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ABSTRACT

Insulin resistance, reduced pancreatic B-cell activity, and dysregulated glucose homeostasis are
the hallmarks of type 2 diabetes mellitus (T2DM), a metabolic illness that encompasses
multiple aspects and is characterized by diverse symptoms. Therapeutic treatments that are
both new and complex are required because the prevalence of type 2 diabetes is increasing all
over the world. Morchella esculenta (M. esculenta), a highly regarded culinary fungus, is the
subject of this study, which aims to conduct an exhaustive analysis of the medicinal potential
of the fungus, with a particular emphasis on the profound implications it has for the
management of type 2 diabetes. During the first stage of our investigation, we are examining
the antioxidant properties of M. esculenta extracts. This is done in recognition of the central
role that oxidative stress plays in the development of type 2 diabetes and the difficulties that
are connected with it. Using conventional taxonomic keys, samples were obtained from Jammu
and Kashmir, India, in April 2021. The samples were morphologically identified as belonging
to the genus M. esculenta that was collected. This article highlights the importance of M.
esculenta from both a pharmacological and nutritional standpoint. Studies have been conducted
to investigate the nutritional components of a variety of edible mushrooms; however, the
pharmacological aspects of M. esculenta, particularly its hypoglycemic actions, have not been
investigated to a significant extent. According to the findings of the study, there is a significant
amount of room for further research into the therapeutic characteristics of M. esculenta. The
presence of saponins, tannins, terpenoids and steroids, glycosides, flavonoids, alkaloids,
quinones, phenols, curcumins, and carbohydrates was determined through qualitative analysis
using chloroform, methanol, and ethanol. Additionally, an analysis was performed to determine
the presence of carbohydrates. In addition, the samples exhibited free radical scavenging
activity in experiments including DPPH, ABTS, Lipid peroxidation, Hydrogen peroxide
scavenging activity, and the Nitric Oxide Scavenging Assay using three distinct solvents,
namely ethanol, methanol, and chloroform. At a concentration of 1 mg/ml, ascorbic acid—the
reference chemical for ABTS—displayed free radical scavenging activity of 64.71%. Ethanol
was shown to be the most effective solvent for extracting antioxidant chemicals from M.
esculenta, with consistently higher percentage inhibition values than chloroform and methanol
at all doses. Ethanol showed the greatest percentage inhibition at 50.28% at the maximum
concentration (1.0 mg), indicating strong antioxidant activity. The inclusion of bioactive
components with antioxidant capabilities, such as phenolic compounds or flavonoids, may

explain this efficiency. The reference chemical for DPPH, ascorbic acid, demonstrated a free



radical scavenging activity of 80.71% at a concentration of 1 mg/ml. The findings point to the
antioxidant capabilities of M. esculenta extracts, as the percentage suppression of the DPPH
radical increases with concentration for all three solvents. At most doses, chloroform showed
a greater % inhibition value compared to ethanol and methanol, according to the extract
comparison. The ethanol extract showed the greatest percentage inhibition among the solvents
at the maximum concentration (1.0 mg), reaching 18.06%. At a concentration of 1 mg/ml, the
anti-free radical scavenging activity was 70.1% for ascorbic acid, the gold standard chemical
for hydrogen peroxide scavenging activity. Results showed that ethanol, chloroform, and
methanol were in that order of H.O> scavenging capacity. As the quantities of all solvents
increased, the results showed that the extracts could scavenge more and more hydrogen
peroxide. In comparison to chloroform and methanol, ethanol's consistently higher percentage
inhibition results for hydrogen peroxide scavenging were indicative of its superiority. The
existence of powerful bioactive components with substantial hydrogen peroxide scavenging
properties was indicated by the highest percentage inhibition at 46.15% at the highest
concentration (1.0 mg) of the ethanol extract. At 1 mg/ml, the reference chemical ascorbic acid
exhibited an inhibitory activity of 75.71% in the lipid peroxidation assay when tested with M.
esculenta extracts at different doses. Ethanol, chloroform, and methanol were determined to
reduce lipid peroxidation in that order. Lipid peroxidation is a process that can damage cell
membranes; the results show that the antioxidant qualities of the extracts can prevent this
process, as the percentage inhibition increases with increasing concentrations of all solvents.
When comparing chloroform, methanol, and ethanol at different concentrations, ethanol
always showed a higher percentage inhibition value, suggesting that it inhibits lipid
peroxidation more effectively. The presence of strong bioactive components that protect cell
membranes from oxidative damage was suggested by the fact that the ethanol extract showed
the highest percentage inhibition at 43.18% at the maximum quantity tested (1.0 mg). At 1
mg/ml, the standard chemical ascorbic acid exhibited 66.1% inhibitory activity in the nitric
oxide scavenging assay, which was conducted on extracts of M. esculenta at different doses.
Ethanol, chloroform, and methanol were shown to have the highest nitric oxide scavenging
abilities. The results demonstrate that the percentage of inhibition increases as the
concentrations of all extracts rise, suggesting that they have the ability to scavenge nitric oxide
and reduce inflammation and oxidative stress caused by excess nitric oxide. At most
concentrations, ethanol showed a greater % inhibition value than chloroform and methanol,
indicating that it had a superior ability to scavenge nitric oxide. The ethanol extract showed a

remarkable scavenging activity at the highest dosage tested (1.0 mg), with a percentage



suppression of nitric oxide of 25.34%. The a-glucosidase inhibition assay showed that different
doses of M. esculenta extract inhibited the enzyme to varying degrees. At 1 mg/ml, the standard
compound acarbose showed the strongest inhibitory effect, at 76.71%. The capacity of ethanol,
methanol, and chloroform to inhibit a-glucosidase was seen in that order. The ability of the
extracts to block the a-glucosidase enzyme, which is involved in carbohydrate digestion and
glucose absorption, is suggested by the fact that the percentage inhibition increases as the
concentrations of all solvents rise. The better inhibitory activity of ethanol against a-
glucosidase was indicated by the consistently higher percentage inhibition values it displayed
at most doses when compared to chloroform and methanol. It appears that the a-glucosidase
enzyme can be inhibited by the bioactive chemicals found in the ethanol extract of M.
esculenta. The ethanol extract showed the greatest percentage inhibition of a-glucosidase
activity at 49.06% at the highest dosage tested (1.0 mg), indicating its potential to modulate
carbohydrate digestion and glucose absorption. Using acarbose as the standard, the a-amylase
inhibitory experiment showed that M. esculenta extracts at different doses inhibited the enzyme
to the greatest extent (68.71%). In a manner that was dependent on concentration, the
chloroform extract had the second-highest inhibition rate at 39.57%z=1.44, 1C50=1.33 mg/ml,
while the ethanolic extract showed the greatest inhibition rate at 50.4%z=1.14, IC50 = 1.0384
mg/ml. The results show that the extracts can hinder the action of the a-amylase enzyme, which
breaks starch into simpler sugars. At most concentrations, ethanol showed a larger % inhibition
value than chloroform and methanol, indicating that it had a stronger inhibitory effect on a-
amylase. This suggests that bioactive substances capable of suppressing a-amylase activity are
present in the ethanol extract of M. esculenta. Significant inhibitory potential was indicated by
the ethanol extract, which showed the highest percentage inhibition of a-amylase activity at
50.4% at the highest dosage tested (1.0 mg). The outcomes of a glucose absorption assay
carried out on L6 myotubes cell lines with varying doses of M. esculenta extracts. The basal
glucose uptake of the untreated control group was around 33.70%, which was consistent across
all three solvent extracts. An increase in glucose uptake was observed in the experimental group
when treated with Morchella extracts at concentrations of 25, 50, and 100 pg/ml, as compared
to the control group. This suggests that Morchella extracts may have the ability to improve
glucose uptake in L6 myotubes cell lines. Glycemic absorption percentages were consistently
higher in the ethanol and methanol extracts than in the chloroform extract across all
concentrations when comparing the three solvent extracts. It appears that the bioactive
chemicals found in the ethanol and methanol extracts have the ability to enhance glucose

absorption in L6 myotubes cell lines. The glucose absorption activity was most pronounced in



the methanolic extract. From the methanolic extract, we then isolated a pure chemical. We used
column chromatography to accomplish this, and the compound was separated into 12 fractions,
each of which contained a single constituent. Next, the conformation of these fractions—
labelled A, B, C, D, E, F, G, H, |, J, K, and L—was examined on thin-layer chromatography
(TLC) plates. To ensure the presence of polysaccharides, qualitative tests were carried out
following the extraction process. Fractionation is commonly accomplished using column
chromatography. Using this method, chemicals can be separated from one another by
classifying them according to how strongly they bind to the stationary phase of the column.
We moved on to the next eleven fractions after the polysaccharide quantitative test (Molish
test) indicated that the tenth fraction was positive. Afterwards, the compound identification
process was carried out quantitatively on the 10" (J) component utilizing Mass spectrometry,
FTIR, and NMR. FTIR, NMR, and Mass Spectroscopy revealed diacetyl trehalose in the
isolated chemical. FTIR study showed OH groups, ester groups, and ether linkages, which are
characteristic of diacetyl trehalose. NMR and Mass Spectroscopy added to the evidence. These
methods revealed diacetyl trehalose's functional groups and structural properties. The 33%
glucose absorption of diacetyl trehalose showed its biological action. This shows that diacetyl
trehalose may improve glucose absorption, which could benefit physiological processes
including blood glucose homeostasis. The MTT assay for diacetyl trehalose shows cell viability
at various doses. The cells had a high vitality of 99.31% at 6.25 pg/ml, showing negligible
impact on cell health. Positive trend: 98.41% vitality at 12.5 pg/ml, highlighting the
compound's safe impact on cell viability. At a dose of 25 pg/ml, cells still had a high viability
of 97.47%, indicating a slight drop from lower concentrations. Increasing the concentration to
50 pg/ml slightly reduces cell viability to 96.28%. Despite a dose-dependent response with a
minor effect on cell viability, cells are still viable at this concentration. Diacetyl trehalose is
well-tolerated by cells, with a comparatively high viability of 95.98% at the maximum studied
dose, 100 pg/ml. Since the minimal viability was 95.98%, no IC50 value could be computed.
These data indicate that diacetyl trehalose is biocompatible in the measured concentrations and
does not harm cells. On L6 myotubes, the glucose absorption experiment with the final product
diacetyl trehalose showed good results. The untreated control group had a baseline glucose
uptake of 30.0%, like the sample and insulin-treated groups. When given diacetyl trehalose at
doses of 25, 50, and 100 pg/ml, glucose absorption increased compared to the control group.
In L6 myotube cell lines, the chemical may increase glucose absorption. The percentage of
glucose uptake did not change concentration-dependently, showing that diacetyl trehalose

stimulates glucose uptake regardless of dose. When compared to the positive control group



treated with insulin, diacetyl trehalose did not exceed insulin's glucose uptake stimulation. This
means that diacetyl trehalose enhances glucose absorption but is less effective than insulin.
Diacetyl trehalose, a new chemical in M. esculenta, may treat diabetes, according to the study.
M. esculenta, rich in nutrients, possesses antioxidant and anti-hyperlipidaemic characteristics
that preserve mice's livers. The current study's antioxidant assays support M. esculenta’s
antioxidant characteristics. Mushrooms contain proteins, carbohydrates, vitamins, and fibre.
M. esculenta polysaccharides may decrease colon cancer proliferation and reduce tumors and
stimulate the immune system. M. esculenta polysaccharides have been studied for their effects
on gut microbiota and potential treatment of diabetes and metabolic disorders. Assays on M.
esculenta, including a-glucosidase inhibition, a-amylase inhibition, and glucose uptake,
suggest its potential as a natural source of antidiabetic chemicals by regulating carbohydrate
digestion and glucose absorption. Polysaccharides can treat diabetes by hypoglycaemia,
hypolipidemia, B-cell apoptosis suppression, and B-cell growth. Research is needed to identify
polysaccharides and understand their methods of action, according to the study.
Polysaccharides from many plants have been studied for diabetic treatment. The naturally
occurring disaccharide trehalose lowers glycaemic response and may reduce insulin resistance.
Diacetyl trehalose, a molecule in M. esculenta that has antidiabetic properties, needs further
study to determine its mechanisms of action and synergy with other substances. M. esculenta,
particularly diacetyl trehalose, may be an antidiabetic drug, although further research is needed

to understand the processes and interactions with other mushroom components.
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CHAPTER-1
INTRODUCTION

Summary: This chapter is about the introduction to the Research

work. The chapter has been divided into seven parts.



Chapter-1
Introduction

1. INTRODUCTION
1.1. Origin of Mushrooms

The words "fungus” and "mykes" are where the English word "mushroom”
originates from. Mushrooms are deemed edible provided they do not cause any health
problems when consumed in sufficient quantities. It is possible to classify it into one of
three categories according to its edibility: “edible (Lepiotaprocera), inedible or toxic
(Lepiotamargani), and non-poisonous” [1]. Since thousands of years mushrooms are
being used as both food and medicine, and many nations in Asia and S.Asia employ
“traditional wild edible mushrooms as appealing and healthy foods”. These include
countries like include Japan, Taiwan, China and India. As a direct consequence of this,
there was a significant demand for mushrooms on the international market in 2013, with
output reaching thirty-four billion kilograms and 4.7 kg/person (average consumption)
[2]. Few of the most important consumable mushrooms that are typically available
include “Chanterelles (Cantharellaceae), Puffballs (Lycoperdon spp. and Calvatia spp.),
Shaggy mane (Coprinus comatus), two oyster mushrooms (Pleurotus ostreatus and

Pleurotus cystidiosus), Boletes (Boletaceae), Sulfer shelf (Laetiporus sulphurous)” [3,4].
1.2. Nutritional aspect

Not only are wild edible mushrooms excellent in terms of their chemical and
nutritional properties, but they are also superior in terms of the amount of protein and
vitamins they contain, which include the vitamins B, D, K, A & C (occasionally) [5-7].
In addition, “mushrooms have a low fat content and a high content of dietary fibre,
nutraceuticals, and polysaccharides” all of which gives beneficial effects in terms of
health by helping in a variety of ailments with their properties involving
immunomodulation and anti-inflammation [8,9]. Mushrooms are rich in polysaccharides,
which are complex carbohydrates that have a variety of functions in the body. The
“homoglucans (B-1,3 glucan), heteroglycans, heterogalactans, and heteromannans”

found in mushrooms are the primary structural polysaccharides found in these



organisms. These terpenoids and polysaccharides are 2° metabolites, but they have a
crucial role to play in “glucose homeostasis by inhibiting -glucosidase, assisting the
actions of glucose transporter 4, and reducing inflammatory factors to improve insulin
resistance and lipid metabolism” [10,11]. Such polysaccharides and terpenoids are

essential for maintaining normal glucose levels.
1.3. Diabetes

The phrase diabetes mellitus/DM comes from the Greek word diabetes, which
means syphon, to pass through, and the Latin word mellitus, which means sweet.
Together, these two words form the term diabetes mellitus. Diabetes mellitus is a
collection of non-communicable metabolic illnesses that are defined by chronic
hyperglycemia that results from abnormalities in insulin secretion, insulin action, or both
[12]. This ailment tempers with the body’s process to keep in check the sugar levels.
According to the American Diabetes Association, 1997 (ADA), diabetes mellitus can be

*+broken down into three categories:

Table 1.1. Types of diabetes mellitus

Type Description

Type 1 diabetes mellitus (TIDM) Insulin-dependent or juvenile-onset;

accounting for 3—10% of cases.

Type 2 diabetes mellitus (T2DM) Non-insulin-dependent or adult-onset;

accounting for 85-90% of cases.

Gestational diabetes mellitus Hyperglycaemia occurs during the second

or third trimester

In 2021, the IDF suggested that the number of adult people suffering with
diabetes is more than 537 million. 541 million people are estimated to have impaired
glucose tolerance in 2021 with 80% of those people coming from families with middle-
or low-incomes. If this trend continues, the count will reach 643 million by 2030 [13]
[14]. In most cases, type 1 diabetes is associated with an Al problem, that is responsible
for the loss of B cells in the pancreas, as well as abnormalities in lipid metabolism,
increased hyperglycemia - mediated oxidative stress, malfunction of endothelial cells,

and apoptosis [15,16]. In contrast, type 2 diabetes is associated with lipotoxicity,
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glucotoxicity, apoptosis and endoplasmic reticulum-induced stress, together, which
causes progressive B cell loss [17]. Particular symptoms include polydipsia/ phagia/ uria

& nocturia.
Diabetic Complications:

Table 1.2. Complications in diabetes mellitus

Type of complication

Microvascular Retinopathy, nephropathy, and neuropathy

Macrovascular Ischemic heart disease, peripheral vascular disease, and

cerebrovascular disease

Polydipsia, polyphagia, polyuria, and nocturia are specific symptoms. Insulin
resistance, also known as IR, has been shown by a number of studies to be the primary
cause of worry when it comes to problems caused by diabetes [18,19]. Other prevalent
risk factors for resistance to insulin include “oxidative stress, hydrolytic enzymatic
inhibition, inflammation, hereditary behavioural variables, environmental factors,
dyslipidemia, obesity, and epigenetic modulations” [20,21]. IR is also a risk factor for
insulin resistance. Therefore, numerous pathogenic variables can lead to insulin
resistance, even if the precise mechanism behind this condition is not well understood

at this time.
1.4. Popularity of Mushrooms

Because of their one-of-a-kind taste, mushrooms have long been regarded as a
necessary component of gourmet cooking all over the world. Thanks to their
incomparable appeal, mushrooms have been revered by people everywhere as a veritable
culinary miracle. There are more than 2,000 varieties of mushrooms found in nature, but
only around 25 are utilised in culinary applications, and only a small percentage are
farmed for sale. They are of substantial interest due to the organoleptic quality, medical
characteristics, and economic relevance of mushrooms [22,23]. Mushrooms have a high
value both nutritionally and functionally, and they are also recognised as foods that
include nutraceutical capabilities. The line between mushrooms that are edible and those

that are used for medicinal purposes is not as clear cut as one might think. This is due to
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the fact that many of the species that are commonly consumed for their edible qualities
also have medicinal use [24]. Species like Agaricus bisporus of mushroom are cultivated
around the world, seconded by L. edodes, several species of Pleurotus, and F. velutipes.
China is already the biggest mushroom producer around the globe [22,25,26], and
mushroom output is only expected to continue rising. On the other hand, wild
mushrooms are gaining in significance due to the nutritional, sensorial, and particularly

pharmacological properties that they possess [23].
1.5. Pharmacological aspect

However, mushrooms may also include various 1° metabolites which include
peptides, oxalic acid and proteins. Most of the antimicrobial substances found in
mushrooms are 2° metabolites, which include “terpenes, steroids, anthraquinones,
benzoic acid derivatives, and quinolones”. Numerous species, such as Lentinus edodes,
appear to possess an antibacterial action that works efficiently in the fight with bacteria
be it gram -ve or +ve [27]. Because of their immunomodulatory and anti-cancer
characteristics, many different cultures have traditionally used a wide variety of
mushrooms for the keeping themselves healthy and in prevention & therapy of diseases.
Tremendous growth has been observed in the interest regarding mushrooms’ pharma

potential in this decade.

It's been hypothesized that a lot of types of mushrooms are like small pharma
factories themselves which can spew chemicals and compounds with life-saving
therapeutic aspects [7,28]. This line of thinking has been supported by a number of
studies. In addition, the expansion of understanding on the molecular basis of
carcinogenesis and metastasis has made it possible to find novel treatments that combat

abnormal biochemical/molecular pathways that may be causative of tumours [29].

Mushrooms & fungi are responsible for the production of more than one hundred
different therapeutic functions. Most vital of them include antioxidant, anticancer,
antidiabetic,  antiallergic, immunomodulating,  cardiovascular  protector,
anticholesterolemic, antiviral, antibacterial, antiparasitic, antifungal, detoxification,
and hepatoprotective effects. Mushrooms and fungi also offer protection from tumor

formations & other processes that are inflammatory [30,31].



Various compounds that are synthesised by macro-fungi are said to be bioactive.
The bioactive molecules that can be obtained in fruit bodies, cultured mycelium, and
cultured broth include polysaccharides, proteins, fats, minerals, glycosides, alkaloids,
volatile oils, terpenoids, tocopherols, phenolics, flavonoids, carotenoids, folates, lectins,
enzymes, ascorbic acid, and organic acids. Generally, in modern medicine
polysaccharides are considered the most important compounds& -glucan the best
researched and adaptive. These are considered to have a wide range of biological action
spectrum [7,30,32,33].

Because of their abundance in critical bio-macromolecules such as
polynucleotides, polysaccharides, and proteins, in fields of culinary and medical,
mushrooms are being widely sought and priced. The disciplines of biochemistry and
pharmacology have paid a lot of attention these years to some “bioactive

polysaccharides” that were extracted from therapeutic mushrooms.

Few mushroom extracts offer promise medicinal benefits for cancer, heart-
related illnesses, DM [24] and cancer of colon (which can be fatal). M. esculenta is
among the highly expensive mushrooms around the globe. It is among the wild species
of mushrooms that are most valuable to the economy and ranks among the most
important. It is also known by a variety of different names, including “Guchhi, morel,
yellow morel, sponge morel, true morel, common morel, real morel mushroom, and

true morel” [34].
1.6. M. esculenta

This mushroom is exceedingly pricey; hence it’s known by “growing gold of
mountains”. M. esculenta is frequently located in the deep coniferous that are known
to have humus-rich loamy soil. It is only found growing in nature at high altitudes in
chilly environments. It inhabits woodland environments at elevations ranging from
around 2500 to 3500 metres [35]. It is a common occurrence in the form of a
mycorrhizal or saprobic connection with coniferous and hardwood trees [36]. The
months of March through July make up its growing season [37]. The Indian states of
Jammu & Kashmir and Himachal Pradesh each have woods that are home to this type

of mushroom.



Traditional hill societies make use of M. esculenta for both medical and
healthcare purposes. The plant is commonly referred to as Guchhi in the local language
[38,39]. This particular adjective originates from the Latin word "esculenta”, which
literally translates as “Edible”. Because it contains a large variety of bioactive
molecules, which include proteins, polysaccharides, trace elements, vitamins &dietary
fibres, M. esculenta is consumed for both its nutritional and therapeutic properties [40].

Antioxidant activity can be shown in the fruiting body of the M. esculenta plant
[41]. M. esculenta ’s mycelia have been shown to contain -carotene and linoleic acid,
both of which have been shown to have antioxidant properties [42]. M. esculenta is
known to exhibit anti-inflammatory and anticancer effects, both of which were linked to
the presence of polysaccharides in this fungus [43,44]. Because it’s a scarce wild
resource and its growth and development through standard ways is extremely difficult,
an alternate method known as submerged fermentation was developed and put into use.
Some of the polysaccharides that are isolated from M. esculenta have shown the property
of tumor growth inhibition [45]. “Staphylococcus aureus, Salmonella typhimurium,
Listeria monocytogenes, Escherichia coli, and Enterobacter cloacae” are some of the
bacteria that are inhibited by the antibacterial properties of this mushroom'’s extracts
[46].

Fig. 1. Dried Morchella esculenta
1.7. Rationale

M. esculenta is a pharmacologically and nutritionally important fungus. Studies
have been already done on the dietic and nutritional component of this and other edible

mushrooms. In addition to those studies have been done on various pharmacological



aspects of other mushrooms and some aspects of M. esculenta. But it has not been
studied for many pharmacological properties including hypoglycemic activities.
Tremendous scope is available for the exploration of its unexplored medicinal
properties. Very less work is reported on diabetes mellitus using M. esculenta. The
motive and objective of this study was to do the same and fill this research gap.
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Chapter-2
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2. LITERATURE REVIEW

2.1. DIABETES

The most prevalent non-communicable disease in India, sometimes known as the
"Diabetes Capital of the World,™ is diabetes mellitus [47]. One-seventh of all diabetes
patients worldwide are affected by it. In India, there are currently close to 80 million
diabetics, and till 2045 the count is expected to reach 130 million. In India, prevalence
has climbed dramatically among all age categories, and among the younger population,
it has increased by more than 10%. According to research released in November 2017
by the ICMR, Institute for Health Metrics and Evaluation, and the Public Health
Foundation of India , the prevalence of diabetes in India showed a steep rise of sixty-

four percent during the past two to three decades.

According to research by the International Diabetes Federation, 90% of diabetic
cases are type 2 [47]. Patients with diabetes are vulnerable to a variety of sophisticated
medical conditions. One of the most significant lifestyle diseases, it has significant short-
and long-term negative consequences on health. Cardiovascular illnesses are one of the
primary causes of death, and a prominent role in this is played by diabetes [48].
Microvascular and macrovascular disorders which include stroke & CHD are some

examples of the associated medical conditions that follow diabetes.
2.1.1. Definition

Diabetes mellitus/ diabetes is a bunch of disorders/ailments defined as elevated
blood sugar levels brought on by flaws in the body's capacity to make and/or use insulin
[49]. It is a state of hyperglycemia that causes micro and macrovascular damage
including retinal, neuro - & nephro-associated pathies and IHD, PVD & stroke,
respectively. It’s been associated with a decreased life expectancy, increased morbidity,
and decreased quality of life. The pathogenetic processes that cause diabetes
development are varying. These include procedures that result in insulin resistance and

the destruction of the pancreatic  cells, which leads to an insulin deficit. The anomalies
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in the metabolism of carbohydrates, fats, and proteins are caused by the desensitization
of targeted tissues with respect to insulin, which produces inefficient results and
metabolism [50]. Typical signs and symptoms of DM include “polydipsia, polyphagia,
thirst, polyuria, blurred eyesight, tiredness and weight loss”. Frequently, symptoms

present mildly or are even non-existent.
2.1.2. History

Diabetes has been acknowledged as a fatal and debilitating condition for more
than 2000 years. A Greek physician named Aretaeus characterized the devastating
characteristics of the illness in the first century A.D. He gave it the name "diabetes"
derived from “syphon”, a Greek word. Aretaeus and other ancient doctors identified the
characteristics of diabetes but couldn’t accomplish any feat in terms of its cure. In 17"
century, Dr. Thomas Willis of London took samples of urine from patients to ascertain
whether they had sugar overload in their blood and in turn suffered from diabetes or not.
He would identify them by checking for the sweet taste of honey in them. Up until the
20th century, this diagnostic method stood the test of time. Nothing much could be done
for diabetes patients before insulin was discovered. They lived longer thanks to low-
calorie diets, but they also became frail and nearly starved. But in 1921, physicians in
Canada did the miracle of treating near death diabetic patients to health and bringing
their very high sugar blood levels down. Since that time, medical advancements have
kept extending and improving the lives of persons with diabetes. In 1950s, two forms of
diabetes—"insulin sensitive” (type 1) and "insulin insensitive" (type 2)—were
discovered. Since Aretaeus referred to diabetes as "the strange sickness,” two thousand
years have passed. The search for a remedy has been a protracted and gruesome task
carried by a large number of doctors & scientists in subsequent generations. In a modest
laboratory in Canada, insulin was discovered due to the commitment and shared
knowledge and work of these people. Since then, medical advancements have kept
making diabetes patients' lives simpler. The hunt for a cure for diabetes is still ongoing
in the twenty-first century. Currently, it is uncertain in terms of what novelty we may
achieve in this regard. Maybe there’s going to be another miraculous and hefty discovery
like insulin very soon or maybe we need to be satisfied with a gradual progressive

journey of betterment and discovery in this aspect [51].
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2.1.3. Pathophysiology

Understanding the basics in terms of how insulin acts and carbs are metabolized
is prominent to understand the diabetic pathophysiology. Following food consumption,
the carbs get broken down into molecules of glucose which are then absorbed into the
blood and cause the glucose level to rise in it. The pancreatic 3 cells release more insulin
following this. Most cells require insulin to enable glucose entry. Insulin enables the
glucose to enter the cells which then is used to take energy, by binding to certain cellular
receptors on the cell. Rise in insulin production from the pancreas, causing glucose
consumption in cells results in decreased glucose levels in blood. Lower glucose levels
then lead to less insulin being secreted. Blood glucose dynamics will alter if an illness
alters insulin synthesis and secretion. Blood glucose rises if the production of insulin is
decreased since it will restrict glucose entrance into cells. Normal insulin production
occurring but not being used properly by the target tissue results in the same problem.
When an enhancement occurs in insulin production due to the entry of a large amount
of glucose in tissues, the glucose levels the in-blood decrease exponentially and it is
termed hypoglycemia. Glycemia is impacted by many hormones. The lone hormone
which decreases glucose levels in blood is insulin. In addition to their other actions, “the
counter-regulatory hormones glucagon, catecholamines, growth hormone, thyroid

hormone, and glucocorticoids” all increase glucose level in blood [52].
2.1.4. Complications

Diabetes complications cause a large amount of “disability, lowered quality of
life, and mortality” around the globe. Diabetes problems can affect different body parts
and present differently in each person. Several major health issues are associated with
diabetes. It causes ED, decreased levels of testosterone & issues even involving the
emotional spectra, that can affect sexual desire in men, such as depression, anxiety, and
stress. Diabetes can be particularly difficult for women. Pregnancy increases the risk of
gestational diabetes, even for people without diabetes. According to data from the
American diabetes association, in women suffering with diabetes, diseases of the heart
top the reason for mortality. Additionally, diabetic women are more likely to experience
eating disorders and depression, as well as have problems with their sexual health. Every

aspect of the body, “including the feet, the eyes, and the skin”, can be impacted by
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diabetes. In fact, these issues can be a person's first indication that they have diabetes.
Foot issues can worsen and result in more significant issues like neuropathy, skin

abnormalities, calluses, foot ulcers and poor circulation [53].
2.1.5. Diagnosis

When a patient shows the characteristic symptoms/signs of increased glucose
levels in the blood and in random blood glucose test shows=/>200 mg/dL (11.1
mmol/L), which is later verified, the diagnosis of DM could be done with ease.

The basic diagnosis is made using the tests listed below:

A. When a person hasn't eaten in at least 8 hours, their blood glucose level is
measured with the FPG i.e., fasting plasma glucose test. Diabetes & prediabetes
can be identified with the test.

B. An OGTT i.e., oral glucose tolerance test checks blood sugar levels after the
suspected patient fasts for 8 hours at least and hasn’t had any beverage containing
glucose in the last 2 hrs. Diabetes and prediabetes can be identified using this
test. For detecting diabetes, the FPG test is frequently used due to its affordability
and ease. OGTT is better than FPG, in the fact that it even catches some diabetic
and pre-diabetic cases that might have gone undiagnosed with FPG. The FPG
test is most sensitive if done early in the morning. The OGTT is less practical to
administer but according to research is more sensitive than the FPG test for
detecting prediabetes.

C. A casual random plasma glucose test evaluates blood sugar without taking the
subject's most recent meal into account. The test is done to check for diabetes,
not pre-diabetes and reviews the symptoms. Confirmation is only ascertained
when a 2" test is done on a different day and it comes positive [54].

D. FPG should not exceed 7.0 mmol/l (126 mg/dl), and 2-hour plasma glucose
should not exceed 11.1 mmol/l (200 mg/dl) [50].

2.1.6. Diabetes mellitus- Types

The WHO released its first widely used categorization in 1980 [55]. Two main
types of DM are proposed: Type 1- IDDM and Type 2-NIDDM. Along with
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gestational diabetes, other forms were also covered. Internationally, the revised version
from the year 1985 is taken into consideration [56]. Since patients have been segregated
based on the therapeutic aspect and not the pathophysiology, it was advised that the
words ""insulin-dependent diabetes mellitus'™ and '‘non-insulin-dependent diabetes
mellitus™ no longer be used. Type 1 & Type 2, instead, were proposed to be utilized to
make a separation between diabetic cases due to pancreatic islet b cells & insulin

secretion abnormalities, respectively [57].
2.1.6.1. Type 1 Diabetes

Type 1 cases of diabetes only account for 5-10% of the total ones. Even with
that factor, it’s on rise around the world and has important short/long-term effects. Type
1 diabetes is defined by the pancreatic b cell loss and insulin is necessary to avoid
morbidity and mortality in this condition and to prevent the onset of ketoacidosis, coma,
and death [50]. The ideal way to manage Type 1 diabetes is in the context of a
multidisciplinary health team and needs ongoing focus on a variety of issues, such as
insulin administration, blood glucose monitoring, meal preparation, and screening for
problems associated with diabetes. These consequences, which are primarily responsible
for the disease and death associated with Type 1 diabetes, include microvascular and

macrovascular disease [58].
2.1.6.2. Type 2 Diabetes

Type 2 is the most commonly occurring type of diabetes. Worldwide, tens of
lakhs of people have been diagnosed with type 2 diabetes, and many more go untreated.
If diabetes is untreated or poorly managed, individuals are more likely to experience
cardiovascular conditions including a heart attack and stroke. Slower or delayed wound
healing, especially of lower limbs, leading to cases of amputation of the affected area
and kidney failure requiring transplantation or life-long dialysis treatment are additional
dangers that are increased for them [59]. People virtually are always suffering from pre-
diabetes before moving on to developing diabetes Type 2, which is characterized by
blood glucose levels that are elevated but not yet high enough to be classified as diabetes.
Recent studies have revealed that long-term bodily damage, especially to the circulatory

system including heart might be already in process during prediabetes [60]. In type 2
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diabetes, the cells either do not respond to insulin or the body does not create enough of
it. Insulin is needed to change the glucose into energy unit of the body. After a meal,
starches and sugars are converted into glucose by our body, the primary energy source
for cells. Insulin helps the cells absorb sugar from the blood. Diabetes problems can
result from glucose not entering the cells as it should, which causes an accumulation in
the blood.

2.1.6.3. Delay of/ Prevention of Type 2 Diabetes

Prediabetes, or blood glucose levels that are higher than usual but not yet high
enough to be diagnosed as diabetes, almost invariably exists before Type 2 diabetes
does. It is possible to address the significant medical condition of prediabetes. People
with prediabetes can reduce the chances of moving to diabetes by diet changes and
increase in exercise and physical activity, according to a published study conducted in
US. The need for lifestyle modifications cannot be overstated. A healthy weight can be
maintained, along with a longer lifespan and a lower risk of developing diabetes, by
eating a balanced diet and engaging in more physical exercise. The findings of “Diabetes
Prevention Program (DPP)” demonstrated that exercise and dietary changes resulting
in weight loss can prevent and delay diabetes Type 2 [61]. This program was an
important multi-national clinical research trial designed to determine if metformin
(Glucophage), an oral diabetes medication, changes in diet, steeped up exercise and

activity can delay/prevent the initiation of diabetes Type 2 in the recruitees.
2.1.6.4. Gestational Diabetes- Diabetes in Pregnancy

When a woman is pregnant, gestational diabetes is discovered for the first time.
Gestational diabetes is more likely to affect overweight women, women who have
already had gestational diabetes, and women with a strong family history of diabetes.
The infant could experience issues if gestational diabetes is left untreated. Lifelong,
higher risk of acquiring Type 2 diabetes is seen for both the mom and child in these
cases [62].

2.1.7. Risks
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Uncontrolled fat build-up and a lifestyle not complimented with exercise and
physical activity are 2 diabetic risk factors that are under our control. However, other
unavoidable risk variables, such genetics and race, can have a significant impact. A
history of this chronic, lifelong illness in the family is the main risk factor for type 1
diabetes. A significant risk factor is having diabetes in the family. A person with 1°
relative suffering with diabetes type 1, should get tested for the disease, according to
the American Diabetes Association's standards of medical care in diabetes from 2007
[63]. Diabetes Type 1 can be diagnosed with a quick blood test.

Additionally, type 1 diabetes can result from pancreatic disease or injury that
prevents the organ from producing insulin. Numerous relatively uncommon ailments
and infections can damage the pancreas which can follow up into diabetes Type 1 [64].

Obesity, diet and physical inactivity, growing older, insulin resistance, a family history
of diabetes, genetic variables, and race and ethnicity are risk factors for type 2 diabetes.
According to research on genetic influences, having diabetes is more likely when
specific gene mutations are present. These genes may contribute to decreased insulin
synthesis, impaired insulin sensitivity in body tissues, and an increased risk of obesity.
However, some ethnic groups, mostly including the ones found in global South, show
increased diabetic rates which can be attributed to ethnic and racial factors. These groups
are more susceptible to diabetic progression and heart diseases. This is mainly because
these groups have greater incidences of diabetes, high blood pressure, and obesity. In
contrast to other racial groups, African Americans have a higher risk of developing
type 2 diabetes [65]. Even while genecity and racial profile are risk factors, they aren’t
the sole determiners of illness occurrence. Rapid technological advancement and
urbanization-related dietary changes and declines in physical activity have caused a
substantial rise in the number of persons contracting diabetes. History of substance use,
has been seen as a prominent diabetes type 2 risk factor in terms of its early onset (age
wise), according to research [66]. Cannabis and cocaine are the most often used illegal
drugs , although diabetic primary care patients also frequently use illicit substances such

as amphetamines, heroin, hallucinogens, and non-medical inhalants (ibid).
2.2. APPROACHES TO TREATMENT: OLD AND NEW

2.2.1. Pharmacological approach
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Dietary changes and oral hypoglycemic drugs, which have previously been used
to treat this chronic, progressive condition, have not been found to be effective, and
insulin therapy only provides a temporary fix. Patients continue to experience macro and
microvascular problems even with the most recent pharmaceutical treatments. Diabetes
is linked to an increase in morbidity and mortality due to “heart disease and stroke,
kidney failure, blindness, and 60% of lower-limb amputations performed without
trauma’” [67]. Alternative therapies aimed at various illness models need to be carefully
and responsibly analyzed. As demonstrated below, after gastrointestinal bypass

procedures, diabetes can be controlled without the use of insulin.
2.2.1.1. Insulin therapy

Diabetes places a significant financial strain on health care systems because it’s

a prominent reason for cardiac diseases and death in Western nations [68]. Therefore,
effective glucose control (achieving normal HbAL1C, prandial, and postprandial glucose
levels) is important to stay away from fatal side effects of this condition. The hormone
insulin is used to treat it by blood sugar/glucose level regulation. It is either derived
from pork (porcine), beef (no longer accessible in the U.S.), or is genetically engineered

to be exactly like human insulin when administered as a pharmaceutical [69].

When insulin isn’t produced by the body, type 1 patients need to rely on insulin from
external sources, which is typically administered subcutaneously. Type 2 patients/
diabetes mellitus are either insulin resistant, produce very little insulin, or both; if other
drugs are ineffective at controlling blood glucose levels, some amount of the hormone
might be required. To treat diabetes, a variety of insulin kinds are available. They are
classed on the basis of rapidity of onset of function, the time required for peak activity,

and residual effect in the body.

Types of Insulin: [70]

Table 2.1. Types of Insulin

17



Types of Insulin

Insulin with a rapid onset of action Acts quickly and lasts for a few hours

Short-acting or regular insulin Starts working after around 30 minutes and

lasts for 3 to 6 hours

Intermediate-acting insulin Effects can last up to 18 hours and require 2

to 4 hours to take action.

Long-acting insulin Enters the bloodstream between 6 and 10
hours after injection but continues to

function all-day

Both subcutaneous and vein injections of insulin are options for treating diabetes
(intravenously). Most patients with Type 2 diabetes and total patients of type 1 continue
to receive subcutaneous insulin injection as their primary form of therapy. “A needle
and syringe, a cartridge system, or prefilled pen systems” can all be used to administer
insulin. There are other insulin pumps available. The patient’s weight determines the
initial dose and also takes into account their unique insulin sensitivity. When
administered subcutaneously, 2/3" of daily dose of insulin is given in the morning and

rest in the evening [71].
2.2.1.2. Complications of the insulin therapy

Diabetes mellitus is a class of metabolic illnesses characterised by
hyperglycemia that, if left untreated, can result in micro- and macrovascular problems
as well as long-term repercussions. In various diabetes populations, it has been proposed
that strict glycemic control combined with intensive insulin therapy can lower the
incidence of such problems; nevertheless, this strategy is not without dangers and
difficulties. Low sugar levels, hypertrophy at the site where injections with insulin are
injected and rashes over the injection site/whole body are the main side effects of insulin
used to treat diabetes (rare). Increased appetite, fatigue, chills, tremor in upper limbs,
raised anxiety, and confusion are a few of the symptoms of the most common problem,
low blood sugar. They could be symptoms of an insulin overdose, which many diabetic
individuals experience and is very harmful [72]. Fortunately, most insulin-related

incidents can be avoided if patients follow a few straightforward guidelines. Another
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insulin-related issue is DKA i.e., diabetic ketoacidosis, resulting due to insulin intake
insufficiency. In that situation, elevated sugar levels promote excessive urine, which
severely dehydrates the body. At the same time, cells of the body imitate starvation,
since there isn't enough insulin to for sugar absorption. Patients with type 1 diabetes
experience severe increase in sugar levels of blood in the absence of insulin. Urine
glucose is increased because of abnormal fluid and electrolyte loss. In addition to the
breakdown of existing fat and protein stores, a lack of insulin also prevents fat and
protein from being able to be stored. Release of ketones into the bloodstream &the
ketosis process are the results of this imbalance. Diabetic ketoacidosis is a condition

when ketones cause the blood to become acidic (DKA).

Constipation, vomiting, and nausea are diabetic ketoacidosis symptoms. Patients
with DKA can quickly enter shock, unconsciousness, and even pass away without early
medical attention (ibid). Infections, stress, or trauma can all result in diabetic
ketoacidosis (DKA), which may need using more insulin. Missing insulin doses is
another clear important risk for DKA development. Intravenous fluid, electrolyte, and
insulin administration is used as an urgent treatment for diabetic ketoacidosis, in ICUs.
When a person comes with DKA, severe dehydration maybe presented and a
replacement of 5-7 L of fluids isn’t unusual. Infections are treated with antibiotics.
Patients can recover astonishingly well with treatment, which can rapidly rectify

abnormal sugar levels in blood, release of ketones, dehydration and acidosis.

Hyperosmolar hyperglycemic nonketotic syndrome (HHNS), which can be fatal,
causes extreme dehydration similar to DKA. It is a very dangerous complication that in
type 2 diabetes can result in diabetic coma and possibly death. Compared to DKA,
hyperosmolar hyperglycemia is substantially less common and more frequently affects

elderly, obese type 2 diabetic individuals [71].

Once they develop, these insulin problems need to be treated at a hospital.
Correction of fluid deficits, electrolyte imbalances, and hyperglycemia serve as the
cornerstones of treatment for both HHNS and DKA. Additionally, identifying and
treating the underlying trigger condition is crucial in HHNS. The precipitating condition
and comorbidities frequently conceal the hyperosmolar hyperglycemic nonketotic

syndrome; therefore, it must be actively searched out and the precipitating illness should
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be recognised and addressed. Additionally, the mortality rate for HHNS is significant.
When compared to diabetic ketoacidosis, the fluid deficit is twice as large. Until the
patient's mental state becomes better, the hyperosmolality goes away, and the goal blood
sugar level is met, the insulin therapy should be continued.

2.2.1.3. Treatment of Non-Insulin Diabetes

Incretin mimetics, a family of relatively recent medications, imitates certain
elements present in the stomach and intestines. These chemicals often trigger the
production of insulin as response to food intake from the pancreas. Incretin mimetics
function to elevate insulin release and aid in lowering blood sugar because this reaction
is diminished in patients with type 2 diabetes. If other/earlier forms of medications are
not being efficient, the doctor may advise incretinmimetics. Once or twice a day,
injections are used to provide these drugs. DPP-4 inhibitors are drugs that can be used
either alone or in conjunction with other diabetes treatments to treat type 2 diabetes.
Incretin hormones are not broken down by DPP-4 inhibitors. The incretins can then

assist the body in producing insulin to reduce the elevated sugar levels in the blood [72].
Oral Hypoglycemic Agents (OHA)

Any anti-diabetic drug can be referred to as an OHA. The following five
categories are used to divide them: Thiazolidinediones, a glucosidase inhibitors,
Biguanides (sensitizers), Sulphonylureas and analogs (secretagogues), and Incretine
Analogues/Agonists [65]. Sulphonylureas and other secretagogues work by blocking the
ATP-sensitive K+ channel, which in turn stimulates the release of insulin. When a
patient is told they have Type 2 Diabetes, they are advised to be their first option.
Hypoglycemia and the disulfiram reaction are side effects, and the competition for
protein binding, metabolism, and secretion is an interaction. Tolbutamide (Orinase),
acetohexamide (Dymelor), tolazamide (Tolinase), and chlorpropamide (Diabinese) are
first-generation medications.  Glipizide (Glucotrol), glyburide (DiaB, Micronase,
Glynase), and gliclazide (Diamicron) are second-generation medications. Glimepiride
is a third-generation medication (Amaryl). The meglitinides are sulphonylurea-like

short-acting secretagogues. They also open the Ca?* channels and inhibit the ATP-
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sensitive K+ channels, which promote the release of insulin. They can also cause
hypoglycemia and weight gain as side effects.

e Interms of how sensitizers like the Biguanides work, they work on the liver in
reducing glucose excretion and production while increasing the absorption of
insulin by skeletal muscle. They are not hypoglycemic; rather, they are anti-
hyperglycemic. They are recommended for polycystic ovarian syndrome and
Type 2 Diabetes Mellitus. They may aid in weight loss and lower LDL
cholesterol and triglyceride levels. They do not result in hypoglycemia, but cause
other adverse effects including discomfort of gut, toxicity in kidney, diarrhea and
acidosis (lactic).

e Interms of the glitazones' mode of action, like Thiazolidinediones, they function
as selective agonists of PPAR receptors, activating the insulin-sensitive genes
that control the metabolism of glucose and fat. They consequently improve the
peripherial tissue's sensitivity to insulin. Hepatotoxic effects are one of their
adverse effects (troglitazone).

e Interms of how a -glucosidase or a amylase inhibitors work, they reduce the
absorption of dextrins, di-saccharides and starch on the intestine, which lowers
postprandial plasma glucose. When combined with diet and insulin, they are
suggested for both diabetes types (1 & 2). They can cause diarrhoea, gas, and
malabsorption as adverse effects.

e Peptide analogues, like GLP-1 agonists, work by binding to a membrane-bound
GLP-1 receptor. The enzyme dipeptidyl peptidase 1V breaks them down (DPP-
IV). They can cause nausea, hypoglycemia (when used with an insulin
secretagogue), and exenatide-acute pancreatitis as side effects. Contrarily, the
GPP-4 inhibitors' (gliptines’) mode of action is to raise the blood concentration
of the incretin GLP-1 (glucagon-like peptide-1) by preventing
dipeptidylpeptidase-4 from degrading it (DPP-4). Although in comparison to
OHA it has lesser side-effects, it should be kept in mind that they represent a

new class of medications [72].

2.2.1.4. Type 2 diabetes- Metabolic surgery
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There’s been a rapid development in the metabolic surgery field now, for
developing surgical techniques specifically designed to treat diabetes. In the early 1980s,
doctors discovered that many type 2 diabetes patients who underwent gastric bypass
surgery to cure their morbid obesity achieved a full remission of their condition. This
remission was long-lasting [73]. The best results for diabetes control and remission
appear to come from surgeries like gastric bypass or biliopancreatic diversion that
involve an intestinal bypass. Pories et al. (1995) observed that 83% of 608 patients who
underwent gastric bypass had their Type 2 Diabetes resolved following a 14-year follow-
up. Typically, remission is not noticed until several months after surgery, and then only
after significant weight loss. Although the exact mechanism of diabetes remission
following gastric bypass is still unknown, it does not appear to be only connected to
weight loss. Following the surgery, days to weeks, remission is seen [74]. Furthermore,
new research suggests that these results might be imitated in patients who aren’t obese
too. Clinical studies further demonstrate that the impact of gastric bypass surgeries on
diabetes is not just because of the loss in weight [60]. The operative management of
diabetes may provide a solution to the coming generation's worldwide health challenge.
The advantages of surgery must be evaluated against the possible hazards, though, just
like with any other medical operations. Meaning, one must weigh the pros and cons, the
complications arising out of surgery against the likelihood of a diabetes remission and a
reduction in long-term morbidity and mortality from diabetes. Contrary to widely held
misconceptions, the surgical profile of bariatric surgery is remarkably safe, and the
associated mortality is low [75]. The advantages of surgically resolving diabetes are
substantial. In a study, after Roux-en-Y gastric bypass, diabetes-related mortality was
monitored for 7 years and dropped 92% in comparison to controls [76]. The betterment
in case of metabolic syndrome, which lowers cardiovascular risk factors, is another
advantage of the procedure. The metabolic syndrome, which includes type 2 diabetes,
hypertension, elevated fasting glucose and triglycerides, decreased HDL, and abdominal
obesity , has been reported to have significantly improved in all of its components, with
holistic resolution reaching >95% after a year [77]. Surgery appears to be a further tool
in the fight against diabetes. Despite the strong result data, each patient's risk factor
should be considered when deciding whether to operate. Surgery carries hazards

connected to both anesthesia and the procedure itself because it is by its very nature an
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invasive therapeutic method. The advantages of metabolic surgery are actually very
great. However, its application necessitates a reevaluation of diabetes treatment
objectives and tactics. In the interim, research into the pathophysiology of diabetes is
ongoing in an effort to identify the most effective therapy targets and therapies.

2.2.2. Non-pharmacological treatment

Lifestyle changes: As far as non-pharmacological treatment for diabetes mellitus
is concerned, only this intervention has the ability to prevent the development of diabetes
in individuals with impaired glucose tolerance, especially type 2 diabetes. In cases of
early diabetes, it may potentially be the only treatment option. After receiving a diabetes
diagnosis, one must change their habits and way of life. Due to its association with
heightened risks such as kidney failure, visual impairment, foot ulcers, leg amputations,
and heart attacks among individuals with diabetes, healthcare professionals should
strongly recommend that all diabetic patients refrain from initiating tobacco use.
Moreover, the primary focus for diabetic individuals who smoke should be on quitting
this habit, as highlighted in a publication from Diabetes Care in 1993. The advantages
of quitting smoking are substantial for those with diabetes, given that smokers exhibited
a markedly higher occurrence of both microvascular and macrovascular complications
compared to non-smokers, as indicated by a study conducted by Buysschaert in 2000
[69]. When it comes to alcohol, excessive consumption can lead to hypoglycemia, which

can happen hours after drinking, especially if no food has been ingested prior.
2.2.2.1. Diabetes Mellitus and diet

Sedentary behavior and excessive calorie intake, which results in obesity, are the
main environmental factors that contribute to type 2 diabetes [62]. Urbanized societies

are more likely to have sedentary lifestyles.

Following a diabetes diagnosis, nutritional guidance is crucial. Typical guidance

includes:
. Cutting back on fatty food consumption
. Consuming primarily veggies, cereal, fruits and rice (wholemeal products)
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. Using refined sugar sparingly (jam, sweets etc.)

. Eat regularly spaced meals
. Keeping glucose pills, candy, or other supplies on hand in case of hypoglycemia
. Regular exercise reduces increase in blood sugar levels and by reducing obesity

decreases the insulin resistance.

With healthy lifestyle modifications, the majority of instances can be avoided,
and some can even be treated. Living in poverty is not the result of taking measures to
prevent and manage diabetes. While maintaining a healthy diet is crucial, patients can
still have a few cheats here and there. Carbohydrates are more important than fats and
proteins, in impacting sugar levels in blood. Patients should generally avoid sugary
drinks, candies, and snack meals, as well as highly refined carbs such white bread, pasta,
and rice. Instead, concentrate on complex carbohydrates abundant in fibre, also referred
to as slow-releasing carbohydrates. Because they are digested more slowly, slow-release
carbohydrates assist maintains blood sugar levels by avoiding the body from
overproducing insulin. Additionally, they give long-lasting energy and prolong satiety
[78].

2.2.2.2. Diabetes Mellitus-Effect of exercise

Participating in regular physical activity can substantially decrease the risk of
developing type 2 diabetes by approximately 30-50%. Even dedicating as little as 30
minutes to moderate exercise daily can lead to noticeable reductions in associated risks
[72]. All forms of diabetes can benefit from improved glycemic control through regular
exercise. The most effective strategy for addressing insulin resistance, a key contributor
to type 2 diabetes, is consistent physical activity [57]. Various methods exist by which
physical activity enhances insulin sensitivity. In cases of obesity, the primary factor
behind insulin resistance is excess fat accumulation in the liver. Regular exercise can

counter this fatty build-up, consequently reducing hepatic insulin resistance [61].

Tuomilehto et al. (2001) [70] recommend engaging in moderate exercise for 30
minutes daily or moderate physical activity, such as brisk walking, for at least 150

minutes weekly (Diabetes Prevention Programme research group in NEJM 2002). These
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practices are linked to reduced body weight lowered insulin resistance leading to
decreased symptoms associated with the metabolic syndrome like hypertension,
dyslipidemia, and inflammation, as well as improved endothelial function [72]. The
benefits of staying active extend beyond weight management and physical fitness.
According to the American Diabetes Association, physical activity aids individuals with
diabetes in effectively regulating blood sugar levels, reducing blood pressure, enhancing
blood lipid profiles, and requiring less insulin and diabetic medication after weight loss.
Furthermore, it diminishes the chances of developing additional health complications
and assists in maintaining lost weight. Those who engage in regular physical activity
often experience increased energy levels, improved sleep quality, and reduced levels of
stress, anxiety, and depression. Physical activity also enhances flexibility and

strengthens bones and muscles across all age groups [63].
2.2.2.3. Biological medications for the treatment of diabetes mellitus

Biological therapy aims to enhance or restore the immune system's ability to
counteract diseases and infections within the body. Biotherapy and immunotherapy are
additional names for biological therapy. Drugs with an active ingredient derived from a
biological source are referred to as biological drugs. These medications were created
using cutting-edge technology known as "genetic modification”, which sets them apart
from typical prescription medications. Today's biological medications are primarily
monoclonal antibodies (mABs). These modifications are specifically tailored to target
exact treatment locations and address particular illnesses with reduced side effects.

However, they retain the capacity to combat diseases just like regular antibodies [61].

In Type 1 diabetes, the immune system targets and eliminates the pancreatic -
cells responsible for producing insulin. While synthetic insulin can be a lifesaver, it falls
short of being a cure and preventing long-term complications. Many individuals with
Type 1 Diabetes would go to great le