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Summary

Background: Diabetes mellitus (DM) is a series of metabolic conditions that
lead to hyperglycemia which is caused by impaired insulin secretion, poor insulin
efficiency, or both. Type 2 diabetes mellitus (T2DM) is an islet paracrinopathy, in
which the equal relationship between both the glucagon secreting alpha cell and
the insulin-secreting beta cell is disrupted, resulting in hyperglucagonemia and
hyperglycemia. Patients with T2DM are mostly characterized by being obese or
having a higher body fat percentage, distributed pre-dominantly in the abdominal
region. In this condition, adipose tissue promotes insulin resistance through various
inflammatory mechanisms, including increased free fatty acid (FFA) release and
adipokine deregulation. Pectin is a biocompatible polysaccharide polymer with
intrinsic biological activity, which may exhibit different structures depending on its
source or extraction method. Pectin is susceptible to physical, chemical, and/or
enzymatic changes. Apple pomace and a smaller extent is the main source of
commercial pectin. Pectin-modified nanomaterials has an antidiabetic agent in
(T2DM) through decreasing blood glucose levels and/or insulin secretion after a
sugar load, helps to reduce blood cholesterol, and reduces the risk of
cardiovascular disease. Due to its high availability and low production cost, pectin
can benefit treatments for weight reduction and obesity. Besides, as pectin is a
weak acid, it resists dissociation in the gastric environment and binds covalently to
the active sites of pancreatic lipase. Furthermore, it is highly desirable to study the
effect of pectin-modified nanoparticles on the pancreatic enzymes in sera of
(T2DM) patients by evaluating the lipase and amylase activities in the absence and
presence of nanoparticles, evaluating of lipid profile, as well as ghrelin levels in
sera of (T2DM) patients, and assess the relationship of pancreatic enzymes and

studied biochemical parameters.



Method: It included a group of 39 patients with type 2 diabetes mellitus and 39

healthy people between the age of 35 to 60 years. Quantitative determination of a-
amylase in serum was done by kinetic method (CNPG3) and the fasting serum
glucose, lipase, total serum cholesterol, serum triglycerides, and HDL were
determined by the colorimetric method. Additionally, LDL was calculated by the
indirect method and VLDL was calculated by dividing the triglycerides
concentration by 5. The HbAlc determination was based on the turbid metric
inhibition immunoassay (TINIA) for hemolyzed whole blood and the measurement
of serum human insulin and serum human ghrelin were done by an Enzyme-
Linked Immunosorbent Assay (ELISA). The preparation of pectin nanoparticles,
and calcium carbonate nanoparticles (CaCO3z; NPs). As well, calcium pectin core-
shell nanoparticles denoted as Ca@pectin NPs were synthesized coating of the
surface of calcium carbonate nanoparticles with pectin polymer. The
characterization of prepared nanomaterials was done by using field-emission
scanning electron microscopy (SEM), X-ray diffraction (XRD), dynamic laser
scattering (DLS), ultra violet visible spectrophotometer (UV-Vis-NIR), Zeta

potential, and transmission electron microscopy (TEM).

Results: Results indicated a significant difference in FBS among groups, The
mean levels of FBS for DM was (203.7 = 72.3) mg/dL which was significantly
higher than for the control group (88.6 +7.64) mg/dL, ( p < 0.001). The mean of
HbAlc for DM (9.5 £2.35) was significantly higher than for control (4.9 £0.48), p
< 0.001. The mean levels of the Amylase & Lipase activity in the DM patients
group were (71.4 £29.11) and (49.7 £14.69) (U/L) respectively, while the mean
levels in the control group were (72.7 £27.19) and (42.0 +£7.35) (U/L). The mean
levels of Lipase activity were shown a significant difference in T2DM patients

compared to the healthy control group, (p <0.05). Serum hormones were also



increased significantly (P < 0.05), suggesting that DM patients had an obvious
insulin resistance. The mean levels of the serum Insulin & Ghrelin in the DM
patients group were (18.3 £6.04) and (3.3 £1.01) (IU/L) respectively, while the
mean levels in the control group were (14.5 £5.41) and (2.6 £0.71) (IU/L). Lipid
abnormalities in patients with diabetes often termed “diabetic dyslipidemia”, are
typically characterized by high total cholesterol (T-Chol), high triglycerides (TG),
low range of high-density lipoprotein cholesterol (HDL-C), and massively
increased levels of small dense (VLDL and LDL) particles. The morphology and
structure of the prepared nanopectin were characterized by using scanning electron
microscopy (SEM) and transmission electron microscopy (TEM). The average size
of Ca@pectin NPs increased after coating with pectin polymer, indicating
successful coating of pectin on the surface of CaCO3; NPs. The particle sizes of the
as-made nanomaterials were also further examined using dynamic laser scattering
(DLS) measurements, demonstrating the successful pectin polymer coating on
CaCO; NPs and the formation of CaCOz;@pectin core-shell NPs. The crystalline
structure of CaCOz;@pectin was further identified by the X-ray diffraction (XRD)
pattern. The results showed that the CaCO; NPs are highly crystalline while the
Ca@pectin NPs are amorphous. These results clearly indicate the successful
formation of Ca@pectin composite NPs. The optical absorption of CaCO;@Pectin
NPs has the characteristic peak of CaCO3; which at near 400 nm is clear evidence
for the formation of CaCOz;@Pectin NPs. The pool activity of serum Amylase in
the presence of CaCO;@Pectin NPs, calcium nanoparticle, and pectin polmer was
63.1< 82.2< 109.3 (U/L) respectively, while the pool activity of serum lipase was
12.9> 12.2< 20 (U/L). The spearman rank test analysis was used to analyse the
response relationship between parameters. Mainly, serum FBS was positively
related to the HbAlc, TG, and VLDL levels. In addition, TG levels were
significantly associated with total cholesterol, VLDL, and Insulin levels. As a risk



factor for dyslipidemia in (T2DM), serum LDL was highly significantly and
positively related to high levels of total cholesterol (all P < 0.001). The overall
relationship between the parameters and study cases are also the individual
Correlation Coefficient of the Ghrelin, Lipase, and Amylase.

Conclusion: CaCO;@Pectin NPs have an inhibitory effect on the activity of the
enzymes lipase and amylase, while the pectin polymer showed an activating effect
on enzyme amylase. Therefore, it is possible to study the possibility of using pectin
nanoparticles in various forms as a carrier of diabetes drugs according to the

physiological state of the diabetic patient.
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CHAPTER ONE INTRODUCTION AND LITERATURE REVIEW

1. Introduction

1.1. Type 2 diabetes mellitus (T2DM)

Diabetes mellitus (DM) is a series of metabolic conditions that lead to
hyperglycemia which is caused by impaired insulin secretion, poor insulin
efficiency, or both (1,2). DM is characterized by the existence of immune-
mediated (Type 1 diabetes), insulin resistance (Type 2 diabetes), gestational or
other chronic hyperglycemia; genetic, environmental abnormalities, infections, and
some drugs or affects the beta cells of the islets of Langerhans (3-5). Type 2
diabetes mellitus (T2DM) is a major public health issue or threat in the twenty-first
century while nowadays; no country escapes from the diabetes invasion (6). The
estimated worldwide prevalence of T2DM is expected to increase to 6.4% in 2030

in contrast with the percentage of 4.6% in 2000.

The progression of the disease makes insulin secretion unable to maintain
glucose homeostasis, producing hyperglycemia. Patients with T2DM are mostly
characterized by being obese or having a higher body fat percentage, distributed
pre-dominantly in the abdominal region. In this condition, adipose tissue promotes
insulin resistance through various inflammatory mechanisms, including increased

free fatty acid (FFA) release and adipokine deregulation (7).

The main drivers of the T2DM epidemic are the global rise in obesity,
sedentary lifestyles, high caloric diets, and population aging, which have
quadrupled the incidence and prevalence of T2DM (7, 8). Overall, the prevalence
of diabetes is higher in men than in women, and most commonly in adults aged
40 years or older. In addition, the incidence of T2DM is increasing more rapidly in
adolescents and young adults. India, China, the United States, Indonesia, and Japan

are the top five countries for T2DM prevalence (9, 10).

1
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The middle-east is highly affected by T2DM with a prevalence rate varying
between 7 and 22%. (11) T2DM remains a leading cause of cardiovascular
disorders, blindness, end-stage renal failure, amputation, cognitive decline, and

chronic liver disease (12, 13).
1.1.2. Epidemiology of T2DM

The epidemiology of T2DM is affected both by genetics and the environment.
Genetic factors exert their effect following exposure to an environment
characterized by sedentary behavior and high-calorie intake. Common glycemic
genetic variants for T2DM have been identified by genome-wide association
studies, but these only accounts for 10% of total trait variance, suggesting that rare
variants are important (14). People of different ethnic origins may have different
specific phenotypes that increase predisposition to clusters of CVD risk factors,

including hypertension, insulin resistance, and dyslipidemia (15).
1.1.3. Pathophysiology of type 2 diabetes mellitus

Diabetes mellitus type 2 is characterized by insulin insensitivity due to insulin
resistance, consequent pancreatic B-cell failure, and reduced insulin output (16,
17).The primary events are believed to be an initial deficit in insulin secretion and,
In many patients, relative insulin deficiency in association with peripheral insulin
resistance (18, 19). Insulin resistance occurs due to a high rate of free fatty acids
and proinflammatory cytokines in plasma contributing to a decrease in glucose
transfer to the muscle tissue, increased production of hepatic glucose, and
increased fat breakdown, high levels of free fatty acids induces resistance to insulin
in the liver as well as muscle cells. It results in a reduction of insulin-mediated

glucose release by muscle cells and increased gluconeogenesis in the liver, leading
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to increased circulating glucose levels Figure 1.1 (20). The role of impaired alpha
cell activity has lately been demonstrated in type 2 DM pathophysiology (21, 22).

The majority of patients with this form of diabetes are obese, and obesity
itself causes or aggravates insulin resistance (23, 24). Many of those who are not
obese by traditional weight criteria may have an increased percentage of body fat
distributed predominantly in the abdominal region (25).In relative terms, the
plasma insulin content (both fasting and meal stimulated) is normally increased,
but “respective” to the austerity of insulin resistance, the plasma insulin
concentration is not adequate to maintain natural glucose homeostasis (26). The
function of surplus glucagon cannot be overlooked; however, type 2 diabetes is an
islet paracrinopathy, in which the equal relationship between both the glucagon
secreting alpha cell and the insulin-secreting beta cell is disrupted, resulting in
hyperglucagonemia and hyperglycemia (27, 28). Ketoacidosis is infrequent in this
type of diabetes; when seen it usually arises in association with the stress of

another illness such as infection (29, 30).
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Figure 1.1: A basic outline of the pathophysiology of abnormal glucose

metabolism in type 2 diabetes mellitus (20).
1.1.4. Complications of diabetes mellitus

Persistent hyperglycemia in uncontrolled diabetes mellitus can cause several

complications, both acute and chronic.
1.1.4.1. Acute complications

Acute complications happened at any time and may lead to chronic, or long-
term, complications, hypoglycemia, hyperglycemic diabetic coma, and
hyperosmolar hyperglycemic state (HHS), which is a life-threatening emergency
that only happens in people with type 2 diabetes. It’s brought on by severe
dehydration and very high blood sugar levels. Diabetic ketoacidosis (DKA) is a

4
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life-threatening emergency where the lack of insulin and high blood sugar levels
lead to a build-up of ketones (31, 32).

1.1.4.2. Chronic complications

These are long-term problems that can develop gradually, and can lead to
serious damage if they go unchecked and untreated. Eye problems (retinopathy),
some people with diabetes develop an eye disease called diabetic retinopathy
which can affect their eyesight. If retinopathy is picked up usually from an eye
screening test, it can be treated and sight loss prevented. Foot problems, diabetes
foot problems are serious and can lead to amputation if untreated. Nerve damage
can affect the feeling in feet and raised blood sugar can damage the circulation,

making it slower for sores and cuts to heal (31, 32).

The patients with diabetes, high blood sugar for a long time can damage the
blood vessels which may lead to heart attacks and stroke. Kidney problems
(nephropathy) and diabetes may cause damage to the kidneys over a long time
making it harder to clear extra fluid and waste from body. This is caused by high
blood sugar levels and high blood pressure. It is known as diabetic nephropathy or
kidney disease. Patients with diabetes may develop nerve damage (neuropathy),
which is caused by complications of high blood sugar levels. This can make it
harder for the nerves to carry messages between the brain and every part of our
body so it can affect how we see, hear, feel and move .Hyperglycemia can lead to
more sugar in saliva, causing gum disease or other mouth problems. This brings
bacteria that produce acid which attacks the tooth enamel and damages gums. The
blood vessels in gums can also become damaged, making gums more likely to get
infected (31, 32).
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1.1.5. Management of type 2 diabetes mellitus

The American diabetes association’s standards of medical care in diabetes
focus on diet and physical exercise for the management of diabetes (33). Lifestyle
management and psychosocial care are the cornerstones of diabetes management,
mostly in overweight and obese diabetic patients. However, there is poor
application and maintenance of lifestyle modification actions. Despite the clear
recommendations on a healthy diet and increased physical activity, the lack of
relevant applications of these guidelines in the primary health care system has been
highlighted (34,35). Diet therapy is important for the prevention as well as the
treatment of all stages of type 2 diabetes but continues to remain poorly understood
and highly controversial (36, 37). When obesity coexists with hyperglycemia, as
seen in the majority of individuals with type 2 diabetes, weight reduction is the
major goal of dietary therapy (38-41). The goal is the prevention of clinically
significant glycosuria, water and electrolyte loss, infections, and the development
of non-ketotic hyperosmolar coma, insulin is indicated for type 2 diabetic patients
with insulinopenia whose hyperglycemia does not respond to diet therapy either
alone or combined with oral hypoglycemic drugs (42). Controlling blood glucose
with insulin has the potential to be the most effective blood glucose-lowering
therapy (43). Many patients with type 2 diabetes eventually require insulin therapy,
since type 2 diabetes is associated with insulin resistance, insulin requirements can
exceed 1 unit/kg/day (44). Medications used to manage blood glucose in patients
with type 2 diabetes mellitus (Sulfonylureas, Metformin, Acarbose, Miglitol,

Pramlintide, Pioglitazone, Nateglinide, Glyburide, Chlorpropamide) (45).



CHAPTER ONE INTRODUCTION AND LITERATURE REVIEW

1.1.6. Diagnosis of diabetes mellitus

To be diagnosed as diabetic, one’s blood glucose level needs to be equal to or
above a certain value. According to the American diabetes association (ADA),
there are four methods for the diagnosis of diabetes, and the same methods are
used for the screening of pre-diabetes in patients as shown in Table 1.1. These
methods are:

(1) Fasting plasma glucose test (FPG): where fasting refers to the absence of food
and drink intake, apart from water, for at least 8 h before the test.

(2) Oral glucose tolerance test (OGTT): where a patient consumes a glucose syrup
solution containing 75 g of glucose before which a blood test is carried out to
determine 2 h plasma glucose (PG).

(3) A1C (glycated hemoglobin or hemoglobin bounded to glucose) levels via a
laboratory test.

(4) Random PG of more than or equal to 200 mg/dL or 11.1 mmol/L in patients
displayed symptoms of hyperglycemia or hyperglycemic crisis (46).

Table 1.1: A comparison among normal, pre-diabetes, and diabetes based on three

diagnosis methods (46).

Plasma glucose in

State FPG HbA1C
OGTT
<100 mg/dL or <140 mg/dL or <5.7% or
Normal
5.5 mmol/L 7.8 mmol/L 39 mmol/mol
. >100 mg/dL or >140 mg/dL >5.7% or
Pre-diabetes
5.5 mmol/L or7.8mmol/L 39 mmol/mol
> 6.5%
_ >126 mg/dL or >200 mg/dL or = o270 ol
Diabetes
7.0 mmol/L 11.1mmol/L 48 mmol/mol
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The glycated hemoglobin (HbAlc) and fructosamine are also still useful for
determining blood sugar control over time. However, practicing physicians
frequently employ other measures in addition to those recommended. In July 2009,
the international expert committee of the Oman medical specialty board (IEC)
recommended the additional diagnostic criteria of an HbAlc result >6.5% for DM.
This committee suggested that the use of the term pre-diabetes may be phased out
but identified the range of HbAlc levels >6.0% and <6.5% to identify those at high
risk of developing diabetes mellitus (47). As with the glucose-based tests, there is
no definite threshold of HbAlc at which normality ends and DM begins (48). The
IEC has elected to recommend a cut-off point for DM diagnosis that emphasizes
specificity, commenting that this balanced the stigma and cost of mistakenly
identifying individuals as diabetic against the minimal clinical consequences of

delaying the diagnosis in a patient with an HbA1c level <6.5% (49).
1.2. Pectin

Pectin is a biocompatible polysaccharide with intrinsic biological activity,
which may exhibit different structures depending on its source or extraction
method. The extraction of pectin from various industrial by-products presents itself
as a green option for the valorization of agro-industrial residues by producing a
high commercial value product. Pectin is susceptible to physical, chemical, and/or
enzymatic changes (50). To date, apple pomace (14%), and to a smaller extent, is
the main source of commercial pectin. However, the prolonged commercial
success of pectin has shown the importance of using large volumes of fruit and
vegetable by-products as raw materials to produce value-added products. The
pectin extraction could be carried out applying conventional methods or with the
combination of emerging technologies such as ultrasound, microwaves, and

enzymatic extraction (54).
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1.2.1. Structure of pectin

The structure of pectin Figure 1.2 is very difficult to be determined because
pectin can change during isolation from plants, storage, and processing of plant
material (50). In addition, impurities can accompany the main components. At
present, pectins are a group of polysaccharides rich in D-galacturonic acid (GalA).
The pectin family consists of three pectic polymers: homogalacturonan (HG),
rhamnogalacturonan | (RG-1), and rhamnogalacturonan Il (RG-1I) (51). HG is
composed of (1, 4)-linked a-D-GalA residues and is called a “smooth region®.
Some of the carbonyl groups of HG are methyl esterified or acetylated. RG-I (so-
called “hairy” region) is composed of alternating GalA and rhamnose (Rha) units.
Galactose (Gal) and arabinose (Ara) may be linked as side chains of RG-I
associated with Rha units. Rhamnogalacturonan (HG) may also be covalently
crosslinked to RG-I via Rha units (51). RG-I1 is highly branched and very complex
compound that may be cross-linked by borate diesters (52). The RG-I1 backbone is
similar to HG, however, it is decorated with complex side chains, including also
xylogalacturonan and apiogalacturonan (53). It is thought that these three
polysaccharide domains can be covalently linked to form a pectic network
throughout the primary cell wall matrix and middle lamellae. This network has
considerable potential for modulation of its structure by the action of cell wall-

based enzymes (54).
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Figure 1.2: Chemical structure of the pectin molecule (55).
1.2.2. Medical uses of pectin

Pectin has applications in the pharmaceutical industry. Pectin favorably
influences cholesterol levels in the blood. It has been reported to help reduce blood
cholesterol in a wide variety of subjects and experimental conditions as
comprehensively reviewed (56). Consumption of at least 6 g/day of pectin is
necessary to have a significant effect on cholesterol reduction. Amounts less than 6
g/day of pectin are not effective (57). Pectins have various advantages as additives
in food and pharmaceutical preparations: (a) Pectins have a good gel-forming
ability in presence of divalent cations which makes them suitable carriers for
delivering bioactive agents and used for delivering drugs via oral, nasal, and
vaginal routes and it has been well accepted by many patients (58). (b) Pectins
have a long-standing reputation of being non-toxic and have high availability and
low production cost. Due to the ability of pectin to form gels in acidic media, there
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IS an improvement in the contact time of medications for obesity (59). The ability
of gels to swell under acidic conditions can benefit treatments for weight reduction
and obesity. This is because when the gels reach the aqueous environment of
gastric fluids, they swell and stick to the walls of the stomach before digestion,
providing a feeling of satiety and lack of appetite (60). In addition, diets rich in
soluble fiber, including pectin, increase the excretion of bile acids and,
consequently, result in the reduction of cholesterol, having a favorable impact on
reducing the risk of cardiovascular disease (61, 62). The cholesterol-lowering
properties of pectin are related to physicochemical properties, including viscosity,
molecular weight, de-esterification (DE), and the presence of acetylation or
amidation. Studies indicate that high molecular weight pectin lowers cholesterol
levels more effectively than low molecular weight pectin (61).The inhibition
performed by pectin results from competitive inhibition with the substrate (oil/fat),
entering the scene with the formation of pectin—lipase complexes. As pectin is a
weak acid, it resists dissociation in the gastric environment and binds covalently to

the active sites of pancreatic lipase (62).
1.2.3. Pectin as an antidiabetic agent in type 2 diabetes mellitus

Numerous studies have shown that soluble dietary fibers such as pectin and
guar gum decrease blood glucose levels and/or insulin secretion after a sugar load
(63-68). It has also been reported that soluble fibers improve glucose tolerance by
decreasing the peak of postprandial glycemia and/or by preventing late
hypoglycemia in normal subjects (69). And diabetic patients (70, 71). Dietary fiber
plays, in particular, a role in managing the risk of this chronic disease. Fiber-rich
foods generally take longer to chew, which may increase sensory satiety and
reduce meal size (72-74). Furthermore, fibers may decrease intestinal passage

rates, leading to more gradual nutrient absorption and prolonged feelings of satiety
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(75). They may also decrease energy absorption by lowering the bioavailability of
fatty acids and proteins (76, 77). Finally, dietary fibers can be fermented in the
colon, which increases the concentration of short-chain fatty acids, which may

enhance satiety via various mechanisms (78).
1.3. Insulin

Insulin is a peptide hormone secreted by the - cells of the pancreatic islets of
Langerhans and it maintains normal blood glucose levels by facilitating cellular
glucose uptake, regulating carbohydrate, lipid, and protein metabolism, and
promoting cell division and growth through its mitogenic effects (79). Insulin was
found to be a polypeptide in 1928 with its amino acid sequence identified in 1952.
Insulin is a dipeptide, containing A and B chains respectively, linked by disulfide
bridges, and containing 51 amino acids, with a molecular weight of 5802. Its
isoelectric point is pH 5.5 (80). The A chain comprises 21 amino acids and the B
comprises chain 30 amino acids. The A chain has an N-terminal helix linked to an
anti-parallel C-terminal helix; the B chain has a central helical segment as shown
in Figure 1.3. The two chains are joined by 2 disulfide bonds, which join the N-
and C-terminal helices of the A chain to the central helix of the B chain. In pro-
insulin, a connecting peptide links the N-terminus of the A chain to the C-terminus
of the B chain (81).

12
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Figure 1.3: Comparative analysis of different expression systems used for the

production of human insulin (82).

1.3.1. Function of insulin

Insulin in mammals induces cells to take up glucose and convert it to
glycogen, inhibit glycogen breakdown and gluconeogenesis, and generally shift

from catabolic to anabolic lipid and protein metabolism (83).
1.4. Ghrelin

Ghrelin is an acylated 28-amino acid peptide, Ghrelin is a containing an n-
octanoyl group on the serine in position 3. Ghrelin is the only known peptide
hormone modified by a fatty acid (84). Ghrelin is synthesized by the endocrine
X/A-like cells of the fundus mucosa representing about 20% of gastric mucosal
cells in humans as shown in Figure 1.4 that was identified in 1999 from human

and rat stomachs as the endogenous ligand, for the growth hormone (GH)
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secretagogue-receptor (GHS-R), circulating ghrelin is produced predominantly in
the stomach, ghrelin is a potent stimulator of GH release, feeding, and adiposity, as
well as exhibiting positive cardiovascular effects, from the early stages of ghrelin
research. It was recognized that the plasma ghrelin level correlates inversely with
body weight and that low plasma ghrelin levels are associated with elevated fasting
insulin levels (85).

HUMAN

n-octanolylation (C2:0)

Figure 1.4: the structure of human ghrelin (86).
1.4.1. Function of ghrelin

The importance of ghrelin in body weight regulation was strengthened with
the observation that circulating ghrelin levels show rapid as well as long-term
changes: fasting increases circulating ghrelin levels, which drop after food intake,

while lean subjects have higher ghrelin levels than obese subjects (87).
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1.4.2. Ghrelin and type 2 diabetes mellitus

The key pathogenic feature of type 2 DM is insulin resistance leading to
compensatory hyper secretion of insulin, ultimately leading to B-cell dysfunction.
Type 2 diabetes, which is far more common than type 1 diabetes, is tightly
associated with obesity, making it difficult to distinguish between the effects of
diabetes alone, or in conjunction with obesity. Obese subjects have decreased
circulating ghrelin levels (88). Several studies have found that low ghrelin levels
are associated with elevated fasting insulin concentrations and the prevalence of
type 2 diabetes and insulin resistance (89). Indeed, total plasma ghrelin, as well as
unacylated ghrelin, concentrations were found to be lower in insulin-resistant
obese adults relative to equally obese insulin-sensitive controls, indicating a link

between ghrelin and insulin sensitivity (90).
1.5. Lipase

Lipase is an enzyme that breaks down triglycerides into free fatty acids and
glycerol as shown in Figure 1.5. Lipases (triacylglycerol acyl hydrolases, enzyme
commission number (EC) 3.1.1.3) (91). Lipases are present in pancreatic secretions
and are responsible for fat digestion. There are many different types of lipases; for
example, hepatic lipases are in the liver, hormone-sensitive lipases are in
adipocytes, lipoprotein lipase is in the vascular endothelial surface, and pancreatic
lipase is in the small intestine. Understanding lipase is crucial for understanding
the pathophysiology of fat necrosis and is clinically significant in the
understanding of acute and chronic pancreatitis. The role of lipase is also crucial in

the mechanism of some medications indicated for lowering cholesterol (92).
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Figure 1.5: Shows tertiary structure of human pancreatic lipase enzyme

(PDB.1LPB). Green color for the N-terminal domain, Yellow color for the
catalytic site, Purple color for the C-terminal domain, turquoise color for Co-
lipase, blue color for lid domain, and co-crystallized MUPA is shown by red color.
(93).

1.5.1. The functions of lipase

Pancreatic lipase is found within the small intestine and is responsible for
degrading dietary triglycerides (94). Pancreatic lipase is secreted in an active form,
but its activity is enhanced by bile salts. Bile salts enhance the efficiency of

lipolysis by increasing the surface area of oil-water interfaces at which water-
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soluble lipase is effective; colipase is a small protein, synthesized in the pancreas,
which allows pancreatic lipase to function despite micellar concentrations of
conjugated bile salts. Bile salts by themselves hinder lipase adsorption onto
triglycerides by covering the whole water-substrate interface. Colipase tends to
prevent this and acts as an anchor for lipase adsorption, thus allowing lipase to
hydrolyze substrate (95). Calcium may be required for the activation of lipase (96).
Pancreatic lipase exhibits optimal activity under alkaline conditions and hydrolyzes
triglycerides to fatty acids and glycerol, but mono- and diglycerides are also final
products. Pancreatic lipase has greater activity against short-chain than long-chain
triglycerides (97). A study investigating the effect of hyperglycemia on pancreatic
exocrine functions in type 2 diabetic patients reported that serum amylase and
lipase levels significantly increased with the regulation of glycemic control, but
were still lower as compared with control. They found a significant negative

correlation between serum amylase and lipase with basal FBG and HbAlc (98).
1.5.2. Lipase and diabetes mellitus

A recent study showed that serum pancreatic enzyme concentrations are often
diminished in disease processes associated with subclinical diminution of
exocrine_ pancreatic function, e.g. “diabetes mellitus" (99). Pancreatic lipase is the
most important enzyme responsible for digestion of dietary fat, slowing down the
deposition of fat into adipose tissue, and suppression of weight gain, which is of
beneficial effects on overweight and obesity, which are common in diabetes,
pancreatic lipase is a key enzyme responsible for the digestion and absorption of
triglycerides, which represent 90 to 95% of the ingested fats. If somehow this
initial movement of triglycerides from the intestinal lumen is blocked,
hyperlipidemia can be prevented, the application of a lipase inhibitor was

examined earlier as a treatment for obesity. Orlistat, a hydrogenated derivative of
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lipstatin derived from Streptomyces toxitricini, a potent inhibitor of gastric,
pancreatic, and carboxyl ester lipase, has proved to be effective for the treatment of
obesity, as a major factor in the development of type 2 diabetes (100). A study has
shown that there is a significant correlation between pancreatic enzyme activities
and C peptide concentration (101). This difference may reflect the fact that in the
exocrine pancreatic injury associated with human diabetes, the sequence of enzyme

loss begins with trypsin and that lipase is the last enzyme to be lost (102).
1.6. Amylase

Amylase is an enzyme secreted by the pancreas as shown in Figure 1.6.
Various other tissues including salivary glands, small intestines, ovaries, adipose
tissue, and skeletal muscles secrete amylase. There are two major isoforms of
amylase - pancreatic amylase and salivary amylase (103). EC 3.2.1.1 is the enzyme
commission number (104). Amylase is the primary enzyme responsible to cleave

starch into maltose, maltotriose, and a-limit dextrins in the process of digestion.

Figure 1.6: the structure of amylase (105).
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1.6.1. Function of amylase

Amylases are predominant hydrolase enzymes that hydrolyze glycosidic
bonds present in starch molecules and produce dextrins and oligosaccharides (106).
Amylases are a member of the glycoside hydrolase family 13 (GH-13). (107) In
starch, a-1,4-glycosidic linkages are hydrolyzed by amylases, so known as
glycoside hydrolases. The first amylase was isolated, in the year 1833, by Anselme
(108). There are two types of amylases, exo-amylases, and endo-amylases. Exo-
amylases hydrolyze the nonreducing end of starch. Endo-amylases hydrolyze
glycosidic linkages within the starch molecule (109). a-Amylase has a three-
dimensional structure that helps it in binding to the substrate and makes it highly
specific in its activity (110). a-Amylase is made up of a single oligosaccharide

chain that contains 512 amino acids (57.6 kDa molecular weight) (111).
1.6.2. Amylase and diabetes mellitus

In diabetes mellitus, impaired pancreatic endocrine activity may affect its
exocrine function causing maldigestion and malnutrition, majority of the studies
focused the metabolic derangement due to impaired insulin action and persistent
hyperglycemia. Therefore, the present study has been designed for evaluating
exocrine pancreatic function by measuring serum amylase and lipase in type 2
diabetic subjects (112). In diabetes mellitus, hyperglycemia and/or insulin
inactivity due to hypoinsulinemia or insulin resistance may induce pancreatic
exocrine dysfunction and the development of pancreatic exocrine insufficiency
(113).

1.7. The effect of calcium on pancreatic enzymes

The effect of calcium on the digestion of triglycerides by pancreatic lipase has
been studied extensively (114-116). Calcium has been found to enhance the
19



CHAPTER ONE INTRODUCTION AND LITERATURE REVIEW

hydrolysis of triglycerides in emulsion systems (116). In an in vitro model, the rate
of fatty acid release increased with the increasing addition of CaCl, to emulsions
during lipolysis by pancreatic lipase. However, this enhancement of lipid
hydrolysis by CaCl, was dependent on the emulsifier used to stabilize the lipid
droplets and the addition of other food components, such as calcium-chelating
agents and polysaccharides (114). The effect of calcium on lipolysis by pancreatic
lipase is attributed to calcium complexing with free fatty acids produced from the
lipolysis of triglycerides to form insoluble calcium soap, thereby removing free
fatty acids from the droplet surface, the free fatty acids inhibit the lipolysis of
triglycerides by hindering the access of pancreatic lipase to the surfaces of lipid
droplets (115). Calcium ions may play roles in the lipid digestion process, which
impact both the rate and extent of lipid hydrolysis. Lipid digestion of emulsified
lipids can be inhibited by the accumulation of long-chain free fatty acids (FFA) at
the droplet surfaces since this restricts the access of the lipase to the triacylglycerol
(117). Calcium is known to precipitate these accumulated free fatty acids, thereby
removing them from the lipid droplet surface and allowing the lipase to access the
emulsified lipids (118,119). Calcium ions can increase the rate and extent of

lipolysis by this mechanism (120,121).
1.8. Nanotechnology and nanomedicine

Nanotechnology is defined as the understanding and control of matter at
dimensions between 1 and 100 nm where unique phenomena enable novel
applications (122). Nanotechnology is a huge project aimed at reducing substances,
instruments, and tools. This technique not only reduced the size of nanomaterial
produced but also greatly sought to enhance the properties of nanomaterial and the
invention of new nanomaterial with unique properties (123). The development of

nanoparticles has attracted the interest of many scientists in the field of drug
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delivery systems as well as in tissue engineering, gene delivery, and imaging
studies since the 1980s (124). The widespread use of polymers as biomaterials in
the past decade, owing to their unique properties such as good biocompatibility and
easy design and preparation, has led to a variety of structures and interesting
biomimetic characters being demonstrated from the perspective of nanomedicine
(125). Nanoparticles have outstanding advantages, for example, they can pass
through the smallest capillary vessels because of their ultra-tiny volume and avoid
rapid clearance by phagocytes so that their duration in the bloodstream is greatly
prolonged. They can also penetrate cells and tissue gaps to arrive at target organs
such as the liver, spleen, lungs, spinal cord, lymph, and colon. They show
controlled-release properties due to the biodegradability, pH, ion, and/or
temperature sensibility of the materials. Last but not least, they can improve the

utility of drugs and reduce the toxic side effects (126).

Nanomedicine is a field with continuous progress, introducing novel
applications in many health care areas. The underlying motivation is the
improvement of quality of life with economic and social benefits. Some of the
most promising areas are the following (127,128). Nanodiagnostics (molecular
diagnostics, imaging using NPbased contrast materials, nanobiosensors)
nanopharmaceuticals (targeted drug delivery, nanotechnology-based drugs,
implanted nanopumps, nanocoated stents), Reconstructive surgery (tissue
engineering, implantation of rejection resistant artificial tissues and organs),
Nanorobotics (vascular surgery, detection, and destruction of cancer), Nanosurgery
(nanolasers, nanosensors implanted in catheters)Regenerative medicine (tissue
repair), Ultrafast DNA sequencing (127,128).
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1.8.1. Nanoparticles and their physiochemical properties

Nanoparticles are solid dispersion particulates in the size range of 10-1000
nm (129).They cause enhancement of particle mobility, diffusion, thermal stability,
storage capacity, and greater surface area and also modulate the catalytic activity
of attached enzymes (130). Toxicity, bioavailability, and solubility of various
drugs (131). Nanoparticles are very widely used in making biosensors, solar cells,
photo-detectors, ceramics, and Nano generators (132). They may possess different
topographies and shapes like nanotubes, nanorods, nanorings, nanowires, etc.
(133).Nanoparticles have a size equivalent to that of proteins and nucleic acids
present in biosystems and they have an impact on them, a huge variety of modified
nanostructures are being produced in the association of nanoparticles with
biomolecules (134). Nanomaterials have unique properties and characteristics
relative to bulk materials (e.g., high surface-area-to-volume ratio) that may endow
them with unique mechanisms of toxicity from xenobiotics. Particularly, toxicity
has been thought to originate from nanomaterial size and surface area, shape, and

composition.

The three features—size, surface, and shape—discussed below, either
independently or in combination, may ultimately be shown in the future to predict
the toxicity of NPs (135).

1. Size Owing to their small size, NPs can cross cell membranes and penetrate
blood vessel walls and the blood-brain barrier via passive and active diffusion,

eventually interfering with cellular functions.

2. Surface for the same mass of any particular material, the combined surface area
of a particle is inversely proportional to particle size. If the toxic properties of

particles are determined by interactions occurring at the interface between particles
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and biological systems, toxic responses should correlate with the total surface area
of particles. It was observed in animal studies that the inflammatory response to
inhaled TiO, particulates of different sizes, including the Nano scale range, varied

as a function of the surface area.

3. Shape One of the benefits of nanotechnology is the ability to control the material
structure with atomic precision. This control of materials on a Nano scale results in
our ability to generate an immense number of engineered NPs with different
shapes. Examples of the simplest engineered NPs are spheres, tubes, wires, rods,
belts, and flakes. Examples of more complex engineered NPs are tripods, flowers,
and brushes. Finally, the most complex NPs have three-dimensional structures
such as multifunctional Nano scale particles, for example, functionalized

liposomes, virosomes, and dendrimers (135).

Nearly, 25% of the major pharmaceutical compounds and their derivatives
available today are obtained from natural resources (136). Natural compounds with
different molecular backgrounds present a basis for the discovery of novel drugs. A
recent trend in natural product-based drug discovery has been the interest in
designing synthetically amenable lead molecules, which mimic their counterpart’s
chemistry. Natural products exhibit remarkable characteristics such as
extraordinary chemical diversity, chemical and biological properties with
macromolecular specificity, and less toxicity. These make them favorable and lead
to the discovery of novel drugs (136). By using various types of nanoparticles for
the delivery of the accurate amount of drug to the affected cells such as
cancer/tumor cells, without disturbing the physiology of the normal cells, the
application of Nano medicine and Nano-drug delivery system is certainly the trend
that will remain to be the future arena of research and development for decades to
come (137).
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1.8.2. Green nanomaterials in the disease treatment

Plants have been used as natural remedies for curing many physiological
disorders in traditional eastern medicine, particularly in Indian and Chinese. The
‘Green’ synthesis of copper (Cu), gold (Au), nickel (Ni), platinum (Pt), titanium
(Ti), selenium (Se), silver (Ag), and zinc nanoparticles (Zn NPs) using plant
resources had been previously reported in literatures. Pectin from different sources
provide different gelling abilities, due to variations in molecular size and chemical
composition. Like other natural polymers (138). The plant-based metal
nanoparticles (MNPs) showed excellent antimicrobial, anticancer, antidiabetic,
anti-inflammatory, antioxidant, and immunomodulatory activities. Recently, the
synthesis of MNPs using different plant extracts (139). Most of the previous
reports confirm that the presence of phytochemicals such as alkaloids, flavonoids,
phenols, terpenoids, alcohols, sugars, and proteins in plant materials are involved
in the reduction and stabilization of metal ions. Although the synthesis of MNPs
using a single active substance from plant extract, it will be helpful for the
purification of nanoparticles, further study on such MNPs in the biomedical sector
is needed to treat specific diseases. The fact that flavonoids widely exist in plant
extract contributes a major role in the bio reduction of metal ionic into nanoparticle
formation (139).

1.8.3. Diabetes mellitus and nanomedicine

Nanomedicine in the management of diabetes Worldwide 285 million people
are suffering from pervasive, chronic, and often insidious diabetes caused by the
inability of the pancreas to control the blood glucose concentration (140). The
preferred approach to insulin intake in the past decades is via the subcutaneous

route, which, nonetheless, often fails to mimic the glucose homeostasis observed in
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normal subjects because in this approach insulin is delivered to the peripheral
circulation rather than to the portal circulation and directly into the liver, which is
the physiological route in normal individuals. Furthermore, multiple daily
injections of insulin referred for poor patient compliance are associated with
subcutaneous route treatment. Therefore, many studies were done to find out the
better and safer route of insulin administration, in this regard application of

nanotechnology in medicine revealed a solution to overcome this problem (140).

Conventional diagnostic techniques for diabetes include analyzing fasting
glucose levels, hemoglobin Alc levels, or oral glucose tolerance tests. In the
setting of clinical trials, the measurements of autoantibodies are often used as a
diagnostic test to identify individuals at high risk for the development of diabetes,
and in the clinical setting, autoantibodies are sometimes used to distinguish those
with type 1 diabetes when the nature of diabetes is unclear (141).These methods
are deemed painful by some patients and rely on glucose measurements or
antibody titers, which can vary based on many factors, including age, time of
testing, and other physiological conditions (142). Moreover, the manifestation of
disease symptoms such as hyperglycemia, often does not become clinically evident
until years after disease onset (143). Which precludes early intervention. To
address the weaknesses of traditional diagnostic tools, different types of
nanotechnologies have been developed to potentially enable earlier and non-
invasive detection of diabetes. The intermittent nature of conventional monitoring
methods implies that a patient can miss potentially dangerous glycemic

fluctuations between tests, putting patients at risk for severe complications.

Over the past three decades, various attempts have been made toward
developing a hassle-free method for GM. With the eventual development of

implantable biosensors, this idea became feasible and resulted in continuous GM
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systems, which can provide constant GM for up to 10 days. The first generation of
these devices included amperometric sensors that are implanted subcutaneously
(144). These sensors emit a detectable electric current as a function of glucose
concentration. Nanotechnology-based biosensors possess capabilities that can
potentially circumvent these limitations (146). Nano medicine has been proven to
be able to effectively improve the oral delivery efficacy of compounds by
circumventing various delivery restrictions (145). It has been reported that the
uptake of nanostructures is 15~250 times greater than that of microparticles (146).
Besides, nanostructures are always employed to sustain the release of encapsulated
compounds to reduce dose and dosing frequency, thereby increasing patient
compliance and minimizing side effects (147). At present, a comprehensive review
covering various oral Nano delivery systems of phytocompounds for type 2

diabetes mellitus treatment in the preclinical stage is not available.

1.8.4. The role of nanotechnology in the management of type 2 diabetic

mellitus

Evidence suggesting the role of EDENM exposure in the pathogenesis of
T2DM is gradually emerging, but a comprehensive understanding of a wide range
of nanomaterials and their effect on candidate gene pathways and other causal
factors involved in T2DM remains to be completely deciphered. The fact that
ENM can disrupt the endocrine system, which may eventually lead to T2DM, has
gathered support from several in vitro, in vivo, and epidemiological studies.
Altered glucose metabolism through various molecular mechanisms including
insulin resistance, decreased insulin sensitivity, induction of oxidative stress
pathways, and altered homeostasis have been reported by numerous laboratory
studies that examined the effect of EDENM exposures (148). On the other hand, a
few studies also report a contrasting effect of the same EDENM on T2DM-related
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molecules. Many research groups have come up with a safer application of ENMs
by illustrating their ability to work as therapeutics. Particularly, some of the
biologically synthesized ENMs (149, 150). Were found to possess therapeutic
potential against T2DM (151-153). The biosynthesized AgNPs from bark
methanol/water extract of E. polystachya contain bioactive compounds such as
chalcones, flavonoids, and dihydrochalcones, which play a determinant role in the
Phyto-fabrication of the AgNPs. EP/AgNPs promote pancreatic -cell survival,
insulin secretion-enhanced hyperglycemia, and hyperlipidemia in glucose-induced
diabetic zebrafish. In addition, EP/AgNPs restore insulin secretion from INS-1
cells stimulated by H, O,, suggesting that this could result from cytoprotection
against oxidative injury. These findings suggest that EP/AgNPs could be used as
therapeutic nanoparticles to prevent the development of diabetes (151). The
function of gold nanoparticles as antidiabetic nanomaterial is achieved and the gold
nanoparticle-based drugs will be more active to interact with the targets if
subjected to further studies (152). Chitosan nanoparticles loaded with SR-B1l
SIRNA could be used as a possible therapeutic alternative to prevent HCV entry

into liver cells in the disease's early stages (153).

Other non-metallic and metallic NMs for similar applications are also
reported Table 1.2. In an interesting study, an increase in cell viability, ATP/ADP
ratio, and secretion of insulin in response to glucose stimuli in the isolated
pancreatic islets when treated with metallic nanoparticles prepared from cerium
oxide (CeO,- NPs) at a concentration of 100 nmol/L, either alone or in
combination with 30 nmol/L sodium selenite, was reported. (154) These findings
could be ascribed to the anti-oxidant potential of CeO,”NPs, which may exert a
different effect on insulin release. In a similar study, the effect of zinc oxide

nanoparticles (ZON) on oxidative stress-mediated pancreatic p-cell death was
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investigated in rats (RINSf). The cellular levels of antioxidant factors and the rate
of apoptosis were assessed in correlation with ZON uptake. RIN5f cell treatment
with ZON (30 and 100pg/ml) resulted in cytotoxicity, oxidative stress, and
apoptosis. In contrast, the sub-cytotoxic concentrations (1, 3, 10ug/ml) protected
RINST cells from hydrogen peroxide (H,O,)-induced oxidative stress by reducing
the cellular levels of ROS, increased SOD activity, and GSH, and reduced cell
death (155). The findings reported in the above-mentioned studies indicated that
nanomaterial type and size dependencies on the associated cellular toxicity are not
precisely explored. Incomplete characterization of ENM may underlie
discrepancies observed in available scientific reports (156). Confusion created
from such incomplete explorations demands the development of a common
understanding in the area of ENM characteristics (shape, size, surface area, mass
concentration, or a combination of these), which should be a prerequisite to toxic
effect determination. This broadens the scope of research to particularly define the
physicochemical properties of ENM for their sustainable bio-medical applications.
Considering this, ENMs for vital bio-medical, pharmaceutical, agricultural, and
environmental applications are required to be well characterized for their uptake to
various cell/ tissue types, interaction with cellular organelles, and cell mechanistic
aspects within the intracellular environment (156). Results obtained from such
experiments need to be replicated through in vivo studies conducted in different
model animals. Additionally, in vivo studies that address the potential effects of
EDENM on the development of T2DM at a large scale such as a population, a
community, or an ecosystem with sufficient power are necessarily required.
Further, most of the in vivo studies have been conducted on small rodents,
specifically rats, mice, and hamsters, which may not be optimum for studying the
long-term toxic effects of nanomaterial and makes it difficult to extrapolate the
observed results to humans. Experiments by including other model systems, which
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are more closely related to human systems, like Danio rerio, Daphnia magna, and
Caenorhabditis elegans need to be conducted in more numbers. Furthermore, pre-
clinical in vitro studies, such as those using blood samples from a control
population, can also be conducted for impact-assessment of EDENMs (157).
Additional support to the candidate mechanisms underlying EDENM mediated
T2DM and identification of novel pathways can be achieved through the
application of the “-omics” approach, which at present is virtually lacking. Also,
developing high-throughput pre-screening (HTPS) and quantitative structure-
activity relationship (QSAR) methods for in silico screening and prediction would
be extremely important to comprehend the effect of EDENM (158). The
Importance of research on the safety aspect of ENMSs, which would minimize the
uncertainties regarding the health and environmental issues surrounding these
advance materials and help in the development of safe applications of

nanotechnologies.

Table 1.2: Different categories of ENM used in therapeutics against T2DM.

Type Application Study system References

Non-metallic ENM

1) PEG-b-PLGA-biodegradable Anti-inflammatory | Diet-induced type 2 | (159)
Polyethylene glycol and Poly action diabetes mice
(lactic-co-glycolic acid)
copolymer (PEG-b-PLGA)
Based cationic lipid-assisted

nanoparticles (clans)

2) Nanoparticles from dextran, Controlled delivery | in vitro studies (160)
poly (a-1,6 glucose), physically | of insulin
cross-linked with the tetra

functional glucose-binding
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protein, Con A

3) Injectable insulin nano-particles | Insulin delivery Subcutaneous (161)
administration in
diabetic mice

4) PLGA as the carrier to prepare | Diabetic wound Diabetic rats (162)
recombinant human epidermal healing
growth factor (rhEGF)
nanoparticles

5) Insulin encapsulated in Hypoglycemia Diabetic rats (163)
polyalkylcyanoacrylate effect
nanocapsules

Biosynthisized ENM

1) Eysenhardtia polystachya- Antidiabetic Pancreatic f cells, (151)
loaded silver nanoparticles activity INS-1 cells, and
(EP/AgNPs) Danio rerio

2) Gold nanoparticles (AuNPs) Increasing plasma | Alloxan induced (152)
synthesized using Cassia insulin activity albino rats
auriculata plant extract

Metallic ENM

1) Insulin-coated gold For controlled and | Intravenous and (164)
nanoparticles (INS-GNPs) prolonged glucose | subcutaneous

regulation was administration to
reported diabetic mouse
model
2) Selenium nanoparticles (SeNPs) | Oral delivery of Normal (Sprague- (165)

insulin to enhance
the antidiabetic

effect

Dawley, SD) and
type Il DM (Goto-
Kakizaki, GK) rats
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1.9. Aim of the study

The present study aims to study the impact of natural nanoparticles on the
pancreatic enzymes in sera of patient’s type 2 diabetes mellitus through the

following steps:

1. Synthesis and characterization of pectin-modified calcium nanoparticles.

2. Evaluation of the Lipase and amylase activities in sera of type 2 diabetes
mellitus patients in the absence and presence of nanoparticles.

3. Evaluation of lipid profile, as well as ghrelin levels in sera of type 2 diabetes
mellitus patients.

4. Assessment of the relationship of pancreatic enzymes and studying

biochemical parameters.
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2. Methodology

2.1. Study design

The present work is a case-control study at the Center for Diabetes and
Endocrinology of Hilla District, Babylon, Irag from December 2021 to March
2022 It includes a group of 39 patients with type 2 diabetes mellitus and 39 healthy
people between the age of 35 to 60 years. The sociodemographic aspects were
collected through the self-reported technique (study questionnaire) in Appendix

including age, gender, and BMI.

Total samples (no.78) —_

Lyt 29l |

Measuring parameters:

Fasting blood sugar, HbA ¢, insulin,
ghrelin, lipase, amylase, lipid profile.

| Then ‘

Addition of nanoparticles (pectin
polymer, CaCO; NPs,
CaCO;@pectin NPs) to serum patient
pools and measuring pancreatic

enzymes activity.

Figure 2.1: Study design of the research work.
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2.2. Materials and instruments

2.2.1. Materials

The materials, Kkits, and tools with their suppliers which used in the study are

listed in Table 2.1 below.

Table 2.1: The materials and Kits of the study.

No. | Material Supplier

1 Alpha amylase SL kit GIESSE DIAGNOSTICS, Italy

2 Calcium chloride (CaCl,) Sigma-Aldrich, Germany

3 Fasting blood glucose kit ROCHE Cobas kit, Switzerland

4 HbAlc kit ROCHE kit, Switzerland

5 HDL-cholesterol Randox, United Kingdom

6 Human Ghrelin ELISA Kit Bioassay technology laboratory/China
7 Human Insulin ELISA Kit Bioassay technology laboratory/China
8 Hydrochloric acid (HCI) Sigma-Aldrich, Germany

9 Lipase kit GIESSE DIAGNOSTICS, ltaly

10 Total cholesterol kit Randox, United Kingdom

11 Triglyceride kit Randox, United Kingdom

12 Sodium hydroxide (NaOH) Sigma-Aldrich, Germany

2.2.2. Instruments

All the instruments and tools which used in the study are shown in Table 2.2

below.

34




CHAPTER TWO

MATERIALS AND METHODS

Table 2.2: the instruments and tools of the study.

No. | Instrument Company supplied
1 Automatic chemistry analyzer Geno TEK, Germany
2 Cooling centrifuge Hettich, Germany

3 Deep freezer Kryolab, Italy

4 Eppendorf tubes centrifuge Hettich, Germany

5 Eppendorf tubes Mheco, China

6 ELISA system (washer, printer, and reader) Bio Tek, United States
7 Electric balance Precisa, Switzerland
8 FT-IR spectrophotometer Shimadzu, Japan

9 g:;l\%Emission Scanning Electron Microscope (FE- TESCAN, Japan

10 | Gel tube Mheco, China

11 | Gilson Tips, 1000ul (blue) Mheco, China

12 | Gilson Micro-tips, 100pl Mheco, China

13 Hot- plate stirrer Lab Tech, Korea

14 Micropipette variable volumes HUMAN Humapette , Germany
15 Oven LEGEND, Germany
16 pH-meter Ino Lab, Germany
17 | Plane tubes Mheco, China

18 Transmission Electron Microscope (TEM) Leo, Germany

19 | Teflon-lined stainless steel autoclave ZZKD, China

20 UV-Visible spectrophotometer, Double beam, and Shimadzu, Japan

single beam.
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21 | Ultra-sonic path Lab Tech, Korea
22 Ultrasonication bath Labtek, Korea
23 X-Ray Diffraction (XRD) Bruker, Germany

2.3. Study group

A total of 78 subjects of patients with type 2 diabetes mellitus and healthy
people were studied. The protocol of the study was approved by the ethical
research committee, College of Medicine, University of Kerbala, and the Center of

Diabetes and Endocrinology of Hilla District, Babylon, Iraqg.
2.3.1. Patient criteria

A 50% of the patient group was involved patients with type 2 diabetes
mellitus, with age of (35-60) years.

2.3.2. Control criteria

The Control group involved (50%) approximately healthy subjects. All the
subjects were not appeared with any signs and symptoms of the disease. Any

patient with the following problems was excluded from the study:

a. Heart diseases and hypertension.

b. Insulin drug dependency.

c. Chronic liver disease.

d. Smokers, Pregnant, and Type 1 diabetic.
2.4. Approval of Ethical Committee

The study protocol was approved by the Ethical Committee of Kerbala
Medical College, and the Committee of Endocrinology unit at the Center of
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Diabetes and Endocrinology of Hilla District, Babylon, Irag. Samples were
obtained after consent from patients or the patient’s relatives, as written in the

questionnaire Appendix A.
2.5. Methods
2.5.1. Collection and storage of samples

Disposable syringes and needles were used for blood collection.Blood
samples (5 ml) were obtained from patients and the control group. Blood samples
were allowed to clot and then centrifuged at 4500xg for 10 minutes. Sera were
separated and divided into a fraction in Eppendrof tubes then frozen at-20°C until

use.
2.5.2. Determination of body mass index

The body mass index (BMI) was calculated in all subjects according to a
ratio depending on weight and height obtained by applying a mathematical
equation, in which the weight in kilogram was divided by the square height in

meters, and the results were considered as the following (166).
BMI (kg/m?) = weight (kg) / height (m?)

The ranges of (BMI) were categorized into groups, see Table 2.3

Table 2.3: Body mass index

Weight status BMI (kg/m?)
Underweight <18.5
Normal weight 18.5-24.9
Overweight 25-29.9
Obese >30
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2.5.3. Determination of fasting blood glucose (FBG)
2.5.3.1. Principle

The colorimetric method for quantitative in vitro diagnostic measurement
using the Glucose kit was used to assess the fasting serum glucose.
Glucose was oxidized by glucose-oxidase (GOD) to gluconate and hydrogen

peroxide according to the following equation (167).

GOD
(Glucose + 0, + H,0 — H,0, + Gluconate

. peroxidase . L.
2H,0; + Phenol + 4 Amino ipyrine ———— 4H, 0 + Quinonimine

2.5.3.2. Reagents

a. Reagent 1 (Buffer):- Consist of 100 mmol/L of phosphate buffer pH7.5 and
0.75 mmol /L of Phenol.

b. Reagent 2 (Enzymes):- Consist of >15 KU/L of glucose oxidase, >1.5 KU/L of
peroxidase, and 0.25mmol/L of 4-amino-antipyrine.

c. Reagent 3 (Standard):- Consist of 100 mg/dLor 5.55 mmol/L of glucose.

2.5.3.3. Preparation of the reagents

Working reagents were prepared by adding the substance containing reagent 2
in the vial (enzymes) to the vial of reagent 1 containing reagent 2 in the vial
(Buffer). To complete the dissolving of all components, the mixture was mixed

gently. Table 2.4 describes the procedure.
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2.5.3.4. Procedure

Table 2.4: The reagents and volumes of the fasting blood glucose method.

Tubes
Reagent Blank Standard Sample
Working reagent 1mL 1 Ml 1mL
Standard (STD) | == 0.0lmL |-
Sample e e 0.01 mL

The tube was permitted to stand at a temperature (37 °C) for 5 minutes after
addition, and then the absorbance was measured at 500 nm, using a 1 cm light path

cuvette.
2.5.3.5. Calculation

The concentrations of glucose in samples were calculated according to the

equation below.

mg) A.test 100 mg
= * . —dL
I Conc.of STD( I )

Glucose( =1STD

Where:
A= the absorbance of standard.

The normal value of fasting serum glucose concentration according to this

method was around 75-115 mg/dL.
2.5.4. Measurement of serum HbA1c

2.5.4.1. Principle
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The method used Tetradecyltrimethylammonium bromide (TTAB) as the
detergent in the hemolyzing reagent to eliminate interference from leukocytes
(TTAB does not lyse leukocytes). All hemoglobin variants which are glycated at
the 3 - chain N - terminus and which have antibody - recognizable regions identical
to that of HbAlc are determined by the assay. The HbAlc determination was
based on the turbid metric inhibition immunoassay (TINIA) for hemolyzed whole
blood.

1. Sample and addition of R1 (buffer/antibody):

Glycohemoglobin (HbAlc) in the sample reacted with anti-HbAlc antibody to
form soluble antigen-antibody complexes. Since the specific HbAlc antibody site
was present only once on the HbAlc molecule, the formation of insoluble

complexes did not take place.
2. Addition of R3 (buffer/polyhapten) and the start of reaction:

The polyhaptens reacted with excess anti-HbAlc antibodies to form an insoluble
antibody-polyhapten  complex. Then the complex was determined

turbidimetrically.

Liberated hemoglobin in the hemolyzed sample was converted to a derivative
having a characteristic absorption spectrum which was measured bichromatically
during the preincubation phase ( sample + R1 ) of the above immunological

reaction.
2.5.4.2. Reagents
2.5.4.3. Preparation of reagents

Reagents - working solutions
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Antibody Reagent (R1):

MES buffer: 0.025 mol/ L; TRIS buffer: 0.015 mol/ L, pH 6.2; HbAlc antibody

(ovine serum): > 0.5 mg / mL; detergent; stabilizers; preservatives

Polyhapten Reagent (R3):

MES buffer: 0.025 mol/L; TRIS buffer: 0.015 mol /L, pH 6.2; HbAlc polyhapten:

>8 ug /mL; detergent; stabilizers; preservatives

R1 was in position A and R3 was in position C. Position B contained H.O for

technical reasons.
2.5.4.4. Calculation

The final result was expressed as % HbALc and was calculated from the HbAlc/

Hb ratio as follows :

Protocol (% HbAlc acc . to DCCT/NGSP):
HbALc (%)= (HbAlc / Hb )x 91.5 +2.15

2.5.5. Determination of lipid profile levels
2.5.5.1. Determination of serum total cholesterol

The total serum cholesterol was determined by the colorimetric method for

the quantitative in vitro diagnostic measurement using a kit. (168)
A. Principle

The method was for the measurement of the total serum cholesterol, which
involved the use of three enzymes: cholesterol esterase (CE), cholesterol oxidase

(CO), and peroxidase (POD). In the presence of the former, the mixture of phenol
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and 4-aminoantipyrine (4AA) was condensed by hydrogen peroxide to form
quinoneimine dye proportional to the concentration of cholesterol in the sample.
The serum cholesterol was measured using the enzymatic method that was were

based on the following reactions:

CE
Cholesterol ester + H,0 — Cholesterol + Free Fatty acids

co
Cholesterol + 0, — Cholesterol — 3 — one + H,0,

POD
2H,0, + Phenol + 4 — amino — antipyrine — Quinoneimine(pink) + 4H,o0

Where:

CE = Cholesterol esterase
CO = Cholesterol oxidase
POD = Peroxidase

B. Reagents

The components of the total serum cholesterol kit were used in this procedure

was were presented in Table 2.5.

Table 2.5: The reagents, content, and concentrations of the total serum cholesterol
Kit.

Reagent Content Concentration
30 mmol/L
Reagent 1 buffer Phosphate buffer pH (6.5) Phenol 5 mmol/L
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. . 0.3 mmol/L
4-amino-antipyrine Cholesterol > 150 U/L
Reagent 2 enzymes esterase Cholesterol oxidase > 100 U/L
Peroxidase > 5 KU/L
Reagent 3 standard Cholesterol 200 mg/Dl

C. Preparation of reagents

The three sets of tubes (sample, standard, and blank) were prepared as the

decelerated in Table 2.6 below.

Table 2.6: The reagents and volumes of total serum cholesterol procedure.

Reagent Blank Standard

Working reagent IMI ImL 1mL
Standard(STD) | --—---- opl | e
Sample | e 10 uL

After addition, the solutions were mixed and incubated at least for 5 min at
37 °C and the absorbance of samples and standards was measured at wavelength

500 nm against blank.
D. Calculation

The concentrations of total cholesterol in samples that were calculated

according to the equation were shown below.
Conc. (mg/dL) = Abs. of sample /Abs. of standard x Conc. St (200 mg/dL).

According to the reference values of this method, the total cholesterol

concentration in serum was < 200 mg/dL.
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2.5.5.2. Determination of serum triglycerides (TGS)

Serum triglycerides were determined by the colorimetric method for the

guantitative in vitro diagnostic measurement using a kit.
A. The principle of the method

The method was based on the enzymatic hydrolysis of serum or plasma
triglyceride to glycerol and free fatty acids (FFA) by lipoprotein lipase (LPL). The
glycerol was phosphorylated by adenosine triphosphate (ATP) in the presence of
glycerol kinase (GK) to form glycerol-3-phosphate (G-3-P) and adenosine
diphosphate (ADP). G-3-P was oxidized by glycerol-phosphate oxidase (GPO) to
form dihydroxy acetone phosphate (DHAP) and hydrogen peroxide.

A red chromogen was produced by peroxidase (POD) catalyzed coupling of
4-aminoantipyrine (4-AA) and phenol with hydrogen peroxide (H,O,) proportional
to the concentration of triacylglycerol in the sample. The serum triacylglycerol was

measured using an enzymatic method which based on the following reactions:
Lipase
Triglycerides —— Glycerol + free fatty acids
GK
Glycerol + ATP = Glycerol 3 phosphate + ADP

GDP
Glycerol — 3 — phosphate + 0, < Dihydroxyacetone phosphate + H,0,

POD
H,0, + 4 aminoantipyrine — Quinoneimine(pink) + H,0 + HCL
+ 4Chlorophenol

Where:
GK = Glycerol kinase

GPO = Glycerol-3-phosphate oxidase
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POD = Peroxidase

The absorbance of the colored complex (quinoneimine), proportional to the

amount of TGs in the serum, was measured at 500 nm.
B. Reagents

The components of the serum triglycerides kit which were used in this procedure

are shown in Table 2.7.

Table 2.7: The reagents, content, and their concentrations of serum triglycerides
Kit.

Reagent Content Concentration
PIPES (pH 7.5) Magnesium 50 mmol/L
Reagent 1 Buffer chloride 4.5 mmol/L
4-Chlorophenol 5 mmol/L
4-amino-antipyrine Lipases glycerol 0.25 mmol/L
Kinase (GK) Peroxidase (POD) > 1300U/L
Glycerol -3- phosphate oxidase > 400U/L
Reagent 2 Enzymes
(GPO) > 5 KU/L
Adenosine triphosphate >1500U/L
Na (ATP) 2 mmol/L
Reagent 3 Standard Triglyceride 200 mg/dL

C. Preparation of reagents

The preparation of the tubes (working reagent, distilled water, standard, and

sample) is shown in Table 2.8 below.
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Table 2.8: The reagents and volumes of total serum triglycerides procedure.

Tubes
: Blank Standard | Sample
Solutio
Working reagent 1mL 1mL 1 Mi
Distilled water g0 V1 S I [
Standard | e 10puL | —e-
Serum | e | e 10 pL

All tubes were mixed well, after that incubation for 5 minutes at 37 C°, and
then the absorbance of the sample and standard was measured against the blank at
wavelength 500 nm (169).

D. Calculation

The concentrations of triglycerides in samples were calculated according to

the equation below.
TG in (mg/dL) = A (Sample)/ A (Standard) x Standard Conc. 200 mg/dL.

According to the reference values of this method, the concentration of

triglyceride in serum was between 35- 160 mg/dL.

2.5.5.3. Determination of high-density lipoprotein-cholesterol (HDL-C)

concentration
A. Principle

Low-density lipoprotein-cholesterol (LDL-C), very low-density lipoprotein-

cholesterol (VLDL-C), and chylomicrons were precipitated from specimens by
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Phosphotungstic acid and MgCl,. After centrifugation of the specimens, it was
found that supernatant contains HDL-C then treated as total cholesterol. (170, 171)

B. Reagents

The components of the serum HDL-C kit used in this procedure were presented in
Table 2.9.

Table 2.9: The reagents, content and concentrations of serum HDL-C Kit.

Reagents Compounds Concentration
Phosphotungstic acid 0.55 mmol/L
Reagent 1 Buffer ) )
Magnesium chloride 25 mmol/L
Reagent 2 Standard HDL- Cholesterol 50 mg/dL

C. Preparation of reagents

The sets of tubes (working reagent, distilled water, standard, and sample)

were arranged are shown in Table 2.10 below.

Table 2.10: The reagents and volumes of total serum HDL-C procedure.

Tubes
_ Blank Standard Sample
Solutions
Working reagent 1mL 1mL 1mL
Distilled water 100 L | e | e
Standard = | @ —-meee- (o[0T N I —
Supernatant | - | e 100 pL
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All tubes were mixed well and incubated for five minutes at 37 °C, and then
the absorbance of the sample and the standard were measured against the blank at

wavelength 500 nm.
D. Calculation

The concentrations of HDL-C in samples were calculated according to the

equation below.
HDL-C (mg/dL) = A (Sample) / A (Standard) x Standard Conc. (50mg/dL)

According to the reference values of this method, the concentration of HDL-
HDL-C in serum was between 35-55 mg/dL.

2.2.5.4. Assessment of very-low-density lipoprotein- cholesterol

Very low-density lipoprotein- cholesterol (VLDL-C) was calculated by
dividing the triglycerides concentration by 5 and it was characterized by the

concentration in milligram per deciliter. (172)
2.2.5.5. Assessment of low-density lipoprotein- cholesterol

Low-density lipoprotein- cholesterol (LDL-C) was calculated by the indirect
method. (173)

LDL-C= total cholesterol — (HDL-cholesterol + VLDL cholesterol). LDL-C =
total cholesterol - (HDL-cholesterol + TG/5).

According to the reference values, the normal value of LDL-cholesterol was
less than 100 mg/dL.
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2.2.6. Measurement of serum human insulin
A. Principle

The method was an Enzyme-Linked Immunosorbent Assay (ELISA). The
plate was pre-coated with a human INS antibody. INS present in the sample was
added and bound to antibodies that coated the wells. Then biotinylated human INS
Antibody was added and bound to INS in the sample. Then streptavidin-HRP was
added and bound to the Biotinylated INS antibody. After incubation, unbound
Streptavidin-HRP has washed away during a washing step. The substrate solution
was then added and color developed in proportion to the amount of human INS.
The reaction was terminated by the addition of acidic stop solution and absorbance

was measured at 450 nm.
B. Reagent provided

The components of the ELISA kit that were used in this procedure are presented in
Table 2.11.

Table 2.11: The components of the ELISA kit.

Components Quantity
Standard solution (80 mIU/L) 0.5 mL x1
Pre-coated ELISA Plate 12 * 8 well strips x1
Standard diluent 3mLx1
Streptavidin-HRP 6mLx1

Stop solution 6mLx1
Substrate solution A 6 mL x1
Substrate solution B 6 mL x1
Wash buffer concentrate (25x) 20 mL x1
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Biotinylated human INS antibody 1mLx1
User instruction 1
Plate sealer 2 pics
Zipper bag 1pi

C. Reagent preparation

All reagents were brought to room temperature before use. Standard was
reconstituted the 120 uL of the standard (80 mIU/L) with 120 pl of standard diluent

to generate a 40 mlU/L standard stock solution. Allow the standard to sit for 15

mins with gentle agitation before making dilutions. Prepare duplicate standard

points by serially diluting the standard stock solution (40 mIU/L) 1:2 with standard
diluent to produce 20 mlU/L, 10 mIU/L, 5 mIU/L, and 2.5 mlIU/L solutions.

Standard diluent serves as the zero standards (0 mIU/L). every remaining solution

should be frozen at -20 °C and used within one month. Dilutions of standard

solutions suggested were as follows in Table 2.12.

Table 2.12: The concentrations and compositions of standards in ELISA protocol.

Standard concentration

Standard No.

Standard composition

120 pL original standard +

40 mlU/L Standard No.5
120 pL standard Diluent
120 uL standard No.5 + 120
20 mlU/L Standard No.4
uL standard diluent
120 pL standard No.4 + 120
10 mIU/L Standard No.3

uL standard diluent
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5 mIU/L

Standard No.2

120 pL standard No.3 + 120
uL standard diluent

2.5 mlU/L

Standard No.1

120 pL standard No.2 + 120
uL standard diluent

Zero Standard

Standard Standard Standard Standard Standard Standard

Concentration No.5 No.4 No.3 No.2 No.1

80mIU/L 40mIU/L 20mIU/L 10mIu/L 5mIU/L 2.5mIU/L
Wash Buffer

Dilute 20 mL of wash buffer concentrate 25 x into deionized or distilled water

to yield 500 mL of 1x wash buffer. When crystals formed in the concentrate, they

were mixed gently until the crystals were completely dissolved.

D. Preparing the standard curve

This standard curve was only for demonstration purposes. A standard curve

should be generated with each assay as shown in Figure 2.1.
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1.2
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Figure 2.2: the standard curve of the insulin ELISA procedure.
E. Procedure
The procedure of the ELISA technique was done as the following:

a. All reagents, standard solutions, and samples were prepared as instructed. All
reagents were brought to room temperature before use. The assay was
performed at room temperature.

b. Strips were inserted in the frames for use.

c. Standard 50 ul was added to the standard well.

d. 40ul sample was added to sample wells and then 10ul anti-INS antibody was
added to sample wells, and then 50ul streptavidin-HRP was added to sample
wells and standard wells. Well was mixed and the plate was covered with a
sealer. Then it was incubated for 60 minutes at 37°C.

e. Automated washing was done by aspirating all wells and washing 5 times with
wash buffer, wells were overfilled with wash buffer. The plate was blotted onto

paper towels.
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f. 50ul substrate solution A was added to each well and then 50ul substrate
solution B was added to each well. The plate which was covered with a new
sealer was incubated for 10 minutes at 37°C in the dark.

g. 50ul Stop Solution was added to each well, then the blue color changed into
yellow immediately.

h. The optical density (OD value) of each well was determined immediately by
using a microplate reader which was set to 450 nm within 10 minutes after

adding the stop solution.

2.2.7. Measurement of serum human ghrelin
A. The principle of the method

A sandwich kit was used for the accurate quantitative detection of human
ghrelin (also known as GHRL) in serum. The method was an Enzyme-Linked
Immunosorbent Assay (ELISA). The plate was pre-coated with a Human GHRL
antibody. GHRL present in the sample was added and bound to antibodies coated
on the wells. Then biotinylated Human GHRL Antibody was added and bound to
GHRL in the sample. Later Streptavidin-HRP was added and bound to the
Biotinylated GHRL antibody. After incubation unbound Streptavidin-HRP had
washed away during a washing step. The substrate solution was then added and
color developed in proportion to the amount of Human GHRL. The reaction was
terminated by the addition of acidic stop solution and absorbance was measured at
450 nm.

B. Reagents

The components of serum human ghrelin by ELISA kit that were used in the
procedure are presented in Table 2.13.
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Table 2.13: The components of the human ghrelin ELISA Kkit.

Components Quantity (96T) Quantity (48T)
Standard Solution (12.8ng/mL) 0.5mL x1 0.5mL x1
Pre-coated ELISA plate 12 * 8 well strips | 12 * 4 well strips

x1 x1

Standard diluent 3mL x1 3mL x1
Streptavidin-HRP 6 mL x1 3 mL x1
Stop solution 6 mL x1 3mL x1
Substrate solution A 6 mL x1 3mL x1
Substrate solution B 6 mL x1 3mL x1
Wash buffer concentrate (25x) 20 mL x1 20 mL x1
Biotinylated human GHRL antibody 1 mL x1 1 mL x1
User instruction 1 1
Plate sealer 2 pics 2 pics
Zipper bag 1 pic 1 pic

C. Preparation of the reagents

All reagents were brought to room temperature before their use. Standard was
reconstituted the 120uL of the standard (12.8ng/mL) with 120uL of standard
diluent to generate a 6.4ng/mL standard stock solution. The standard was allowed
to sit for 15 mins with gentle agitation before making dilutions. Prepare duplicate
standard points by serially diluting the standard stock solution (6.4ng/mL) 1:2 with
standard diluent to produce3.2ng/mL, 1.6ng/mL, and 0.8ng/mL and0.4ng/mL
solutions. Standard diluent serves as the zero standards (0 ng/mL). Any remaining
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solution should be frozen at -20°C and used within one month. Dilutions of

standard solutions that were suggested are shown in Table 2.14 below.

Standard Standard No. Standard composition
Concentration

\\ \ \ \ \ Zero

TR

Standard Standard | Standard | Standard | Standard | Standard
Concentration | No.5 No.5 No.5 No.5 No.5
12.8ng/mL 6.4ng/mL | 3.2ng/mL | 1.6ng/ 0.8ng/MI | 0.4ng/mL
mL
Wash Buffer

Dilute 20 mL of wash buffer concentrate 25x into deionized or distilled water

to yield 500mL of 1x wash buffer.
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D. Preparing the standard curve

This standard curve was only for demonstration purposes. A standard curve

was generated with each assay as shown in Figure 2.2 below.
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Figure 2.3: the standard curve of the ghrelin ELISA procedure.
E. The procedure
The procedure of the ELISA technique was done as the following:

a. All reagents, standard solutions, and samples were prepared as instructed. All
reagents were brought to room temperature before use. The assay was
performed at room temperature.

b. Strips were inserted in the frames for use.

C. 50 ul standard was added to the standard well.

d. 40ul sample was added to sample wells and then 10ul anti-GHRL antibody was
added to sample wells, and then 50ul streptavidin-HRP was added to sample
wells and standard wells. Well was mixed and the plate was covered with a

sealer. Then it was incubated for 60 minutes at 37°C.

56



CHAPTER TWO MATERIALS AND METHODS

e. Automated washing was done by aspirating all wells and washing 5 times with
wash buffer, wells were overfilled with wash buffer. The plate was blotted onto
paper towels.

f. 50ul substrate solution A was added to each well and then 50ul substrate
solution B was added to each well. The plate which was covered with a new
sealer was incubated for 10 minutes at 37°C in the dark.

g. 50ul Stop Solution was added to each well, then the blue color changed into
yellow immediately.

h. The optical density (OD value) of each well was determined immediately by
using a microplate reader which setted to 450 nm within 10 minutes after

adding the stop solution.

2.2.8. Determination of lipase by colorimetric method.
A. The principle of the method

The colorimetric substrate, 1,2-ortho-Dilauryl-rac-glycero-3-glutaric acid-
(6’methyl-resorufin)-ester, was cleaved by pancreatic lipase and the resulting
dicarboxylic acid ester was hydrolyzed under the alkaline test conditions to yield
the chromophore methylresorufin.The formed methylresorufin, photometrically

measured, was proportional to the amount of lipase in the sample.
B. Kit components
The components of the kit are presented in Table 2.15 below.

Table 2.15: The components of the human lipase kit

Reagent (A) Good's buffer pH 8.0, colipase
Volume =10 mL >2 mg/l, desoxycolate>1.0 mM, calcium
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ions >1 mM, detergent and preservative.
Reagent (B) Tartrate buffer pH 4.0, lipase substrate >0.1
Volume = 10 mL mM, stabilizer, and preservative.

C. Calculation: Automated method.

D. Reagent preparation and procedure

The liquid reagents in the method were directly used while reagent (B) was

mixed gently before had used. The reagents were added according to Table 2.16

below

Table 2.16: The procedure and experimental conditions of the lipase estimation

Wavelength 580nm(570-590nm)
Light path 1cm

Temperature 37°C

Reading Against distilled water

E. Procedure

Pipette Blank Sample Calibrator

Reagent(A) 1000 pL 1000 pL 1000 pL

Water 20 pL

Sample 20 uL

Calibrator 20 puL
Mix carefully; incubate at 37°C for 5 minutes.

Reagent (B) 250 puL 250 puL 250 puL
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The reagent components were mixed, executing the first reading of
absorbance after 2 minutes, incubating at 37°C. Then the other two readings were

performed at 60 seconds intervals, after that the AA/min was calculated.
2.2.9. Measurement of alpha-amylase
A. Principle

Quantitative determination of a-amylase in serum was done by Kinetic
method (CNPG3). The o-amylase hydrolyzes 2-chloro-4-nitrophenyl-a-D-
maltotrioside (CNPG3) into 2-chloro-4-nitrophenyl-a-D-maltoside (CNPG2),
maltotriose (G3), glucose and 2-chloronitrophenol. The absorbance was changed in

unit time measured at 405 nm is proportional to the enzyme activity in the sample.
B. Kit components

The kit used in the procedure included the reagents that were described in
Table 2.17.

Table 2.17: The reagents, volumes and concentrations of the a-amylase Kit.

Reagent (A) AMY Good buffer pH 6 100 mmol/L

Volume =10/50 ml CNPG3 3.1 mmol/L
Sodium chloride 10 mmol/L
Calcium acetate 1 mmol/L
Sodium azide 15 mmol/L

C. Calculation: Automated method.
D. Reagents preparation and procedure

The procedure of the method was prepared according to the amounts of the

reagents described in Table 2.18.
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Table 2.18: The reagents, volumes and concentrations of the a-amylase Kit.

Wavelength 405 nm

Light path 1cm

Temperature 37°C

Reading Against distilled water
Method Increasing Kinetic
Sample/Reagent 1/50

Pipette

Reagent (A) 1000 puL

Sample 20 puL

The reagents were mixed well and incubated at 37 °C for 1 minute, and then
the initial absorbance was calculated against water. 3 readings at 60 seconds
intervals were performed. The average value of the absorbance variations was

calculated per minute (AA/min).
2.2.10. Preparation of serum pools and addition of nanomaterials

Pools were taken from the patients’ serum and divided into three groups,
each group to which nanomaterials were added (pectin polymer, CaCOs;
nanoparticles, and CaCO3@pectin nanoparticles). A one mg of nanoparticles was
dissolved in 1 mL of distilled water. After that 20 pL of pectin polymer was added
to 100 pL of serum, 20 puL of CaCO; nanoparticles was added to 100 pL of serum
and 20 pL of CaCOz;@pectin nanoparticles was added to 100 pL of serum, then

measured the activities of each enzyme (lipase and amylase).
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2. 2.11. Synthesis and characterization of nanomaterials
2.2.11.1. Synthesis of calcium carbonate nanoparticles

Calcium carbonate nanoparticles (CaCO3; NPs) were synthesized according to
the previous literature method with a little modification. (174) Briefly, an aqueous
solution of calcium chloride (CaCl,) with concentration (0.33 M, 615 pL) was
added to the solution containing 1.5 mL of sodium carboxymethyl cellulose
solution (1% wi/v) under stirring for 20 min. Then, 615 pl of 0.33 M of sodium
carbonate (Na,CO3;) was added under vigorous stirring for 60 min at room
temperature. Then the product was centrifuged. Then, the precipitate was separated
from the supernatant and then was washed twice with distilled

water to remove unreacted species.
2.2.11.2. Preparation of pectin polymer

Pectin polymer was extracted from dried apple pomace powder and washed
with distilled water (solid to liquid ratio of 1:20) for 15 min under constant
mechanical stirring at 600 rpm and, then centrifuged to remove the supernatant
(175). Briefly, pectin was extracted using deionized water (solid to liquid ratio of
1:20). The pH value was adjusted to 1.5-2.0 using 2 M HCI, and the mixture was
then heated to 90—95 °C in a water bath and maintained for 60 min under constant
mechanical stirring at 600 rpm. After extraction, the soluble portion was recovered
via filtration. The filtrate was collected with alcohol and cooled to room
temperature. Subsequently, 1.5 times the volume of 95% ethanol was added to the
filtrate. After 4 h, the precipitate was washed three times with 5% (v/v) HCI in

95% ethanol. Thereafter, the precipitate was freeze-dried.
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To decrease the length of polymer chains, the pectin chain was degraded by
autoclaving at121°C and for 30 minutes, and the final product was collected and

stored in the refrigerator for next used.
2.2.11.3. Preparation of calcium carbonate@pectin nanoparticles

The preparation of calcium pectin core-shell nanoparticles (denoted as
Ca@pectin NPs was performed using a coating of pectin on the surface of calcium
carbonate nanoparticles. Firstly, the as-prepared calcium carbonate nanoparticles
were dissolved in distilled water (1 mg/mL, 50 mL) under vigorous stirring until
complete dissolving. Pectin solution was also prepared with the concentration of
(1 mg/mL) and drowsily was added to the CaCO; NPs solution with the molar
ration of (1:0.4) of CaCOg: pectin under string and heating at 50 °C. The prepared
solutions were then left under continuous stirring for 24 h at room temperature.
The final product was separated by centrifugation at 10,000 rpm for 10 min. and

dried in an oven at 60 °C.
2.2.11.4. Characterization of nanoparticles

The morphology and structure of the Ca@pectin core-shell NPs were
measured by scanning electron microscopy (FE-SEM, JSM-6601F; ARYA
Electron Optic) operated at an accelerating voltage of 20 kV, and transmission
electron microscopic (TEM, 912AB, Leo, Germany) at an accelerating voltage of
200 kV. The UV-Vis-NIR optical absorption spectra were recorded on a
spectrophotometer (1900, SHIMADZU, Japan). FTIR spectra were recorded using
the FTIR instrument (Shimadzu. 1800, Japan). The hydrodynamic diameters and
Zeta potentials of the as-prepared samples were measured on Zeta potential
analyzer (ZEN3600; Germany). X-ray powder diffraction (XRD) was tested by
(PW1730, Philips, Holanda ). The structure of the Ca@pectin core-shell NPs were
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observed by transmission electron microscopy (TEM) on 912AB (Germany) with
an accelerating voltage of 200 kV. The UV-vis-NIR optical absorption spectra of
samples were recorded on spectrophotometer 1900, SHIMADZU (Japan). The
hydrodynamic diameters and Zeta-potentials of samples were measured on the zeta
potential analyzer (ZEN3600; Germany). X-ray powder diffraction (XRD) was
tested by (PW1730, Philips, Holanda).
2.2.12. Statistical Analysis

Information from the questionnaire and all test results from study groups
samples were entered a data sheet. The data analysis for this work was generated
using the Statistical Package for the Social Sciences software, version 28.0 (IBM,
SPSS, Chicago, Illinois, USA) and the Real Statistics Resource Pack software for
Mac (Release 7.2) of the resource pack for Excel 2016. Copyright (2013 — 2020).

Descriptive statistics was performed on the data of each group. Values were
illustrated by n (%) for categorical; Scale variables were presented by mean *
standard deviation for normal data while non-normal data, The distribution of the
data was checked using Shapiro-Wilk test as numerical means of assessing
normality. Biomarkers were compared using spearman rank test to evaluate the
relationship within the case study. Significant differences in categorical variables
among the parameters were confirmed through analytical statistical tests. Results
of all hypothesis tests with p-values < 0.05 (two-side) were considered to be

statistically significant.
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3. Results and discussion

The occurrence of diabetes mellitus (DM) is increasing rapidly at an
accelerating rate worldwide. The status of diabetes has changed over the last three
generations; whereas before it was deemed a minor disease in older people but
currently it is now one of the leading causes of morbidity and mortality among
middle-aged and young people. High blood glucose-mediated functional loss,
insulin  sensitivity, and insulin deficiency lead to chronic disorders.
Nanotechnology in diabetes studies has encouraged the development of wide
modalities for glucose and insulin regulation that might hold the potential to

improve the quality of life of diabetics (176).
3.1. Age

For DM, the age had a mean of 52.3+ 5.9 years and for control, with an
average of 47.4+ 4.8 years. The results of the t-test indicated there were no
significant differences (p =0.06 ) in age among the groups. The means and standard
deviations are presented in Table 3.1 and Figure 3.1.

Table 3.1: Summary statistics for age, BMI, and diabetic duration in DM patients
compared to the control group.

Variables Meanz SD | SEy | Mini | Max | Mdn P
value

DM patients
+
Age (Year) | group 52.3£59 | 095 | 36 59 54 0.06

Control group | 47.4+4.8 | 1.35 31 58 51

DM patients
BMI(kg/m?) | group 30.9+4.9 | 0.79 | 18.08 | 43 31 0.87
Control group | 25.1+3.8 | 0.63 | 10.96 | 28.72 | 25.8

Duration of DM

9.6+£54 | 0.86 5 27 7 /
(year)
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Figure 3.1: Baseline characteristics of age among type Il diabetes mellitus patients

3.2. Sex

compared to the healthy control group.

The gender distribution was nearly similar in both groups; there was no

significant difference in sex among the groups (P> 0.05). Frequencies and

percentages are presented in Table 3.2 and Figure 3.2.

Table 3.2: Frequencies and percentages of age categories comparisons among the

study groups.
Gender Patients Group | Healthy Control Group
Male 20 19
SNy Female 19 20
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Figure 3.2: Baseline characteristics of age among type Il diabetes mellitus
patients compared to the healthy control group.

3.3. Body mass index

The results of the t-test indicated no significant differences in BMI among the
studied groups, as shown in Table 3.1. The mean BMI for Control was (25.1+3.8)
kg/m?, while in the DM group was (30.9+4.9) kg/m?( p > 0.05). based on the BMI
subgroups, results were revealed that about 61.5% of the DM group were classified
as an obese group. The frequency of the BMI subgroup was presented in Table 3.3
and Figure 3.3.

Table 3.3: Frequencies of BMI subgroups categories comparisons among the study

groups.
BMI subgroups Patients Group Healthy Control Group
Non-obese 15 39
Obese 24 0
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Figure 3.3: Baseline characteristics of BMI subgroups among type 11 diabetes

mellitus patients compared to the healthy control group.

The results of age and sex that are present in Table 3.1 and Figure 3.1
showed no significant differences (p = 0.06) between the studied groups which
confirms the match of age and sex between the compared groups. The BMI results
were demonstrated in Table 3.1, although there was a difference in the mean levels
of BMI among the study groups, the p-value was >0.05. DM is multifactorial
where obesity and abnormal basal metabolic rate are considered most critical. of
people diagnosed with T2DM, about 80% are obese. It is also reported that obese
individuals have an increased odds of developing T2DM which is estimated to
increase the incidence by two-fold (177). Obesity leads to various metabolic
disorders which majorly include diabetes (178). Obesity-induced metabolic
disability in susceptible individuals will promote IR on the one side and
progressive B-cell dysfunction on the other. The nutrient excess problem can also

be aggravated by increasing circulating glucose sugar, FFAs, & other nutritious
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components. However, not all overweight or obese people experience
hyperglycemia (179).
3.4. Fasting blood sugar

Generally, patients with type Il diabetes mellitus patients were shown an
increasing range level of FBS when compared to the healthy control groups.
Results indicated a significant difference in FBS among groups, The means, and
standard deviations were presented in Table 3.4. The mean level of FBS for DM
was (203.7 = 72.3) mg/dL which was significantly higher than for control group
(88.6 £7.64) mg/dL, ( p <0.001). The Distribution of serum levels of fasting blood
sugar in type Il diabetes mellitus patients compared to healthy control group was

presented in Figure 3.4.
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Figure 3.4: Boxplot of the distribution of serum level of fasting blood sugar in

type Il diabetes mellitus patients compared to the healthy control group.
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Table 3.4: Descriptive statistics and mean difference of biomarkers level in type Il

diabetes mellitus patients compared to the healthy control group.

Variables

Meanz SD

SEw

Mini

Max

Mdn

value

FBS
(mg/dL)

DM
patients

group

203.7£72.3

11.88

113

363.6

186.8

Control
group

88.6 +7.64

1.26

70

101

90

<0.001

Amylase
(IU/L)

DM
patients

group

71.4 £29.11

4.77

30

146

67

Control
group

72.7£27.19

4.42

26

117

74.5

0.52

Lipase
(IU/L)

DM
patients

group

49.7 +14.69

2.41

22.17

92.14

49.95

Control
group

42.0 +7.35

1.12

29.99

62.14

39.93

0.023

Insulin
(1IU/L)

DM
patients

group

18.3 £6.04

0.99

2.9

42.4

17.65

Control
group

145 +541

0.83

2.6

21.9

15.8

0.001

Ghrelin
(1U/L)

DM
patients

group

3.3+1.01

0.15

0.5

3.3

Control
group

2.6 +0.71

0.12

0.4

3.7

2.6

0.002

HbAlc %

DM
patients

group

9.5 +2.35

0.39

5.9

15

8.9

Control
group

4.9 +0.48

0.08

4.1

5.9

<0.001

TG
(mg/dL)

DM
patients

group

169.2 +66.08

10.86

70.4

338

147.8

Control

104.3 +£34.78

4.95

93

193

149.5

0.0004
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group

Cholesterol
(mg/dL)

DM
patients

group

202.4 £78.75

12.94

97.5

401.7

179.4

Control
group

149.3 £30.13

5.72

39

170

107

0.003

HDL
(mg/dL)

DM
patients

group

52.2 +13.8

2.27

19.3

79.4

41.87

Control
group

43.2 +8.41

1.38

39

80

53

0.001

VLDL
(mg/dL)

DM
patients

group

33.8+12.21

2.17

14.08

67.6

29.56

Control
group

20.8 +6.95

1.14

7.8

34

21.4

<0.001

LDL
(mg/dL)

DM
patients

group

128.1 £70.85

11.64

32.04

331.35

98.84

Control
group

76.2 £27.57

4.52

22.4

121.2

81.45

0.002

3.5. Hemoglobin A1C

The hemoglobin Alc (HbALc) was also examined. The mean levels of serum

HbALc in DM patients were significantly higher than those of healthy individuals
(P < 0.05), as illustrated in Figure 3.5 and Table 3.4. The mean of HBA1C for
DM (9.5 £2.35) was significantly higher than for Control (4.9 £0.48), p <0.001.

71




CHAPTER THREE RESULTS AND DISCUSSION

16

14

12

10 -

° X
[S]
3 3 4*
]
T
6 - T
4 T
2
0 \
Patients/HbAlc Control/ HbAlc

Figure 3.5: Boxplot of the distribution of serum level of HbA1c% in Typell

Diabetes Mellitus patients compared to the healthy control group.

The results for FBS and HbAlc analysis were significant (p < 0.001) and
indicated there were significant differences in FBS among the group Figure 3.4
and Table 3.4. Results indicated that diabetic patients (DM) have a significantly
higher sugar profile than the control group. Also, the mean levels of serum HbAlc
in DM patients were significantly higher than those of healthy individuals (P <
0.05), as illustrated in Figure 3.5.

Diabetes is characterized by chronic hyperglycemia and causes long-term
complications. Since glycated hemoglobin considers a reflection of integrated
glycaemia over the entire 120-day lifespan of the red blood cell, the levels of
HbAlc are strongly correlated with FBS. HbAlc provides a reliable measure of
chronic glycemia and correlates well with the risk of long-term diabetes, it's an
ideal tool for monitoring and chronic management of diabetes (180). Among
diabetics, the blood glucose levels increase in the blood and the glucose attaches to

the hemoglobin molecule in a concentration-dependent manner. The glucose-
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bound (glycated) hemoglobin or HbAlc provides the average glucose levels in an
individual's blood as it becomes glycated with the hemoglobin. It is important to
note that the HbAlc levels are directly proportional to the blood glucose levels
(181). Type 2 diabetes mellitus (DM) manifests itself in terms of hyperglycemia
due to compromised insulin production (182). The significance of the HbAlc test
lies in the diagnosis and the prognosis of diabetes patients, which lends it to a
detailed understanding of insulin and insulin resistance. There is a direct
correlation between HbA1c and insulin resistance, where HbAlc is more strongly
associated with insulin sensitivity in healthy subjects with normal glucose
tolerance (183).

3.6. Serum insulin Levels

Serum insulin levels also increased significantly (P < 0.05), suggesting that
DM patients had obvious insulin resistance. The distribution of Serum hormone
levels was demonstrated in Figure 3.6. The means and standard deviations were
presented in Table 3.4. The mean levels of serum insulin in the DM patients group
were (18.3 £6.04) (IU/L) respectively, while the mean levels in control group were
(14.5 +5.41) (1U/L).
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Figure 3.6: Boxplot of the distribution of serum level of insulin IU/L hormone in

type Il diabetes mellitus patients compared to the healthy control group.

Increased levels of insulin were reported to be a characteristic feature of
T2DM. A progressive inability of the B cells to compensate for the prevailing
insulin resistance by sufficient hyperinsulinaemia heralds the clinical onset of this
disorder (184). The primary defects in insulin action appear to be in muscle cells
and adipocytes, with impaired (glucose transporter-4 (GLUT4)) translocation
resulting in impaired insulin-mediated glucose transports (185). Insulin resistance
iIs a condition of reduced insulin sensitivity. Insulin sensitivity is commonly
described as the ability of insulin to lower plasma glucose levels, which it by
suppressing hepatic glucose production and stimulating glucose utilization in
skeletal muscle and adipose tissue.

Both inherited and acquired influences contribute to the development of
insulin resistance. The inherited defects responsible for the more common forms of
insulin resistance, which are typically seen in individuals with type 2 diabetes, are
largely unidentified. Although mutations in insulin receptors, glucose transporters,
and signaling proteins have been identified, these are relatively rare. The acquired
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causes of insulin resistance include inactivity, overeating, aging, hyperglycemia,
increased levels of free fatty acids (FFAs), and the effects of some medications
(186).

The etiology of hyperinsulinaemia is not yet fully elucidated. Although there
are several theories, further research will likely show a multimodal pathology. The
most common physiological principle of that might be the long-term action of
increasing glucose levels therefore, healthy cells could be subjected to acute
hyperglycaemia. Although many cells can absorb glucose without using insulin
(glucose transporter-1 (GLUT1)) hyperglycaemia causes insulin to be released
from pancreatic cells to facilitate absorption, especially in muscle and adipose cells
(GLUT4) (187). Insulin binds to cellular insulin receptors and facilitates the
translocation of GLUTA4 to the cellular surface. During this process, the insulin and
its receptor are absorbed into the cell to be replaced by the internal pool of insulin
receptors (188).

Other has suggested that acute insulin resistance has no consequence as long
as the cell has viable GLUT4 on the cellular surface. However, GLUT4 have a
relatively short half- life. (189). During this period where the cells are replacing
their insulin receptors, moderately elevated blood glucose levels may need slightly
higher than normal insulin levels to restore normoglycaemia. This moderate
hyperinsulinaemia may delay the return to normal insulin receptor function (acute
insulin resistance).This state of insulin resistance due to down-regulated insulin
receptors is reversible should the person not be subjected to further episodes of
hyperglycaemia. It does not matter whether this is via high, but acute, blood
glucose elevations, or moderately elevated glucose levels over a prolonged period.
Prolonged impaired insulin signaling impedes GLUT4 translocation to the cellular
surface thus causing impaired glucose uptake and prolonging hyperglycaemia,
causing a positive feedback cycle. This will both aggravate and prolong the insulin
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resistance, potentially turning it from a transitory state to a persistent or chronic
state (190).

3.7. Serum pancreatic enzyme amylase activity (U/L)

The distribution of serum pancreatic enzymes (amylase) was examined as
demonstrated in Figure 3.7. Generally, patients with Type Il Diabetes Mellitus
were shown an increasing range level of pancreatic enzymes when compared with
that of the healthy control group. The mean levels of amylase activity in the DM
patients group were (71.4 £29.11) (U/L) respectively, while the mean levels in the
control group were (72.7 £27.19) (U/L). Lipase activity showed a significant
difference in type Il diabetes mellitus patients compared to healthy control group,
(p <0.05).
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Figure 3.7: Boxplot of the distribution of serum level of serum pancreatic
enzymes (amylase U/L) in type Il diabetes mellitus patients compared to the

healthy control group.
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There are very few human studies that tried to probe the biochemical features
and the underlying mechanisms to link the endocrine islet cells and the exocrine
acinar cells (191).

Diabetes mellitus (DM), a metabolic disorder characterized by
hyperglycaemia, associated with deficiency or resistance to insulin indicates an
endocrinal abnormality of the pancreas. Amylase and lipase are enzymes secreted
by the exocrine portion of the pancreas. Endocrinal derangement observed in
diabetes may interfere with the exocrine function of the pancreas. Also, the low
serum amylase levels in diabetes were associated with increased blood glucose
levels (negative correlation) due to impaired insulin action either because of insulin
resistance and/or inadequate insulin secretion (191). Patel R et al., in their study,
they explained that reduced amylase secretion in the diabetic pancreas may be due
to reduced cytosolic free calcium concentration (Ca?*) and gene expression for
amylase and not to the gene expression of cholecystokinin (CCK) a receptor in
pancreatic acinar cells (192).

Long-standing type 2 diabetes mellitus (T2D) is associated with exocrine
pancreatic failure and patient with T2D is at higher risk for developing acute or
chronic pancreatitis. Otherwise, longstanding T2D and poor glycemic control are
the major risk factors for Diabetic complications, such as retinopathy, nephropathy,
neuropathy, and so on (193). Another study has demonstrated the elevated serum
pancreatic enzymes (amylase and or lipase) activity that indicated an increased

incidence of pancreatitis (194).

3.8. Serum pancreatic enzymes lipase activity (U/L)
The distribution of serum pancreatic enzymes (lipase) was examined as

demonstrated in Figure 3.8. Generally, patients with type Il diabetes mellitus were
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shown an increasing range level of pancreatic enzymes when compared with that
of the healthy control group. The mean levels of lipase activity in the DM patients
group were (49.7 £14.69) (U/L) respectively, while the mean levels in the control
group were (42.0 £7.35) (U/L).
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Figure 3.8: Boxplot of the distribution of serum level of serum pancreatic
enzymes (lipase U/L) in type Il diabetes mellitus patients compared to the healthy

control group.

Abnormally high levels of serum lipase activity can be compounded in
diseases other than pancreatitides, such as kidney disease, hyperglycaemia, and
ketoacidosis (195). Although the incidence of pancreatitis was associated with
T2DM, the pathogenic mechanism is still unclear (194). The high serum lipase
activity in diabetes and prediabetes groups can interfere with the pancreas
exocrine-endocrine interactions. Because insulin stimulates enzyme synthesis and
releases in the exocrine pancreas, the high activity of lipase both in diabetes and

prediabetes groups are associated with impaired insulin action due to insulin
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resistance and inadequate insulin secretion (196). The increasing activity of lipase
in T2D indicates pancreatic exocrine inflammation, named Pancreatitis (197). In a
previous study, it has shown that the elevation activity of lipase correlates with
long duration of diabetes, decreasing level of insulin, increased level of FPG,
HbAlc, creatinine, insulin resistance, and dyslipidaemia profile (increasing level
of total cholesterol, triglyceride, and small dense LDL particles). The hypothetical
structural model analysis shows that there is a significant positive correlation
between the increased glucose level and lipase activity, but not significantly
contribute to glucose elevation. Thus, we predict that pancreatitis or the high value
of serum lipase correlates with glycaemic control impairment or the duration of
Indonesian T2D. Uncontrolled glucose levels can stimulate the level of
triglyceride, and it will stimulate the lipase secretion to degrade triglyceride into
free fatty acid (198).

3.9. Serum hormone ghrelin Level

The distribution of serum ghrelin hormone levels was demonstrated in Figure
3.9.The means and standard deviations were presented in Table 3.4. The mean
levels of serum ghrelin in the DM patients group were (3.3 £1.01) (IU/L), while

the mean levels in the control group were (2.6 £0.71) (IU/L).
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Figure 3.9: Boxplot of the distribution of serum level of ghrelin IU/L hormone in

type Il diabetes mellitus patients compared to the healthy control group.

Ghrelin was elevated significantly in type two diabetes mellitus. This
hormonal protein is a crucial controller of the balance of energy and breakdown of
fat in the central nervous system as well as a range of peripheral organs, including
the pancreas and adipose tissue (199). Gastrointestinal hormone (ghrelin) regulates
lipid metabolism and acts as connective tissue between the brain and the rest of the
body (200). Ghrelin levels may be affected by a variety of variables, including
food composition, activity, climate, and way of life (201). A rise in insulin,
glucagon, and leptin levels in the blood is associated with ghrelin, according to
Skuratovskaia et al (202). Uncontrolled diabetes is characterized by marked
behavioral and metabolic perturbations that arise as a consequence of profound
insulin deficiency, including severe hyperglycemia, Ghrelin has been reported to
affect insulin signaling system implicating peripheral actions of ghrelin in glucose
homeostasis (203). Also ghrelin secretion is increased in conditions of negative
energy balance (204).Which might result in inducing obesity. These energy-related
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effects may suggest a ghrelin-insulin or gut-pancreas axis in the control of body

weight and energy metabolism (205).

3.10. Lipid profile
3.10.1. Total cholesterol

Lipid abnormalities in patients with diabetes often termed “diabetic
dyslipidemia”, are typically characterized by high total cholesterol (T-Chol), high
triglycerides (TG), low range of high-density lipoprotein cholesterol (HDL-C), and
massively increased levels of small dense (VLDL and LDL) particles. Results
indicated a significant difference(P < 0.05) in cholesterol levels in type 1l diabetes
mellitus patients (202.4 +78.75 mg/dL) compared to the healthy control
group(149.3 £30.13mg/dL), as shown in Figure 3.10, Table 3.4.
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Figure 3.10: Boxplot of the distribution of serum level of cholesterol mg/dL in

type Il diabetes mellitus patients compared to the healthy control group.
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3.10.2. Triglyceride

An analysis of differences in the mean levels of TG was conducted, and the
results indicated that there was a significant increase in the TG in DM patients
compared to the healthy control group, p < 0.001.The mean of TG for control
(104.3 +£34.78) mg/dL was significantly lower than for DM (169.2 £66.08). The

means and standard deviations are presented in Table 3.4 and Figure 3.11.
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Figure 3.11: Boxplot of the distribution of serum level of triglyceride mg/dL in

type Il diabetes mellitus patients compared to the healthy control group.

3.10.3. High-density lipoprotein

Regarding of high-density lipoprotein, results indicated that there was a
significant increase in the HDL in DM patients compared to the healthy control
group, p < 0.001. The mean of HDL for Control (43.2 +8.41) mg/dL was
significantly lower than for DM (52.2 £13.8), The means and standard deviations

are presented in Table 3.4 and Figure 3.12.

82



CHAPTER THREE RESULTS AND DISCUSSION

90

80

70

60

—
T
= 50 - S
= X
3 40 - . e
I

30

20

10

0 \

Patients/HDL Control/ HDL

Figure 3.12: Boxplot of the distribution of serum level of HDL mg/dL in type Il

diabetes mellitus patients compared to the healthy control group.

3.10.4. Very low-density lipoprotein & low-density lipoprotein

The means and standard deviations of serum VLDL & LDL are presented in
Table 3.4. The mean levels of the LDL in the DM patients group (128.1 +70.85
mg/dL) were significantly higher (p <0.05) than that of the control group (76.2
+27.57 mg/dL) Figures 3.13.The mean levels of the VLDL in the DM patients
group (33.8 £12.21 mg/dL) were significantly higher (p <0.05) than that of the
control group (20.8 £6.95mg/dL) Figures 3.14.
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Figure 3.13: Boxplot of the distribution of serum level of LDL mg/dL in type Il

diabetes mellitus patients compared to the healthy control group.
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Figure 3.14: Boxplot of the distribution of serum level of VLDL mg/dL in type Il
diabetes mellitus patients compared to the healthy control group.
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Lipid abnormalities in patients with diabetes often termed “diabetic
dyslipidemia”, are typically characterized by high total cholesterol (T-Chol), high
triglycerides (TG), low range of high-density lipoprotein cholesterol (HDL-C), and
massively increased levels of small dense (VLDL and LDL) particles. Results
indicated a significant range difference in type Il diabetes mellitus patients
compared to the healthy control group as shown in Figure 3.10.

One of the common metabolic abnormalities in DM individuals is disturbed
lipid metabolism and several forms of dyslipidemias have been observed in these
patients. As many as 60% of diabetics exhibit some degree of hyperlipidemia and
lipid metabolism appears to be related to the severity and duration of
hyperglycaemic state3 and the degree of its control (206).

Epidemiological studies have shown an increased prevalence of lipid
disorders in T2DM (207,208). combined high TG and LDL-C status, also known
as “atherogenic dyslipidemia”, were more likely to be present in T2DM
individuals. It is recognized that dyslipidemia is an independent risk factor for
cardiovascular disease. Elevated blood glucose level combined with dyslipidemia
increases atherosclerosis-related inflammation and makes it more extensive (209).
others have also observed the association of dyslipidemia with microvascular
complications related to T2DM namely diabetic retinopathy, diabetic nephropathy,
and diabetic neuropathy (210).

Several factors are related to diabetic dyslipidemia including insulin effects
on liver apoprotein production, regulation of lipoprotein lipase, actions of
cholesteryl ester transfer protein (CETP), and peripheral actions of insulin on
adipose and muscle tissue (211). In an insulin-resistant state, hypertriglyceridemia
Is primarily due to increased hepatic production of very low-density lipoprotein
(VLDL) particles, postprandial hyperlipidemia, and low lipoprotein lipase (LPL)
levels. This hypertriglyceridemia enhances the CETP-mediated interchange of TG
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from TG-rich lipoproteins to HDL-L/HDL-VL and the subsequent TG enrichment
of HDL-C. Hepatic lipase has greater activity against TG and will, thus, convert
large HDL particles too small HDL particles, which are also cleared more rapidly

from the circulation by the kidney (212).

3.11. Correlation analysis

Considering the important role of the measured biomarkers in type Il diabetes
mellitus patients, the spearman rank test analysis was used to analyze the response
relationship between parameters.

Mainly, Serum FBS was positively related to the HbAlc, TG, and VLDL
levels. In addition, TG levels were significantly associated with total cholesterol,
VLDL, and Insulin levels. As a risk factor of dyslipidemia in type Il diabetes
mellitus, serum LDL was highly significant positively related to high levels of total
cholesterol (all P < 0.001). The overall relationship between the parameters and
study cases was presented in Figure 3.15, also the individual Correlation

Coefficients of the ghrelin, lipase, and amylase were presented in Table 3.5.
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Figure 3.15: Heatmap of the spearman rank test analysis of type Il diabetes

mellitus patient. white boxes indicate a lack of correlation (p>0.05) while colored

boxes reported statistically significant direct and indirect correlations, respectively.

The intensity of the colour indicates the following relation: Yellow colour
(r=0.3);green (r=0.4); blue (r=0.5); silver (r=0.6); light blue (r=0.7); orange(r=0.9).

Table 3.5: Correlation coefficients of ghrelin, lipase, and amylase and the

measured biomarkers in DM patients.

Variables Correlation Coefficient P value
FBS -0.2 0.98
HbAlc -0.36 0.82
TG -0.28 0.77
T-Choles. 0.25 0.64
Ghrelin HDL 0.33 0.84
VLDL -0.28 0.77
LDL -0.2 0.94

Insulin 0.47* 0.019
Amylase -0.2 0.45
Lipase 0.21 0.3
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FBS -0.238 0.14
HbAlc 0.29 0.76
TG -0.11 0.48
T-Choles. 0.287 0.6
Lipase HDL -0.276 0.4
VLDL -0.11 0.65
LDL 0.3 0.16
Insulin 0.23 0.18
Amylase 0.23 0.2
Ghrelin 0.2 0.31
FBS -0.328" 0.041
HbAlc -0.221 0.1
TG -0.28 0.084
T-Choles. -0.303 0.061
Amylase HDL -0.238 0.14
VLDL -0.28 0.08
LDL -0.216 0.18
Insulin -0.2 0.8
Lipase 0.23 0.45
Ghrelin -0.12 0.16

Considering the important role of the measured biomarkers in type Il diabetes
mellitus patients, the spearman rank test analysis was used to analyze the response
relationship between parameters. Correlation coefficients of ghrelin, lipase, and
amylase were presented in Table 3.5.

Diabetes mellitus (DM), a metabolic disorder characterized by
hyperglycaemia, associated with deficiency or resistance to insulin indicates an
endocrinal abnormality of the pancreas. Amylase and lipase are enzymes secreted
by the exocrine portion of the pancreas. Endocrinal derangement observed in
diabetes may interfere with the exocrine function of the pancreas. low serum
amylase levels in diabetes were associated with increased blood glucose levels
(negative correlation) due to impaired insulin action either because of insulin
resistance and/or inadequate insulin secretion. The decrease in amylase level was

due to the insufficiency of pancreatic exocrine acinar cells (213).
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Ghrelin, the orexigenic peptide hormone also affects glucose metabolism.
Circulating levels of ghrelin rise before and fall after a meal, thereby contributing
to appetite and weight gain (214).

Also, in Figure 3.15, Serum FBS was positively related to the HbAlc, TG,
and VLDL levels. In addition, TG levels were significantly associated with total
cholesterol, VLDL, and Insulin levels. As a risk factor of dyslipidemia in type Il
diabetes mellitus, serum LDL was highly significant positively related to high
levels of total cholesterol (all P < 0.001).

One of the common association metabolic abnormalities in DM patients is
disturbed lipid metabolism and several forms of dyslipidemias have been observed
in these patients. As many as 60% of diabetics exhibit some degree of
hyperlipidemia and lipid metabolism appears to be related to the severity and
duration of the hyperglycaemic state and the degree of its control (215).

Lipid abnormalities are prevalent in DM patients because of IR which affects
key enzymes and pathways in lipid metabolism: Apo protein production, regulation
of lipoprotein lipase, the action of cholesterol ester transfer proteins, and hepatic
and peripheral actions of insulin (216).

Hyperglycemia and the high level of IR associated with T2DM have multiple
effect on fat metabolism which results in the production of atherogenic
dyslipidemia characterized by lipoprotein abnormalities: elevated very low-density
lipoprotein cholesterol (VLDL) elevated low-density lipoprotein cholesterol (LDL-
c), elevated triacylglycerol (TAG) and decreased high-density lipoprotein
cholesterol (HDL-c) (217). The main cause of lipid abnormalities in T2DM
patients is impaired secretion of insulin which affects the liver apolipoprotein
production and regulates the enzymatic activity of lipoprotein lipase (LpL) and

cholesterol ester transport protein (CETP). Moreover, its deficiency reduces the
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activity of hepatic lipase; therefore, several steps involved in the production of
biologically active LpL might be altered in T2DM compared to controls (215).

3.12. Characterization of nanoparticles profile

The nanoparticles of Ca@pectin, calcium nanoparticles, and pectin
nanoparticles were characterized by Philips XL30 SFEG scanning electron
microscope (SEM). Energy Dispersive X-ray (EDX) microanalysis was also used
identification of the elemental composition of all prepared nanoparticles in order to
identification of elemental composition. The zeta potentials of NPs were examined
by a micrometrics Zeta/Nano Particle Analyzer (Nano Plus-3). The UV-vis spectra
of the samples were attained via UV-Vis Spectrophotometer (Shimadzu UV-2600,
Japan).

3.13. Synthesis and characterization of Ca@pectin nanoparticles

Initially, Calcium carbonate nanoparticles (CaCO; NPs) were first synthesized
by the co-precipitation method in the presence of surfactant by the mixing of the
two precursors salts (CaCl, and Na,COs) (174).

Pectin polymer with a large molecular weight was prepared by extraction
from apple pomace in the presence of deionized water and acidic media. Then, the
extracted polymer was degraded by hydrothermal method using autoclave at 121

°C to decrease the length of polymer chains.

Then, the calcium pectin core-shell nanoparticles (Ca@pectin) NPs were
prepared by coating the pectin polymer on the surface of calcium carbonate
nanoparticles under stirring in an aqueous solution. The synthesis procedures of
Ca@pectin NPs are illustrated in Figure 3.16 below.
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Figure 3.16: The synthesis procedures of Ca@pectin NPs.

The morphology and structure of the prepared samples were characterized by
using scanning electron microscopy (SEM) and transmission electron microscopy
(TEM). As shown from SEM images Figure 3.17, the as-prepared CaCO3; NPs
appeared to be nanospheres with a particles size of about 20-50 nm, while the
average size of Ca@pectin NPs was increased after coating with pectin polymer,

indicating the successful coating of pectin on the surface of CaCO; NPs.
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Figure 3.17: SEM images of (a) CaCO3 NPs, (b) Ca@pectin NPs.

The pectin shells are well encapsulated on the surface of CaCO3; NPs with a
thickness of about 10-20 nm, forming Ca@pectin core-shell NPs. The average size
of CaCO3; NPs were increased after coating with pectin to ~80 nm, indicating the
successful formation of Ca@pectin core-shell NPs. It is clearly seen that CaCO;
NPs cores appeared in the dark contrast, while the outer bright coatings on each
CaCO; NPs nanosphere correspond to the pectin polymer shells Figure 3.18. The
CaCO3; NPs core is crystalline while the pectin polymer shell is amorphous in

nature, in good agreement with XRD measurements.
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Figure 3.18: TEM images of Ca@pectin NPs.

The elemental distribution of the as-prepared CaCOs@pectin NPs was
examined by Energy-Dispersive Spectroscopy (EDS) of SEM technique, as clearly
shown in Figure 3.19 the elemental mapping clearly demonstrated the presence of
all the elements in the CaCO;@ pectin structure, which is the further evidence for

the formation of CaCO;@ pectin nanoparticles.
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Figure 3.19: EDS-SEM of the CaCO;@ pectin nanoparticles

The particle sizes of the as-made nanomaterials were also further examined
using dynamic light scattering (DLS) measurements, where it appears to be larger
than those determined by TEM. The diameters of CaCO; NPs were ~100 nm
while, after coating with the pectin polymer layer, an increase in the average size
from ~100 nm to ~170 nm was observed, as shown in Figure 3.20, demonstrating
the successful pectin polymer coating on CaCO; NPs and the formation of
CaCO;@ pectin core-shell NPs.
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Figure 3.20: DLS results of (a) CaCO3; NPs, (b) CaCOz;@pectin NPs

The crystalline structure of CaCOs@pectin was further identified by the X-ray
diffraction (XRD) pattern, as shown in Figure 3.21. The results showed that the
CaCOs; NPs are highly crystalline and all the peaks match very well with the
diffraction peaks of the standard pattern calcite CaCO3; (JCPDS card number 47-
1743) (218).

The spectrum of Ca@pectin NPs demonstrated that the Ca@pectin NPs are
amorphous in nature and the appearance of the sharp characteristic diffraction peak
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at 29.64° which indexed to the (104) plane of CaCOs, clearly indicating the
successful formation of Ca@pectin composite NPs.
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Figure 3.21: XRD results of (a) CaCO; NPs, (b) CaCOs;@pectin NPs.
Furthermore, the optical absorption properties of the as-prepared samples
were investigated by UV—Vis-NIR spectra, as shown in Figure 3.22
CaCOs@pectin NPs have the characteristic peak of CaCO3; which is near 400 nm
(219). Which is clear evidence for the formation of CaCOs@Pectin NPs.
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Figure 3.22: UV—Vis-NIR spectra of (a) Pectin, (b) CaCO;@pectin NPs.

3.14. Effects of nanoparticles on pancreatic enzymes activity

Estimation of mean levels of determination pool activity of serum Amylase
and lipase enzymes with and without the prepared nanoparticles (CaCOs;@pectin
NPs; calcium nanoparticle and pectin polymer) in type 1l diabetes mellitus patients
was illustrated in Figures 3.23 & 3.24.

CaCOs;@Pectin NPs have an inhibitory effect on the activity of the enzymes
lipase and amylase. The pool activity of serum amylase in the presence of
CaCOz;@pectin  NPs; calcium nanoparticle and pectin polymer was 63.1<
82.2<109.3 (U/L) respectively, while the pool activity of serum Lipase was 12.9>
12.2< 20 (U/L).
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Figure 3.23: Estimation plot of determination pool activity of serum amylase
enzyme with and without prepared nanoparticles (CaCO;@pectin NPs; calcium

nanoparticle and pectin polymer) in type Il diabetes mellitus patients
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Figure 3.24: Estimation plot of determination pool activity of serum lipase
enzyme with and without prepared nanoparticles (CaCOs@pectin NPs; calcium

nanoparticle and pectin polymer) in type Il diabetes mellitus patients.
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Table 3.6: Activation & inhibition % of the prepared nanoparticles in the serum

amylase & lipase enzymes pool.

Amylase Activity Lipase Activity
Nanoparticles Activation % | Inhibition % AcU;;stlon Inhibition %
Calcmm_pecpnqte _______ 2989 | eeeeee- 38.57
nanoparticle inside
CaIC|ur_n _______ 6.44 | mmee- 41.90
nanoparticle
Pectin polymer 2144 | eeeee | 4.76
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A)

Conclusion and future work

Conclusion:

High blood glucose-mediated functional loss, insulin sensitivity, and insulin

deficiency lead to chronic disorders. Nanotechnology in diabetes studies has

encouraged the development of wide modalities for glucose and insulin regulation that

might hold the potential to improve the quality of life of diabetics. The results of this

study were concluded:

1.

Generally, patients with type Il diabetes mellitus were shown an increasing
range level of pancreatic enzymes when compared with that of the healthy
group. Only the mean levels of the Lipase activity was shown a significant

difference in type Il diabetes mellitus patients compared to the healthy control

group.

Serum hormones were also increased significantly, suggesting that DM patients

had an obvious insulin resistance.

Results indicated a significant difference in LDL, VLDL, and cholesterol levels
in Type Il Diabetes Mellitus patients compared to the healthy control group.
There was a significant increase in HDL and TG in DM patients compared to

the healthy control group.

The CaCOj3; NPs core is crystalline while the pectin polymer shell is amorphous

In nature, in good agreement with XRD measurements.

CaCO;z;@Pectin NPs have an inhibitory effect on the activity of the enzymes
lipase and amylase, while the pectin nanoparticles showed an activating effect

on enzyme amylase.
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6. Serum FBS was positively related to the HbAlc, TG, and VLDL levels. In
addition, TG levels were significantly associated with total cholesterol, VLDL,
and Insulin levels. As a risk factor of dyslipidemia in type Il diabetes mellitus,
serum LDL was highly significant positively related to high levels of total

cholesterol.
B) Future work:

Pectin can be tailormade to generate new applications, as structural changes
result in different functions and greater bioactivities. Still, it stands out that pectin
can be extracted from the most varied sources, being the by-products of the food
industry a green solution (due to the valorization of agro-industrial residues),
which is associated with more environmentally friendly methods, allows a
sustainable extraction and an environmentally friendlier product. Among the future
challenges, the extraction of pectin without solvent or with neoteric can be
highlighted to meet the fifth principle of green chemistry: Safer solvents and

auxiliaries.
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Appendix (A)

Diabetes Mellitus Type 2 Questionnaire:

Patient information:

Name:

Age:

Height: | Weight:

BMI:

Gender:
Male: T Female: ]

Family history:

Smoking:
Yes L] No T

Treatment:

Duration of diseases:

Chronic diseases:

Hypertension: Autoimmune diseases:

Other diseases:

Biochemical Tests:

FBS
HbAlc
Insulin
Ghrelin
Amylase
Lipase
Triglycerides
Cholesterol
HDL
VLDL
LDL

Other Notes:
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