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when exposed to amino acid mixture and glucose along with 100 nM

insulin '

Western blot analysis for the antibody against GLUT4 raised in goat
when exposed to amino acid mixture and glucose along with 100 nM

insulin
Uridine di phosphate glucose standard of 50, 100, 150 & 200 uM
detected at 9" minute as done by HPLC

Uridine di phosphate standard of 50, 100, 150 & 200 uM detected at 16"
minute as done by HPLC

Glycogen synthase activity measurement in terms of UDPG converting
to UDP as done by HPLC when exposed to normal 7 & 17 mM glucose
alone and glucose + 5 mM AAM

Glycogen synthase activity measurement in terms of UDPG converting
to UDP as done by HPLC when exposed to high 27 mM glucose alone
and 27 mM glucose + 5 mM AAM

Graphical representation of glycogen synthase activity measurement in
terms of UDPG converting to UDP as done by HPLC when exposed to
varying glucose alone and glucose with 5 mM AAM

ROS analysis by DCF fluorescence in CHO-K1

Nitric oxide analysis by griess method in CHO-K1 cells

SOD by enzyme kinetics analysis in CHO-K1 cell lysate

VEGF analysis by western blot in CHO-K1 cell lysate

Cell proliferation assay by propidium iodide stain by FACS analysis

Graphical representation cell cycle analysis of propidium iodide stain by
FACS analysis in CHO-K1 cells

Cell apoptosis study by annexin V stain by FACS analysis

R




S — R

6.6B

7.1

7.2

7.3
7.4

7.5

7.6
7.7

8.1

8.2A
8.2B
8.2C
8.3A
8.3B

8.4

8.5

8.6

8.7
8.8

8.9

8.10

8.11A
8.11B

8.12

Graphical representation of percentage of apoptotic phase by annexin V.
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Schematic representation of AMPkinase pathway translocating the
GLUT4 in adipose tissue

Human preadipocyte and the differentiated adipocytes under phase
contrast microscope and the oil red O stain of the same under bright field

Bar diagram showing the labeled 2-deoxy glucose uptake in adipocyte

Confocal imaging of the GLUT4 translocation for FITC labeled GLUT4
protein in adipocyte when exposed to 5 mM G

Confocal imaging of the GLUT4 translocation for FITC labeled GLUT4
protein in adipocyte when exposed to 33 mM G

RT-PCR for expression of GLUT4

Graphical representation of densitometer analysis of GLUT4 mRNA
normalized to GAPDH

Sprague dawley male rats under the study

Body weight before and after STZ injection for 8 weeks

Blood glucose level at 15 days for 8 weeks
HbA1c levels before diabetes induced and after 8 weeks

AGE standard fluorescence value graph prepared by BSA
Comparison of the effect of 0.01 M & 0.1 M Aminoguanidine and 0.1 M
lysine on AGE standard

Comparison of serum AGE concentration in control, diabetes,
aminoguanidine, SNAAM1 & SNAAM2

Comparison of lens AGE concentration control, diabetes,
aminoguanidine, SNAAM1 & SNAAM?2

Comparison of retina AGE concentration control, diabetes,
aminoguanidine, SNAAM1 & SNAAM2

The layers of rat retina stained by haematoxylin stained are marked

Immunohistochemistry of rat retina section showing CML-AGE in the
retinal layers

Immunohistochemistry of rat retina sectioned after formalin fixation
stained for IL-1

Immunohistochemistry of rat retina sectioned after formalin fixation was
stained for IL-2 antibody

Apoptotic cells as stained by TUNEL in the retina of SD rats

Positive and negative control of apoptotic cells as stained by TUNEL in
the retina of SD rats

Graphical representation of counted apoptotic cells in whole retina




ABBREVIATIONS

AAM Amino acids mixture

ACE Angiotensin-I converting enzyme

AFGP Alkyl formyl glycosyl pyrrole

AG Aminoguanidine

AGE Advanced glycation end-products

AGT Angiotensinogen

AGTRI Angiotensin II type 1 receptor

AKT Protein kinase B (Akt/PKB)

ALI Cross-links and arginine- lysine imidazole
ALX Alloxan

AMP Adenosine monophosphate

AMPK 5' Adenosine monophosphate-activated protein kinase
ANOVA Analysis of variance between groups.

aPKC Atypical protein kinase C

APS Ammonium per sulphate

AR2 Aldose reductase

ARVO Association for research in vision and ophthalmology
ATP Adenosine triphosphate-activated protein kinase
BCA Bicinchoninic acid;

BCAA Branched chain amino acids

BCKD Branched chain a ketoc acid

BD FACS Calibur four-color flow cytometry

BSA Bovine serum albumin

BUN Blood urea nitrogen

C2CI12 Mouse myoblast cell line

Ca2+ calcium

cAMP Cyclic adenosine monophosphate

CAP c-Cbl-associated protein

CAT Cytoplasmic catalase

Cbl Cannabinoid

CD

Cluster of difference




CHO Chinese hamster ovary

CHO-K1 Chinese hamster ovarian-K 1

CML Carboxymethyllysine

cOo2 Carbondioxide

CREB . cAMP response element-binding
CRKII Containing adapter protcin
CuSO,;5H,0 Copper(Il) sulfate pentahydrate
DAPI 4',6-diamidino-2-phenylindole
DCF Dichlorodihydo fluorescence diacetate (DCF) method
DCFDA 2', 7° Dichlorodihydrofluorescein Diacetate
DDC Di-ethly dithiocarbamate

DEPC Diethylpyrocarbonate

DM Diabetes mellitus

DMEM Dulbecco's modified eagle's m
DMO Diabetic macular oedema

DMSO Dimethyl sulfoxide

DR Diabetic retinopathy

DTNB Sodium dodecyl sulfate

dUTP 2’-Deoxyuridine, 5 -Triphosphate
EDTA Ethyl diamine tetra acetic acid
EGMT™.2 MV, Endothelial cell growth medium BulletKito-2
eNOS Endothelial nitric oxide synthase
ERC Endosomal recycling compartment
Fi-K, Nutrient mixture HAM 12

FACS Fluorescence-activated cell sorting
FBS Fetal bovine serum

FITC Fluorescein isothiocyanate

FS Forward scatter

G Glucose

Gé6P Glucose 6-phosphate

GAP GTPase-Activating Protein
GLUTI Glucose transporterl

GLUT3 Glucose transporter 3

GLUT4

Glucose transporter 4




GPx Glutathione peroxidase

GS Glycogen synthase

GSH Glutathione

GSK3 Glycogen synthase kinase 3
GSSG Glutathione disulfide (oxidized)
GSV GLUT4 storage vesicle

H20 Water

HbAIC Glycosylated hemoglobin A/¢
HCL Hydrochloric acid

HDL High density lipoprotein

HEPES 4-(2-hydroxycthyl)- 1-piperazinecthancsulfonic acid )
HGF High-fat diet

HPLC High performance liquid chromatography
HRP- Horse raddish peroxidase

IBMX 3-Isobutyl-1-methylxanthine
ICAM-1 Intercellular adhesion molecule- 1
IF Immunofluorescence

IGF- 1 Insulin-like growth factor 1

IgG Immune globulin G

IHC Immuohistochemistry

IKK IkB kinase

IL-1a Interleukin-la

IL-6 Interleukin- 6

iNOS Inducible nitric oxide synthase
IR IR -insulin receptor

IRAP Insulin-regulated amino peptidase
IRS IRS -insulin receptor substrate
IRS- 1 Insulin receptor substrate- |
IRTK Insulin receptor tyrosine kinase
JNK c-jun N-terminal Kinase

KATP ATP-sensitive K+
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LDL Low density lioprotein
LSS Liquid scintillation
MAP Mitogen-activated protein
MAPK Mitogen activated protein kinase
MCP Monocyte chemotactic protein
MEK Mitogen activated/extracellular signal regulated kinase
mg Microgram
mg Milligram
MgCl, Magnesium chloide
MNT Medical nutrition therapy
mPER Mammalian protein extraction reagent.
mPER Mammalian Protein Extraction Reagent,
MQ water Milli-Q-water
mTOR Mammalian target of rapamycin

3-(4,5-dimethylthiazol-2-yl) 2,5diphenyl
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NOS2 Nitric oxide synthase 2
NOS2A Nitric oxide synthase 2 (inducible)
NOS3 Nitric oxide synthase 2
NPDR Non-proliferative diabetic retinopathy
PAGE Polyacrylamide Gel electrophoresis
PBM Preadipocyte basal medium
PDK 1 Plasma membrane by activating kinases




PDR Proliferative Diabetic Retinopathy
PH Pleckstrin homology
PHLPP PH domain Leucine-rich repeat protein phosphatase
Pl Propidium iodide
PI3K Phosphatidylinositol-3-OH-kinase
PI3K Phosphoinositol 3 kinase
PIP2 Phosphatidylinositol 4,5-bisphosphate
PIP3 Phosphatidylinositol(3,4,5) phosphate
PKB Protein kinase B
PKC Protein kinase C
PM Plasma membrane
PMSF Phenylmethanesulfonylfluoride
PMT Photomultiplier tube
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POPOP 1,4-Bis(5-phenyloxazol-2-yl)benzene
PPAR Peroxisome proliferator-activated receptor g
PPO 2,5-diphenyl- oxazole
PRMT]I Protein arginine N-methyltransferase 1
PS Phosphatidylserin
PTB Protein tyrosine binding
Phosphatase and tensin homologue deleted on
PTEN chromosome 10
RAGE Receptor for advanced glycation end products
RIPA Radio immune precipitate assay
ROS Reactive oxygen species
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RP-HPLC Reverse phase high performance liquid chromatography
RPM Revolutions per minute
RT-PCR. Reversc transcription polymerase chain reaction
SAPK Stress-activated protein kinase
SC Specialized compartment
SD Sprague dawely
SDS Sodium dodecy]l sulfate
SDS Sodium dodecyl sulphate




ABSTRACT

Type 2 diabetes mellitus (T2DM) is a heterogeneous group of disorders characterized by variable
degrees of impaired insulin secretion, insulin resistance and decreased glucose uptake. The
worldwide prevalence of DM has risen dramatically over the past two decades. Oral glucose
lowering drugs lose their effectiveness in a significant percentage of patients. Alternative or
combinational therapy along with standard therapies can prove to be beneficial. Amino acids
(AA) are considered to be beneficial to people with type 2 diabetes by scavenging the excess
glucose in the blood (anti-glycating) or by stimulating the pancreas for insulin secretion
(secretogogue) or by up-regulation of the insulin receptor system (insulin sensitizer). However
there are controversies over the role of amino acids in the disease as some studies relate it to
predictive diagnostics or the disease process of T2DM. Therefore more studies are warranted to
understand the mechanism of AA in relation to hyperglycemia. The present study explores if
amino acids as mixtures can enhance glucose uptake in CHO-K1 and adipocyte cells under high
glucose conditions. Glucose of 7 mM in CHO-K1 and 5 mM in adipocyte cells are considered as
normal glucose. A concentration of 12, 17, 27 mM is considered as high glucose in CHO-K1
while it is 33 mM in adipocytes cells. While the mechanistic studies were done in the CHO-K 1
cells, the glucose uptake was further evaluated in the human cell line namely adipocytes. Amino
acids mixture (AAM) of 2.5, 5, 10 and 20 mM were evaluated and experiments showed that 5
mM to be optimal. The mixture was constituted based on the previous experimental data in the
laboratory as well as based on literature. AAM were observed to be non-cytotoxic as up to 20
mM under a high glucose of 27 mM as studied by MTT and trypan blue tests. The AAM of
5 mM increased the 2-deoxyglucose (2DG) uptake at all glucose concentration significantly in
CHO-K1 cells. There was also a significant increase in the GLUT4 (glucose transporter)
translocation as revealed by flow cytometer in CHO-K1 cells. The AA mixture showed a
synergistic effect with insulin and presence of AA alone in the absence of insulin did not
promote GLUT 4 translocation. Amino acids, thus increases the glucose (G) uptake under high
glucose conditions. The present study explores further, in elucidating the signaling pathway
involved in the glucose uptake, in CHO-K1 cells. The addition of 5 and 20 mM AAM increased
the IRTK and PI3K activity significantly with increase in glucose concentration (ANOVA
p=0.025, p=0.003 respectively). Addition of 5 mM AAM in the presence of normal glucose



significantly increased the levels of phosphorylated Akt Ser473 (p=0.02) with no significant
change at high glucose. At 20 mM AAM there was a significant decrease in Akt phosphorylation
(p=0.035) associated with high glucosc concentration showing that the addition of AAM to high
glucose exposed cells and does not warrant cell survival signaling unlike the cells exposed to
high glucose alone without AAM where the AKT expression was high. In order to substantiate
this, apoptosis was evaluated under same conditions. High glucose was found to increase the
number of apoptotic cells while addition of 5 mM AAM decreased the same significantly as
evaluated by FACS analysis using annexin V staining (p<0.05). Since AAM addition in high
glucose is not associated with Akt expression, the increased glut 4 translocation and therefore the
glucose uptake is inferred to be independent of Akt pathway. AAM (5 mM) increased the
glycogen synthase activity at all concentrations of glucose (p<0.05) further showing that there is

increased glucose uptake as well as utilization.

| In order to associate the specific amino acid in the mixture to the increase in glucose uptake, the
effect of the same on glucose uptake was studied. Labeled free AA was used to study the AA
uptake. AA transport was observed to be influenced by the insulin, presence of the other AA and
glucose. With basic amino acids, lysine entry was more than arginine, among branched
isoleucine was more than leucine and among acidic glutamic acid was more than aspartic acid as
common transporters function for similarly charged amino acids. Glucose uptake was increased
with the addition of not only AAM but also free amino acids namely glutamic acid, isoleucine,
lysine, alanine and arginine significantly in CHO-KI1 cells and the effects vary with the
concentration of free AA and the level of glucose. However AAM, irrespective of the levels of
high glucose showed significant uptake. It is inferred that AAM is preferable over that of any
single free AA as it can derange the metabolism apart from uptake of other amino acids in cells.
Evaluation of glucose uptake by free and AAM in adipocytes also revealed increase in uptake of
which lysine showed statistical significance (p=0.05) when compared to high glucose alone. At
33 mM high glucose, the free amino acids as well as mixture form was observed to promote the
translocation of GLUT4 in the high glucose concentration as seen by the fluorescence stain for

GLUT4 protein. Enhancement of the expression of GLUT4 is beneficial in the context of insulin

resistance.




Jncontrolled hyperglycemia for longer durations results in diabetic complication such as
liabetic retinopathy (DR). Hyperglycemia induced ROS generation is one of the major
nechanism of development of DR which is characterized by neovascularization attributed to
ncreased VEGF. Increased ROS generation under high glucose conditions was observed in
"HO cells as reported (p<0.05). Addition of AAM significantly reduced the ROS levels in high
lucose (p<0.05). Free AAs also showed lowering of the ROS which varied with the type of AA
oncentration and with the glucose concentration. Addition of AAM, rather than free form
hows significant (p<0.05) decrease of NO levels which could be beneficial in decreasing
/EGF. Lysine showed significant increase in NO levels (2 fold), which could be beneficial
actor for vasodilation. In order to see if the increase in ROS/ NOS is associated with the changes
1 SOD activity, the cellular SOD activity was estimated under high glucose condition. With 17
M glucose there was an increase with 2 fold while in 27 mM glucose there was a 30 %
ecrease compare to normal glucose. Addition of AAM showed a fall in SOD activity with
:spect to glucose (7mM p=0.01, 17 mM G p=0.006, 27 mM G p= 0.009). Thus there is a net
xidative stress under high glucose condition with increase in ROS & NO associated with
icrease in SOD which is now reversed in the presence of AA and the anti-oxidant potential of
A is implied. Addition of AAM showed significant decrease in the levels of VEGF at all
ncentration of glucose (7 mM G: p=0.004, 17 mM G: p=0.037 & 27 mM G: p=0.004).
ddition of free AA to 17 mM glucose, alanine, leucine, isoleucine showed significant fall
»<0.05) and addition of alanine, leucine, isoleucine showed significant fall (»p<0.05). Addition
" arginine & lysine showed fall in VEGF when added to 27 mM G (p=0.0!). The study in the
HO-K1 cells also hinted on the possible anti-angiogenic effect of AAM as seen by decrease in
EGF with increase in glucose. The effects of amino acids in ameliorating the retinal changes in
IZ induced diabetic retinopathy rat model were studied. High glucose condition causes
ycation of proteins, forming advanced glycation end products (AGE). AGEs relate to their
teraction with a variety of cell-surface receptors, leading to cellular pro-oxidant and pro-
flammatory events. Based on the previous in vitro studies on the anti-glycating property of AA,
is study was extended to animal model. After diabetic induction the diabetic group showed an
crease in glucose level with a mean level of 511 + 60 mg/dl and HBA1C of 7.8 % compared to

e control of 84 + 20 mg/dl with a HBA1C level of 5.1 % as seen at the end of 8 weeks. In the

pplemented groups, AAM1 showed the lowest blood sugar level (392 + 151 mg/dl, 30 % fall)



vith HbAlc of 7.1 %. In addition the retinal homegenate was analysed for the molecular
hanges such as in AGE, eNOS, NO, cytokines and ICAM that are characteristic of diabetic
etinopathy. A significant increase in AGE level were observed when as expected in diabetes in
erum (p<0.03). lens and retina (p<0.001). A significant fall in AGE levels in the treated group
f composition AAMI in serum (p=0.008), lens (p<0.01) and retina (p<0.05) was observed.
diabetic group shows a strong overall positivity for CML-AGE, IL-1p, IL-2 while the treated
roup AAMI and AAM2 was found to be comparable to that of the untreated control thereby
howing AAM are potential anti-glycating agents and are also anti-inflammatory in nature. A
ignificant increase in eNOS/NO was observed in the retinal homogenate of the diabetic rat when
ompared to the controls (p<0.01) whereas in the treated groups namely AAMI a significant fall
1 the eNOS / NO levels were observed when compared to diabetic group (p<0.05). Increase in
ICAM was observed in the untreated STZ induced diabetic rat when compared to the control
gnificantly (p<0.05). The treated groups with AAM1 showed a significant fall in the sSICAM
vels when compared to diabetic group (50 % decrease), thus indicating that AAM can prevent
ascular permeability changes in the retina which is again characteristic of DR. Apoptotic cell
:ath of retinal neurons is reported in DR. The number of TUNEL" cells shows significant
crease in diabetic retina compared to control (p<0.01) and decrease in AAMI (p< 0.01; 70 %
1), AAM2 (p< 0.05). Thus the study indicates that among the two compositions, AAM1 seems
' be more effective as anti-diabetic (Blood glucose, HbA Ic lowering), anti-glycating (decreased
GE), anti-oxidant (NO lowering), anti-inflammatory (decreased cytokines), preventing vascular

:rmeability (decreased ICAM) and anti-apoptotic (reduced TUNEL positivity).

s amino acids are non-toxic and physiological, based on the above results, preclinical studies in
iman subjects with T2DM can be done to evaluate the anti-diabetic property of amino acids

ixture.
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1.1.1 The global burden of diabetes
In 1998 prevalence of diabetes in adults worldwide

% by 2025 (King, Aubert et al. 1998).

Diabetes is increasing at an alarming rate.
04, and was predicted to rise to 5.4
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Later the world prevalence of diabetes
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1.1.2 Prevention and treatment

I'xercise and diet apart from oral hypoglycemic agents are the effective means of improving

elucose homeostasis in T2 DM. A consensus panel felt that metformin should be the only drug

considered (Nathan, Davidson et al. 2007). For other drugs. the issues of cost, side effects, and

lack of persistent effect led the panel not to recommend their use for diabetes prevention. As an
alternative approach. medicinal herbs with antihyperglycemic activities are increasingly

promoted by health care professionals and also sought by the Diabetics (American diabetes

association 2010). The care of patients with T2DM has been profoundly shaped by the results of

the United Kingdom Prospective Diabetes Study (UKPDS) study confirmed the importance of

slvcemic control in reducing the risk (by 25 %) for microvascular complications.

1.1.3 Pharmacological Treatment and Limitations
1.1.3.1 Oral Glucose-Lowering Drugs

In the United States, five classes of oral agents are approved for the treatment of type 2 diabetes.

The drug categories include sulfonylureas, biguanides, alpha-glucosidase inhibitors,

thiazolidinediones, and meglitinides. Although initial responses may be good, oral hypoglycemic

drugs may lose their effectiveness in a significant percentage of patients (DeFronzo 1999)

Kelly,1995: UKPDS 1998) (Table 1.1).




Table 1.1: Limitations of current drug therapies.

Drugs

Effects

Limitations

Sulfonylureas

Enhances insulin secretion

Weight gain due to
hyperinsulinemia

Biguanides
(Mectformin)

» Inhibition of hepatic glucose production and
increase of muscle glucose uptake.

» Reduces plasma triglyceride and LDL-
cholesterol levels.

Weakness, fatigue,
shortness of breath,
nausea, dizziness,
lactic acidosis, and
kidney toxicity.

Alpha-glucosidase
inhibitors
(Acarbose)

Decreases postprandial glucose leve.ls by
interfering with carbohydrate digestlon and
delaying gastrointestinal absorption of glucose.

Gas, bloating, and
diarrhea.

Thiazolidinediones
(Troglitazone,
Rosiglitazone and

> Improving insulin sensitivity in muscle.
> Decrease plasma triglyceride levels.

Liver toxicity

Pioglitazone : .

MeZlitinides) Insulin secretion Welgh.t gain,

(Repaglinide) g?lStrOmtestmal
disturbances, and
hypoglycemia.

| Fsulin > Increases glucose uptakf?. o Weight gain .and
5 Inhibits breakdown of triglycerides in hypoglycemia,

atherogenesis.

adipose. o
5 Inhibits gluconeogenesis 1n liver.

1.1.3.2 Conventional Approach to Diet Therapy

A typical conventional approa

25-35 % fat, and 10-20 % protei
Graber et al. 1997).

1.1.3.3 Alternative Approaches

Alternative treatments for diabetes have become 1n

nutritional supplementation, acupuncture, partlcularly

similar degree of effic

acy without side effects.

ch would recommend a diet composed of 60-65 % carbohydrate,

n. with limited or no alcohol consumption (Schlichtmann,

creasingly popular including medicinal herbs,

in India. Ideal therapies should have a




Medicinal Herbs: Many conventional drugs have been derived from prototypic molecules in

medicinal plants. Metformin development was based on the use of Galega officinalis (Grover,
Yadav et al. 2002) rich in guanidine, the hypoglycemic component. The root of ginseng slows
the digestion of food, decreasing the rate of carbohydrate absorption into portal hepatic
circulation. Ginseng may affect glucose transport, which is mediated by nitric oxide (NO) (Roy,
Perreault et al. 1998) and it may modulate NO-mediated insulin secretion. The most commonly
reported side cffects of ginseng are nervousness and excitation (Yuan, Wu et al. 1998). Other
anti-diabetic beneficial herbs includes Momordica charantia (Bitter Melon), Trigonella foenum

graecum (Fenugreek), Gymnema sylvestre (Gurmar), Allium cepa (onions), Allium sativum

(garlic), Vaccinium myrtillus (Bilberry) and Aloe vera, though there are many more (Dey, Attele

et al. 2002).

Nutrients Supplementation: The treatment of diabetes requires nutritional supplementation, as

these patients have a greatly increased need for many nutrients. Supplying the diabetic with

additional key nutrients has been shown to im
or ameliorate many major complications of diabetes (Table 1.2). Diet control may result in the

prove blood sugar control as well as help prevent

restriction of these micronutirients. Therefore supplements can be important. However,

currently, there are no large convincing studies that prove the benefit of specific micronutrients

in the management of diabetes (2007) (American Diabetes Association).
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1.2 INSULIN SIGNALING CASCADE
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packed into secrctory vesicles. The proteolytic removal of signal sequence and formation of 3

disulfide bonds results in the formation of smaller molecule (proinsulin, 9000 Da composed of

84 amino acids residues. Proinsulin contains a- and B- chains linked by a connecting sequence

(C-peptide) composed of 33 amino acids residues.
When elevated blood sugar triggers insulin secretion, proinsulin is instantly processed in the

Golgi complex to remove C-peptide with the help of specific peptidase. Enzymatic removal of

C-peptide leads to biologically active insulin with a- B held together by 2 interchain disulphide

bond (Ashcroft,1990).

1.2.1.1 Control of insulin secretion

The B-cells of pancreas responds to three classes of physiological stimulants- metabolites,

hormones and neurotransmitters. Initiation of secretion by glucose involves the metabolism of

the glucose and a rise in (Ca*") via inhibition of K-ATP channels. Activation of Calmodulin-
dependent protein kinase leads to phosphorylation of key components of the release system and
exocytotic release of insulin. In addition, in response to hormones and “Neurotransmitters, the
classical second messenger systemsS involving inositol phospholipid turn over and adenine
cyclase activation generates signals for initiator pathway. Insulin release can be elicited when
e increased by depolarization with extra cellular K* (Fig 1.1)

Intra cellular calcium levels ar

(Ashcroft, 1990).
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1.2.2 Insulin receptor tyrosine kinase

F]‘hC in\l 1 S PeTE - 4 A B .
sulin receptor is expressed 1n almost all mammalian tissues although the number of
receptors per ce rariec fr ; T B
ptors per cell varies from tissue to ussuc. 'hey are most abundant on the insulin sensiti
ve

tissues adipose. muscle. and liver (Kahn, Baird et al. 1981; Cheatham and Kahn 1995). Tl
€ ¢ . The

insulin receptor consists of  two a-subunits and two [-subunits linked through disulfid
g ulfide

bonds to form a heterotetramer (Fig 1.2). The a-subunits, which are located entirel
€ rely

extracellularly. contain the ligand or insulin binding domain while the p-subunits contai
& 5 ain a

tyrosine kinase domain. The p-subunit is composed of a short extracellular domain, a 23
s £

amino acid transmembrane domain, and an intracellular domain which has an ATP binding sit
ite

and tyrosine kinase activity. Insulin binding causes the autophosphorylation of the insulin

receptor. The autophosphorylalion occurs on seven possible tyrosine residues. Three of these

= 1158 1162 ¢ e 153 . .
residues, Tyr' °°. Tyr 2 and Tyr''®, comprise the kinase regulatory domain which upon

phosphorylation. are responsible for further activation of the tyrosine kinase activity of tl
: e

insulin receptor. There arc at least four other possible tyrosines (two in the juxtamembrane

region and two at the C-terminal) which may play important roles upon their phosphorylation
(Cheatham and Kahn 1995). The importance of the C-terminal phosphotyrosines lies in their
ability to act as binding or docking sites for several src homology 2 (SH2) domain
Berhanu et al. 2007). Tyr972
important role in insulin stimulated glucose transport

Containing proteins (Sattar, within the juxta membrane region is
the phosphotyrosine which plays an
1988). The insulin recepto
hosphorylation of these residues may decrease or

(White, Livingston et al. r is also known to contain many sites of

ation and P

serine and threonine phosphOl'}’]
ase (IRTK) activity (Shao, Catalano et al. 2000; Kido

inhibit the insulin receptor tyrosine kin

Nakae et al. 2001).
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1.2.3 Insulin Receptor Substrate

Immedi: /
ately downstree ’ ! i
A nstream ol the insulin l‘CCCptOI' lies a pI'OICin termed tl 1 li
_— | . ” ; 1¢ Insulin receptor
b dalc (IRS) (l ederson. Kramer et al. _00]). IRS-1, a pI‘OtCiﬂ of i )I |
b f ﬂl)Pl'OXln]ﬂlely 185kDa
108 Y as I 1 . I c
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Fig 1.3: Insulin Receptor Substrate and PI3 Kinase

1.2.4 Phosphoinositidc 3-kinase

Phosphoinositide 3-kinase (PI3K) which is downstream of IRS is made of two different subunits,

the p85 adaptor or regulatory subunit and the pl10 catalytic subunit (Hirsch, Costa et al.

2007). The p85 subunit is know
ther the IRS-1, IRS-2, or growth factor receptors (Holman and

n to contain two SH2 domains which allow it to associate

with phosphotyrosines on €l

Kasuga 1997). In addition to its primary ability to phosphorylate phosphoinositides, the p110

catalytic subunit is known to have serine kinase activity towards the p85 subunit and IRS-1

. v feedback mechanism to control the association
which may serve as an autoregulatory ¢ ‘

between these two proteins and possibly to regulate the catalytic activity of the p85/pl10

complex (Dhand, Hiles et al. 1994). Activation of PI3-kinase begins with the tyrosine

phosphorylation of the receptor or IRS-1. Phosphorylation of either of these molecules on a
tyrosi ithin the specific YXXM motif facilitates the association between these
sine  within

phosphotyrosines and the two SH2 domains of
recruitment ol the p85 subunit to the phosphotyrosines then leads to

the p85 subunit (Fu, Aronoff-Spencer et al.

2003). This association or | ' &
activation of cellular P13-kinase activity through an increase n the catalytic activity of the p110

he PI3-kinase comple
13-kinase activity results in a transient increase in the

_ i x in close proximity to membranes, and therefore
subunit and by moving t

o its substrate. Stimulation of cellular P

intracellular levels of PIP3 (Hirsch. Costa ct al. 2007).

Four diff | of PI3K are expressed in mammalian cells; depending on their

i different classes

Mechanj f activation, they can be divided into two subtypes: class IA PI3K (PI3K o,f3,0) are
i1sms of acti 5
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a vate a1 .
ctivated mainly by membrane-bound tyrosine kinase receptor. All class of PI3K phosphoryl
€ orylate

PIP2 to N .
produce PIP3, a secondary messenger membrane lipid that functions as a docking sit
g site to

a large number of proteins containing the pleckstrin homology (PH) domain. Class I PI3K
: exert

thei o - : - :
ir large number of biological functions because of their ability to function as docking sites f
<ing sites for

proteins that contain the pleckstrin homology (PH) domain (Lemmon, Ferguson et al. 1996)
’ & ; .

Such PH domains are found in Akt, that specifically bind PIP3.

1.2.5 Protein kinase B (AKkt)

The protein kinase B (PKB) belongs to AGC kinase (cAMP-dependent, cGMP-dependent and
4 - an

protein kinase C) family and is involved in innumerable cellular signaling circuits. PKB, al
= L] SO

known as Akt, regulates cell survival, proliferation and cell growth and is deregulated in m
any

cancers (Fayard, Tintignac et al. 2005). Akt plays a central role in regulation of metabolism, cell

survival, motility, transcription and cell-cycle progression. It comprises three mammali
alian

isoforms, PKBa, PKBB and PKBy (Aktl, Akt2 and Akt3, respectively). The main function of

AKT is to catalyze the phosphorylation of serine and threonine residues at conse
nsus

phosphorylation sites in target (Scheid and Woodgett 2001; Hanada, Feng et al. 2004) (Fig 1.4)

PEKBa/Actl

PKBp/Ac12

PKBy/Act3

Fig 1.4: Domain structure of human Akt/PKB isoforms
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T'he biologi
logic cts (t activati
gic effects of Akt activation arc mediated by the functional
) al consequences of

Phos i
hosphorylation and activation of Akt/PKB.

OI]CC P[ -Ki i ) P ) - c P
T PIPJ IPJ lCVCl 3 1
B S are tlﬂ,ht]y

regulated by the acti i
y the action of phosphatases such as PTEN, which removes phospl W
’ sphate (Wymann

Z\’Clcb' > o) - .
il et al. 2003). PIP3 recruits Akt/PKB to the plasma membrane (Fig 5). Onc

o ‘ g o). e recruited to
PKB is activated by phosphorylation (Simpson and Parsons 2001)

Alll ¥ N 2 =
1ugh phosphorylallon at T308 parlially activates Akt/PKB full activatio f PKB
. ‘ | > n o Aktj
quires phosphorylatmn on a second site (S473 in PKBa/Aktl) located in the regul
g > regulatory tail.

Ph 2 -
osphorylation of Ser473 is the key step in tl

the pl;
he plasma membrane,

1e activation of PKB because it stabilizes the active

confo i i C
rmation state (Alessl, Caudwell et al. 1996). Once activated at the plasma b
membrane,

h -
phosphorylated PKB translocates to the cytosol or the nu

1.
2.5.1 Downstream effectors of Akt

cleus (Yang, Cron et al. 2002).

Acti i [
ivated PKB/Akt, phosphorylate a wide variety of cellular signaling molecules

growth, cell cyc
_ NF-kB, forkhead/AFX, CREBand p53

rele : .
vant for the regulation of cell le and cell proliferation, metabolism (Fig 1
’ ig 1.5).

* Transcription factors
_ Bad and caspase 9.

s Mediators of apoptosis
-p21, p27, mTOR and cyclin D1.

*  Cell cycle regulators

Growlih factors.
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1.2.5.2 Akt in glucose metabolism
Akt/PKB regulates severa p
cgulates several levels of glucose metabolism (Fig 1.6). It enhan lu
.0). ances glucose uptake i
1g the glucose transporters GLUTI1, GLUT3, and GLUT |
) s < 4.

insulin-responsive tissues by affectir
Akt/PKB induces the '
induces the expression of GLUTland GLUT3 and the translocati fG
ation of GLUT4 to the

plasma membr: '
rane ¢ & .
ne. It activates glycogen synthesis through the inactivation of GSK
3, which 1n

turn leads to activati
ds to activation of glycogen synthase (Kandel and Hay 1999)

2 constitutive ive 1
. ely active by membrane targeting mimics insulin in eliciti
I . | iciting GL
N n and high levels of glucose transport in the absence of horm A X -
t Substrate 1 i ' e ABIO, @ nove
in adipocytes contains phosphorylation sites that are regulated i |
in response to

mnsulin :
in in a PI 3-kinase-dependent mechanism (Sakamoto and Holman 2008)

Fig 1.6: Akt/PKB effects glucose metabolism via inhibition of GSK3
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2.6 Glucose Transporters
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Cre
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gradi .
adient (Wright, Hirayama €t al. 2007).
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1.2.6.1 GLUT and its isoforms
The GLUTs are intrinsic membrane proteins which differ in tissue-specific expression and

e to metabolic and hormonal regulation. Isoforms of 13 GLUT have been identified. At

the best characterized member of this family are the class-I glucose transporters (GLUT

1-4) differ in their tissue expression, substrate specificity and kinetic characteristics (Table 1.3).

Glut] — mediates glucose transport into red cells, endothelial cell of blood barrier tissue,

colon, kidney. placenta, adipose tissue, etc.

*  Glut2 - provides glucose to liver, kidney, intestine and pancreatic cells, has relatively low

affinity for glucose.

% Glut3 — expressed during fetal development, adult neurons, brain, placenta and kidney

and has highest affinity for glucose.

“* Glut4 — expressed in brown and white fat,

skeletal and cardiac muscle and other insulin

sensitive cells.

< GLUTS - small intestine and spermatozoa.

and its tissue distribution.

Table 1.3: Various isoforms of GLUT
[ Name Tissue location Km Role
-?UT] 1l mammalian 1 mM Basal glucose uptake
tissues
— - : 5.20 mM In pancreas — regulation of
GLUT2 Liver and pancreatic : insulin.
B cells In liver — removes excess
glucose from blood.
— Basal gluc take
- 1 mM glucose up
GLUT3 All mammalian
tissues
— Ft_c-::ll-s_—— 5 mM Amount in pluscle plasma
GLUT4 Muscle and fa membrane increases with
endurance training.
~—— - | _ Primarily a fructose
GLUTS Small intestine transporter
\ /




1.2.6. ans i
.2 Translocation of GLUT4 to plasma membrane

Only GLUT
y GLUT-4 has been fi ! i
cen found to be regulated by insulin. In the absence of insuli
nsulin almost all

GLUT-4 is f
UT-4 is found 1 > cytoplasmic .
in the cytoplasmic vesicular pool. Insulin induces a rapid
a rapid increases i
s in

Il'Ell'lSlOCElli G F
()l] ()I ( =% { “ .
JI,LJI —1(10 f()ld) 1[01]'1 lh‘ Il’lll'ﬂCC“lllﬂl' \’CSiCLll'll' I t th l
I]-

which res -
sults in a 20-30 fold increase i .
] in a 20-30 fold increase in the rate of glucose uptake (Martin, 1
the abs : - artin, Lee et al. 20
sence of insuli T ITTA te rani .. X al. 2006). In

nsulin GLUT4 is rapidly eliminated from the plasma memt
recycles : lasma membrane to which i
> onlv slowly. sequesteri vhich it
y slowly. sequestering greater than 90% of GLUT4 in the intracel
> intracellular vesi

esicle

membrane.

Atter
wated GILLUT4 translocati
GLUT4 translocation and glucose uptake by muscle and fat cells followi
s ollowing insuli
iBH TEBrEse : ect in i i i : 5
n represent a prime defect in insulin resistance. Targeted disrupti f
ion of GLUT4
sult in insulin resistance and glucose |
se intolerance, d i
. demonstrating th
S g that

lectively in muscle re
(JIJUT4 5
l mediated glucose transport in muscle is essential to the maintena £
Omeostasis (Zis ) ance of glucose
asis (Zisman, Peroni et al. 2000). All of the intracellular GLUT4 of |
yeles to the plasma membrane within 6 hours. GLUT4 molecules from the plas
asma membrane

ster,2001). GLUT4 ¢
half of intracellular GLUTH4 is located in the ‘GLUT4

Compart) 1
nent 2 F (F 4 '
0 min later (Fo ycles between the intracellular compartments

and

the plasma membrane. Approximately
) or ‘GLUT4 storage vesicle
ans-Golgi network (TGN). Insulin-regulated

speciali
Pecialized compartment” (SC " (GSV), which i
. which is segregated from the

artment (ERC) and the tr

tndocytj .
¢ recycling comp
) Glucose transporters “stored” withi
within cell ir
1

tXocytosis pathway of GLUT4 is divided into (1
Membrane vesicles. (2) When insuli acts with its receplor, vesicles move to surface and
increasing th g
vels drops, glucose 1
and (4) The vesicles dock and fuse with the

n inter
e number of glucose transporters in the plas
dasma

fuse wi
e
with the plasma membranc,
ansporters are removed from plasm
a

Memby:

rane. (3) When insulin le

Membyr :
rane by endocytosis. forming small vesicles

xocylosis. (5) The
lucose transporters bu
ise again. Each step of the GLUT4 traffic m

ay

smaller vesicles fuse with larger endoson
ne.

Plasm
a membrane and ready for ¢
d off to become small vesicles

Pate
hes of the endosome enriched for g

hen insulin levels

als (Ishikura, K oshkina et al. 2008) (Fig 1.7).

Iead
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1.2.6.3 Various signals for GLUT-4 activation by the insulin

PI3K dependent GLUT4 traffic - |
Class IA PI 3- kinases play a inOtal role in the translocationof GLUT4"C01‘1taln1ng vesicles from

e plasma membrane by activating kinases PDK1, PKB (Akt) and

endosomal compartments to th
rms PKC-A and PKC-{ (Liu, Yang et al. 2007) (Fig 1.8).

atypical protein kinase C (aPKC) fo

Amino acid

Insulin + AAM

n to plasma membrane.

Fig 1.8: Various signals for GLUT4 translocatio
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Pl:)l\mnsc independent pathway |
GLUT4 traffic is also ‘:r ated wvia PI3kG
tyrosine phosphorylat )rL:.l;l{llL‘d \.m PI3kinase independent pathway. Insulin stimul
0 complex with - .L ’( 1 of c-Cbl in the metabolically responsive cells. C-Cbl is r L_l E.“CS
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e / [
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2004).
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continues to transport H™ ions until equilibrium has reached at greater vesicular

osmolarity owing to accumulation of K"~ The increase in the intra-vesicular osmolarity

activity would provide a driving force for influx of water into the GSV, thereby causing it

to swell promoting exocytic fusion of GSV with the plasma membrane (Choi, Park et al.

2007).

1.2.7 Glycogen synthase
Insulin stimulates the storage of glucose as glycogen in muscle and adipose tissue through the

coordinate increase in glucose uptake and modulation of glycogen metabolizing enzymes. Insulin

stimulates glycogen synthase activity by promoting its net dephosphorylation, through

phosphatase activation and kinase inhibition. This action of insulin is facilitated by the

stimulation of glucose uptake, because the resulting increase in glucose 6 phosphate leads to the
allosteric activation of glycogen synthase and increased susceptibility to dephosphorylation and

activation of glycogen synthase, which incorporates UDP-glucose into glycogen chains (Brady

2003; Dixon, Nolan et al. 2003; Frojdo. Vidal et al. 2009) (Fig 1.9).

Insulin insulin

~ Plasma
membrane

VUL W ORI W WU S G S W L PV, W |

Fig 1.9: Glycogen synthase

activation through
inactivation of GSK-
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1.3 AMINO ACIDS
Amino acids are the basic structural building units of proteins containing both amine and

carboxyl functional groups. Twenty amino acids are encoded by the standard genetic code and

are called proteinogenic or standard amino acids. Of the 20 standard proteinogenic amino acids,

the essential amino acids and non-essential amino acids are listed in table 1.4. Post-translational
modifications are often essential for the function or regulation of a protein. The twenty standard
amino acids are either used to synthesize proteins and other biomolecules, or oxidized to urea
and carbon dioxide. The oxidation pathway starts with the removal of the amino group by a
transaminase. the amino group is then fed into the urea cycle. The other product of
transamidation is a keto acid that enters the citric acid cycle (Brosnan 2000). Glucogenic amino
inine. etc.. can also be converted into glucose, through

acids namely alanine, aspartic acid, arg

eluconeogenesis (Young and Ajami 2001).
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Essential Non-essential
[soleucine Alanine
[eucine Asparagine
Lysine Aspartate
Methionine Cysteine
Phenylalanine Glutamate
Threonine Glutamine
/\\ [ Tryptophan Glycine
\o Valine Proline
9: Arginine™ Serine
Histidine™ Tyrosine
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.1 Amino acids in metabolism
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genic,
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ng rise only to acetylCoA of her of which can bring about net glucose

Production.
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(] |
d tyrosine,
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d carbon skeleton 15 used for energy production, with the result
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Amino acids are reported to be beneficial in T2DM by three mechanisms as follows:

Stimulating the pancreas for insulin secretion (Dixon, Nolan et al. 2003)
Scavenging the excess glucose 1n the blood by acting as preferred substrates for glycation
cither at the primary amino group or at the side chain as in lysine (Ramakrishnan and

Sulochana 1993: Ramakrishnan, Sulochana et al. 1996; Ramakrishnan. Sulochana et al.

1997).

Up-regulation of the insulin receptor t
reported 1o be beneficial as anti-cataract, anti-glycating, anti-diabetic

yrosine kinase (Sulochana, Rajesh et al. 2001).

Amino acids are

(Table 1.5).
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able 1.5: Studies indicating amino acids to be beneficial in diabetes both in vitro and in

vivo,

Amino acids

Fffect

Mechanism

Cell type

Reference

Lysine

Anti-cataract

Anti-glycating

n Vitro

(Ramakrishnan and
Sulochana 1993)

e ———

alanine, aspartic
dCFd, or glutamic
acid

Anti-glycating

reduce the
glycation

[Human lens, in
Vilro

(Ramakrishnan,
Sulochana et al. 1996)

=Ll
(J]__vcmc. Aspartic
acid, Alanine and

reduce the
glycation by

Human lens, in
vitro

(Ramakrishnan,
Sulochana et al. 1997)

Free amino acids

Anti-diabetic

Aming acids
mIXiurc

Insulin signal
molecule

—

Amino acids

Mixture Anti-glycation
P oo
Mino acid
Mixture 1 Glucose uptake
B
Alan; _
fanine [nsulin secretion

I

A'_nino acid
Xture
Al.nin() acid
1)(tlll‘e 4

Mino aejq
NXtyre

Amy; -
}?rmlno acids -

~ixture

Insulin secretion

R

Glucose disposal

Insulin signaling

molecule

Gluctamic acid Anti-glycating mitigating
— galactose
-ysine, amino aci : (Sulochana, Puni
FllIC, cid . . na, Punitham et
Mixture Anti-cataract Anti-glycating Rat lens al. 1998)
.‘-_-_-_-_-_; .
] owering blood DM (Sulochana, Lakshmi et

al. 2002)

sugar

IRTK, PI3K

Human monocytes

(Srinivasan, Rajesh et al.
2001)

Cytoskeleton actin

Human
mononuclear cells

(Sulochana, Indra et al.
2001)

GLUT4

Adipocyte &
CHO-K1 cells

(Bogan, McKee et al.
2001)

Metabolic
stimulus secretion

coupling factors
such as L-

glutamate.
[nsulin response

[ e

[nsulin secretion

I———
AS160, Glycogen
synthase __——

Rodent islet

(Dixon, Nolan et al.
2003)

’ (van Loon, Kruij

. Jshoo
I2DM et al. 2003) ’
—_— (Manders, Wagenmakers

et al. 2005)

Rat

(Bernard, Liao et al.)

CHO-K1 cells

(Selvi, Angayarkanni et

al.)

+ GLUT4

T Glucose uptake
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1.3.2 i i
Amino acids as antiglycating agent
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Glucos
ose can slowly :
S y condense with protei i
J g 0 .
. protein amino groups non-enzymatically forming, ini
s base. which will rearrange to form the Amad 89 Hmng, Tt d
ang e Amadori add ) -
glycation (B: adduct, and this process i
‘ agner.1999). These process is terme
)9). These compounds can react with proteins to for ned
‘m cross-links
as well as

chromo/fluor
uorophoric adducts called Maillard adducts or Advanced Gl '
e ycation End Produc
(s

(AGE). 1
). It has been prove I j i
seen proved earlier that free lysine decreases non-enzymatic gl
zymatic glycation of |
ens

proteins in an in-vi
- an 1n-vitr - .
Suloc tro model and thereby act as antiglycating agent (Ramakris!
Sulochana 1993 o = amakrishna
3). Lysine decreased the blood glucose levels in diabeti an and
abetic rats in additi
on to

mitioati
j}nlq.;almg cataractogenesis in these animal models (Sulochana, Punitham et al
om lysi . ’ am et al.
fi m lysine other amino acids like glycine, aspartic acid, glutamic acid and al '1998)' e
1-0und to have antiglycating effect (Ramakrishnan, Sulochana et al. 1997). T a am].]e were also
eported to have antiglycating and antidiabetic property apart from their ;cc;::lts e s e
>cretogogue effect on

the be
cta ce : ; ich
a cells of the pancreas, which increases the plasma insulin level

1.3.3 Amino acids as secretogogue
Amino acids under appropriate conditions can enhance insulin secretion from primary i

and B-cell lines (Smith, Sakura et al. 1997 Brennan, Shine et al. 2002; Dixon ;’0‘]‘;“1’ s
2005). Amino acids mixture along with carbohydrat:: E]ll i:)fjl;

Kruijshoop et al. 2003; Mander
] c CT'S,

Ne
w
sholme, Brennan et al.
elfect :
ive : : : . i
ve in provoking insulin secretion (van Loon,
vivo. L-glutamine and L-alanine ar i
, are quantitati
vely the
most

Wa y o)
genmakers et ﬂl HOOSJ ]I?
clI‘l(l extrace]lular ﬂUi(lS :[OIIOWGCI Closely b 'the b ]

Y ranc 1ed

abuyy : - i
wdant amino acids in the blood

Cha' - .
In amino acids (Sener and Malaisse 1981). How
o when added at physiological concentrations. Tl

. The

ever, unlike glucose, individual amino acid
ids

do
not pr - : ion in Vi
t provoke insulin secretion in vitr
ance insulin secretion are varied tl i
1at are listed b
elow (Fig
b

lne(:l 1 ac (IS enin
na 1 'll() I
nisms by \er'llCh ami 1 [

].]0)‘
siological concentrations or high concentrations of
0

f amino acids at phy

I." Combinations o
more effective (Kimball, Farrell et al. 2002)

acids are much
es at physiological
R robustly stimulated (Bolea, Pertusa et al

) et al. ‘

2. .
Specific amino acid mixtur

incubations showed insulin secretion tha

1997),
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[‘OL.lr amino acids were found to be particularly important for stimulating B-cell electri
activity. essential for insulin secretion namely leucine, isoleucine, alanine, and ecfn'c "
(Thams and Capito 1999, Newsholme, Brennan et al. 2005). , T
Mixture of free leucine. phenylalanine, and arginine can produce a large insulinotropi
ic

cffect when ingested in combination with carbohydrates (van Loon, Kruijsh
, oop et al.

2003) .
The combined intravenous ad

together with glucose, resulted in the large

ministration of arginine-leucine and arginine-phenylalanine
2

st increase in plasma insulin concentrations

(Floyd, Fajans et al. 1966).

L-glutamine and L-alanine may modulate glucagon release from pancreatic a-cells, which
-cells, whic

subsequently may influence insulin secretion from P-cells (Newsholme, Brenn 1
’ an et al.

2005).
The cationically charged

neutral pH leads to insulin secr
-transported with Na’,

L-arginine, by direct depolarization of the plasma membrane at
» . a
etion, but only in the presence of glucose, whereas othe
s r

ami i i
mino acids, co can also depolarize the cell membrane as a

f Na* transport and thus induce insulin secretion by activating voltag
e~

consequence O
nels (Newsholme, Brennan et al. 2005).

dependent calcium chan
xidation, e.g., L-alanine, may initially increase the cellular

Metabolism, resulting in partial 0

content of ATP, leading to closure of the
mbrane, activation of the voltag

ATP-sensitive K* (Katp) channel, depolarization

. 2+
e-activated Ca’* channel, Ca®* influx, and

of the plasma me
insulin exocytosis (Brennan, Shine et al. 2002) .
Additional mitochondrial signals may be generated that affect insulin secretion.
Mitochondria generate ATP, which is the main coupling messenger in insulin secretion,

ctors, which serve as senso

2005).
ase insulin from pancreas as oral anti-diabetic tablet does

and other coupling fa rs for the control of the exocytotic process

(Newsholme, Brennan €t al.

Amino acids were shown to rele

nd to increase insulin secretion in healthy first-degree relatives of T2DM

Glycine was fou
e nutrient secretogogues to release insulin

are suggested 10 b

patients. Amino acids
Santillan et al. 2001).

secretion (Gonzalez-Ortiz, Medina-
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Fig 1.10: A summary of potential regulatory mechanisms of insulin secretion.

1.3.4 Amino acids in glucose uptake

Leucine and isoleucine is reported to stimulate glucose u
via PI3K and PKC, and the effect of :soleucine was greater than that of leucine as studied in
003). Isoleucine administration increased glucose

ptake in an insulin-independent manner

C2C12 myotubes (Do, Yamaoka et al. 2

uptake in the rat muscle. Ile known to increase the glucose upt
e in the AMP:ATP ratio and AMPK activity (Doi, Yamaoka et

ake as a result of decreased AMP

Concentration, leading to a decreas

al. 2005).

g molecules

1.3.5 Amino acids in up-regulating insulin signalin
reported to influence glucose

Free amino acids such as lysine, arginine, isoleucine has been
nsulin signaling. However more studies are warranted

Uptake by various mechanism including 1

0 understand the complete cascade of events involved.

1351 Lysine
The amino acid lysine, when given 4

i i e o increaseé
fsulin sensitivity in monocytes by an mncr
shown to have @ P

s oral tablets to diabetic individuals showed increased

in the insulin receptor tyrosine kinase activity.

I ) . ositive role in improving leukocyte
urther, free amino acids Were yt
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1.3.5.2 B

| ranched chain amino acids (BCAA)

-eucine iner

ncreases glucose ;
glucose uptake, reduces blood glucose and increases tl
ases the use of i
intracellular
I

glucose with activati > olve .
al. 2002: Nishitrmi“?]filgl}mgcn synthase in the rat skeletal muscles (Nishitani, Matsum
amino acids incre ‘,‘,H-C]‘“Td et _2003)' eucine in combination with Glutamine and o
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SyEsie. R (Mamn.mllan target of rapamycin) that are associated with increased at.lonj’:i]
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in the amino acid can cause large difference in their activity of enhancing tl structural
ing the enzyme

(Xu, Kwon et al. 2001).

1
3.5.3 Arginine

Iwasak
saki :
et al have shown that insulin rapidly

(PRM
T1) and evokes its methyl transferase
1ed activation of [R/IRS-1/PI3-K cascade fi
ollowed b
y glucose
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1.3.6 Ami i
: mino acids and insulin resistance
“tatt et al have
ave reporte :
eported that oral supplements of AAs stimulated both
g oth GLUT4 a
nd protein
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e transport of g
d fat (adipose) tissue. For fats, insulin stimulat
ates

Foy Fig 1.11: Feedb
Carb . @ :
ohydrates, insulin stimulates th

Me
mby
an - n in
e, and into the CytoplaSI 1 muscle an

28




IlanS[ i . 2 ’“l » - )1 1 ] S I‘ r t
e l] C < C
) -

lran y 3 lj
I‘ p]' tEi S
r 1

(Taylor 1992)
Conc
wcurrently
v as studied i i
A s ed in adipocyte 1
cytes , & ids 1
pocytes . amino acids inhibit early st
arly steps in insuli
sulin acti i
1on critic
al

I‘Ol' { o) a
']U.C()Sl SD 5] ) e o
[~ . ll'illl I or I I S¢
h It Elnd ||-|h it - ‘
ll 1tion ¢ 1 L'IUCO]]( Ogen : SiS inClUd. d
- 1ng decreas 1 1n-s
d ll]SLll' i
= ll]]ul'
d[Cd

lyrosine RS
S P]losphor‘yl‘l' ]
ation of 1 - g
1 and IRS-2, and a marked inhibiti
on 01‘ il'lSll]iIl 1
stimulated

I)hOS])] ati I A S as s
. ]cll[d)"]i] 51 b dSce

(0N l[U[ 3—kin: i f

- 1nasc. Al I )
1no ElCld‘ act as ;pCCHIC IOSitiVe i S
10S 1S n Slgl]al fO ) 1
h I' mainten
ance o i

prOICiI
1 stores i |
. \\'h]lC i]]h.l it
10111 o1 actl i
ng OT.h(.I actions Of lnSUliIl at n'll.llti l l
p e C\’Cls l . 1
. ]1S bldil" 1
o CC[]Ol]cll

nodl.l[dl a0 2 . |‘] l\' l)el NECT ll o . .
-1d

[IC]] ) EI [+ t o y I [ t W ¥ . .
( ld 2 a 8] 1al '“: 0
(:(. a r ’

(Cs
aro, Ittoop et al. 1980).

1.4 l{t g
EACTIVE OXYGEN SPECIES

Oxidat;
Xidativ
& wip
stress has long been associated w
ar complic ' 1
p ations) via the chronic hypergl
erglycemia. T
mia. The

retj
Unopathy, and
. d macro vascul

prolg
nged h
yperglycemia i
1is k :
4 is known to deplete cellular antioxidants and ¢
ause an in
e crea es o
anders et a : : se in fre
al. 2003). Mechanisms by which increased -
‘casc 0‘ -
Xidative

radiC’ll' S i
. als (Ceriello 2000; Maritim, S
€SS 1§ | |
involved ar ivati ipt
e aclivation of transcription factors, protein kinase C. and
. and accum 1
ulation of

AGEgs,

1 q 1F
. rec i .
radicals and diabetes Complications
quse damage to cellular proteins, membrane |
ne lipids and

I-:XC
‘ cSSiVC :

]Y hlgh levels of free radicals C
v cll'iOllS mec
l'ﬂdiCEllS. Glucose oxidati 1S

ation is beli
eved to be t
the

nUClc'
IC aci
ids, and eventually cell death. hanisms have b
ve been suggested to ¢
ontribute

o ]
o
m 3 '
1ation of these reactive oxygcn—free
diol form | I idi
. glucose 1s oxidized in a transiti
1ion-met
al

maj
mn g
our .
ce of free radicals. In its enc
ical anion that 1s converted into reactive ketoald
oaldehyd
es and

depe

nde

dent reaction to an enediol rad
g 1.12). The su

aded by catal

pl'OdUCtiO“ 0
iCﬂlS i 1 ( i f
can alSO react Wlth llltl'i OXidC
0 10rm

to
r-oxid i
¢ anion radicals (Fi oxi -
i eroxide i
( p ¢ anion radicals undergo dismut

. . utation t
ase or glutathione peroxidase, and °
, and 1in tl
1€

hyd
I'0o¢
gen peroxide, which if not degr
f extremely reacti
tive hydrox
xyl radicals

Pre
Senc
" .
of transition metals, can lead to

(Uian
g,

Woollard et al. 1990). SuperoX
Ka]yanal'al

de anion rad
qan et al. 1993) (Fig 1.13).

Ive per _
peroxynitrite radicals (Hogg




T e e R RS e b = =
= - e 2 = e

O il - k.
T i e el PR | e TR ]

OH O H H OH OHH H

: | nm 1 1 | | I |
R —( — (= =N = Protein <—* R— C = C=~ C=—N = Protcin
|

I
Enediol  H

G Inum.
(_\ X F03+ _\
H,0;

Lipoxidation
F L‘Z* q-/

v

o, o,
O O H H - 0O O HH
nmn 11 [ T
R—C—C— (i—-N-— Prt R— C —C— (i—N — Protein
H

H

Protein dicarbonyl Protein radical

Fig 1.12: Mechanism of glycoxidation and lipoxidation

SOD Catalase
l Cu (Il) Fe (Il)

_-———b-——-r-——b H20+ 02

NADH/NADPH oxidase
Xanthine oxidase
Lipoxygenase
Cycloxygenase

P-450 monooxygenase
Mitochondrial ox|dative-

Phosphorylation

and overcoming by antioxidants.

NO Fenton reaction

Fig 1.13: Formation of free radicals

of superoxide anion with NO is 10-fold faster than with SOD,

Th .
€ rate constant for the reaction
tion of peroxymtrlte Peroxynitrite is a powerful oxidant

leag;
ading to the diffusion- controlled forma
n of protem—assomated thiol groups or nitration of

th
At causes protein modification via oxidatio
ascular endothelial cells is that superoxide

r
Wrosine residues. VEGF’s angiogenic signaling in v
serve as

a . i
lmphosphorylation of VEGFR2 (El-Remessy. Al-Shabrawey et al. 2007) (Fig 1.14).

dnig intracellular messengers 1 .
1 and hydrogen perox1de may g involved in
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Phosphorylating
downstream target
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Endothelial cell
stimulation

\

Cell
migration

Fig 1.14: NADPH oxidase associated with increased oxygen
species and decreased NO bioavailability.

142 ROS increasing Vascular endothelial growth factor via NFkB pathway

Hyperglycemia, ROS, and oxidative str

Bierhaus et al. 1999; Bierhaus, Schiekofer et al.

ess activates the transcription factor NF-xB (Mohamed
2001). NF-xB plays a critical role in mediating

Immune and inflammatory responses and apoptosis. NF-xB regulates the expression of a large
Number of genes, including several of those linked to the complications of diabetes including

VEGF and the receptor for AGE namely RAGE (Ho, Liu et al. 2000) (Fig 1.15).

High glucose )
ROS/Oxidative sress >
x| TPKC activity
NFKkB = — TAGE
) ~a 7 Sorbitol

fgene e,\pre.s'sion of
VEGF/RA GE >

Angiogenesis

representation of oxida

tive stress leading VEGF increase.

Fig 1.15: Schematic
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1.4.3 Cascade of events in high glucose induced angiogenesis
New blood vessel erowth. or angiogenesis, occurs during the development and maturation as
well as during critical physiological processes. including wound healing and ‘:CPI'Od“Cti‘fm-
However, angiogenic processes also contributes to pathologies inclu.dmg canc.er. inflammation
and autoimmune discase. Angiogenesis is the principal factor responsible for disease pathology,
such as is the case in diabetic retinopathy and macular degeneration. f 5 |
; S v I's may interact to
Under hyperglycemia and retinal hypoxia. a number of .vasoacll\let ETth;eung e
Promote pathology in a variety of cell types including the mncnovas'cu abmzitochondm ZG.ES
: : :
addition to hyperglycemia. overproduction of reactive O, species by ; ;

) Itered signaling of pathways
hexosamines and increased polyol metabolism of glucose leads to altered signaling of p )
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Fig 1.16: Retinal angiogenesis showing increased growth factors VEGF, FGF, TGF, IGF.
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The major factors promoting angiogenesis are high glucose, hypoxia, reactive O; species, AGEs,
hexosamines, protein kinase C. Nuclear factor kappa-B (NFx-B), MAP kinase, VEGF.

1.4.4 vascular endothelial growth factor

VEGF, a 40-kDa glycoprotein acts as a primary regulator of blood vessels throughout the body,
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1.5 DIABETIC RETINOPATHY
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‘dlaTqu(: complications include primarily retinopathy. nephropathy and n
incidence of retinopathy worldwide is reported as 28.5 %. nephropathy 44 % 'ue:rﬁopmh); e
n‘m-ve damages. In South India the retinopathy incidence is 18 % (Saum;;: ;"11 0;0 o
rfumopalh),- of prematurity which is seen among premature babies is yet 'm‘ol‘l o
vasoproliferative disorder of retina has an incidence of 20-51 % (Cha\:'Ia ]_’j(f)lt(;orm N
Eathoz‘:’encsis of DR is mediated by inflammatory processes, including ]eukocyte‘ﬂdl ')‘ -
a‘:‘ C)./lokinc network. Retinal vasculature in diabetes is accompanied by inﬂal;nzztsclon "
dhesion, which triggers vascular hypel-pcl-meability due to tight junction disasse bry -
I:}alhologic retinal neovascularization. DR is the most common cause of b]indr;l ly and
f1aractcri7.ccl by (1) leaking blood vessels. (2) retinal swelling, such as macular edema E;S and
(aUY deposits on the retina (exudates) with leaking blood vessels, (4) damaged nc;v( )-pale,
.neuropath)’)‘ and (5) vascular occlusion, angiogenesis, microaneurysms, haemorrh e
Infarction any changes in the blood vessels. DR patients are classified into non prolifer;?: Zz(:l

proliferati - :
oliferative based on the angiogencsis (Bloomgarden 2001).
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bl :
00d-retinal barrier leading to M
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Proliferative diabetic retinopathy (NPDR). Wi

lled macular edema. The fluid makes the macula swell
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=} 1a
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oy the retina. Fibrovascular proliferation cause tractional retinal detachment. The new blood
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gle of the anterior €
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C

Vess
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as cotton
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laucoma. NPDR shows up
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perficial retinal hemorrhages @ oomgarden 2001; Gardner, Antonetti et al

2002),
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changes in the retinal capillaries in DR

Th
¢ normal retina is

composed of four major classes of cells:

a) 13]0[ P s
d vessels - Iindothelial cells & Pericytes.

b) The second ¢

& The
) Third class o

ategory is Glial cells comprise

{ cells includes neurons.

d) F
our . o~
rth class of cells are Microglia.

The
Interactions and

disrupy;
fuption of
10 7 >
fany of them may impair vision

Table 1

functional integration of all of these cell ty

.6: The cell type that undergoes

Macroglia (Muller cells & Astrocytes)

pes are re uired for 1Sl
q for normal vision so

(Gardner, Antonetti et al. 2002) (Table 1.6)

pathological changes in DR.

%
IC[’]Cy[CS

Normal retina

Regulates retinal vascular flow by dilating

and contracting.
ons and constitute

E
ndolhc]ial cells

Regulates hemostatic functi

the blood—retinal barriet.

Ma
croglial cells

Mullm_ cells

Prrr—

Str
"Ocytes

N
( Urong

o

0[‘0
ipoly, . Ptors,
d

El.[' Ce||s,

fhac]_

v g

aNgl; cel|

Micrllon cellss)’ e
0glia

Support cells that regulate retinal metabolism
and modulate the function of neurons and

blood vessels.
i) Span the thickness of

pigment epithelium to t
membranc
ii) Have their cel

layer.

iif) Major regulators of gluta
palance, and neuronal

extracellular jonic
function.
{, are [imited to the nerve fiber

By contras
layer where their processes wrap arounl
blood vessels and ganglion cells.

the retina from the
he internal limiting

| bodies in the inner nuclear

mate metabolism,

hsduction an modulate and

ulses that are ultimately

ain throug
1‘1p1’iSe

Mediate photo tra
convey nerve imp
transmitted t0 the br
the ganglion cells that €Ot

laver and optic nerve:
Normally quiescent

h the axons 0
the nerve fiber

DR

Loss of pericytes

Endothelial dysfunction

Produces cytokines such as
VEGF which increase vessel

Eermeabi]ity.

Proliferates in the formation
of epiretinal membranes in
proliferative retinopathy.

Astrocytes dramatically
decreases the expression of
the intermediate filament
glial fibrillary acidic protein
(GFAP) there by increased
vascular permeability.
Produces cytokines such as
VEGF which increase vessel

permeabi[ity.

Becomes activated and
roduces cytokines such as

VEGF & tumor necrosis

factor which increase vessel

- —

| permeability.
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1.5.4 Early
Early changes in DR animal models

1.5.4

.1 Advanced glycation end products (AGE)

al blood vessel walls
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rascular
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2 Apoptosis induced by AGE

precedes vascular ch
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a potential mechani
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s within the basement membranc tha

r['c
Y .
Quently noted in trypsin digest samples (Kern, E

2, .3
L Vascular Cell Loss - Pericytes
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AGEs are complex, heterogenous molecules that cause protein cross-linking, exhibit browning
and generate fluorescence. Over a dozen AGEs have been detected in tissues and can be divided

Into three categories.

1. Fluorescent cross-linking AGEs such as pentosidine and crossline.

linking AGEs such a
yl glycosyl pyrrole (AFGP) cross-links and arginine—

2. Non-fluorescent cross- s N-carboxymethyllysine, imidazolium

dilysine cross-links, alkyl form
lysine imidazole (ALI) cross-links.
3. Non-cross-linking AGEs such as pyrraline and N-carboxymethyllysine (CML).
16.1 Serum AGE levels marker of DR
Serum levels of non-CML AGEs are significantly assoc
"ephropathy and retinopathy, suggesting a role of non-CML AGE in the progression of

Microvascular complications. Recent studies indicate that non-CML AGEs may play a role in
of diabetes (Sampathkumar,

iated with the severity of diabetic

aCcelerating micro- and macrOVascular complications
B
alasubramanyam et al. 2005)-
1
6.2 AGE to Oxidative stress
ive stress due to an eXCess free oxygen species

AGE induces free radicals exaggerates oxidat

d oxidation of substrates (sugars, non-saturated fats, and

Pr . .
oductlon, secondary to increase€
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hanges and permeability

1.63 A
l AGE - adhesion molecules ¢
Nereag; ) . .
asing evidence suggests that the pathogencsis of diabetic retinopathy is mediated b
y

adhesion an

s accompanied by inflammatory cell adhesion, whicl
» Which

junction disassembly and pathologic retinal

me - : '
atory processes, including leukocyte d the cytokine network (Bai, Tang et al

2003 :
). Retinal vasculature in diabetes 1

l]‘lg

e 1
Crs vascular hyperpermcabilily due to tight
tress would activate 1
logy. Activated microglia produce chemokines such

dS . . o Tl 1
cularization (Davis 1992)- microglia to produce proinflammatory

CYtok;
in - :
¢s and acquire an activated morpho

inducing €x
on endothelium and potentially inducing the

pression of adhesion molecules, which can
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pr()rn
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¥
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I
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an, SC
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1.7 CURRENT
The Szjrlizl:m\ I FOCUS OF ATTENTION
S C.(l":lp‘llmtl'ons of diabetes are cardiovascular disease, nephropathy, retinopath
Conseunn‘ccs N :}C ‘ mlCrm-aS‘cular and macrovascular complications can have df:vas:;l:'l .
5k orshons (e 1e hcafth of ‘pcoplc with diabetes (Saydah, Fradkin et al. 2004). To reduce :lg
b - arcplr\t.)g'r"cssu)n of _rclin-opalhy. glycemic control is required. Lifestyle changes (di:
yerie o ypically the first-line treatment for type 2 diabetes and can be very effective i
amihyperg] ) 10.1- When this treatment fails to maintain adequate glucose control Orl:
PrOgreSSiv:n::IC a?cnts are usually the next step (Cooppan 2003). Over time, due ;0 this
ature of type 2 diabetes. a combination of oral agents is frequently necessar
y to

2003). In addition to gl
o improve endogenous insulin secretion (Mand
ers,

Maingy;
amn gluc0-
s¢ contro ‘hite - it 1
I (“ hite. ycemic control, it is also indicated that
a

nulr' s
Itiona] ;
al IR
interventions can be beneficial t
es or diabetes are recommended by medical
ica

Wa
genn'ln: <
akers et al. 2005). [ndividuals with prediabet

an diabetes associ
e that are appropriate for optimal care and

ation.2011). MNT procedures defines the

Nutrit

ICve]non therapy (MNT) (Americ
y of putrition servic

ix of macro and mic

¢ amino acids used are nontoxic, physiological

s CO - 2
ntent and frequenc
ro nutrients for diabetic subjects ar
are

I]utrit.
10n

outcomes with the optimal m
al. 2002). Sin¢

Although this
administration of amino acids, their |
L Ong

recq
Ubiqr::ended (Franz, Bantle ¢t
pharma::]i; -Water_somble substances. is a preliminary study, the exact
ey effe g_lcal and therapeutic dosage, the mode of

Cts in delaying or p;-cvcnling diabetic complications, and the molecular mechanisms by

W

are issues that need to be addressed.

hlch
th L
€Y provide these beneﬁcial effects
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_ CHAPTER 2: OUT LINE OF THE WORK

Diab
ctes Mellitus '
s (DM) is a chronic metabolic disorder that has a significant 1
gnificant impact on ti
e

hun

1an subje T
iects. There are limitati ]
! : are limitation in the curre sed fi i

conventional : current drugs used for treating diabetes. A typical
dl a -0oach 1 . . 1 1 ' !

approach in controlling diabetes would be a recommended diet ‘
ot composed of 60-6
-65

8
o carbohydr 5-35
ate, 25-35 % fat. ¢ otel ith limi
35 9% fat, and 10-20 % protein, with limited or no alcohol consumpti i
ion anc

abetes too requires nutritional i
supplementation s i
uch as amin i
o0 acids.

Ilfe
Style. T

}lc. I'he treatment of di
arious propertles of amino acids in high glucose

The
propose gl : ;
posed work is done in knowing the v
conditj
lon. At hi i
. igh glucose environment tl
o q . the glucose uptake and GLUT4
translocati
on was

pocyte cells. Amino
o them to be a causative for insulin resistanc
E.

In = E’.Il c

Studije
S state i -
state it to have bencficiary and few prov

the role of amino acids in i
t, GLUT4. Insulin resistance is state of where insuli
ulin is

This study i
idy 1s proposed t < in si
el | I o look In nsulin signaling cascade molecule
y looking in the IRTK, PI3K, Ak S

prevented in entering
ase activity, an enzyme when activated helps i
s in

Unutilized .

ol zed and g]ucosg been the cells. We further e‘(plored the ol
H1zat ; 1 s
tion by studying the glycogen synth )

gl
| YCogen synthesis.
diabet;
Clic reti . | |
cli retinopathy remains one of the leading causes of blindness world wide. One of
e - ‘ ' . One of the
N T angiogCHeSiS- The major causative factor for angiogenesis is VEGF
- *and
¢ stress is a triggerer for this potent factor. Intravitreal injection is an effective
means of
a. However,

hthalmitis or retinal detachment. Amino acid
) acidas

this is an invasive procedure associated witl
with

deliveri
ve R -
ring anti-VEGF drugs to the retin

ons, such as endop

Potent;
tially serious complicati
Therefore in the present study the focus

previous studies.

n CHO-K1 cells.
on of AGE is associated with formation of

a]'e
Proved to be anti-glycating by our

i% on i
amino acids effect of VEGF a8 studied

/\ni
m . . ;
al studies have demonstrated that accumulatl

arization and
Amino acl

pericyte Joss. AGE could increase the oxidative st
ress,

Mmig
f'oane
urysm neovascul
]
ds are proved to be anti-glycating i
ng in our previ
= I' previous

CYl()k‘

o ines and other growth factors.

Study 1. . . b 8

L Y. this study was further extended 0 animal study by inducing diabetes, retinal changes and

‘a]‘] . : .
Y marker changes were studied in SD rats:
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l. To s
. study the effect i i
3 of amino acids on cell m
‘ orphology, cell viabili
) ability, cell |
{.

HLOlifcrrltiOn ici
< . cell toxicity cell met"bOlism in C
b i F 1n HO'KI cells

under normal Plucose :

amino acids in mixture and free form

and high glucose in addition to

on insulin signaling cascade proteins in

2, Tos
o study the beneficial effect of amino acids
CHO-
0-K1 cells under normal glucose and high glucose in addition to amino acid
acldas

mixture.

ive stress pathway and vascular

2.1 OBJECTIVES ;
[
(

on glidﬂt

3.
To study the effect of amino acids
CHO-K1 cells

under normal glucose and high glucose
nd free form. i

endothelial growth factor in

in .. . ) .
addition to amino acids mixture a

olucose _uptake and glucose

4. :
To study the beneficial effect of amino acids on
inocyte cell line under normal glucose and high

transporter 4 in_human 3T3 ad

amino acids mixture an

glucose in addition to d free form.

ges in the diabetes induced

on the retinal chan

3.
To study the effect of amino acids

Sprague Dawley rats.




_H_I_EPTER 3: METHODOLOGY

3,] ])]{ >
EPARATION OF Fp»-K; KAIGHN'S MEDIUM
A bottle of
5 ol ¢o Tl aval o .
of autoc] mmercially available Fi2-Ki nutrient mixture (Sigma) was reconstituted i
duloclave sterilize ili T - uted in 900
sterilized Milli-Q water. The glass bottles used for the cell culture are 1 ml
autoclaved at

Lll s
as

pressure. The medium W

distri
S lbu i
ted onto sterilized glass bottles.

3'2 I)R <P
EPARATION OF GROWTH MEDIUM

mixture - 90 ml

vl

\E

F _ L S
12-k| kaighn’s nutrient
Fetal bovine serum - 10 ml

L-Glutamine - 1 ml
H is alkaline

/10 ml PBS)

1 solution the mixture is

wise the final medium

A ST ¢

Sodium bicarbonate - till the p
Ciprofloxacin - 0.05 ml (10 mg

Afte . . :
fter reconstitute the medium 1l

74

kept at room temperature for 2

(&

ays for sterility checkup: Like prepared after adding all the

w—— . -
onstituents is checked for sterility

M LIQUID NITROGEN

33
. RE
TRIVEL OF CHO-K1 CELLS FRO

K1) cells were purchased from National Centre fo .
r il

varian-K1 (CHO

5 thesc cells were

\,r‘h .
Chinese Hamster O

Cell Science, Pune. A

preservcd in cryovials in Liquid Nitrogen, they ;

mental purpose:

assage pumber 20 — 24.

We . . .
re retrieved for expett

B A
I cXperiments were done petween P

‘
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= The cryovi
cryovials were 1 > '
) . were immediately thawed in 37°C water bath or incub
or incubator aft
er removed

from Liquic T

Aquid N2. This step was carri

) is step was carried out to wash DMSO (sigma) whi
5 a) w S L T
effect on the growth of the cells. g hich has inhibiting
> The thaw :

awed suspens /
pension was added to 8ml of the growth N ——
o mix

and centrifuged at 2000 rpm for 5-10min e fhononghly

> The supernata as di !
pernatant was discarded and fresh growth medium was added to tl
added to the cell pellet t
0

CI'C&[C d (,t,'” sPE 1 d T & t
SLlSpLﬂSl()n (.nd l]'ypal‘l BlllC Dye EXC]USiOIl CSI was d() 1c 1o
1 ﬁnd th
€

viability of cells.

CHO cell I P

s were obtained from N r For Cell Sci T
cience (NCCS), Pune. The

; - cells were

cultur
Cd % . 3 .
onto F;» - K; kaighn's medium.

Microscope fi
pe for growth. If the cells were grown 0 confluence they were trypsinized usi
using 0.1%
25 ’ D
M Falcon Culture flasks-50 ml Canted neck)
c €CK

trypsin
and were sub cultured into a new flask. (25

35"
STRYPSINIZATION

Princip]c

. 2 .
1in 25-cm” t1SSU€ culture flasks. In such flasks, cell
> S

Fo
r ex &
perimental purpose, the cells are grow!
1 comprised of the essential nutrients required for proliferati
ration,

dre . .
provided with growth mediut
ow. This process of Cell culture or

each other as they gr

and th
g i
cells adhere to the contalner and
cells from the container and each other. Trypsi
. Trypsin,

li‘,‘g
aSle CL o . § .
ture requires a method to dissociate the

stive tract, is used to “digest” the proteins that facilitat
e

ommonly found 1n the dige

d intcr—cellularly. T psinization is often done to

Eidhe ,
Si ;
on to the container an he process of try
ntainer.

DUI']] :
1it .
passaging the cells to @ new co

Py
OCC(I ure
ture flask.

S-sz tissue cul
and were just made to come in

removed from 2
S uniformly,

added to the
J aspirated:

e
= =
The medium was

™ s
0.1 % Irypsin-EDTA was

11 monolayer an

cell

contact with the c¢




= Immediately the cells were incubated for 1-2 minutes at 37°C CO, incubator in sterile
environment.

» Then approximately 3 ml of growth medium was added to the cells, aspirated and

collected in a separate container.

o. the cells from the mother flask was subcultured to

» According to the need of cell n
daughter flask/ wells.
5 ml of medium was added to both the mother and daughter flask.
» Trypan blue dye exclusion test was done to find the viability.
= Viable cell count = 2860 cells / 10 pl
» CHO-K1 cell count was found to be 2860 cells / 10pl
“ The cells were then incubated at 37°C ina 5 % COs atmosphere. The growth of cells was

observed every 24 hours under phase conirast microscope.

3.6 SEEDING OF CHO-K1 CELLS IN VARIOUS TISSUE CULTURE FLASKS

The CHO-K, cells were seeded at the botto ace of 75-cm” tissue culture flasks (Greiner)

m surf

of medium was given every 24 hours. CHO-K;

and grown at 37°C in 5 % CO; incubator. Change
experiments. After confluence of growth

cells between 20™ and 24" passages Were taken for

ask. the cells were trypsinized and seeded to 25

s
blained, the medium was removed from the
ment requirements. The table below

em?, 75 cm?, 6 well, 24 well, 96 well based on the experi

€ives the amount of cells added (Table 3.1).
11/ flask for the experiment purpose.

Igbl‘lg’i Details on number of cells added in each we
5. No. Culture dishes No. of cells per well
_// 8.5x 10"
75 cm
4/ 28x 10
25 cm
__/// 1.5x 10
6 well
~—//TT// 1x10°
24 we
_/_,/,/ 3x 10°

111
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3. \DIT
7CONDITIONS EXPOSED

I"O“ i
owinge ar :
2 dare the various i
¢ us conce ] u
ntrations of glLlCOSC and amino acids sed f ]
G or the expe ]
eriment

parts.

ntl'()l' 13' S S S CO
. clf\ﬂ] L’luc() > i = . i
d expOSinL’ CcO 1t1
- ndltlon

= i 1
High Glucose: 12, 17 & 27 mM
~ Ami & il

mino acids (Free, Mixture): 2.5.5.0,10 & 20

mM.

* Insulin: 100 nM
E T i
he different concentration of G
3.2,

Table 3 :
.2: Maintenance of cells in high glucose conce

and AA maintained in cell exposing are listed in the Tab
e Table

— . -
ntration and incubation of cells with

amino acids.

glucose alone and glucose with different
n

-
CHO cells were incubated with

concentration of amino acids as follows:

Glucose
Glucose + X mM Glucose + X mM
following free amino acids
amino acids mixture
Cells with I,—Glutamic acid —-
glucose alone
[.-Alanine -

[-Isoleucine

-Lysine

-Arginine

1.-Aspartic acid
Mixture of the above

amino acids

|
j.
|
I-Leuciné
l




= The cells were i 27°C in C !
he cells were incubated at 37°C in CO; for 24 hours and observed the morphology und
gy er

phase contrast microscope,
Table 3.3: Experimental conditions exposure times.

[ —
EXPERIMENT TIME OF EXPOSURE
Morphology 24 hours
T -
MTT 24 hours
[actate 24 hours
Glucose uptake 8 min
IRTK 2 min
.
PI3K 2 min
e
Akt 2 min
________;_——_____—_——P_—
GLUT4 5 min
—'_'__.__'__.__-——'_"_'__'_.__
Glycogen synthase 20 min
_______________,___——»___________——————————
3
8 TRYPAN BLUE DYE EXCLUSION TEST
Principle
Irypan Blue is a vital stain used t0 selectively colour dead cells as blue. It is a diazo dye. Live

ane do not take up the stain. Since cells are very selective

Cel] s
S or tissues with intact cell membr
| cell Trypan blue is not absorbed;

e membranc, in a vita
jead cell. Hence, dea

|]s are excluded from

to ¢
he compounds that pass through th
d cells are shown as a distinctive

ad

ho

Wovay. :

ever, it traverse the membrane 1n
staining, this staining method is

bl
le . . .
colour under microscope. Since live c€

degep:
*Cribed as a Dye Exclusion Method.
of buffer or PBS containing a water-soluble dye

Th

¢ .

cell suspension is mixed m a yvolume
lasma membr .

the cells {hat have damaged p embranes. By counting

(Ty
Ypan blue). The dye leaks into -
entage of viability can be studied.

[Qta
I'eells and stained cells the perc
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Procedure

20 ul of 0.4 % tr
4 % trypan blue stain was added to 20 ul of cell sus ensi
thoroughly (1:2 ratio) pension and were mixed

\

s kept at room temperature for 3 minutes
|

er was taken and the cov
[

added with 10ul of the stained cell suspension

\

Cells

S were - ¥
re counted in all the four 4 corner primary sq

microscope

{

Only the Dead cells were stained

Mixture 1

The he -
cm 2 1
ocytomet er slip was placed in position

The _
chambers of hemocytometer Were

uares of each grid.in the phase comraSJ

Bot
h the dead cells and live cells were counted separately.
blue

e

)/ (Area counted x

L1
ive cell count = (Number of liv

Depth {actor) =

e cells % Dilution factor
(Number of cells /10 pl)
=0.1

e cell count per square
number of cells) x 100

Where dilyit:
re dilution factor is 2. depth factor
x dilution factor x 10*

2. I
Jive cell count (cells per m) = Averag

3
= (number of viable cells / total

.0
70 of cell viability

2,5diphenyl tetrazoliumbromide) (Wu, Lei
, Lei

3.9
. M 3
TT ASSAY (3-(4,5-dimcthylthiazol—Z-yl)

“tal. 2009,

[)r.
Iney
Ciple
s the basis for numerous in vitro assays of
a

oliferation form

factors. The red

| proliferatio

Me
asur
ement of cell viability and P*
uction of tetrazolium salts is now widel
y’

Cel)
po :
pulation’s response 0 external
n. The yellow tetrazolium MTT (3-(4, 5

y 10 examin€ cel
s reduced by metabolically active cells

ilcce
diny Pled as a reliable wa
ct s . .
hylthiazo]-2-y1)-2,5-diphe [tetrazolium promide) 1
yl)-2.,5 dipheny
52




1part by the action of dehydrogenase enzymes, to generate reducing equivalents such as NADH

nd NADPH. The resulting intracellular purple formazan can be solubilized and quantified by

pectrophotometer at 540 nm.

rocedure

Ince the cells have reached confluence growth serum free medium was added and incubated for
4 hours ‘

-

d to various glucose and amino acid concentration for 24 hours

\

ver the medium was removed and fresh serum free medium along
ml), such that the concentration should be 100 pg in each well

2
The cells were incubated at 37°C for 4 hours in the incubator

2

The medium was removed and DMSO was added and incubated for 10 minutes at 37°C
to dissolve the formazan crystals

"

ed was read at 540 nm spectrophotometrically

\

taking the untreated cells absorbance value as 100 %

The cells were expose

fter the incubation period is 0
with MTT was added (1 mg/

The color develop

in©
The results were expressed in %

_—_— ————————

0 LACTATE ESTIMATION

'inciple

dehyde, the amount of which is

huric acid and releascs acetalal

¢ lactic acid reacts with sulp
diphenyl in the presence of copper.

asured by means of the purple color given by p-hydroxy
agents required

. 10% TCA: 10 gm in 100 ml

2. 4% CuS0,5H,0: 4 gm in 100 m!

3. Concentrated Sulphuric Acid.
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4. P-hydroxy diphenyl reagents: Dissolve 1.5 ¢ of p-hydroxy diphenyl in 95 % ethanol.
5. Stock standard: Lithium lactate - 21.3 mg of Lithium lactate in 100 ml.

6. Working standard. Dilute the stock standard with water to get a solution containing 10

ug/ml.
7. Instrument: DU 640 spectrophotometer.

Table 3.4: Standardization protocol for lactate estimation.

—

Reagents Blank Si S, S Ss Ss T

[ S—

Working standard (ml) )
] 1 2 3 e : )

0.1 0.2 0.3 0.4 0.5 -

Concentration (pg)

o 3 2 -
Distilled water (ml) 0.5 0.4 0.3 0.2 0.1 0.45

Cell lysate (1:5 diln) 3 - - i i - 0.05

3.0 30 30 30 30 30 30

Sulphuric acid (ml)

Boiling water- 10 minutes and cool

: 005 0.05 005 005 005
Copper sulphate (ml) 0.05 0.05

X : 1 0.1 0.1 0.1 0.1 0.1
P hYdFOXy diphenyl (ml) 0.1 0

Room temperaiure —30 minutes

O.D at 570nm
‘."'--__

Caleulati Fest O.D/Std O.D X concentration of Std. final value is expressed in mM (Barker &
ation: Test O.D/Std U.

Summersom 1941).

S LABEL gD UHC AMINO ACID UPTAKE

3}‘1 .
. Exposure conditions 71 ez well plates and e

: oved frot
Alter ; vation, SFM was rem
®r 24 hours serum free medium Sta! & 17 mM) and amino acids (Labeled -0.5 uCi &

Cells s 7, 12 o
S Were exposed to varying glucose ( 4 absence of Insulin with the following

M)
abeleq. 5 mM) along with the presence (100

Co .
Mbinations:




Glucose and free amino acids

Glucose + Insulin

Glucose + Insulin + U™C Alanine + unlabeled alanine

Glucose + Insulin + U"C Arginine + unlabeled arginine

Glucose + Insulin + U™C Leucine + unlabeled leucine

Glucose + Insulin + UMC Isoleucine + unlabeled isoleucine
Glucose + Insulin + U'C aspartic acid + unlabeled Aspatic Held
Glucose + Insulin + U'"C Glutamic acid + unlabeled glutamic acid
Glucose + Insulin + U'C Lysine + unlabeled lysine

Glucose and mixture of amino acids

Glucose + Insulin
Glucose -+ [nsulin + U'™C Alanine + unlabeled Ala, Arg, Leu, Ile, Asp, Glu, Lys

Glucose + Insulin + U'C Arginine + unlabeled Ala, Arg, Leu, Ile, Asp, Glu, Lys
labeled Ala, Arg, Leu, Ile, Asp, Glu, Lys

abeled Ala, Arg, Leu, Ile, Asp, Glu, Lys
abeled Ala, Arg, Leu, Ile, Asp, Glu, Lys
beled Ala, Arg, Leu, Ile, Asp, Glu, Lys
a, Arg, Leu, Ile, Asp, Glu, Lys

Glucose + Insulin + U™C Leucine +un
Glucose + Insulin + UHC [soleucine + unl

Glucose + Insulin + U'*C aspartic acid +unl

Glucose + Insulin + U'*C Glutamic acid + unla

Glucose + Insulin + U'*C Lysine + unlabeled Al
e absence of insulin.

a] condition was done in th
of 8 minutes and stored in eppendorfs, immediately

Irg

The same experiment
lected at the end

= The medium was col
of the cells were arrested us1

the metabolic reactions
Jates were stored at 4 C.

= The cells were lysed using 0.1 N NaOH and the 24 well p
ed amino acid was measured using Liquid Scintillation

= The uptake of individual label

System.

3.12 LIQUIp SCINTILLATION SYSTEM

Principle
ten bombarded with radioactivity. The light

wi

A sma) number of organic solvents fluoresce
¢ efficiently detected most photomultipliers.

“Mitted is of very short wavelength and is 1no
solved that can ac

Moresce at a longer wavelength, and then the ligh
55

cept the energy from the solvent and itself

He . e
"Wever, if a compound 18 dis .
¢ can be more efficiently detected. Such a

ng ice cold PBS and repeatedly washed.

e P R ot e G 10 read




com e T ;

Ova};(]):n(cll)Iii)i\n;\\-I‘] as primarily ﬂluor and the most frequently used example is 2,5-diphenyl

efficiency bu l-l | n\i{ortunalcly the light emitted by PPO is not always detected with very hig?h

].4_bi5(5‘_ . ’II]S.(..L’l[] be overcome by including a secondary fluor or wavelength shifter such as

vl B-C]Iniu:isos.\::ol-2_\:I)llwlx:zc_enc :’3(?:01’). This method is particularly useful in quantifying
h as ‘1. MC and *S. which are frequently used in biological work. The

qul”d ()‘ 1 i 1 Sie 1
C 118 Olli mn l;IC]LUd SCll'lll”"lll()n S}
¢ / I (LSS 6500 BeCk

Pren: .
reparation of scintillant

Toluene - 666 ml
Triton X 100 - 322 ml
POP -5gm
POPOP -0.15 gm
Pl‘Occdurc
2 ml of scintillant and 200 ul of NaOH lysed sample was added in each vials

2

als were closed properly an
\

ers, the outer surface of the vi

\

s were arranged in the racks.

!

bration instruction was introduced

\

The racks containing the vials were Placed i
\2

The vi d mixed thoroughly by shaking.

Using tissue pap als were wiped gently.

The vial

Command card with Cali

nto the sample changer of the instrument

4~ o i
gnized the sample as M radioisotope.

\)

t was kept in order to s

The LSS reco

top the counting process.

Finally the rack containing hal
!

inute to count one sample at a time.

The system always takes one M




3.13 Cell lysate preparation
3.13.1 Radi

Radio Immuno Precipitation assay buffer (RIPA buffer)

T . ‘
0 10 ml of PBS (pl1 7.4). the following were added.

PMSF — 100 nl

Sodium orthovandate — 100 pl

Aprotinin — 100 pl

Triton X 100 = 50 pl.
3.13.2 Procedure

N“%-—._"‘—::-—______

Att ; _ ‘
he end of incubation with exposing condition

The supernatant was {ransfere

3

qed after protein €

Cell lysate was stored at -80 C vt proces

s, the medium was removed from the flask

2
Reaction was stopped by adding ice cold PBS
s
Washed thrice in PBS
2
neubatod with 1 mi of ice cold RIPA bufler, & 4°C for 15 minutes
2
Cells were scraped off with cell scrapet and transfered to the eppendorfs
\2
Disrupted the cells by sonication for 10 sec (Sonicajtor - Misonix Ultrasonic Liquid
ProcessorsXL-2000 series)
2
Centrifuged at 10,000 rpm for 15 minutes at 4°C
\2
d to apre cooled centrifuge tube

stimation Lowry method

\_///

.

oF




3.14p ;
ROTEIN ESTIMATION (LOWRY METHOD)

PrinCip]e

The ;
phenolic gro 3 :
L rocine - : :
e group of tyrosine and tryptophan residues (amino acid) in a protein will prod
ppl color complex, it max liprices
- r complex, with maximum absorption in the region of 660
Folin-Ciocalteau re: . | - A avsiengt, with
. au rcagent which consists of sodium tungstate molybdate and phosphate. Tt
ity g ate. Thus the
C = Sl c
; olor depends on the amount of these aromatic amino acids present and will
s for it | nd will thus
- erent proteins. Most proteins estimation techniques use Bovine Serun Alb
SA) univers  Album
ally as a standard protei '
) protein, because of its low cost, hi i
. high purity and re
| ady
ive to around 10 pg/ml and is probably the most widely used
e

a‘\r'ai]ab‘ $ S
ility. The method is sensit
ive method, subject to interference from Tris buffer

Prote; 5
n assay despite it being only @ relat

EDTA .
. nonionic and cationic detergents carboh
oducible assay. The reaction i

ydrate, lipids and some salts. The incubation

s also dependent on pH and a working

lime
1C1s very critical for a repr
range of p|- s
of pH 9 to 10.5 is essential (LOWLY: Rosebrough et al. 1951).
]’r‘)CCdure
Table 3.5: Standard and test protocol of protein estimation.
——
~ Reagents Blank Standard Sample
. ld
BSA () - 50 ==
Sa /__——————
Mple (1) 50
ne copper reagent (ml) 5.0 5.0 5.0
[ —
&//E?Oln lcn‘]pe]'atl,ll'e: 10 minutes. ‘ |
[ I
ture: 20 minutes: read at 660 nm. ||
"r

Room tempera

S




3.15SDS PAGE / WESTERN BLOT

Principle

Polyacrylamide gels are prepared by the free radical polymerization of Acrylamide and cross-
linking agent N N' - methyl bis Acrylamide. Chemical polymerization is controlled by initiator

Catalyst system - APS and TEMED.

Reagents
. 30% Acrylamide
Acrylamide 292

Bis acrylamide 0.8 ¢
D.H,0 water 100 ml

!\)

TRIS-HCI (pH 8.8) _
18 gm of TRIS dissolved n
conc. HCI)

50 ml of MQ waler and made upto 100 ml (adjusted pH with

3. TRIS-HCI (pH 6.8)

. rater.
6 gm of TRIS dissolved in 100 ml of MQ wa

4, glgclrophor}:llicsr bu(i;fezrégﬂli f))f Glycine in 1000 ml of MQ water with 1 gm of SDS
.6 gm of TRIS and 2.606 &

5. 10 % APS in D.H-0
6. 10% SDS in D.11,0
7 TEMED

g,

10 x TBS (tris buffered saline)
24.2 gm TRIS base

80 gm NaCl
Hiter of D. H,0

9 I, Glycerol - 0.8 ml,
SD% Sample buffer - 166 n(]J 2 ml, MQ.H20 - 4.0 ml Sample is

0.5 M Tris - HCI (pH- 6.8
B - Mercaptoethanol - 0-
diluted to 1:4.

I
4 0.1% Agarose.

I
Tl‘ansfer Buffer 33g (25 mM)
Tris ]‘4 3g (0.2 M)
Glycine 0 5.5
SDS gb(}?ﬂl 59
DH,0

N

R S b g o e A L g T

e




>
Methanol 200 ml
pH to 8.5 before adding Methanol. Stored at -20°C.
12, Phosphate Buffered Saline Tween (pH 7.4)
NaCl 8.0¢g
I\l I:PO.} 02 g2
Na, PO, 1.15¢
KCl 02¢g
D.H-O 1000 ml
Tween 20 1.0 ml
I3. Blocking buffer: _ _
IX TBS . 0.1 % tween 20 with 5 94 skimmed milk (non-fat dry milk)
14, Washing buffer-TBST: 0.1 % tween-20 in 1X TBS
I5. Ponceau stain- 1 gminl % acetic acid
16. Primary Antibody: Ref Table 7
14, Secondary antibody: HRP conjugate: Ref Table 7
18. Antibody diluent buffer -
2.5% BSA in 1X TBS with 0.1 % tweeh-
19, Luminescent Mixture-Millipore ]mmunqbilon Western
0.5 ml of HRP substrate perox1de solution
0.5 ml of HRP substrate Luminol reagent
Matel‘ials
%

AGE apparatus

x-:k -
EleCtl‘Ob]Otting cassette

Whatmann No: 3 MM Paper
Magfletic stirrer

Nitrocellulose paper

Rad

Min; transfer western blot- Bio




Protocol
Preparati : ;
reparation of separating gel and separating gel

Table 3.6: Percentage of stacking and separating gel.

10 % 12 % 4 %
Reagents Separating gel Separating gel Stacking gel
(10 ml) (10 ml) (10 ml)
30% Acrylamide (ml) 3.43 4.0 1.33
Tris HCI (pH 8.8) (ml) 2.5 2.5 --
Tris HCJ (pH 6.8) (ml) i . 2.5
D-H,0 (m) 4.17 33 ..
APS (ul) 50 50 50
£ T Ay

L/

C‘dsti
ng the gel
th agarose and separating gel is carefully poured.

Th : :
¢ slab is assembled, sealed at the bottom W1
a layer of saturated butanol, the stacking gel

with
s were placed. Samp
v for approximately 2-3 hours till the samples

Af r . t '.Ee
ED ou IeS wWCere loaded a]ong Wl[ll

Wa
S Poured above the separating ge] and COIle
Mo]e

Olecylgy weight marker. The gel was run at 150

lan
the whole length of the gel.

' SRy LT




. S . .y P Pl g 37w Ry, 3 K T
: : A O ™ e A g it
R o e R BT
. v = s

Clean glass plates with 1.5 mm spacer clamped

Sealed with molten agarose gel

\

0 5 "
10 % Separating gel was poured up 10 the % " level of the plate and allowed to solidify

ol
Then stacking gel was poured and comb was placed and allowed to solidify
J

as removed and washed twice with buffer

2
rts + 1part of 5X SDS sample buffer was added

2

50 V current till tracking

\

el was removed from th

After solidification comb w

T o ‘ _
he sample containing 50 pg of protein 3 pa

Electrophoretic movement with 1 dye reach agarose layer(seal)

After, g ¢ electric field

Qunnunns




===

Transfer
Cut the gel and incubated in the transfer buffer for 20 min

\:

Cu :
t the nitrocellulose membrane for

Arrang .
ged the gel and nitrocellulose membrane in the mini tr
bubble

2

Kept fi ;o EI T
ept for transfer under 100 V eleetric field for 1 hour at 4°C with coolent for the transfer t
0

occur
!

brane was removed and washe

\

u stain to confirm complete transfer

Then the mem d thrice in TBST each for 5 min

Stained the gel with Poncea

1ed membrane was washed in water

2
brane in blocking buffe
2

Ponceau stail

Incubated the mem - for 1 hour at RT under mild rocking

Washed in TBST -3 times
J

Overnight incubation in primary antibody (Dilution ref table 7) at 4°C with mild rocking

Wwashed in TBST - 5 times

Incubated in secondary antibody (1 -2000) for lhour at RT
J

Wwashed in TBST — 3 times

required size and incubated in the transfer buffer for 20 m

ansfer western blot without any ai




etection (Dark Room) |

Membrane placed in the even surface on the food wrapper

\

xture was added over the membrane and incubated for 2-10 min at RT

Y
e was cxposed to X-ray sheet, inside the hypercasette (timing
dependent on the strength of the signal)

2

Then membrane was developed in develo

Luminescence mi

After that membran

per (1in 10 dilution) for 1 min

Washed in water
{

Soaked in fixer (1 in 5 dilution) for 1 min

Finally washed in water

GS 800- Calibrated densitometer

analysed by

Then the intensity of the bands were
(Biorad)

LUT4, Akt, VEGF.

western blot analysis of G

T
able 3.7; Antibody details used for the

Particulars Primary antibody Secondary antibody
k//’ . " . -
GLy - UT4 Anti-goat raised in rabbit
T4 Goat polyclonai 115,53 GL 1gG HRP conjugated (Santa Cruz)
(Santa Cruz) — I 1:2000
x_ ,- . . d .
Ak ) - t Anti-rabbit raised 1n mouse
t Rabblt_PhOSPhO Sef ]L:)?OA k IgG HRP conjugated (Santa Cruz) -
(Cell signaling) - 1:2000
Vipe——— Anti-rabbit raised in mouse
EGF Rabbit POIYCIO“a] 1gG VEGF IgG HRP conjugated (Santa Cruz) -
(Santa Cruz) - 1:1 1:5000
¥//




3
16 IMMUNOPRECIPITATION

Principlc

[hi :
s technique i I
ue 1s base > antige I
sed on the antigen- antibody reaction. The specifi i
pecific antigen is precipitated

onoclonal anti ST
al antibodies using monoclonal hybridoma technique, which d
s are directed i
against
o

the antj
lgcn 01' < 5 i P . .
interest. Immunoprecipitation 1s a procedure by which peptid
ides or proteins tt
nat

react g S
PCCIHCEI”\’ 1 i a
examin or quantit or
y OrI

physic
al characteristi '
eristics (molecular weight, isoelectric point, etc). Antibody-anti
. -antigen compl
exes

are remo ]
VCd il'O . ) R §
m solution by addition of an insoluble form of an antibody bindi
ng protein such

as Protej .
in A, Protein G or secondary antibody.

\\\\'—“—-—_T—

500 pg of cell lysate supernatant was taken in a microfuge tube

TO lh c
1S dddCd 10 }.[] ol ag arosc bcads Elrld iI‘lCUbated for VVhiCh is a pI'C-Clea[‘ir[O‘ Step of
f o non-

specific
‘ |
Centrifuged "
0
,i-’f |
/

of primary antibody and kept at 4" C for over night

rocking
J
|

Then :
to this added 20 pl of agarose protein conjug
for 2 hours

5
the supernatant added 7.5 pl (1.5 H8)

ate and incubated at 4° C on rocker platfor
m

y centrifuging at 3000 rpm for 10 minutes at 4°C |

In .
Imunoprecipitate was collected b

ed with 400 pl of RIPA Buffer twice

he above immunopreci

g done with t

5 |
|
E“\

i
W

Immunoprecipitate Was wash
Supernatant was discarded and the pellet was washed with wash buffer 2 times
Third wash was done with assay buffer for twice .
Resuspended the pellet in 200 pl of RIPA Buffer and stored at -20°C -;.g l
: pitate ;, \
|
|
|

.



317G "< ; )
) GLUCOSE UPTAKE BY INDIRECT MEASUREMENT OF GLUCOSE ENTRY BY
LUCOSE OXIDASE / PEROXIDASE TEST METHOD

Experiment

.} Thf_‘ l[ e . .
¢lucose entry into the cell 1s measured by the disappearance of glucose from the medi
mum

which is analvz  clini T '
ch is analyzed by clinical analyzer. I'he experiments were done in duplicates
The 90 % conf ‘ |
¢ 90 % confluent cells were starved for 24 hours.
_K1 cells were removed and a fresh SFM was added

7%

= Serum free medijum (SFM) from CHO
7 mM, 12 mM and 17 mM in the presence and

with the varying concentration of glucose
0 & 20 mM AAM.

absence of insulin (100 nM) along with 5. 1
ated for 8§ minutes and 1
arrested using ice cold PBS.

% The . :
he cells were then incub mmediately the medium was collected in

e 0 )
ppendorfs and the cell metabolism was

_20°C. These medium was Jater used to calculate the glucose

™7 :
I'he medium was stored in
ase and peroxidase test.

I' 11 . . .
¢maining by subjecting 10 Glucose oxid
dium before and after exposed to the

cose present in the me
e by the starved CHO-K1 cells.

i

The difference between the glu

cells showed the uptake of glucos

The ) .
he reaction sequence employed in the assay of Glucose 15 as follows:

Gluconate +

Gl
Uose +1720; + H;0 Glucose OXTES
Peroxidase

i Quinoneimine + 4H,

es Gluconate and Hydrogen peroxide. The

0

2H
e+ phcnol

0 , :
V2 + 4-aminoantipyridin

Gl .
'C0se is oxidized by Glucose oxidase and produc
¥ coupled with 4-aminoantipyrine and phenol. The amount

glucose concentration in sample, and can

H

Ydroo o

of Ogen peroxide is then oxidativel
¢ : +
Oloureq complex (Quinoneimine) is propontlonal to

be
Meagr )
asured photometrically-




e PR Vpertes 1 =

PrOCCdurc

)-E. I‘h > 5 -

= Toln .
]l 0 a0 2
f reagent. 10 pl of sample was added and incubated for 5 min at 37°C

Crinc 1 e 1
ubation. the colour was rcad n Glucose ana]yzer

318 G ;
LUCOSE UPTAKE STUDY BY U"™C LABELED GLUCOSE

—
CHO-k1 Cells were grown in 24 well plates and incubated

in 5 % CO; incubato

r at 37°C for 24 hours

\

The medium was discarded
1,#

sedium was added and incubated for 24 hours

Serum free n
ins % COz incubator at 37°C
SFM was removed and conditions media were added and incubated for l“
it

r2.8,30 and 60 minute
of glucose uptake study

incubated fo sin 5 % CO; incubator at 37°C
e stamlm'dization

2

ed with different gluco

(Ci of radiolabelled e

for tim

se concentration (5 mM-

The CHO-K 1 cells were treal

30
mM) along with this was added 0.2 1
incubated

glucose/deoxy glucose

for § minutes

to see effect of amino qcids on glucose
I

washed thrice with ice cold PBS

Medijum was discarded and the cells were
|
“ l
i
1

s are scrapped with the help of vigorous syringing |
1 RS |

! L

nt of radioactivity is read

L
0ml of 0.2 N NaOH is added and cell

added and amou

| of scintillant is

To
I'ml of this cell lysate, 4m
lation system (Section 3.12)

f

By




319 AUTORADIOGRAPHY OF INSULIN RECEPTOR TYROSINE KINASE

Reagents

1,

PBS (Phosphate Buffer Saline) (pH —7.4): 8 om of NaCl, 1.15 gm of Na;HPO,, 0.2 gm

of KCl was dissolved in 1000 ml of distilled water.

2. RIPA buffer (Ref Section 3.13.1) (Makoto e al., 2001).
3. Primary antibody (P85« Rabbit Polyclonal 1gG)
4 A/G agarose conjugate
5. IRTK bugfer: TRIS-HCI - 50 mM (pH =7.4). NaCl - 100 mM, DTT - 1 mM. EDTA - 1
mM. Triton X - 0.1 %. LiCl- 500 mM, PMSF - 1 mM, Protease Inhibitors (1 mg/ml -
300 pl for 10 ml). . “
6. Protein kinase assay buffer in PBS: HEPES buffer - 50 mM, EDTA - 0.1 mM, Brij25 -
2.5mg, NaCl - 0.15 M, filter sterilized and stored at 4°C.
7. ATP - 50 mM
k joma) - 4:1,
% Artificial substrate — (poly GLU, T YR) (Sigma) |
10. " Radio labeled y 2P ATP (BRIT. Hyderabad) - 40pCi.
1.5 ul MgCly 20 pl
]] Re( i ixfure: 10 !.ll Assay buffer . 10 j.Ll of COId ATP 4 il aCl, . I of
e dio labeled ¥ 32p was mixed together and 41.7 pl of
Substrate, 2 pCi (0.2pl ) of Radio -
3 -eaction.
Cock tail was taken for the experiment for one ped
I)rotgc | | |
0 ncubated with 100 nM insulin and exposed to

. ), pre-i
s Were grown, serum starved (24 hours), P

CXppm:
Perimental conditions (glucose -

or2 i : ice col
e Min. Then the reaction was StOPPCd by

&27 mM and amino acid mixtures - 2.5, 5 & 20 mM)
» d PBS washed thrice with PBS, added 1 ml

scrapped off and transferred to the eppendorfs,
]]s were SCIt

R . ) |
. bumﬁr, kept for 10 min a4 ~ ¢ 10 mins, 4°C. Protein was estimated in

Son; -
Heated for 10 sec and centrlfuged at

oC until proces

Sy
Pematang and stored at -20

recipitation.
sed for immunopteCJpltatIm




3. ipi
19.1 Immunoprecipitation of IRTK

Agarose conjugate (

To 250 pg of protein added 5 ul (1 pg conc.) of primary antibody
A

Incubated with rocking for 1 hour, 4°C

\2

10 pl) was added & incubated overnight rocking, 4°C
o0

Centrifuged at 3500 rpm, 10 min, 4°C
4
200 pl for buffer was added

\

Wash step was repeated to 2-3 times

\

The lower organic layer was collected

Pellet was solubilized with buffer

od) and was stored at -20° C

n was estimated (Lowry’s meth
1. 1998)

Protei
(Ferrara, Reynolds eta

-




. v

3. .
19.2 IRTK activity by autoradiography

30 pg of protein and cocktail 41 .7ul was added

2
It was incubated for 30 minutes
\
5 X sample buffer (3 pl for 42 pl) was added

i

It was boiled for 3 minutes to break if any sub units were present

\2

and the wells were loaded with samples at 160 V for 2 hour
. s

After 2 hours the gel was dried along wit
with the help of a vacuum dr

7 % SDS PAGE was run

h whatman 1 filter paper and food wrapper
yer at 80°C for 2 hours

The dried gel paper Was placed in the hyper cassette

«-ray film for varying hours such as 1, 12,24, 48 h
respectively
J

Im was developed after the exposure time.

The gel was exposed to an

The x-ray 11

Quantiﬁed by LSS
3

al
ed as specific activity in

ed/min/mg protein
2001)

on, cpm values for the amount of radioactive material present in the

After quantificati
K express

samples for IRT

nmole ATP incorporat
2001; Tremblay and Marette

(Sulochana, Rajesh et al.




3.20 AUTORADIOGRAPHY OF PI3-K

Reagents

. Primary antibody (P85, Rabbit Polyclonal IgG)

2. Agarose conjugate

3. PI3-K bufferl: 50 mM HEPES (pH -7.5), 150 mM NaCl, 10 % Glycerol (5 ml), 1 %
Triton X 100 (100 pl), 1.5 mM MgCly. 1 mM EDTA, I mM PMSEF, 1 mM Sodium
orthovanadate . 1 mM DTT. 30pul from10 X stock of Protease Inhibitor.

4. PI3-K Buffer2: 20 mM Tris HCI, 10 mM NaCl, 1 mM Sodium orthovanadate, 0.5 mM
EDTA was dissolved in 50 ml of PBS and was filter sterilized and stored at 4°C.

5. Reaction Mixture: 50 pl of Buffer, ] pl of MgCl. 5 ul of ATP, 5 pCi (0.5 ul) of y P
ATP . 0.3 mg/ml of 2 pl PI substrate. 58.5 pl of Cock tail was taken for experiment for
one reaction.

6. Solvents (CHCl3: CH;0H: 28%NH;OH) in the ratio (129: 114 : 15)

3'20'] ]mmunoprecipitation of PI13-K

Refer section 3.19.1




ST e e e e et 9 e oA ST |

.20.2 PI3-K activity by autoradiography

30 pg of proteins and cocktail were added

Incubation for 20 minutes

The reaction was terminated by chloroform
taken

The sample was spot on Thin Layer Chromatographic (TLC) plate

The TLC plate was dried

s were made to run by keeping them in solvents for 1 hour

Centrifugation at 5000 rpm for 10 minutes was done and the lower organic layer wa
& . S
The sampl

The TLC plates were dried and was placed in the hyper cassette

d to an x-ray film for varying hours such as

The TLC plates were €Xpose
1,12,24,48 hours respectively

Overnight exposure means the hyper cassette should be kept at -80° C

It is kept at room temperature for 1

The x-ray film was developed after the exposure time

For quantifying the TLC plates too were stained with iodine vapours
ved in scintillant and kept for 10 mins

The spots were marked, scraped and dissol

|

!

hour before the x-ray was developed
Quantiﬁed by LSS ’
!

l

After quantification, cpm values for the amount of radioactive material present in the

samples for PI3K expressed as speciﬁc activ~ity i_n
pmole ATP incorporatecl/mm/mg protein

01) (Srinivasan, Rajesh et al. 2005)

(Tremblay and Marette 20
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3.21 IMMUNOFLUORESCENCE OF AKT / GLUT4

Principle

Im o _ .
munofluorescence staining is known as the fluorescent antibody technique. In indirect

im . _ _ _ .
munofluorescence assay secondary antibody is conjugated with the fluorchrome and it

recopnizes . . . .
cognizes the primary antibody in target cells and function as a reporter for the presence of

target cell.

1°Ab

Antigen

1: Indirect jmmunofluorescence = principle

Fig 3.
Reagents
L. .
Glucose stock (Sigma) 90 mgin 5 ml, conc.100 mM
. Insulin - Recombinant human insulin (Sigma)
3 olved heating at 100°C and small amount of IN

* 4% Para formaldehyde in PBS (pH 7.0) diss

NaOH was added.

0.1'% Triton X100 in PBS.

2% BSA in PBS (Himedia)

Primary antibody 1 % BSA/ PBS

FITC conjugated secondary antibody 1D

DApr (4,6 Diamino 2 phenylindol, Sigma)
Stock: 5 mg/ml in PBS (pH7.0)

n

2 % BSA /PBS

oo .-._,J =

Working: 1:50,000 dilution in PBS

A ,
Ntfade: Mowiol (sigma)
73

N
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6 ml of Glycerol was taken: 2.4 ¢ of Mowiol and 6 ml of D H20 was added and stirred for
overnight at RT. Then 12 ml of 0.2 M Tris (pH 8.5) and 0.02 % of sodium azide was added and

incubated in hot water (50-60°C) for 10 min to dissolve the Mowiol. Then centrifuged at 5000
S C

RPM for 15 min to remove any undissolved solids. Stored in -20°C

Table 3.8: Antibody details used for the immunofluorescence assay.

Particulars Akt GLUT4

phospho Ser 473 Akt raised | Human Anti Glut raised in
in Rabbit (Cell signaling) rabbit (Abcam)

50
1:5 1:100

Primary antibody

Anti rabbit raised in Goat
conjugated to FITC
(Bangalore Genei)

. 0 1 -
Anti rabbit raised n Goat

conjugated to FITC

(Bangalore Genel)

Secondary antibody

1:200

1:100

74




Experiment Procedure

Cells were plated in 24 wells plate with 22 mm cover slip
When cells reached 80-90 % confluence

Serum starved for overnight with serum free media
[«

ext day pre-incubated in 100 nM insulin/ 1 hour at 37°C

Exposed to experimental condition 2 min (Akt), GLUT#4 (5 min) at 1790

Washed thrice in ice cold PBS

Fixed with 4 % Para formaldehyde for 20 min at RT
J

Permebilised with 0.1 % Triton for 10 min at RT
d

Blocked by 2 % BSA in PBS for 10 min at RT
2

Primary antibody over night at 4°C

Washed in PBS thrice

Secondary antibody FITC conjugated for 45 min at RT in Dark

Washed in PBS thrice
4

PI(1 -50,000) for 15 min at RT in dark
J

Counter gtain DA
in Tris-HCI (pH 8.5)

Washed several times in PBf, final

Allowed to dry

Mounted with Anti-fade and coversliped
Kept in dark for 2 hrs in dark

[f needed stored in 4°C
\

e-carl z€isS inverted fluorescent microscope

. nicroscop
under fluorescence 1 Miller et al. 2001)

( Ghigematst

75
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3.22 SIN B Q .
PROTEIN ESTIMATION- BRADFORD ASSAY (Muretta, Romenskaia et al. 2008)

Principle

Coomassj :

rl‘ =Y g . ) . . . g E .

assie dye binds to the protein mn an acidic medium, an immediate shift in absorptio
' n

Maxin e £ " EE : .
wm occurs from 465 nm to 595 nm with a concomitant color change from brown to blue

R(‘agcms

ierce, Rockford)

I.- Coomassie plus- Bradford assay kit (P

2. Standard — Bovine serum albumin — 1 mg/I1ml in normal saline

3. Normal saline — 0.9 % NaCl

T
able 3.9: Protocol for protein estimation by bradford assay.
T o—
[ PARTICULARS SIANK | STANDARD [ TEST
1.0
Normal saline (ml) 1.0 : 1.0
— 1.0 | 1.0 1.0
Reagent (ml) 1.0 - :
I 5 : |
Standard (pl) - ;
— | . 2
Test (1) - =
[ncubated at RT for 10 min, Read 0D at 595nm.

cusing for presenting cells to a laser. The sample is
flow. The combined flow is I€

Ils ntercept the light source they scatter light and
~This energy
romes. Scattered and emitted light

duced in diameter, forcing the

Ce]l
is released as a photon of light

in :
0 the center of the stream: As €€

Ochy . :
ch Omes are excited to @ higher eners

Wi _ di
3 unique to di

S e = .
Pecific spectral propertic ] y optical detectors. Collimated
ele

ctrical pulses b

afocal lenses focused at the intersection point
)

om
D “lls and particles arc converted 10
ral]el . N i b C
light waveforms) light 18 P‘Cked ww to detector photonmltiplier tube (PMT). The

()[‘
ght 18 sell
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l ]SC inati g 1 e y a s
I . | CCSSG el'i(-fs (8]
“ca[ a]ld ]{)U cln]])l]“l,l'.' ] (](._.]L'lritl]l]‘]. 2 )l. 1 I C 1 Il‘ll)le

in cells. Thi .
S. 11S type . ATt .
ype of amplification expands the scale for weak signals and comp |
S resses the scal
&

for = .
Strc ’ 13

g™ or specific fluorescence signals.
Protocol

[

ing glucose concentration (7 -27 mM) in the pres
ence

The CL
CES]IdIO-Kl cells were exposed to vary
absence of amino acids mixture (3 & 10 mM) with or without insulin (50,100 nM)

at 37 °C, the reaction was arrested by adding ice cold PBS

At t .

he end of two minutes of exposure

d by trypsinisation (0.1 %)
\

immediately, followe

The cells were transferred and stained in polystyrene tubes

cells were spun down such that the supernatant was removed with little loss of cells. Tl 4
viability of the cells was not less than 90 % - lhe Al
! I
rhe CCHS W 3 6 L. ‘“"}j
ere resuspended to approxm‘latcly 1-2x10° cells/ml in 1ce cold PBS. 10 % FCS, 1 % I

sodium azide 1% '1({

|

/a

J
1 tube, along with an additional 2 pg of the primary il

added to eacl
d for 30 min at 4°C in the dark

100
Kl of cell suspension was
and incubate

antibody in 3% BSA in PBS,

trifugation at 400 g for 5 min and were resuspended in

The ¢

cells were washed three times by €€l
ice cold PBS

s diluted in 3 %

The FITC-labeled secondary antibody Wa 4 A ’ f

. bated at 4°C for 30 minutes in dark
g for 5 min and resuspended in ice

’]‘ - . . .
he cells were l‘esuspended in this solution
ntrifugation at 400

The
he cells were washed thrice by €€
1. 2008)

cold PBS, 3% .
gkaiacta

(Muretla, Romen




Flow cytometry instrumentation

One-color flow cytometric analysis was performed on a BD FACS Calibur four-color flow
cytometer (BD Biosciences) equipped with two air-cooled lasers: a 15 mW Argon laser (488 nm)
and a Red Diode laser (632 nm). The emission of fluorochromes was recorded through specific

band pass filters: 525 nm for fluorescein isothiocyanate. The flow cytometer was regularly

checked by using standard BD Calibrite 3 beads (BD Biosciences) for photomultiplier tube
(PMT) voltage adjustment. color compensation setup, and sensitivity test. Cells were gated on a
forward scatter (I'S) versus side scatter (SS) plot based on their morphological features and on
FL2 versus side scatter (SS) dot plot where FITC-conjugated GLUT4 was used to trace the cells
anti-GLUT4) was displayed on FL1 single histogram gated on

of interect (-
Iterest. Green fluorescence (
riminator was set on the IS parameter to exclude

the prev; . -
1€ previous two plots. An appropriate disc

Small debris and other cell fragments. Data acquisition
BD Biosciences, USA). The data are expressed as % FITC

is over and above the fluorescence seen in the

and analysis were performed using the

BD ¢ .
D CELL Quest Pro software (

Positive cells of the total 10,000 cells gated which

¢ _ .2
ontrol cells that are not exposed to experimental condition.

2 GLYCOGEN SYNTHASE ACTIVITY FOLLOWED BY RP-HPLC

)
i ; 1 irreversible reaction -
[he regulatory enzyme glycogen synthase catalyses the essentially :

2, [

GIYCMC Glycogen (nt D) ¥ ubp

Gl
¥ yCOgcn (n)
+ UDP-Glc . ;
T E 1 "'Ce th Vi
he ac[ivily Of I ynthaSe I‘n the Ce]] lysa‘te 1S CSll[nated by deCIG'lse 1n the concentration
glycogen s

he reaction The UDPG was assayed by reverse phase
he I¢C s

o h
UDpG (one of the reactant) after t
“PLC

< 24 o

! Solid phase extraction |
. Cartridges (Cayman chemical company)
[xtraction &

"o
C 18 column. Solid Phase .
ped silica-

® It )
* Itis an Octadecy! bonded end ¢l
S
* Particle gize — 40 pm.
Y
78

Pore siz6 — 60 A”.
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Used for reversed phase extraction of nonpolar to moderately polar compounds

Principle
Revere _ o ; :
eversed phase SPE separations involve a polar sample matrix (mobile phase) and a nonpolar

tationary phase. The analyte of interest1s typically mid- to nonpolar. The hydrophilic silanol

groups at the surface of the raw silica packing (typically 60A pore size, 40pm particle size) have

been chemically modified with hydrophobic alkyl or aryl functional groups by reaction with the

CO - - .
rresponding silanes.

CH; CHs

” I 1 i

wWwoar Si-OH + CI'SIi"Csz? —> AN S"O'SII'CwHa? + HCI
CH, CH,

ar solutions (¢.g. water) onto these SPE materials is due Al
i

Retent - :
tlention of organic analytes from pol
_hydrogen bonds in the analyte and the

P“mari]y to the attractive forces between the carbon

functjopg] groups on the silica surface. These nonpolar-nonpolar attractive forces are commonly
1 forces. To elute
solvent to disrupt the forces are used.

an adsorbed compound from a

Cal . 3
led van der Waals forces, or dispersio

s .
¢Versed phase SPE tube or disk, a nonpolat

Re(JUirememts

I UDpG (Sigma)
2. UDP (Sigma)

3 Glycogen
il' Glucose 6 phosphate
>~ 500 mM Tris HCI pH 8.2
0300 mm MgCl,
R; 100 mM EDTA
gentg

Reaction mixture

Tris HJ ( _ 0.2 ml
pH 8.2) :
MgCl, _0.085 ml
EDTA _0.02ml 79

-
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[} mercaptoethanol - 0.05 ml
MQ water - 1.6 ml

2. Reaction cocktail
Reaction mixture - 2 ml

Glycogen -5 mg
Gop - 1.4 mg

3. Stock standard -
UDPG — 1 mg /1 mlin 10 % Acetonitrile

Table 3.10: Working standard of UDGP

: 3 S4
PARTICULARS s1 > ;i
366 488
Vol. of stock (ul) 122 244 _
Made up to 1ml using 10 % Acetonitrile
600 800
Final conc.(uM) 200 400
4. Stock standard - i;;:ff
UDP— | mg /1 ml in 10 % Acetonitrtic )
Table 3.11: Working standard of uDP /
R S3 S4
PARTICULARS Sl 5 o
| RIS | e
Vol. of stock (pl) 80 —
[P T
o0 Iml using 10 % Acetonitrile
Made lL// 400 600 800
e e
Final conc.(pM) 200 |
/ |

s




3.24.2 Protocol — Glycogen Synthase activity

0.5 ml of the cocktail of the reaction mixture was taken

2
122 ul of the stock UDPG was added

2

100 pl of the cell lysate was added mixed well (enzyme source)

Incubated for 5 min at 30°C
$

Then immediately transferred and kept in 100°C for 5 min to stop the reaction
Cooled and used for further analysis

Purification was performed by SPE (solid phase extraction) cartridge.

3.24.3 Equilibration of the cartridge for solid phase extraction (fig 3.2)

1.0 ml of MQ water was added to the cartridge and centrifuged at 2500 RPM for 5 min

Then 1 ml of 10 % Acetonitrile was added and centrifuged at 2500 RPM for 5 min

Then this cartridge was used for the extraction purpose

3:24.4 Sample preparation for HPLC

To the equilibrated cartridge the 1 ml of standard/samples were added and centrifuged for 5 min
at 2500 RPM

s filtered through the 22 pm syringe filter
L

Then the elute wa
Then filtrate was kept at 60°C for 1 hour o enable Acetonitrile evaporations
Then concentrated by speed Vac concentrator (Savant spDIIl V, Thermo scientific)

stituted with 100 pl of 10 % Acetonitrile

sed for HPLC injection

Recon

From this 50 pl was u

(Danforth 1965)




Condition the SPE Add the Sample

Tube or Disk

C ~3 —— ey s

T

I
|
|
I

L

1 JJ P ﬁ;
(= A3
oo
a2 AAA = GIINVIA
Wn-h the Packing Ciute the
Compounds of intarest
— c—— - 3 =)

o

Fig 3.2: Steps involved in the sample preparation before the HPLC
run by SPE cartridge.
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= MatnX

= Impunty

O
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O golvent A
<
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Reverse phase HPLC separation depends on the reversible adsorption/desorption of solute JH

: ‘ ' !

le v varyving degrees of hydrophobicity to a hydrophobic stationary phase. It is an ' '

' - |

adsormi"c process by experimental desion. which relies on a partitioning mechanism to effect | j'

Sparation. The solute molecules partition (i.e. an equilibrium 1s wstabfished) Between fhe mahils '
Phase and the stationary phase. The distribution of the solute between the two phases depends on

the binding propertics of the medium, the hydrophobicity 1 the solute and the composition of J

; Wbl hass, Tnitially Cxpcrimcntal conditions are designed to favour adsorption of the
— the mobile phase to the stationary phase. Subsequently, the mobile phase r

mposition is modified to favour desorption of the solute from the stationary phase back into

the mopj). phase.

Co
lump parameters

Re\.-erscd phase column - C18 (f@

('olumn length - ’!l

lmcma[ diameter - ik rurm Jﬁ ;I

Pamc[e Size - 5 micron P )
I

Ligy:
Quid Chromatography parameters

Prec.
T Ssure - 400 max pressurc I
e
; mDeraturc L3700 ‘
lony rat : l
- - 1.5 ml/min i
|

Cte |
Ctoy- Variable wavelength detecto!

Njoes:
. JECtmn Volume: 50 pl

Mog,
. i 2 s OE I hate ;

Su]vent A - Gradient buty! ammonium hydrogen Stip 1 |
- 0.005 M Tetra bt E— |

M Disodium hydrogen phosphate ;

| 0.01 M Diso ;.
! c)lvent o l
‘ ’ © 100 % Acetonitr! 1
lme I
e o ;
Lllter :22 min I
254 nm

83
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Reagents

2

2.7 Dichlarad:
ichlorodihydrofluorescein Diacetate (Sigma) - 1 mg/ ml Dimethyl sulfoxide (DMSO
g 5 )

)
Protocol

—_—

Cells were plated in 96 wells plate
\

d 80-90 % confluence
"

Serum starved for overnight
100 nM insulin for 24 hours

J

ation 5 pM of s
2

ated in dark for hal

!

ynex Triad Elisa rea

When cells reache

with serum free media

Ex
“Xpose _— . _
posed to cxpcrlmcnlal condition with anidl incvbatediat 3790

After incub tock DCF-DA added to each well

Then incub f an hour

aken in D der for 1 hour

2

m; [mission Fil

Kinetic readings were t
ter 535 nm (Xu, Liet al. 2009)

Excitation Filter 485 n
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3.26 SUPER OXIDE DISMUTASE

Principle

Super oxide. O, ", is an intermediate in the autoxidation of epinephrine. The ability of super

oxide dismutase to inhibit the autoxidation of epinephrine at pH 9.8 provides the basis of the
assay for the enzyme.

SOD catalyses the following reaction.

SOD
0.+ 0, +2H" - — 02+ H0;
}i"‘l‘l"
Reagents ’
I. Carbonate - bicarbonate buffer - 50 mM, pH1 9.8 d to 100 ml witl -":'-'}
- ml with
: _ 420 mg; EDTA-1 mg mace up 1o il
Na, CO3-529 mg; NaHCO3
S (he
distilled water. |
ed freshly - 1 mg in 1 ml, dissolved by ‘

2. Epinephrine: 1.8 mM solution, prepar

adding dilute HCL.

(Kinetic assay mode) E
3. Instrument: DU 640 spectrop |

hotometer

1B
Proccdure | |

f SOD
T £SO

imation O
able 3.13: Assay protocol for the estimatio

/’——_ o |
\—4/‘ C(mtrol Test . |
Blank ML E .

10 =

B L e i
Water () 500 ] - i

Carb

|

|

|

ii

Onate Buffer (ul) Lo | 100 WJ
N—’ |
cll Iy -- | e |
llysate () 100 400 | ,E

!

|

&_/
Eplnephl‘ine (“I) - /
k_/




e
Tghs it £ N
S ) i

o

f\S SO
on as tl '
s the epinephri '
ine is added. i -
Measured in a D I is added. immediately the increase in ab
" . ase 1n \
a DU 640 spectrophotometer for 240 sec absorbance at 450 nm is

AUI <! 1
oxidati T e
on 01 cpinep i b
i » - -
] ] h! ine to c\dICﬂOChl'OlnC iS pCi’fOl‘med iIl d l C W
C contro tu 1
1 ’lthOut lhe anyl][e

One unj
unit of ¢n;
enzyme activity is defi
: ity 1s defined as the quantity of enzyme od
- required to pr
produce 50 %

. I .l il' .
[( .\]le.l 101 (M . ' I

Calculation

The ¢
elta OD v
‘El] S e - =
ues (absorbance at 165 sec - absorbance at 105 sec) for epinephri
ephrine control a
nd

test w
twere obtained.

— Units / min / mg protein

S .
pecific activity of SOD =
/2 X protein per100 ul lysate

C=
= ADD for e
for epinephrine control

T=
AOD for test

3.27

NITY

e {IC OXIDE BY GRIESS METHOD
r]nciple

by reaction with nitrite in aci
c 11
1) ethylenediamine, formi]nanC;d
absorbance at 548 nm. S AN

jazonium salt
N-(1-naphthy
sed on its

nverted to @ d
led to
antitated ba

Su”‘
anilj -
Olution C"IEEIC]d Is quantitatively €O
Y that ¢q \e diazonium salt is then coup
n be Specimphotometrically qu

7N
Ho q_(”* NO,
ek / W\ 2 &
..;/hNHE N ﬂ N, / NHCH,CHoNH
Sy B
H,PO
3 >4
Reagent B piazgnium salt Reagent A
o\
> /’_ﬁ = . H
N/ S E e H,CHoM
N W ’

azp dye

87
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Reagents

] N (1 ) )
' - 1-Nna 7]11]1\' > lenediz: I 1
I b ]) (.[h_\ IL]]&_(Ildn‘llnC dlhydl'OChIOI'ide - 5 n][ f
Z cofa0.1 % (1 mg/mL) solution

sealed under argon.

410 ion i

al% (10 mg/mL) solution in 5 % phosphoric acid
C

'l\)

Sulfanilic acid - 25 mL of

Nitrite s
standard soluti . _
dard solution - 1.0 mL of 1.0 mM sodium nitrite in deionized wate
.fc r

(S

3.14: Micr
icroplate Assay for NO (Biovision, USA)

- Blank
Mcdlu]h (l.ll) Std TcSt
Buffer (u) 85 83 ®
Sld (“l) —
- 2
Buffer (ul) - 100
Nit 1> 115 G
C’O-.facl()r —_________,_————‘r_'____________ oy
- 5 —
- —
e - 5
(Ir[eSS RI / 5
P | 50 50 =
fless R2 //
~ 50 50 <
T~ Room lemperature 10 min
T~ ] OD at 540 nm

3'28
CF
ELL CYCLE ANALYSIS BY pROPIDIUM TODIDE

Ap

Optot; :

Nye gaollc cell is typically charactcrized by DNA frag.mcntatlon anq consequently, loss of

ey Content. Propidium iodide (PD) pinding and labeling 1€ DNA gives a rapid and precise
by flow cytometric analysis and subsequent identification of

alual.
hyp()d' lon‘ of cellular DNA content

- 1 mg/ml :
? Cells in EElgppropriate ph [ cycle suspended 11 PEs
e col o e ;
ethanol (70 %) _
(51' 0.1 % Trypsin (Himedia _ cell culture gladildia)
6 DNase free RNase A - 10 mg/m! (Biogen®
- Taurine - 1 mg/ml
y-1 mg/m!
88

7.
N-aceyt] cysteine (N/

ase of cel

By




8. Di-cthly dithiocarbamate (DDC) - 1 mg/ml

9. Insulin - 100 nM
10. Instrument - Flow cytometry (BD Bioscience)

’rocedure
Isolate cells:

Cells with passage 23 were retrieved

1 X 10* cells were seeded in two 6 well plates

After 80

\

% confluence (48 hours)

The cells were serum starved for 24 hours

Centrifuged at 12,000 rpm for 5m

Cell ar

Washed the cells with PBS (1X1

Fixing the cell-

Cl
ells were fixed by gently adding 0.7 ml

0.3mlo

Centrifuged the cells as above,

Re-suspended the pelle

Added 10 plof 1 mg/

S by reﬂd
(N unez 2 2001)

Analyzed on FAC

Cells exposed to experimental ¢

The cells w

Resuspend the pellet in 0.3 ml o

fcell suspt‘i‘ﬂs1
o. washed on¢ tim

ml PL. Kept in
J

onditions and kept for 24 hours

ere trypsinized and removed with PBS

ins at 4°C, decanted the supernatant and gently resuspend

the cells in PBS
J

e counted by hemocytometer

0° cells per tube), and centrifuge at 12,000 rpm at 4°C

fPBS

ol (70%) dropwise to the tube containing

ice co]d ethan
Jile vortexing gently

e with ice cold PBS and re-centrifuge

of PBS, added 5 plof 10 mg/ml Rnase A

0.25 ml
t]Incubflte at +37°C f01 1 hour

dark and at 4°C until analysis

pg on cytometer at 488 nm
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POPTOSIS ASSAY by ANNEXIN-V

AI]I]C\' 1- i ~ e
B uor S)] SCVETS
> 5 S a ]lg] ¢ H'lnil\r FI
'; tO

c ]d)qserh]c (])g ,
- S). Cell-surface PS detection with annexin-V sev
s. Necrotic cells bel ‘ ers as a marker for
S clls being leaky enable annexin-V-alexa fluor 488 to b er for
S To differentiate _ o bind +
o differentiate apoptotic cell from the necrotic cell, si o the inner
ell, simult

botf ,
1 annexin-V-alexa fluor 488

dnnexi
¥ ln"v-—al 2y
e A9 indi
xa fluor 488 indicates the apoptotic cells

Materials
I. Annexin bi
exin bindine buffer: 10 mM -PE
o . [EPES. 140 mM NaCl ¢ |
S aCl and 2.5 mM CaCl, pH 7.4 '
3 |
- PI - 1 mg/ml |
4 i
- 0.1 % Trypsin i
5. An )
) nexin-V-Alexa fluor 488 (Invilrogen)
- Insulin - 100 nM
7. In
st ;
b rument - Flow cytometry (BD Bioscience)
Ocedure
ii

Ce

The stained ¢
(Morais; Wwesthuyzelh et

nd exposed t0 cxperimcntal conditions
2
|

]
were g¢
serum starved for 24 hours

ancous staining with |

and DN/ i i
NA stain PI is done. Exclusion of PI coupled witl
with |
|
!
\

and washed with ice cold PBS

After i . : ;3
fter incubation period, cells were u'ypsm]zed

1s, discard tl
xin-bin

1e supernatant and resuspended the cells

Re- )
¢-centrifuged the washed ce¢
ding buffer (100 ph)

(leO(’) in anneé
f cells along with 5 pl of PI

¢ to each 100 plo

A .
dded 5 pl of annexin-V conjugat

|]s at room {emperature for 15 mins

After incibation pc—:riod, 400ul Ofannexin-binding puffer was added, mixed gently
and kept inice |
|

Incubated the ce

by flow cytometry.
al. 2005)

ells were analyz€

90
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3.30 AD Y
IPOCYTE CELL CULTURE

])m'_ .
etics™ [
uman Visc
i sceral Preadipocy .
adipose tissue b al Preadipocytes are isolated from visceral (kid
sue by enzymatic di eral (kidne
- ymatic dice t1 P . y and bladder
cryopr / gestion and selective lturi : )
yopreserved i culturing tech
d in a soluti . S niques. Unpa
a solution contaimning ]'ZGMTM_z MYV. FBS a 4 DM B Ssang
- ’ n SO are fr
rom LONZA

Pre .
Paration of Media
\lturing preadipocytes

=
= Pre-\\ra - 17°

rmed (37°C). supplemented medium for ct
of Preadipocyte Basal Medium-2

.
Y DCCO .
ntan o
aminated the external surfaces of a 500 ml bottle

witl
170 % v/v ethanol or isopropanol.
2 by adding the entire contents of the FBS

“
 Made
c up B IR . 1
p Preadipocyte Growth Medium-
glCQLlOtSTM to the bottle of Preadipocyt
c

(10 % :
0). L-glutamine (2 mM)- GA-1000 Sin

g/ml). Reserved 100 ml of Preadipocyte Growth Medium-2 fi
2 for

Be i
asal Medium-2 (50 p
subseque y .
Thzl\Vin quent preparation of differentiation medium.
o of .
Cells / Initiation of Culture Process
ogen storage and thaw rapidly ina 37°C

cells from liquid nitr

utes. Decomamin | surfaces of the cryovial
via

).;‘
Removed the cryovial of
ate the externa

Water
bath, no more than 2 min
propanol.

hawed cell suspension to 50 ml of pre-warmed

of ce .
cells with 70% v/v ethanol or is0

= Using : :
ng a micropipet, gently added the't

dipocyte Growth Medium-2.
1] suspension.

1 and rinse to the ce

added the

B

Rin
the cryovial with mediul
eraturc.

es at room temp
| of wash at t
| ml of wash and resuspended

he bottom of the tube

N

lfth

I

Centri
rifuged at 300 x g for 10 minut
leave @ minim

yte Growth
of the cell sus

Wh

(% .

n washing the cells, gym of I M
Medium—Z to the

Add
ed 2 or 3 ml of Preadipoc
of 0.4 % Trypan Blu
¢ ie, and

1=

pension in 20 pl
e approximately 90 %

the .
pellet of cells. Diluted 20 pl
Recovery should b

a Cel - 'R B
| count was done 10 determin€ o/, viabillty:
jor to us¢ for assay$

€ celly .
s are to be expanded PY
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P

QFO\\'I]] ar 1
sue L‘UllLll'C SK Y ece
ﬂElSl\S El]ld uenll / I'OC]\' to diSpC | tt
SllSpCI'lSiO r

Hum ; |
an primary '
ary preadipocytes r
areater than 90 © pocytes will appear round when first plated. Wi
¢ o of the cells wi ated. Within four
24-36 }]( } y LL“S “I” bC auﬂCth ﬁnd bcuin 1o ﬂ it out hOuLS.
yurs the cells ar = atten and elo
S are ¢ o ngalc. 1thi
¢ adherent, elongated and spindle shaped. A Within
~d. As preadipoc
ytes begi
I . gin
s stay loosely attached and once

I‘O di 3 o =
- Ch / 1 S

division ;
/1sion 1s ¢
S p
completed, gets flatten and elongate

Preadi
ipocyte ¢ - :
- yte cultures are fed every 3-4 days after plating
cadipocyte |
yte cultures are cultur
res are cultur ed to 70 % confluency as they undergo
| | growth arre
on. At this point the cells e
not be passaged more th

precursor
rsor to differentiati l
are harvested and i
used for s
ubculturi
ring
g.
an once. '

Pri
]Tla!‘ I .
y human preadipocyltes should

Diff,
trentiati
at
ion to preadipocyte to adipocyte

)

i

™ 1 1
of insulin, dexamethasone

SingleQuots
00 ml of Preadipocyte Growth Medium-2

Add

C =Y L

d the entire contents of the
xanthine t0 1

indOn al
nethacin and isobutyl—methyl

Prewarmed to 37°C
dium will be «7xX — the concentrations of tl
e

NOTE: T

< The 100 ml ol'Diffcrentiation Me

11 be diluted 7-fold when
rentiating into

added to the pre-plated cells.

diffy
e].C " .
ntiation agents wi
adipocytes with the additi
addition of

to begin diffe
on Medium to each well.
g are 1-equi1-ecl. Differentiated adipocytes are

jum change
-ous lipid vacuoles in the

Ind
. uced the preadipocytes
dmlof Adi
N 1l of Adipocyte Differentiati
-
further additions or med

delj
cat
¢ and care should be used t
cells,
¢ noted by microscopic observation of lipid
i

ation may b
lular lip

case in num

id vacuoles will begin to appear 4 to 5

yte differcnti
per and size for 710 10 days

The ¢
€ extent of adipoc
The intracel

Vac
uolec ; ;
. les in the induced cells.
ays W
fter induction and will continue€ to 1NCl
lipid vacuoles:

few, ifany
rinsed with PBS, fixed

Non.:
n-
T induced cells will have
0 documc . ; - carefully
1ent adipocyle dlfferentlatmn, cu
d vith

lin and gtained ¥
92
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331 AD
IPOCYTE ST
T STAINING W
Reagents NING WITH OIL RED O
I. Oil Red O stock |
()7 O 1 s
¢ Oil Red O in 200 m] Isopropanol l

SIiI']'C . 9
- d ()\'CI’I]I“]] o 1lter i 4
ont. lhk.[l 1111(.] \\']l]] 0..-_, }.l]ﬂ Ell'ld store at OC
i

!\)

O1l Re
)il Red O working solution
s d.H20.

& vmint O
parts Oil Red O stock & 4 part
5 for 20 min, filtered.

Mix
: ed and made to sit at room temj
. O 2y
10 % Formalin in PBS

4. e
. Isopropanol 60 %

il(-« C 2 VE

rd

most of the medium

ncubated 5 min, RT

Add 10 % formalin and i
e of fresh formalin. Incubate at

N
% Dic i .
Discarded formalin and added the same volum
least 1 hour, or longer Note: Cellscan be kept in formalin for a couple of days
before staining.
d washed wells with 60 % isopropanol.

f) ~ i
Removed all the formalin an

2 The wells were dried complelcly.

king solution for 10 min-

ly added d.120, washed with water thrice

= .
. Added Oil Red O wor

and immediate
pe (Sheng, Zhang et al

d microsco

=
Removed all Oil Red O
1‘ight fiel

Removed all water and viewed under b

2008).

yT4in adipocytes cell

v

M

waq-UNOFLUORESCENCEFOR(HJ

i .

on 321 & Table 3.8 for procedl"'c and antibod

3,32
y dilution
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333 GLUCOSE UPTAKE IN ADIPOCYTE CELLS

Reagcnts
arginine, aspartic acid, glutamic acid, lysine, leucine,

L. Amino acids-each 5 mM of alanine,
1soleucine, cysteine.

Cold 2-Deoxy (ilucosc.([\’l.\\«'=l64mg/l_,=lmM)

o

Stock=1.6mg/ml

0.1lmM= 10ul. in 0.5ml

2

Hot 2-Deoxy Glucose
Stock=1ml/50pc1

20ul=1pci/ 24 well of 0.5ml

dded to 25 mM high glucose 1o have a total of 33 mM as high

NOTE: 8 mM extra glucose a

; S ition.
glucose in adipocyte cells exposti e conditic

p”)tOco]
erum starved for 2 hours.

L. After 80 % confluence. cells Were s | o
given for 30 min at 37 o

2. Then insulin 100 nM pretreatment were

3. Washed with PBS. . M 2-deoxyglucose and 0.2 pCi/ml Lo

4. Cells were incubated with PBS containtne O._] " -

deoxyglucose for 5 min along with amino acids mixture].

3. Removed the medium.

6. Washed with ice cold PBS.

7. Solubilized with 0.4 ml of 1 % SP%

2' Added 4 ml of scintillant. — counter (Harmon, paul et al. 2004).

-~ Read in Beckman 1.56500 scinti

3 GLUTY mRNA EXPRESSION ski and Sacchi 1987)
\).34.] RNA extraction by trizol method (Chom¢Zy
lrint‘iple ophase solution to facilitate the
.I.RI e Zidine 1]1iocyanate in a 11101? Pd or lysed in TRI Reagent; the
My, dlagent has phenol and g.llf“ . | samples are homogem‘ze e neuain o T
‘ late of RN Ase activity- Biologicd ch]oroform results 11 p

quen; addition of bmmochIm-opropane or -

-




homoge -
HC Acie . < it
genate into aqucous and organic phase. RNA partitions to the aqueous phase, DNA to the

interph: — . s
phase, and protein to the organic phase. The RNA can then be precipitated from the aqueous

Ph‘ise B i - o s " .
ase with the addition of isopropanol. The isolated RNA is suitable for any downstream

application, including RT-PCR.
Materials required

L. PhOSphatc buffered saline

0.1% Trypsin

2

I'tizol Reagent

4. Chloroform

3. Isopropanol
6. 70 % Ethanol
7. DEPC

8. Agarose

B fsen ercec
- I1X TBE (Diluted form 10X TBE)

p

Focedyre
L The confluent cells were tl’ypsiniscd using 0.1% Trypsin
[t was then centrifuged at 14,000 RPM for 3 mins.
I'ml of cold Trizol reagent Was added to the pellet.
b Wwas incubated at room temperature for 5 mins. .
) 200ul of chloroform was added and 1t was mixed well for 15s€¢.
=~k Was incubated at roomm temperature for 3 mmls.
"l was the centrifuged at 12,000 RPM for 15 l.mns.
z. The aqueous layer was “.ansferl'ed tz E-i n::\; ‘ijl:i:bated at room temperature for 10 mins.
0w of isopropanol was added and 113 ;
) o centrifuged " R " ](1) n;];;"’/o ethanol was added to pellet and it was
1mlo

I
The Supernatant was discal'dCCI and

in . ,
Cubated on ice for 3 miNS:

12
3|
I3 was centrifuged at 12,000 RPM

2! : n
he Supernatant was dlscarded a

for 5 mins:

d it was drie

95

.




14.30 ul of DEPC treated water was added.

15.2 " et ifi

5.2 ul of extracted RNA was quantified by Nanodrop (Spectrophotometer).

% agarose prepared using 1X TBE

16.2 >t
6.2 pul of extracted RNA was clectrophoresed on 0.8

Buffer.

3. T
342 cDNA synthesis

RNA w o ;
A was converted to cDNA using iScript RT-PCR Kit (Biorad) following the manufacturer’s

Proto : N :
col using the reagents provided in the kit.

l’r()ce(]Urc
L The following reaction mix was prepared
Reagents Volume
RNA Template 2 ul
Nuclease free water 13 pul
5% Iscript Reaction Mix 4 ul
Reverse Transcriptase 2 ul
20 pl
P
e followi“g protocol was followed:
85°C 4C
25°C / o [ —— |
5:00 \ 4210_ ____ 5:00 »
3000
pcctrophotometer).

g Nano drop (8

3
. [h(}
C .
DNA was quantified by usin
Josphate dehydrogenasc

gene- glyccrﬂldchyde 3-pl
=]

33,
e for GLUT4 / housekeePi"®
GLUTY Forward primer:
S~ ATG ACT GTG GCT €10 cTt
Tm _ 59 40¢

G
LUT4 Reverse primer:
96

N



5~ TGA TG -
GA TGA AGT TGC TCG TCC AG -3’

Tm -57.3°C

GAPDH Forward primer:

5~ TGT TCC AGT ATG ATT CCA CCC -3°
Tm - 62°C J
?API)H Reverse primer:

5"~ GTC TTC TGG GTG GCA GTG AT -3’

Tm - 620C
PI‘OCQdUrc
1 ”[h .
e ; .
following reaction mixture was prepared.
DNTP’S 4 uL
Buffer (10X) 2.5l
FP 1.4 pL
RP 1.5 uL
Taq Polymerase 0.3 pl
MQ water 13.61 pl
DNA 2.0 pug
_
25 pl
S

Iso set.(The above reaction mix was

2
c -
gative control was a
ater was add@d)

cDh
NA autoclaved Milli-Q W

3
- Th .
¢ following PCR profile was fOHOWCd'

40 cycles
m—— OC . ' “
200 | 0:39 N 22
0:30
1X TBE.

oresed O 2 % agarose using

4 electFOPh

4 h
Camplified PCR procluct wa

b

prepared where instead of
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35 ANIMAL STUDY

3.35.1
3.1 Anim;
Male § mal procurement and ethics
dle - )
prague )¢
& awley (SI oy
animal ang <o y (SD) was procured and housed at Madras in Tamil Nad
€ science : - : < adu veteri
university (TAN e - crnary
rsity (TANUVAS), Chennai. All animal was acquired law } ’
awfully as per |

the an:
anim: 8
mal ethics guidelines

335.2 Diet
king water ad libitum. Every

Aniy
hil]s W 3
vere fe .
day suffic: d with standard laboratory Hindustan chow and drin
- PRiicient
a » —
Body amount of feed and drinking water was given.
Y Weight
and e .
blood glucose level of each rat was taken at the base line after acclimatizati
zation

of ¢}
¢ an;j

] .

mal to the environment.

d Diabetes mellitu

~

——

s in SD rats

0.01M citrate puffer pH= 4.0 (Sithole,2009;

338

353

Dogq Streptozotocin induce
5 mg/kg STZ was prepared in fresh

Vai
alsh}’a,EOOO),

_ q
=

Pre
Paratj
nof 0.01 M citrate buffer pH=40

Solution A: Trisodium

Solution B: Citric acid : 3

citrate 29.4 mg (10 ml)

8.4 mg (20 ml)

atio of 2:3

Mixed the solution A+ Binther
ng 1N NaOH

Adjusted the pH to 4.0 usi

33
33,
| untreated healthy rats.

tg
roun:
: Ollpl[]g of ﬂnimals
] group (C) 1s th
han 250 mg/d
jjdine (AG) treated

e norma

a]S
. \Ner . . .
An C separated into groups. The contro

[ were considered diabetic and

y

VQ[‘. .

- dls[l.ibutc ] . . yual

Cighy d as Diabetic group (D) Aminog=" 1 SNAAM
grf)u . * SNAAMI (Sankara Nethralaya amino a¢ mixture 1) an AM?2 supplemented

Iy :i TespectiVely'
0(1; S are as follows:
G:ZE ; C (Healthy control) g
Groy, 3i %NAAM] (Compos?tf
: SNAAMZ (Compositi®!

N

(n= 8)
onl) (11;8)
1) 078
98




Group 4: D (Diabetic) (n=8)

Gr c. 5 ; .
oup 5: AG (Amino guanidine) (n= 8)

AAM1 &
AAM2 composition: Application to be filed for patent.

3355
35.5 Blood glucose test

lo :
quantitative]v
atively measure the concentration oi"glucose in blood by

BCI‘O g
reS et .
I'Z injection and after 72 hours the blood sugar level were tested.

The
gluco e i
se dehydrogenase enzyme 1 the presence of the coenzyme, on the test strip co
nverts

the
glucose i
se in the blood sample to gluconolaclonc.

P

and the meter turned on.

% pser
nserted the test strip into the meter

atched the code number on the test strip container was
C

\f& Y
Code number on the display m

verified.
®OT .
louched the drop of blood t© the edge of the SIP-
i<y .
Waited for the results in mg”o in Accu-check.

3,
356 HbA 1
le blood, initial 1.e. before STZ was induced rats

same done after 8 weeks.

o
Meagyy :
W asure the glycated hemoglobin 111 rat who
1 levels. The

Cre a
dana|y-, 1
alyzed for glycated hemoglobl!

M.
dterials
lter, test tubes prefilled with

-ane fi

S
% T .
1 . i
¢ kit contains test device:

rego . -
agent washing solution- ipi
g ed plood cells and premp;tate the haemoglobin

xR
% The +

€ reagents contains agen
hemoglobin.

rly. |
y . g cis-dotS of gl ycated

XN Ab
lue boronic acid conjug

99
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o et w1 3 ppeageits gkt i e =t

Procedure

s

=

e

HbAlc is a boronate affinity assay.

When blood is added to the reagent, the red blood cells immediately lyse.

All hemoglobins precipitates.
The boronic acid conjugate binds to the cis-diol configuration of glycated haemoglobin.
An aliquot of the reaction mixture is added to the test device and all the precipitate

haemoglobin, conjugate-bound and unbound, remains on top of the filter.

Excess of colored conjugate is removed with the washing solutions.

The precipitate is evaluated by measuring the blue (glycated haemoglobin) and the red
(total haemoglobin) color intensity with the NYCO CARD reader II, the ratio between
them being proportional to the percentage of HbA lc in the sample.

3.35
357 ¢ .
7Specimens collected and usage

fter two months

™ Sprague dawley rats was sactl ficed a
* Lens, eyeball, retina and serum was stored at -80°C until processed.
* From the phase 1 the sample were (aken and used for the following assay.
% Retinas we emoved from rat eyes which were enucleated after 2 months, were
'ere remov _
Processed bedded and sectioned and used for TUNEL stain and Immuno
essed, embedde
histochemistr
' cmistry.
Sy ing AGE levels.
% Lens, retinal lysate and serum were used for measuring
by " ]CAM
™ Retinal lysate for ELISA of eNO: NO and
3¢ -
6 TIg ,
3o SUERROCESSING d sectioned for further assay (Ramakrishnan,
S " retinas were pl‘ocessed. embedded a0
Sy
: llochana 2012)
3()] ) ’
Steps in Processing
< .
100 % alcohol - 30minutes
% |
100 % alcohol - 30 minutes
\:&
100 % alcohol - 30 minutes
E
. Xylene - 4 minutes
* Xylene - 4 minutes
),
100

N

Pal'afﬂn wax - 30 minutes:




N ) 3 e .
= Paraffin wax - 60 minutes

e P .
= Wax in vacuum - 30minutes

3.36.2 Steps in Embedding

a

P

i

3363V

N
Y

iy

3.36

Th
C sept: . . c
¢ctions of thin microtome 2 pm

Sl 3
thS W nexl day deparfﬁnl

&

g

oo

&

.

A s .
Sectioning the tissues

Orientation of tissues was decided.
Molten paraffin wax 2° or

Itis the process of pl

Thin film of solid has formed on surface.
vax in the oriented plane.

Gently pressed the tissue into the v
acuum impregnation

Iransferred the cleared tissues to @

Degree of vacuun

ere kept for drying and

S Deparafinisation

Xylene 1 - 4 minutes
Xylene 2 - 4 minutes

Xylene 3 - 4minutes

100 % Isopropyl alcohol - 4 minutes

100 % Isopropyl alcohol -4 minutes

75 % Isopropyl alcohol - 4 minutes

80 v Isopropyl alcohol - 4 minut€s

70 %ISOpropyl alcohol - 4 minul€s

0 “lsopropyl alcohol - 4 minutes

Distilled water - 4 minutes

39C above the melting

acing the tissue in a support medium (p

1 should not exceed 40

was taken on the charged s

point was dispensed into the mould.

araffin wax)

heated. sealed container of molten wax.

0-500 mm of Hg.

sation was done

lides (fisher scientific) and

101




3.37 Imm
u is i
no histochemistry for CML-AGE IL-1B, IL-2 in rat
. , IL-2 in rat retina

Princip]c

The qualitative jdentificati

e e m.lllt.atmn by light microscopy of antigens in sections of formalin-fi
CERAET e . " < =L

subjected (o i tissue are studied by immune histochemistry (IHC). The scctionslxed,
using the Novoc: DL ,l,q“c val prior to staining. Endogenous peroxidase activity is neutra]uale
— df‘sl.lil I I\I‘I peroxidase block. This is followed by application of the proteir blied
n-specific binding of primary and polymer. The sections are subsequently Dok
incubated

ary antibody. Post primary blo
ymer recognizes mouse and r

ck is used to enhance penetration of

With opt;
ptin r di ‘
nally diluted prim
abbit immuno i
¢lobulins, it

“]C S
UbSe ;
quent polymer reagent. The pol

anvy
ny tissue-bound primary antibody.
obenzidine (DAB). Re

Sections are further incubated with th
e

Sub”
laIG/Ch 0 } ction W 1 1€ pCI(n\ !I.’:Ise 0
romogen ’ . p
e NS ale i i d
lIdl‘nll'l a tl I lll tl 1 Ir d].lCGS
o [«

€ bFO . U
wn precipitate at the antigen site.

Reagents

] p
. er:x-
1jase BIOCk -J A) ]Iydrogel] pEIOdeC

in in phosphate line, with stabilizers, surfactant, and
, dn

2. p
 Proge:
[ in Block - 0.4 % Case _buffered sa
lzgﬁ
3 P
« ot e

Primary Block - Polymer pcnctration enhancer cont

1™ 950.

Bronj
on -
idox L. as a preservative.
aining 10 % animal serum in tris

buff
¢ .
red saline/0.09 % ProClir
h at 8 pg/ml) containing 10 %

oL
ink TM Polymer. Anti- _mouse/T

an;

[hals ; .
erum in tris-buffered saline/0. 09 % pProC
'an'lmobenzld

D
UAB
6.3 Chromogen. 1.74 % 3,3 -di
Vol inlT
LinkTM DAB Substrate Buffer (Po]ymer) - Bu

abbit 126 _poly-HRP (each

[in™ 950.
Jizer solution.

ine, ina stabi
taining 0.05 %

ffered solution con

y 11‘0
gen
peroxide and prcselvatlve

! Hep
nat
Oxylin - 0.02 % Ilenmto‘(yl'“

P,
Mot
ol
(Leica biosystems, UK) ‘
10 % neutral puffered formalin, processed,

5 OR
wucleated rat eye balls Wer® fixe
- section 3.37.

15 Were done a8 per
with trypsin for 10 min for

antigen retrieval.

th ;
tbedded and 5 pm sectio!

L Th
¢ deparafinized gections were treat®
102
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= Washed slides in de-ionised water.
= Neutralized the endogenous peroxidase using Peroxidase Block for 5 minutes.
= Washed in TBS for 2 x 5 minutes.
= Incubated with Protein Block for 5 minutes.
= Washed in TBS for 2 x 5 minutes.
= Incubated with optimally diluted primary antibody (CML-AGE 1:200, IL-1B & IL-2
1:50).
= Washed in TBS for 2 x 5 minutes.
= Incubated with Post Primary Block for 30 minutes.
* Washed in TBS for 2 x 5 minutes.
% Incubated with NovoLink TM Polymer for 30 minutes.
* Washed in TBS for 2 x 5 minutes with gentle rocking.
= Developed peroxidase activity with DAB working solution for 5 minutes.
™ Rinsed the slides in water.
= Counterstained with Hematoxylin.
* Rinsed the slides in water for 5 minutes.
™ Dehydrated, cleared and mounted the sections.
Y38 TUNEL ASSAY
priﬂciplc

may yield double stranded, low molecular weight
g well as single str
.dentified Dby labeling with terminal

Cle _
Vage of genomic DNA during apoptosts |
DNA f es) a anded break (nicks) in high
ragments (mono and oligonucleosom
breaks arc

nd
merization of Jabeled nucleotide to free

m
Oleculay DNA. These DNA stra

se (TdT) which catalyzes poly

dent manner (TUNEL reaction). Fluorescein labels

deg
. *¥nucleotidy] transfera
: “OH DNA ends in a tem

]nCOTDOr : 2
ated in nucleotide polymCI"

te indepen :
pla by fluorescence microscopy.

s are detected and quantiﬁed

Py,
C
edure (Roche kit, USA)

XN p. -
Prewarmed the citrate puffer
103
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3.39
ELIS
ISA FOR NITRIC OXIDE SYNTH

o2 1
0 200 ml 0.1 M citrate buffer, pH 6.0

I ]aCC 1€ i ) S . l
(1 c S i 1

Rapid]v cooled dim ediate a R e
) ~d and 1mme 1at ]
Y El(ldCd 80 ml dlStlllCd W
ater (20 25 C) to the j
1€ ]ar.

Then erT
transferred the slide into PBS —1 minutes

1 temper 2) 1 i
p 1alurc) n a blockmg solution containi
ning
o

Trsiteeres :
mmersed the slide(for 30 min at roon
0-1“’1’["'_- 1 - u .

ris-HCL. 3 % BSA, and 20 % normal bovine serum, pH 7.5

Rinsed the slide twice with PBS at RT.
Excess fluid drained off.
Applied 50
ul of TUNEL reaction mixture (A +
: B) to the section and i
incubated for 60

n]in ,1 - or & . . po
at 37°C in a humidified atmosphere.

Rins i i i
ed slide three times in PBS (5 min for each wash).

Excess fluid drained off.
inse slides three times in PBS for 5 min each.
Slides are air dried.

] - &
0 ul of vecta shield was mounted.

scope.

Vie
iewed under fluorescent micro
ed (10 min RT) and

P ..
ositive control DNAsc was aPP“

N 1911
egative control TUNEL without €

proceed by adding Tunel reagent
gent.

nzyme (B)-

ASE (eNOS/ NOS3)

Principlc
peciﬂ c to NOS3. Then samples added to the

The p:
ell:];:;mer plate is pre-coated with an
SPecifi r(:’ a complex with the pre-
T™Mp SLIbSi E\IOS} Avidin conjugate
antibody rate solution 1s added. only t
*Ubstrage ETnd enzyme-conjug
I Megs .]eaCUOn is terminated by the a
WIe SpeCU‘Ophotometric

© Sample ;
is then determin

antibody S
followed by biotin-conjugated antibody

Ff "0 2 i( - ( ) ' i i

dto Iflorseradish

s that contain NOS3, biotin-conjugated

hos¢ WC”

ated Avidin Wil exhibit a change in color. The enzyme-
lution and the .
color change

ddition of sulphuric acid so
avelength of 450 nm. The concentration of NOS3 in
g the 0.D. of tl

he standard curve

ally ata W
1e samples to t

ed by comparin

104

H;.
[
i
I
: |
4
1
k]
4
= -

e — - o




oy o ¥

’

™

=
N
_

o\

A
$say procedure

Materials (USCN, China)

All the rea
gents and samples are brou
ght to room temperature (1
8-25°C) before
use.

10 minut
es at room temperature, sh
, shaken gently (not to f
oam). The conce i
ntration of

ck solution is 1,000 pg/mL. Double dilution series are done t
eto

dard such as 500 pg/mL, 250 pg/mL, 125 pg/mL, 62.5 pg/mL
) . m s

the standard in the sto
get working of diluted stan
31.2 pg/mL. 15.6 pg/mL.
Assay Diluent A and Assay Diluent B
Detection Reagent A and Detection Reagent B
Wash Solution

TMB substrate

diluted standard, blank and sample.

Determined the wells for
nd samples into the appropriate

Added 100 pL each of di

wells. Covered with the Pla

Jutions of standard, blank a

te sealer and incubate for 2 hours at 37°C.

well without washing next step is proceeded..

Removed the liquid of each

Added 100 pL of Detection

hour at 37°C after covering it with the plate sealer.
ashed with 350 pL o
~2 minutes.

quid from all wells completely by

Reagent A working solution to each well. Incubated for 1

Aspirated the solution and W £ 1x wash solution to each well
using multi-channel pipette and allowed 0 sit for 1
Totally washed thrice and remo
snapping the plate onto absorbe
Added 100 pL of Detection Re2

mi L.
inutes at 37°C after covering 1t

ved the remaining li
nt paper-
gent B working solution to each well. Incubated for 30

with the plate sealer.

cess for total 5 times and blotted well on absorbent

Repeated the aspiration/wash pro
Paper.
Added 90 L of Substrate Soluti overed with a new plate sealer and

incubate for 15 - 25 minutes at 3

on to each well, €
cted from light.

7°C which is Pf ote




?E a |y = . .. .
The liquid turned to blue by the addition of Substrate Solution is stopped by adding 50
o

uL of stop solution to each well.

= ] 1 1 . .
= The liquid turned yellow is mixed thoroughly measured at 450 nm immediately in ELISA

‘reader.

P ———
40 INTERCELLULAR ADHESION MOLECULE (sICAM)

Principlc
Thi

assay employs the quantitative sandwich enzyme immunoassay technique. A monoclonal
antibody .

ody has been prc-coatcd onto a micro plate. Standards, control. and samples are pipette into
bound by the immobilized antibody. After washing away any

the wel|< _
wells and any ICAM present 15
yclonal antibody is added to the wells. Following a
L

unbo . ,
und substances. an enzyie-linked pol
cagent, a substrate solution was added to the

Was| :
1 1o remove any unbound antibody-enzyme I

We
s vields a blue product that turns yellow when the stop solution is

I'he enzyme reaction
ad(ic T ] . . = .

d. The intensity of the color measured 18 1M proportion to
cad off the standard curve.

the amount of ICAM bound in the

itia] <tam -
al step. The sample values are then 1

M

aterja|g (R&D,USA)
> MiCl'O plate_ polystyl-enc n’]iC]'O platc Coated \N]th a I'l]OI'lOClOl‘lal antibOdy Speciﬁc for rat
SICAM-1.
horse radish peroxidase .

* Conjugate - Polyclonal antibody conjugated to

%
* Rat sSICAM-I Standard.
= Rat sICAM-1 Control.

J

cd protein solution.

* Assay Diluent RD1-41 - Bu ffer

* Calibrator Diluent RD5-3 - Buffered protein solution. ',l

" Wash Buffer Concentrate - Buffered surfactant. I

< Color Reagent A - Hydrogen ])croxide- 5 .:

= Color Reagent B - Stabilized chromogen ('fetmmdhylbenZl e : !

. Stop Solution - Diluted hydmchloric el ‘:
It




ssay procedure

¥

e

\

I

i

W

3.4]

A

341, DVANCED GLYCATION EN
‘I Preparation of AGE standards calib

Gho)
e 2005.
005; Sampathkumar. Balas

Th
¢ foll ¥
X Owing mixtures of reagents Were p

.
2,

3.

- Added 100 pl of substrate to cach w

All re:
1gents ¢ : >s are br
agents and samples are br ought to room temperature before us
s i5E,

]) i \I);l .y ] i . -~ 5 I. - 1 I \ al . ] 1 e ] s . oy
[ l ]LL!_LI]I"\. alc 3 .-
CPAlC( 1 8 111 ¢ 1Id Da ]l]( ( 1 I ()C [4

Added 5 - .
dded 50 pl of Assay Diluent RD1-41 to cach well.

/1ddk,(] () |l' 'S C C a ll
l [ S F !' [. ] g ] ].( l or S‘Ellll e ) v € \ 1 h

provided.
{ room temperaturc on d horizontal orbital micro plate shak
aker.

Incubated for 2 hours a
ated the process four times for a total of fi
ve

AS 11 el
pirated cach well and washed, repe

washes.
ainst clean paper towels.

Inverte g

nverted the plate and blotted 1t ag

and incubated for 2 hours at room temperature o
n

Added 100 pl of conjugate 0 cach well

the shaker.
clls for 5 times.

Aspirate

spirated and washed the W

ell and incubated for 30 minutes at room temperat
crature

on the - :
n the benchtop. Protected from light.

Added 100 ul of stop <olution to each well.
.ough mixing.

(‘ & '
sently taped the plate to ensure thor
Determined the optical density of each well within 30 minutes, using a micro plate reader

at 450 nm (correction wavclcnglh set at 540 nm).

Concentration of SICAM-1 1D retin

a was cX prcsscd as ng/mg profein.

D PRODUCTS
rator by therm
t al. 2005)

al glycation (Bhatwadekar and

ybramanyam =
ate 2 ml bottles each -

rcpared in separ
hate puffer(AGE Standard calibrator)
in 1ml of 0.2 M phosphate buffer
phosphate buffer

Reaction mixtures .
[ of 0.2 M phosP

BSA +0.5 M glucose in Im

0.1 M Aminoguanidine * BSA +0-
1ml of 0.2 M

0.1 M Lysine + BSA + 0.5 M glucose in
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)

(]

\l‘.b i s F ~ .
['o all of the 6 mixtures prep

= T
he bottles were then placed in the incub

B After )
ter 4 days. all the reaction mixtures were

* The RS
he BSA + Glucose reaction mixture is th

3412 p
Processing of samples for AGE estim

The
test « 3 )
t samples in which AGEs were estima

b

b

P S

ing

Cal
Cu]:l .
tion of AGE concentration

e T e =
—_ CHE S

_ v hpreiiighes. b, A Ll el

Controls
BSA i of
SA in Iml of 0.2 M phosphate buffer
0.5M glucose in Iml of 0.2 M phosphate buffer.

0.1 M lysine in Iml of 0.2 M phosphate bufter

ared, 10 pl of chloroform was added to prevent bacterial
acteria

st The irside of _
I'he inside of the bottle caps was wiped thoroughly with cotton dipped
ipped in

Toluene
uene to prevent any contamination.

ator set at a temperature of 50°C for 4 days

analyzed for the formation of AGEs in a

370 nm, Emission — 440nm).

spectroflourimeter (Excitation:
e AGE standard calibrator. It 1s used to

* AGE present in the test samples.

s
stimate the amount of

ation

ted were —
10 times with 0.2 M Phosphate buffer

The ser ; -
1€ serum/ retinal lysate samples Were diluted
g 0.25 N NAOH .The homogenate is

nd homogenized usin

The le
he lens samples were weighed a
was then diluted 10 times with 0.2 M phosphate

. _ )
yclomixed to get a clear solution. This
buffer.
Estimati

Stimating AGEs in test samples
The AT !

he AGI standard and test samples Were taken mn a black well ELISA Plate.

at hpx : 370 nm and Apm: 440nm.

.
he plate was then read in opECTRAMAX M2

Prote; :
Otein estimation by Bradford method

in test samples

bitrary units) obtained for cach of the AGE standard
graph was 0
1e amount of AG

alues (ar
and a standard

btained.

= T 7
[he Fluorescence V
Es present in the test samples

titrations were plotted

= Using the slope of the stan
he formula:

dard graph- t

was calculated by t
c value/ slope of standard Graph*dilution factor

Fluorescenc
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= The AGE concentration is X

concentration with the protein co

ncentration of the sample.

> Finally AGE is expressed as 1 unit = 100 pg/mg protein.

Table 3.15: Standard protocol for AGE estimation.

W AGE standard
Dilution 1:5
Volume (ui) | 10 [ 20 | 30 “

F.
I8 3.4: AGE standard fluorescence val

N
ndition of 50°C for 4 days.

\“‘_‘_-_
600 -
500 -

"é 400

-
2
e 300
"
5
3 200 -
W
0 -
0

100

50

150

ue prepared by

Lens Serum / Retinal
lysate
1:10 1:5
10 100
100 | 100
[

o y=1.1947x

R*=0.9884

pressed 1n terms of ng/mg protein by dividing the AGE

BSA treated with glucose under thermal
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CHAPTER 4:

CYTOT:. EVALUATION OF AMINO ACIDS F
i XICITY AND UPTAKE UNDER HIGHOR
oty OSE“ CONDITIONS IN CHO-K1 CELLS

41
INTRODUCTION

Amj
1ds (AA)
are basically either i
from this g ally either glucogenic, ketogenic, or glucogeni
s nature of AA i =T genic and k i
T . - ctogel ;
metabolism, it is also shown to be beneficial in type 2 e Apar
ype 2 diabet
es by thr
1o the ex i dann
g xcess glucose in the blood (Ramakrisl
crishnan

Poss;)
ssible
mechani
hanisms as t'cporlcd. a) Scavengir

Sulochana et al.
secretion (Dixon, Nolan et al. 2003) and ¢) U
C
p_

and Sy

Sulo

1997 chana 1993; Ramakrishnan, 1996 )

). b Stimulat; ' - Ramakrishnan, Suloch
ating the pancreas for insulin ang ot al.

ystem (Sulochana, Rajesh et al. 2001).

OI i

1.1 A
L Ami :
Amj, no acids transporter
10 acj
id tra
nsport acr .
port across the plasma membraneé mediates and regulates the flow of tl
w of these ioni
; ; 10nic
includes active transp

ificity (severd
acidic, switterionic, or basic as well
ell as

ort, stereo specificity (transport is

Nutr;
Ients |
1 -
nto cells. The general property

fag
Ster f
or [
~Stere ra
ereo isomers), broad substrate SpeC
amino acid (

| amino acids share a common

ran
Sport

S

ystem) depending on the tyP¢ of
hain) (Palaci

rter system A

n, Estevez et al. 1998; Mann, Yudilevich et al
al.

shares alanine, serine, gl
ystine and system L shares leucin
e’

Oth
er
char :
racteristics of the side €
utamine, glycine

20

3)

- Ne .
utral amino acid transpo

alaning, serine, €

ino acid transpor

rts glutamate and

2am:
n]]n .

butyric acid, system ASC shares
he cationic t system Y" transports lysine

ystem transpo

am

e .
UCine, valine, pl i
, phenylalanine. T
aspartate.

al.g F
Iy
e .
s 0I'n * %
ithine and anionic transports

41
yetes mellitus

2 A
mino .
acids metabolism in Dial
perturbations in the amino acids in type 2 DM

acid met

age of infancy (
s of the DM and if patterns can

It ;
13
b, C]e
ar fy
ro . .
m various studies that there arc
abolism in the insulin-resistant

H
Ow
Cve
I under . '
derstanding the changes in essential
s still in ast

ete and 1
stic marker

amino
Adams). Questions still

(]]‘ d.
labet:
Ctic
r Sta : .
*Majp, tes is still not compl
a
(] S t() Whet] . . . . . 01_10
her amino acids arc prog

iﬂ'e
I'ent-
late d; .
diabetics from nOl’l—diabetiCS.
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Protej
€in cat 1
abolism in T
in 12DM statc
' . 5 =Y . >
s Brom 3 tate can determine the amino acid level
m Gouveon el . i evels 1
g al indicate - i i the b
icate a lower nitrogen balance and/o ood. Severd
- a r greater | i
greater leucine tur
urnover i
n

u”[re(’u(d l ) [) ST - ) ~ o
Ll'LII'd J\’Iﬂ]’lis 5 ¢ 10 €

in T2D
ZDM. One of i
. ¢ of the impo
rte servation 1 i
portant observation 18 alteration in the insulin-resi
-resistant or diabeti

abetic stat

e

IS that
Onlv [ s
y a select number of amino acids )br
and tyrosine ar 1
yrosine are consistently reported to be i
e increased

-anched chain amino acid (BCAA), sul
- , sulfur

containg
Ininge . .
g amino acids, and phenylalanine

is NADH
related depression of branched chain o
BCAA oxidation,

ket I i
elo ac1d (BCKD) aCthit)’ n metabolimll
aily

iI“pO[‘[ ¢ A, A
al] 1
Of BCA

(Adams,201 1 ).

betics in obese African-American women s}
howed that

oy |
participants compared to non-dia
¢ 21 and 16 % higher, respecti
, respectively (Fiehn, G
. Garvey

the
plasn
ha cvstei :
- ysteine and methionine levels wer

. tofic indivi
betic individuals also found modest inc
reases

Ot
udies usi
s using small numbers of obese non-dia
enge, Schrader et al.

of meth;
hIOninc
e of 9 % .
. to 18-22 % (Me ) compared to non-obese controls;
04 (Adibi, 1968). &

Cases |
) ln . . .
plasma cysteine / cystine were 10-14
concentmtlons of these metaboli
ites and tl
10se of th
e

asma
sine analytes in predisease baseline sampl
mples

The. -
Cre
We. .
re correlations between pl

TzDM‘Dr i
d edictive BCAA and pheny

lalaninc/ tyro
g Study: however,

bsequent risk fo
avel the metabolic changes underlyi
Ing

Crived

fro L ;

g h m the Framingham Offspril histidine, lysine, threo

phan . . ; ’ nine, and

- patterns were not associated with su ¢ developing diabetes (W

n et \ ; o
al.). Clearly further studies are requu‘ed tou &

nr

the
Changeg ;
ges in AA levels in type 2 DM.
Cgarg;
Ing i .
g supplements of amino acids, 11 rodent models BCAA-rich protein sources wi
| vhen
1 improved glucose tolerance and
n

- have €
pilvi, Korpeld et
senSiliVC

1985). Glycem
and energy expenditure increased i
in

adp:
]lnist
e- .
red in the drinking watel on51stently showl
al. 2007). Adipocytes isolated from rats fed
€

with respect 10 lipolysis compared t
ared to

(Jwer
adipgg;
Iposity (ller and Reimer;
ic control indices (HbATc%
05

Chig
nsulin

Igh- P
ro i
tein, low-fat diet were more 1

a[]]n
lals T,
ed a control diet (Kettelhut Foss

Stl
glucose, and insulin
rinking water
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models i
Is in glucose metabolism studies

4.1.3 Chi
i hinese hamster ovarian cells
1e cell type 2
vpe used for '
)r the study throughout is CHO-K1 cells (derived fi
rived from Chine
se hamster

l - 6) CII i
9 % CC”S iti i

ovary
ary) (Puck and Fisher
arguably
= y. the 1 il
nost utilized st for
sed host for large-scale production of pharn
armaceutically i
1mportant

proteins, (C
s h ¢ 1 ) K 9 ]

CU]I
ured CHO cc
>ells posse 1 1 itl ‘ S
I sess an l['lSUlII'l sensitive !acililatcd diffusion yste n for
mi glucose tr r
ransport

lhOL H
l(lh
f=) 1t dO(" | 4
S not pOSSCSS measurabic GLU -4 at p
10ug V i
bhl to ha ¢ an 1mp01’tan’[ l'Ole in the sorting
'T1 and
o

rotein level (Hasegawa, Anraku et al. 1990
al. Tk

Insulj
n-reg :

regulated amino peptidase (IRAP) is tl
cently, it was reporte

ized with the GLUT4 in specifi
g

traffick; P
ing of GLUT4 storage vesicles. Re <
that CHO-K1 cells contained a

lar
g¢ co
ncentrati
tration of endogenous IRAP which colocal

ICS. I i g p 1 1 S e n o

iﬂll‘a
cellular vesicles. i.c.. GLUT4 vesic
dt, Smitz €t al. 2008). T

nd peroxisome proliferator-activated recept
ptor y

QIUCOS.

¢ uptake in CHO cells (Demacg I

he untransfected CHO cell
S

Constj
11utiv a
el ¢ i
Y express hormone sensitive lipHSe c

(P
HOSE differentiation. C
afficking in DMEM medium supplemented with hi
h high

PAR; ;
). a major regulator of adif
sdorff et al. 1993; Wei, Bonzelius et al. 1998

HO cells exhibit several adipocyte lik
ike

fcat
ures g y

nd display ‘nsulin-responsive T
1991; Verhey, Hau

Llucog
Cose (Haney. Slot et al.
3T3-L1 and CH

Bo
gan
. McKee et al. 2001). Both,

[‘QS
Dons‘
1ve .
compartments involved in

O cells harbor peripheral, vesicular insuli
n-

GLUT4 trafficking to the cell membrane (Bogan, McK
> CKee

me, Obata €t al. 2003). T

Clal.
2001 Tive:
01; Ijuin and Takenawa 2003; Kato e |
, re is genetic evidence that
into CHO-K1 (Hasegawa

4 major route for glucose entry

CHO cell cultures was

the
gluco
S c
¢ transporter functions as
1e growth media for

amino acids to tl
and improved the CHO cell growth a
s

Anrgk
u et
et al. 1990). The addition of

ammonium stress

including &
2005).

sties related to diabetes namely alanin
e!

foy
ngd te: it
mitigate the negative effects of
mption while growing CHO-K1

We|

Jlucose consu

| ag ;
Cells 1 portant metabolic parameters,
s for ; .
ndustrial applications (Chen and Harcum
prope

following
(Ramakrishnan and

s having the
iglycating property

aSQ
d on d
the a 1 i
mino acl
an, SlllOChanﬂ et Ell 199?)
s

and lysine showing ant
ilochand et al. 1996; Ramakrishn
so, Tagliamonte et al. 1997,

luc

817y
. , glutamic acid

ose uptake (Paolis
2005), the amino acids chosen for the

partic acid, glutamic acid and lysine

Suloch

¢ leU:ina 1.993; Ramakrishnan. St
Doj, % ne, isoleucine and arginin® promoting g
' Tamaoka e( al. 2005; Nishitani, Takehana et al.
leucing; isoleucino, as
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Vet ety

E]CidS in decre .
creasing the blOOd sugar dECI'('IEISiI] tt
s [e] 1
g e pI’OtClI’l

Based i
on the importance of amino
ecretion, the pr i
he present study aimed to first elucidate tl
ate the uptake of

g]\-'catio I
J n, increasi i 1
ncreasing insulin s

amino acids i
1ds in CHO-K1
_K1 cells and later chapter its i
é e pter its influence on insulin si
sulin signaling
oF

4.2
MATERIALS AND METHODS

4.
2.1 Cell culture

CHO
-K1 ce - :
lls were maintained in F-12K1 medium in 25 em’ fl
, ,
C. For the experiments, c€

0 _ )
90 % confluence, the cells were serum

asks with 10 % fetal bovine

Scrun'l B ya
(FBS) in a 5 % CO, incubator at 37 I
Is were seeded at 1 X 10*

s. When cells reached 8

cells/well
Is/well in 24-well plate
one in triplicates. The basal medium had 7 mM

Stary
ed for
r2 -q i
24 hours and all experiments Were d

control for the variou ucose concentrations studied

g[UCO
Se and w
was used as the s high gl

ast microscope)

ase contr
and before the experiments cells were ser
um

422

Cell morphology (under ph
¢ in 24 well plate
of glucose an

irs. At the end of 24

Ce]
S wWere or
5 ere grown to confluenc
I'Ved f
or 4 hours. Diff ' - :
rs. er centr
Different concentration d amino acids (5-30 mM) + insulin

(
cubated for 24 hot

hours the cells were viewed

100
NM) was added and in

Ung
er phas
Phase contrast microscope:

on test

e exclusi
cose and amino acid for 24 hours. Aft
. After

4,2.3
The Cell viability by Trypan blue dy
Cel] .
S were exposed to various conce

lnCUb .
of ation period was over the medium Wé
f cell suspens
aded on th

s of each gri

ntration of glu
g remOVed and cells were trypsinized. One volume
.

jon was made. Mixture was kept at roo
m

e haemocytometer. And the cells were

0
70 tryp: :

ypan blue in 9 volumes ©
d. Unstained and the stained cells

]]pe
rature
ure for 10 minutes. The cells were lo

CD[
n 1
the center and 4 corner prlmary squal

WQ
I'eg
Coyy
1
ed and recorded separately-

4
K1 cells were exposed

MTT assay- CHO-
amino acids mixture (5, 10, 20 &

by MTT assay

24 ¢
‘ (_Cll tOXicity ﬂSSHy
rudied by

esence and absence of
113

xture was 5

Yot
OXic'
1 i : i i
ty of the amino acids mi
ose 1n the pr

97,1, 1
17 & 27 mM gluc

-

.




30 mM) wi
) with and without insulin

WaS aSgl\ I) > e
SC Cd )’ Il \}
J 1C l’CdLlC[l i T Y 4_

microtiter plates (110" cells per well i
overnight before beina e s per well in 1 ml medium), and left to adhere to th :
fhe wells at 2 final o g L.\pns?d {0 condition medium. After 24 h of exposure MTG plastic plates
additional 4 hou; %(‘)ﬂCcn[TgU()n of 0.5 mg / ml/ well and the cells were incubat dT Wfls widedto
s. Thereafter. the medium was removed, the formazan cry St'llc AT foran

sstals were dissolved in

:00 [ O I] N

Spectro
photometer
Beckme T
(Beckman DU640, USA). [he MTT assay has also b
_ een interpreted a
S

Mitoch
ondrial :
metabolic activity
abolic activity of the cell therefore is a useful mean to d
o determine wh
ether

d to provide respiratory energy.
Lei et al. 2009).

Metabol;

olic s

lic substrates arc use

[he absorbance at 540 nm i
is

EX )| S C 0
C wg I

4.2.5
(VN M(!tab .
olic activity by Lactic acid estimation

ate. Serum free medium w
as added and i
incubated fi
or

Cell
S \)v‘cre .
grown to confluence in 6 well pl
glucose and amino acids (5-30mM) +

ations of

4 hrs. Cells were I
atant was used for lactic acid estimati
ion

4 h[‘s
befor
re the experiments. Different concentr
for 2 ysed with PBS using RIPA

inSLllin
(1
00nM) was added and incubated

buff,
er. C
' ellS rOT . :
iy pecy were sonicated, centrifuged and the supern
- Clro ] ;
photometric method which was read at 570 nm.

led radio isotop¢

Amino acids mixture of 5 mM concentration of
1 O

|‘2.6 q . “1

n in mixre f
o acid in the mixture labeled with

(normal) , 12 & 17 mM
ysed using 0.1N NaOH

a) 4
Min
() ([ -
cid uptake whe
ne of the amin

d along with ©
in and glucose of 7

s 100 nM insul
g min. The c€
e uptake of indiv

e expcrimem wa

Qach
Co]d .
ar :
Ul amino acids was adde

(h

|ls were then |

C Of
0.5 uCi
1Ci to the medium. To thi
idual labeled amino acid was

igh

cxposed for
a‘[ 40C, Th
1. The sam

gluc

08¢

se) was added and
s carried out in the absence

dn
ell plates were stored
ation Systen

Cag
. U]'ed .
L]S y . A : .
s Ing Liquid Scintill
SUlhl

of
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- st e e S e WAL

) Amino acid uptake when in free form: Amino acids of free form of 5 mM concentration of

ach cold amino acids with labeled amino acids of 0.5 nCi of the same (hot) was added to the

medium ¢ i i i | |
dium along with glucose of 7. 12 & 17 mM in the presence and absence of insulin for 8 min

At the end of exposurc time, the cells were lysed with 0.1 N NaOH and read in liquid

Scintillation system.

4.2.7 Staticti
2.7 Statistical Analysis
alues + standard deviation. Statistical significance between

The
data were cxprcssccl as mean v

| experiments was measured using student’s t-test. p <0.05

lh{! e = i
treated and untreated groups 1n al

WS il o L.
considered statistically significant.
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43 RESULTS

431 Cell morphology (under phase contrast microscope)
9 Glucose alone: CHO-K1 cells were serum starved for 4 hours and incubated with different

Blucose concentrations (5 mM - 20 mM) for 24 hours and the morphology w
ells were spindle shaped and epitheloid.

as observed under

Phase conrast microscope. The normal morphology of ¢

he presence of varying glucose for

ith 5 mM AAM: Cells were expose arying high glucose concentration

dtov
“ hours and observed under microscope- Cells expose

With AAM of 5 mM was found to improve the morphology 10
G alone a few rounde

M rounded cells were observed in high

terms of less number of rounded
d cells were observed.

““lIs and near normal morphology. In 37 mM N
) Wil 1 0 mM AAM: With addition of 10 mM A

l
8lucose concentrations, of 12 — 37 mM G. he cell loss was seen at all glucose

AM t
D With 20 mpg gapz: With addition of 20 ™M A

¢
oncentration (Fig 4.1).
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43.2 Trypan blue dye exclusion test

To further check the cytotoxic effect try

pan blue was done for amino acids at high glucose , lf
I
|

concentrations.

|
4) Trypan blue at 24 hours: Cell viability was tested directly by the trypan blue dye test which | }:
I

ase in glucose concentration significant decrease in

). Addition of AAM up to 20

shows the dead cells as blue. With incre

viability was seen (p=0.046 for 27 mM G & p=0.003 for 37 mM G
MM did not show any cytotoxic effect in 7 and 12 mM glucose (p<0.05). Addition of AAM |

mproved the viability at high glucose concentration. Significantly as seen at 17mM G with 5

mM AAM (p<0.05) and at 27 mM with 5 & 10 mM AAM (both showing p<0.05). However bl
all (p<0.001) in viability including at normal |

addition of 30 mM AAM showed significant f
ogy observed under microscope. Thus 30 mM AAM is
o

ble to tolerate up 10 20 mM AAM. A significant
AAM. At this 5 mM AAM the study was extended

luene . .
gllicose correlating with the morphol

fo ‘
d 1o be cytotoxic while cells arc a

Im . -
Provement is observed at as low as 2 mM

¢ .
P10 48 hours as detailed below (Fig 4.2A).
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b) Trypan blue at 48 hours: At the end of 48 hours the addition of 5 mM AAM continues to

show the cytoprotective effect (p<0.003) (Fig 4.2B).

280 -
230 -
Z180
2
£130
>
3 80
30
& o = o =
O 5 -
*E g = 3 s 2 2 s 3
E
E E g E £ £ :
+ . E = :
Insulin ™ E ‘N_ E & E : m
Ty}
Fig 4.2, Trypan blue dye exclusion test sowing the significant increasc In the viability
of 5 mM AAM till 48 hours.
~—
433
N ' ivi i MTT assay |
Metabolic activity as studied by et

lic activity- The changes wit

ce and absence of insulin.

T 4 ‘
assay is also a measure Of the metabo

and . -‘
" addition of AAM was studied 10 the presen

A shows that in presence of insulin (100 nM)

tration of glucose compared to absence of
centld
mM G, p=0.02 for 27 mM G)

) R g
Hect of insulin on metabolic activity: Fig

is increased as seen at all con . .
=) 02 al 12 mM G; p=

ey
. Melabglie activity

F; In P=0.000 at 7 mM G: P

(
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o100 nM
nM insulin along witl

Fi
g24.3A: F

: Effect of insulin on meta
1 glucose show

les were obtained after pair

150.0 »
*kk
100.0 -
3
=
[
=
50.0
0.0
Insulin —
+ - +
7TmMG 12 mM G

bolic activity
ed increased m

as studied by MTT assay: Presence
etabolic activity compared to

vise comparison between absence and
an

inSu i
: lin absence. p valu
I'esen
o8 B i
o of insulin with glucose where *p<0-05-
) By
Cet
[h of AAM . § . fi li
at varying concentration in absence 0 insulin on metabolic activity: 1
: In
dependent decrease 10 metabolic activity with increase i
ase in
Fig 4.3B)- Thus AAM alone cannot

I'es
“ply

¢
ab
msuli .
ulin there was a dose

centrati
1 :
ation as scen in the prese

Ce th
e
effect of insulin.

nce of hig

I glucose (
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Fig 43B: Effect of AAM at varying con¢

activity as studied by MTT assay: shoWit

Metabolje activity.

entration in ab
g AAM in absence of i

I
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4 i ivity €
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ompared to insulin alone.
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JHetoraa at varying concentration in presence of insulin on metabolic activity: The

metabolic activity is found to be lowered at 27 mM glucose by 30 %. Addition of AAM,

Signiﬁcantl_\' increased the metabolic activity with 5 mM AAM., at all high glucose levels. AAM
of 10 mM had the same effect at 17 and 27mM glucose but did not further improve it. Thus 5
MM AAM is found 1o sufficiently increase the metabolic activity which is beneficial especially
8t Wigh slucose concantration especially at 27 mM G wherein addition of 5 mM AAM the
Metabolic activity becomes comparable to that of the control.

To interpret the MTT assay in terms of cytotoxic effect it was found that 30 mM AAI.\/I
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glucose + 5 mM AAM showed the

m Sy s e mb fm -
etabolic activity. Fig 3E shows that the co-treatment 1.€.,
ity. This is maximally seen at very high

ma 1 =Y - ~ . - .
Ximal beneficial effect in terms of increased activ

] . . - .
glucose (27 mM) with 30 %. Pre or post treatment did not show any significant change (Fig

4.3E).

200 -G alone 24 hrs
-G 24 hrs then 5 mM AAM
—4-5 mM AAM 24 hrs the G

% Ge+§ mM AAM
simultaneous

2

Metabolic activity (% control)
o -
& =

0
(L)
s : g E E
o E E | gi
o~ r=
I~ o
ivi - showing protective
bolic activity bY MTT assay p

rration of glucose showing simultaneous addition
centra

Clvity o A AM when added with different €
of
AAM with G is effective than pre and post

¢ activity: The effect of free amino

metaboli | =
) on the metabolic activity was

& Glu
S
Leu, lle, ASP amino acids studied showed

S u .
d in the mixture (Ala, A& Lys, _

w Mividually A¢ 5, 10 & 15 MM
. QreaSe
Int

| concentration of glucose,

' . e
I the metabolic activity compar

he
Presence of insulin (Fig 4-3F)"

123

D

__‘__1
\‘




TR . B . s Y S o i - -
Y

| |
1]

1— |
I

. |

Alanine Arginine
G 200 ;‘

g0
W g | smmin I
" 15 mid A g !
=4 o =} =} 0 o o ° = ;‘
S b | |
1 eucine
Lysine L
150
T — M
£ : :
;59 ——3ma L I
o ""‘“L: c o
b ° o [ i !
| | |
|
?

-

=

n metabolic activity by MTT assay

ds of the mixtu

mino acids 0

Fig 4.3F: Effect of varying individ?! * re in varying

Bhies.s -
howing metabolic activity O

ino aci
exposure {o free amino

8lucoge conditions with insulin.

~——

124




4.3.4 Metabol; :
etabolic activity by lactic acid estimation
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