negative regulator of APP gene expression in vitro [98].
Our former colleague Dr. James Schultz and his co-workers have ob-
served that thyroid hormone treatment down-regulated the expression
of the APP gene in normal mice. R1.40 human APP transgenic mice
contain the entire human APP gene carried on a yeast artificial chromo-
some. R1.40 mice develop extracellular Aβ deposits and exhibit neuro-
pathology resembling human Alzheimer's Disease. R1.40 mice were
implanted with T4 containing slow release pellets for three weeks and
ELISA specific for human A β was performed utilizing normalized pro-
tein frommouse brain cytosols. A 30%decrease in humanAβ 1–42 levels
and a 25% decrease in Aβ 1–40 levels were observed in mice treated for
threeweekswith T4. Additionally, micewere firstmade hypothyroid for
three weeks with an iodine-deficient PTU diet, and then replaced with
T4 to reverse hypothyroidism. Figs. 5 and 6 showed Aβ levels similar
to normal mice, while hypothyroid animals demonstrated an increase
in brain Aβ levels. Thus, APP processing can be prevented by using thy-
roxine treatment. Although, many studies have examined the cellular
production of Aβ from its membrane-bound precursor, little was
known about how Aβ is degraded until it was recently shown that IDE
has a role in Aβ degradation. Over the last decade, considerable interest
has been renewed in IDE studies after the discovery that IDE can de-
grade Aβ proteins [35], and it has been postulated that IDE deficiency
may be a cause of AD pathogenesis [30,35].
5.1.1. Treatment of Alzheimer's Disease with zinc plus Cyclo(His-Pro)
plus Zinc

In contrast to IDE effects in the treatment of diabetes, IDE effects on
Alzheimer's Disease (AD) are well established. IDE has been shown to
degrade circulating Aβ and decrease plaque formed Aβ deposits in
brain cells [30,63] and minimizing plasma Aβ protein levels, either be-
fore or after Aβ plaque formation by increasing IDE activity in the
blood, would be highly desirable in AD treatment. This could be done
by increased IDE synthesis; however, no drugs are currently available
that augment IDE levels. It is known that AD [31,99] and cognitive



Fig. 6. Aβ 1–40 levels in Hyperthyroid and Hypothyroid Mouse Brain. *P b 0.05: Aβ levels
in T4 treatedmicewere compared to controls. #P b 0.05: T4 replaced mice in hypothyroid
animals were compared to non-treated hypothyroid animals.
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Fig. 7. CHP plus zinc treatment enhances spatial memory in huAPP transgenic mice.
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impairment [31,100] exhibit a positive correlation with zinc deficiency,
and zinc supplementation may help in reducing cognitive impairment
[100,101] and has a role in the control of the inflammatory response
[102]. However, some have reported that large doses of zinc canworsen
AD symptoms by binding to and inducing aggregation of Aβ [72]. Thus,
treatment of AD patients with zinc has been avoided. However, a recent
report disputed this conclusion by demonstrating that: 1) copper is fre-
quently a toxic trace element in zinc preparations that exacerbated AD,
2) zinc is a neuronal protective factor for AD, and that 3) zinc deficiency
is the actual cause of AD progression [31]. Since AD plaque burden starts
accumulating 20 years before the onset of the disease, adequate early
zinc intake may be a protective factor to slow or prevent the develop-
ment of AD [101]. It has been proven that zinc therapy significantly im-
proved patients' cognitive abilities [99–103], and therefore it is
recommended that patients consume the Recommended Daily
Allowance (RDA) of zinc without overdosing. Thus, maintaining zinc
homeostasis is highly desirable for the prevention and possible treat-
ment of AD.

CHP is a cyclic form of two amino acids, L-histidine and proline. It is a
metabolite of thyrotropin releasing hormone (TRH) with chemical for-
mula pGlu-His-Pro amide. Since CHP is found in many food sources
and showed no side effects when given to animal and human subjects
even in large doses to animals, it is expected that intake of CHP is safe
for humans. However, the maximum safe dose for CHP has not been
established. Zinc is an essential element for human health and the
established Recommended Daily Allowance is 15–20mg/day according
to the National Academy of Sciences Nutrition Board. Although rare, the
long term intake of zinc in excess of 150 mg/day resulted in a decrease
in high density lipoprotein (HDL), while one time zinc intake of 160mg
is considered to be safe. Cyclo-Z is a combination of CHP plus zinc. Since
CHP contains L-histidinemolecule, it is capable to chelate zinc and stim-
ulate intestinal zinc absorption and zinc uptake [73]. We have shown
that Cyclo-Z treatment significantly increased IDE synthesis and degra-
dation of Aβ proteins (Figs. 1 and 2), and that those mice treated with
Cyclo-Z for only onemonth exhibited a significant improvement in spa-
tial memory compared to controls [Fig. 7]. Based on these preliminary
data, we have initiated an FDA approved Phase 2 clinical trial in AD pa-
tients to demonstrate that Cyclo-Z is effective for the prevention and
possible treatment of AD. Our earlier toxicological studies in animals
and the treatment records in humans for T2D indicated that there are
no side effects of Cyclo-Z treatment. These data clearly indicates that
Cyclo-Z has great potential to become an essential drug for the preven-
tion and treatment of AD through stimulation of IDE synthesis and
activity.

5.2. Treatment of diabetes

5.2.1. Insulin action on glucose metabolism
Circulating insulin secreted by pancreatic β-cells binds to the insulin

receptor α-subunit, followed by signaling of the β-subunit to be auto-
phosphorylated [Fig. 3]. In the absence of insulin signaling, zinc will ac-
tivate ATP to phosphorylate the β-subunit of the receptor [104]. The
phosphorylated insulin receptor then initiates a cascade of phosphory-
lation events: first, Insulin Receptor Subunit-1 (IRS-1), followed in suc-
cession by Phosphoinositol 3′-kinase (PI 3′-kinase) 3-Phophoinositide-
Dependent Protein Kinase-1 (PDK-1), Protein Kinase B (Akt/PKB), and
then atypical Protein Kinase C (PKC). The result of this insulin-
dependent phosphorylation cascade is glucose translocation and/or glu-
cose transporter synthesis [105]. In addition to its role in glucosemetab-
olism, insulin also affects cell growth, gene expression, and the
synthesis of proteins, lipids, and glycogen. After the induction of this sig-
nal transduction mechanism for glucose uptake, the insulin-receptor
complex is internalized. To reset the system, the inactive insulin is sep-
arated from the receptor, and the receptor is either recycled to the cell
surface or degraded in the cytosol. In themeantime, insulin is degraded
by IDE in the endosome [106,107] and then completely digested into
amino acids by lysosomal peptidases. If insulin is incompletely degrad-
ed in the cytosol, insulin peptide fragments in the cytosol can interfere
with insulin-mediated signal transduction mechanisms resulting in in-
sulin resistance and diabetes. In diabetic subjects, IDE levels in the cyto-
sol are reduced and consequently more and more IDE synthesis is
needed for complete insulin degradation. Support for this mechanism
of insulin resistance is indicated in the fact that inhibition of IDE with
BDM44768 resulted in impaired glucose tolerance [85]. However,
others have reported that IDE deficiency actually improved glucose tol-
erance [108] and based on this, some researchers are nowproposing the
use of IDE inhibitors as an anti-diabetes agent [86]. Deprez-Poulain et al.
[85] reported that IDE is involved in pathways thatmodulate short-term
glucose homeostasis, but casts doubt on the general usefulness in the in-
hibition of IDE to treat diabetes. The effect of IDE levels on blood glucose
control is therefore controversial. The controversy stems from a funda-
mental misunderstanding of the differing roles of extracellular plasma

Image of Fig. 7


Fig. 8. CHP plus zinc treatment decreases Hemoglobin A1 levels in diabetic subjects. In a
small scale clinical trial, diabetic patients (n = 18) were treated with CHP plus zinc and
Hemoglobin A1 (HbA1c) levels were determined at 30, 90, and 180 days. Significant
reduction in HbA1c levels are seen at 90 and 180 days in patients treated with CHP plus
zinc. *P b 0.05; **P b 0.01 vs. 30 days.
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vs. intracellular IDE activity. Extracellular IDE degrades active insulin
molecules in the plasma. Increased IDE activity at the extracellular
level may be detrimental for blood glucose control since it reduces plas-
ma insulin levels and promotes insulin resistance. IDE inhibition (extra-
cellular) prevents this decrease in plasma insulin levels, and therefore
more plasma insulin results in increased glucose transport in diabetics.
On the other hand, intracellular IDE is involved in the degradation of in-
ternalized inactive insulin after the initiation of the glucose transporter
translocation pathway for glucose uptake (Fig. 4). Internalized insulin
degradation by IDE is useful for the prevention and treatment of diabe-
tes as we have observed since it degrades the insulin-insulin receptor
complex and resets the insulin signaling mechanism.

5.2.2. Treatment of Type 2 Diabetes with Cyclo-Z
Similar to AD patients, diabetic subjects are also afflicted with zinc

deficiency [33]. Since zinc is an integral part of IDE, it is necessary to sup-
plement zinc and stimulate intestinal zinc absorption and tissue zinc
uptake. Elemental zinc supplementation was effective in improving di-
abetes by improving insulin sensitivity [111]. In our studies, zinc alone
was minimally effective in improving insulin resistance or reducing
blood glucose levels in genetically diabetic IDE-deficient Goto-Kakizaki
(G-K rats) and genetically obese ob/ob mice. However, we found that
CHP is effective in the stimulation of intestinal zinc absorption and tis-
sue zinc uptake [73]. Cyclo-Z (CHP + zinc) treatment of these animals
significantly decreased plasma insulin levels, improved oral glucose tol-
erance test (OGTT) levels, and decreased postprandial blood glucose
levels [77,78]. Although at the time, we were not able to link improve-
ment of diabetic pathology in these animals, we recently demonstrated
that stimulation of IDE synthesis in animal tissues is themain reason for
improvement of diabetes in these animals. Intestinal zinc absorption
and tissue zinc uptake were stimulated in the presence of Cyclo-Z in a
concentration-dependent manner; whereas, low doses suppressed
these activities. In order to see the effect of Cyclo-Z on the treatment
of human diabetes, clinicians in China conducted an informal clinical
trial for 6 months with very strict compliance enforcement of the
study subjects [Table 1] (manuscript is in preparation). As shown in
Table 1, fasting blood glucose levels significantly increased for the first
two months and then started to decrease, while postprandial blood
glucose levels significantly decreased during the first month of the
treatment. This table indicates that Cyclo-Z treatment significantly im-
proved insulin sensitivity rather than blood glucose control. In addition,
Hemoglobin A1c levels also significantly decreased (Fig. 8), while insu-
lin doses were significantly decreased as shown in Fig. 9. We also per-
formed a small scale VA Merit Review funded clinical trial with a VA
clinician who looked at diabetes control and obesity. The small data
set showed a trend for improvement in diabetes and a significant im-
provement in body weight and obesity. We hypothesize that treatment
of diabetes with Cyclo-Z is the most effective diabetes treatment meth-
od since it improves insulin signaling activity which restores insulin
Table 1
Meanmonthly average blood glucose level changes during six-months Cyclo-Z treatment
period.

mmol/L blood glucose

Treatment
days

Fasting
mean ± SEM

After breakfast
mean ± SEM

After lunch
mean ± SEM

After dinner
mean ± SEM

−15–0 7.23 ± 0.31 10.59 ± 0.64 10.63 ± 0.48 10.29 ± 0.72
0–30 7.27 ± 0.33 9.53 ± 0.34 9.57 ± 0.30⁎⁎⁎ 9.07 ± 0.34
30–60 8.12 ± 0.47 8.80 ± 0.34⁎ 8.53 ± 0.23⁎⁎⁎ 8.55 ± 0.30⁎

60–90 7.52 ± 0.32 8.21 ± 0.27⁎⁎⁎ 8.05 ± 0.30⁎⁎⁎ 7.85 ± 0.25⁎⁎⁎

90–120 7.11 ± 0.29 7.84 ± 0.30⁎⁎⁎ 7.86 ± 0.27⁎⁎⁎ 8.01 ± 0.28⁎⁎

120–150 7.08 ± 0.32 8.28 ± 0.29⁎⁎⁎ 8.19 ± 0.33⁎⁎⁎ 8.16 ± 0.31⁎⁎

150–180 7.46 ± 0.42 8.79 ± 0.37⁎ 8.31 ± 0.34⁎⁎⁎ 8.39 ± 0.32⁎

⁎ P b 0.05.
⁎⁎ P b 0.01.
⁎⁎⁎ P b 0.001.
sensitivity and decreases insulin resistance in T2D.Weare in theprocess
of an FDA approved Phase 2 clinical trial with Cyclo-Z for the treatment
of diabetes and obesity (ClinicalTrials.gov; Identifier #: NCT02784275).
This trial is expected to finish at the end of this year, and we expect to
have final FDA approval for marketing in a few years. Thus, maintaining
zinc homeostasiswith Cyclo-Zmay be the best option for effective treat-
ment of diabetes without the serious side effects often seen in current
drug treatments.

5.3. Treatment relationship between Alzheimer's Disease and Type 2
Diabetes with Cyclo-Z

The etiology of Type 2 Diabetes (T2D) and Alzheimer's Disease (AD)
are similar to each other [46]. In fact, brain insulin resistance develops
before the onset of AD symptoms [47]. Brain tissues require a high
level of glucose energy intake (about 20%) in humans and mammals
and brain energy deficiency might be a contributing factor of abnormal
brain function in AD [112]. However, themost plausible common factor
between AD and T2D is deficiency of IDE activity due to zinc deficiency
[31,33]. Zinc is an integral part of IDE, which is a zinc protease, involved
in both IDE gene expression and required for IDE activity. Thus, Cyclo-Z
is expected to be a successful treatment for both T2D and AD as it func-
tions to transport zinc into the cells. Both zinc and CHP increased insulin
secretion (secretagogues) and plasma insulin levels without improving
insulin sensitivity in muscle and fat cells. In addition, Cyclo-Z increased
IDE synthesis [Fig. 1] and reduced both harmful amyloid-β proteins in
the brains of AD-induced mice [Fig. 2]. These facts suggest that Cyclo-Z
treatment is an excellent potential candidate in the treatment of both
AD and T2D patients.

6. Treatment strategy

6.1. Alzheimer's Disease diagnosis

Prior to the treatment of disease, it is essential to have a correct and
proper diagnosis differentiating Alzheimer's Disease (AD) from other
memory and behavioral disorders. Unfortunately, using even the most
recent guidelines for diagnostic criteria, early stages of AD are not easily
identified. Core clinical criteria for later stage AD dementia include in-
sidious onset and worsening cognition, amnesic presentation, worsen-
ing language presentation, difficulty of visual-spatial presentation, and
executive dysfunction [113]. Pathological evidence is seen in lower
levels of Aβ42 protein in the cerebrospinal fluid and increased deposi-
tion of Aβ in brain plaques and tau in neurofibrillary tangles. However,
Aβ deposition and elevated levels of tau proteins are also shown in
other neurodegenerative disorders such as amyloid angiopathy and
prion diseases [114] and are frequently only identified at the time of
death. Researchers are trying to identify early biomarkers of AD that
may signal when pre-symptomatic brain change occurs using non-
invasive techniques such as magnetic resonance imaging (MRI) and
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position emission tomography (PET) or through analysis of cerebrospi-
nal fluid (CSF) proteins such as amyloid beta and tau. Plasma IDE levels
might be an effective and new plasma biomarker for AD pathological
progression for which further research is warranted.

6.2. Alzheimer's Disease treatment

Although there is no cure for Alzheimer's Disease (AD), AD treatment
drugs can temporarily slow the developing severe symptoms and im-
prove the quality of life in patients with AD. The US FDA has approved
five medications to treat symptoms of AD as described in Table 2. For
the treatment of neuron damage, there are two different mechanisms
to be considered. First, cholinesterase inhibitors are effective by slowing
down the process of neurotransmitter degradation. In 2007, three agents
have been recommended for the symptomatic treatment of AD:
rivastigmine, donepezil (Aricept®), and galantamine [115]. Rivastigmine
is in this class of cholinesterase inhibitors that inhibits both acetylcholin-
esterase and butyrylcholinesterase, while other drugs such as donepezil
and galantamine do not inhibit butyrylcholinesterase. Acetylcholine and
butyrylcholine are neurotransmitters that nerve cells use to communi-
cate with one another. Reduced levels of acetylcholine in the brain are
believed to be responsible for some of the symptoms of AD. By blocking
Table 2
Alzheimer's Disease treatment medications approved by US FDA.

Drug description Trade name Approved for Biochemical actions

Donepezil Aricept All stages Inhibiting hydrolysis o

Galantamine Razadyne Mild to Moderate Inhibiting hydrolysis o

Memantine Namenda Moderate to severe Blocking the activity of
neurotransmitter gluta

Rivastigmine Exelon All stages Inhibiting hydrolysis o
and butyrylcholine

Donepezil and
memantine

Namzaric Moderate Dual activities: inhibiti
and blocking the neuro
the enzymes that destroys acetylcholine, rivastigmine increases the
levels of acetylcholine in the brain. This increase in acetylcholine is be-
lieved to be responsible for improved cognitive abilities. Rivastigmine
was approved by the FDA in 1998 and may slow the progression of
AD; however, there may not be a dramatic improvement in most pa-
tients taking the drug. Higher doses (133mg/24 h patch) showed signif-
icantly superior efficacy on severe impairment battery tests and daily
activities measurements than lower doses (4.6 mg/24 h) while adverse
effects were about the same at both doses [115]. AD patients (25–30%)
taking the drug for sixmonths had improvement inmemory and under-
standing compared to those taking a placebo (10%–20%). The most pre-
scribed treatment drug for AD in the US is the “Exelon® patch”, which is
a rivastigmine transdermal patch system. Other drugs (donepezil, galan-
tamine, memantine) are taken orally. AD patients given a choice be-
tween oral rivastigmine and the transdermal patch prefer the patch
(82.4%) vs. oral (17.6%) [116]. The efficacy of these two treatments
(oral vs. patch) was similar, but adverse events were decreased with
the patch (39.7%) compared to oral treatment (49.8%) [117].

The secondmechanism targeted for AD treatment is the inhibition of
N-methyl-D-aspartate receptors (NMDD)which regulates the activity of
glutamate, a neurotransmitter in the brain involved in learning and
memory. Drugs such as memantine and galantamine are NMDD
Side effects

f acetylcholine Nausea, vomiting, loss of appetite and increased
frequency of bowel movement

f acetylcholine Nausea, vomiting, loss of appetite and increased
frequency of bowel movement

the
mate

.Headache, constipation, confusion and dizziness

f acetylcholine Nausea, vomiting, loss of appetite and increased
frequency of bowel movement

ng hydrolysis of acetylcholine
transmitter glutamate

Nausea, vomiting, loss of appetite and increased
frequency of bowel movement, headache,
constipation, confusion, and dizziness



Table 3
Classification of anti-diabetes agents for Type 2 Diabetes.

Drug class Drug trade name Drug description Biochemical actions

Improve insulin-resistance Avandia, Actos Rosiglitazone, pioglitazone PPARγ activators
Duvie Lobeglitazone
Cyclo-Z Cyclo(His-Pro) plus zinc IDE synthesis stimulator

Increase pancreatic insulin
secretion

Sulfonylurea derivatives (SD)
1st Generation

Carbutamide, Acetohexamide Chlorpropamide,
Tolubutamide

Increase insulin release from the pancreatic
β-cells by cell depolarization to enhance
influx of Ca+2 and efflux of K+1 ionsSD 2nd Generation Glyburide, Glipizide, Gliclazide Glibenclamide,

Glibornuride, Gliquidone, Glisoxepide, and
Glyclopyramide

SD 3rd Generation Glimepiride (Amaryl)
Phenylalanine derivatives Meglitinides, Nateglinide, Repaglinide (Prandin) Similar to sulfonylurea derivatives by closing

ATP-dependent K+1 and opening Ca+2

channels of β-cells to increase insulin secretion
Glucagon like Peptide-1 (GLP-1) Tanzeum, Victoza GLP-1 signals pancreatic β-cells to secrete

insulin
Dipeptidyl peptidase-4 (DPP-4) Sitagliptin, Januvia DPP-4 inhibits degradation of GLP-1 which

increases insulin secretion of β-cells
Inhibition of hepatic glucose
production

Biguanides Metformin, Glucophage, Fortamet Inhibition of glycogen to glucose conversion
(glucogenesis) in the liver

Inhibition of intestinal glucose
absorption

Acarbose Precose, Glucobay, Prandase Inhibition of alpha-glucosidase reducing
intestinal glucose absorptionMiglitol Migliol

Increase plasma insulin levels Rapid-acting insulin Rapid-acting insulin Supplemental plasma insulin
Novolog (70% insulin aspart protamine
suspension and 30% insulin aspart injection
mixture)

Moderate acting insulin

Levemir (insulin detemir) human insulin
analogue (rDNA orgin)

Long acting insulin

Inhibit renal glucose
reabsorption

Gliflozins Dapagliflozin (Farxiga),
Canagliflozin (Invokana)

Inhibitor of sodium-glucose co-transporter 2
(SGLT2)

Increase urinary glucose secretion
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antagonists that block the activity of theN-methyl-D-aspartate (NMDA)
receptors. The general mechanisms of acetylcholinesterase inhibitor
(AChEI) is to increase the brain availability of acetylcholine by inhibiting
acetylcholinesterase activity [118]. Another strategy for the treatment
of AD is blocking abnormal glutamatergic neurotransmission.
Memantine has been characterized as an uncompetitive voltage-
dependent NMDA receptor antagonist, with moderate binding affinity,
and rapid blocking-unblocking receptor kinetics. For this reason,
memantine has been indicated for the treatment of patients with
moderate to severe AD [119]. It has shown a significant efficacy in the
treatment of AD in several large-scale, placebo controlled studies.

6.3. Type 2 Diabetes diagnoses

Early Type 2 Diabetes (T2D) symptoms and signs include fatigue, in-
creased thirst and urination, blurry vision, and slow wound healing.
Since these symptoms gradually develop, the patient may not be
aware of them until they become quite severe. A T2D screening test is
recommended for those who are overweight, have a sedentary lifestyle,
have a family history of T2D, or history of gestational diabetes. Clinical
tests measure Hemoglobin A1c (HbA1c), fasting plasma glucose, ran-
dom plasma glucose, and oral glucose tolerance. HbA1c levels above
6.5% are considered diabetic, between 5.7 and 6.4 are considered to be
pre-diabetic, and below 5.7 are normal. Clinical levels for fasting blood
glucose levels above 126 mg/dL indicate diabetes, between 100
and 125mg/dL indicate pre-diabetes, and below 100mg/dL are normal.
Values above 200mg/dL indicate diabetes, between 140 and 199mg/dL
indicate pre-diabetes, and less than 140 mg/dL are normal for random
blood glucose testing. In the oral glucose tolerance test (OGGT) analysis,
the patient fasts overnight and then consumes a 75 gram glucose
solution in the morning. Blood glucose levels are measured 2 h after
consumption of the glucose solution. Patients with blood glucose levels
above 200mg/dL are considered diabetics, between 140 and 199mg/dL
are considered pre-diabetics, and below 140mg/dL are normal. A mod-
ification of the OGGT procedure known as the Three hour Average area-
above Fasting Glucose Concentration (TAFGC) gives the most accurate
OGGT measurement. In order to measure TAFGC, the patient drinks a
75 g glucose solution and then blood glucose levels are measured
every 30 min for 3 h. The data is graphed and the area under the
curve is integrated. These values are an indication of the pathophysiol-
ogy of the disease and the efficacy of treatment since low values corre-
late with an improvement of diabetes pathology.

6.4. Type 2 Diabetes treatment

The most ideal treatment for Type 2 Diabetes (T2D) diabetes is life-
style modification that would improve insulin sensitivity. Diabetes and
obesity are adult onset metabolic diseases which are potentially curable
diseases if one is highly motivated. It has been reported that lifestyle
modification based on physical and/or dietary intervention improved
2 hour plasma glucose measurement (OGTT) and fasting blood glucose
levels in patients with impaired glucose tolerance [120]. Lifestyle mod-
ification plans are as below:

6.4.1. Diet plan to control

6.4.1.1. Diabetes and obesity. Tomaintain blood glucose and bodyweight
control for every participant, patients should follow diet instructions to
include the following themes: 1) nutrition, 2) menu planning, 3) use of
an exchange list, and 4) methods of carbohydrate counting. General di-
etary instructions will include: (i) eating meals and snacks at about the
same time each day; ii) eating a variety of foods to get the vitamins and
minerals needed; (iii) intake of 2000–2400 cal daily for a large sized
man; (iii) intake of 1200–1600 cal daily for amedium sizedwoman. De-
tailed information for the control of body weight should be determined
with the help of a clinical dietitian or by the patient's primary physician.

6.4.2. Activity plan to maintain glucose and weight control
Exercise for diabetes and obesity is very critical, since exercise is the

single best predictor of long-term blood glucose and weight control. In
accordancewith national guidelines, moderately intense physical activ-
ity is recommended for at least 30 min on 5 or more days per week.
These activities can include any of the following: 1) walking briskly,
2) mowing the lawn, 3) dancing, 4) swimming, 5) bicycling, 6) and
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other activities with similar energy expenditure. Physical activity is
started slowly, and subjects are encouraged to increase their activity
until they have reached a goal of at least 30 min of activity 5 or more
times per week.

6.4.3. Record keeping methods
Based on the patients' daily records, dietary intake, type of food, and

calorie intake can be estimated. Implementation of recording keeping is
very important to keep the subjects compliant with the planned pro-
gram: 1) by examining their accomplishments, 2) by documentation
of the progress of reduced body weight, and 3) by developing a habit
of a healthy modified life style.

6.4.4. Record keeping of drug intake
In addition to keeping records of lifestyle choice and change, the pa-

tient should also continue taking and recording anti-diabetic drug in-
take as prescribed by physician. Anti-diabetes drugs are classified as
shown on Table 3. Blood glucose control drugs are insulin, sulfonylurea
derivatives (Glyburide, Glipizides), Meglitinides (Phenylalanine deriva-
tives), Biguanides (Metformin), Alpha-glucosidase inhibitors (inhibit
intestinal glucose absorption), Glucagon like protein-1 (GLP-1),
Dipeptidyl peptidase-4 (DPP-4) which are insulin preserving agents,
and inhibitor of the sodium/glucose cotransporter 2 (SGLT2) which
blocks reabsorption of glucose in the kidney. For increasing insulin sen-
sitivity, thiozolidinedione derivatives such as Avandia and Actos would
be utilized.

7. Conclusions

Alzheimer's Disease (AD) is sometimes referred to as “Type 3 diabe-
tes” since many of the clinical abnormalities of Alzheimer's Disease are
similar to diabetes. Diabetics have impaired cognitive performance
compared to age-matched control subjects, but the pathological basis
for this impairment is largely unknown [121]. The prevalence rates for
AD with T2D were 4.51% and 3.65% for vascular dementia [122], while
it was 3.12% of the general population of the US in 2012 [123]. On the
other hand, incidence of diabetes in AD patients was about 20% in the
US [112]. It is reported that T2D may be a major risk factor for AD in
the absence of other known major AD risk factors [124,125]. Although
the exact physiochemical factors linking AD to T2D remains uncertain,
there yet appears to be a strong physiochemical relationship between
AD and T2D [56]. Based on the current literature, IDE activity is the
most plausible relationship between AD and T2D [25,44,56,126,127].
The majority of IDE literature indicated that homeostasis of zinc and
IDE metabolism is the common metabolic abnormality between AD
and T2D, and that IDE regulation may be essential for treatment of AD
and T2D. However, current drug treatment of these two conditions are
vastly different from each other. Most drug treatments for AD subjects
are cholinesterase inhibitors while diabetes treatments mostly involve
the use of insulin secretagogues, such as sulfonylurea derivatives, or in-
jectable insulin for blood glucose control. Only thiazolidinedione deriv-
atives improve insulin resistance and have the best potential for curing
diabetes. However, thiazolidinedione derivatives as well as the other
drug treatments for AD and T2D have severe side effects. The only com-
mon link between AD and T2D is zinc and IDE deficiency. Thus, a pre-
ferred treatment method for both AD subjects and T2D subjects would
be uptake of zinc for stimulation and activation of IDE synthesis. The im-
portance of IDE in AD is well established as IDE is the only known en-
zyme that degrades β-amyloid proteins, which are a major cause of
AD pathology, and that degrades used insulinwhich is the cause of insu-
lin resistance. Both extracellular and intracellular IDEs are beneficial for
the treatment of AD subjects. However, the role of IDE for T2D is contro-
versial. Most researchers believe that IDE is harmful for diabetes and
that an IDE inhibitor is an ideal candidate for the treatment of T2D.
These scientists are only thinking about extracellular IDE, which de-
grades insulin circulating in the blood. Extracellular IDE may indeed
be detrimental for blood glucose control since extracellular insulin is
needed for blood glucose transport and IDE degrades insulin. This
appears to be a credible theory, as many researchers have suggested.
However, in contrast to extracellular IDE, intracellular IDE is a vital fac-
tor for the improvement of insulin sensitivity.

When insulin is bound to the insulin-receptor, it signals the glucose
transporter to translocate to the cell membrane and open the glucose
entry gate for glucose uptake by the cells. After its role in signaling is
complete, the insulin-receptor complex becomes internalized, and insu-
lin and its receptor are separated. The receptor is recycled or destroyed
by lysosomal enzymes. However, the used insulin must be degraded by
IDE via the endosome before lysosomal proteases can digest the insulin
fragments completely into amino acids. When IDE levels are reduced in
the cytosol, incompletely degraded or inactive insulin remains in the cy-
tosol and interferes with insulin signal transduction mechanisms
resulting in insulin resistance and diabetes. T2D patients are afflicted
with deficiencies of both zinc and IDE. Since reduced IDE in the cytosol
is not able to degrade all the internalized insulin, increased intracellular
IDE would be beneficial for the improvement of diabetes. Cyclo-Z is the
only agent able to increase intracellular IDE. In our studies [77,78] of
Cyclo-Z treatment of genetically T2D G-K rats and obese ob/ob mice,
plasma insulin levels decreased, while blood glucose decreased and in-
sulin sensitivity increased. Therefore, we conclude that Cyclo-Z treat-
ment increases cellular IDE and improves insulin sensitivity of diabetic
rodents. Even though plasma insulin levels are slightly decreased,
blood glucose levels in the blood also significantly decreased due to in-
creased insulin sensitivity and transport and metabolism of the glucose
into the cells. Thus, Cyclo-Z treatment is expected to be very beneficial
for both AD and T2D patients and, as a proof of concept, we have initiat-
ed a FDA-approved phase 2 clinical trial for obese diabetic subjects and
are in the process of initiating a Phase 2 clinical trial for Alzheimer's Dis-
eases. We expect excellent study results for AD and T2D treatments
using Cyclo-Z, which is the only chemical known to stimulate IDE syn-
thesis and cause both the increased degradation of amyloid beta pro-
teins and reduction of inactive cellular insulin fragments.
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