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AGEs Advanced Glycation End products

Al Atherogenic Index

CKD Chronic Kidney Disease

CKD- EPI Chronic Kidney Disease- Epidemiology Collaboration

CML Carboxy Methyl Lysine

CvD Cardiovascular disease

CysC Cystatin C

DM Diabetes Mellitus

DN Diabetic Nephropathy

ELISA Enzyme Linked Immunosorbant Assay

ESRD End Stage Renal Disease

F Fluoride

GDM Gestational Diabetes Mellitus

eGFR Estimated Glomerular Filtration Rate

HbAlc Glycosylated Hemoglobin

HOMA IR Homeostasis Model Assessment- estimated Insulin Resistance

IR Insulin Resistance

IS Insulin Sensitivity

KDIGO Kidney Disease: Improving Global Outcomes

LDL Low Density Lipoprotein

MAP Mean Arterial Pressure

MODY Maturity Onset Diabetes of Young

NAD Nicotinamide Adenine Dinucleotide

NKF- KDOQI Ngt_ior]al Kidney Foundation- Kidney Disease Outcomes Quality
Initiative

NPPCF National Programme for Prevention and Control of Fluorosis

nHDL non- High Density Lipoprotein

ppm parts per million

QUICKI Quantitative Insulin- Sensitivity Check Index

ROS Reactive Oxygen Species

SIRT Sirtuin

TG Triglycerides

TISAB Total lonic Strength Adjusting Buffer

T2DM Type 2 Diabetes Mellitus

T1DM Type 1 Diabetes Mellitus

WHO World Health Organization

10




CONTENTS

SI. No. Title Page No.
1. INTRODUCTION 14 & 15
2. | REVIEW OF LITERATURE 16- 44
3. | OBJECTIVES 45 & 46
4. | METHODOLOGY 47-78
5. | RESULTS 79- 96
6. | DISCUSSION 97- 110
7. | CONCLUSION 111- 113
8. | NEW KNOWLEDGE GENERATED 114 & 115
9. | STRENGTH AND LIMITATIONS 116 & 117
10. | REFERENCES 118- 139
11 PROFORMA, INFORMATION SHEET & CONSENT ANNEXURE- |
FORM
12. | PUBLICATIONS & PRESENTATIONS ANNEXURE- Il

11




INTRODUCTION



Diabetes Mellitus (DM) is a metabolic disorder characterized by polyuria, polydypsia,
polyphagia and sudden weight loss (1). The clinical condition was first identified during 5" century
BC. Aretaeus a Greek physician defined DM as ‘a siphon’ meaning melting of flesh and limbs into
urine. Contemporarily, the Indian physicians called it as honey urine, indicating sugar excretion
from the body. In seventeenth century BC the word ‘Mellitus’ meaning ‘Honey” was added by a

Latin researcher (2).

Diabetes a global challenge needs to be addressed earlier to prevent the complications

resulting out of it. This has been targeted by researchers in their own way.

Glycation end products and Advanced glycation end (AGE) products, oxidative stress
markers and many more molecules have been incorporated in the early diagnosis and management
of DM (3). However, all these molecules that have been studied include flaws. This created an
interest to facilitate with a molecule “Sirtuin”.

Since the present study has been carried out in a geographical population who are
chronically exposed to fluoride, we tried to link fluorosis with DM and its complication. Further

we confirmed with the glycation and advanced glycation end products (3 & 4).

Our inclusion of Sirtuinl (Sirtl), Carboxy Methyl Lysine (CML), Fructosamine and
Fluoride (F) molecules gave an impetus on the new knowledge generated that our objectives of

the study construed with our findings and observations.
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REVIEW OF LITERATURE



Diabetes Mellitus (DM) is a clinical syndrome characterized by unexplained weight loss,
increase in thirst, frequent urination, increase in appetite and non- healing or delayed healing of
wounds, blurring of vision. The basic biochemical markers for diagnosis of DM are fasting plasma

glucose >126 mg/dL and post prandial plasma glucose >140 mg/dL (5).

American Diabetic Association (ADA) classified diabetes as (5, 6):
a. Type 1 Diabetes Mellitus (T1DM): absolute insulin deficiency due to auto immune
destruction of - cells of pancreas
b. Type 2 Diabetes Mellitus (T2DM): progressive destruction of insulin secreting B- cells
of pancreas due to peripheral insulin resistance
c. Gestational Diabetes Mellitus (GDM): DM caused during 2™ or 3 trimester of
pregnancy
d. Other types: diabetes caused due to various other causes such as monogenic diabetic type,
endocrine disorders, chemical induced onset etc.
World Health Organization (WHO) classified DM into (5):
1. TypelDM: B- cells destruction an immune mediated resulting in absolute insulin
deficiency expressed during childhood and early adulthood
2. Type2DM: varying degrees of - cells destruction and insulin resistance during adulthood
3. Hybrid forms
a. Immune mediated diabetes: observed in adults similar to TIDM
b. Ketosis prone DM: due to insulin resistance where, insulin requirement slowly

diminishes with time and ketosis will be a predominant feature
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4. Other specific type
a. Monogenic type: gene mutation leading to changes either in - cell function or
insulin action
b. Defect in exocrine function of pancreas: leading to increased secretion of
hormones which are antagonists to insulin resulting in DM
c. Abnormality in endocrine part of pancreas: which leads in secreting excessive
hormone which are antagonists to insulin resulting in DM
d. Drug or Chemical Induced DM: because of therapies affecting insulin secretion
or destruction of - cells
e. Infection related DM: viral destruction of - cells affecting insulin secretion
f. Autoimmune related DM: which include other auto immune diseases and cause
hyperglycemia either due to affected insulin secretion or due to insulin action
g. Other genetic syndromes: which are due to chromosomal aberrations and may
lead to DM
5. Hyperglycemia detected first time during pregnancy
a. Diabetes Mellitus in Pregnancy: either type 1 or type 2 DM expressed during
anytime of pregnancy
b. Gestational Diabetes Mellitus (GDM): a clinical condition with hyperglycemia
observed in pregnancy during 2" or 3" trimester
Even though the classifications are varied, the diagnostic criteria remains same (1,6)
1. Fasting Plasma Glucose > 126 mg/ dL with a minimum fasting of 8 hours
2. 2 hours post- load glucose > 200 mg/ dL

3. HbAlc (Glycated Hemoglobin) > 6.5%
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The major reason for classification of DM is to select appropriate therapeutic modalities.
We have considered ADA classification as it is simple, understandable and suites our study. TIDM
was considered to be young onset type but that’s now obsolete since T2DM sets in during any
stage of life. Though there is no much demarcation for the diagnostic criteria between T1DM and
T2DM, ketoacidosis remains persistent in TLDM as it is completely dependent on insulin. Type 2
Diabetes Mellitus may also need insulin therapy based on their average blood sugar control and

time of onset and any complications associated with it (1, 6).

According to International Diabetes Federation (IDF, 9™ edition) 463 million people are
recorded to be with diabetes in the year 2019 globally (7). Statistical data predicts with a fore
thought that by the year 2045 there may be an increase of 51% of the population accounting for an
estimate of 70 crore within age group of 20- 79 years across the world to be affected by diabetes
(7). More so, there may be a 74% increase (from 8.80 to 15.3 crores) in T2DM in South East Asian
(SEA) population vis- a- vis India (7). Particularly, 50- 70 years of age are majorly affected by
diabetes in SEA countries. IDF statistics depicts that India continues to be ranked at 2" position
with a count of 13.4 crores of T2DM by 2045, of which 2.75 crores will be above the age of 65

years (7). In India, males are affected more than females (7).

International Diabetes Federation (IDF) data shows that South Indians are predominantly
affected mainly due to higher intake of carbohydrate rich diet. A cross- sectional study carried out
in India in the year 2017 has shown that Karnataka is at 4" position with 4.6% of type 2 DM (8).
Based on a diabetes study by Wells JCK et al in the year 2016, India is presumed to be the capital

of diabetes and the fact may be due to evolutionary perspectives of South Asian genetic makeup

(9).
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Studies conducted by researchers has documented that people with DM irrespective of
good glycemic control may lead to microvascular and macrovascular complications. The

pathophysiology of miscrovascular complication in diabetes mellitus can be linked to (3):

a. Neovascularization from Vaso Vasorum
b. Low- grade inflammation
c. Circulating Advanced Glycation Endproducts (AGE)

d. Oxidative Stress

Constant exposure of microvessels such as arterioles, capillaries and venules to diabetic
melieu will stimulate neovascularism which may lead to formation of a new layer from vaso
vasorum resulting in thickening of tunica intima (10). Thickening of blood vessel is observed in
basement membrane capillaries of retina and glomeruli resulting in increased blood pressure and
hypoxia (11, 12). In diabetes macro angiopathy or macrovascular thickening is due to uncontrolled
dyslipidemia causing brain damage (stroke) or cardiovascular disease (11). Therefore, it is of
utmost importance to monitor the balance of glucose and lipids in the blood to prevent

complications of DM (11, 12).
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Diabetic nephropathy a microvascular complication of T2DM is exponentially increasing
across the nations and higher among Asian Indians (13). Schernthaner G et al. in the year 2013 has
documented that around 30- 40% of T2DM patients end up in diabetic nephropathy (DN) which
may be contributed by environmental or genetic factors (13). Although the underlying cause for
DN in T2DM is still unclear, based on the studies we can derive that the difference in prevalence

may be the result of metabolomics, proteomics, genetics or epigenetic factors (4).

Prevalence' of diabetes (20-79 years), 2019

<9
[ 2-<10%
B >10%
B No estimates made

| Age-adusted camparitive pea valencn

Fig 1: Prevalence of diabetes in India 2019

Source: International Diabetes Federation. IDF Diabetes Atlas, 9th ed.
Brussels, Belgium: International Diabetes Federation; 2019

Advanced Glycation Endproducts (AGE)
Macromolecules such as proteins, nucleosides and lipids when bound to excess glucose

units in blood derives ‘Advanced Glycation Endproducts’ (3). Advanced Glycation Endproducts
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when accumulated in blood vessels or tissues may result in insulin resistance causing increase in
body mass index (BMI); an initiator of diabetes (14). Uncontrolled AGE formation may be the
root cause for diabetic complication at the earliest. Majority of the AGEs are acquired through
food, very few are endogenously formed in body (14).
History of AGE

French scientist Louis Camelle Maillard in the year 1912 observed browning of food
which led to explain the theory of Maillard reaction (14). In vitro, Maillard reaction involves
various steps leading to formation of AGE (15). In vivo, the intermediate, amadori product will
undergo rearrangement resulting in formation of AGE (15). During 1990’s in vivo maillard
reaction in diabetes and aging was discovered which was found to hasten the disorder (16). The
theory of Amadori reaction was accepted during 1997 and till date 20 Advanced Glycation
Endproducts are discovered (16).
AGE Mechanism of Action
AGEs are classified as

i. Receptor- dependent (17)
ii. Receptor- independent based on their entry into cells (18, 19)

i. Receptor- dependent

A multi- ligand immunoglobulin superfamily called Receptor for AGE (RAGE) is the
receptor of AGE (3). RAGE is responsible for development of complications due to AGE by
preventing binding of anti- RAGE molecules on the cell surface (3). On a concluding note, studies
states that RAGE may not be an initiator of complications but a key component in accelerating

inflammation and sustained tissue injury (17).

20



ii. Receptor- independent

AGE directly targets the proteins in cellular and blood vasculature skeletal proteins such
as collagen and fibroblasts disturbing the structural integrity of basement membranes and vessel
walls (18). The distortion of skeletal support is by excessive cross linking causing rigidity, leading
to decreased reception of metabolites; carbohydrates (18). AGE can also modulate genetic
expressions of a tissue linked to synthesis of matrix proteins (19). An action on vessel walls
quenches nitric oxide leading to endothelial dysfunction resulting in atherosclerosis and
hypertension (19). Inhibition of AGE by pharmacological inhibitors likely would decrease future
complications example: amino guanidine (AG). Amino guanidine is a hydrazine compound which
breaks the chain reaction in formation of collagen cross links thus preventing arterial stiffness (20).
Recently, AGE inhibitors such as: pyridoxamine, OPB-198 and ALT- 946 are gaining momentum
(21- 23).
Chemistry and Formation

Intracellular hyperglycemic environment activates various alternative pathways and direct
glucose to enter Polyol pathway or protein kinase C pathway or produce Advanced Glycation
endproducts (AGE) (24). Majorly produced and very much influential molecule to accelerate
diabetes to its complications vis- a- vis; ‘Carboxy Methyl Lysine (CML)’ is considered in this
study. Studies conducted by Brownlee et al are associated with diabetic nephropathy and AGE
which has demonstrated increased rigidity of renal filtering apparatus (25, 26).

The primary triggering factor for production of AGE is the oxidative stress caused by
hyperglycemic milieu. Glodberg T et al documented that not only carbohydrates rich food, even
foods containing higher fat content may have a higher AGE especially Carboxy Methyl Lysine

(CML) as it is formed by lipoxidation (27). Increased AGE and Advance Lipoxidation
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Endproducts (ALE) are associated with increased incidence of Cardiac and Renal failure (27).
These data indicate that precaution to be taken to avoid processed, baked and deep fried food.
Processed, baked and deep fried food contains higher concentrations of CML (27).
In- vivo formation of AGE occurs in three phases (17):
a. Initial phase
b. Proliferative phase
c. Latent phase
a. Initial phase
Reaction between carbonyl groups of reducing monosaccharides such as glucose or
fructose or ribose and amino group of amino acids preferably lysine or hydroxylysine cysteine
of hemoglobin or serum albumin forms unstable Schiff’s base (28- 30). Non- enzymatically
rearranged of Schiff’s base forms a stable Amadori product (27). Examples of Amadori
products are: Glycated hemoglobin (HbAlc), Glycated serum albumin (Fructosamine, GSA),
histone and various plasma proteins (28- 31).
b. Proliferative phase
Multiple self rearrangements of Amadori products in presence of metal ions form various
harmful Carbonyl intermediates which are the precursors for AGE. Those intermediates are
a- dicarbonyls or oxaloaldehydes which includes: glyoxals (GO), methylglyoxals (MG) and
3- deoxyglucosone (3DG) (32). Direct oxidation or fragmentations of Schiff’s base forms GO.
Autooxidation of carbohydrate, lipid peroxidation and decompostition of triose phosphates
results in formation of MG. Rearrangement and hydrolysis of Amadori product results in DG

formation (33). Accumulation of these carbonyl compounds causes ‘carbonyl stress’ (33)
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c. Latent phase

Various chemical reactions such as hydration, dehydration, oxidation, non- oxidation,
glycation, glycosylation, fructolysation and acid hydrolysis may result in formation of
irreversible product called Advanced Glycation Endproduct.

Glyoxal Lysine Dimer (GOLD), Methyl Glyoxal Lysine Dimer (MOLD), Deoxyglucosone
Lysine Dimer (DOLD) is formed by reaction between respective amadori product and lysine
condensation reaction (32).

Degradation of lysine rich proteins will end up in production of Carboxymethyl Lysine
(CML), an AGE whose aggregation destructs the skeletal structure of renal cells making it non-
functional for regular metabolism (33).

Characteristics of Carboxymethyl lysine (CML)

a. Carboxymethyl lysine (CML) is an AGE formed by both, glycoxidation and lipoxidation (32)

b. Sources of Carboxymethyl lysine includes invivo (endogenous) and invitro through diet
(exogenous) (27)

c. It is a non- fluorescent, non- crosslinked glycated product affecting retinal protein and
basement membrane of glomerular apparatus (24, 34)

d. Formation of CML is by direct rearrangement of Amadori product and after oxidation of
Glyoxal (GO) (17)

e. Highly available in most of the processed, bakes, broiled and deep fried food (27)

Since CML interferes with renal filtration and basement membrane functions, of late it is

studied in depth about dietary modifications in diabetes and its microvascular complications.
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Fig 2: Formation of AGE
Source: Varun Parkash Singh, Anjana Bali, Nirmal Singh, and Amteshwar Singh Jaggi. Advanced

Glycation End Products and Diabetic Complications. Korean J Physiol Pharmacol 2014; 18: 1- 14.
http://dx.doi.org/10.4196/kjpp.2014.18.1.1) @7

Amadori
Product

Aminoguanidine

FLUORIDE

Lifestyle, diet, environmental factors etc, varies from, place to place. Kolar district is non-
exceptional in this regard. Kolar district in Karnataka is fluorosis affected due to a deep borehole
water source and scanty rainfall. Kolar is a semi- arid area located 595m to1474m above Mean
Sea Level and situated 13°08'08.5"N 78°07'57.4"E (4). Despite the scanty rainfall and various
other factors leading to decreased water source, the agriculturists of this belt grow a major crop
known as finger millet (ragi) (4). Majority of the fruits and vegetables grown in this area are
Mango, Grapes, onions, potatoes, cabbage, green leafy etc. Chronic exposure to toxic salts in the
deep water is known to accumulate in body leading to toxicity and other consequences (35). Major

minerals found in deep water leaching the rocks are Fluoride and Arsenic (35, 36). Since there are
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many studies emerging related to ill- effects with respect to fluoride of non- skeletal tissue and its

complications made us to evaluate fluoride effect on insulin resistance and diabetes.

Chronic fluoride exposure results in dental, skeletal and non- skeletal fluorosis. This may
be the reason for dental problems in children and early osteoporosis in elders with increased
incidences of diabetes and cancer without any family history (37, 38). As a preventive measure,
the district health officers had installed community water purifier and created awareness among
villagers. Installation of fluoride filters and water purifiers has contributed to eliminate and filter
out other essentials minerals along with F (39). To assess, analyze and prevent the ill- effects of
these filtered out minerals there is need for a molecule which has diagnostic, prognostic and

therapeutic value.

Chemistry

Fluorine, a yellow colored pungent gas is one of the lightest halogens with atomic number
9 and mass number 18 (*Fg) (40). Fluorine in aqueous or dissolved state forms highly
electronegative fluoride (F) ion, with electronegativity of 4.0 (41). Fluoride (F) is considered as a
reference atom for electronegativity in the periodic table (41). Electronegative property of F helps

in formation of complexes with Aluminium, Magnesium, Calcium, Sodium and Mica (42).

Occurrence

Fluoride can be found in water, soil and also as a molecule released from the industrial
effluents. Physiochemically, F is found as sodium fluoride with pH 7.4 and as gaseous hydrofluoric
acid with vapour pressure of >1 atmospheric pressure (atm) (37). Naturally occurring forms of F

are fluoroappetite, cryolite, topaz, fluorite etc (37, 43).
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Major routes of fluoride exposure are from air, water, vegetables and/ or fruits grown in soil with
high fluoride content.
Air

Industrial effluents involving manufacturing of coal, asbestos, aluminium etc emits
fluoride as its effluents which are the major source of F in air (44, 45). Generally, 0.5 ng/m3is

sensed in air around the industries emitting fluoride (43).

Water

Industrial effluents dumped in nearby water bodies will lead to elevation in the fluoride
content of groundwater (37). Domestic and industrial sewage also accounts for water pollution.
These issues addressed recently by governing bodies in developed countries. Marier JR et al have
documented that primary water bodies such as natural well and borehole water contain
approximately 1ppm of fluoride (44). However, the developing countries are also concentrating of
late in the issues pertaining to water and sewage pollution. These factors have led to the irrigation
of vegetation with fluoride rich water.
Soil and Plants

Earth crust contains approximately 0.08% of F and accounts for the 13" abundant element.
Fluoride from the soil is absorbed by the roots in complex forms than as ionic form, till the shoot
including the vegetables or cereals (43, 46). The degree of absorption and tolerance varies between
plants (47). Accumulation of fluoride in plants is dependent on the concentration of fluoride in
water which is used for irrigation, pesticides and also pH of soil (48). In neutral pH fluoride will
not be readily available for absorption by plants (48). Studies had proven that anti- oxidant in plant

balances the ROS generated by fluoride toxicity and hence prevents damage to its other parts (47).
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In summary, plants are loaded with fluoride from air, water and soil which at optimum level can
nullify its effect by its in built anti- oxidant mechanism.
Distribution

WHO statistics has documented major countries rich in fluoride contamination are South
Africa, United Arab Emirates (UAE), India, China, Australia, Afghanistan, New Zealand, Parts of
Russia and North America (37). Indian researchers conducted studies in Rajasthan, Andhra
Pradesh, Uttar Pradesh, Tamil Nadu assessed the fluoride toxicity and its consequences (49- 51).
Fluoride is considered as an environmental toxin and known to cause chronic and metabolic
disorders (38). Verma et al in the year 2016 demonstrated in their study as Kolar; a district in
eastern part of Karnataka as fluoride endemic area (4). According to WHO, two- third of the Indian
states are fluoride endemic and one- third are affected by fluoride ailments. Further they have

observed that the school going children are mainly affected by dental fluorosis (52).

Probability of
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Fig 3: Fluorosis around the World

Source: Manouchehr Amini, Kim Mueller, Karim C. Abbaspour, Thomas Rosenberg, Majid Afyuni, Klaus
N. Mgller, Statistical Modeling of Global Geogenic Fluoride Contamination in Groundwaters Environ. Sci.
Technol. 2008, 42, 3662-3668¢%)
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Fluoride and its Pathological Role

Dental Fluorosis

Physiological role of fluoride in optimum level at 0.5 to 1.5 ppm helps to prevent tooth
decay and was added in the yesteryear in the tooth paste (37). However, of late it has been
withdrawn and the statutory bodies has made it mandatory to publish the caption ‘use peanut size

and not to swallow’.

Fluoride maintains acidic environment in oral cavity preventing tooth decay by bacteria
Streptococcus mutans as experimented by Sananda et al (45). Constant use of fluoridated
toothpaste in fluorosis endemic area led to fluoride toxicity in children leading to dentine
discoloration, enamel erosion, tooth aches and resultant tooth loss. To assess the severity of dental
fluorosis, there are various mathematical formulae. Till date, accepted equations are Dean’s and
Thylstrup & Fejerskov (TF) indices (54, 55). Dental indices are based on dentine morphology of
opacity and cavities in the enamel, based on which scoring is given from 0- 9 in Dean’s index and

0- 5in TF index (54, 55)

Skeletal Fluorosis
Skeletal fluorosis in adults is exhibited as bone pain, fractures and marble ~ n bones (37).
Generally, fluoride replaces hydroxyl group of hydroxyappetite in bone matrix resulting in
fluoroappetite, which is a more stable compound than hydroxyappetite (56).
Skeletal fluorosis was diagnosed by performing fluoride triple test, which includes (39):
a. Coin test
b. Chin to chest test

¢. Hands on Occiput
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Accumulation of fluoride in bone matrix is also pH dependent. Alkaline pH of serum tends
fluoride to be absorbed more by bone forming complex with Ca and phosphate resulting in
fluoroappetite (56). Gradually, chronic fluoride exposure due to increased groundwater content of
fluoride not only damage dental and skeletal tissue but also soft tissue termed non- skeletal

fluorosis leading to abnormality in metabolic pathways and chronic disorders.

Normal Individuals Those individuals with joint pain

Unable to bend,

without folding his

knees
Normal, healthy indi- Unable to bend the
vidual can touch the neck, touching the
chest with chin chest with chin not

possible

Normal, healthy indi-
vidual can bend his
body and touch the
floor/toes

Normal, healthy indi- N Unable to stretch the
vidual can stretch the - hands, fold the arms
hands, fold the arms @ Q—) and touch the back of ﬂ
and touch the back of ~ the head
\

the head T | (/\

Fig 4: Fluoride Triple Test
Source: National Programme for Prevention and Control of Fluorosis (NPPCF) Revised Guidelines. Directorate
General of Health Services Ministry of Health & Family Welfare Government of India. 2014; Annex 4(b) (39)
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Fluoride Chemistry

Native form of fluoride is called fluorine which is the 13" most abundant and an electro
negative halogen. Aqueous form of fluorine in nature is called the fluoride (F) and constitutes 0.1%
of earth’s crust minerals (43). Fluoride being highly electronegative tends to get easily associated
with the electropositive ions such as hydrogen and sodium in biological system resulting in
formation of Hydrogen fluoride (HF) and Sodium fluoride (NaF) (38). In biological membrane HF
easily penetrates than ionic fluoride. Because of a very low pH of the stomach 40% is absorbed as
HF (38). In airway epithelium fluoride enters through anion channels. Approximately 45% of the

ingested fluoride is transported via facilitated diffusion (38, 57).

Fluoride Intake

Fluoride, an essential micro mineral and a trace element whose major function helps
increase hardness of bones and teeth (58). Deficiency of F may lead to dental caries and
osteoporosis (59). This in earlier days has led to fortification of tooth paste and drinking water.
However, due to its increased concentration in the drinking water because of deep borehole water
source led to toxicity diseases or symptoms example: dental fluorosis (59). Fluoride of late is
termed as a double edged sword because when used in limited quantity it has an anticariogenic
and antibacterial property in protecting dentine by inactivating the Streptococcus mutans (45, 60).
In contrary, if the fluoride reaches the toxic levels it may pose adverse events on the biological
system (61). Apart from dental and skeletal fluorosis, non- skeletal fluorosis is documented as
thyroid disorders, male infertility and chronic kidney disease is most prevailing (62- 64). Finger
millet and vegetables, a major agricultural product cultivated in this belt and the cattle consume
the same fluoride contained water might have led to high fluoride content in produced ~ milk (47,

48, 65). The other modes of F ingestion are the tea leaves which are known to contain >3.5ppm of
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F (66). The same has been proved by the study conducted by Wu Jun-hua et al, where they
documented that fluoride via tea consumption is directly proportional to urinary fluoride excretion
(66). These findings make it clear that crops grown in higher water fluoride levels absorb fluoride
proportionally leading to high fluoridated product. S. N. Ramaiah et al had derived conclusions in
their study conducted at Malur Taluk of Kolar district that vegetables grown in this geographical
belt which is F contaminated and the water which contains a minimum level of fluoride (35). SN
Ramaiah et al study is in concordance with Chittaranjan Das et al who had documented that
potatoes grown in fluoride endemic areas will also have high fluoride leading to accumulation of
fluoride in tissues (48). This is also true with Kolar district as potato is one of the leading vegetable
cultivated by farmers. Accepted serum fluoride level with respect to water exposure is

approximately 0.15 mg/L. This has been experimentally proved by Singer and Amstrong (67).

Fluoride Excretion

Urinary fluoride excretion is primarily dependant on pH gradient across the tubular cells.
It has been documented that higher the pH, higher will be the urine fluoride excretion (68).
Circulating serum F levels are less in alkaline environment compared to acidic. This indicates that
diabetic keto- acidosis may favor fluoride absorption and enhance fluorosis. Wu Jun-hua et al have
proved that the ingestion and excretion of fluoride is directly proportional. The authors have
concluded that the major route of fluoride excretion is through urine (66). Buzalaf, M.A et al have
observed that approximately 60% of the ingested fluoride is filtered out by the kidneys (69). In
regions where there is high prevalence of chronic kidney disease and cancer, fluoride acts as an
accelerator to worsen the disease (70, 71). Continuous exposure of renal cells to fluoride makes
the glomeruli and its supporting cells susceptible to irreversible renal damage leading to improper

filtering of the metabolites and causing disturbance in bodily homeostasis (70). According to US
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National research council > 0.1ppm of fluoride in serum or urine is an indication of impaired
glucose metabolism causing diabetes in later stages of life (71). Though there are many repair
pathways activated to prevent mitochondrial oxidative stress of cells, chronic exposure is a

hindrance for treatment.

Non- Skeletal Fluorosis

In the year 1937 Roholm observed that acute exposure to large doses of fluoride or
continuous exposure to small doses of fluoride over years may damage not only teeth and bones
but also vital organs and systems (72). Susheela in the year 2001 demonstrated an electron
microscopy screening of cells of few organs exhibiting fluoride depositions in soft tissues and
erythrocytes convincing that non- skeletal fluorosis are also an emerging illness to consider (73).
Mondal et al observed that there was increasing incidents of non- skeletal fluorosis compared
between 20" and 21% century (74). This increase may be due to lowering of water table leading to
rocks leaching and hence fluoride dissolution from rocks into the groundwater. Ultimately,
increasing rain water harvesting, small water body creation and rain water aggregation as a
measure to increase the ground water led to decrease of water fluoride exposure. Major symptoms
of non- skeletal fluorosis include Gl issues such as loss of appetite, nausea, constipation. Other
symptoms may be bone aches, headaches, accumulation of F in skeletal muscles leading to
calcification (71, 75). The major impact of chronic fluoride exposure is observed in reproductive

organs, thyroid, kidney and brain (62, 63, 71, 76, 77).

Fluoride in the form of sulfonyl fluoride, perfluoro octane and sodium fluoride are labeled
as endocrine disruptors (78). These molecules interrupt the action of endocrine hormones such as
insulin, via receptor inactivation or by damaging the hormonal structure (79, 80). Biochemically,

fluoride inhibits enolase enzyme. Enolase enzyme is a metalloenzyme dependant on magnesium
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ion as a cofactor which helps in reversible reaction of conversion of 2 phosphoglycerate to phospho
enol pyruvate (58, 80). This enzyme is inhibited by F ion competitively in the cellular glycolytic
pathway resulting in substrate accumulation that is glucose (80). Interestingly, increased blood
glucose levels tends to increase insulin secretion leading to Autophagy or apoptosis of beta- cells
of langerhans and hence causing insulin deficiency during increased serum fluoride (81, 82). These

critical findings prove that the theory chronic or acute fluoride exposure leads to diabetes.

Research on fluoride has proved that it enhances oxidative stress and altered anti oxidants
leading to the molecular damage (38). For the future progeny, antioxidants provided through a
nutritious diet, for the elderly generation, fortified food and immune boosting drugs shall support
as an adjunct for vitamins and minerals in enhancing the anti oxidants in the body. There are few
non- essential antioxidants which are generated in the body naturally through metabolism.
Nevertheless, our metabolism may need some trigger factors to synthesize the anti oxidants. The
trigger factor may be an oxidant suppressor or an antioxidant activator such as minerals and

vitamins. Antioxidants can be proteins, enzymes, vitamins, minerals and/ or lipids.

Extensive cellular damage by oxidants or free radicals will end up in programmed cell
death or apoptosis or cell eating cell (autophagy) (82). Apoptosis or autophagy is an essential
cellular repair mechanism which helps preventing extension of damage by activating cascade of
pathological processes (83). Increase in repair mechanism can also arise due to deficiency of
molecular oxygen (hypoxia) (84). Neighboring healthy cells will be activated to secrete chemicals
to digest damaged cell and prevent chain reactions of damage (83). One such secreted enzyme

centered in this study belongs to a group of proteins called ‘Sirtuin’ (82).
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SIRTUIN1

Sirtuins were first discovered in Saccharomyces cerevisiae (baker’s yeast) as a regulatory
protein coded by Silent Information Regulator 2 (Sir2) gene (85). Sir2 were known for life span
modulation in lower animals such as yeast, Drosophila melanogaster, Caenorhabditis elegans etc
(85, 86). Sirtuins in mammals are homologues of Sir2 gene of prokaryotes and said to regulate

health and longevity (85).

History of Sirtuinl (Sirtl) Discovery

Sirtuinl is one of the molecules recently identified and still in research to combat the
mitochondrial and oxidative damage. Sirtuinl is a NAD" dependent histone deacetylase enzyme

(85).

Mammalian sirtuins are seven membered family; Sirt 1- 7 (87). Structurally, all sirtuins are
proteins which contain a catalytic core of 275 amino acids (88). Each class of sirtuins consists of
unique C and N terminal amino acids. Sirtuins and Sir2 coded proteins are considered to be
evolutionarily conserved. However, there may be few changes in the core domain based on the
Phyla (89). Phylogenetic classification of sirtuins revealed that it has 60 different types of core

domain. Based on these 7 classes of sirtuins they are distributed to four sub- classes; I- IV (89).

Sirt 1- 3 belongs to sub- class | which is seen in fungi and protozoan. Sirt 4 belongs to sub-
class Il which is discovered in insects, nematodes, bacteria, fungi. Sirt 5 belongs to sub- class IlI
which is widely distributed in bacteria and archea. Sub- class IV consists of Sirt 6 and 7 which is

seen more in metazoans, plants and vertebrates (41).
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Sub- cellular

o Sirtl Sirt2 Sirt3 Sirt4 Sirt5 Sirt6 Sirt7
localization
Class |
Class | ]
Function
Nucleus NHD &
not
Class | ART )
determined
NHD
Class |
Cytoplasm NHD &
ART
Class |
) _ Class Il | Class Il
Mitochondria NHD &
ART NHD
ART

Sirtuins classifications, sub- cellular localization and functions

NHD: NAD* dependent histone deacetylation, ART: ADP Ribosyl Transferase

Apart from structural and Phylogenetic modifications, there is also a different sub cellular

localization of sirtuin. Sirtuinl, 6 and 7 are related to nucleus. Sirtl is associated with euchromatin

rarely found in cytoplasm. Sirt6 belongs to heterochromatin. Sirt7 is restricted to nucleolus (89).

Sirt2 prominently resides in cytoplasm (89). The mitochondrial sirtuins are sirtuins 3, 4 and 5 (89).

Sirtuins are found attached to either DNA or RNA in the subcellular localization and decides its

functions.

Sirtuins are defined as ‘NAD* dependent histone deacetylases or ADP- mono ribosyl

transferases’. Sirtl and 5 are NAD* dependent histone deacetylases (89). Sirt4 and 6 are ADP-

mono ribosyl transferases (89). Sirt 2 and 3 can perform to both the functions to certain extent

which may be due to the core domain makeover of amino acids (90). Sirt7 is still under research

for its robust function.
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Existing knowledge on sirtuins till date is majorly carried out on laboratory animal models.
There is a need to bring sirtuinl, an evolutionarily conserved molecule to lime light and reveal its
importance in health and disease. In an animal study conducted by M Suzuki and JD Barlett, have
observed that fluoride induced cell (Ameloblast cells) toxicity had led to Autophagy of cells via
sirtuinl activated pathway. Sirtl expressed beneficial effect in prevention of dental fluorosis of

other neighboring healthy cells (82).

Molecular studies on sirtuinl have laid the foundation for human studies particularly in
diabetes mellitus. As mentioned, since sirtuinl is involved in glucose homeostasis, lipid
metabolism, inflammatory responses, oxidative stress, cell senescence and apoptosis, higher
reactive partners, dual role in nucleus as well as cytoplasm and most old and evolutionarily
conserved class of protein among sirtuins has triggered interest to further estimate sirtuinl in

serum.

The method we considered is sandwich Enzyme Linked Immuno Sorbent Assay (ELISA).
This method enables us to assess the trend of sirtuins in healthy controls, type Il diabetes mellitus

and diabetic nephropathy study subjects who were chronically exposed to fluoride.

Since the longevity of an organism majorly depends on cellular and tissue health; research
and therapeutics evaluated sirtuinl as an anti- aging, longevity and a regulatory protein. Sirtuins
play a vital role in regulating factors related to aging at genetic level. However, its isoforms which
is distributed in the subcellular organelles are involved in maintaining the cellular integrity.
Initially, Sinclair DA and Guarente in the year 1997 authored a paper on the causes of aging in

yeast and concluded that extra chromosomal rDNA circle is associated with Sir2 gene (85). Since
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1999 Matt Kaeberlein et al are working on Sir2 gene to further explore its benefits as a longevity
gene (86).

Sirtuins are called the homologue of Sir2 gene of yeast. It has been considered as the most
ancient conserved protein of longevity in all organisms from unicellular to multicellular (90).
Research on sirtuinl is gaining momentum to find its evolution and other isoforms. Among the

sirtuin family, sirtl and 6 have nodalized in aging disorders.

Biochemistry of Sirtuinl

Sirtuins, a group of enzymes mediates NAD* dependent histone deacetylase and ADP-
ribosyl transferase reactions. Sirtuins are involved at genetic level; DNA and RNA, leading to
various crucial modifications in cell. The modifications results in causing stress, aging, survival

mechanisms and metabolic functions (91).

Proteins acted upon by sirtuinl in human beings include:
i. Histone proteins as an anti-transcriptional factor involving H1, H2 and H3 (92)
iil. FOXO3a, p300 and PGC- 1a as anti- transcriptional factor (93, 94)
iii.  Anti- apoptotic factor on p53, NFkB, TNFa (95, 96)

iv.  Pro-transcriptional factor on FOX0O1&4 and HIV tat (93, 97)

FGE

motif NAD' Substrate Substrat

binding and peptide o
site NAD' binding \ active

encapsulated
NAD-

open state closed state

Fig 5: Structure of Sirtuinl
Source: Davenport AM, Ferdinand M. Huber and André Hoelz. Structural and Functional Analysis of
Human SIRT1. J. Mol. Biol.2014; 426: DOI: 10.1016/j.jmb.2013.10.009 &
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NAD?- dependent histone deacetylation of proteins by sirtuinl result in formation of novel
product called; O- acetyl ADP ribose (AADPR) (91). AADPR acts as a signaling molecule.
AADPR is known to form a complex with the sirtuin. AADPR can be a potent biological inhibitor
of sirtuinl. Evidence suggests that macro H2A, a variant incorporated into regions which are
silenced by X- chromosome inactivation may also bind to AADPR. However, the molecular basis
and effects of AADPR needs further evaluation (91).

The major motive behind involvement of NAD" is, its hydrolysis yields energy for lysis of
acetyl lysine containing amino acid residue and coupling with consecutive product formed and
produce diffusible AADPR and a free protein with lysine residue and a molecule of nicotinaminde
(91). Isotope labeled experiment on sirtuinl reaction in mammals proves that NAD™ levels also
regulate sirtl concentration and its activity (99). It is documented that mammalian NAD™ levels of
200 to 500 puM is sufficient to maintain km value of sirtl for deacetylation and hydrolysis of
NAD?(99). The site of NAD" in sirtl binding is well within the Rossman fold (C pocket). The
highly conserved histidine residues in the Rossman fold helps recognize the —-OH group of NAD"*
in sirtl (100). These histidine residues are also important in initiating nucleophilic attack to
activate imidate product formation and proceed with the deacetylation reaction (91). ADP ribosyl
transferase reaction can be affected by involvement of electro negative elements such as fluoride
analogues (mono, di or tri fluoro compounds) which could be substituted at o position of

acetyllysine decelerating the reaction (100).

H,O- NAD?* 2’- O-Acetyl ADPR+ NAM
Protein- Acetyl lvsine M Protein- Lysine

Fig 6: General reaction of sirtuinl

Source: Sai Deepika Ram Mohan and Shashidhar Kurpad Nagaraj. Sirtuinl: Serendipitous and Enigmatic
Molecule. Int J of Current Medical and Pharmaceutical Research. 2018; 4 [11(A)]: 3828-36(V
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The uniqueness in sirtuin catalysis is formation of imidate and nucleophilic exchange
reactions that can be reversed during the process of deacetylation by NAD™ based on the
availability of nicotimamide in the cell (91). Therefore, it can be concluded that NAD™ acts as an
inhibitor during deficiency of Nicotinamide within the cell (99). Till date, with human this reaction

is observed only for sirtuinl (99).

Sirtuinl Activators

Activators of sirtuinl include: resveratrol, isonicotinamide etc. These activators, activates
and/or enhance the activity of sirtuinl.

‘Resveratrol’, is a polyphenol compound found in skin of grapes and tea. Resveratrol is a
plant origin molecule which aids in activation of sirtuins when administrated in large doses (102,
103). Resveratrol increases sirtl and PCG-1a levels decreasing cell stress (103). On the other hand,
resveratrol is not specific to sirtl. In this regard a very large dose of resveratrol is observed to

inhibit other essential enzymes such as cyclooxygenases (104).

Nicotinamide depressors ex: isonicotinamide (INA) will make NAD* to lose control on
sirtl in vivo without reacting with imidate and inhibits deacetylation by reacting with acetyllysine
group. Isonicotinamide, which is non- toxic and least expensive, binds weakly and readily replaces

NAD" there by activates sirtl (102, 105).

Sirtuinl inhibitors

Down regulation of sirtuinl expression is by its inhibitors such as NAD", EX-527 and
acridinedione derivatives. These inhibitors may be either a substrate inhibitor or an enzyme
inhibitor. One such sirtuinl inhibitor explained above is NAD* which might reverse the ongoing

reaction to the initial step depending on availability of nicotimamide invariable of the reaction
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progress (102). There are few controversial studies which states that Sirtl induces carcinogenesis
by suppressing p53 pathway (105). Inhibition of sirtl by p53 activating compounds such as: EX-
527, NSAIDs, acridinedione derivatives acts as sirtl inhibitor. These molecules are highly
specific to sirtl (105- 108). EX-527 and acridinedione derivatives, considered as anti cancerous
and avoiding deacetylation of p53 by sirt1 (105- 108).
Mechanism of aging in sirtuin

Physiologically, sirtuinl deacetylates histones 3 and 4 at lysine residues of 9 and 16
respectively. In vitro studies have documented that sirtl leads to activation of various
transcriptional factors which are responsible for anti- apoptotic and pro- transcriptional activities

(92, 109).

Metabolically, sirtuinl regulates gluconeogenesis through liver by deacetylating forkhead
box protein O1 (FOXO1), cAMP response element-binding (CREB)-regulated transcription
coactivator 2 (CRTC2) and activation of fatty acid oxidation pathway by acting on PCG-1a (97,
103, 110). Sirtl regulates insulin secretion via synthesis of uncoupling protein 2 (UCP2) which
leads to glucose stimulated insulin secretion (111). According to previous findings it is evident

that sirtl contributed majorly to obesity and type 2 diabetes.
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Autophagy Calorierestriction DNA repair

Fig 7: Physiological Role of Sirtuinl

Source: Sai Deepika Ram Mohan and Shashidhar Kurpad Nagaraj. Sirtuinl: Serendipitous and Enigmatic
Molecule. Int J of Current Medical and Pharmaceutical Research. 2018; 4 [11(A)]: 3828- 3836(%)

Genetically, Sirtuinl is coded by chromosome 10 q21.3 gene (112). Quantification of such
coded protein/ enzyme secreted within the cell can be estimated in the urine, serum/plasma and
other body fluids while transported or leaked (113). In a study conducted by Ozlem Gok et al in
Turkey population, stated that Sirtuinl can be a potential biomarker in T2DM diagnosis along with
microRNA 181a and 132 which affects sirtl physiological activity (114). Hence, there is also a
need to find correlation between microRNA and alterations in sirtl activity in diabetes which may

give clue for its epigenetic modifications.

Pathologically, theory of autophagy activation in other tissue cells shall be considered to
prevent the carryover of fluoride accumulated in cells to its cell lines. However, to draw any
conclusions it needs to be substantiated by molecular studies combining fluoride and sirtuinl. This

may give an impetus of sirtl in therapy of Fluoride toxicity.

Autophagy is a cellular repair process which involves digestion of unwanted protein

aggregates, poorly functioning organelles and damaged cells by lysosomal proteins mediated
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digestion (83). It was reported by Kai- Peng et al that increase in AGE levels may decrease the
half- life of sirtuinl from 6 hours to 3 hours (115). Therefore, to prevent molecules such as AGE
and ROS which generate free radicals, initiation of autophagy may help in rescuing the damaged

cells by preventing apoptosis.

Genomic and proteomic study of sirtuins has proved that, sirtuinl has the highest propensity and
disorderness pertaining to its terminal regions which increases its interaction with proteins and hence
exhibits wide range of functions in tissues (89). Sirtuinl being a nuclear protein acts during inflammatory
responses. Recent findings suggests that sirtuinl (sirtl) shuttles between nucleus and cytoplasm during
oxidative stress (116). Sirtuinl also has major role in diabetes and lipid metabolism (114). This has created

interest to further do research on serum sirtuinl concentration in human subjects in type 2 diabetes mellitus.

Probable Outcomes of the study

Since fluoride concentration is increasing day on day in drinking water of Kolar district,
along with incidence of Type 2 DM and other aging disorders this study was planned as a
preliminary trial.

In this population, correlation studies on fluoride with insulin and diabetes have not been
undertaken till date.

Our study may help in early detection of diabetes and prevention of the same if association
of fluoride and sirtuinl in biological sample is established when the patient reports to the hospital.
If the framed hypothesis is right then Fluoride can be considered as enhancer molecule of diabetes
and sirtuinl can be considered as a counter action molecule for Fluorosis. This may help in

therapeutic usage of sirtuinl in aging disorder, as it is considered as an anti- aging protein.
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OBJECTIVES



Research question

1. Will there be any alteration in serum sirtuinl in diabetes and diabetic nephropathy? To find
if there is any association with fluoride levels.

2. Can plasma Sirtuinl values alter Carboxy methyl lysine and Serum Fluoride values?

3. Does Sirtuinl affect diabetic profile parameters in cases and how?

Objectives of the study

1. To find the correlation between fluoride and sirtuinl in blood and urine of patients with
diabetic nephropathy and correlate it to extent of kidney damage

2. To compare Carboxy methyl lysine (CML) and sirtuinl levels in blood between groups

3. Finding Correlation between insulin resistance and sensitivity with special parameters

among groups

44



METHODOLOGY



I. Study Design: The present study is a comparative cross- sectional study with three groups;
Group 1, Group 2 and Group 3

All the parameters in methodology section will be compared between the three groups and also

within the group.

ii. Study area

Type 2 diabetic patients attending OPD, department of general medicine and diabetology were

recruited for the study after confirming inclusion and exclusion criteria.

All the study subjects are residents of Kolar districtfor a minimum period of three years.

Informed written consent was obtained from all study subjects.

Age and gender matched non diabetics and healthy subjects of same area were included as controls.

iii. Duration of the study: 3years (2017- 2020)

iv. Material and methods

Sample Size Calculation

Mean difference of SIRT1 is calculated with 80% power and 95% confidence interval, thus

minimum sample size derived was 70 per group [117].

Formula for comparing means:

N= [2Sp?(Z1-a2+ Z1-)?] Iud?

Sp?=(S1% + S2?)/2

S:2: Standard Deviation (SD) in first group

S»%: SD in second group

Ha2: Mean differences between samples

a: Level of Significance 1-f: Power

Study Groups
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Groupl (n=70): Age and gender matched healthy controls
Group?2 (n=70): Diabetic Nephropathy

Group3 (n=70): T2DM without nephropathy

Inclusion criteria:

1. Subijects clinically proven with Type 2 DM with or without diabetic nephropathy

2. Subjects living and surviving in the same environment with high fluoride condition
Exclusion criteria

1. Patients with diabetes mellitus not living in Kolar and not exposed to fluoride

2. Patients taking drugs or other factors known to cause diabetes and/ or diabetic nephropathy

3. Patients undergoing renal dialysis

4. Acute kidney injury due to any cause and other renal pathologies

5. Patients with other type of diabetes

v. Statistical analysis: SPSS version 20 (IBM) was used to perform statistics.

All the variables which are normally distributed (Parametric) were represented as Mean + SD and

those which are non- parametric were represented as Median (25" to 75" percentile)

a. Parametric variables include: Age (in years), BMI (kg/m?), BP (mmHg), FBS(mg/dL), PPBS
(mg/dL), HbAlc (%), Blood urea (mg/dL), Serum creatinine (mg/dL),
Albumin (g/dL), Sodium (mEg/L), Potassium (mEg/L), Total Cholesterol (mg/dL), HDL
(mg/dL), nHDL (mg/dL), Insulin Sensitivity (QUICKI).

Parametric tests

e Descriptive statistics: Calculating mean + standard deviation (mean £ SD ) for normally

distributed data
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Analysis Of Variance (ANOVA): To find asymptotic significance by calculating probability-
value (p- value) between all 3 groups

Post- Hoc test: To find where exactly the difference in mean lies between two groups and the
significance is calculated by Tukey’s test

Pearson’s correlation (r): To find the trend between two variables (either positively correlated

or negatively correlated)

. Non- Parametric variables include: Uric acid (mg/dL), Triglycerides (mg/dL), LDL

(mg/dL), VLDL (mg/dL), Sirtuinl (ng/mL), Carboxymethyl Lysine (ng/mL), Fructosamine
(ng/mL), Cystatin C (mg/L), Serum fluoride (ppm), Urine F (ppm), eGFR of creatinine
(ml/min/1.73m?), eGFR of Cystatin C (ml/min/1.73m?), Fasting Insulin (IU/L) and Insulin

Resistance (HOMA- IR).

Non- Parametric tests

Descriptive statistics: Based on the frequency of data distribution, the values were divided into
quartiles with 25™ percentile and 75" percentile

Kruskal- Walli’s: To derive the p- value of non parametric data across all three groups. Mann-
Whitney U and Tukey HSD test to find significance between groups

Spearmann’s Rho (p): To find whether the parameters are negatively or positively correlated
Normality of distribution of variables was assessed by Kolmogorov- Smirnov test.

p- value is < 0.05 indicates the variable in not normally distributed. If the p-value  is >0.05

it is considered that the variables are normally distributed in the Gaussian curve.

Sample collection

After explaining the whole procedure in the patient’s understandable language and providing

him/her with the patient information sheet, informed written consent complying with the
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Declaration of Helsinki2012 was obtained from the study subjects. The present study was
approved by Central Ethics Committee vide No: SDUAHER/KLR/CEC/35/ 2018- 19 dated:

14- 05- 2018.

Patients who agreed to participate in the study and complied with the inclusion criteria
were included in the study. Under Strict aseptic precautions, study subjects were allowed to be
seated in comfortable position. After confirming 8 hours of fasting the blood sample was collected.
Fasting sample was split into parts for biochemical analysis. For plasma glucose sample was
segregated in NaF tube. For HbAlc, whole blood in EDTA tube. For routine biochemical
parameters and research molecules serum sample was collected in Plain tube. Two hours post-
prandial blood sample was collected. Corresponding urine sample was also collected from the

study subjects for urine fluoride analysis.

All samples were properly labeled, analyzed and stored at appropriate conditions till further
analysis. Quality assurance was carried out as per the criteria laid down in Clinical Diagnostic
Laboratory Services (CDLS) of RL Jalappa Hospital and Research Centre attached to Sri Devaraj
Urs Medicla College, a constituent of Sri Devaraj Urs Academy of Higher Education and
Research, Tamaka, Kolar, Karnataka, India.

Methodology

All the routine investigations were carried out by fully automated Vitro 5, 1 FS, a fusion
analyzer. Fasting insulin was analyzed by Vitro eCl based on the principle of electro
chemiluminescence. Glycated Hemoglobin was estimated by BioRad D10 based on the principle

of HPLC at Biochemistry section of CDLS.

Manual parameters were analyzed at the Research Laboratory of the Department of

Biochemistry. Blood pressure was measured before fasting blood collection by using mercury

49



sphygmomanometer. Height was measured by manual Stadiometer and weight was recorded from
digital weighing scale to calculate BMI (kg/m?).

Fluoride triple test was performed, which includes (39):

a. Coin test
b. Hands on Occiput and
c. Chin to chest test was performed by study subjects to diagnose for any pain or skeletal

disability due to fluoride exposure and accumulation
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Following are the parameters and methodology

SI. No. Parameter Methodology
1 Serum Sirtuinl ELISA
2 Serum and Urine Fluoride Fluoride ISE
3 Serum Carboxy Methyl Lysine (CML) ELISA
4 Plasma Glucose (mg/dl) Vitros 5, 1 Fs
5 Glycated Hemoglobin (HbAlc %) BioRad D10
6 Serum Insulin (nlU/mL) Vitros eCl
7 Serum Fructosamine (umol/L) ELISA
8 Serum Urea (mg/dL) Vitros 5, 1 Fs
9 Serum Uric acid (mg/dL) Vitros 5, 1 Fs
10 Serum Creatinine (mg/dL) Vitros 5, 1 Fs
11 Serum Cystatin C (mg/L) Mispa i2 (semi- auto)
12 Serum Sodium (meg/L) Vitros 5, 1 Fs
13 Serum Potassium (meq/L) Vitros 5, 1 Fs
14 Serum Triglyceride (mg/dL) Vitros 5, 1 Fs
15 Serum Total Cholesterol (mg/dL) Vitros 5, 1 Fs
16 Serum High Density Lipoprotein(mg/dL) Vitros 5, 1 Fs
17 Serum Albumin (mg/dL) Vitros 5, 1 Fs

ELISA: Enzyme Linked Immuno Sorbent Assay, ISE: lon- Selective Electrode
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Sandwich Enzyme Linked Immuno Sorbent Assay (ELISA)

Sandwich ELISA is preferred over other types since it do not need sample purification
before processing. There is usage of two types of antibodies (capture and detecting antibodies) for
one type of antigen. These antibodies make sandwich ELISA a precise method to measure antigen
in complex mixture such as serum, urine and other body fluids. The only drawback is, it demands

high detecting antibodies for the epitope for newly discovered antigens.

Principle: Human serum containing the analyte was compared with the purified recombinant
standards provided with the kit. Samples were added to the microtitre wells coated with
immobilized antibody. Addition of HRP conjugate with Antibody- Antigen- Enzyme- antibody
complex, addition of colouring substrate (TMB) and later the stop solution will develop yellow
colour. The colour is read spectrophotometrically to measure the concentration of analyte in human
sample. Intensity of the colour is directly proportional to the concentration of analyte in the sample.
Procedure

1. Preparation of Standard Wells

A set of 10 wells, from well number 1 to 10 are labeled as standards.

The replicates of standards and the mean of the replicates were plotted in a standard linear
graph.

Steps in preparation of standard wells:

Stepl: Wells lebelled 1 and 2, standard solution of 100 pL and standard diluent 50 puL were
added

Step2: Wells labelled 3 and 4, solution mixture of 100 pL from wells 1 and 2 were added
respectively. Standard diluent of 50 pL was added to each well. Solution mixture of 50 pL

was discarded to maintain a uniform volume of 50uL in each well

52



Step3: Wells labelled 5 and 6 were added with 100 pL of solution mixture pipetted from
wells 3 and 4 respectively. Standard diluent of 50 pL was added to each well

Step4: Wells labelled 7 and 8 were added with 100 pL of solution mixture taken from wells
5 and 6 respectively. Standard diluent of 50 pL was added to each well

Step5: Wells labelled 9 and 10 were added with 100 pL of solution mixture taken from
wells 7 and 8 respectively. Standard diluent of 50 pL was added to each well. Solution
mixture of 50 pL was discarded to maintain a uniform volume of 50 pL in all the wells.

. Well labeled 11 was set as blank for colour comparison with standards and tests. Take
precaution NOT to add Horse Radish Peroxidase (HRP) as it is a colour developing enzyme
and may lead to analytical bias

. Sample Addition

Sample diluent of 40 pL. was added to all the test wells numbered 12 to 96.

Test samples of 10 pL of the study subjects were added from 12 well onwards till 96"
well.

Add the samples without touching sides of the wells using fresh TIPS for each sample with
gentle mixing.

This solution mixture was incubated for 30 minutes at 37 °C.

. Washing: 20 mL of 30x wash buffer (Tris- HCI) was prepared by making its volume to
600 mL with double distilled water. Automated ELISA plate washer was used to wash the
plates for 5 consecutive times with 30 seconds incubation. Each time after wash the plate
was drained thoroughly by dry patting.

. HRP conjugate of 50 pL was added to each well except the blank well and incubated for

30 minutes at 37 °C.
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. Washing was repeated as done before with same wash buffer.

Colour development and stop: TMB chromogen substrate A and B were added to all the
wells one after the other with gentle mixing which gives yellow colour and incubated in
dark for 15min at 37 °C. Stop solution was added after 15min incubation which turns the
titre into blue colour.

. Assay: Blank well was set to zero and the absorbance was read at 450 nm within 15min of
addition of stop solution. Colour intensity is directly proportional to the concentration of
the solution.

Calculation: Standard concentration was plotted in X- axis (horizontal line) and OD value
was plotted along the Y- axis (Vertical line). A standard graph was generated as a straight

line. The OD values were substituted in the equation to find the concentration of substance.

54



Flow chart of assay procedure

Prepare standards and samples

|

Add standards and samples with reagents, incubate for 30 min (@ 37 °C

|

Wash 5x and add HRP conjugate, incubate for 30 min 37 °C

|

Repeat washing 5x, add chromogen A & B, incubate for 15min at 37 °C

|

Add stop solution and read the absorbance at 450nm within 15min

|

Plot standard graph and calculate

ESTIMATION OF ANTI- AGING AND REGULATORY PROTEIN; SIRTUIN1 (115)

Sirtuinl a regulatory protein of Histone Deacetylase is localized in nucleus and cytoplasm.

It is an Ubiquitous molecule found in all type of cells. Sirtl is estimated by polyclonal antibodies

coated wells of sandwich ELISA. Circulating sirtuins play a major role in preventing vascular

damage caused by oxidative stress. Sirtuinl is measured with kit procured from Sincere Biotech.

A standard graph was plotted. The concentrations of the standards were labeled on the x- axis and

corresponding OD values on the y- axis.
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The concentration of standards was extrapolated on the standard graph line which was derived by
using the equation y= mx+ ¢
Method: Double antibody sandwich ELISA with wavelength Amax = 450 nm
Catalogue Number: E13651608 (Type 1)
Interpretation: Concentration of human Sirtuinl is expressed in ng/ml
Detection range (ng/mL): 0.65- 50
Minimum detection limit (ng/mL): 0.65
Intra- assay precision: <9%
Inter- assay precision: <15%
Storage specifications:

e Reagent: -20°C upto < 12 months

e Serum sample: -20°C for 1- 3 months

-80°C for 3- 6 months

Reference range: Serum values are impended for humans
Standard curve was plotted against OD values in y- axis versus serial standards from SO to S5.
Concentration of Sirtuinl present in test samples was calculated by using formula: y = 0.0232x +

0.2579 (R? = 0.993)
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Table 1: Concentration and optical density of Sirtuinl
Concentration of standards increase exponentially in with a standard base limit of 4 ng/mL and
there on in multiples upto 32ng/mL restricted to 48ng/mL in view of Job’s effect after this

concentration

SI. Standard 0D value at 450nm Obtained
No | Concentration (ng/mL) Concentration (ng/mL)
S1 48 0.771 49.22
S2 32 0.537 29.47
S3 16 0.303 17.11
S4 8 0.21 8.15
S5 4 0.1 5.45
SO Blank 0 0
Standard Graph of Sirtuinl
y=0.0232x+ 0.2579
2=0.9931
0.9 -
0.8 -
0.7 -
S 0.6 -
Sos -
S04 -
[
> 03 -
o
002 -
0.1 -
O T T 1
0 20 40 60
Conc. of Sirtl (ng/mL)

Graph 1: Standard graph for Sirtuinl
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Carboxy Methyl Lysine (CML) (118)
Standard curve for CML was plotted against OD values in y- axis versus serial standards.
Concentration of CML present in test was calculated by using formula:
y =0.0001x + 0.024 (R2=0.976)
Method: Sandwich ELISA. Color change with wavelength Amax= 450nm
Catalogue Number: E13651946 (Type 1)
Storage
e Reagents: 4 °C if unused for < 6 months
e Samples: -20 °C till analysis
Detection range (ng/ mL): 64.5- 5000
Minimum detection limit (ng/ mL): 64.5
Intra- assay precision: <9%
Inter- assay precision: <15%

Reference Range: Serum values are impended for humans
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Table 2: Concentration and optical density of Carboxy Methyl Lysine (CML) Concentration

of standards increase exponentially with a standard base limit of

400 ng/mL and there on

in multiples upto 3200 ng/mL restricted to 4800 ng/mL in view of Job’s effect after this

concentration.

Sl Standard Obtained
No Concentration (ng/mL) OD value at 450nm Concentration
(ng/mL)
S1 4800 1.003 4838.25
S2 3200 0.606 2865.75
S3 1600 0.399 1778.25
S4 800 0.198 865.75
S5 400 0.098 430.75
SO Blank 0 0
Standard Graph of CML
1.2 - y=0.0001x + 0.024

[EnY
1

o
o
1

OD Values (450nm)
o o
) )}

o
N
1

o

0

2=0.9763

2000 4000 6000
Conc. of CML (ng/mL)

Graph 2: Standard graph for Carboxy Methyl Lysine (CML)

Fructosamine (119)
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Standard curve for fructosamine was plotted against OD values in y- axis versus serial standards.
Concentration of fructosamine present in test samples was calculated by using formula: y = 0.0081x
+0.2356 (R?= 0.9881)
Method: Sandwich ELISA, change with Amax= 450nm.
Catalogue number: QY-E01291
Detection Range (ng/mL): 7.8- 500
Detection Limit (ng/mL): 7.8
Reference Range (ng/mL): 100- 285
Intra- assay precision: <9%
Inter- assay precision: <15%
Storage
o Reagents: 2- 8°C until expiry

e Samples: - 20 °C till analysis
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Table 3: Concentration and optical density of Fructosamine

Concentration of standards increase exponentially in with a standard base limit of 31.2 ng/mL

and restricted to 500 ng/mL.

SI. Standard OD value at Obtained
No | Concentration (ng/mL) 450nm Concentration (ng/mL)
S1 500 3.2575 483.75
S2 250 1.8835 274.36
S3 125 0.92 126.25
S4 62.5 0.741 79.85
S5 31.2 0.633 49.06
SO Blank 0 0
Fructosamine Standard Graph
35 -
3 y=0.0081x + 0.2356

€ R?=0.9881
c 25 4
o
SN
215 -
>
o 1
o

0.5 -

0 T T 1
0 200 400 600
Conc. of Fructosamine (ng/mL)

Graph 3: Standard graph for Fructosamine
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Fluoride lon Selective Electrode (ISE) (120)
Principle: Sensing element or electrode membrane (internal electrode) is made of Lanthanum
Fluoride bored with Europium Fluoride plays a role in forming perforations in crystal lattice. In
liqguid medium, forms passage of Fluoride for reaction. Filling solution (external electrode)
constituting of AgCl or KCI compensates the F passage by maintaining equilibrium of anions
during reaction. Filling solution conductivity of F ions is read on voltmeter through silver wire
connected. This forms the basis for Potentiometric measurement of ions.
Standards: Fluoride standard of 100ppm and 1000ppm is commercially available from which
desirable fluoride standards can be prepared. Also, fluoride (F) standards of 1ppm, 2ppm, 10ppm
and 100ppm combined with Total lonic Strength Adjusting Buffer Il and 111 which are supplied
by the manufacturers. .
TISAB Il is used for analysis of serum and urine sample in 1:1 dilution (sample: buffer)
TISAB Il is used for water analysis in 9:1 dilution (sample: buffer)
Calibration
Calibration of fluoride analyzer by;

1. Direct calibration

2. Serial Dilution

3. Calibration with only fluoride standard (Sodium Fluoride)

4. Direct calibration using ISE instrument
For our study, the instrument was calibrated by direct calibration using ISE instrument. Since the
measured sample in the study is serum and urine, calibration with TISAB Il was carried out. A
10mL fluoride standard with TISAB I1I, was added to a polyethylene beaker and measured its

concentration at -54 to -64 mv slope. If the displayed value is £1 ppm to the original value of
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standard, the instrument is calibrated. If the values are away from the actual standard; set up must
be changed to the desired standard value keeping the slope as the same. Calibration curve is plotted
in the system generated automatically with voltage reading in millivolts versus Fluoride in ppm.

Only 2 coinciding standard concentrations are sufficient to prove the linearity for calibration.

-60 4 electrode
potential

a0 4 (mV)

10-fold change
-20 - —_——

0] 5410 -60mV |
|

20 +
40 A
60
80 o
100 -+

120

1204 7
4
160
ppm fluoride as F
180
0.1 1 10 100 1000
10° 10" 10° 10° 10"

molarity

Typical direct calibration curve

Procedure:

1. Before setting up instrument, unscrew the electrode to expose the internal electrode. The
electrode must be rinsed with deionised water and dry with soft tissue paper (do not touch
with bear hand)

2. After washing and drying, screw it tightly; carefully add filling solution (external electrode)
from the hole given till 2cm below the filling hole

3. Immerse the sensing element such that a minimum of a centimeter is into the test solution
contained in polyethylene beaker

4. Wait for the stable reading, once ‘ready’ you can note the value of fluoride concentration
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5. Again, rinse the electrode with distilled water and wipe sensing element with filter paper
carefully do as to remove any particle or test solution adhered
6. Repeat the same procedure for all the samples.
Method: Fluoride lon Selective electrode (ISE)
Instrumentation: Thermo- Scientific Orion
Units of Measurement: Expressed as ppm or mole per liter or mg/L
Standards of different concentrations are provided by manufacturers were used
Detection limit: 0.02 ppm
Permissible limit: 1- 1.5ppm
Quality compared based on the provided standards
Reference range (67)
e Serum: 0.02- 1.65 mg/L
e Urine: 10 mg/L [203]
Cystatin C (Cys C) (121)
Method: Nephelometry and Photometry
Instrumentation: Agappe Mispa i2 Bench top semi automatedanalyzer
Principle of the instrument
Nephelometry is the measure of turbidity of a solution due to immune particles agglutination.
Photometry is the measure of absorbance of light passing through varying colored solutions
Principle of the Test
Cystatin C in the test sample binds to the specific polyclonal rabbit anti- Cystatin C antibody which
had been adsorbed on to latex particle and agglutinates. The extent of agglutination is directly

proportional to concentration of Cystatin C in sample.
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The color development and the intensity of the color is measured at Amax = 650nm

Procedure:

1.

2.

8.

9.

Mispa i2 is manufactured by Agappe as bench top, bed side semi- auto analyzer

Switch on the instrument before 10minutes of usage

The analyzer is programmed by inserting a smart card for Cys C (Cystatin C) specifications.
Smart card was inserted in the slot provided in the instrument

Add 200 puL of R1 into civette containing tris buffer. Maintain pH of the mixture at 8.5 = 0.3
Add 5 pL of test sample along the sides of cuvette to prevent bubbles

Place the cuvette in slot provided in the instrument.

After 250s of incubation, instrument will prompt you to add R2 which contains polystyrene
latex particle coated with polyclonal anti Cys C antibody

Using the sensor pipette attached to the instrument, 40 of uLL R2 was added to the cuvette

Result will be displayed in mg/L and printed by internal printer

Calibration: Smart card is incorporated with all calibration details required for the test

Quality check could be done by

1. Agappe Cys C control (Product No. 11634001)

2. Known concentration of standard solution

3. Split sample analysis

4. Serial dilution

5. Pooled sample

6. Recheck, repeat of already analyzed samples

However, in our study we used the Agappe control standards.

Product code: 12009021
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Detection range (mg/L): 0-10
Detection limit (mg/ L): 0.1
Storage:

e Serum: <-20 °C till analysis

e Reagents: -4 °C till expiry of kit

Quality control (QC) and quality assurance (QA):
Sirtuin 1, fluoride, carboxy methyl lysine, Fructosamine and Cystatin C which are newer
parameters we followed the protocol:
I. The performance verification certificate was considered from the kit manufacturer and
confirmed the minimum and maximum detectable range following the dilution protocol as per
the kit insert

Il.  Specific standards by manufacturers were used to maintain quality for fluoride analysis

Glucose (121)

Method: Glucose Oxidase Peroxidase (GOD-POD) enzymatic method.
Measured at wavelength Amax=540nm
Instrumentation: Vitros 5, 1 FS
Minimum detection limit (mg/dL)

e Serum: 20- 625

e Urine: 20- 650
Reference range (mg/dL)

e Serum: Fasting blood sugar: 80- 110

Post- prandial blood sugar: 100- 140

Random blood sugar: 90- 180
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e Urine: <30
Storage:
e Reagents: <-18 °C until expiry
Onboard: < 1 week

e Sample: <-18 °C upto 1 year

Glycosylated Hemoglobin (HbAlc %) (122)
Method: High Pressure Liquid Chromatography (HPLC)
Instrumentation: Bio Rad D10
Units of measurements:
¢ National Glycohemoglobin Standardization Program (NGSP) units

%Alc = (IFCC x 0.09148) + 2.152

¢ International Federation of Clinical Chemistry (IFCC) Units
HbA1lc (mmol/mol) = {HbA1c [g/dL]/ Hb [g/dL]} x 1000
Detection range (%o): 2- 25
Minimum Detection limit (%0): 2
Reference Range (%0)
e 6.1- 6.4 Pre- diabetic
e >6.5% are considered diabetic
Storage
e Reagent: Onboard < 28 days
Unopened 2-8 °C until expiry

e Sample: 2-28 ° C < 3 days
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Insulin (123)
Method: Immunometric Immunoassay
Instrumentation: Vitros enhanced Chemiluminescence (eCl)
Storage
e Reagent: Onboard stability: < 12 weeks,
2- 8 °C till expiry
e Samples: -20 °C upto 4weeks
Detection Range (ulU/ mL): 1- 300
Reference Range (uIU/ mL): <25
Urea (124)
Method: Urease enzymatic method. Measured at wavelength Amax = 670nm
Instrumentation: Vitro 5, 1 FS
Detection range (mg/ dL)
Serum: 4.29- 257.4
Reference range (mg/dL)
e Serum- Male: 19- 43
Female: 15- 36
Storage
e Reagents: Onboard: < 2weeks,
<-18 ° C until expiry
e Serum: -18 ° C upto 6 months
Creatinine (125)

Method: Enzymatic Sarcosine Oxidase.
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Measured at wavelength Amax= 670 nm
Instrumentation: Vitro 5, 1 FS
Detection range (mg/dL)
e Serum: 0.05- 140
e Urine: 1.2-46.5*
* after multiplying with dilution factor X 21
Reference range (mg/dL)
e Serum
Female: 0.66- 1.25
Male: 0.52- 1.04
e Urine* (mg/day)
Male: 1000- 2000
Female: 800- 1800
* creatinine concentration x 24hrs
Storage
e Reagent: Onboard: < 2 weeks
<-18 °C until expiry
e Sample: <-18 °C till analysis
Uric Acid (126)
Method: Uricase enzymatic method
Measured at wavelength Amax = 670nm
Instrumentation: Vitro 5, 1 FS

Detection range (mg/dL)
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Serum: 0.50- 17
Reference range (mg/dL)
e Male: 3.5-8.5
e Female: 2.5- 6.2
Storage:
e Reagents: Onboard stability < 2 weeks
<-18°C for < 6 months
e Sample: 18- 28 °C < 3 days. Freezing not recommended
Serum Albumin (127)
Method: Turbidmetric immunoassay
Measured at wavelength Amax= 540nm
Instrumentation: Vitro 5, 1 FS
Detection Range (g/dL): 1- 6
Reference range (g/dL): 4.0- 5.0
Storage:
e Reagent: <-18 "C until expiry
On board < 1 week
e Sample: <-18 °C upto 3 weeks
Sodium (128)
Method: Potentiometric measure by lon Selective Electrode

Instrumentation: Vitro 5,1 FS

Storage

e Reagent: <-18 ° C until expiry

Onboard < 10 days
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e Sample: <-18 ° C upto 6 months
Detection range (mEq/ L): Serum: 75- 250

Reference range (mEq/L): Serum: 135- 145
Potassium (128)

Method: Potentiometric measure by lon Selective Electrode
Instrumentation: Vitro 5, 1 FS
Detection range (mEqg/ L): Serum: 1-14
Reference range (mEg/L): Serum: 3.5- 5.1
Storage

e Reagent: <-18 °C until expiry

Onboard: < 2 weeks
e Sample: <-18 °C upto 1 year
Total Cholesterol (129)

Method: Cholesterol oxidase enzymatic method
Measured at wavelength Amax=540nm
Instrumentation: Vitro 5, 1 FS
Detection range (mg/dL): Serum: 50- 325
Reference range (mg/dL):

e Desirable: <200

e Borderline: 200- 239

e High: >240
Storage

e Reagent: <-18 °C until expiry

Onboard: 2 weeks
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e Sample: <-18 °C for < 3 weeks
Triglyceride (130)

Method: Lipase hydrolysis enzymatic method.
Measured at Amax = 540nm
Instrumentation: Vitro 5, 1 FS
Detection range (mg/dL): Serum: 10- 525
Reference range (mg/dL)

e Normal: <150

e Borderline: 150-199

e High: 200-499

Storage:

e Reagent: <-18 °C until expiry

Onboard: < 1 week
e Sample: <-18 °C for 6 months
Direct HDL (131)

Method: Cholesterol ester hydrolase enzymatic method.
Detected at wavelength Amax=670nm
Instrumentaion: Vitro 5, 1 FS
Detection range (mg/dL): Serum: 5- 110
Reference range mg/dL

e Low:<40

e High: >60
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Storage:
e Reagent: <-18 °C until expiry
Onboard < 1 week
e Sample: <-10°C
Quality Assurance Scheme
e For routine diagnostic parameters both level 1 and level 2 internal quality assurance scheme
(IQAS) supplied by Bio Rad USA is used on daily basis
e Level 1is physiological range and level 2 is pathological range
e External quality assurance scheme (EQAS) samples were run procured from Bio Rad USA
and the values were sent for proficiency testing (PT) and quality confirmed from PT
provider (Bio Rad USA) was considered in our study
e The HbAlc PT provider is Bio Rad USA for both internal and external quality
e Three levels of quality testing were run for low range, physiological range and high range
values.
CALCULATED PARAMETERS
Estimated Glomerular Filteration Rate (eGFR), Low Density lipoprotein (LDL), Very Low
Density Lipoprotein (VLDL), non- High Density Lipoprotein (nHDL), Homeostasis model
assessment- estimated insulin resistance (HOMA-IR) and Quantitative Insulin- Sensitivity Check
Index (QUICKI) were calculated considering their limitations.
i. eGFR 2009, considering serum creatinine (132)
To classify and consider diabetics under diabetic nephropathy group, we calculated estimated
Glomerular Filtration Rate (eGFR). Serum creatinine and serum Cystatin C values were

substituted in equation CKD- EPI 2009 and 2012.
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eGFR (2009)= 141 min(SCr/k, 1)o. max(SCr/k, 1)-1.209 x 0.993Age [ 1.018 if female]
[1.159 if black], where SCr is serum creatinine (in mg/dl), k is 0.7 for females and 0.9 for
males, a is 0.329 for females and 0.411 for males

eGFR 2012, considering serum creatinine and Cystatin C (132)
eGFR (2012)= 135 x min(SCr/K, 1)—a *x max(SCr/K, 1)—0601 x min(SCysC/0.8, 1)—0375
X max(SCysC/0.8, 1)— 0.711 x 0.995age [ x 0.969 if female ] [ x 1.08 if black] If female:

K=0.7 a==—0248 If male: K = 0.9, 0. =—0.207

ii. LDL: Friedewald Equation (133)
Low Density Lipoprotein was calculated using Total Cholesterol (TC), High Density
Lipoprotein (HDL) and Triglycerides (TG) derived. Limitation; total cholesterol value >400

mg/dL direct LDL was analyzed by fully automated Vitros 5, 1 FS
LDL= {[(Total cholesterol) — (HDL cholesterol)] — Triglyceride}/5

iii. Very Low density Lipoprotein (VLDL) (133)

Very Low Density Lipoprotein was calculated by dividing triglyceride by 5
VLDL=TG/5

iv. Non- HDL (nHDL) (134)
Non HDL is now gaining importance against VLDL and HDL since it has a major role in
assessing lipid accumulation in vascular diseases

nHDLc = Total Cholesterol- HDL

v. Insulin resistance (IR) and Insulin sensitivity (IS) was calculated to assess functioning of

target cells against secreted insulin.
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Based on HOMA and QUICKI values treatment and administration of Insulin dosage can be
decided. They are calculated using fasting glucose and insulin. In addition to diabetes such as,
metabolic syndrome, obesity, hyperlipidemia, polycystic Ovarian Disease etc can be staged

with their values. Therefore we considered to calculate HOMA IR and QUICKI

HOMA IR (Homeostasis model assessment-estimated insulin resistance) (135)
(Fasting plasma insulin x fasting blood sugar) /405
QUICKI (Quantitative Insulin-Sensitivity Check Index) (136)
1/[log (Insulin uU/mL) + log (Glucose mg/dL)
vi. Mean Arterial Pressure (MAP): Average measure of blood pressure throughout a cardiac
cycle considering diastolic and one- third of pulse pressure (SBP- DBP) (137)
MAP (mmHg)= DBP+ 1/3 (PP)
vii. Atherogenic Index (Al) of Plasma in recent days is gaining importance in predicting future
complications due to abnormal lipid profile (138)

Al= log10 (TG/ HDL)
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RESULTS



The results of our study Titled: Estimation of Fluoride and Sirtuinl in Patients with Diabetic
Nephropathy in Kolar District of Karnataka, India are presented here.

Table 4: Demographic data

Groupl Group2 Group3
= = = p-
Parameter (n=70) (n=70) (n=70) value
Mean + SD

Age (in years) 50.71£9.2 56.04+£8.2 53.1+8.2 0.08
SBP (mmHg) 122.1+5.4 137.6 £ 17.6 @" 125.3+11.02°2 <0.001
DBP (mmHg) 78.3+4.6 87.53 +11.23P" 82.23+7.64% <0.001
BMI (Kg/m?) 241+3.14 226+1.6% 23.2+1.83% <0.001
MAP (mmHg) 92.8+3.8 104.2 +12 95.2+13.8 <0.001

Groupl: Healthy control, Group2: Diabetic Nephropathy, Group3: T2DM

SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure,

BMI: Body Mass Index, MAP: Mean Arterial Pressure

a: comparison with healthy control, b: comparison with type 2 DM, p- values; * : <0.05

Subjects recruited for this study are age and gender matched and hence they are not significant.
Group 1 consisted of 31 (44.3%) male, group 2 contained 47 (67%) male and group 3 with 37
(52.8%) male subjects of p- value 0.08 indicating that gender matched subjects were recruited for
all the groups. Overall total number of males was 115 among 210 study subjects which constitute
around 55%.

Reference range of Systolic Blood Pressure (SBP) and Diastolic Blood Pressure (DBP) is between
90- 120 mmHg and 60- 90 mmHg respectively. SBP is significantly increased by 17mmHg of
upper limit and 7 units increase in DBP in group 2 cases compared to Groups 1 and 3.

Reference range of BMI is between 18.5- 25 kg/m?. There was a significant decrease in BMI of

cases compared to controls.
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Majority of the subjects with diabetic nephropathy are males as evident from the above table. Data
indicates a significant difference in blood pressure, Body Mass Index (BMI) and Mean Arterial
Pressure (MAP) between groups.

Fluorosis triple test analysis was performed in all 3 study groups and the results are tabulated
Table 5: Fluorosis Triple Test Analysis represented as number of study subjects who could

not perform the tests

Groupl: Healthy control, Group2: Diabetic Nephropathy, Group3: T2DM.

Non- compliance Non- compliance Non- compliance
to to to p- value
Chin- to- chest Hands on occiput Coin test

Groupl

=70 3 2 11 0.832
Group?2 5 15 38 0.425

n= 52
Group3

N=70 2 5 31 0.557

If the subjects were able to perform the action they were considered negative (non- compliance)

and if not performed they are positive.

To find the compliance of study subjects to tests and to find significance of dependents with serum

fluoride, statistical Chi- square test was applied.
The results were coded as zero and 1 for the negative and positive respectively and to test the
probability of non- performance of triple test by subjects due to fluoride exposure. It was observed

to be statistically not significant across the groups.
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In all the groups the basic diabetic and renal parameters were estimated. Values obtained were
entered in table 6. All the parameters are represented as Mean + SD.

Table 6: Basic Diabetic and Renal profile

Parameter Groupl Group2 Group3 |
(n= 70) (n=70) (n= 70) p-value
Basic Diabetic Profile (Mean + SD)

FBS (mg/ dL) 93.94+94 173.6 £ 64.02 " 182.3+67.7% <0.001
PPBS (mg/ dL) 115.1+16.2 271.2+91% 273.1+103% <0.001
HbAlc (%) 55+0.5 8.2+2" 92+24 <0.001

Basic Renal Profile (Mean + SD)

Blood Urea (mg/ dL) 19.6 £ 6.6 69.03 £ 27.5 " 276 +£13.4% <0.001
Serum Creatinine (mg/ dL) 0.66 +0.1 34+15% 0.68 £0.21 <0.001
Serum Albumin (g/ dL) 4.05+04 2.8+0.8%" 43+0.9 <0.001
Sodium (mEg/ L) 137+2.1 133.5+5.1 %" 135.8£3.2 <0.001

Potassium (mEq/ L) 43+041 46+09% 44+05 0.016

Groupl: Healthy control, Group2: Diabetic Nephropathy, Group3: T2DM
FBS: Fasting Blood Sugar, PPBS: Post- prandial Blood Sugar, HbAlc: Glycated Hemoglobin
a: comparison with healthy control, b: comparison with type 2 DM, p- values; * : <0.05

ANOVA (Post- Hoc) test was applied to analyze the statistical significance between the groups
and observed an excellent significance indicating a difference in values of primary biomarkers of
diabetes and diabetic nephropathy.

Fasting Blood Sugar (FBS), Post- Prandial Blood Sugar (PPBS) and Glycosylated Hemoglobin
(HbAlc) were found to be increased in groups 2 & 3 which proved that the study subjects are
diabetic. In diabetic nephropathy group, serum urea and serum creatinine are significantly

increased; serum albumin is significantly decreased compared to healthy controls and T2DM.
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Serum Lipid parameters were estimated in all the groups to find significance between groups and
the values are tabulated in table 7.

Table 7: Lipid Profile

Parameter Groupl Group2 Group3
(Reference Range) (n=70) (n=70) (n=70) p- value
Mean + SD

Total Cholesterol (mg/dL) | 12 4 391 | 157.6+506" | 1833596 | 0.007

(120- 200)
HDL (mg/ dL) + + ab* +

(40- 60) 39.3+10.1 28.3+10.3 40.9 +13.7 <0.001
”HD('lg‘(?)/ dL) 13214395 | 12574589 | 1454%568 | 0077

Groupl: Healthy control, Group2: Diabetic Nephropathy, Group3: T2DM
HDL.: High Density Lipoprotein, nHDL: non High Density Lipoprotein
a: comparison with healthy control, b: comparison with type 2 DM, p- values; * : <0.05

Except nHDL all other parameters were significant when compared between groups. Most of the
lipid parameters were decreased in group 2 which may be due to administration of statins and/ or
due to diet restriction.

Reference value of nHDL is <130 mg/dL which is found increased in T2DM than other groups
which indicates a higher risk of future complications of diabetes.

Non- HDL (nHDL), a known atherogenic marker, was considered in our study to find any
association, which is calculated by substracting HDL from Total Cholesterol. Non- HDL was not
observed to be statistically significant. This indicates that nHDL is independent of TC, TG, HDL,

LDL and VLDL.
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Serum uric acid, triglyceride, LDL and VLDL were not normally distributed and we considered

these variables as non- parametric which are represented as median (25" to 75" percentile)

Table 8: Non- Parametric data

o . Group 1 Group 2 Group 3
(Refe?gr?:aeRZ:lge) (n=70) (n=70) (n=70) p- value
Median (25 to 75" percentile)
Uricacid (mg/dL) |, 4 37 5 4.0 (2.6-5.6) 4.0 (3.07-5.1) 0.023
(2.5-7.2)
TG (mg/ dL) 141 (93-1935) | 148 (114.5-211) | 184(119.5-2155)* | 0.033
(44- 150)
LDL (mg/ dL) ab*
(100- 130) 98 (76.2-122) | 87 (50.7- 110.5) 104 (86.8- 127.3) 0.01
VLD(LZ_(r;Sc;/ dL) 28 (17.7- 36.4) 30 (23- 42.2) 36.9 (24-43.1) 0.020

Groupl: Healthy control, Group2: Diabetic Nephropathy, Group3: T2DM

TG: Triglycerides, LDL: Low Density Lipoprotein, VLDL: Very Low Density Lipoprotein
a: comparison with healthy control, b: comparison with type 2 DM, p- values; * : <0.05

Uric acid; a non- protein nitrogenous substance is included as a renal profile parameter and is also

considered as an anti- oxidant. Its values are known to be decreased in patients compared to

controls.

All the lipid parameters are found significantly decreased in DN than other groups except VLDL

which is slightly increased in DN than controls.

Triglyceride (TG) is significantly increased in group 3 compared to group 1

LDL is significantly increased in group 3 when compared with group 2 indicating T2DM patients

needs vigilance ove this molecule
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For Advanced biomarkers of diabetic nephropathy (DN) and fluorosis we analyzed serum sirtuinl,
carboxymethyl lysine (CML), serum fluoride and urine fluoride. The values are emphasized in
table 9.

Table 9: Advanced biomarkers of diabetic nephropathy (DN) and fluorosis

Group 1 Group 2 Group 3
Parameters (n=70) (n=70) (n=70) p- value
Median (25™ to 75t percentile)
L 46.76 34.74 49.6
Sirtuinl (ng/mL) . 0.002
(12.4- 97) (25.08-53.2) (33.71- 101.63)
) 0.66 0.24 0.6
Serum Fluoride (mg/L) . . <0.001
(0.62-0.72) (0.2-0.5) @ (0.56-0.68) @
] ) 0.89 0.24 0.72
Urine Fluoride (mg/L) . <0.001
(0.55- 1.49) (0.16-0.41) (0.53-1.02)
899 1815 1870
CML (ng/mL) . . <0.001
(625.25-1306.5) (1100- 2591.13)* | (1155.1-2272.5)®

Groupl: Healthy control, Group2: Diabetic Nephropathy, Group3: T2DM
ppm: parts per million or mg/L
a: comparison with healthy control, b: comparison with type 2 DM, p- values; * : <0.05

Advanced biomarkers of DN and fluorosis have broad range of detection and were skewed in
distribution. The estimated variables in view of skewness were considered as non- parametric and
represented them as median (25" to 75" percentile). Reference ranges for the parameters are yet
to be defined and need population or multicentric studies across the globe.

Sirtuinl is significantly decreased in group 2 compared to group 3. Urine F excretion is decreased
in groups 2 and 3 which is a predictor of decline in renal function. There was a drastic decline in
levels of all the parameters in group 2 except the CML which is significantly increased in
comparison with controls. Significant increase in CML of Group 3 was observed when compared

to group 1. Level of significance between groups for all the parameters was fair and excellent
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justifying the hypothesis and purpose of the study. The same has been depicted as box whiskers

plot [graph 4 to 7].

Graphs 4- 7: Box whisker plots of non- parametric variables
Box plot for Sirt1
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Graph 4: Box plot for sirtuinl

Box Plot for Carboxy Methyl Lysine (CML)
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Graph 5: Box plot for CML
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Box Plot for Serum Fluoride (FS)
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Graph 6: Box plot for serum fluoride

Box- Plot for Urine fluoride (FU)
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Graph 7: Box plot for urine fluoride
Whiskers extend from minimum to maximum values observed in the data. The box measures from
25" to 75" percentile while the line inside it represents the median. Outliers are clearly indicated
out of the whiskers with asteriks (*). These graphical representations clearly give the gist of the

important result regarding the biomarkers considered essential for our study.
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Ratios can help predict future complication of a study subject, more so, with atherosclerosis and
DN. To substantiate this, we tabulated the relevant parameters related to DM, DN and fluorosis
which is represented in table 10.

Table 10: Ratios of renal, lipid parameters and advanced molecules

Groupl Group?2 Group3
Parameter (n=70) (n=70) (n=70)
p- value
Mean+ SEM
UA: Creatinine 7.4+ 0.26 1.6£0.14 6.6+ 0.37 <0.001
Cys C: Creatinine 2.5+£0.2 1.6£0.1 44+04 <0.001
LDL: HDL 2.6£0.1 3.3+ 0.23 3+0.16 0.025
TG:HDL 4.3+0.3 6.7£ 0.5 4.8+0.3 <0.001
nHDL: HDL 3.6£0.5 51+ 04 4+ 0.2 <0.001
Atherogenic
0.54+ 0.03 0.74+0.03 0.63+0.03 <0.001
Index
Sirtl: Serum F 192.9+ 32.8 198.1+ 20.5 193.3+41.6 0.993
CML.: Sirtuinl 57.9+94 58.2+ 4.7 40.1+ 3.7 0.078

Groupl: Healthy control, Group2: Diabetic Nephropathy, Group3: Type 2 Diabetes Mellitus
SEM: Standard error of mean UA: Uric Acid, Cys C: Cystatin C, HDL: High Density Lipoprotein, LDL: Low
Density Lipoprotein, nHDL: non High Density Lipoprotein

The data represented in table 10 depicts mean + standard error of mean (SEM) for the entire
population from which the study subjects were recruited.
Lipid ratios in recent days are gaining importance as it can directly correlate the bad with good

cholesterol. Ratios of renal, lipid and advanced biomarkers are shown in table 10.
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From the previous tables it is evident that lipid parameters of group 2 cases are decreased which

is proportional to the increase in ratios. Proportionality check among sirtuinl, serum F and CML

were made to find relevance and importance of deriving a ratio to assess aging.

Since serum creatinine is high in DN patients, the ratios of Uric Acid: Creatinine and Cys
C: Creatinine is inversely related to the severity of complication.

Sirtl: Serum fluoride ratio was almost equal in all the three groups since all were exposed
to fluoride, some amount of sirtuinl action might be there

CML: Sirtuinl ratio was decreased in T2DM due to increased sirtl and CML in T2DM.
Since there are no defined or documented values on ratios for these advanced biomarkers
viz, sirtuinl, CML and fluoride we have calculated them. These ratios have given insight
and clue about these advanced biomarkers in diabetes, diabetic nephropathy and healthy
controls. Since there is no document related to reference ranges of advanced biomarkers

and requires a large multicentric, population and cohort studies.
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Short term glycemic control, insulin estimation and calculation of diabetes indices were considered
in our study to find its association with diabetic nephropathy and to correlate. The results are shown
in table 11.

Table 11: Extended Diabetic profile

Group 1 Group 2 Group 3
Parameters (n=70) (n=70) (n=70) I
(Reference range) _ _ p- value
Median (25™ to 75t percentile)

Fructosamine (ng/mL) 100.2 245.93 329.9 0.001
(yet to be derived) (55.8- 172.4) (0.16- 0.41)" (131.42-88.2)" | <V
Insulin (uIU/mL) 9.9(6.22-14.4) | 8.82(5.14-13.32) | 9.11(6.35-15.62) | 0.370

(2.6- 24.9)
HOMA- IR ] oy e
<3.5 (Decreased IR) 234 (1.3-3.2) 3 (1.99- 5.62) 4.35 (2.4-7.1) <0.001
+
QUICKI (mean £ SD) | 5/, 40 0.32 +0.03* 0.3(0.29-0.34) | <0.001

>3.2 (Increased 1S)

Groupl: Healthy control, Group2: Diabetic Nephropathy, Group3: Type 2 Diabetes Mellitus

HOMA-IR: Homeostasis Model Assessment- Insulin Resistance, QUICKI: Quantitative Insulin Check Index, IS:
Insulin Sensitivity,

a: comparison with healthy control, b: comparison with type 2 DM, p- values; * : <0.05

Due to broad range of values of the variables, these are considered non- normally distributed and
represented as median (25" to 75™ percentile).

Fructosamine (Glycated albumin) a marker of short term glycemic control was least in group 1
when compared to other groups 2 and 3. To our surprise we observed that fructosamine was less
in diabetic nephropathy compared to T2DM. This gives a foresight that HbAlc is a marker for
long term glycemic control and complications of T2DM.

Insulin, a hypoglycemic hormone has a broad reference range and is decreased in group2. Except
fasting insulin all the parameters showed a significant difference in their values.

HOMA- IR was significantly increased in groups 2 and 3 when compared to control group

indicating an increased insulin resistance. There is a significant decrease in QUICKI of group 2
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subjects compared to group 1. Decrease in QUICKI of Group 3 subjects is of concern to prevent
diabetic complication in future.

To support the findings derived from our study we analyzed Cystatin C and calculated eGFR 2009
& 2012 considering creatinine standalone and creatinine with cystatin C respectively. The values
are documented in table 12.

Table 12: Extended Renal Profile

Parameters Group 1 Group 2 Group 3 p-
(Reference Range) (n=70) - (n=70) - (n=70) value
Median (25% to 75" percentile)
Cystatin C (mg/L) 0.9 (0.69- 1.2) 43 (3-6.5) 2.3 (1.46- 3.69) <0.001
(0.5-2)
eGFR (ml/min/1.73m?) Median (25th to 75th percentile)
CKD- EPI 2009 * .
(Normal Range: 109.5(99-116.25) | 26(17.75-37.25)® 106 (93- 115.5) <0.001
>60 ml/min/1.73 m?)
CKD- EPI 2012 °% .
(Normal Range: 92.5 (74- 118.5) 60.5 (40- 91)*® 118.5(95.8-37.35) | <0.001
>60 ml/min/1.73 m?)

Groupl: Healthy control, Group2: Diabetic Nephropathy, Group3: Type 2 Diabetes Mellitus
CKD- EPI: Chronic Kidney Disease- Epidemiology

#: equation based on creatinine

$: equation based on creatinine and Cystatin C

a: comparison with healthy control, b: comparison with type 2 DM, p- values; * : <0.05

Due to skewness of data, the parameters were represented in median (25" to 75" percentile).
Estimated GFR of group 2 is significantly decreased when compared between groups 1 and 3. The
observed values predict that considering a unitary molecule creatinine in calculating eGFR and
assessment of diabetic nephropathy is better rather than considering both creatinine and cystatin
C. Moreover, Cystatin C is increased in DN which is resultant of renal damage. Cystatin C of
group 3 is >2 mg/L (0.5- 2.0 mg/L) which is significantly higher than group 1 which is an

indication of future renal damage.
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Sirtuinl, a regulatory enzyme in protein deacetylation is known to fluctuate both physiologically
and pathologically. This made us to find the extent of fluctuation in comparison with serum CML
and serum fluoride; for which we correlated using Spearman’s rho correlation. The values are
tabulated in table 13.

Table 13: Correlation of Serum fluoride, Carboxy Methyl Lysine (CML) and Cystatin C

with Sirtuinl
Group 1 (n=70) Group 2 (n=70) Group 3 (n=70)
Parameters
Spearman’s Rho (p) correlation
Serum Fluoride (mg/L) -0.061 -0.292 -0.005
CML (ng/mL) -0.188 -0.054 -0.153

Groupl: Healthy control, Group2: Diabetic Nephropathy, Group3: Type 2 Diabetes Mellitus
CML.: Carboxy Methyl Lysine

Sirtuinl is considered as the biomarker of aging and T2DM. Correlation of the causative factors
(CML & fluoride) for the fluctuation in sirtl values are tabulated in table 13. Since the parameters
were not normally distributed, spearman’s rho correlation was applied and resulted in a negative
correlation with a non- significant p- value. Negative correlation implies that an increase in

Sirtuinl may decrease the harmful effect of Fluoride and CML.
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Spearman’s rho correlation tool was applied to correlate the calculated values across groups 1, 2
and 3 between HOMA- IR, QUICKI and sirtuinl. The values are depicted in table 14.

Table 14: Correlation of HOMA- IR and QUICKI with Sirtuinl

Group 1 (n=70) Group 2 (n=70) Group 3 (n=70)
Parameters
Spearman’s Rho (p) correlation
HOMA- IR -0.028 +0.047 +0.073
QUICKI +0.098 -0.004 +0.022

Groupl: Healthy control, Group2: Diabetic Nephropathy, Group3: Type 2 Diabetes Mellitus
HOMA- IR: Homeostasis Model Assessment- Insulin Resistance
QUICKI: Quantitative Insulin Sensitivity Check Index

Sirtuinl plays a role in stimulation for secretion of insulin from pancreas and regulates insulin
reception by target cells. Table 14 portrays the trend between the insulin related factors such as
insulin resistance and sensitivity which are calculated parameters.

The values observed in table 14 indicate that HOMA- IR is inversely proportional to sirtl
indicating increase in sirtl decreases the resistance index. QUICKI is directly proportional to
sirtuinl values indicating that increase in sirtl increases insulin sensitivity.

Hence, sirtuinl has a dual role in both diagnosis and prognosis of diabetes and its outcome. In
group 2 the values are inversely related to sirtl. In group 3, the sensitivity is being maintained and
the resistance is increased, which require further molecular evaluation.

Carboxymethyl Lysine (CML) an Advanced Glycation Endproduct (AGE) is known to increase in
diabetes and diabetic nephropathy. This molecule is also documented to get affected by sirtuinl.
To prove the documented observations in our population we considered simple linear regression

analysis for prediction of CML levels. The findings are documented in table 15.
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Table 15: Simple Linear Regression Analysis for predictors of CML

Parameters Beta 95% CI (Lower, Upper) p- values
Sirtuinl -1.555 (-2.942, -0.168) 0.028
FBS 2.652 (0.387, 4.921) 0.022
HbAlc 42.601 (-21.824, 107.027) 0.194
Fructosamine 0.922 (0.506, 1.339) <0.001

Groupl: Healthy control, Group2: Diabetic Nephropathy, Group3: Type 2 Diabetes Mellitus
FBS: Fasting Blood Sugar, HbAlc: Glycated Hemoglobin

Our findings proved that CML is inversely and significantly affected by sirtuinl which is a positive
sign for the proposed research question of our study. On the other hand FBS, HbAlc and
fructosamine; diabetic markers are positively correlated which is obvious as CML is an AGE

increased during diabetes. All the parameters are significant except HbAlc.

The values of certain biochemical parameters are known to affect the urine fluoride excretion. To
prove this we have considered HbA1c as glycemic marker, serum creatinine for renal status, serum
sodium and potassium as a part of electrolyte profile. Sirtl as an advanced biomarker for T2DM
and its complication, eGFR was calculated considering standalone serum creatinine and serum

fluoride as the study population is fluoride exposed.
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The values of simple linear regression analysis for aforesaid parameters are mentioned in table 16.

Table 16: Simple Linear Regression Analysis for predictors of urine F excretion

Parameters Beta 95% CI (Upper, Lower) p- value
HbAlc -0.019 (-0.051, 0.013) 0.251
Serum Creatinine -0.071 (-0.140, -0.001) 0.046
Sodium 0.02 (-0.019, 0.022) 0.877
Potassium -0.144 (-0.267, 0.021) 0.022
Sirtuinl -0.001 (-0.002, 0.000) 0.01
eGFR (2009) 0.004 (0.002, 0.007) 0.002

Serum fluoride 0.893 (0.589, 1.197) <0.001

Groupl: Healthy control, Group2: Diabetic Nephropathy, Group3: Type 2 Diabetes Mellitus
HbA1c: Glycated Hemoglobin, eGFR (2009): estimated glomerular filteration rate considering creatinine

Fluoride is absorbed by the calcified and mineralized tissues. Its major excretion is through urine.
Fluoride is also under research for causing non- skeletal fluorosis such as diabetes, cancer etc. To
assess all these probabilities of causation and effects, a linear regression was performed. Except
HbA1c and sodium all the parameters were significant. Serum creatinine, potassium and sirt1 had
a significant inverse effect on urine fluoride excretion whereas; eGFR and serum fluoride had a

significant direct effect on its excretion.

The present study is conducted in fluoride endemic area and recruited T2DM and DN cases. A
correlation of fluoride exposure and excretion with eGFR were correlated in a 3 dimensional graph
for group 1, 2 & 3 (triple axis).

Group 1 (controls) showed a better positive correlation indicating a normal functioning of renal
apparatus represented in graph 8. Graph 9 represented a strong inverse correlation indicating

decline in renal function in group 2 (diabetic nephropathy). A poor positive correlation was
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observed in group 3, conclusive that there may be a strong possibility of diabetic complication

especially renal impairment at the earliest.
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Graph 8: Correlation of serum and urine F with eGFR in group 1 (Healthy Controls)
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Graph 9: Correlation of serum and urine F with eGFR in group 2 (Diabetic Nephropathy)

94



R?Linear= 0.013

2,007 fo)

G3SF

Graph 10: Correlation of serum and urine fluoride with eGFR in group 3 (Type 2 DM)
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DISCUSSION



Biomarkers are the molecules which help predict the underlying physiological and
pathological basis for health and disease. There are many biomarkers identified and established
for various metabolic disorders and diseases. It is the time for research community to discover
preventive molecules which shall be included in therapeutics, targeting a specific disease/ disorder
and/or a permanent treatment to rule out the condition. As already mentioned, oxidative stress,
insulin resistance and ecological imbalances are the common reasons for metabolic disorder which
must be battled by either inducing or activating a cascade of processes which may mask disastrous

activity in a system.

The present study involves a very important dimension in metabolic disturbance namely
Type 2 Diabetes mellitus (T2DM) and Fluorosis. Though fluoride (F) is not the only important
causative, it shall be considered as one of the triggering factor or accelerator to end up in
complication. To diagnose diabetes mellitus and one of its microvascular complications; diabetic

nephropathy, following parameters was analyzed:

e Diabetic profile: Fasting and post- prandial blood sugar, Glycated hemoglobin

e Extended diabetic profile: Fasting insulin, carboxymethyl lysine, fructosamine, HOMA-
IR and QUICKI

¢ Renal profile parameters in serum: Creatinine, urea, uric acid, sodium, potassium and
albumin

e Extended renal profile: Cystatin C and eGFR, calculated as per CKD- EPI 2009 and 2012

formulae (132)
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In the present study, table 4 represents the demographic details of all the study subjects.
The mean age of the study subjects were age and gender matched and there was no significance
between groups. Prevalence of diabetes by age is well represented in IDF Diabetes Atlas 9™ edition
(7). It has been made clear that prevalence of diabetes is known to gradually increase from younger
age of 20- 24 years to adult age of 44- 62 years and elderly age group of 64- 79 years (7). Blood
pressure and Mean Arterial Pressure (MAP) of DN group was high compared to the other two
groups indicating loss of renal control on blood clearance concurrent with findings by Guido
Grassi et al (139). CKD cases in stages 2 and/ or 3 are at higher risk of landing up in dialysis due
to hypertension, especially the increase in systolic blood pressure (139). As far as BMI, the study
was carried out in rural area and the staple food being finger millets (ragi); which has low
glycaemic index and most of the study subject’s BMI were within desired range (140). The
significant difference in the mean values of BMI between the controls (24.1 + 3.14) and DN (22.6

+ 1.6) may be due to restriction in diet.

National Programme for Prevention and Control of Fluorosis (NPPCF) recommended
triple test prior to radiological examination to assess skeletal fluorosis (39). Though the triple
test was not of much significance physically and statistically, from table 5 most of the subjects in
group 2 were unable to perform triple test especially the coin test. There are no studies supporting

these criteria in DN and hence further radiological evaluation is necessary to prove the fact.

As T2DM is a predispoding condition for DN and DN patients are documented with
damage of the renal tissue, 1o hydroxylation of Vit D metabolism might have got impaired. This
impairment in Vit D synthesis would have resulted in altered calcium metabolism vis-a-vis

Flourosis. These hypothethetical statements support the non-compliance of the fluorosis triple test.
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The notable finding in our study is that the fluoride triple test was not significant across the
groups.Which may be contributed to the high consumption of finger millet by the local population
and is known to contain a high calcium. This dietary calcium might have compensated for the non-

compliance of the “Fluorosis Triple Test”.

Diagnosis of Type 2 diabetes mellitus (T2DM) is made by estimation of fasting blood
glucose, PPBS and HbAlc. For the diagnosis of T2DM and its complication DN we have
considered the basic diabetic and renal profile. The observations are tabulated in table 6. From
current study, basic diabetic profile with FBS (mg/dL) of groups 2 and 3 was 173.6 + 64.02 and
182.3 + 67.7 respectively compared with FBS of groupl (93.94 £ 9.4 mg/dL) which is in
accordance with WHO and ADA (5, 6). The values of FBS, PPBS and HbA1c are significantly
higher in groups 2 & 3 compared to group 1 with a significant p- value. However, comparison of
FBS and PPBS between group 2 & 3 did not show much significance. This observation may be
because of rigid control of diabetic status among the group 2 study subjects, awareness of future
complications, vigil on the treatment modalities and constant monitoring. The HbA1 % values in
group 3 (9.2 = 2.4) versus group 1 (5.5 £ 0.5) and group 2 (8.2 + 2) versus group 1 showed a
significant difference and a higher values among group 2 & 3 study subjects compared to group 1.
This indicates that the groups 2 & 3 study subjects did not had an appreciable long term glycemic
control (6). As an interim remark, the basic tests performed proved to be of confirmation to test

and classify study subjects as diabetics.

Routine investigations for renal function, basic renal profile was considered.We assessed
creatinine, urea and albumin with electrolytes in blood such as sodium (Na) and potassium (K).
Current study concentrated on essential parameters in serum such as: creatinine, urea, albumin,

sodium and potassium (table 6). Among the basic renal parameters estimated in group 2; urea and
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creatinine were 69.03 £ 27.5 and 3.4 = 1.5 mg/dL respectively. Observed values of creatinine and
urea showed a sharp increase. Serum albumin value was 2.8 + 0.8 g/dL and was decreased in group
2. This is a clear sign of renal dysfunction coinciding with the literature of Gowda S et al (141).
Since CKD stages 4 & 5 are excluded from the study, there are no much differences in Na & K as

the study subjects are with the initial stages of glomerular damage.

As a measure to prevent cardiovascular complication of diabetes, there is a need to keep in
check the lipid profile parameters. Thus we considered estimation of total cholesterol (TC),
Triglycerides (TG), high density lipoprotein (HDL), low density lipoprotein (LDL), non HDL
(nHDL) and very low density lipoprotein (VLDL). Studies have documented that there are chances
for renal artery narrowing due to lipid accumulation leading to hypertension and other renal
complications (142). As TC and HDL are normally distributed we considered mean + SD. For TG
and LDL as these are not — normally distributed we considered median (25" to 75" percentile)
interquartile ranges. In our study lipid profile parameters such as TC, HDL, LDL, VLDL and
nHDL were observed low in group 2 compared with other groups (table 7 & 8). There are many
controversial studies on lipid levels in diabetic nephropathy. Study conducted by S. Palazhy et al.
in Indian population and a study conducted by Hung- Chun Chen et al. in Taiwanese population

documented that lipid molecules were elevated in severe DN (143, 144).

Our study findings are in agreement with Merlin C. Thomas et al, where the study was
conducted on Caucasians (145). They documented that lipid values varied across different stages
of DN and hence may not be constant for all subjects (145). On the other hand, group 3 (T2DM)
subjects showed dyslipidemia indicating disturbances in lipid metabolism due to insulin resistance

or poor diet control which if continued may lead to co- morbid conditions in accordance with Wu
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L et al (142). Eventually, regular follow up of lipid profile in diabetes would be better if made

mandatory by the clinicians to avoid further complications.

Advanced biomarkers such as, sirtuinl, carboxy methyl lysine (CML), urine and serum
fluoride are considered in our study to find its correlation with diabetes and diabetic nephropathy.
As advanced biomarkers were not normally distributed we considered median (25" to 75%
percentile). The values are represented in Table 9 and describes a decrease in sirtl, serum and
urine fluoride of group 2 [34.74 (25.08 to 53.2), 0.24 (0.2 to 0.5) and 0.24 (0.16 to 0.41)] compared
to other groups. This uniquesness in our study indicates that sirtl, serum and urine F are better

biomarkers for T2DM and DN.

Similarly, graphs 4, 6 & 7 represent the decrease of sirtl, serum and urine fluoride in
diabetic nephropathy group. As a known fact, increased oxidative stress is also a cause for diabetes
which may lead to serious consequences if not in control. CML cross linking obliterates the
skeleton of cellular matrix of tissues activating oxidative stress and inflammation. This increased
retention of CML in cells and tissues causes renal damage in DM (33). Our findings are consistent
with the findings of Suzuki D et al (33). The CML of DN and T2DM are doubled when compared

with control group indicating that CML is both a diagnostic and prognostic marker.

Sirtl is considered as molecule with dual role with protective action and as a biomarker.
Sirtl action has been suppressed in DN subjects and decreased. Sirtuinl modulates acetylation and
deacetylation balances of multiple substrates and regulates various responses such as, apoptosis,
cell senescence, endocrine metabolism, glucose homeostasis and aging (109, 57). Since DM is a
known predisposing cause for diabetic nephropathy, sirtl is known to play a key role in the

assessment of DN our study finfings are in support of these documented statements.
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From the total fluoride ingested in children, approximately 50% is absorbed compared to
young and middle- aged people where it is 30- 40 % (81). From our study findings it can be
hypothesized that early exposure to fluoride in younger age will have more impact during
advanced age. In table 9 serum fluoride levels represented as median (25" to 75" percentile) are
high in groups 1 and 3 [0.66 (0.62 to 0.72) & 0.6 (0.56 to 0.68)] and likewise its excretion is also
proportionate [0.89 (0.55 to 1.49) & 0.72 (0.53 to 1.02)] unlike group 2 whose serum and urine
fluoride levels [0.24 (0.2 to 0.5) & 0.24 (0.16 to 0.41) respectively] are equal which means renal
clearance is decreased. Our findings suggest that the medical line of treatment with stringent
monitoring of the DN shall not alter neither serum nor urine F. The same is represented graphically
in graphs 6 & 7 (box and whisker plot). Among the major body fluids, fluoride toxicity is
predominantly noted in serum. In healthy subjects, unabsorbed fluoride is mainly excreted through
urine (147). Values in table 9 indicates, during renal damage fluoride excretion is hindered leading

to increased serum fluoride and its complications.

Suzuki et al. has documented that increase in sirtl acted as a protective molecule against
fluoride damage by activating autophagy which gives a new hypothesis to be applied in human
biology (82). CML values [median (25" to 75™ percentile)] were almost equal in group 2 [1815
(1100 to 2591.13)] compared with group 3 [1870 (1155.1 to 2272.5)] but is decreased in group 1
[899 (625.25 to 1306.5)] which is represented in graph 5. As described by RD Semba et al, serum
CML concentration influences renal function in maintaining AGE homeostasis and is usually
found increased in diabetes and its complications especially in DN (148). Contrary to our study
results, Semba RD et al stated that there is a need to evaluate about increase in serum and urine
CML which could be a major determinant of AGE status (149). Urinary CML excretion is

uncertain and not much associated with intake and the status of the individual’s metabolism (149).
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These observations has made clear that increased CML and F act as pro- oxidants restricting the
effect of sirtuinl on cellular damage causing further implications on increased insulin resistance

and decreased insulin sensitivity which is in line with the findings of Jaime Uribarri et al (117).

To assess the advancement and/ or further complications of diabetes and DN we considered
lipid ratios, renal ratios and advanced biomarker ratios. These ratios has given an insight of a
highly significance across lipid and basic renal profile parameters. Uric acid metabolism is

dependent on various factors and hence not considered as better marker for renal clearance.

Serum ratio of uric acid: creatinine may serve as the marker for renal performance in
diabetic nephropathy. Uric acid: creatinine ratio is found significantly decreased in group 2 which
is in accordance with Liubao Gu et al (150). Similarly, urea: creatinine ratio from the present study
showed a 50% significant decrease in ratio due increase in serum urea and creatinine
proportionately. As stated earlier, though cystatin C is a better surrogate marker on par with serum

creatinine these ratios may help assess the upcoming burden on kidneys replacing cystatin C.

Lipid ratios in recent days are gaining weightage in metabolic disorders especially diabetes
and metabolic syndrome (73). Ratio of lipid parameters with HDL gives a clue both in controls
and T2DM to prevent accumulation of these molecules hence decreasing the chances of aging
disorders. Atherogenic index (Al) described by Myat Su Bo et al. in T2DM with CVD cases was
found higher when compared with T2DM which is in agreement with increased Al of diabetic

nephropathy cases from the present study (138).

For every 1 part increase in serum fluoride 78 parts of sirtuinl is increased in control group
which further increased in cases as seen in table 10. This increase implies that serum fluoride as a

causative molecule and sirtuinl as a predictive (marker) molecule for prediction of disease
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progression. The injuring product CML and the rescue protein sirtl when calculated as ratios gave
a similar outcome as with fluoride. CML.: Sirtl ratio of healthy group (19: 1) was very less than
group 2 (52: 1) and group 3 (37: 1). These ratios indicate the worsening of kidneys in diabetic
nephropathy (group2) and progressing towards damage in T2DM (Group3). These findings
indicate that ratios of advanced parameters for assessment of DM and DN give a clue on

progression of the disease status.

Apart from associating these special molecules to routine parameters, extended diabetic
and renal profile were included to assess in depth the consequences of fluoride and CML in
prognosis of the disorder. Analogous to HbAlc; Fructosamine is considered as a short term (2-
3weeks) indicator of protein glycation and an upcoming parameter of interest (151). Though there
are no population studies to define reference range for fructosamine its level in serum is directly
proportional to plasma glucose levels indicating the level of glycemic control in diabetes (151).
Robert M. Cohen et al. documented that HbA1c and Fructosamine have glycosylation gap but are
good predictors of average glucose of long and short term controls respectively (151). This finding
is proved from our study from table 11 that there is an increased Fructosamine level (ng/mL)
[median (25" to 75" percentile)] in group 2 [245.93 (0.16 to 0.41)] & 3 [329.9 (131.42 to 88.2)]

when compared to groupl [100.2 (55.8 to 172.4)].

Fructosamine is called the glycated albumin. Albumin is a multifaceted molecule. Serum
albumin plays various important role as a carrier protein synthesized in liver and excreted through
kidney. Fructosamine predicts the short term glycemic control as the half- life of albumin is
21days. The mean physiological reference range of serum albumin is maintained in control and

T2DM group but decreased in DN, which may be due to increased albumin excretion in urine.
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With increase in plasma glucose levels in cases, there is also a notable elevation of fructosamine

in cases compared to controls.

Fasting insulin was analyzed to calculate homeostasis model assessment- insulin resistance
(HOMA-IR) and quantitative insulin check index (QUICKI). Insulin values were decreased in DN
and high in T2DM, there is no much significance in insulin values since it has a broad reference
range. As we move down the table, HOMA- IR was calculated using online calculator with the
formula derived by Matthews DR et al (135). HOMA- IR value >3.5 is considered as insulin
resistance as per IDF (7). Though euglycemic glucose clamp is gold standard in measuring insulin
sensitivity, there was an excellent correlation between euglycemic clamp and QUICKI
documented by Katz A et al. (136). QUICKI value <0.32 indicates diabetes with decreasing insulin
sensitivity concordant with values of Katz et al (136). Therefore, it is evident from previous studies
and current study that, HOMA- IR and QUICKI can act as better surrogates of insulin action for

assessment of diabetic status.

Working group of National Kidney Foundation (NKF) for assessment of renal efficiency
in the prognosis of DN has recommended CKD- EPI (KDIGO), MDRD etc, to calculate the
estimated Glomerular Filtration Rate (eGFR); by considering creatinine and Cystatin C (132).
Serum creatinine is considered the marker for diagnosis of renal impairment (132). Though eGFR
is a gold standard marker for renal function analysis, serum creatinine is considered as a marker to
assess the state of renal impairment (132). As serum creatinine depends on rate of its synthesis,
extra renal eliminations, muscular mass, gender etc, a better marker cystatin C specific to renal
filtration is considered (152). The value of serum cys C (mg/L) were high in group 2 subjects
[median (25" to 75" percentile)] [4.3 (3 to 6.5)] than in other groups which is in agreement with

study by Yun Kyung Jeon et al. (152). Our study considered eGFR equations of creatinine and a
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combination of creatinine and Cystatin C in which group 2 showed a decline in both the equations
of eGFR represented as [median (25" to 75" percentile)] is [26 (17.75 to 37.25), 60.5 (40 to 91)

respectively] confirm the deterioration of renal function.

Values depicted in table 12 shows that eGFR of groups 1 and 3 were within reference range
and were not significant. Calculating eGFR by standalone creatinine values correlates better than
the eGFR calculated considering creatinine- cystatin C values. Values obtained from CKD- EPI of
2012 in our study were less in group 1 [92.5 (74 to 118.5)], versus group 3 [118.5(95.75 t0137.25)]
which may be because of few outlier of cys C values. These findings construe that calculation of
eGFR proposed in 2009 consider creatinine as a better indicator. However, serum Cystatin C

maintains its reputation as a standalone surrogate marker in diagnosis of DN.

Correlation of vital parameters for DN in our study such as CML, Fluoride, Sirtuinl, Cys
C, insulin resistance (IR) and insulin sensitivity (IS) were compared and documented in table 13.
This indicates that the activation of sirtuinl action on damaged cells. Further, CML decrease
during increased sirtl indicates the deacetylation of protein suppression mechanism. This is also
supported by Jaime Uribarri et al. in their study conducted in New York population (118).
Similarly, increased sirtuinl protect cells from fluoride induced stress by activating autophagy as
demonstrated by M. Suzuki et al. in an animal study (83). A complete negative correlation of the
cause with sirtl implies a consequence that there will be a decrease of rescue mechanism in

increased AGE and fluorosis.

Other important component of this study is insulin action (IR and 1S) which is derived by
HOMA- IR and QUICKI calculation. Our findings predicted calculated values of insulin

sensitivity and resistance which may indirectly indicate the cellular status in insulin reception.
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From table 14 negative correlations indicate decrease in HOMA- IR values result in decreased
resistance during increased sirtuinl values and vice versa. Increased QUICKI value in general
indicates increased insulin sensitivity. Therefore, correlation outcome of this study clearly
indicates that though there is no significant correlation, the trend what we have observed is an
evidence for the curative nature of sirtuinl in insulin sensing of cells for glucose metabolism.
Further, sirtl is not only implicated in DM but also in other insulin related disorders such as,
metabolic syndrome, obesity, hypothyroidism etc. Jaime Uribarri et al correlated CML as a
contributor to increased IR. Suppression of CML shall help activate sirtuinl protective mechanism

and revert the changes back to normal which gives a lead to conclude this study (118).

Table 15 & 16 includes simple linear regression analyses to find the effect of parameters
on CML and fluoride respectively. CML was significantly affected by Sirt1, fructosamine and FBS
indicating variations in these parameters further increases CML values. Serum creatinine,
potassium, sirtl, eGFR and serum fluoride affects urine fluoride excretion. Sirtuinl being the
common parameter to affect the values of CML and urine fluoride, more prominence needs to be
given on sirtuinl potency. Hence, sirtuinl can be a marker for aggravating changes at molecular

level in diabetes, diabetic nephropathy and fluorosis.

To assess the damage of glomeruli by serum F and resultant F excretion, correlation
between the serum and urine fluoride with eGFR creatinine was plotted. Correlation of serum and
urine F with eGFR showed a mild positive correlation in controls and T2DM (graph 8 and 10).
This signifies that fluoride in blood is proportionally cleared through urine in healthy controls
compared to DN (graph 9) and is negatively correlating with eGFR. This indicates that the fluoride

clearance is dropped in DN intensifying the organ damage.
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The findings of our study are comparable with the various studies conducted elsewhere
considering sirtuinl, CML, Fluoride, HbAlc and Fructosamine. However, to derive any
conclusions a large population study with a defined reference range considering all the criteria of

the definition needs to be looked into.
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CONCLUSION



From the present study we comprehend that fluoride and diabetes in combination may be
a fast destructing disorder of normal metabolism. Fluorosis and diabetes is a globally prevailing
epidemiological disorder and a challenge. There is a hitch for need of a biomarker and/ or a
therapeutic molecule to trace or heal the consequences. The prime molecule of interest in this
study; Sirtuinl (sirtl) is now gaining momentum in the era of aging disorders and that is included

in our study to find its trend in diabetes and fluorosis.

e The increase in serum sirtuinl levels indicate the severity of cellular damage due to stress
during hyperglycemia and fluoride toxicity

e Sirtuinl can be considered as a biomarker of aging disorder such as type 2 diabetes mellitus
which is evident from the present study

e Asstated, Advanced Glycation Endproducts augments the pathological aging process. This
is proved with Carboxy Methyl Lysine

e Correlation of CML, eGFR and Fluoride with sirtl indicates that increasing sirtl may
defend the forthcoming damage of cells and hence could be considered in formulating
therapeutic modalities

e Inour study we could document that, fluoride and CML alters sirtuinl values. Decrease in
sirtl value is a consequence of uncontrolled hyperglycemia and chronic fluorosis in
Diabetic nephropathy

e The levels of sirtuinl is directly proportional to its synthesis in Diabetes Mellitus (DM)
and is inversely proportional in Diabetic Nephropathy (DN)

e Male prepondarance of 55% is observed in cases compared to females. This gives an

impetus that females have better protection against Diabetes and diabetic nephropathy.
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Increased ratios of renal, lipid and advanced biomarker ratios shall be considered as a risk factor
for development of future complications of diabetes.
e Increased Uric Acid: Creatinine and Cys C: Creatinine in group 3 is a caution for T2DM
to keep in check the three parameters to prevent any renal damage
e Uric acid: Creatinine ratio may act as a substitute, if there are any challenges in Cystatin C
estimation
The mean, median and ratios of T2DM from the current study helps in prediction of future

complication of diabetes mellitus.

Major source of CML and serum F is diet. Calorie restriction increases sirtuinl levels. Hence a
balanced and healthy diet may improve the overall quality of life preventing any ailments causing

chronic complications.

To substantiate our findings and before giving a status to the molecules, sirtl and fluoride;
we propose invitro studies by using cell lines and to decide on therapeutic applications of sirtl.
Further invitro studies shall help find the actual point of action of siruintl and fluoride to

find remedies to fight against aging and its effects.
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STRENGTHS AND
LIMITATIONS



Strengths
e First study to elucidate relationship between urine and serum fluoride in diabetes and
diabetic nephropathy in human
e Comparison between plasma CML, fluoride and eGFR with sirtl in human
e Successful evaluation of fluoride ISE for serum and urine fluoride
e ldentification of sirtuinl as anti- aging molecule and to be used as marker for aging
Limitations
e Serum F estimation in population exposed to high F versus area with geographical location
of permissible limits of F could have given a better correlation
e Potable water F with serum fluoride values comparison could have given better insights

e Genetic study on sirtl or CML might have given a better conclusion regarding aging

115



REFERENCES



Kasper DL, Fauci AS, Hauser S, Jameson, Laucalzo (ed). Harrison’s principles of internal
medicine, 18th ed. Chapter 184. Diabetes Mellitus. New York: The McGraw-Hill
Companies, Inc.; 2015

Popkin BM, Horton S, Kim S, Mahal A, Shuigao J. Trends in diet, nutritional status, and
diet-related non- communicable diseases in China and India: the economic costs of the
nutrition transition. Nutr Rev. 2001; 59(12): doi:10.1111/j.1753-4887.2001.tb06967.x
Alison Goldin, Joshua A. Beckman, Ann Marie Schmidt, Mark A. Creager. Advanced
Glycation End Products Sparking the Development of Diabetic Vascular Injury. Circulation.
2006; doi: 10.1161/CIRCULATIONAHA.106.621854

Verma A, Shetty B.K, Guddattu V. High prevalence of dental fluorosis among
adolescents is a growing concern: a school based cross-sectional study from Southern India.
Environ Health Prev Med. 2017; 22 (17): https://doi.org/10.1186/s12199-017-0624-9
Classification of diabetes mellitus. Geneva: World Health Organization; 2019. Licence: CC
BY-NC-SA 3.0 IGO

American Diabetes Association. 2. Classification and diagnosis of diabetes: Standards of
Medical Care in Diabetes. 2018. Diabetes Care. 2018; 41(1): S13- S27

International Diabetes Federation. IDF Diabetes Atlas, 9th ed. Brussels, Belgium:
International Diabetes Federation; 2019

Anjana RM, Deepa M, Pradeepa R, Mahanta J, Narain K, Das HK, Kumar A. Prevalence of
diabetes and prediabetes in 15 states of India: results from the ICMR—INDIAB population-
based cross-sectional study. The Lancet Diabetes & Endocrinology. 2017; 5(8):

doi:10.1016/52213-8587(17)30174-2

117



10.

11.

12.

13.

14.

15.

16.

17.

Wells JCK, Pomeroy E, Walimbe SR, Popkin BM, Yajnik CS. The Elevated Susceptibility
to Diabetes in India: An Evolutionary Perspective. Front. Public Health. 2016; 4(145): doi:
10.3389/fpubh.2016.00145

Aastha Chawla, Rajeev Chawla, Shalini Jagg. Microvasular and macrovascular
complications in diabetes mellitus: Distinct or continuum? Indian J Endocrinol Metab. 2016;
20(4): doi: 10.4103/2230-8210.183480

Gao G, Li Y, Zhang D, Gee S, Crosson C, Ma J. Unbalanced expression of VEGF and PEDF
in ischemia-induced retinal neovascularization. FEBS Lett. 2001; 489 (2-3): 270-
276

Kausik Umanath and Julia B. Lewis. Update on Diabetic Nephropathy: Core Curriculum.
AJKD. 2018; 71 (6): https://doi.org/10.1053/j.ajkd.2017.10.026

Schernthaner G, Schernthaner GH. Diabetic nephropathy: new approaches for improving
glycemic control and reducing risk. Journal of Nephrology. 2013; 26(6): doi:
10.5301/jn.5000281

Sebekova” K, Somoza V, Jarcuskova” M, Heidland A, Podracka” L. Plasma advanced
glycation end products are decreased in obese children compared with lean controls. Int J
Pediatr Obes. 2009; 4: 112- 118

Henle T. AGEs in foods: do they play a role in uremia? Kidney Int. 2003; 63 (84), S145-
S147

F.J. Tessier. The Maillard reaction in the human body. The main discoveries and factors that
affect glycation. Pathologie Biologie. 2010; 58: 214- 219

Singh V. P, Bali A, Singh N, Jaggi A. S. Advanced Glycation End Products and Diabetic

Complications. Korean J Phy & Pharm. 2014; 18(1): doi:10.4196/kjpp.2014.18.1

118



18.

19.

20.

21.

22.

23.

24,

Yozgatli K, Lefrandt J.D, Noordzij M.J, Oomen P.H, Brouwer T, Jager J, et al Accumulation
of advanced glycation end products is associated with macrovascular events and glycaemic
control with microvascular complications in type 2 diabetes mellitus. Diabet. Med. 2018; 35
(9): 1242- 1248

Pugliese G, Pricci F, Romeo G, Diaz-Horta O, Let, G, Di Mario U. The Advanced
Glycosylation End Products. Molecular and Cell Biology of Type 2 Diabetes and Its
Complications. Basil. Karger. 1998; 14: doi:10.1159/000060895

Brownlee M., Vlassara H, Kooney A, Ulrich P, Cerami A. Aminoguanidine prevents
diabetes-induced arterial wall protein cross-linking. Science. 1986; 232(4758):
doi:10.1126/science.3487117

Nakamura S, Makita Z, Ishikawa S, Yasumura K, Fujii W, Yanagisawa K, Kawata T, Koike
T: Progression of nephropathy in spontaneous diabetic rats is prevented by OPB-9195, a
novel inhibitor of advanced glycation. Diabetes. 1997; 46: 895- 899

Stitt A, Gardiner TA, Alderson NL, Canning P, Frizzell, N, Duffy N. The AGE inhibitor
pyrodoxamine inhibits development of retinopathy in experimental diabetes. Diabetes. 2002;
51: 2826- 2832

Wilkinson Berka JL, Kelly DJ, Koerner SM, Jaworski K, Davis B, Thallas V, Cooper ME:
ALT-946 and aminoguanidine, inhibitors of advanced glycation, improve severe
nephropathy in the diabetic transgenic (MREN-2) rat. Diabetes. 2008; 51: 3283- 3289
Thoralf Wendt, Nozomu Tanji, Jiancheng Guo, Barry I. Hudson, Angelika Bierhaus,
Ravichandran Ramasamy et al. Glucose, Glycation, And Rage: Implications For
Amplification Of Cellular Dysfunction In Diabetic Nephropathy. J Am Soc Nephrol. 2003;

14: 1383- 1395. doi: 10.1097/01.ASN.0000065100.17349.CA

119



25.

26.

27.

28.

29.

30.

31.

32.

Brownlee MD. Advanced protein glycoslyation in diabetes and aging. Ann. Rev Med.1995;
46: 223- 234

Brownlee M, Cerami A, Vlassara H. Advanced Glycosylation End Products in Tissue and
the Biochemical Basis of Diabetic Complications. New England Journal of Medicine. 1988;
318(20): doi:10.1056/nejm198805193182007

T Goldberg, Weijing Cai, M Peppa, V Dardaine, B Suresh Baliga, Jaime Uribarri, et al
Advanced Glycoxidation End Products in Commonly Consumed Foods. J Am Diet Assoc.
2004; 104: 1287- 1291

Ansari N. A, Moinuddin Alam K, Ali A. Preferential recognition of Amadori-rich lysine
residues by serum antibodies in diabetes mellitus: Role of protein glycation in the disease
process. Human Immunology. 2009; 70(6): doi:10.1016/j.humimm.2009.03.015
Armbruster D. A. Fructosamine: structure, analysis, and clinical usefulness. Clinical
Chemistry. 1987; 33(12): doi:10.1093/clinchem/33.12.2153

ChenY, YulL,Wang Y, WeiY, Xu, Y, HeT, He, R. d-Ribose contributes to the glycation
of serum protein. Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease. 2019;
1865: 2285- 2292

Zheng Q, Omans N.D, Leicher R, Adewola Osunsade, Albert S Agustinus, Efrat Finkin-
Groner et al. Reversible histone glycation is associated with disease-related changes in
chromatin architecture. Nat Commun 10. 2019; 1289. https://doi.org/10.1038/s41467-019-
09192-z

Thorpe S. R & Baynes J W. Maillard reaction products in tissue proteins: New products

and new perspectives. Amino Acids. 2003; 25 (3-4): doi:10.1007/s00726-003-0017-9

120



33.

34.

35.

36.

37.

38.

39.

Suzuki D, Miyata T, & Kurokawa K. Tomino Y (ed): Type-2 Diabetic Nephropathy in Japan.
From Bench to Bedside. Carbonyl Stress. Basel, Karger, 2001; 134: 36- 45

Wang Z, Jiang Y, Liu N, Ren L, Zhu Y, An Y et al. Advanced glycation end-product Ne-
carboxymethyl-lysine accelerates progression of atherosclerotic calcification in diabetes.
Atherosclerosis. 2012; 221 (2). DOI: 10.1016/j.atherosclerosis.2012.01.019

S. N. Ramaiah, G. S. Gopalakrishna, S. Srinivasa Vittala, K. Md. Najeeb. Geomorphological
Mapping for Identification of Ground Water Potential Zones in Hard Rock Areas Using Geo-
spatial Information- A Case Study in Malur Taluk, Kolar District, Karnataka, India. Nature
Environment and Pollution Technology an International Quarterly Scientific Journal. 2012;
11 (3): 369- 376

E. Shaji, M. Santosh, K.V. Sarath, Pranav Prakash, V. Deepchand, B.V. Divya. Arsenic
contamination of groundwater: A global synopsis with focus on the Indian Peninsula.

Geoscience Frontiers. 2021; 12(13): https://doi.org/10.1016/j.gsf.2020.08.015

WHO. Guidelines for Drinking-Water Quality, 4th ed.; World Health Organisation: Geneva,
Switzerland, 2011; 631

Olivier Barbiera, Laura Arreola-Mendozab, Luz Maria Del Razo. Molecular mechanisms of
fluoride toxicity. Chemico- Biological Interactions. 2010; 188:
doi:10.1016/j.cbi.2010.07.011

National Programme for Prevention and Control of Fluorosis (NPPCF) Revised Guidelines.
Directorate General of Health Services Ministry of Health & Family Welfare Government

of India. 2014

121


https://doi.org/10.1016/j.gsf.2020.08.015

40.

41.

42.

43.

44,

45.

46.

47.

Maja Ponikvar, Tressaud, G. Haufe (ed). Exposure of Humans to Fluorine and Its
Assessment. 1% edition. Chapter 12. Fluorine and Health. DOI: 10.1016/B978-0-444-
53086-8.00012-6

Linus Pauling. The Nature of the Chemical Bond. The Energy of Single Bonds and the
Relative Electronegativity of Atoms. J. Am. Chem. Soc. 1932; 54(9): 3570- 3582

John D Hem. Study and Interpretation of the Chemical Characteristics of Natural Water. U.S
Geological Survey Water-Supply Paper. United States Government Printing Office. 1989;
2254:120- 123

M. B. Rajkovi¢l and Ivana Novakovic. Determination of Fluoride Content in Drinking
Water and Tea Infusions Using Fluoride lon Selective Electrode. Journal of Agricultural
Sciences. 2007; 52 (2): 155- 168

Walna B, Kurzyca I, Bednorz E, Kolendowicz L. Fluoride pollution of atmospheric
precipitation and its relationship with air circulation and weather patterns. Environ. Monit.
and Assess.2013; 185: 5497- 5514

Sananda Dey, Biplab Giri. Fluoride Fact on Human Health and Health Problems: A Review.
Medical & Clinical Reviews. 2016; 2(1:2): DOI: 10.21767/2471-299X.1000011

Maria Gabriela Garcia and Laura Borgnino. Fluoride in the Context of the Environment.
Victor R Preedy (ed). Chapterl. Fluorine: Chemistry, Analysis, Function and Effects. 2015;
https://doi.org/10.1039/9781782628507-00003

Huimei Cai, Yangyang Dong, Chuanyi Peng, Yeyun Li, Wei Xu, Daxiang Li. Fluoride-
Induced Responses in the Chlorophyll Content and the Antioxidant System in Tea Leaves

(Camellia Sinensis). Research report. Fluoride. 2017; 50 (1 Pt 1): 59- 78

122



48.

49,

50.

51.

52.

53.

54,

Chittaranjan Das, Uttiya Dey, Deep Chakraborty, Jayanta Kumar Datta and Naba Kumar
Mondal. Fluoride Toxicity Effects In Potato Plant (Solanum Tuberosum L.) Grown In
Contaminated Soils. 2015; 3(2): 136- 143

SL Choubisa. Endemic Fluorosis in Southern Rajasthan, India. Fluoride. 2001; 34(1): 7051-
7061

Brindha K, Rajesh R, Murugan R, Elango L. Fluoride contamination in groundwater in parts
of Nalgonda district, Andhra Pradesh, India. Environmental Monitoring and Assessment.
2011; 172: 481- 492

Shakir Alia, Shashank Shekhara, Prosun Bhattacharyab, Gaurav Vermac, Trupti
Chandrasekhard, A.K. Chandrashekhare. Elevated fluoride in groundwater of Siwani Block,
Western Haryana, India: A potential concern for sustainable water supplies for drinking and
irrigation. Groundwater for Sustainable Development. 2018; 7: 410- 420

JR Sukhabogi, P Parthasarathi, S Anjum, BRC Shekar, CM Padma, and AS Rani. Dental
Fluorosis and Dental Caries Prevalence among 12 and 15-Year-Old School Children in
Nalgonda District, Andhra Pradesh, India. Ann Med Health Sci Res. 2014; 4(3): doi:
10.4103/2141-9248.141967

Manouchehr Amini, Kim Mueller, Karim C. Abbaspour, Thomas Rosenberg, Majid Afyuni,
Klaus N. Mgller. Statistical Modeling of Global Geogenic Fluoride Contamination In
Groundwaters Environ. Sci. Technol. 2008, 42, 3662- 3668

H. Trendley Dean. Classification of Mottled Enamel Diagnosis. The Journal of the American

Dental Association. 1934; 14(8): https://doi.org/10.14219/jada.archive.1934.0220

123



55.

56.

S7.

58.

59.

60.

61.

62.

63.

A. Thylstrup, O. Fejerskov. Clinical Appearance of Dental Fluorosis in Permanent Teeth in
Relation to Histologic Changes Community Dentistry and Oral Epideomology. 1978; 6(6):

https://doi.org/10.1111/j.1600-0528.1978.th01173.x

E.T. Everett. Fluoride’s Effects on The Formation of Teeth and Bones and the Influence of
Genetics. J Dent Res. 2011; 90(5): 552- 556

Committee to Coordinate Environmental Health and Related Programs Public Health
Service. Review of Fluoride benefits and risks. 1991

Murray R.K, Granner D.K, Maye, P.A, Rodwell V.W. Harper’s Biochemistry. 25th Edition,
McGraw-Hill, Health Profession Division, New York, 225. 2000

Latha S, Ambika SR, Prasad SJ. Fluoride contamination status of groundwater in Karnataka.
Curr Sci. 1999; 76(6): 730- 734

Mehta A. Biomarkers of fluoride exposure in human body. Indian Journal of Dentistry 2013.

http://dx.doi.org/10.1016/j.ijd.2013.05.002 0975-962

Tewodros Rango, Avner Vengosh, Marc Jeuland, Gary M. Whitford, Redda Tekle-
Haimanot. Biomarkers of chronic fluoride exposure in groundwater in a highly exposed
population. 2017; 596 (597): http://dx.doi.org/10.1016/j.scitotenv.2017.04.021

Jeannett A. Izquierdo-Vega Manuel, Sanchez-Gutiérrez, Luz Maria Del Razo, Decreased in
vitro fertility in male rats exposed to fluoride-induced oxidative stress damage and
mitochondrial transmembrane potential loss. Toxicology and Applied Pharmacology.2008;
230: 352- 357

Navneet Singh, Kanika Gupta Verma, Pradhuman Verma, Gagandeep Kaur Sidhu, Suresh
Sachdeva. A comparative study of fluoride ingestion levels, serum thyroid hormone & TSH

level derangements, dental fluorosis status among school children from endemic and non-

124


https://doi.org/10.1111/j.1600-0528.1978.tb01173.x
http://dx.doi.org/10.1016/j.ijd.2013.05.002%200975-962

64.

65.

66.

67.

68.

69.

70.

endemic fluorosis areas. Springer Plus. 2014: 3:7.
http://www.springerplus.com/content/3/1/7

Monica I. Jiménez-Cordovaa, Mariana Cérdenas-Gonzéleza, Guadalupe Aguilar-Madridb,
Luz C. Sanchez-Pefiaa, Angel Barrera-Hernandeza, lvan A. Dominguez-Guerrero.
Toxicology and Applied Pharmacology. 2018; 352:

https://doi.org/10.1016/j.taap.2018.05.027

Elvan Ocak, Senol Kose. Determination of Fluoride in Water, Milk, and Dairy Products.
Research report Fluoride.2018; 51(2): 182- 192

Wu Qin, Li Yang, Li Liu, Li Li, Zhang, Gao. Correlation analysis of urinary fluoride levels
and the daily intake of fluoride in brick tea type fluorosis areas. Fluoride. 2016; 49(4 Pt 1)
:449- 457

Singer L, Armstrong WD. Normal Human Serum Flouride concentration. Annal
Biochemistry. 1965; 10: 495

J Ekstrand, Odont, Mats E. The relationship between plasma fluoride, urine excretion rate
and urine fluoride concentration in man. Journal of occupational medicine. 983; 25(10): 745-
748

Buzalaf M.A, Whitford G.M. Fluoride metabolism. Buzalaf MAR (ed): Fluoride and the
Oral  Environment. In: Monographs in  Oral  Science.  2011; 22:

http://dx.doi.org/10.1159/000325107

Dharmaratne R.W. Fluoride in drinking water and diet: the causative factor of chronic kidney
diseases in the north Central Province of Sri Lanka. Environ. Health Prev. Med. 2015; 20:

http://dx.doi.org/10.1007/s12199-015-0464-4

125


https://doi.org/10.1016/j.taap.2018.05.027
http://dx.doi.org/10.1159/000325107

71.

72.

73.

74.

75.

76.

77.

78.

79.

National Research Council (NRC). Fluoride in Drinking Water: A Scientific Review of
EPA's Standards. The National Academies Press, Washington, DC. 2006.
http://dx.doi.org/10.17226/11571

Roholm K. Fluorine intoxication: a clinical- hygienic study with a review of the literature
and some experimental investigations. London: HK Lewis. 1937; 3(4): 136- 140

Susheela AK. A treatise on fluorosis. 1st ed. Delhi: Fluorosis Research and Rural
Development Foundation. 2001: 63- 80

Mondal NK. Diagnosis of fluorosis and recovery through easy to practise interventions.
Research report Fluoride. 2018; 51(3): 230- 242

Das TK, Susheela AK, Gupta IP, Dasarathy S, Tandon RK. Toxic effects of chronic fluoride
ingestion on the upper gastrointestinal tract. J Clin Gastroenterol. 1994; 18(3): doi:
10.1097/00004836-199404000-00004

Zhang KL, Lou DD, Guan ZZ. Activation of the AGE/RAGE system in the brains of rats
and in SH-SY5Y cells exposed to high level of fluoride might connect to oxidative stress.
Neurotoxicol Teratol. 2015; 48: 49-55

Kaipio J, Ndyha S, Valtonen V. Fluoride in the drinking water and the geographical variation
of coronary heart disease in Finland. Eur J Cardiovasc Prev Rehabil. 2004; 11(1): doi:
10.1097/01.hjr.0000114969.39211.48

International Programme on Chemical Safety. (Global assessment on the state of the science
of endocrine disruptors. World Health Organization 2002.

https://apps.who.int/iris/handle/10665/67357

Itai K, Onoda T, Nohara M. Kuribayashi T, Tanno K, Ohsawa M et al. Slightly Elevated

Serum lonic Fluoride Levels Inhibit Insulin Secretion and Increase Glucose Levels in a

126


https://apps.who.int/iris/handle/10665/67357

80.

81.

82.

83.

84.

85.

86.

87.

General Japanese Population: a Cross-sectional Study. Biol Trace Elem Res.2021; 199:

https://doi.org/10.1007/s12011-020-02415-1

QinJ, Chai G, Brewer JM, Lovelace LL, Lebioda L. Fluoride inhibition of enolase:
crystal structure and thermodynamics. Biochemistry. 2006; 45(3): doi:
10.1021/bi051558s

Chun-Yan Hu, Li-Qun Ren, Xi-Ning Li, Nan Wu, Guang-Sheng Li, Qin-Yi Liu. Effect of
fluoride on insulin level of rats and insulin receptor expression in the MC3T3-EL1 cells. Biol
Trace Elem Res. 2012; 150: 297- 305

Maiko Suzuki and John D. Bartlett. Sirtuinl and autophagy protect cells from fluoride-
induced cell stress. Biochim Biophys Acta. 2014; 1842(2):
doi:10.1016/j.bbadis.2013.11.023

Jacob M. Gump and Andrew Thorburn. Autophagy and apoptosis- what’s the connection?
Trends Cell Biol. 2011; 21(7): doi:10.1016/j.tcb.2011.03.007

Scott M. Welford and Amato J. Giaccia. Hypoxia and Senescence: The Impact of
Oxygenation on Tumor Suppression. Mol Cancer Res. 2011; 9(5): DOI: 10.1158/1541-
7786.MCR-11-0065

Sinclair DA, Guarente L. Extrachromosomal rDNA circles--a cause of aging in yeast. Cell.
1997, 91: 1033- 1042

Kaeberlein M, McVey M, Leonard Guarente L. The SIR2/3/4 complex and SIR2 alone
promote longevity in Saccharomyces cerevisiae by two different mechanisms. Genes &
Development.1999; 13: 2570- 2580

Heidi A. Tissenbaum & Leonard Guarente. Increased dosage of a sir-2 gene extends lifespan

in Caenorhabditis elegans. Nature. 2001; 410: 228- 230

127


https://doi.org/10.1007/s12011-020-02415-1

88.

89.

90.

91.

92.

93.

94.

95.

96.

Shaday Michan and David Sinclair. Sirtuins in mammals: insights into their biological
function. Biochem J. 2007; 404(1): doi:10.1042/BJ20070140

Susan Costantini, Ankush Sharma, Raffaele Raucci, Maria Costantini, Ida Autiero, Giovanni
Colonna. Genealogy of an ancient protein family: the Sirtuins, a family of disordered
members. BMC Evolutionary Biology. 2013; 13(60): 1-19

Naiman S, Cohen HY. The Contentious History of Sirtuin Debates. RMMJ 2012; 3(4):
doi:10.5041/RMMJ.10093

Sauve AA, Vern L, Schramm, Jef D. Boeke. The Biochemistry of Sirtuins. Annu. Rev.
Biochem. 2006; 75: doi: 10.1146/annurev.biochem.74.082803.133500

Vaquero A, Scher M, Lee D, Erdjument-Bromage H, Tempst P, Reinberg D. Human SirT1
interacts with histone H1 and promotes formation of facultative heterochromatin Mol. Cell.
2004; 16: 93- 105

Motta MC, Divecha N, Lemieux M, Kamel C, Chen D, Gu W et al. Mammalian SIRT1
represses forkhead transcription factors. Cell. 2004; 116: 551- 563

Chua KF, Mostoslavsky R, Lombard DB, Pang WW, Franco S, Kaushal D et al. Mammalian
SIRT1 limits replicative life span in response to chronic genotoxic stress. Cell Metab. 2005;
2:67-76

Luo JY, Nikolaev AY, Imai S, Chen DL, Su F, A Shiloh. Negative control of p53 by
Sir2alpha promotes cell survival under stress. Cell. 2001; 107:137- 148

Yeung F, Hoberg JE, Ramsey CS, Keller MD, Jones DR, Frye RA et al. Modulation of NF-
kappaB-dependent transcription and cell survival by the SIRT1 deacetylase . EMBO J. 2004;

23: 2369- 2380

128



97.

98.

99.

100.

101.

102.

103.

104.

105.

Daitoku H, Hatta M, Matsuzaki H, Aratani S, Ohshima T, Miyagishi M et al. Silent
information regulator 2 potentiates Foxol-mediated transcription through its deacetylase
activity. Proc. Natl. Acad. Sci. USA. 2004; 101: 10042- 10047

Davenport AM, Ferdinand M. Huber and André Hoelz. Structural and Functional Analysis
of Human SIRTL1. J. Mol. Biol.2014; 426: DOI: 10.1016/j.jmb.2013.10.009

Yang Y and Sauve AA. NAD" metabolism: Bioenergetics, signaling and manipulation for
therapy. Biochim Biophys Acta. 2016; 1864(12): doi:10.1016/j.bbapap.2016.06.014

Smith BC, Denu JM. Sir2 deacetylases exhibit nucleophilic participation of acetyl-lysine in
NAD+ cleavage. J Am Chem Soc 2007; 129: 5802- 5803

Sai Deepika Ram Mohan and Shashidhar Kurpad Nagaraj. Sirtuinl: Serendipitous and
Enigmatic Molecule. Int J of Current Medical and Pharmaceutical Research. 2018; 4
[11(A)]: 3828- 3836

Yang T, Sauve A.A. NAD metabolism and sirtuins: Metabolic regulation of protein
deacetylation in stress and toxicity. AAPS J. 2006; E632:
https://doi.org/10.1208/aapsj080472

Lagouge M, Argmann C, Gerhart-Hines Z, Meziane H, Lerin C, Daussin F et al. Resveratrol
improves mitochondrial function and protects against metabolic disease by activating SIRT1
and PGC-1a. Cell 2006;127:1109- 1122

Bhullar KS, Hubbard BP. Lifespan and healthspan extension by resveratrol. Biochimica et

Biophysica Acta. 2015; 1852: http://dx.doi.org/10.1016/j.bbadis.2015.01.012

Hou X, Rooklin D, Fang H, Zhang Y. Resveratrol serves as a protein substrate interaction
stabilizer in human SIRT1 activation. Scientific Reports. 2016; 6: 38186. DOI:

10.1038/srep38186

129


http://dx.doi.org/10.1016/j.bbadis.2015.01.012

106.

107.

108.

109.

110.

111.

112.

Beom Seok Kim, Chang- Hee Lee, Gyeong- Eon Chang, Eunji Cheong & Injae Shin. A
potent and selective small molecule inhibitor of sirtuin 1 promotes differentiation of
pluripotent P19 cells into functional neurons. Scientific Reports. 2016; 6: 34324: DOI:
10.1038/srep34324

Giulia D, Daniela C, Cristina Vantaggiato, Chiara P, Aurora Paola B, Nicoletta R et al.
Inhibition of SIRT1 deacetylase and p53 activation uncouples the anti-inflammatory and
chemopreventive actions of NSAIDs. British Journal of Cancer. 2019; 120:
https://doi.org/10.1038/s41416-018-0372-7

Alvala M, Bhatnagar S, Ravi A, et al. Novel acridinedione derivatives: design, synthesis,
SIRT1 enzyme and tumor cell growth inhibition studies. Bioorg Med Chem Lett. 2012;
22(9): 3256- 3260

Imai S, Armstrong C. M, Kaeberlein M, Guarente L. Transcriptional silencing and longevity
protein Sir2 is an NAD-dependent histone deacetylase. Nature. 2000; 403: 795- 800

Erion DM, Kotas ME, McGlashon J, Yonemitsu S, Hsiao JJ, Nagai Y et al. CAMP-
responsive element-binding protein (CREB)-regulated transcription coactivator 2 (CRTC2)
promotes glucagon clearance and hepatic amino acid catabolism to regulate glucose
homeostasis. J Biol Chem. 2013; 288(22): doi:
10.1074/jbc.M113.460246

Souza BM, Assmann TS, Kliemann LM, Gross JL, Canani LH, Daisy Crispim. The role of
uncoupling protein 2 (UCP2) on the development of type 2 diabetes mellitus and its chronic
complications. Arq Bras Endocrinol Metab. 2011; 55/4: 239- 248

Gene ID: 23411. SIRT1 sirtuin 1 [Homo sapiens (human)].

https://www.ncbi.nlm.nih.gov/gene/23411. 12:40PM, 02/09/2020

130



113.

114.

115.

116.

117.

118.

119.

Taylor WH (1969) Serum enzymes in the diagnosis of disease. Br. J. Anaesth. 1969; 41:
227- 234

Gok O, Karaali Z, Ergen A, Ekmekci SS, Abaci N. Serum sirtuin 1 protein as a potential
biomarker for type 2 diabetes: Increased expression of sirtuin 1 and the correlation with
microRNAs. J Res Med Sci 2019;24:56

Kai-Peng Huang, Cheng Chen, Jie Hao, Jun-Ying Huang, Pei-Qing Liu, He-Qing Huang.
AGEs-RAGE System Down-Regulates Sirtl through the Ubiquitin-Proteasome Pathway to
Promote FN and TGF-1 Expression in Male Rat Glomerular Mesangial Cells.
Endocrinology. 2015; 156(1): 268- 279 doi: 10.1210/en.2014-1381

Tanno A, Sakamoto M, Miura J, Shimamoto TK, Horio Y: Nucleocytoplasmic shuttling of
the NAD" dependent histone deacetylase SIRT1. J Biol Chem. 2007; 282: 6823- 6832
Jaime Uribarri, Xue Chen, Weijing Cai, Li Zhu, Maya Ramdas, Gary E. Striker et al.
Restriction of Advanced Glycation End Products Improves Insulin Resistance in Human
Type2Diabetes. Diabetes Care. 2011; 34: 1610- 1616

Averna, M.R., Carroccio, A., Barbagallo, C.M. et al. Diagnostic use of fructosamine assay
in the control of type Il diabetes mellitus. Acta diabet. Lat. 1988; 25:
https://doi.org/10.1007/BF02581247

Akan JC, Sodipo OA, Liman Y, Chellube ZM. Determination of Heavy Metals in Blood,
Urine and Water Samples by Inductively Coupled Plasma Atomic Emission
Spectrophotometer and Fluoride Using lon-Selective Electrode. Journal of Analytical

Bioanalytical Techniques. 2014; 5 (6): doi:10.4172/2155- 9872.1000217

131



120.

121.

122.

123.

124,

125.

126.

127.

128.

Hossain M. A, Emara M, ElI moselhi H, Shoker A. Comparing Measures of Cystatin C in
Human Sera by Three Methods. American Journal of Nephrology. 2008; 29(5):
doi:10.1159/000168486

P Trinder. Determination of Glucose in Blood using Glucose Oxidase with an alternative
oxygen acceptor. Ann. din. Biochem. 1969; 6(24): 24- 27

Ragnar Hanas, Garry John. 2010 Consensus Statement on the Worldwide Standardization of
the Hemoglobin A1C Measurement. Diabetes Care. 2010; 33(8): doi: 10.2337/dc10-0953
Summers M, Booth T, Brockas T, Edgar H, Edwards J, Nunnerley C. Luminogenic Reagent
Using 3- Chloro- 4- Hydroxy Acetanilide to Enhance Peroxidase Luminol
Chemiluminescence. Clinical chemistry. 1995; 41(6): 73

Zawada RJ, Kwan P, Olszewski KL, Llinas M, Huang SG. Quantitative determination of
urea concentrations in cell culture medium. Biochem Cell Biol. 2009; 87(3):
doi:10.1139/009-011

Yasuhara M, Fujita S, Arisue K, Kohda K, Hayashi C. A new enzymatic method to determine
creatine. Clin Chim Acta. 1982; 1: 122(2): doi: 10.1016/0009-8981(82)90277-7

Ramesh C Trivedi, Linda Rebar, Eileen Berta, Linda Stong. New Enzymatic Method for
Serum Uric Acid at 500 nm. Clinical Chemistry. 1978; 24(11): 1908- 1911

Jiunn-Min Wang, Chi-Yu Lin, Feng-An Tsai, Jing-Yi Chen, Yu-Chen Koa. Test Dipstick
for Determination of Urinary Protein, Creatinine and Protein/Creatinine Ratio. Journal of
Biomedical Laboratory Science. 2009; 21 (1): 23- 28

Patricia Costello, Norman P Kubarik, Bernard B Brody, Harrison E Sine, James A Berstsch
et al. Multilayer film analysis: Evaluation of lon- Selective electrolyte slides. Clinical

Cehmistry. 1983; 29 (1): 129- 132

132



129.

130.

131.

132.

133.

134.

135.

136.

Richard W Spayd, Barbara Bruschi, Brent A Burdick, Glen M Dappen, Jon N Elkenberry,
Theodore W Esders et al. Multilayer Film Elements for Clinical Analysis: Applications to
Representative Chemical Determinations. Clinical chemistry. 1978; 24(8): 1343- 1350

M. Burstein, H. R. Scholnick, R. Morfin. Rapid method for the isolation of lipoproteins from
human serum by precipitation with polyanions. Journal of lipid research. 1970; 11: 583- 595
Charles C Allain, Lucy S Poon, Cicely S. G Chan, W Richmond, Paul C Fu. Enzymatic
Determination of Total Serum Cholesterol. Clinical chemistry. 1974; 20 (4): 470- 476
Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012
Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease.
Kidney inter. Suppl. 2013; 3: 1- 150

José Knopfholz, Caio César Diniz Disserol, Andressa Jardim Pierin, Fernanda Leticia Schirr,
Larissa Streisky, Lilian Lumi Takito et al. Validation of the Friedewald Formula in Patients
with Metabolic Syndrome. Cholesterol. 2014; 261878. doi: 10.1155/2014/261878

A. Liu, G.M. Reaven. Is measurement of non-HDL cholesterol an effective way to identify
the metabolic syndrome? Nutrition Metabolism Cardiovascular Disease. 2013; 23(11).
doi:10.1016/j.numecd.2012.12.001

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. Homeostasis
model assessment: insulin resistance and beta-cell function from fasting plasma glucose and

insulin concentrations in man. Diabetologia. 1985; 28: 412- 419

Katz A, Nambi SS, Mather K, Baron AD, Follmann DA, Sullivan G, Quon MJ: Quantitative
insulin sensitivity check index: a simple, accurate method for assessing insulin sensitivity in

humans. J Clin Endocrinol Metab. 2000; 85: 2402- 2410

133



137.

138.

139.

140.

141.

142.

143.

144,

145.

DeMers D, Wachs D. Physiology, Mean Arterial Pressure. [Updated 2020 Aug 22]. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2021 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK538226

Myat Su Bo, Whye Lian Cheah, Soe Lwin, Tin Moe Nwe, Than Than Win, Myint Aung.
Understanding the Relationship between Atherogenic Index of Plasma and Cardiovascular
Disease Risk Factors among Staff of a University in Malaysia. Journal of Nutrition and
Metabolism. 2018. https://doi.org/10.1155/2018/7027624

Guido Grassi, Giuseppe Mancia, Peter M. Nilsson. Specific Blood Pressure Targets for
Patients with Diabetic Nephropathy? Diabetes Care. 2016; 39(2): DOI: 10.2337/dcS15-3020
Kumari Nidhi, Gupta Alka, Sheikh Sarita. Development of Low Glycemic Foods with The
use of Pearl Millet and Finger Millet. International Journal of Scientific Research. 2014;
3(8): 193- 195

Gowda S, Desai PB, Kulkarni SS, Hull VV, Math AA, Vernekar SN. Markers of renal
function tests. N Am J Med Sci. 2010; 2(4): 170- 173

Wu L, Parhofer KG. Diabetic dyslipidemia. Metabolism. 2014; 63(12): doi:
10.1016/j.metabol.2014.08.010

Palazhy S, Viswanathan V. Lipid Abnormalities in Type 2 Diabetes Mellitus Patients with
Overt Nephropathy. Diabetes Metab J. 2017; 41(2): doi: 10.4093/dm;.2017.41.2.128

Hung- Chun Chen, Jinn-Yuh Guh, Jer- MingChang, Min-Chia Hsieh, Shyi- Jang Shin,
Yung- Hsiung Lai et al. Role of lipid control in diabetic nephropathy. Kidney International.
2005; 67 (94): https://doi.org/10.1111/j.1523-1755.2005.09415.x

Merlin C. Thomas, Carol Forsblom, Milla Rosengard, Arlund, Mark E. Cooper, Mark E.

Cooper, Marja- Riitta Taskinen, Serum Lipids and the Progression of Nephropathy in Type

134



146.

147.

148.

149.

150.

151.

1 Diabetes. Diabetes Care. 2006; 29(2): 22. https://doi.org/10.2337/diacare.29.02.06.dc05-
0809

Kume S, Uzu T, Kashiwagi A, Koya D. SIRT1, a calorie restriction mimetic, in a new
therapeutic approach for type 2 diabetes mellitus and diabetic vascular complications.
Endocr. Metab. Immune Disord. Drug Targets. 2010; 10: doi:
10.2174/187153010790827957

D.M. O’Mullane, R.J. Baez, S. Jones, M.A. Lennon, P.E. Petersen, A.J. Rugg- Gunn, et al.
Fluoride and Oral Health. Community Dental Health. 2016; 33: 69- 99

Semba RD, Nicklett EJ, Ferrucci L. Does accumulation of advanced glycation end products
contribute to the aging phenotype? J Gerontol A Biol Sci Med Sci. 2010a; 65:
doi:10.1093/gerona/glq074

RD Semba, A Ang, S Talegawkar, C Crasto, M Dalal, P Jardack et al. Dietary intake
associated with serum versus urinary carboxymethyl-lysine, a major advanced glycation end
product, in adults: the Energetics Study. European Journal of Clinical Nutrition. 2012; 66:
doi: 10.1038/ejcn.2011.139

Liubao Gu, Liji Huang, Haidi Wu, Qinglin Lou, Rongwen Bian. Serum uric acid to
creatinine ratio: A predictor of incident chronic kidney disease in type 2 diabetes mellitus
patients with preserved kidney function. Diabetes & Vascular Disease Research. 2017;
14(3): 221- 225

Robert M. Cohen, Thomas C. Chenier, Yancey R. Holmes, Clinton H. Joiner. Discordance

between HbAlc and Fructosamine. Diabetes Care. 2003; 26 (1): 163- 167

135



152. Yun Kyung Jeon, Mi Ra Kim, Jung Eun Huh, Ji Young Mok, Sang Heon Song, Sang Soo
Kim et al. Cystatin C as an Early Biomarker of Nephropathy in Patients with Type 2

Diabetes. J Korean Med Sci 2011; 26: DOI: 10.3346/jkms.2011.26.2.258

B REERE

136



ANNEXURE- |



CASE HISTORY SHEET

TITLE OF THE STUDY: Estimation of fluoride and sirtuinl in patients with diabetic nephropathy in
Kolar district of Karnataka, India

Case No:

Name: Mr/Mrs OP No:
Age: IP No:
Gender: Ward:
Date: Occupation:
Weight:

Address:

hone:

CHIEF COMPLAINTS:

HISTORY OF PRESENTING ILLNESS:

HISTORY OF STAY IN THE PRESENT ADDRESS:

TYPE OF WATER CONSUMPTION AND DURATION
Drinking:

Cooking:
PAST HISTORY:

Hypertension: yes/no if yes, duration:
Diabetes: yes/no if yes, duration:
Heart diseases: yes/no if yes, duration:
Liver diseases: yes/no if yes, duration:

138



Drug ingestion: yes/no if yes, duration & details:
Gestational diabetes: Yes/ No
Treatment history

FAMILY HISTORY:

Diabetic history: Mother/ Father/ Siblings/ Maternal Uncle/ Paternal Uncle

OCCUPATIONAL HISTORY:
Any change in occupational history?

Duration and reason
PERSONAL HISTORY:

Economic status: Below poverty level/above poverty level

Micturation (Urine appearance)

Bowel (Defaecation)

Smoking: yes/no if yes, duration:
Alcohol: yes/no if yes, duration:
Menstrual History:

GENERAL PHYSICAL EXAMINATION:

Ht: Wit: BMI: BP: Pulse:
Built : normal / below normal / well-built / obese/ athletic
Nourishment: well / poor nourished
Skeletal Examination:
Triple test: Chin to Chest test:

Hands on occiput test

Coin test

CLINICAL DIAGNOSIS:

INVESTIGATIONS:

BLOOD:
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Plasma Sirtuinl: ng/mL

Serum Fluoride:  mg/L

Plasma Carboxy Methyl Lysine:
Diabetic Profile

Plasma FBS: mg/dL

Plasma PPBS: mg/dL

Glycated albumin (Fructosamine): ng/mL
Glycated hemoglobin (HbAlc) (%):
Insulin assay

HOMA IR (Calculated)

QUICKI INDEX (Calculated)

Renal Function Tests

Serum Urea:
Serum Creatinine:
Serum Uric Acid
Serum Sodium
Serum Potassium
Serum Cystatin C
eGFR (calculated)
2009
2012

LIPID PROFILE

Serum Total Cholesterol:
Serum Triglycerides:
Serum HDLc:

Serum nHDLc (calculated):

mg/dL
mg/dL
mg/dL
mg/dL
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pnIU/mL

mg/dl
mg/dl
mg/dl
mEqg/L
mEq/I

mg/dL

mL/ min/ 1.73m?

mL/ min/ 1.73m?



Serum VLDL (calculated) mg/dL
Serum LDL (calculated): mg/dL

URINE
Fluoride mg/L or ppm
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Patient Information sheet
TITLE OF THE STUDY: Estimation of fluoride and sirtuinl in patients with diabetic nephropathy in
Kolar district of Karnataka, India

Name of the Principal Investigator: Mrs. R. Sai Deepika

Investigator’s statement:

I, Mrs. R. Sai Deepika pursuing Ph. D in the Department of biochemistry at Sri Devaraj Urs Medical
College, constituent of Sri Devaraj Urs Academy of Higher Education and Research Kolar.

In Kolar district the fluoride concentration in drinking water is high. Majority of the population are
agriculturists and are dependent on livestock and ground water for their survival. This study is to assess the
association of fluoride and with T2DM and its related nephropathic microvascular complication. It is known
that diabetic nephropathy is one of the major diabetic microvascular complications and is more prevalent
in the local population. Findings in this study may help us to understand the complication better and may
lead to better therapeutic interventions and the damages associated with it.

This study is also estimating sirtuinl; an enzyme biomarker for early detection, prognosis and better
management of diabetic nephropathy. This is a preliminary study done in blood and urine, and in future an
extension of this study may be carried on cell culture to establish the molecular mechanism of fluorosis on
renal cells. Some of the stored samples from you may be used after proper labeling and anonimization, for
this future study.

Sirtuinl is a molecule expressed under physiological and pathological conditions such as aging, starvation
and diabetic nephropathy respectively. Sirtuinl also helps in prevention of glomerular cell damage. It has
been proposed that it can be considered as a therapeutic adjunct to decrease the severity of diabetic
nephropathy.

Diabetic nephropathy develops as a result of enormous oxidative stress and is mainly due to uncontrolled
and/or chronicity of diabetes. Therefore estimating stress parameters and proteins that undergo
glycosylation [glycosylated hemoglobin (%), albumin (fructosamine)] will also be estimated in blood
and/or urine.

Procedure: In this regard, | will ask you few questions about your personal, past and family history. | also
need to collect 6mL of blood and 10mL of spot urine samples for investigations. You are at liberty to ask
any questions. An honest answer to my questions shall help us in better understanding the pathological
process and may help in quality patient care. | assure you this will not take much of your precious time and
also the investigations you undergo are not charged.

The information obtained from you shall be maintained strictly confidential unless otherwise compelled by
law.The entire information, investigative report and other detail obtained from you is used only for research.
However, during the course of study, if any issues need to be addressed and which are found accidentally,
they will be intimated to you with a proper guidance for further management with standard patient care and
would be referred to higher centers, for those treatment modalities which are not available in our Hospital.

If you agree and cooperate with me in carrying out the study using your information and sample | reassure
that you will not be burdened financially and you are at liberty to withdraw from the study at any point of
time.Your withdrawal and/or non acceptance to participate in this study will not affect the treatment or the
rapport with the physician.
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About 6mL of the blood using aseptic precautions will be drawn from you to estimate blood glucose, kidney
function tests, sirtuinl, carboxy methyl lysine and fluoride levels. Besides the above, proteins that undergo
glycosylation such as, glycosylated hemoglobin (%), fructosamine are also estimated in your blood. | also
request you to give 10 ml of corresponding urine for estimation of fluoride, sugar and microalbumin.

For end stage renal disorder patients, RL Jalappa Hospital follows standard dialysis protocol. For study
subjects, in addition to regular management | assure regular eye checkup for assessing the injury and
function of the eye due to complications of T2DM. Further, if advanced treatment is required they will be
referred to Higher Centre for management with proper guidance.

Further 1 also request you that the left out sample (Secondary sample) shall be stored with proper
precautions (labeling, recordings and anonimization) and used for analysis later on if required. I also assure
you that the publications from the present study in the present or future shall be done without disclosing
your identity.

Feel free for any clarification pertaining to this study with the Principal investigator and Supervisor and
Co- Supervisors

Mrs. R. Sai Deepika: 9036413299 (Principal Investigator)

Dr Shashidhar K.N: 09845248742 (Supervisor)
Dr. Raveesha. A: 9448448353 (Co- Supervisor)

PARAMETERS AND REFERENCE RANGES OF THE AREA

SI. No. PARAMETER REFERENCE RANGES
1 Serum Sirtuinl To be derived
2 Serum and Urine Fluoride
3 Serum Carboxy Methyl Lysine (CML)
4 Plasma Glucose (mg/dl) FBS: 70- 110, PPBS: 70- 200
5 HbAlc % >6.5 are considered diabetic
6 Serum Insulin (mclU/mL) 2.6-24.9
7 Serum Fructosamine (mcmol/L) 200- 285
8 Serum Urea (mg/dL) 7-20
9 Serum Uric acid (mg/dL) 2.5-8.5
10 Serum Creatinine (mg/dL) 05-14
11 Serum Cystatin C (mg/L) 0.5-1.0
12 Serum Sodium (meg/L) 136-146
13 Serum Potassium (meq/L) 3.5-5.0
14 Serum TG (mg/dL) 30-200
15 Serum Total Cholesterol (mg/dL) <200
16 Serum HDL (mg/dL) 30- 40
17 Serum LDL (mg/dL) <90
18 Serum Albumin (mg/dL) 4.0-5.0
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Healthy Control Information Sheet

TITLE OF THE STUDY: Estimation of fluoride and sirtuinl in patients with diabetic nephropathy in
Kolar district of Karnataka, India

Name of the Principal Investigator: Mrs. R. Sai Deepika
Duration of the study: 3 years (2017-2020)

Investigator’s statement:

I, Mrs. R. Sai Deepika pursuing Ph. D in the Department of biochemistry at Sri Devaraj Urs Medical
College, constituent of Sri Devaraj Urs Academy of Higher Education and Research Kolar.

In Kolar district the fluoride concentration in soil and drinking water is is high. Majority of the population
are agriculturists and are dependent on livestock, ground water for their survival. This study is to assess the
association of fluoride and its impact on T2DM and its related microvascular nephropathic complication, it
is known that diabetic nephropathy is the major diabetic microvascular complication and is prevalent the
local population. Findings in this study may help us to understand these complications better and may lead
to better therapeutic interventions to contain the damge associated with it: sirtuinl is a newer molecule
expressed under physiological and pathological conditions such as aging, starvation and diabetic
nephropathy. Since, sirtuinl helps in prevention of glomerular cell damage; it has been proposed that it can
be considered as a therapeutic agent to decrease the severity of diabetic nephropathy.

Diabetic nephropathy is a result of enormous oxidative stress and is mainly due to uncontrolled and/or
chronicity of diabetes. This needs to be addressed by estimating stress parameters and proteins that undergo
glycosylation for example, glycosylated hemoglobin, fructosamine etc.

I am carrying out a study titled “Estimation of fluoride and sirtuinl in patients with diabetic nephropathy
in Kolar district of Karnataka, India”.

Participant Selection: Healthyage and gender matched normal population residing with the diabetic
patients attending the General Medicine OPD and in- patients admitted in General Medicine ward in RL.
Jalappa Hospital and Research Centre, aged 25- 60 years are proposed to be recruited with their written
consent form.

Procedure: In this regard, I will ask you few questions about your personal, past and family history. I also
need to collect 6ml of blood and 10mL of spot urine sample for investigations. You are at liberty to ask any
guestions. An honest answer to my questions shall help us in better understanding the pathological process
and may help in quality patient care. | assure you this will not take much of your precious time and also the
investigations you undergo are not charged.

The information obtained from you shall be maintained strictly confidential unless otherwise compelled by
law.The entire information, investigative report and other detail obtained from you is used only for research.
However, during the course of study, if any issues need to be addressed and which are found accidentally,
they will be intimated to you with a proper guidance for further management with standard patient care and
would be referred to higher centers, for those treatment modalities which are not available in our Hospital.

If you agree and cooperate with me in carrying out the study using your information and sample you will
not be burdened financially and you are also at liberty to withdraw from the study at any point of time
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giving substantial reason. Your withdrawal and/or non acceptance to participate in this study will not affect
the treatment or the rapport with your physician.

Further I also request you that the left out sample (secondary sample) shall be stored with proper precautions
and used for analysis if required. I also assure you that the publications from the present study in the present

or future shall be done without disclosing your identity and without your prior permission.

Feel free for any clarification pertaining to this study with the Principal investigator and Supervisor,

Mrs. R. Sai Deepika: 9036413299 (Principal Investigator)

Dr Shashidhar K.N: 09845248742 (Supervisor)
Dr. Raveesha. A: 9448448353 (Co- Supervisor)

PARAMETERS AND REFERENCE RANGES OF THE AREA

SI. No. PARAMETER REFERENCE RANGES
1 Serum Sirtuinl To be derived

2 Serum and Urine Fluoride

3 Serum Carboxy Methyl Lysine (CML)

4 Plasma Glucose (mg/dl) FBS: 70- 110, PPBS: 70- 200
5 HbAlc % >6.5 are considered diabetic
6 Serum Insulin (mclU/mL) 2.6-24.9

7 Serum Fructosamine (mcmol/L) 200- 285

8 Serum Urea (mg/dL) 7-20

9 Serum Uric acid (mg/dL) 2.5-8.5

10 Serum Creatinine (mg/dL) 05-14

11 Serum Cystatin C (mg/L) 0.5-1.0

12 Serum Sodium (meg/L) 136-146

13 Serum Potassium (meg/L) 3.5-5.0

14 Serum TG (mg/dL) 30-200

15 Serum Total Cholesterol (mg/dL) <200

16 Serum HDL (mg/dL) <40

17 Serum Albumin (mg/dL) 4.0-5.0
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WRITTEN CONSENT FORM
(For healthy controls from the same population)

Sl.no:
Title of the study: Estimation of fluoride and sirtuinl in patients with diabetic nephropathy in Kolar district
of Karnataka, India

I do here by give my written consent for the study titled: Estimation of fluoride and sirtuinl in patients with
diabetic nephropathy in Kolar district of Karnataka, India

I understand that | remain free to withdraw from this study at any time giving a valid reason. | have accepted
to give 6ml of blood and 10mL of spot urine to the principal investigator or any person assigned for this
study.

The procedure and consequence has been explained to me in my own understandable language. | have read
and understood the purpose of this study and the confidential nature of the information that will be collected

and preserved throughout the study as explained to me in the patient information sheet. The information
collected will be used only for research.

I permit you to perform the tests as well as preserve the secondary sample for any future investigations.

I have taken the opportunity to ask questions/doubts regarding various aspects of this study and my
guestions have been answered by the Principal investigator to my satisfaction.

I the undersigned agree to participate in this study and authorize the collection of samples.

I also understand that there is no risk to my life from this study. Participation in this study does not involve
any financial burden.

1. Healthy volunteer’s name and signature / thumb impression Date:
2. Name and signature of witness Date:
3. Name and signature of interviewer/Investigator: Date:
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WRITTEN CONSENT FORM
(For Patients)

Sl.no:
Title of the study: Estimation of fluoride and sirtuinl in patients with diabetic nephropathy in Kolar district
of Karnataka, India

I do here by give my written consent for the study titled: Estimation of fluoride and sirtuinl in patients with
diabetic nephropathy in Kolar district of Karnataka, India

I understand that | remain free to withdraw from this study at any time giving a valid reason. | have accepted
to give 6ml of blood and 10mL of spot urine to the principal investigator or any person assigned for this
study.

The procedure and consequence has been explained to me in my own understandable language. | have read
and understood the purpose of this study and the confidential nature of the information that will be collected

and preserved throughout the study as explained to me in the patient information sheet. The information
collected will be used only for research.

I permit you to perform the tests as well as preserve the secondary sample for any future investigations.

I have taken the opportunity to ask questions/doubts regarding various aspects of this study and my
guestions have been answered by the Principal investigator to my satisfaction.

I the undersigned agree to participate in this study and authorize the collection of samples.

I also understand that there is no risk to my life from this study. Participation in this study does not involve
any financial burden.

1. Patient’s name and signature / thumb impression Date:
2. Name and signature of witness Date:
3. Name and signature of interviewer/Investigator: Date:
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NEW KNOWLEDGE
GENERATED



During renal damage fluoride excretion is hindered leading to increased serum fluoride and
complications as evinced from our study

Increase in sirtl acted as a protective molecule against fluoride damage

Increased CML and F acts as pro- oxidant restricting the effect of sirtuinl on cellular
damage causing further complication such as increased insulin resistance and decreased
insulin sensitivity

Fructosamine levels are dependent on serum albumin concentration and eventually the
serum albumin is decreased in DN and hence there is a fall in fructosamine concentration
in DN than in T2DM

HOMA- IR and QUICKI can act as better surrogate markers of insulin action in diagnosis
of diabetes

eGFR equation 2009 is a better indicator and serum Cystatin C is a better standalone marker
than creatinine in diagnosis of DN

CML decrease during increased sirtl indicating deacetylation of the protein supression
Correlation of insulin resistance and sensitivity with sirtl is an evidence for curative

property of sirtl in maintaining the metabolism linked with aging
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