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Abstract

The neuroendocrine hormone amylin is co-secreted with insulin by
*Corresponding author: Aleksandra Dudek, Medical pancreatic islet B cells.

University of Silesia in Katowice, Poland Its secretion is stimulated by food components such as glucose and arginine.

The secretion of insulin and amylin is regulated not only by the concentration
of glucose in the blood but also increased by the incretin effect. Amylin affects
glucagon secretion, inhibits its secretion stimulated by amino acids and
reduces endogenous glucose production during the postprandial period. Amylin
acts as modulator of glycogen synthesis, glucose consumption and has an
influence on insulin resistance induction in skeletal muscle and probably also
in the liver. In diabetic patients, 3-cell destruction results not only in the insulin
deficiency, but also in C-peptide and amylin reduced secretion.Amylin is clearly
involved in glucose homeostasis through the inhibition of gastric emptying and
postprandial hepatic glucose production, eventually reducing postprandial
glucose fluctuations. Synthetic pramlintide - amylin analogue - has been shown

Received: March 14, 2019; Accepted: April 16, 2019;
Published: April 23, 2019

to improve glycemic control in patients with diabetes.

Amylin replacement with pramlintide may be a supplement to insulin therapy
in patients with diabetes mellitus.
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Introduction

In a healthy human, a number of mechanisms maintains glucose
homeostasis. For many years, it was thought that normoglycemia is
provided by the action of two opposing pancreatic hormones: insulin
and glycogen. In later times, the role of the incretin hormone was
noted. Insulin and glycogen mechanisms of action are reverse. They
affect insulin and glucagon as well as digestive enzymes secretion
and regulate digestive tract motility. They act as an important link
between the process of food nutrients digestion and absorption
and their further metabolic transformation. In addition, kidneys
play an important role in maintaining glucose homeostasis. SGLT1
and SGLT2, belonging to SLC5 gene family, are the main part
of the intestinal and renal glucose absorption and reabsorption.
Neuroendocrine hormone, amylin belongs to the hormones involved
in the regulation of glucose homeostasis.

Amylin (islet amyloid polypeptide IAPP)

Amylin, together with insulin and C peptide, is produced by
pancreatic B cells. It is also synthesized in the stomach and in the
posterior spinal cord ganglia, but to a smaller extent [1]. Pancreatic B
cells hormones are secreted as a glucose stimulation response. Nearly
a hundred years ago the presence of a substance deemed “amyloid”
was found in the pancreas. In 1987 Garth Cooper published the study
devoted to the peptide extracted from the amyloid and named it as
‘amylin’ [2]. Amylin is a 37 amino acid peptide hormone obtained
by proteolysis of a 89 amino acid precursor molecule - proamylin;
proamylin gene is located on chromosome 12 [3]. The American
authors have recently reviewed of the literature on the results of
long-term amylin studies in rats and humans [4]. They confirmed
that the insulin and amylin secretion is regulated not only by the

blood glucose concentration, but also by the incretin hormones. In
the periprandial period, apart from the pancreatic hormones (such as
insulin, glucagon and amylin), intestinal hormones - glucagon-like-
peptide 1 (GLP-1) and Gastric Inhibitory Polypeptide (GIP) - plays
an additional role in enhancing insulin and suppressing glucagon
secretion after a meal. GIP and GLP-1 belong to the glucagon peptide
superfamily and thus share amino acid sequence homology. They
are secreted by specialized cells in the gastrointestinal tract and have
receptors located on pancreatic islet cells as well as in other tissues.

These cells are concentrated primarily in the duodenum and
proximal jejunum, although they also can be found throughout the
intestine.

The (Figure 1) shows the effect of a meal on the secretion of
insulin, amylin and GLP-1

In the periprandial period, food is the main source of blood
glucose. Physiologically, during the meal, the presence of food in
the gastrointestinal tract leads to insulin secretion increase as well
as amylin and incretin hormones; subsequently amylin inhibits
glucagon secretion and reduces endogenous glucose production in
the postprandial period [5]. Insulin and amylin secretion depends
on the concentration of serum glucose and is suppressed when the
serum glucose decreases. Amylin is a modulator of glycogen synthesis
and glucose consumption in skeletal muscle and in the liver; can act
as a signal to induce insulin resistance together with insulin. Amylin
suppresses hunger and - in this way- can affect glucose homeostasis.
In diabetic patients, decreased levels of insulin, amylin and GLP-1,
which affects the most insulin and glucagon, secretion, may lead to
postprandial hyperglycemia. Deficit of amylin and GLP-1 accelerates
gastric emptying and increases blood glucose in parallel with a
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Figure 1: The role of amylin and incretin hormones (GLP-1 and GIP) in maintaining glucose homeostasis.

In the postprandial period, the presence of food in the stomach and intestine leads to an increase in the secretion of insulin, amylin and GLP-1. Insulin causes an
increase in glucose consumption in peripheral tissues, suppression of glucagon secretion and hepatic glucose production. Amylin relieves gastric emptying and
is likely to suppress post-prandial glucagon secretion by means of central action. Animal models have also been found to reduce food intake. GLP-1 slows down
gastric emptying. GIP enhances glucose-dependent secretion of insulin and affects fat metabolism.

secondary increase of postprandial glycemia. Increased glucagon
secretion leads to intensified hepatic glucose production.

The Swiss authors presented a comprehensive discussion in the
physiological effects of amylin dependent on receptor subtypes [6].
According to these authors, diversified amylin influence on glucose
homeostasis promotes this hormone as a supportive medicine in the
treatment of diabetes and obesity. Amylin role is not only limited to
glucose homeostasis regulation. Recently, more attention has been
paid to the formation of amyloid deposits in the pancreas. This process
may play a role in the pathogenesis of diabetes and its complications.

A comprehensive discussion in the role of amyloid aggregation
in the pathogenesis of many diseases has been presented by Chiti
et Dobson [7]. Similar observations in the role of Islet Amyloid
Polypeptide (IAPP) aggregation in the pathogenesis of diabetes and
other diseases were made by other authors [8,9]. It is believed that the
formation of fibrillar deposits of misfolded and aggregated peptide is
highly toxic to B cells and leads to cell dysfunction, cell loss, pancreas
destruction and progress of the disease- a lot of evidence indicates
that cytotoxicity of islet amyloid polypeptide aggregates is a major
contributor to the loss of B-cell mass in type 2 diabetes. Work is being
conducted on the inhibition and disaggregation of amylin aggregates
what can be a therapeutic strategy [10,11]. Attempts are made to
apply anti-amyloid compounds as therapeutic strategies Islet amyloid
polypeptide may induce pancreatic B-cell death. Similar work on the
toxic effects of human islet amyloid polypeptide (IAPP) on pancreatic
islets was also carried out by other authors [12,13]. The causal factors
for amyloid formation are largely unknown and requires further
research [14]. A comprehensive discussion of aggregation processes
leading to apoptosis and B-cells damage have been presented by
Fernandez [15]. The aggregation of islet amyloid polypeptide may
induce pancreatic p-cell destruction, which is linked to progress of
the disease.

The Polish authors have presented a comprehensive discussion
of the mechanisms of creating deposits of amylin in the pancreas,
but the mechanism and factors favoring the conversion of the native
form of amylin to insoluble fibrils remain unexplained [16-18]. The
cytotoxic activity of amyloid was also discussed by other authors. A lot
of evidence indicates that cytotoxicity of human amylin oligomers to
pancreatic islet -cells impair their function, and reduce mass through
disruption of cell membranes and can lead to diabetes. Attempts are
made to protect the function of B-cells by reducing body weight or
the use of hypoglycemic agents, however, these actions do not allow
to stop the progression of cell dysfunction [19,20]. Applying of anti-
amyloid compounds as therapeutic strategies can be also considered.

The use and role of amylin in the treatment of diabetes

Amylin regulates the secretion of insulin and glucagon.
Deficiencies of this anorectic hormone may increase the risk of
severe reactive hypoglycemia [21]. Primary pathways for diabetes
treatment are stimulation of insulin secretion or insulin substitution,
reduction of insulin resistance in peripheral tissues, and modulation
of glucose absorption from the gastrointestinal tract. However, in
some cases, these methods do not allow for achieving satisfactory
metabolic control. In type 1 diabetic patients, the amount of both
insulin and amylin is extremely low. The situation is different with
type 2 diabetes, because that amount depends on the period of the
disease and the degree of destruction of the B cells. In the early
stages of type 2 diabetes, the insulin resistance of peripheral tissues
is compensated by hyperinsulinemia. As the disease progresses, a
progressive dysfunction of B cells, insulin associated reduction and
amylin secretion can be observed. Postprandial secretion of amylin
is dependent on the phase of secretion. From the onset of the type 2
diabetes, there is an impaired rhythm of insulin secretion in response
to a stimulus. During the first phase, there is a marked decrease in
the peak of secretion, after which there occurs an increased and
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prolonged secretion in response to the pronounced insulin resistance
of peripheral tissues. These disturbances in insulin secretion rhythms
usually coexist with similar changes in amylin secretion, same as in
type 1 diabetes with an autoimmune basis [22]. Intensive insulin
therapy and maintenance of the normoglycemia in type 1 diabetes is
often associated with an increased risk of hypoglycemia and weight
gain. Introducing amylin as an adjuvant therapy helps to avoid these
complications. The combination of insulin and pramlintide allows
for a more physiological diabetes treatment. Some authors believe
that such linked treatment improves glycemic control, but increases
the risk of hypoglycemia, so therapy must be carefully monitored.
Amylin modulates metabolic processes in different tissues, so
deficiency can affect the progress of the disease in the autoimmune
diabetes. Hence attempts are being made to use amylin analogs in
the treatment of type 1 diabetes [23]. The use amylin as an adjuvant
therapy for insulin therapy in type 1 diabetes can be also considered
[24-26]. After adding pramlintide to insulin therapy, a 30% reduction
in insulin dosage compared with what was usual for each patient
was obtained to limit the risk of hypoglycemia [27]. Ramkissoon et
al. have presented suggestions for a pramlintide and insulin dose
optimization model for glycemic control [28]. The authors presented
the benefits of using the model of glucose-insulin-pramlintide as a
combined therapy for improve glycemic control in type 1 diabetes
using an artificial pancreas. Beneficial results of the application
subcutaneous pramlintide infusion in patients with type 1 diabetes
showed Huffman et al. [29]. Other authors also presented good effects
of such therapy in adolescent patients with type 1 diabetes [30-32].

It was also found that in type 1 diabetes juvenile patients,
pramlintide slowed gastric emptying and reduced the level of
postprandial glucagon and glucose.

Multicenter randomized trials in type 1 diabetes were presented
by Herrmann et al., who demonstrated the usefulness of adding
pramlintide to the continuous subcutaneous insulin infusion (CSII)
therapy [33].

The authors found that the addition of pramlintide to the CSII
treatment allowed for better glycemic control in type 1 diabetes
patients. Other groups of authors also confirmed beneficial effects of
using pramlintide added to insulin therapy in type 1 diabetes. One
problem could be a potential for increased incidence of hypoglycemia
and nausea [34].

Based on 10 randomized placebo-controlled studies, Qiao et
al. confirmed beneficial effects of pramlintide supplement - as an
adjuvant therapy - on glycemia and body weight control in patients
with type 1 diabetes [35]. The beneficial effects of pramlintide as
Weinzimer et al. [36] presented an adjuvant in treatment using
closed-loop (CL) insulin therapy in young type 1 diabetics.

The beneficial effect of the therapy with pramlintide as insulin-
boosters in patients with type 1 diabetes was also observed by other
authors [37]. Similar observations were made by Sherr et al. who used
such treatment in a group of young patients obtaining compensation
for postprandial hyperglycemia [38]. The authors discussed the
benefits of pramlintide as an insulin-boosting treatment, comparing
the results with those obtained after the use of liraglutide.

The results of studies on the effect of pramlintide on postprandial

glucose metabolism in a group of 12 patients with type 1 diabetes
were also presented by Hinshaw et al. who found that delayed gastric
emptying leads to a reduction in postprandial glycemia [39]. The
authors stated that pramlintide analogue modulates postprandial
glucose homeostasis via its effects on gastric emptying and glucagon
excursions in patients with type 1 diabetes.

Not without significance in attempting therapeutic use of the
amylin analogue in diabetic patients is its effect on the lipidogram
expressed as an improvement in the LDL / HDL cholesterol index
- this suggests the contribution of amylin in reducing the risk of
coronary heart disease in diabetic patients [40]. Amylin analogs are
also used in the treatment of type 2 diabetes and in obesity [41]. The
effectiveness of using pramlintide in lowering postprandial blood
glucose in type 2 diabetes was also indicated by other authors [42].

The concentration of amylin in the blood of diabetes 1 patients is
low, while in patients with type 2 diabetes, especially associated with
obesity, is significantly increased. This refers to the period of disease,
when the function of B cells is preserved, and the amylin levels can be
many times higher than those observed in healthy people. In type 2
diabetes, the functions of B cells gradually deteriorate as the disease
progresses involving insulin therapy.

Amylin supplementation in these patients could allow controlling
postprandial hyperglycemia. Amylin participates in the suppression
of glucagon secretion and inhibits intestinal glucose absorption.
Furthermore, reduces appetite, resulting in promoting weight loss in
many patients and, in any case, inhibiting weight gain, which can be
caused by insulin therapy.

Obese people usually have hyperamylasemia, hyperglycemia
and increased corticosteroid secretion levels. Hyperamylasemia is
accompanied by increased resistance to its own action. The use of
amylin in therapy may lead to the breakdown of this resistance and,
as studies show, the administration of amylin in obese people can lead
to normoglycemia and to the reduction of body weight [4,6,16,43,44].

Conclusion

Amylin belongs to the group of pancreatic hormones. Its secretion
from B cells proceeds in parallel with the secretion of insulin. In small
quantities, it is also produced in other organs. Amylin inhibits food
intake, delays gastric emptying, and decreases blood glucose levels,
leading to the reduction of body weight. Therefore, amylin as well as
insulin play important roles in controlling the level of blood glucose.
Amylin is a modulator of glycogen synthesis and glucose consumption
in skeletal muscle and has an effect on insulin resistance in muscles as
well as in the liver. Fibrillation processes can lead to the formation of
pathological deposits called amyloid within the Langerhans islands.
Type 1 diabetes has a deficiency in the secretion of amylin resulting
from the destruction of B cells. In type 2 diabetes, its level depends on
the phase of the disease, in the early periods its level is elevated as well
as the level of insulin. In later periods of the disease, as the b cells are
being destroyed, this level is reduced.

The multiple effects of amylin indicate its usefulness in the
treatment of diabetes.
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