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INTRODUCTION:

Diabetes mellitus (DM) is a metabolic disorder of
multiple etiology, characterized by chronic hyperglycemia
with disturbance in the carbohydrate, fat and protein
metabolism resulting from altered insulin secretion and/or
action (insulin resistance).! There may be associated
glycosuria, negative nitrogen balance or ketonaemia. It is a
progressive disease resulting in complications like
nephropathy, retinopathy, neuropathy, and vascular
complications. Diabetes is one of the major causes of heart
disease and stroke and is the seventh leading cause of
death among the US adults.”

It is rapidly increasing in prevalence and is a major
public health problem with estimated prevalence of 6% in
2007 and is expected to rise to 7.3% in 2025. It incurs a
significant burden to the individual and also to the
country’s economy.> The prevalence of diabetes is
expected to grow from 171 million patients worldwide in
the year 2000 to 366 million patients (30 million in the
United States alone) by 2030.*

India contains the largest number of diabetic
population across the world and WHO estimates it at 32
million people in 2000 and is expected to rise to 80 million
people by 2030. The prevalence is increasing in urban areas
from 2% in 1970s to 12% in 2000 and rural areas are also
now showing an increase.’

Mechanism of action of available drugs includes
increasing insulin secretion, increasing insulin sensitivity,
controlling hepatic glucose release or inhibiting intestinal
glucose absorption. Current national and international
guidelines advocate use of metformin, alongside diet and
lifestyle measures as initial pharmacotherapy followed by
additional oral therapy and finally insulin. However, with
this strategy there is no effect on the declining beta cell
function. Because of the limitations with the currently
available anti-diabetes agents, there is a need for newer
therapies with the qualities of low risk of hypoglycemia,
and lack of weight gain and ideally which also will improve
beta cell function.
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DATA SEARCH METHODOLOGY

This included manual search as well as electronic
search of the databases of publications and cross
references. Electronic search included Pubmed, Google,
etc. Electronic search of cross references yielded other
relevant materials. Terminologies used for search in
electronic databases included diabetes mellitus, emerging

targets, pipeline drugs, novel molecules, preclinical
development, clinical trials, recent advances, and
management.

CRITICAL APPRAISAL OF CURRENT ANTI-DIABETIC

MEDICATIONS AND NEED FOR NEW DRUGS:

Tight glycemic control has been the need of the
hour in the treatment of diabetic patients and presently
more emphasis is laid on comprehensive diabetes care
which includes management of diabetes related
complications also. The number of therapeutic agents
available for the treatment of type 2 diabetes mellitus
(T2DM) includes metformin, sulfonylureas, biguanides,
thiazolidinediones, DPP-4 inhibitors, a-glucosidase
inhibitors, insulin and GLP-1 analogs. For many years, the
only therapeutic option for type 2 diabetes was insulin and
sulfonylureas however, over the past 10-12 years there has
been new and exciting agents approved for type 2 DM.
Some of them treat insulin deficiency or insulin resistance
and some retard intestinal carbohydrate absorption. With
insulin therapy, there is incidence of hypoglycemia, weight
gain, edema (high doses) and increased risk of
atherogenesis.?

Sulfonylureas (SU) are effective in target reduction
of HbA,. but they carry the major limitation of
hypoglycemia and weight gain which is seen more with
gliburide whereas glipizide and glimepiride are more
weight neutral. More recent trials have refuted the claims
of cardiovascular risk associated with use of SU. Widely
used biguanides namely metformin reduce fasting plasma
glucose, improve lipid profile and have modest weight loss,
but cause gastrointestinal (GI) disturbances and lactic
acidosis in some patients. Thiazolidinediones cause hepatic
injury, increased risk of fracture and heart failure.
Meglitinide analogues may cause hypoglycemia if meal is
skipped and a-glucosidase inhibitors cause Gl intolerance
like flatulance and diarrhea.? The newer drugs namely GLP-
1 analogs and DPP-4 inhibitors show reduced incidence of
hypoglycemia due to their glucose dependent insulin
secretion.® Exenatide has shown post-marketing reports of
pancreatitis’ and incidence of angioedema, anaphylaxis
and rashes like Steven Johnson syndrome has been
reported with Sitagliptin.

Common to most of available drugs is that they
neither alter nor retard the progression of diabetes or

related complications. Hence the requirement is focused
on improving glucose control and proven benefit in
improving the macro and/or microvascular complications
like nephropathy, neuropathy or retinopathy. Since
presently, >30 drugs from 9 different classes are available
and no urgency exists, the regulatory aspects should be
made more stringent in the development of novel
molecules with more emphasis on demonstration of safety
of these molecules on CVS outcomes.

EMERGING TARGETS:

SODIUM-GLUCOSE
INHIBITORS:

Kidneys play an important role in filtration and
reabsorption of glucose. They contribute to glucose
balance by producing glucose through gluconeogenesis,®
utilizing glucose in renal medulla® and nearly 100%
reabsorption of filtered glucose.” Glucose is a polar
molecule and its transport across the cell membrane is
accomplished by membrane associated carrier proteins,
facilitative glucose transporters (GLUTs) and Na'-coupled
glucose co-transporters (SGLTs).? Two SGLT isoforms have
been identified: SGLT1 is expressed in heart,
gastrointestinal tract, liver, skeletal muscle, lung and S3
segment of proximal tubule, where it accounts for <10% of
glucose reabsorption.”® SGLT2 is expressed almost
exclusively in the S1 segment of the proximal tubule and
accounts for >90% of glucose reabsorption. Studies have
shown that there is increased expression of SGLT2 in
diabetic patients.11 Hence, selective inhibition of this
transporter will decrease the renal reabsorption of the
filtered glucose, thus lowering the plasma glucose
concentration and improving glycemic control. Several
SGLT2 inhibitors have been developed which are in various
phases of clinical trial.
Dapagliflozin

The most advanced agent in this class. It has been
tested in phase 3 trials in patients with Type 2 diabetes as
monotherapy,” or in combination with other agents i.e
metformin,”® glimepiride,* insulin or insulin plus other
anti-diabetic agents.” The drug has been well tolerated
with most common adverse reactions being urinary tract
infection, dizziness, headache, fatigue, back pain and
nasopharyngitis. In a 12 week, randomized, double blind,
placebo controlled study enrolling 389 treatment naive
patients with Type2 diabetes, Dapagliflozin doses from 2.5
to 50mg once daily were associated with greater reduction
in HbA1C than placebo (-0.55% to -0.9% Vs -0.18%;
P<0.01). At doses from 5-50mg once daily, fasting plasma
glucose reduced more with Dapagliflozin group as
compared to placebo (-19.3 to —30.5 Vs -5.8 mg/dl; P <
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0.01). Urinary glucose excretion ranged from 51.8 to
85g/day at week12 in Dapagliflozin arm compared to 5.8 to
10.9g/day at baseline and 5.7g/day at week 12 in placebo
group. The mean weight loss was more in Dapagliflozin
group compared to placebo group.™ Currently, it is already
approved in Europe in November 2012 but, the US-FDA has
issued a complete response letter for better assesment of
risk benefit profile since an increased risk of breast and
bladder cancer was observed in patients taking this drug.
But, still this group of drugs holds promise to be added to
the list of medications for management of patients with
type 2 pm.Y

Canagliflozin First drug in this class to be approved
as oral inhibitor of SGLT2 in March, 2013. In a phase lll
study, canagliflozin was compared with placebo as add on
therapy to metformin and pioglitazone in adult patients
with type 2 DM. The results of the study (known as DIA
3012) showed that Canagliflozin, dosed once daily at
100mg or 300mg in addition to metformin and
pioglitazone, had statistically greater HBA;. reduction at
26weeks relative to placebo (change from the baseline , -
0.89% and -1.03%, Vs -0.26%, respectively, p<0.001). The
overall incidence of adverse events was generally similar
across all treatment arms.

In secondary efficacy endpoint measures of the
study, both the canagliflozin 100 mg and 300 mg dose
groups provided reductions in body weight compared to
placebo (-2.8% and -3.8% vs. -0.1%, respectively, p<0.001)
and reductions in systolic blood pressure (-5.3 mm Hg,
p<0.0land -4.7 mm Hg, p<0.05, vs. -1.2 mm Hg,
respectively). Reductions in fasting plasma glucose were
consistent with the primary endpoint for canagliflozin 100
mg and 300 mg, compared to placebo (-1.49 and -
1.84mmol /L Vs 0.14 mmol /L, respectively, p<0.001).
Increases in high-density lipoprotein cholesterol were
observed with canagliflozin 100 mg and 300 mg, compared
to placebo [7.2% (0.08 mmol /L), p<0.05, and 8.9% (0.10
mmol /L), p<0.001, vs. 2.4% (0.02 mmol /L), respectively],
and increases in low-density lipoprotein cholesterol were
also seen [7.1% (0.08 m mol /L) and 11.3% (0.19 mmol /L)
vs. -0.4% (-0.10 mmol /L), respectively]. Canagliflozin
decreased triglyceride levels at the 300 mg dose [-1.7% (-
0.16 mmol /L), p<0.01)]. Triglyceride levels increased at the
100 mg dose [3.1% (-0.06 mmol/L), p=ns)], though placebo
was associated with a higher increase [15.3% (0.10
mmol/L)].*8
Others in this class include sergliflozin
empagliflozin, ipragliflozin and YM-543(phase2).

(phase2),

PEROXISOME PROLIFERATOR ACTIVATED RECEPTOR
(PPAR) AGONISTS:

These receptors belong to nuclear receptor
superfamily that includes retinoic acid receptors (RARs),
thyroid hormone receptors and steroid receptors and is
ubiquitously expressed throughout in the body. Three
major types of PPARs have been identified till date namely,
PPARa, PPARB/& and PPARy.

Molecular mechanism

Following the binding of ligand, PPARs undergo
conformational change and heterodimerize with retinoid X
receptor (RXR). This complex binds to specific regions on
the DNA of target gene called the PPAR response elements
(PPRE) in the promoter region and transcription of the
genes are increased or decreased depending on the gene.
The function of the PPAR is modified by the precise shape
of the ligand binding domain and a number of coactivator
and corepressor proteins, the presence of which can
stimulate or inhibit the receptor function respectively.™
Physiological role of PPAR receptors
PPARa

They are mainly related to lipid metabolism. They
are expressed in both rodents and humans and are found
in various tissues like liver, kidney, heart, skeletal muscle
and brown fat and also in vascular endothelial, smooth
muscle cells and in monocytes/macrophages. Palmitic acid,
strearic acid, arachidonic acid etc are endogenous ligands
whereas fibrates like gemfibrozil and nafenopin are
exogenous ligands. Activation of these receptors causes
increased lipoprotein lipase activity, decreased triglyceride
secretion from liver and increased B-oxidation in liver
leading to increased HDL and reduced TGs and FFAs,
enhancement of reverse cholesterol transport, reduction in
vessel wall inflammation.”

PPARB

Their functional identity is not known. However,
they are found to be implicated in dyslipidemia, insulin
resistance, hyperlipidemia, inflammation, atherosclerosis,
obesity, infertility, cancer, and nervous system.*

PPARy

They are of three subclasses namely PPARyl,
PPARy2 and PPARy3. PPARyl is found in wide range of
tissue, PPARy2 is found in adipose tissue and PPARy3 is
found in macrophages, intestine, adipose tissue and heart.
Endogenous ligands are arachidonic acid and linolenic acid
and exogenous ligands are thiazolidindiones. Agonists
improve insulin sensitivity, reduce the plasma glucose and
A1C, raise the HDL and reduce the LDL levels. PPARy
agonists oppose the action of TNF-a, a proinflammatory
cytokines associated with insulin resistance.?

PPARo/y dual agonists

PPARy activation causes insulin sensitization and
enhances glucose metabolism and PPARa activation is
associated with reduction of triglycerides and energy
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homeostasis. PPARa mitigates the weight gain mediated
through PPARy activation. Idea with this dual agonistic
activity came into forefront, as large percentage of
population has both the elements namely, hyperglycemia
and hyperlipidemia.

Muraglitazar is a dual agonist and in 2006 the
clinical trial was discontinued after it was found to have
increased incidence of cardiovascular events (MI,
congestive heart failure, cerebral vascular events and
transient ischemic attacks) when compared to placebo or
pioglitazone. Clinical development of tesaglitazar was
discontinued due to renal toxicity. Another PPARa/y dual
agonist aleglitazar which is in phase Il randomized, double
blind, multicentric study involving type 2 diabetic patients
(either treatment naive or pretreated with < two oral
agents), after a 4-5 week placebo run-in period, 332
patients were randomized to receive 16 weeks treatment
with aleglitazar once daily doses of 50, 150, 300 and 600 or
placebo (n=55 in each group) or to open label pioglitazone
45mg once daily (n=57) as reference.

Aleglitazar significantly reduced baseline
HbA1c versus placebo in a dose-dependent manner, from
-0-36% (95% Cl 0-00 to -0-70, p=0-048) with 50 pg to
-1-35% (-0-99 to -1-70, p<0-0001) with 600 pg. Oedema,
haemodilution and weight gain occurred in dose
dependent manner. At doses less than 300 mg, none of the
patients had congestive heart failure and frequency of
oedema was similar to placebo but less when compared to
Pioglitazone group and bodyweight gain was also less than
with pioglitazone (0-52 kg at 150 pg vs 1-:06 kg). Aleglitazar
significantly reduced the TG/HDL ratio vs placebo.
Aleglitazar is now being studied in a large scale to assess
the cardiovascular endpoints (death, myocardial infarction
and stroke) among patients with diabetes and coronary
artery disease (ALECARDIA trial). If the studies find this
drug to be safe, then aleglitazar may become the first
therapy to reduce macrovascular complications in patients
with diabetes.”

FRUCTOSE-1,6-BIPHOSPHATASE INHIBITORS:

Uncontrolled blood glucose levels or
hyperglycemia over long term leads to micro- and/or
macro vascular complications. In type 2 diabetic patients
there is increased endogenous glucose production (EGP)
and liver is the main organ responsible for the same.
Glucose is produced by liver by two pathways namely,
gluconeogenesis (synthesis of glucose from alanine,
glycerol and lactate) or glycogenolysis (breakdown of liver
glycogen). In healthy individuals gluconeogenesis accounts
for 50% EGP after overnight fast and 90% of EGP after 96
hrs of fasting. Fructose 1,6 biphosphatase is a key enzyme
in gluconeogenesis and mediates the conversion of fru-1,6

biphosphate to fru-6-phosphate. In patients with type 2
diabetes, the rate of gluconeogenesis is increased during
fasting, whereas the rate of glycogenolysis is either
unchanged or reduced. Thus in type 2 diabetic patients
increased gluconeogenesis is primarily responsible for
increased EGP during fasting, whereas inappropriate rates
of both glycogenolysis and gluconeogenesis accounts for
increased post prandial EGP. FBP inhibitors are an
emerging class of antidiabetic drugs which interfere with
endogenous glucose production.™
CS-917

CS-917, a Fructose-1,6-biphosphatase inhibitor, in
Phase llb trials has showed negative results for the
treatment of type Il diabetes. This multi-center, double-
blind, placebo-controlled trial enrolled 392 subjects who
were divided into four treatment arms to receive CS-917 at
50 mg BID or 100 mg BID, metformin at 850 mg BID or
placebo, for three months. Both doses of CS-917 failed to
achieve statistical significance in lowering the placebo-
adjusted level of glycosylated hemoglobin (HbA1c), which
is @ measure of glucose load. The mean HbAlc level at the
start of the study was approximately 7.6-7.7%. The placebo
adjusted HbAlc level at the end of treatment was
unchanged at the CS-917 low dose and there was a 0.17%
decrease at the high dose (p=0.1256). Metformin
treatment resulted in a placebo-adjusted decrease of
HbA1c by 0.50% (p < 0.0001).**

GLYCOGEN PHOSPHORYLASE INHIBITORS:

Liver plays a central role in glucose handling,
homeostasis and accounts for nearly 90% of endogenous
glucose production. In diabetic patients there is excessive
glucose production coupled with insulin resistance,
responsible for hyperglycemia. As mentioned above, liver
produces glucose either by gluconeogenesis or
glycogenolysis. Glycogen phosphorylase is a key enzyme in
glycogenolysis which catalyses the phosphorolytic cleavage
of glycogen to produce glucose-1-phosphate, which then
enters glycolytic pathway to produce glucose.” In animal
models of diabetes or insulin resistance, hepatic activity of
glycogen phosphorylase is increased; inhibitors that bind
and inactivate this enzyme reduce glycaemia in animal
models of diabetes. Creating an inhibitor that specifically
targets glycogen phosphorylase would then essentially
decrease the amount of glucose produced by the liver.
There are 5 binding sites on the glycogen phosphorylase
enzyme that have been found to be potential targets— the
catalytic site, inhibitor site, adenosine monophosphate
(AMP) allosteric site, glycogen storage site, and a new
allosteric binding site.”®

Glycogen phosphorylase exists in
interconvertible forms namely glycogen phosphorylase

two

[

a,

Vol.1 Issue 7. July-2013

PageS 6



Dr. Rajkumar. J.et al. / Journal of Drug Discovery and Therapeutics 1 (7) 2013, 53-62

the more active form and glycogen phosphorylase ‘b’, the
less active form. The proportion that exists in each form is
regulated by phosphorylation reaction mediated by
glycogen phosphorylase kinases.

Martin and colleagues found that CP-91149, which
has been characterized in vitro and in vivo, suppressed
glycogenolysis in both rat and human liver cells. When
studying obese mice, the investigators found that a single
50mg/kg oral dose of CP-91149 reduced plasma glucose
concentrations to near-normal levels 3 hours after
administration (plasma glucose 235 * 21 mg/dL with
vehicle vs 134 = 7 mg/dL with CP-91149).”” Oikonomakos
and colleagues found that CP- 320626 to be an inhibitor of
the human liver glycogen phosphorylase by binding at the
allosteric site compared with the inhibitor site that CP-
91149 binds to.”®

GLUCOKINASE ACTIVATORS:

Glucokinase or hexokinase IV is a predominant
hexokinase expressed in the liver and pancreas, and plays
an important role in glucose homeostasis. It acts as a
glucose sensor in the pancreatic beta cells and serves as a
rate-controlling enzyme for hepatic glucose clearance and
glycogen synthesis. Both of these processes are impaired in
T2DM.” The glucose-phosphorylation enzyme glucokinase,
is a promising target for developing new anti-diabetic
agents. This is supported by the fact that inactivating
mutations of GK gene, lower the enzyme’s affinity for
glucose or compromise glucokinase expression thereby
causing diabetes (maturity onset diabetes of the young
type), whereas activating mutations lower blood glucose in
humans.®® Hence, a pharmacological activator may be a
novel and a potential agent for the treatment as an anti-
hyperglycemic.

In the pancreas, glucokinase governs the beta-cell
threshold for glucose stimulated insulin release. High
glucose increases GK expression in beta-cells as much as 5-
to 10-fold, in a concentration-dependent manner, and thus
sensitizes them to glucose stimulated insulin biosynthesis
and release. 99% of the body’s GK protein resides in the
liver regulated by glucokinase regulatory protein (GKRP),
plays critical role in post-prandial clearance of glucose from
blood stream coupled with enhanced glycogen synthesis
and glucose catabolism.*

GK possesses an allosteric to which bind the
glucokinase activators (GKAs), including GKAs 1 through 14
thereby, leading to increase in the enzymatic activity of
glucokinase. One possible side effect of GKAs is that they
can induce moderate hypoglycemia because they increase
the amount of insulin release.®® Thus glucokinase looks a
promising target for development of new molecule for
treatment of type2 diabetes due to the predominant role it

plays in glucose homeostasis in liver and as a glucose
sensor, its role in insulin release from pancreas.
G PROTEIN-COUPLED RECEPTOR 119 AGONIST:

G protein-coupled receptor 119 has attracted
considerable interest as a T2DM drug target in recent
years. The activation of GPR119 increases the intracellular
accumulation of cAMP, leading to enhanced glucose-
dependent insulin secretion from pancreatic B-cells and
increased release of the gut peptides GLP-1 (glucagon-like
peptide 1), GIP (glucose-dependent insulinotropic peptide)
and PYY (polypeptide YY). In humans, it is encoded by
GPR119 gene. GPR 119 consists of two endogenous
ligands: phospholipids and fatty-acid amides (Overton et
al.,2006; Soga et al., 2005). GPR119 acts by coupling to G
protein a-subunit Ga/s and increasing intracellular cAMP
levels.*® Chu et al. described a new agonist for GPR119,
AR231453, which was found to enhance glucose stimulated
insulin release (GSIS) and improve glucose tolerance in
both normal and diabetic mice. Interestingly, the drug did
not affect feeding behavior at doses that are effective in
normalizing glucose tolerance.*

Surprisingly, Chu and colleagues showed that oral
treatment with a GPR119 agonist AR231453 provided
better glycemic control than intravenous treatment, which
suggests possible incretin involvement. ** Further more,
Flock and colleagues demonstrated that AR231453 not
only directly increases insulin, incretin, and GLP-1 levels
but also, independently of incretins, slows gastric
emptying. Adding to these results, Yoshida and colleagues
confirmed that the GPR119 agonist AS1907417 is effective
in preserving beta-cells and controlling glucose levels in
HEK 293 cells expressing human GPR119.%® Overall, GPR119
agonists, by activating several complementary pathways,
may render effective glucose control in patients with type
2 diabetes. Thus, the development of a compound that can
be administered orally to improve glucose tolerance and
reduce the body weight by controlling the food intake may
represent a major improvement over currently available
therapies but, further investigations are required to tell if
GPR 119 agonists would meet this goal.

GLYCOGEN SYNTHASE KINASE-3 INHIBITORS:

Glycogen synthase kinase-3 (GSK3), is a
constitutively acting multi-functional serine threonine
kinase involved in diverse physiological pathways ranging
from glycogen metabolism, insulin signalling, cell cycle,
gene expression, development and oncogenesis to
neuroprotection. GSK3 has been implicated in various
diseases such as diabetes, inflammation, cancer,
alzheimer’s and bipolar disorder. GSK3 negatively regulates
insulin-mediated glycogen synthesis and glucose
homeostasis by phosphorylation and inhibition of glycogen
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synthase enzyme, and increased expression and activity of
GSK3 has been reported in type Il diabetics and obese
animal models. Consequently, inhibitors of GSK3 have been
demonstrated to have anti-diabetic effects in vitro and in
animal models. However, inhibition of GSK3 poses a great
challenge, because of its involvement in various pathways
where its inhibition may lead to side effects and toxicity.>’
The key enzyme for glycogen synthesis is glycogen
synthase which mediates the production of glycogen from
glucose. Those drugs which inhibit the GSK3 enzyme would
promote the glycogen synthesis and reduce the plasma
glucose levels.

GSK3 inhibitors for type2 DM: Lithium is an ATP-
noncompetitive GSK3 inhibitor. Inhibition of GSK3 by
lithium stimulates glucose uptake, glycogen synthesis and
normalizes insulin sesitivity in diabetic rats (Rossetti, 1989).
As it is a non-selective inhibitor, it also inhibits other
enzymes like CK2, p38-regulated/activated kinase and
MAPK-activated protein kinase-2 (Phiel and Klein, 2001).
Lithium also inhibits polyphosphate 1-phosphatase and
inositol monophosphate (Phiel and Klein, 2001). The anti-
diabetic effect of GSK3 is exerted by enhancing glucose
disposal and improving insulin resistance. Apart from this,
the recently demonstrated beneficial effects on B-cells
provide a distinct advantage over other anti-diabetic
therapies. GSK3 inhibitors could also have a beneficial
effect for type | diabetes and also islet transplantation
patients. Several potent GSK3 inhibitors have been
identified and characterized in preclinical models for
treatment against T2DM.*

PROTEIN TYROSINE PHOSPHATASE-1B INHIBITORS:

Protein tyrosine phosphatase-1b is an enzyme
which is expressed in nearly all the tissues of the body and
is localized primarily on intracellular membrane. It
negatively regulates the intracellular signalling of insulin by
causing dephosphorylation of insulin receptors. It is shown
that PTP-1b gene knockout in mice showed enhanced
sensitivity to insulin and also opposed development of
obesity.

Since PTP-1b shares 50-80% homology with other
phosphatases like CD45, SHP-2, cdc25c and T-cell PTP, it
was required to target a site outside the catalytic site in
order to increase the selectivity and reduce the toxicity of
the drug. A non-catalytic phosphotyrosine binding site was
identified lying close to the catalytic site but less
homologous in the amino acid sequences when PTP of
different cells were compared. Hence, drug molecules
showing their activity against this non-catalytic site may
enhance their selectivity and activity.

Various PTP-1b inhibitors have been identified through
high-throughput  screening.  Pyridazine  derivatives,

hydroxyphenyl azole derivatives, azolidinediones and
phenoxyacetic acid based inhibitors and more recently
pyrimidotriazinepiperidine analogues have been
identified.®®
Role of PTP-1b inhibitors in diabetes associated with
obesity

Leptin promotes weight loss, regulation of appetite
and can reverse diabetes by improving glucose tolerance.
PTP-1b negatively regulates insulin receptor signalling by
dephosphorylating leptin Janus kinase (jak)-2. It was
observed that leptin gene knockout (KO) mice and a
control group of mice with intact leptin receptors were
placed on a high-fat diet. Although both the control and KO
mice became obese, only the KO mice developed severe
glucose intolerance and insulin resistance, a precursor to
the development of diabetes. These novel results indicate
that in the presence of obesity, the combination of insulin
resistance in the beta cell and the lack of leptin signaling
leads to poor beta cell growth and function leading to
glucose intolerance. This finding opens up new avenues for
studying leptin and its role in islet cell biology, which may
lead to new treatment for diabetes.*

AMP ACTIVATED PROTEIN KINASE (AMPK) ACTIVATORS:

It is a heterotrimeric enzyme composed of catalytic
subunit a and two regulatory subunits B and y. Catalytic
subunit a is present in two isoforms namely al and a2 of
which AMPK a1 is widely distributed and AMPK a2, which
is expressed in heart, liver and skeletal muscle. AMPK
regulates many of the intracellular functions like cellular
uptake of glucose, B oxidation of fatty acids, biogenesis of
GLUT4. It is activated by decreases in ATP:ADP ratio,
phosphocreatine (PCr)/creatine ratios through mechanisms
involving phosphorylation by one or more upstream AMP
kinases. The increase in AMPK activity results in the
stimulation of glucose uptake in muscle, fatty acid
oxidation in muscle and liver, and the inhibition of hepatic
glucose production, cholesterol and triglyceride synthesis,
and lipogenesis. Chemical activation of AMPK with the
compound 5- aminoimidazole-4-carboxamide
ribonucleoside (AICAR) leads to increased glucose uptake
concomitantly with GLUT4 (15-19) and enhanced insulin
sensitivity in muscle.***? In liver cells, activation of AMPK
with AICAR causes inhibition of glucose production. AMPK
induced glucose transport occurs through mechanism
distinct to that used by classical insulin signalling pathway.
Finally, AMPK enhanced glucose transport in skeletal
muscle is observed both in rodents and in humans even if
insulin resistance is present suggesting that muscular
AMPK could be a therapeutic target for management of
insulin resistance.

Metformin: Association with AMPK
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Hypoglycemic action of metformin is through decreased
hepatic glucose production and increased glucose disposal
through skeletal muscle. AMPK activity increases in
response to depletion in the cellular energy stores and this
enzyme is implicated in stimulation of glucose uptake by
skeletal muscle and inhibition of hepatic gluconeogenesis.
Recent study suggests that AMPK is activated by metformin
in cultured rat hepatocytes mediating its inhibitory effect
on hepatic gluconeogenesis.*

LIVER SELECTIVE
ANTAGONISTS (LSGRA):

Glucocorticoids are steroidal hormones which play
an essential role in glucose homeostasis. The primary
metabolic target organ for glucocorticoid action is liver
where glucocorticoids activate the transcription of key
gluconeogenic enzymes, including phosphoenolpyruvate
carboxykinase (PEPCK) and glucose-6-phosphatase (Barthel
and Schmoll, 2003). Evidence showed that treatment of
obese mice with RU-486 (Mifepristone), a systemic
glucocorticoid receptor (GR) antagonist for 21 days
normalized post prandial glucose values and reduced
hyperglycemia. This approach of systemic glucocorticoid
receptor antagonism can result in symptomatic adrenal
insufficiency, as well as increased levels of circulating
cortisol due to counter regulatory activation of
hypothalamic pituitary adrenal axis. Hence, liver selective
glucocorticoid receptor antagonist (LSGRA) may be
therapeutic value.”

A-348441 is a novel liver targeted GR antagonist
with  significant anti-diabetic  activity. Antagonizes
glucocorticoid-up-regulated hepatic genes, normalizes
postprandial glucose in diabetic mice, and demonstrates
synergistic effects on blood glucose in these animals when
co-administered with an insulin sensitizer. In insulin-
resistant Zucker fa/fa rats and fasted conscious normal
dogs, A-348441 reduces hepatic glucose output (HGO) with
no acute effect on peripheral glucose uptake. A-348441 has
no effect on the hypothalamic pituitary adrenal axis or on
other measured glucocorticoid- induced extra hepatic
responses. Overall, A-348441 demonstrates that an LSGRA
is sufficient to reduce elevated HGO and normalize blood
glucose and may provide a new therapeutic approach for
the treatment of type 2 diabetes.**

GLUCOCORTICOID RECEPTOR

11B-HYDROXYSTEROID DEHYDROGENASE TYPE-
1INHIBITORS:
11B-hydroxysteroid dehydrogenase Type-

lconverts inactive cortisone into active cortisol, thereby
amplifies intracellular glucocorticoid action. 11 B HSD1
activity is elevated in adipose tissue of obese rodents and

humans.*** INCB13739 is an oral and selective 11 B HSD1
inhibitor being developed to treat type 2 diabetes. The
efficacy and safety of the 11 B HSD1 inhibitor INCB13739
were assessed when added to ongoing metformin
monotherapy in patients with type 2 diabetes exhibiting
inadequate glycemic control (A1C 7-11%). After 12 weeks,
200 mg of INCB13739 resulted in significant reductions in
Al1C (-0.6%), fasting plasma glucose (-24 mg/dl), and
homeostasis model assessment—insulin resistance (HOMA-
IR) (-24%) compared with placebo. Total cholesterol, LDL
cholesterol, and triglycerides were all significantly
decreased in hyperlipidemic patients. Body weight
decreased relative to placebo after INCB13739 therapy.
11BHSD1 inhibition offers a new potential approach to
control glucose and cardiovascular risk factors in type 2
diabetes.*®

C-JUN-N-TERMINAL PROTEIN KINASES (JNK) INHIBITORS:
A NEW TARGET IN DIABETES TREATMENT:

Mitogen activated protein kinase (MAPK) is one of

the major signalling pathways that transduces the
extracellular signals into the cells. In mammals there are 3
subfamilies of MAPK identified till now. C-Jun-N-Terminal
protein kinases (JNK)/ Stress activated protein kinases
(SAPK), p38 MAPK and ERK. JNK is a multifunctional kinase
involved in many physiological and pathological processes.
The JNK pathway plays a major role in apoptosis where in it
diminishes the anti-apoptotic activity and promotes the
pro-apoptotic activity. JNK plays important role in many
diseases like neurological disorders, diabetes, cancer,
stroke, heart diseases and inflammatory disorders.”
In diabetes, oxidative stress and endoplasmic reticulum
stress is induced in various tissues, leading to activation of
JNK pathway. JNK plays a central role in pathogenesis of
diabetes and obesity.* In obese animals, JNK-1 gene
knockout provides protection against insulin resistance and
defective insulin receptor signalling. JNK interactive
protein-1 (JIP1) knockout mice also shows reduced activity
of JNK and increased insulin sensitivity.*’

JNK also modulates the function and survival of

islet cells. JNK is involved in islet cell inflammation and
death mediated by cytokines,® B-cell dysfunction®® and
defective insulin production and finally inhibition of JNK
improves glucose stimulated insulin secretion and reduced
peripheral insulin resistance.”” From the above explanation
it can be said that JNK plays a central role in pathogenesis
of Type 2 DM and serves as a potential target for diabetes
therapy.
Accordingly, there are 3 types of inhibitors namely ATP-
competitive inhibitors, inhibitors to the substrate binding
site and inhibitors of allosteric regulatory sites that target
JNK.
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FREE FATTY ACID RECEPTOR-1 (FFAR-1) AGONIST:

Also called G-protein coupled receptor-40, belongs
to family of cell surface receptors. In humans, FFAR-1 are
expressed in highest in pancreatic B cells. They are
activated by unsaturated medium and long chain fatty
acids including Linolenic acid. Their activation leads to
production of second messengers namely Inositol
triphosphate (IP3) and diacylglycerol (DAG). Activation of
FFAR-1 leads to increased insulin secretion but only in the
presence of glucose. The exact mechanism of glucose
mediated insulin release by these agents is not clear, but
the agonist targeting these receptors improve the glycemic
control without the risk of concurrent hypoglycemia.>

TAK-875

It is highly potent, orally active FFAR-1 agonist and
is the first of its class to be tested as oral hypoglycemic
agent. In a randomized, double blind, placebo-controlled
and active comparator controlled phase 2 study, TAK 875
was compared with placebo and Glimepiride in patients
who had not responded to diet or metformin treatment. It
was a 12 week study where 426 patients were randomly
assigned to TAK-875 6.25/25/50/100 or 200mg (n=303),
placebo (n=61) and Glimepiride 4mg (n=62). At 12 weeks,
significant reduction in HbAlc from baseline occurred in
TAK-875 (ranging from -1.12% with 50mg to -0.65% with
6.25mg) and glimepiride (-1.05%) groups compared to
placebo (-0.13%). Hypoglycemic events were similar in TAK-
875 and placebo groups (2% and 3% respectively) and
higher in glimepiride group (19%). Thus, overall treatment
emergent adverse events were similar in TAK-875 and
placebo group and were lower than in glimepiride group.
Currently undergoing phase Il trial.*

CONCLUSION:

Diabetes mellitus is a disorder that currently has no
cure, long term treatment is required to keep the blood
sugar under control and to reduce the vascular
complications. Effective and well tolerated orally
administered drugs are given in the initial stages along with
non-pharmacological treatment like dietary and life style
modifications which manage to reduce the HbAlc by 1.5%
to 2%. Metformin is likely to remain a well established first-
line pharmacological treatment for patients with type 2
diabetes who are overweight because of its efficacy, long-
term safety, and cardio protective properties.

But currently, diabetes is managed with
combination therapy where several drugs are administered
along with regular glucose monitoring and insulin is needed
when there is significant beta cell failure or the patient is

not adequately responding to oral or injectable
medications or when they are contraindicated. Even
though none of the current drugs have any influence on
disease progression the role of TZDs, DPP-4 inhibitors and
incretin mimetics is questionable. Despite the FDA
approved therapeutic options, many of the patients are not
achieving adequate glycemic control. Newer drugs with
novel mechanism of action and minimal risk of
hypoglycemia, weight gain and preserving B cell mass are
in various stages of development and have shown
promising results. Further exploration of these targets will
hopefully lead to safe and efficacious drugs that will
become the mainstay of next generation therapeutics for
diabetes. If they become successful, they may help in
improving the clinical outcomes and reducing the clinical
and cost burden of the disease.
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