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Abstract. Due to its prevalence and myriad complications, diabetes mellitus is a significant
social and economic issue in contemporary society. Consequently, it is essential to look for
novel approaches to the diagnosis and treatment of diabetes mellitus and to enhance the
current ones, which necessitates careful research into the mechanisms underlying disease
development as well as the development of straightforward and trustworthy techniques and
standards for identifying the early warning signs of complications. In order to address these
issues, we provide an analytical review of recent research that uses in vitro models of glycated
tissues, in vivo experimental models of diabetes mellitus, and other methods to examine how
the structural and optical characteristics of biological tissues change as the disease progresses
in clinical research and lab animals.
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1 Introduction

A chronic endocrine condition called diabetes mellitus is brought on by an increase in the
body's free glucose level, which disrupts metabolism. Organism. The World Health Organization
predicts that diabetes mellitus would rise from eighth to seventh place among the leading
causes of death, with a 54% increase in mortality that will occur in 2030 compared to 2010 [1].
Between 1980 (108 million people) and 2014 (422 million people), the number of patients with
diabetes mellitus increased by around four times [2, 3].

Blood levels of free glucose, or glycaemia, typically range from 3.3 to 5.5 mmol/l (60 to 100
mg/dl) [4].0ne monosaccharide that is crucial is glucose. part of a biological organism's
operation. It serves as an energy source for the organism's metabolic functions. The peptide
hormone insulin is produced by the beta cells of the pancreas to control glucose metabolism.
The excess glucose in the blood is caused by either the pancreas's inadequate synthesis of
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insulin or the organism's cells' aberrant response to the insulin that is generated.
Hyperglycemia, or a prolonged rise in blood glucose levels above 11 mmol/l (200 mg/dl), causes
an excess of glucose in the interstitial fluid,which disrupts the body's metabolism, leading to the
onset of diabetes mellitus .

It was thought that elevated glucose oxidation and superoxide radical production in
mitochondria could result from hyperglycemia [4]. Anions of Superoxide radicals are harmless,
nonreactive chemicals, but they can change into extremely reactive free radicals in specific
situations, mostly when reductive-oxidative transition metals like iron and copper are present
According to Equations (1) and (2), respectively, the change is brought about by metal-
mediated Haber-Weiss or Fenton processes :

Fe/Cu
054 H;0; — 03+ HO~+HO’ 1)

Fe?*/Cu* + H,0, — Fe3*/Cu?* +HO™ +HO (2)

For instance, the overproduction of superoxide brought on by hyperglycemia triggers
hyperglycemic damage in the aortic endothelium cells. Superoxide's detrimental effects cause
glucose metabolism to shift from the glycolytic pathway to other metabolic pathways, which
include the production of advanced glycation end products.

Hyperglycemia promotes metabolic imbalance and organ disruption because blood glucose
levels are correlated with interstitial fluid glucose levels. operating [5]. Numerous studies are
focused on this topic, including figuring out the amount of free glucose in blood, interstitial
fluid, and other bodily fluids [6], identifying morphological changes in vital organs,creating
biosensors for continuous monitoring of the organism's free glucose , researching the effects of
glucose on blood and tissue proteins, and creating diabetes monitoring techniques based on
the differences in optical characteristics between healthy and diabetic tissues [7] measuring
the glucose diffusion rate in sick tissues (malignant tumors and the walls of atherosclerotic
blood arteries) as well as healthy tissues

Skin lesions make up one-third of all diabetic patients' issues, with persistent ulcers that heal
being the most serious type. quite slowly, raising the possibility of infection [8]. Diabetes
mellitus raises the risk of retinopathy, which causes blindness, cardiovascular disorders,
neuropathy, and nephropathy [8]. Diabetes mellitus is the primary cause of heart attacks,
myocardial infarction, stroke, blindness, renal failure, and lower extremity amputation,
according to data from the World Health Organization. It is also a risk factor for numerous other
diseases that diabetes exacerbates [9].

Therefore, developing innovative techniques for diabetes diagnosis and treatment is necessary
to minimize the major consequences that diabetes mellitus causes. enhancing the current ones,
which calls for a thorough analysis of the mechanisms underlying disease development as well
as the creation of straightforward and trustworthy techniques and standards for identifying the
early warning signs of complications.

Numerous physical techniques, including as optical ones, are used to study the clinical course
and problems of diabetes mellitus. These techniques frequently enable a real-time, noninvasive
monitoring of biological tissues' primary parameters. The latter explains why optical techniques

3174

elSSN: 1303-5150 www.neuroquanotology.com


http://www.neuroquanotology.com/

Neuroquantology | July 2019 | Volume 17 | Issue 07 | Page 3173-3192| Doi: 10.48047/nq.2019.17.7.NQ33397
S Nagaveni, Biological tissues of optical and structural characteristics in diabetic mellitus

are seen as promising in medicine and why their use is constantly growing. A overview of recent
works on the investigation of the alterations in structural and optical characteristics during the
evolution of diabetes mellitus through clinical research, in vivo experimental models of diabetes
in lab animals, and in vitro models of glycated tissues. Further investigation and engineering
endeavors in the area of noninvasive optical diagnostics of disease disorders in human
organisms appear to benefit from such study.

2 Classification of diabetes mellitus

There are two main categories of diabetes mellitus: Type | diabetes, often known as "diabetes
of the young" or "immune-mediated diabetes," is insulin-dependent, while type Il diabetes is
the

diabetes of the elderly, or insulin-independent diabetes [10]. Gestational diabetes mellitus,
which is identified during pregnancy and not detected beforehand, is taken into consideration
individually. Additionally, certain illness kinds might be chosen based on other reasons.
Examples include diabetes brought on by exocrine pancreatic disorders (such cystous fibrosis),
monogenic diabetes syndrome, which is produced by the inheritance of defective genes and
results in diabetes in neonates, the diabetes brought on by a chemical agent (for instance,
when medications are used to treat HIV/AIDS or following organ donation) .

The most common forms of diabetes mellitus are types | and Il. The degeneration of the
pancreatic beta is the cause of type | insulin-dependent diabetes mellitus. cells that interfere
with the synthesis of insulin. It seems that the body cannot process the amount of glucose it
receives with the amount of insulin that is produced. Chronic hyperglycemia develops, the
body's glucose content rises, and several organs' metabolisms are disrupted . Type | diabetes
mellitus is often known as "the diabetes of young" since it is more common in young people.
Approximately 5-10% of people with diabetes mellitus, including those with other forms, have
type | diabetes . Symptoms of type | diabetes mellitus include polyuria (excess urine excretion),
polydipsia (thirst), and persistent fatigue, appetite, weight loss, and vision impairment

Cell resistance to the generated insulin causes type Il insulin-independent diabetes mellitus,
with an insulin shortage also occurring in the the patient's body. The prevalence of type Il
diabetes mellitus is higher, accounting for 90—-95% of all diabetic individuals. This kind of iliness
is frequently referred to as "the diabetes of the aged" since it typically manifests in middle age.
However, youngsters are increasingly developing this form of diabetes mellitus in recent years.
Excess body mass and sedentary lifestyles are major contributors to diabetes mellitus . Type |
and type |l diabetes mellitus share similar symptoms, although in the latter, they are frequently
less noticeable, which makes the condition diagnosed after the problems have already started,
a few years after it started [11]. One of the extra symptoms of type Il diabetes mellitus is the
patient's obesity . In order to prescribe the most effective treatment, it is critical to identify the
type of diabetes mellitus .

When patients with diabetes mellitus receive excessive insulin injections or have their insulin
production increased by pharmaceutical preparations, hypoglycaemic coma (crisis) may occur
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when blood glucose levels drop below 3.9 mmol/l (70 mg/dl). In this instance, the body lacks
the energy to sustain regular vital functions, resulting in tachycardia, weakness, shaking,
irritation, and hunger, as well as the potential for unconsciousness and death [12]. Genetic
predisposition is the primary cause of the development of diabetes mellitus .Other reasons
primarily include various illnesses that impair metabolism and a lack of physical exercise .

When diabetes mellitus develops, the processes that go along with an organism's aging
accelerate . As people age, the amount of water in The ratio of the base material to fibrous
structures varies as skin thickness decreases. At the price of raising collagen content and
lowering glycosaminoglycan concentration, the coefficient falls. The amount of hyaluronic acid
decreases significantly. Collagen undergoes changes in its chemical and physical characteristics,
including an increase in the quantity and strength of intra molecular and intermolecular
crosslinks, a decrease in its elasticity and swelling capacity, the development of resistance to
collagenase, and the structural stability of collagen fibers, or the maturation of fibrillar
structures advances in the connective tissue. The metabolic processes that take place within
the organism and impact the molecular structure of collagen are the cause of collagen aging. All
of the tissue's structural components, including the cells, intercellular material, and fibrils, are
harmed by connective tissue injury . The structure of collagen fibers was examined in wide-
angle X-ray scattering studies of human sclera aging. Age-related increases in the scleral
matrix's stiffness, the degree of fiber straightening, and the The peripapillary sclera's
mechanical anisotropy diminishes . Macromolecules undergo both structural and functional
changes as an organism ages . Both directly in patients during clinical examinations and in
laboratory animals using experimental models are studies of the alterations that take place in
the tissues of the organism under development of diabetes mellitus.

3 Experimental models of diabetes mellitus

The chemically induced models of diabetes mellitus that enable the comparatively inexpensive
and straightforward generation of disease development in animals are extensively utilized.
Higher animals can also be used with similar models .Two substances are utilized in the most
well-known and popular chemical diabetes induction techniques: alloxan [13] and
streptozotocin They are mostly found in the pancreas, where they trigger the generation of
radicals that damage the beta cells and impair the production of insulin . Because
streptozotocin and alloxan have a structure with glucose, the pancreas accumulates them
through glucose transporters, so that, Animals are typically more vulnerable to them when
their stomachs are empty . Insulin-dependent (type 1) diabetes mellitus is thus brought on by
injecting rats with streptozotocin or alloxan . Alloxan and streptozotocin solutions should be
made right before the injection because they are somewhat unstable. Keep in mind that these
chemicals may also have varying levels of toxicity to other organs Alloxan and streptozotocin
can alter biological macromolecules and fragment DNA in addition to destroying beta cells .

The alloxan diabetes model [14]. For mice, a single dose ranges between 50 and 200 mg/kg of
body mass. Depending on the breed, rats can get anywhere between 40 and 200 mg/kg].
Intravenous, intraperitoneal, or subcutaneous injections of alloxan are available.
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Rakeem reported in a 1963 publication that streptozotocin could cause diabetes mellitus . The
maximum dosage of streptozotocin in a single dose is between 35 and 65 mg/kg of body mass
for rats and between 100 and 200 mg/kg for mice , depending on the breed . Additionally, there
is a way to inject streptozotocin given mice over the course of five days in tiny doses ranging
from 20 to 40 mg/kg.

It should be noted that human beta cells in the pancreas are resistant to the toxicity of alloxan
and streptozotocin, unlike those in animals [15]. Additionally, it's intriguing that During the first
week following the injection of streptozotocin and alloxan, the blood's glucose content varies
nonlinearly (Fig. 1). The morphological changes of beta cells, including intercellular
vacuolization, dilatation of the rough endoplasmic reticulum, reduction of Golgi apparatus area,
diminution of secretor granules and insulin content, and swelling of mitochondria, occur
immediately after the injection and last for approximately three to four hours. The process of
insulin accumulation causes such severe transitory hypoglycemia due to cell membrane rupture
and secretory granule toxicity. Beta cells undergo morphological alterations as well as pyknotic
nuclei [16]. The persistent diabetic hyperglycemic phase, which is marked by anatomically
complete degranulation and the loss of beta cell integrity over a period of 12 to 48 hours,
begins approximately 6 days following the injection . In light of this, it's critical to select the
right terminology for determining blood glucose levels during the diabetes modeling process.
Typical type | diabetic symptoms in the animals with the model diabetes include polyuria,
polydipsia [17], and weight loss diabetes.
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Fig 1: Phases of change in free blood glucose following an injection of streptozotocin (II-IV) or
alloxan (I-1V) .

Other, less commonly utilized models of type | diabetes exist in addition to the ones mentioned
above, such as the autoimmune forms of the disease. The mouse lines that have Bio breeding
(BB) rats are produced with "spontaneous" diabetes mellitus, also known as "non-obese
diabetes," in which the organism develops prediabetes either from birth or shortly after. The
Akita mouse strains are bred to produce diabetes mellitus, which occurs genetically a few
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weeks after birth. Viruses are also used to induce diabetes. The Zucker line rats, mono- and
polygenic models of obesity, and other models are used to simulate type Il diabetes mellitus.
utilized. Defects in the transmission of leptin hormone signals are present in the most popular
monogenic models of obesity. Leptin is in charge of the sensation of
saturation, causing hyperphagia (overeating) and obesity in animals when functioning leptin is
absent. Zucker rats and Lepob/ob and Lard/db mice, which lack leptin receptors, also lack
leptin. New approaches to treating type |l diabetes are frequently tested using these models.

Lepob/ob mice have a mass gain starting at two weeks of age, followed by the development of
hyperinsulinemia and hyperglycemia at four weeks. The blood's concentration of free glucose
keeps rising and reaches its peak in three to five months. The pancreatic volume greatly
expands hyperlipidemia worsens, temperature regulation is thrown off, physical activity
declines, and infertility arises.

An autosomal recessive mutation in the leptin receptor occurs in Leprdb /db mice. These mice
have hyperphagia, obesity, elevated insulin levels, and elevated blood sugar levels. In these
mice, the hyperglycemia appears in 4—8 weeks, the obesity appears in 3-4 weeks, and the
hyperinsulinemia appears in around 2 weeks.

The elevated amount of beta cell death in Zucker rats cannot make up for their indicated
resistance to insulin, which is characterized by a drop in insulin levels after hyperinsulinemia at
around 8 weeks of age. Male Zucker rats often develop diabetes mellitus in around 8—10 weeks,
whereas female rats do not develop explicit diabetes. In these rats, diabetic consequences are
evident.

A good diabetes model with the unique characteristics of the condition must be selected for the
experimental studies based on the issues being addressed the models that are considered.
Additionally, keep in mind that different animals of various lines may develop diabetes in
different ways. As a result, they found that outbred and linear mice produced distinct
outcomes.

4 Glycation and non-enzymatic glycation of proteins

Glycation of proteins is linked to the primary consequences of diabetes mellitus. The contact
between the glucose molecules causes the glycation. with the proteins, resulting in
modifications to the structure of proteins and limitations on tissue function It is well known
that the non-enzymatic reaction between the amino group of the protein and the carbonyl
group of sugar causes protein glycation, which in turn causes crosslinks to form between the
protein molecules. The Milliard reaction, which has two steps, is caused by the glycation. The
stable Amadori product is created when protein and glucose interact through the Schiff bases
adducts. The Amadori product changes into an advanced glycation end product upon additional
incubation. Both may accompany the glycation. the attachment of the advanced glycation end
product to the protein receptor and the alteration of the protein. Alongside the reactions that
take place, the collagen glycation mechanisms entail intricate procedures. Glycation end
products such pentosidine and N(g)-carboximetillysine (CML) are known to build up in skin
collagen with aging and diabetes mellitus.
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Because pentosidine is a luminous chemical, it can be found utilizing fluorescence analysis
techniques. Glyoxal, pyrroline, and glucosepane linked to nephropathic, retinopathic, and
neuropathic problems are also referred to as advanced glycation end products, along with
additional glycation and substance products that aid in their accumulation.

Given that proteins make up a significant portion of many tissues, glycation of these proteins
results in changes to tissue structure and functionality, the imbalance in metabolism, and lastly,
the malfunction of an organ. Since biological tissues' optical characteristics are determined by
their structure, optical techniques like fluorescence spectroscopy, refractometer, Raman
spectroscopy, spectrophotometry in a variety of wavelengths, electron microscopy, laser
speckle-contrast imaging laser Doppler flowmetry, confocal microscopy, and optoacoustic
spectroscopy can be used to track these changes.

In order to investigate protein glycation, tissue and cell samples from subjects with naturally
occurring or chemically produced diabetes mellitus (in vivo glycation), Additionally, samples
that have been glycated in vitro are employed. In vitro glycation studies include, for instance,
the analysis of human placental type IV collagen by fluorescence, electrophoresis, and
densitometry the analysis of bovine skin collagen by multiphoton microscopy ; hemoglobin by
optical coherent tomography , refractometry, and infrared spectroscopy , as well as
biochemical analysis albumin by fluorescence spectroscopy , refractometry , and terahertz
spectroscopy the analysis of tendon by biochemical and biomechanical methods as well as to
collagen hydrogels through incubation in ribose, multispectral fluorescence life time imaging
(FLIM) solutions of glucose or fructose.

The fluorescence characteristics of glycated hemoglobin and various tissues are studied to
ascertain the extent of protein glycation have already been carried out. The refractive
characteristics of erythrocytes in healthy volunteers and patients with diabetes mellitus, the
vascular walls altered by glycation and the optical characteristics of skin in patients are
examined.

The development of techniques for tracking diabetes and its many complications is the subject
of numerous articles These techniques are based on the observed alterations in the optical
characteristics of diabetic tissues relative to healthy ones.

The rabbit Achilles tendon was glyced in ribose solution for eight months, and the maximum
load, deformation stress, and Young modulus of elasticity and viscosity, which show that the
glycation makes the tendon matrix more rigid, were noted. It was discovered that tendon
glycation significantly increased the amount of insoluble collagen and pentosidine while
significantly decreasing the amount of soluble collagen. The resulting findings thus demonstrate
that the glycation-induced collagen crosslinks directly raise the matrix's stiffness and alter the
tendon's other mechanical characteristics.

The literature review demonstrates that, in light of the development of new technologies, the
study of glycated biological tissues is a sought-after and promising area of research.
technologies for the prevention, maintenance, and noninvasive or low-invasive monitoring of
hard complications

5 Optical and structural properties of biological tissues
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5.1 Blood and cardiovascular system

An increased risk of micro- and macrovascular problems (angiopathy) is linked to the
development of diabetes mellitus such as nephropathy, neuropathy and retinopathy that
results in blindness The risk of vascular disorders that ultimately lead to cerebral stroke is
significantly increased by diabetes mellitus The atherosclerosis and associated loss of coronary
artery wall elasticity cause stenosis, which in turn lowers the blood supply to the heart muscle
and ultimately results in angina pectoris, cardiomyopathy, and an elevated risk of myocardial
infarction. Hyperglycemia also speeds up the atherosclerotic processes. These severe side
effects result from the glycation of proteins in blood-washed vascular walls over time when
there is an increase in free blood glucose levels.

Glycated hemoglobin or albumin can be identified by a variety of techniques, including ion
exchange, affine or liquid chromatography, electrophoresis, and colorimetric as well as
immunochemical techniques. First of all, because these techniques involve drawing blood from
the patient's vein, they are intrusive. Information on the glycation accumulated during a three-
month period can be obtained because the average lifespan of erythrocytes is three months.
Furthermore, the elevated content of lipids, glucose, bilirubin, and other chemicals affects the
measurement's accuracy. Additionally, outside variables like food and activity have an impact
on the blood's level of free glucose. This restricts the use of numerous diagnostic techniques
that call for blood measurements, necessitating the creation of new strategies for handling
measurement data that lessen the impact of outside variables.

In biology and medicine, optical techniques for assessing the state of biological tissues are
frequently employed, for example, to determine the degree of oxygenation. as well as blood
flow These techniques' widespread use and ongoing growth in the medical application sector
can be explained by their safety and the ability to obtain information instantly. In addition to
examining metabolic processes without harming biological tissues, optical radiation can be used
to collect information about their content, structure, and characteristics. The ability of visible
and near-infrared optical radiation to penetrate biological tissues deeply enough is a crucial
benefit. There are four "transparency windows" in the 600—-2500 nm range, which are the areas
where biological tissues attenuate light. very little. Since water makes up a large portion of
many biological tissues, the wavelengths at which water absorbs the least amount of light are
represented by the spectral transparency windows. The wavelengths between 650 and 950 nm
are included in the first transparency window; during this range, water absorbs light only
weakly, while hemoglobin and myoglobin do. The wavelengths between 1100 and 1350 nm
correspond to the second transparency window, which is situated between two peaks of water
absorption. The third and fourth transparency windows are located between 1600 and 1870 nm
and 2100 and 2300 nm, respectively. This makes it easy to probe the tissues that contain
collagen.

Spectral analysis in the infrared spectrum was used to quantitatively evaluate the amount of
glycated hemoglobin in human blood. range of wavelengths (780-2498 nm). Twelve days after
giving rats an injection of alloxan, examination of the fluorescence of the blood plasma. It was
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shown that the shape of the fluorescence band at the excitation wavelength 320 nm is most
indicative for hyperglycemia in the blood plasma samples as a result of non-enzymatic glycation
creating a protein fluorescence connection. details the optical characteristics of Albumin and
hemoglobin in glucose aqueous solutions were investigated. The scientists noted that the
refractive index rose and the absorption decreased in the solutions under study when the
content of glucose in the solution increased, most likely as a result of protein-glucose binding.
When albumin (glycation in vitro) was incubated in solutions of glucose and fructose for longer
periods of time, the albumin absorbance in the terahertz range of wavelengths decreased. This
study also examines the slow glycation of glucose relative to fructose and how the pH of the
sugar affects the albumin glycation rate solution was acquired.

Using the findings, they demonstrated how Raman spectroscopy can be used to evaluate
glycated hemoglobin in vivo applied to the forehead, ear, and hand. Patients with diabetes
mellitus were found to have porphyrin conformations in their erythrocyte hemoglobin using
Raman spectroscopy. Patients with diabetes mellitus were shown to have reduced erythrocyte
membrane viscosity using electronic paramagnetic resonance spectroscopy. The erythrocyte's
plasmatic membrane fixed the change in permeability, namely the increased rate of Na-H
exchange, Pa’+dependent K+ channel activity, and the decrease in Ca-ATPase activity in
individuals with type Il diabetes mellitus. The conformational shift of hemoglobin porphyrin,
the decrease in binding activity, and the reduction in oxygen transport by hemoglobin under
the conditions of diabetes mellitus were thought to be caused by changes in the viscosity and
permeability of the erythrocyte plasmatic membrane.

Based on monitoring the light reflection, a noninvasive technique and a device for determining
the amount of glycated hemoglobin were proposed in the patent. Spectrum from the blood
sample under study. The apparatus is made up of two measurement units: A Raman
spectrometer and a spectrophotometer that records absorption spectra in one unit.

The ability to determine the quantity of glycated hemoglobin in the spectral region of 200-850
nm using the absorption spectroscopy approach was shown in. A strong correlation was found
between the spectroscopic method's results and the conventional high-efficiency liquid
chromatography approach.

Near infrared (NIR) spectroscopy is used to quantitatively analyze the amount of glycated
hemoglobin in human hemolysate samples, and the In, the moving window partial least-
squares (MWPLS) method was suggested as a later processing method for the spectra. The
technique makes it possible to identify the best wavelength ranges for figuring out how much
glycated and non-glycated hemoglobin is present. The over-current has the best wavelengths
for the analysis region of the NIR band, and were 1492-1858 nm for glycated hemoglobin and
958-1036 nm for hemoglobin.

The optical properties of diabetic erythrocytes were examined in utilizing Common-Path
Diffraction-based three-dimensional quantitative phase imaging. Noninvasive optical
tomography (cDOT) research was conducted. From the measured three-dimensional
tomograms for the refractive index and two-dimensional time-dependent phase images, the
morphological (volume, surface area, and sphericity), biochemical (concentration and
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hemoglobin content), and mechanical (membrane fluctuations) parameters of individual cells
were quantitatively ascertained. Consequently, there were no statistically significant changes in
the morphological and biochemical characteristics of diabetic erythrocytes when compared to
nondiabetic erythrocytes; nonetheless, it was demonstrated that the membrane of diabetic
erythrocytes was less deformable.

Diabetes mellitus interferes with the mechanisms of perfusion, which include the creation of
new arteries and the stimulation of previously existing arterial collaterals. (angiogenesis,
arteriogenesis), which impedes the recuperation following an ischemic stroke. It has been
discovered that the development of diabetes in outbred mice results in fewer arteries and the
buildup of the advanced glycation end product in the blood and muscles of all diabetic animals.

The vessel's physical characteristics also alter as a result of the structural alteration. The impact
of the iohexol solution (X-ray contrast solution) is shown. Using laser speckle contrast imaging,
the effect of Omnipaque on the blood flow velocity in rats with alloxan-induced diabetes was
investigated. The rise in blood flow rate in diabetic rats was fixed compared to the control
group, which may be a sign of enhanced endothelial permeability during the course of alloxan-
induced diabetes. The authors demonstrated that type Il diabetes mellitus reduces the elasticity
of artery walls by measuring the elastic modulus of arteries using ultrasound.
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Figure 2: Histogram (a) and histological slice images (b) showing the lectin content (red) in WT
and WT+DM outbred mice of the control and diabetic groups, as well as in the control and
diabetic groups' RAGE KO and RAGE KO+DM linear mice, respectively.

Studies were conducted to evaluate the impact of noradrenalin on blood flow in mice with
diabetes induced by alloxan. With the laser speckle contrast imaging, mice with two- and four-
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week alloxan-induced diabetes showed decreased venous and arterial blood flow following the
noradrenalin injection without any subsequent blood flow restoration (Fig. 3).
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Figure 3: Typical pictures of vascular blood flow following noradrenalin injection in the mice in
the "non-T1D" control group (a), the mice in the one-week "T1D-1w" group (b), Diabetes at two
weeks (c) and three weeks (d) is known as "T1D-2w" .

The potential to evaluate the microcirculatory system's functioning in diabetic patients utilizing
noninvasive optical techniques like the Refs. provided examples of fluorescence spectroscopy,
diffuse reflection spectroscopy, and laser Doppler flowmetry. The information gathered has
demonstrated that the combined use of these three diagnostic tools enables the early
detection and prognosis of diabetic foot syndrome and trophic diseases. It is feasible to
investigate the alterations in vascular tone autoregulation and the control of bypass blood flow
by sympathic fibers by employing wavelet analysis to assess the regulatory mechanisms of
peripheral blood flow during the heat tests.
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Fig. 4 Multiphoton autofluorescence (green) and second harmonic generation (red) were used
to create images of glycated and control samples of the cow's cornea, skin, and outer aorta.
"Composite" refers to two superimposed images: the autofluorescence image (green) and the
second harmonic generation image (red). The laser The picture size is 620 x 620 umz2, the
wavelength is 700 nm, and the power is 180 mW .
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5.2 Different tissues

The development of type | diabetes mellitus is brought on by pancreatic dysfunction, which first
causes persistent hyperglycemia and ultimately an excess of glucose in the interstitial fluid.
interfering with several organs' metabolism and operation . Since blood and glucose are readily
supplied to all vital organs, including the myocardial, retina, and cerebral tissues, individuals
with diabetes mellitus experience glycation first.

In order to prevent major complications from diabetes mellitus and to discover new, effective
ways to diagnose and treat the condition, several investigations of the Research has been done
on the impact of diabetes mellitus on the various characteristics and operations of biological
tissues and organs.

Because a high blood glucose level causes the amount of glucose in the interstitial fluid to
increase, glycation impacts more than only the blood proteins, including albumin, hemoglobin,
and other proteins found in the tissues of the organism . For instance, it was determined in
Refs. that fibrosis is facilitated by the glycation of collagen in diabetes mellitus. The optical
characteristics of tissue proteins are subsequently altered as a result of structural alterations.
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Fig.:5 Histograms, microscopic pictures, and plots showing the larger adipocytes in the visceral
(VAT) and subcutaneous (SAT) adipose tissue of patients with diabetes mellitus

Ref. showed that the diabetes mouse's kidney sample had a slower rate of glucose diffusion
than the non-diabetic mouse's. It was believed that the The denser structure of the diabetic
kidney comes at the expense of tissue glycation. When glycerol solution of varying
concentrations was applied to skin, kidney, and cornea samples, the optical clearing
effectiveness in the terahertz wavelength region was better for non-diabetic samples than for
diabetic ones .

Compared to the healthy volunteers, patients with diabetes mellitus had larger fat cells . It was
demonstrated that white fat's primary phenotype People with type Il diabetes mellitus and
those without obesity have hypertrophy of adipocytes, which can impact insulin sensitivity,
ectopic fat deposition, free fatty acid release, and inflammation of fat tissue.

Research on the amount of air that patients with type Il diabetes mellitus, those with
prediabetes, and those in the control group exhaled showed a relationship between the insulin
the isotope 13C (6DOB13C(%0)) content and the sensitivity index (1/1510,120) in the expired air

(Fig. 6).
This association may function as a marker for the noninvasive evaluation of prediabetes and the
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onset of type Il diabetes mellitus in people . This marker was put into practice by taking 13C-
labelled D-glucose orally, which is metabolised to produce 13C-labelled carbon dioxide (13C02),
which travels via the bloodstream to the lungs before being exhaled.
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Fig:6 Insulin sensitivity index (1/1510,120) and 13C isotope content distribution in expired air
(6DOB13C(%o)) based on glycated Hemoglobin HbAlc (%) in the blood of patients with type Il
diabetes mellitus (Type 2 diabetes), prediabetic patients (Pre-diabetes), and the control group

(Normal) .

5.3 Skin

When diabetes mellitus develops, the skin becomes more prone to infections, fibrosis is seen,
the skin is drier, and susceptible (because to leucocyte dysfunction), and the patient has
cutaneous irritation. These symptoms are signs of complications from diabetes mellitus that are
linked to protein glycation and hyperglycemia. Diabetes mellitus contributes to a number of
skin conditions. Diabetic patients with retinopathy and nephropathy showed an increase in skin
autofluorescence. The wavelength of the excitation light fluctuated between 300 and 420 nm,
with 370 nm being the peak excitation. By dividing the mean radiated light intensity in the 420-
600 nm range by the mean excitation intensity in the 300-420 nm range, the normalized
autofluorescence signal was computed.

Keratinocyte proliferation in the epidermis was found to be reduced in mice with model
diabetes mellitus. The trials involving rats and mice of different ages showed alterations.
Studies on the thickness of the epidermis in cases of diabetes also produced contradictory
findings. While some authors use different models of diabetes mellitus or animals of different
ages to conclude that the thickness of the epidermis either decreases or increases, other
authors use the conditions of long-term hyperglycemia in rats and diabetes mellitus in humans
and mice to conclude that the thickness does not change.
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Fig:7 Collagen fibril image (A) from atomic force microscopy (AFM). The intact and
fragmented/disordered fibrils are indicated by the white and red arrows, respectively. (B)
Collagen fibril 3D pictures acquired with the AFM. (C) The Nano scope Analysis software
(Nanoscope_Analysis_v120R1sr3) was used to estimate the approximate size of collagen fibrils.
Santa Barbara, CA: Bruker-AXS. Tensile strength (D). (E) The force of traction. (F) The AFM
PeakForceTM Quantitative Nano Mechanics mode and Nano scope Analysis software were used
to determine the deformation of collagen fibrils.

Collagen becomes more rigid and less pliable as a result of the production of advanced
glycation end products. The findings in Ref. verify that the buildup of fragmented
Skin collagen's mechanical qualities and structural integrity are compromised by the presence
of molecular crosslinks in diabetes mellitus. Collagen fiber crosslinks were shown to be
expressed in studies of aged diabetic skin. Atomic force microscopy (AFM) has demonstrated
that the skin's collagen fibrils are broken up and disorganized in diabetics (Fig. 7(A, B)), and the
fundamental mechanical characteristics are fundamentally altered.

According to the quantitative analysis of AFM data, the mean roughness of collagen fibrils, a
measure of their organization, rises from 16 nm to 29 nm in diabetic dermis by 176% (Fig. 7(C)),
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which may be related to due to the higher concentration of matrix metalloproteinases (MMPs),
which cause collagen fibrils to break apart. Collagen's structural integrity is compromised by
fibril fragmentation, which alters the dermis' mechanical characteristics. When comparing the
diabetes dermis to the non-diabetic one, it was discovered that the basic mechanical qualities,
such as the tensile strength (Fig. 7(D)) and traction force (Fig. 7(E)), increased by 197% and
182%, respectively, while the deformation of collagen fibrils decreased by 58% (Fig. 7(F)).

The collagen hydrogel's mechanical characteristics following incubation in ribose and
glutaraldehyde (GTA) solutions, which encourage the development of In a research, collagen
cross-links were investigated through the use of multispectral fluorescence lifetime imaging
(FLIM). Unlike with ribose, relationships between the mechanical characteristics of collagen and
its fluorescence lifetime were noted in the case of collagen incubation in GTA. It has been
demonstrated that the type and strength of collagen cross-links significantly affect the tissue's
elasticity when ribose is present.

In the case of in vitro glycation, advanced glycation end products in skin were investigated using
optoacoustic spectroscopy. The idea of The foundation of optoacoustic spectroscopy is the
conversion of pulsed or time-modulated optical radiation energy into thermal and additional
acoustic waves upon interaction with an object; a microphone or ultrasonic transducer is used
as a spectrally non-selective detector of absorbed energy at various wavelengths.

In order to create physiological hyperglycemia, samples of pig skin were submerged in ribose
solution. over a period of 17 days. As a result, it was noted that the optoacoustic signal
increased with incubation time and that the glycated skin absorbed the lightest in the 540-620
nm wavelength range.
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Fig. 8 The 30%- (a, b), 43%- (c, d), and 56%- (e, f) solutions of glucose were used to create the
kinetic curves of optical clearing (a-f) and diffusion coefficients of glucose (g) in the skin of mice
in the diabetic group (b, d, f) and control group (a, c, €) .

It's possible that the increased optoacoustic signal intensity with increasing skin glycation
degree is caused by both the increased efficiency of light-to-sound conversion due to greater
tissue elasticity due to the crosslinks between the fibers and the high light absorption by
glycated skin (in the wavelength range of 540—620 nm). This study also shows how the intensity
of the second harmonic generation decreases and the intensity of fluorescence increases for
the skin glycated (Fig. 9).
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Fig. 9 Microscopic pictures of pig skin that was incubated in phosphate buffer solution (a) and
ribose solution (b) for 17 days. Overlaid pictures of The intensity of the second harmonic (red)
and autofluorescence (green) are displayed. The scale bars represent 50 um, and the photos
were taken at a depth of 35 um.

The gadget proposed in the patent uses fluorescence as its basis for operation, making it
feasible to identify the end products of glycation of collagen, to assess their levels in the tissues
of the skin, oral mucosa, or sclera in order to identify diabetes mellitus or a pre-diabetic state.
When a region of tissue is exposed to light with a variety of wavelengths, either contact or
noncontact, the fluorescence of the tissue produced by the stimulating radiation is recorded.
The device's analyzing system then uses the measured spectral properties to calculate the
tissue's degree of glycation.

6.Conclusion

Numerous studies have examined the impact of diabetes mellitus development on biological
fluids and tissues, and several study methodologies have been developed. further encourages
the increased awareness of this illness. In terms of diagnosis, it is crucial to identify the first
tissue alterations linked to the development of diabetes mellitus in its early stages. As is As the
article demonstrates, a variety of optical techniques can be used for the diagnostic
investigation and tracking of the level of glycation of biological tissues and fluids. the onset of
diabetes. Refractometry, Raman spectroscopy, fluorescence spectroscopy, spectrophotometry
across a broad spectrum of wavelengths, optical coherence tomography, laser speckle-contrast
imaging, laser Doppler flowmetry, confocal and optoacoustic microscopy, multiphoton
fluorescence microscopy, and harmonic generation are a few of these. Given its ease of use and
potential for non-invasive diagnosis, the fluorescence spectroscopy method—which records the
existence of final glycation products in tissues—is one of the most promising optical techniques
available. Refractometric and phase techniques, such as by employing optical coherence
tomography and three-dimensional Tomography of diffraction. Terahertz imaging and
spectroscopy techniques are also potential approaches for researching glycated biological fluids
and tissues. Non-invasive monitoring of early structural alterations in biological tissues linked to
diabetes is progressively no longer considered a "unresolved" topic.

3190

elSSN: 1303-5150 www.neuroquanotology.com


http://www.neuroquanotology.com/

Neuroquantology | July 2019 | Volume 17 | Issue 07 | Page 3173-3192| Doi: 10.48047/nq.2019.17.7.NQ33397
S Nagaveni, Biological tissues of optical and structural characteristics in diabetic mellitus

1.

10.

11.

12.

13.

Bashkatov, Alexey N., et al. "Measurement of tissue optical properties in the context of
tissue optical clearing." Journal of biomedical optics 23.9 (2018): 091416-091416.

Berezin, Kirill V., et al. "Molecular modeling of immersion optical clearing of biological
tissues." Journal of Molecular Modeling 24 (2018): 1-8.

Shu, Xiao, Lisa Beckmann, and Hao F. Zhang. "Visible-light optical coherence
tomography: a review." Journal of biomedical optics 22.12 (2017): 121707-121707.

Agrawal, Rupesh, et al. "Assessment of red blood cell deformability in type 2 diabetes
mellitus and diabetic retinopathy by dual optical tweezers stretching
technique." Scientific reports 6.1 (2016): 15873.

Genina, Elina A, et al. "Optical clearing of biological tissues: prospects of application in
medical diagnostics and phototherapy." Journal of Biomedical Photonics &
Engineering 1.1 (2015): 22-58.

Zohdi, Vladislava, et al. "Importance of tissue preparation methods in FTIR micro-
spectroscopical analysis of biological tissues:‘traps for new users’." PLoS One 10.2
(2015): e0116491.

Talari, Abdullah Chandra Sekhar, et al. "Raman spectroscopy of biological
tissues." Applied spectroscopy reviews 50.1 (2015): 46-111.

Kaur, Gurbinder, et al. "A review of bioactive glasses: their structure, properties,
fabrication and apatite formation." Journal of Biomedical Materials Research Part A: An
Official Journal of The Society for Biomaterials, The Japanese Society for Biomaterials,
and The Australian Society for Biomaterials and the Korean Society for
Biomaterials 102.1 (2014): 254-274.

Nadort, Annemarie, et al. "Quantitative imaging of single upconversion nanoparticles in
biological tissue." PloS one 8.5 (2013): e63292.

Schriefl, Andreas J., et al. "An automated approach for three-dimensional quantification
of fibrillar structures in optically cleared soft biological tissues." Journal of the royal
society interface 10.80 (2013): 20120760.

Schriefl, Andreas J., et al. "Quantitative assessment of collagen fibre orientations from
two-dimensional images of soft biological tissues." Journal of The Royal Society
Interface 9.76 (2012): 3081-3093.

Akhtar, Riaz, et al. "Characterizing the elastic properties of tissues." Materials
Today 14.3 (2011): 96-105.

DeBuc, D. Cabrera. "A review of algorithms for segmentation of retinal image data using
optical coherence tomography." Image segmentation 1 (2011): 15-54.

3191

elSSN: 1303-5150 @ www.neuroquanotology.com


http://www.neuroquanotology.com/

Neuroquantology | July 2019 | Volume 17 | Issue 07 | Page 3173-3192| Doi: 10.48047/nq.2019.17.7.NQ33397
S Nagaveni, Biological tissues of optical and structural characteristics in diabetic mellitus

14. Genina, Elina A., Alexey N. Bashkatov, and Valery V. Tuchin. "Tissue optical immersion
clearing." Expert review of medical devices 7.6 (2010): 825-842.

15. Ghosh, Nirmalya, et al. "Mueller matrix decomposition for polarized light assessment of
biological tissues." Journal of biophotonics 2.3 (2009): 145-156.

16. Wu, Yicong, et al. "Scanning all-fiber-optic endomicroscopy system for 3D nonlinear
optical imaging of biological tissues." Optics express 17.10 (2009): 7907-7915.

17. Movasaghi, Zanyar, Shazza Rehman, and Dr Ihtesham ur Rehman. "Fourier transform
infrared (FTIR) spectroscopy of biological tissues." Applied Spectroscopy Reviews 43.2
(2008): 134-179.

3192

elSSN: 1303-5150 @ www.neuroquanotology.com


http://www.neuroquanotology.com/

