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Abstract

Diabetes Mellitus (DM; chronic metabolic disorder) is turning out to be pandemic with India (2nd most populous country)
as its epicenter; preying on health and economy of people of all ages, sex, and ethnicity. It affects all the major systems of the
human body and is an underlying factor for all the other ailments, including cancers. Available anti-diabetic drugs are only able
to reduce the detrimental effects of diabetes and its related complications, but still, the complete cure is unabated. Additionally, in
low-middle-income countries, the economic burden of drugs on the common man is a major hindering issue in the management
of disease outcome. Among the general population, the most commonly known types of this disease are type I and type Il DM.
Despite strenuous efforts taken by governments throughout the world, including India; due to asymptomatic nature and lack of
awareness, there is still lag in understanding and management of other less commonly known DM'’s. This review highlights the
detailed classification of DM’s and the underlying genetic factors. As well as enlist few cost-effective herbal therapies to combat the
disease.
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Abbreviations: DM: Diabetes Mellitus; GDM: Gestational Diabetes Mellitus; DKA: Diabetic Ketoacidosis; MODY: Maturity Onset
Diabetes of the Young; FCPD: Fibrocalculous Pancreatic Diabetes; MIDD: Maternally Inherited Diabetes with Deafness; RAAS: Renin
Angiotensin Aldosterone System; eNOS: Endothelial Nitric Oxide Synthase

Introduction
Diabetes mellitus (DM), a disease of the endocrine pancreas in becoming one of the major causes of mortality [2]. The serious

which either pancreatic islets secrete insufficient insulin, or there detrimental stride of diabetes is that it could enhance the risk

of developing cancers in various organs such as liver-, breast-,
bladder-, kidney- and bladder [3]. The risk factors contributing to

is inefficient utilization of insulin; thus, producing hyperglycemic

effects and other metabolic complications. According to the global

estimates of American Diabetes Association; 500 million (age diabetes include- genetics, environment, lifestyle, and certain drugs

range 18-99 years) were diabetics in 2018 and the number could [4]. Unlike in the past centuries; the disease is currently becoming

escalate to 693 million by 2045 (International diabetes federation; pandemic - affecting all ages and sex and its management including

2017). Further, half of the total diabetics were asymptomatic and economic and social burden is of concern for policy makers of high-,

undiagnosed [1]. Hence, DM and its associated complications are middle- and low-income countries [3].
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DM Classifications

In addition to well-known type -I and - II DM; pregnancy-
associated gestational DM (GDM) is the third most common DM.
Other types include Monogenic DM (MODY), Fibrocalculous
Pancreatic DM (FCPD) and Maternally Inherited Diabetes with
Deafness (MIDD). Another variant of this complex disease includes
genetic syndrome, certain drugs and diseased conditions, infections
and hormonal- induced DM [5,6]. Brief descriptions about different
types of DMs’ are as follows.

Type I DM: Type-I or insulin-dependent DM; is an autoimmune
condition in which the pancreatic islets are destroyed by the
cytotoxic and delayed hypersensitive T lymphocytes. The disease
susceptibility increases in HLA - D type inherits, especially in
children and young adults; hence classified as Juvenile - onset
diabetes; it accounts for 5-10% of all people with diabetes. As
proposed by the WHO and American Diabetics Association, type |
diabetes can be classified as type IA and type IB. Type IA is immune-
mediated diabetes destroying pancreatic {3 cell and absolute insulin
deficiency. Type IB is idiopathic diabetes in which the diabetics
lack the immunological marker for autoimmune destruction of the
pancreatic 3 cell. This form of DM also results in insulin deficiency
and a tendency to develop ketosis, thereby requiring exogenous
insulin as a therapeutic agent [3].

Diabetic Ketoacidosis (DKA): DKA is an acute life-threatening
complication characterized by hyperglycemia (>250 mg/dl),
metabolic acidosis (pH < 7.3) and serum bicarbonate (< 15 mEq/
dl) with a significantly raised anion gap and presence of ketone
bodies in the blood and/or urine [7]. Inadequacy of insulin dosing/
schedule, non-compliance or infrequent insulin injection and
infection are major factors for its inception [7]. In 44% of DKA
cases, non-compliance is the causative factor for its onset. Ailments
of cardiovascular systems including myocardial infarction, stroke,
and acute thrombosis; gastrointestinal tract disorders such as
bleeding and pancreatitis; endocrine-related diseases such as
acromegaly, Cushing's syndrome and hyperthyroidism are some
other contributors for the onset of DKA. In certain instances, even
recent surgical procedures leads to the development of DKA caused
mainly due to dehydration, increased insulin counter regulatory
hormones, and worsening of peripheral insulin resistance [8].
Additionally, even a class of type Il management drug - sodium-
glucose cotransporter-2 (SGLT-2) inhibitors were reported to induce
DKA; other classes of drugs such as, beta-blockers, corticosteroids,
second-generation anti-psychotics, anti-convulsants and immune
checkpoint inhibitors adds to the list. Non-drug-induced DKA
includes psychological problems, binge eating and insulin pump
malfunction.

Pathophysiology of DKA: In DKA, complete lack of insulin
leads to impaired glucose utilization, which in-turn results in
gluconeogenesis, glycogenolysis and decreased peripheral glucose
uptake and thereby leading to hyperglycemia. In addition, impaired

glucose utilization also leads to an increase in lipolysis, decreased
lipogenesis and overproduction and urinary loss of ketone
bodies [7]. In addition, glycogen and protein is catabolised as an
alternative energy source to form glucose. Combination of these
factors contributes to the formation of hyperglycemic condition,
leading to osmotic diuresis which ultimately results in dehydration,
metabolic acidosis and hyperosmolar state and subsequent
decrease in glomerular filtration [8]. Potassium utilization by the
skeletal muscles is highly depleted due to impaired insulin action
and hyperosmolar state, resulting in intracellular potassium
depletion [8].

Type I1 DM

Type 1l DM is the most common and accounts for 90-95% of all
diabetes types [3]. This type of diabetes also called as non-insulin
dependent DM and there is no exogenous dependence on insulin by
the type II diabetics, but it may be required in case of uncontrolled
blood glucose levels [3]. Interaction between genetics, environment
and behavioral risk factors leads to the progression of type Il DM

[9]-
Pathophysiology: DM is

hyperglycemia, insulin -deficiency and -resistance and eventually

Type 1I characterized by
3-cell failure [9]. Insulin resistance is a condition in which there is
impaired insulin action in proportion to its blood concentration.
Sufficient amount of insulin is secreted by the pancreatic islets,
but the tissues are relatively insensitive to insulin action and
show inadequate response towards it. $-cells maintain normal
glucose tolerance by increasing the insulin output. When B-cells
are not able to release sufficient insulin for glucose uptake leads to
elevation in glucose concentration. The threshold at which glucose
stimulate insulin secretion is determined by glucokinase, which
also mediates the conversion of glucose to glucose- 6-phosphates.
In insulin resistance, pancreatic $-cell is marked with increased
hexokinase activity, rendering the secretion of insulin at lower
glucose concentration. It has been suggested that -cell failure
could be induced by apoptosis on long-term exposure of pancreatic
islets to free fatty acids which inhibits glucose-induced insulin
secretion and biosynthesis [3].

Insulin Action: Insulin-induced effects are seen through
modulation of cytosolic enzymes and the control of gene expression.
The general action of insulin is to promote anabolic process in a cell,
while causing a reduction in catabolic process. Insulin is detected on
the plasma membrane of the target cell by insulin receptor (INSR),
which is a tetrameric glycoprotein contains insulin-binding two o
subunits, and tyrosine kinase-binding two 8 subunits [10]. Insulin
binding to INSR leads to its activation and involve signaling events
which can be functionally divided into mitogenic and metabolic
signals [10].

a) Mitogenic Signals

Mitogenic signals involve activation of mitogen-activated
protein kinase (MAPK) pathway, which is activated when IRS

Citation: Zainab F, Vijayaraghavalu S, Noohu Abdulla K, Narasimman G, Munish K, et al., Diabetes Mellitus: Classification, Genetic
Association and Herbal Treatment. Archives of Diabetes & Obesity 2(3)- 2019. ADO.MS.ID.000136. DOI: 10.32474/AD0.2019.02.000136.


http://dx.doi.org/10.32474/ADO.2019.02.000136

Arch Dia & Obes

Volume 2 - Issue 3

Copyrights @ Munish Kumar, et al.

interacts with adaptor protein Grb2 through its SH2 domain. Grb2
also binds to Son of Sevenless (SOS), which is a guanine nucleotide
exchange factor (GEF) and catalyses the exchange of GDP for
GTP on Ras, which in turn activates Raf kinase and lead to the
phosphorylation and activation of MAP kinase cascade [11]. One
of the end results of the activation of this cascade is the alteration
of gene expression. MAPK pathway may regulate DNA binding,
protein stability, cellular localization, transcription, repression, and
nucleosome structure by targeting components at gene promoters.
These pathways alter gene expression through phosphorylation
and regulation of transcription factors, co-regulatory proteins and
chromatin proteins [12].

b) Metabolic Response

Metabolic activities of insulin primarily involves catabolic
(action of glycogen phosphorylase), anabolic (action of glycogen
synthase) and PI3K pathway mediated GLUT4 translocation.

Activated INSR phosphorylates protein phosphatase 1 (PP1), which
dephosphorylate glycogen synthase (activating it) and glycogen
phosphatase (inactivating it), leading to increased glycogen
synthesis and inhibition of glycogenolysis. Activated INSR also
leads to the activation of PKB. Glycogen synthase kinase 33 (GSK3[3)
is one of the substrates of PKB, which becomes inactivated upon
phosphorylation and leading to inhibition of glycogen synthase
activity [11]. Multi-phosphorylation of insulin receptor substrate
(IRS), essentially IRS1 and IRS2 marks the key event in the signal
transduction. On phosphorylation, IRS1 creates binding sites for
the SH2 domain of other proteins such as PI3K. Activated PI3K
leads to the production of PIP2 and PIP3, which in turn activate
phospho-inositide dependent kinase 1 (PDK1). PDK1 is capable
of phosphorylation and activation of PKB and PKC. Signaling
events from PKB and PKC will lead to the translocation of GLUT-4

transporter to the plasma membrane (Figure 1).
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Figure 1: Insulin signaling events.

Gestational Diabetes Mellitus (GDM)

GDM is a well- known variant of DM that develops during
pregnancy and ceases at its end [11]. GDM can be defined as
any degree of glucose intolerance which is detected for the first
time during the gestational period. Women with marked obesity,
glycosuria, personal history of GDM or family history of diabetes
are at high risk of developing GDM. The diagnosis criteria for GDM
include a fasting plasma glucose >126 mg/dl (6.9mmol/1) plus a
2-h value of 140-199 mg/dl (2.9- 11.1 mmol/]) or casual plasma

glucose > 200mg/dl [13]. Due to high levels of placental hormone
and with an increase in maternal adiposity, there is a progressive
increase in insulin resistance and a decrease in insulin sensitivity.
These changes are accompanied by changes in the glucose levels
which reverse upon delivery in normal condition. Women who are
not able to respond appropriately to these pregnancies related
changes become hyperglycemic and develop a condition called
GDM [14]. Pregnancy-related complications like diabetic fetopathy,

fetal macrosomia, still births, neonatal metabolic disturbance, etc.
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are associated with gestational diabetes. Problems exhibited by
hyperinsulinemicinfants include hypocalcemia, hyperbilirubinemia
and plethora. Women who had developed GDM are at seven fold
higher risk of developing diabetes in later years [5]. The risk
of getting diabetes and obesity increases in children born with
gestational diabetic mothers [13].

Other Specific Types of Diabetes

Maturity-Onset Diabetes of the Young (MODY): MODY is a
heterogeneous form of DM that is caused by a single gene defect.
MODY is non-ketonic diabetes characterized with an autosomal
dominant mode of inheritance, partly preserved pancreatic 3-cell
function and an early onset usually before 25 years of age [3, 15,
16]. MODY 1-14 types have been reported [17]. MODI 1 is caused
by a mutation in HNF4A gene while a mutation in GCK gene is
responsible for MODY 2 and is characterized by the occurrence of
phenotypes immediately after birth and a mild increase in fasting
glucoselevel [18]. The gene for MODY3 is HNF1A [19] and its clinical
features includes hyperinsulinemic hypoglycemia in the neonatal
period and macrosomia [18]. The onset age of MODY 3 is dependent
upon the paternal or maternal inheritance of mutation and also
on the maternal affected status when a mutation is of maternal
inheritance [15]. Mutation in exon 4 of HNF1A results in the
generation of pancreatic autoantibodies and diabetic ketoacidosis
[19]. However, MODY 4 has not yet been reported in India and
Japan [5,15]. MODY 5 is caused by the defects in transcription
factor - hepatocyte nuclear factor 1 homeobox B (HNF1B). In MODY
5 insulin secretion is decreased since the early stage but is often
diagnosed during adulthood. This form is characterized by frequent
mutations of monoallelic defects in all or some exons and by
multiple phenotypes most commonly being renal diseases. MODY
6 is caused by the mutation in the transcription factor NEUROID],
which is known to be involved in gene activation of sulfonylurea
factor 1 and expression of GCK gene thus contributing to different
roles from synthesis to secretion. Homozygous mutation in
NEUROIDI gene leads to neurological abnormalities and permanent
neonatal DM [20].

FCPD is

an unusual diabetes phenotype restricted exclusively to the

Fibrocalculous Pancreatic Diabetes (FCPD):

developing countries residing in the tropical regions of the world
with the highest prevalence in southern India [21,22]. FCPD is
predominantly described in lean young adults of either sex with a
long- standing history of abdominal pain and steatorrhea. FCPD is
non-alcoholic chronic pancreatitis that results from a specific type
of pre-existing diabetes termed as Tropical Calcific Pancreatitis

(TCP) [23]. Severe insulin dependent but ketosis resistant diabetes
occurs in FCPD and patients with this phenotype develop micro-
vascular complications and are more prone to develop dreaded
complications like pancreatic malignancy [21, 24]. Although the
exact etiology of FCPD has not yet been elucidated, it has been
proposed to be associated with malnutrition, cassava consumption
(cyanogens toxicity), toxins, micronutrient deficiency, oxidative
stress, anti-oxidant depletion, free radical injury, beta cell
autoimmunity and genetic factors [22,25]. HLA-DQO allele, HLA-
DQB1 allele, loss of function mutation in chymotrypsinogen C gene
and cathepsin B gene, SPINK1 gene (serine protease inhibitor),
and CFTR gene are some of the genetic factors involved in the
pathogenesis of FCPD [22].

Maternally Inherited Diabetes with Deafness (MIDD):
MIDD, caused by mitochondrial gene mutations, is a rare form
of diabetes characterized by pancreatic disorder and hearing
impairment [26]. It has been reported that MIDD not only affect
two organs i.e. pancreas and ears leading to diabetes, hypoacusis
and anacusis; but has been found to manifest its effects on multiple
organs and hence termed as mitochondrial multi-organ disorder
syndrome (MIMODS) [27]. MIDD could confer its effect on the
central nervous system (CNS), endocrine organs, peripheral nerves,
ears, eyes, kidneys, heart, vestibular system and gastrointestinal
tract [27]. Subjects affected with MIDD are under high prevalence
of developing microvascular and macrovascular complications and
rapid progression to insulin therapy [28].

Secondary Causes of Diabetes: Exogenous factors and some
specific disease condition could also secondarily develop diabetes.
For example, intake of some medications like corticosteroids,
calcineurin inhibitors, thiazide diuretics, antipsychotics, HIV
protease inhibitors, y-interferon and statins may lead to the
development of diabetes [26]. Drugs like nicotinic acid and
glucocorticoids can affect to impair glucose action. Viral infections
like hepatitis C
cytomegalovirus and adenovirus have been associated with 8- cell

infection, rubella, mumps, coxasckievirus,
destruction [29]. Hormonal excess, including growth hormone,
cortisol, glucagon, epinephrine are some other secondary causes
of diabetes. Genetic syndrome like Down syndrome, klinefelter
syndrome, Turner syndrome, Wolfram syndrome, Huntington
chorea, porphyria, etc. are accompanied by an increased incidence
of diabetes. Specific disease conditions like stiff-man syndrome,
systemic lupus erythematosus and other autoimmune diseases
have anti-insulin receptor antibodies that block insulin binding to

its receptor [26] Figure 2.
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Figure 2: DM-Classification.

Genes Associated with DM
Type I DM

Type I diabetes is a multifactorial disease with a strong genetic
association. Family history association for the disease is missing
in about 85% cases with TI DM; however, evidence suggests
that the risk of developing TI DM is 15 times greater in siblings
of the diseased than in the normal subjects [30]. Moreover, the
concordance rates for TI DM in monozygous twins are high upto
33% to 40% [31].

HLA Alleles: HLA class II allele present on chromosome
6p21 with loci HLA-DRB1 and HLA-DQB, accounts for up to 30%
-50% of genetic risk for TI DM. The haplotypes DR3-DQA1*0501-
DQB1*0201 (DR3) and DR4-DQA1*0301- DQB1*0302 (DR4) are at
the greatest risk for T1D (32). HLA-A, - B & -C alleles have also been
known to be associated with T1D independent of DR/DQ [33,34].

Non- MHC Genetic Factors: Multiple non-MHC loci including
insulin, PTPN22, CTLA4, IL2RA, IFIH1, etc have been confirmed as
susceptible gene markers for TI DM. It has been reported that after
HLA alleles, the genetic contribution of INS gene and PTPN22 genes
have been the most with reference to the diabetes risk, however,

even the strongest non-MHC loci have smaller effects [33].

Type 11 DM

There is a strong inheritable genetic correlation in type II
diabetes. Studies have found that there is 40% lifetime risk of

= HORMONES

|| GENETIC
SYNDROMES

|| DISEASED
CONDITION

developing TII DM for the offspring who have one of the affected
parents and the risk increases upto 70% for the offspring with both
the affected parents [35]. Moreover, the concordance rate of about
70% has been observed in monozygotic twins and about 20%-
30% in dizygotic twins [36]. Multiple genes involved in insulin
signaling, insulin secretion, insulin resistance, glucose metabolism,
obesity, diabetes co-morbidity and hormone processing protease
genes have been known to be associated with TII DM [37]. Unlike
TI DM, multiple gene interactions results in the progression of
TII DM. A number of TII DM risk genes have been identified using
candidate gene studies, linkage-based studies and genome-wide
association studies (GWAS) including transcription factor 7-like 2
(TCF7L2), calpain 10 (CAPN10), peroxisome proliferator-activated
receptor gamma (PPARG), insulin receptor substrate 1(IRS1), IRS2,
potassium inwardly-rectifying channel, subfamily ] (KCNJ11),
Wolfram syndrome 1 (WFS1), HNF1 homeobox A (HNF1A), HNF1B,
HNF4, hematopoietically expressed homeobox (HHEX), insulin-like
growth factor 2 mRNA binding protein 2 (IGF2BP2), FTO, NOTCH2,
JAZF1, SLC30A8 and others [9,29]. More than 40 genetic loci have
been known to be linked to TII DM. Some of the recently discovered
genes that may have a profound impact on the progression and
pathogenesis of TII DM are mentioned below.

Renin Angiotensin Aldosterone System (RAAS): The RAAS
is considered as an endocrine system which consists of several
RAAS genes including renin, angiotensinogen (AGT), angiotensin
converting enzyme (ACE), ACE2, angiotensin II type 1 receptor
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(AT1R) and AT2R. The RAAS genes have been known to play a
profound role in glucose metabolism and blood pressure regulation
[38]. Gene polymorphism of RAAS may be responsible for the
development of diabetes and its associated complications. The levels
of angiotensin II (Angll), the main vascular peptide are elevated
due to the activation of RAAS; resulting in glucose homeostasis
and progression of DM through inhibition of signal transduction,
reduction of glucose uptake, insulin resistance and pancreatic
[3-cell destruction by oxidative stress induction [39]. Angiotensin-
converting enzyme (ACE) is responsible for the metabolism of a
vasodilator bradykinin and conversion of angiotensin I to active
angiotensin II. I/D polymorphism of Angiotensin-Converting
Enzyme (ACE) have been studied for its association with diabetic
nephropathy in diabetic patients [38].

Glucose Transporter (Glut) Family: GLUT proteins are
the members of the major facilitator superfamily of membrane
transporters. GLUT proteins are encoded by SLC2 genes and
have been proposed as candidate genes for TII DM [40]. This is a
family of structurally related proteins that facilitate the transport
of monosaccharides, polyols and small carbon compounds across
the cell membrane of eukaryotic cells [41]. About fourteen GLUT
isoforms have been isolated and classified into three classes based
on sequence similarity. Class 1 (GLUTs 1-4, 14); Class 2 (GLUTs
5, 7,9 and 11); and Class 3 (GLUTs 6, 8, 10, 12 and HMIT) (41).
GLUT 2, encoded by SLC2, is mainly expressed by the hepatocytes,
intestinal absorptive cells, by proximal convoluted tubular cells of

the kidney, pancreatic §3-cells and neurons present in the brain and
erythrocytes; while GLUT4, encoded by SLC4, is mainly restricted
to tissues with insulin-stimulated glucose uptakes such as adipose
tissue, skeletal muscle and cardiac muscles [40]. Variations in mRNA
expression of these GLUTs are associated with the pathogenesis of
TII DM.

Vitamin D: Studies have shown that vitamin D deficiency is
associated with a decrease in insulin release, insulin resistance
and TII DM [42]. It has also been shown that the risk of developing
diabetes in adulthood decreases when vitamin D supplementations
are taken during the early years of life [43]. Activation of vitamin D
occurs when it is bound with its specific nuclear vitamin D Receptor
(VDR) [44].When intracellular VDR is bound with the activated
form of vitamin D; 1, 25(0H)3D3, it can enhance pancreatic (3-cell
function, protect (-cell from immune attack, enhance immune
receptor sensitivity and reduce immune resistance [45]. Location of
VDR gene is on chromosome 12q12-q14 and its genetic alterations
could lead to defects in gene activation or changes in the VDR
protein structure, affecting the cellular functions of vitamin D [45].
Glucose intolerance may develop due to high parathyroid hormone
concentration which is enhanced when the deficiency of vitamin D
causes secondary hyperparathyroidism. Insulin resistance could
also develop through the increased inflammatory condition which
is associated with vitamin D deficiency [42]. The anti-inflammatory
effects of vitamin D improve islets cell function, aids in insulin
release and decrease insulin resistance [46].

Table 1: Susceptibility loci associated with Type I DM. Showing the susceptible genes, gene region, single nucleotide polymorphisms
(SNPs) of particular genes and their related function in correlation to Type Il DM.

Gene Gel.le snps Function Reference
Region
rs5210
rs5215 Disrupt KATP channel which modulates insulin
KCNJ11 11p15.1 rs5218 P . ) [75]
production and secretion
rs5219
rs886288
PPARG 3p25.2 rs17036314 rs1801282 rs1152003 Activate GLUT2 and B-glucokinase activity [76,77]
ABCC8 11P15.1 rs1799854 rs1801261 Hyperinsulinemic hypoglycemia [78,79]
IRS1 2q36-37 rs18012781rs1801276 rs7578326 Competitive inhibitor of Insulin receptor [80,81]
TCF7L2 Chr. 10 rs7903146 Modulate glucose stimulated insulin secretion [82]
CAPN10 2q37.3 UCSNP -43,-19.-63 GLUT4 translocation, regulate m.sulln secretion and 83]
3-cell apoptosis
rs2237892,rs2237895, rs2237897, . . . .
KCNQ11 11p15.5 $151290 Impaired insulin secretion [84]
IGF2BP2 3q27 rs4402960, rs1470579 Decreased insulin secretion [85]
FTO 16q12.2 rs9939609, Fat mass increase [86]
Contains insulin degrading enzyme, also encodes
HHEX 10q23.3 rs1111875,rs7923837, rs5015480 a transcription factor for hepatic & pancreatic [87]
deveopment
JAZF1 7p15.2 rs864745 Insulin secretion and glucose tolerance [88]
AT1R 3q21-q25 rs5186 Vasoconstriction and proliferation of Angll [89]
AT2R Xq23-26 1332 G:A Adipocyte differentiation and lypogenesis [90,89]
CDKN2A/B 9p21.3 rs564398, rs2383208,rs10811661 Reduced B-cell function [91,92]
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Rs10830962, rs18030963, rs3847554, . . . .
MTNR1B 11q14.3 1s1387153, rs2166706 Glucose metabolism & circadian rhythm disturbance [93]
VDR 12q13.11 rs731236,rs2228570, rs1544410 Glucose tolerance & B-cell function [94]

Table 1 Abbreviations: KCNJ11- potassium voltage gated channel subfamily ] member 11, PPARG- Peroxisome proliferator activated
receptor gamma, ABCC8- ATP Binding cassette subfamily C member 8, IRS1- insulin receptor substrate 1, TCF7L2- transcription
factor 7 like 2, CAPN10- Calpain 10, KCNNQ11- potassium voltage gated channel KQT like subfamily member 1, IGF2BP2- Insulin
like growth factor 2 MRNA binding protein 2, HHEX- hematopoietically expressed homeobox protein, JAZF1- juxtaposed with
another zinc finger protein 1, ATR- Angitensin II type 1 receptor, AT2R- Angitensin II type 2 receptor, CDKN2A /B- Cyclin dependant

kinase inhibitor-2A /B, MTNR1B- Melatonin receptor 1B, VDR- vitamin D receptor.

Endothelial (eNOS): Diabetic
nephropathy is the common causal factor for Chronic Kidney
Disease (CKD), stroke and heart attack. It has been estimated that
about 30% of the diabetic patients develop diabetic nephropathy

Nitric Oxide Synthesis

[47]. Although many cell types are involved, evidence suggests that
endothelial dysfunction serves as a major event in the development
and progression of diabetic vascular complications, including
nephropathy [48]. Multiple endothelial functions involve a critical
role of Nitric Oxide (NO) produced by endothelial cells through
eNOS. Endothelial dysfunction in diabetes could greatly arise as
a result of a decrease in NO production and bioavailability [49].
Moreover, the results have also suggested that the combined effects
of eNOS deficiency and hyperglycemia contribute to podocytes
injury in diabetes [50] Table 1.

GDM

Based on the studies related to the candidate gene approach
and genome-wide association study, it has been suggested that
GDM share similar genetic background with TII DM since insulin
resistance and defect in insulin secretion contribute in the etiology
of both TII DM and GDM [17] such as CDK5 regulatory subunit
associated protein 1 like-1 (CDKAL1), transcription factor 7-like2
(TCF7L2), hexokinase domain containing 1 (HKDC1), HNF4A has
been associated with both TII DM and GDM (17, 52). Candidate gene
approach has also shown that GDM also shares a similar genetic
background with TI DM. HLA DR3 and DR4 antigens have been
associated with GDM and have been found to be higher in women
with GDM. Moreover, GCK variations significantly contribute to the
risk of both GDM and MODY2 [52].

MODY

Genetic studies demonstrated that development of MODY may
have many causes in addition to a single genetic entity. Mutations
in HNF1A (MODY3) and GCK (MODY2) are the common causes of
MODY and accounts for 30-60% of all MODY while mutations in

HNF4A (MODY1), HNF1B (MODYS5) and INS (MODY10) are its less
commonly causes, accounting for about 10% of all MODY [53,54].
Other mutations including ABCC8 (MODY12), APPL1 (MODY14),
BLK(MODY11),CEL (MODY8),KCNJ11 (MODY13),KLF11 (MODY?7),
NEURODY (MODY6), PAX4 (MODY9) and PDX1 (MODY4) accounts
for less that 1% of all MODY [54].

FCPD

Recently reports have suggested increasing evidence of
clustering of FCPD in families, indicating a possible genetic
association of the disease [55]. DQ1, HLA-DQ9 and HLA-DQB1 allele
are the potential candidate for FCPD. Studies have reported that in
India, TAQ1 restriction fragment length polymorphism of DQ1 gene
and have been associated with FCPD [22]. HLA-DQB 1 allele RFLP has
been associated with FCPD pain in southern India and Bangladesh,
similar to TI DM [22,56]. Major Histocompatibility Complex (MHC)
has also been found to be associated with Bangladeshi subjects [56].
The hypervariable region of insulin gene (INS) has been associated
with some FCPD patients possessing class 3 allele; similar to TII
DM found in some ethnic group [57]. Thus, it can be said that FCPD
shares the genetic susceptibility features similar and dissimilar to
both TI DM and TII DM.

MIDD

Patients with MIDD show a strong family history of diabetes,
deafness and retinal dystrophy, indicating that MIDD has a
strong genetic association. Studies have shown that mutation in
Mitochondrial DNA (mt-DNA) contribute to the development of
MIDD since mitochondrial oxidative phosphorylation (OXPHOS)
plays a crucial role in glucose-stimulated insulin secretion from
pancreatic 3-cell [58]. Mutations in mt DNA 3243A>G in tRNA is the
cause of MIDD in upto 85% of the cases reported but other mt DNA
mutations could also be the causal factor [27]. Premature aging of
[3-cells and reduction in insulin secretion is the prominent cause of
diabetes development through this mutation [59] Table 2.

Table 2: Susceptibility loci of various diabetes types. Showing the genetic factors associated with Type I DM, Type Il DM, Gestational

DM, MODY, FCPD and MIDD.

Diabetes Type Associated Genetic Factors References
Type | Diabetes Mellitus Non MHC genetie actor-Insuli, PTEN23, CTLAG, ILZRA, FTHA, et 1303334
T Dbt et |7 CATNIG PO % KCULLMTSS, INELA INTIB NG MK GEZ0P2 1310

Gestational Diabetes Mellitus HLA DR3, HLA DR4,CDKAL1, TCF7L2, HKDC1, HNF4A, GCK [95,52]
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Maturity-Onset Diabetes of the HNF1A, HNF1B, HNF4A, GCK, INS, ABCC8, APPL1, BLK, CEL, KCNJ11, KLF11, NEURODY, PAX4, [54]
Young PDX1
Fibrocalculous Pancreatic
Diabetes MHC, HLA DQ9, HLA DQB1, DQ1, INS [22,56,57]
Maternally Inherited Diabetes m.3243 A>G and other mt DNA mutations [27]
with Deafness

Table 2 Abbreviations: HLA- Human leukocyte antigen, PTPN22- Protein tyrosine phosphate, non receptor 22, CTLA4- cytotoxic T
lymphocyte associated protein 4, IL2ZRA- interleukin receptor 2 subunit alpha, WFS- Wolfram like syndrome, HNF- Hepato nuclear
factor, AGT-Angiotensinogen, ACE- Angiotensin converting enzyme, SLC- Solute carriers, HKDC- Hexokinase domain containing 1,
GCK- Glucokinase, INS- Insulin, APPL1- Adaptor protein phosphotyrosine interacting with PH domain and leucine zipper, BLK- B

lymphocyte kinase, CEL- Carboxyl ester lipase, PAX- Paired box, MHC- Major histocompatibility complex.

A Need for Herbal Treatment?

Insulin therapy and synthetic anti-diabetic drugs such as
thiazolidinediones and sulfonylureas are commonly used to reduce
the glucoselevel in diabetic patients; however, their major limitation
is that they often fail to maintain a normal glucose concentration
range and desirable glucose homeostasis within the body [60].
These drugs often tend to develop resistance and loose effectiveness
after a few years of their use. Continued use of insulin treatment
could enhance the risk of hypoglycemia and arteriogenesis. A drug
such as thiazolidinediones might develop liver toxicity; vigorous
use of sulphonylureas may become the cause of hypoglycemia,
weight gain and heart disorder; use of glucoside inhibitors over
an extended period may be accompanied with bloating, flatulence,
diarrhea and abdominal pain [61]. The increased incidence of
diabetes, the inefficiency of synthetic medicines, their sky-reaching
costs and their detrimental side effects have propagated an urgent
need for the development of natural, indigenous, pocket- and
health- friendly herbal products for the treatment and complete
cure of diabetes.

Treatment of Diabetes with Herbal Plant Products

In addition to maintaining a normal glucose level and
homeostasis, herbal products have also been proven for their ability
to reduce and prevention of secondary complications which are
accompanied with diabetes. Some plant based products are effective
in overcoming resistance and in the regeneration of pancreatic
-cells. Although several medications and drugs are available to
reduce the detrimental effects of diabetes and its complications,
the limitations of these therapies are its high cost and serious
side-effects [62]. Medicinal plants are being looked-up for their
easy availability, lesser side-effects and cost-effective treatment.
The hyperglycemic condition developed due to diabetes enhances
the formation of free radicals which induce the modification of
extracellular proteins such as elastin, laminin and collagen to form a
glycoprotein. Diabetes-associated complications including cataract,
microangiopathy, atherosclerosis and nephropathy develop when
these extracellular proteins of lens, vascular walls and basement
membrane are modified [63]. The pathophysiology of diabetes
and related complications include the involvement of free radical-
induced damage and oxidative stress which suggests that medicinal

plant with antidiabetic anti-inflammatory and antioxidant property

could be the suitable treatment method to neutralize the effects of
free radicals [63]. Many herbal drugs indigenous to different Asian
countries were claimed as anti-diabetic by traditional medical
practitioners. Despite the medicinal herbs, some of the plant based
foods that are commonly consumed world-wide on a day-day basis
such as tulsi, garlic, aloe vera, bitter melon, pumpkin, lotus root,
wheat, tomato, celery, Jerusalem artichoke, soy bean, asparagus,
beetroot, blackberry, Indian mustard and yoghurt were also proved
to possess anti-diabetic activity by scientific studies across the
globe [63,72,96,99,100,101,102].

In line with this an interesting randomized, double-blinded,
placebo controlled clinical study shown the combinatorial effect
of Jerusalem artichoke and fermented soybean powder mixture
as anti-diabetic (64). An article published earlier reviewed the
anti-diabetic nature of the Chinese herbs approved by the Chinese
health regulatory agency for commercial use in China [65]. Among
the approved plants those that are rich in polysaccharide (seven
herbs) were able to restore the functions of pancreas and also
increased the insulin output by functional beta cells (seven herbs).
Further, herbs such as Pueraria lobata and Hirudo nipponia were
reported to improve the microcirculation and thereby increase
the availability of insulin and regulate the metabolism. Puerain
an active component of Pueraria lobata was reported to treat
cardiovascular complications and shown significant hypoglycemic
activity in alloxan induced diabetic mice [65]. The major advantage
of natural anti - diabetic agent over the synthetic drugs as anti-
diabetics is its lesser side effects. It also acts in synergy with
conventional drugs and enhance its efficacy, thereby dose-
reduction, - frequency and -scheduling can be achieved without
compromising the therapeutic outcome of the conventional drugs.
Many Chinese herbs either as monotherapy or in combination
were shown to reduce cholesterol and triglycerides levels; hence
their long - term use may be advantageous to combat the diabetes
and its associated complications than conventional drug(s). In
addition to these Chinese herbs some of the Indian spices and herbs
were also reported to possess anti-diabetic activity. For example,
4-hydroxyleucine, an amino acid present in seeds of Trigonella
foenum graecum (fenugreek), one of the major spices of India,
was reported to enhance the glucose-stimulated insulin release by
islet cells in both pre-clinical and clinical trials. A dose-dependent
reduction in the blood glucose level in both normal and diabetic
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rats has been found on oral administration of 2-8 g/kg of fenugreek
plant extract [63,66].

Cinamomi cassiae (cinnamon bark) is one of the traditional
herbs for the treatment of diabetes and other ailments in many
countries over the world due to its anti-diabetic, anti-inflammatory,
antibacterial and antioxidant properties. The major components
of cinnamon include cinnamic aldehyde, cinnamic acid, tannin
and methylhydroxychalcone polymer [67]. Recent researches
on cinnamon have found that cinnamon extract decreases blood
glucose in Wistar rats. Evidence also indicates that cinnamon
increases insulin sensitivity and glucose uptake in adipocytes [67].
Studies have suggested that A-type doubly linked procyanidine
oligomers of the catechins and/or epicatechins from cinnamon may
show insulin-enhancing properties in vitro in adipocytes [68]. One
ofthe probable mechanisms for the hypoglycemic effect of cinnamon
is that cinnamon increases glucose entry into cells by enhanced
tyrosine phosphorylation of (IR)-B, insulin receptor substrate
with Phosphotidylinositol (PI) 3-kinase and GLUT4 translocation
to the plasma membrane [69,68]. Syzygium cumuni commonly
known as jamun belongs to the family Myrtaceae. Ayurvedic
pharmacopedia has acknowledged the anti-diabetic effect of jamun
seeds. According to it the seed powder has a significant effect in
controlling blood sugar level [70]. Various studies have indicated
that several bioactive antioxidant compounds including phenolic
acids, flavonoids and anthocyanins are present in a notable amount
in the fruits and seeds of jamun which have a role in preventing
metabolic syndromes [71]. These bioactive compounds also help
in regulating lipid blood profile due to which jamun show anti-
hypercholesterolemic properties [71].

Studies have reported that supplementation of jamun seed
powder in human diabetic subjects helps in reducing both fasting
and postprandial blood glucose levels. Another study conducted on

aqueous extract of jamun seeds showed a significant reduction in
blood sugar level, an increase in total hemoglobin and decreased
free radical formation [70]. Allium sativum (garlic), a perennial
herb cultivated in India and is also one of the major components
of Indian spices. Studies have indicated that a sulphur containing
amino acid, S-allyl cystine sulphoxide (SACS) which is the precursor
of allicin and garlic oil show antidiabetic effects in alloxan diabetic
rats. SACS control lipid peroxidation, serum lipids, blood glucose
several enzymatic activities and invitro insulin secretion from beta
cells isolated from normal rats [65,72]. The hypoglycemic activity
of allicin can be explained due to increased hepatic metabolism,
increased insulin release from beta cells and/or insulin-sparing
effect. The anti-inflammatory, anti-oxidative and anti-glycative
effectsofgarlicmayalsobenefitfromthe complicationsanddisorders
associated with diabetes such as cardiovascular diseases, diabetes
nephropathy, activated coagulation, hypertension, dislipidemia and
obesity [73]. In addition to herbs normal food including yoghurt
were shown to be anti-diabetic. For instance, a study compared
the prophylactic activity of conventional yoghurt vs. probiotic
yoghurt enriched with bacteria (Lactobacillus acidophilus LAS5
and Bifidobacterium animalis-BB12) in a randomized controlled
clinical trial involving 70 primigravida-singleton pregnant women
revealed that consumption of probiotic yoghurt for 9 weeks
daily was much better in preventing the development of insulin
resistance in pregnant women than conventional yoghurt [74].
Similarly, another study demonstrated the daily intake of yogurt to
reduce the risk of diabetes by 14% on comparison with the group
that did not consumed yogurt. Further a review article published
earlier analyzed 13 different prospective studies that evaluated the
role of yogurt in lowering the risk of diabetes (Table 3). Cumulative
analysis of several reviews and research articles clearly states the
significance of daily intake of yogurt could be a healthy dietary habit
to reduce the TII DM and its associated complications (Figure 3).

Table 3: Herbal plants with anti-diabetic and other beneficial properties. Showing botanical names of plants along with their common

names and their anti-diabetic and other beneficial uses.

Plant Name Common Name

Antidiabetic and Other Beneficial Use

References

Trigonella foenum

graecum Fenugreek

Enhance glucose-stimulated insulin release by islet cells, hyperlipidemia, arthritis,
hypothyroidism, dysmenorrhea, acyesis, breast milk production, and hair loss

[66]
treatment.

Cinamomi cassiae Cinnamon bark

Anti-diabetic, anti-inflammatory, antibacterial and antioxidant properties. Increases
glucose entry into cells by enhanced tyrosine phosphorylation of (IR)-8, insulin
receptor substrate with phosphotidylinositol (PI) 3-kinase and GLUT4 translocation

[67,68,69]

to the plasma membrane.

Syzygium cumuni Jamun

Significant reduction in blood sugar level, an increase in total hemoglobin,
decreased free radical formation and anti-hypercholesterolemic properties.

[70,71]

Allium sativum Garlic

Hypoglycemic, anti-inflammatory, anti-oxidative and anti-glycative effects. Control
lipid peroxidation, serum lipids, blood glucose several enzymatic activities and
invitro insulin secretion from beta cells.

[63,2,73]

Aloe barbadensis miller Aloe Vera

Antitumor, antiarthritic, antirheumatoid, anticancer, and antidiabetic properties.
Also used to relief constipation, gastrointestinal disorders, immune system
deficiencies and in dermatology.

[96]

Azardiracta indica Neem

Possess antidiabetogenic, hypolipidemic, hypoglycemic, immunostimulant and
hepatoprotective properties. increasing fasting glucose level, decreasing hepatic
and skeletal glycogen content and decreasing glucose-6-phosphate dehydrogenase

[97]
(G6PD) activity.
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antidiabetic, hypolipidemic, anticonvulsant, anti-inflammatory, analgesic,
antimicrobial, antiviral, antioxidant, antitumor, antiulcer, antianxiety, anthelmintic,
antiasthmatic, immunomodulatory, estrogenic, endothelin receptor antagonist,
apoptosis inducer, cognitive enhancer, and antihypertensive.

Ficus religiosa Peepal [98]

Febrifugal, hypotensive, immuno-stimulating, anti-inflammatory, antiarrhythmic
Berberis vulgaris Barberry antimicrobial properties, and it prolonged the action potential duration in Purkinje [100]
fibre anti-tumour activity.

Anodyne, apertif, diuretic, emetic, rubefacient, and stimulant. It is a folk remedy for
Brassica juncea Indian mustard arthritis, footache, lumbago, and rheumatism. Its seed is used for tumors in China, [101]
root used as a galactagogue in Africa.

Anti-fertility, anti-cancer, anti-diabetic, anti-fungal, hepatoprotective and
Ocimum tenuiflorum Tulsi cardioprotective actions. Commonly used for the treatment of cough, cold, [102]
abdominal pain, skin diseases, arthritis, painful eye diseases, measles, and diarrhea.

Show potential hypoglycemic effect along with recovery of liver, kidney and

o False black ; . - . . Lo
Embelia ribes awse Vi(ail:n paepper pancreas function. Also possess anthelmintic, anti-hyperglycemic, anti-oxidant and [103]
5 lipid lowering activity.
Possess pancreatic 3 cell regenerating, insuling releasing and combating insulin
Momordica charantia Bitter guard resistance properties. Its hypoglycemic increases insulin secretion, enhance glucose [99]

uptake by adipose or muscle tissues and inhibit glucose absorption from intestine
and glucose production from liver
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Figure 3: A summary of influencing factors of diabetes and role of herbal products in prevention of diabetes mmms indicate
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Conclusion subsequent planning of rapid and adequate treatment strategy.

) ) o ) Moreover, an early diagnosis would also combat the serious diabetes
DM is not only a disease in itself but is also the root cause of . ) ] ] ]

) ) . . related complications which are accompanied with diabetes. The
other deadly diseases including cancers, heart and kidney related ] o )
. ) o . economic condition of a common man and the strenuous side effects
diseases. The disease is ruining the health of almost all ethnicities . .
) ] ) o ) of some medications have has urged the need for the adoption of
with the low and middle income groups being its prime targets. .

] ) ) . ) ) effective herbal treatment strategy. The herbal treatment could not
Knowing the different context in which DM and its variants could . L
) . ) only help to combat diabetes and related complication but may also
occur and understanding about the underlying causes and their . o
. ] . . . . prove to be a complete cure of this pandemic disease.
genetic correlation would definitely help in an early diagnosis and
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