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glucose production by the liver or slow intestinal absorption of

carbohydrates. One recent advance in the management of type 2 diabetes has been the
development and clinical use of DPP-4 inhibitors. The development of this class of drug was
based upon observations from the early twentieth century when it was noted that factors
secreted from the gut participated in the regulation of pancreatic endocrine secretion. These
factors were collectively termed 'incretins'. Several drugs are presently available to reduce
hyperglycemia such as sulfonylureas and biguanids. These drugs have various side effects as
reported in literatures and thus searching for a new class of compounds is essential to
overcome these problems. The purpose of this study is to review the Anti-Diabetic potentials
of various DPP-1V inhibitors and to generate a comparative SAR that may support to improve
their anti-hyperglycaemic activity by newer and potent diverse structural modifications of

synthesized derivatives.
KEYWORDS: DPP-1V inhibitors, structural diversity, anti-hyperglycaemic activity.

1. INTRODUCTION
DPP-4 (Dipeptidyl Peptidase-1V) inhibitors work to potentiate the effect of incretin hormones
that are secreted from the gastrointestinal tract into the bloodstream in response to food

intake. incretin hormones includes GLP-1 (Glucagon Like Peptide-1) and glucose-
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dependent insulin topic polypeptide, also known as gastric inhibitory peptide (GIP). GLP-1,
in particular, appears to be responsible for the majority of the in cretin effects on the
pancreatic B-cell function.!?! Despite their common mechanism of action, the DPP- 4
inhibitors show marked differences in their chemical structure™ They do not show
significant drug-drug interactions the fact can be explained by their favorable
pharmacokinetic characteristics and their low plasma protein binding.*®! In short term studies
these inhibitors have been found to be well tolerated. Common reported adverse effects
include nasopharyngitis, urinary tract infections, pancreatitis and headaches, anaphylactic

reactions, angioedema and exfoliative dermatological reactions.®

One of the first DPP-4 inhibitors employed as a biological tool to understand DPP-4 was a
tripeptide (Ileum-Pro-lleum) called disporting A.1"® Structural studies using human DPP-4
revealed that disporting A covalently bonded to Ser630 in the catalytic site and this
irreversibly blocked the enzyme active site.!] First DPP-4 inhibitors to be developed and
tested in animal models of type 2 diabetes was P32/98 (isoleucine thiazolidide). Its Oral
administration acutely improved glucose tolerance in Sucker fatty rats.™® Chronic treatment
(12 weeks) of Suckers rats with P32/98 improved glucose tolerance and increased plasma
insulin levels, Another inhibitor, LAF-237 (later named vildagliptin), dose-dependently
controlled glycaemia in insulin-resistant rats over a three-week period.™ Another inhibitor
called NVP-DPP728 improved glucose tolerance and increased the circulating levels of
active GLP-1.1*%

Considering DPP-1V as a promising target for lowering glucose levels is supported by
rodents analysis with inactivating DPP-IV mutations. The levels of glycemic excursion were
reduced after glucose loading in DPP-IV knockout mice and the Fischer DPP-IV mutant rat
conforming the increased levels of circulating GLP-1 and insulin.**** DPP-IV inhibitors
were found to lower the blood glucose via the mechanisms based on incretion action which

also leads to improved glucose-stimulated insulin secretion.!*>®!

2. COMPARATIVE STUDY OF DPP-1V INHIBITORS

2.1 Modification on piperidine nucleus of Alogliptin: Kodimuthali, A."" reported the
synthesis of Alogliptin analogue by condensation in which one of the derivatives bears a
spirocyclic ring on the piperidine moiety. They carried out the preparation of this

intermediate by preparing Cyclopropyl ring before the piperidine moiety.[*"
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They tested compound C (fig.2) for its ability to inhibit DPP-4 enzyme in vitro.™” They
observed a significant inhibition of DPP-4 which was however less potent than Alogliptin
(fig.1). Cyclopropyl ring might be residing in the empty space to develop the hydrophobic
interactions with DPP-4 but the aminopiperidine motif of C (fig.3) could not form an
effective salt bridge to Glu205/Glu206 leading to lower potency of C (fig.1) in comparison to
Alogliptin (fig.1).

2.2 Combination of DPP-1V inhibitors and pioglitazone: Mikhail, N.[*® described about
the Combination therapy with DPP-4 inhibitors and pioglitazone in type-2 diabetes. The
combination was found to have no significant effect on the insulin sensitivity during the
ongoing pioglitazone therapy. (Rosenstock et al 2006). The combination was also found to

have negligible effect or slight exacerbation of weight gain by pioglitazone.!*®!

Tablel: Advantages and limitations of the DPP-4 inhibitor/ pioglitazone combination™®

Advantages

Limitations

1. DPP-4 inhibitors generally maintain consistent efficacy for
HbALc reduction similar to trials of immunotherapy of DPP-4
inhibitors.

2. Easy administration with possible once daily dosing
irrespective of meal intake.

3. Generally well tolerated.

4. No increase in risk of hypoglycemia.

5. Absence of or minimal extra weight gain (~1 kg) compared
with pioglitazone immunotherapy

6. Can be particularly useful in patients who cannot take
motorman or sulfonylurea

7. Can be used with renal insufficiency

1. Moderate efficacy

2. Associated with weight gain (~1.5 kg
on the average) and edema (3%-9%)
attributed to the pioglitazone component.
3. Lack of long-term efficacy and safety
data on the DPP-4 inhibitors

4. Relatively high cost

5. Bias in presenting data cannot be ruled
out.

2.3 Mechanisms for anti-hyperglycemic effect of sitagliptin

Muscelli et al.l** reexamined the mechanism of glucose-lowering effect by sitagliptin. They
performed two studies, one at baseline and the other after a period of six weeks. They also
investigated the measurement of glucose fluxes before and after treatment via a dual-label
mixed meal. They observed that Sitagliptin suppressed the endogenous glucose production
and decreased meal appearance due to improved B-cell function and decreased glucagon
concentrations. Their data enthrallingly described the favorable effect of DPP-4 inhibition on

insulin action.

2.4 DPP-1V inhibition in NOD (Non-Obese Diabetic) Mice with Overt Diabetes
L. Vargova et al.”” reported that fully developed diabetes with sustained hyperglycemia was

diagnosed in all mice at the time of inclusion into the sitagliptin (Fig.4) or the diabetic control
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groups. The glycaemia control was not improved in the sitagliptin group compared to the
diabetic control group. Treatment with sitagliptin did not increase the number of remissions
as it is seen in the curves of glycaemia (fig.5A & 5B). In both diabetic groups, one case of

remission was observed out of 28 mice.
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Fig. 5(A)Curves of Glycaemia after sitagliptin administration”!
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Fig. 5(B) Curves of Glycaemia in the diabetic control group?®
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2.5 Renoprotection in Diabetic Nephropathy by DPP-IV Inhibition: Panchapakesan et
al.”? hypothesized that DPP IV is involved in the processing of luminal peptides influencing
the kidney tubulointerstitium in diabetes. HK2 cells (human kidney proximal tubular cell
line) were used to expose PTC cells to high glucose conditions. Markers like DPP4,
fibronectin, collagen 1V, transforming growth factor beta (TGFp), activator protein 1(AP-1)
and nuclear factor-kappa B (NF-kB ) were measured. They showed that linagliptin interferes
with the activation of TGFP and downstream reduction in fibronectin but not collagen IV
expression. Linagliptin reduced High Mobility Group Box 1 protein (HMGB1) and high
glucose induced AP-1 binding but not high glucose induced NF-xB binding.[zz] They
hypothesized that the DPP-IV alters the regulation of peptides in the lumen and affects the
tubulointerstitium in diabetes patients.!*"!

2.6 Saxagliptin as a selective DPP-1V inhibitor: Shubrook et al.!*® reviewed Saxagliptin as
a selective DPP-4 Inhibitor for the treatment of Type 2 Diabetes Mellitus. They described
that Saxagliptin is a once daily DPP-4 inhibitor that is safe and efficacious for the treatment
of type 2 diabetes. They also described that being having limited side effects, single day
dosing and limited drug interactions it is considered as a new agent to treat type 2 diabetes.
They also included that Saxagliptin can be used as monotherapy or in combination with
metformin, sulfonylureas, or pioglitazone. It is a much more potent DPP-4 inhibitor in
comparison with other DPP-4 inhibitor available in the United States (sitagliptin), but is
clinically insignificant when comparing duration of action or clinical efficacy. They have
detailed about a study ¥ which shows that the combination therapy of Saxagliptin with

metformin had shown improved results when compared to metformin alone.

Rosenstock et al™®! examined the safety and efficacy of saxagliptin in both high and low dose
of antidiabetic drug in type 2 diabetic patients with a baseline HbAlc > 6.8 to 9.7%. Results
showed that there was a 0.7%-0.9% reduction from the average baseline HbAlc of 7.9% vs.
placebo. Saxagliptin also showed significant placebo-subtracted reductions in fasting serum

glucose and 1 hour postprandial glucose levels.

Rosenstock et al® had also conducted a randomized placebo-controlled trial that examined
the effect of saxagliptin on a variety of endpoints concerning glucose control. Statistically
significant lowering of HbAlc and FPG was observed with saxagliptin treatment at all doses.
Significant lowering of the area under the curve (AUC) for fasting plasma glucose (FPG) and
postprandial glucose (PPG) was also observed.
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2.7 Vildagliptin as a selective DPP-IV inhibitor: Kalra S®*"! had described the emerging
role of Vildagliptin in type Il diabetes. Vildagliptin was found to have an ICs, value of 4.5
nmol/L of DPP-4 inhibition which was more potent than sitagliptin having 1Csy of 26
nmol/L.?#% The drug was found to increase the effect of GLP-1 and GIP on islet cells and
promoting glucose-dependent insulin secretion by prolonging their half-lives. Vildagliptin
seems to reduce the glucose dependent B-cell function and improve insulin sensitivity along

with the enhanced sensitivity of a-cells towards glucose.*”

The therapeutic efficacy of oral vildagliptin was investigated as monotherapy and in
combinations. Greater reduction in HbAlc levels from baseline was seen with Vildagliptin
compared with placebo after 12 weeks treatment.[?*3

Vildagliptin has also been evaluated in combination therapy to metformin, Sulphonylureas,
Thiazolidinediones and insulin treatment and in initial combination with pioglitazone.
Vildagliptin and metformin were administered as separate agents in all the trials.***? Out of
this Four trial were placebo controlled®***E™ and one each had pioglitazone®®” and TZDs!*"!
and two had glimepiride!®®“% as comparative agent. In T2DM patients Vildagliptin achieved
greater glycemic control as compared with placebo, as an add-on to metformin,t*
pioglitazone®* and glimepiride™ therapy and was as effective as pioglitazone, when added
to metformin but without weight gain as associated with pioglitazone therapy.*® Among the
various novel analogs of orally administered DPP-4 inhibitors vildagliptin seems to be the
most efficacious drug for improving glycemic control in diabetic patients.®”

2.8 Isoindoline derivatives as DPP-1V inhibitors: Kato et al.[**! described synthesis and
pharmacological characterization of isoindoline Dipeptidyl peptidase IV inhibitors. Various
isoindolines were synthesized (Table2) and evaluated in vitro for the inhibitory effect on
human recombinant DPP-1V and for their selectivity over DPP-8/9. Monosubstituted benzene
ring of Compound A was well tolerated with retention of high level of selectivity.
Disubstitution over the benzene ring led to decreased potency (Compound B, Compound C).

Fig.5 Isoindoline derivative43
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Table2: Isoindoline derivatives with better DPP-1V inhibition®®

Compound R ICso (M) (DPP-1V)*
A -H 23
B 5,6-dichloro 22
C 4-Meo, 6-Me 16

3. CONCLUSION

The development of DPP-4 inhibitors has recently emerged as an approach that appears to be
promising for the treatment of type 2 diabetes. They represent an important class of
compounds that provide an alternative to other traditional therapies that are used in the
management of type 2 diabetes. Although they do not appear to lower glucose to a greater
extent than existing therapies although they offer the potential advantage of a low risk of
hypoglycemia and weight gain when used alone. DPP-IV inhibitors have promising clinical
results and may replace the current conventional therapy such as insulin injection, metformin,
and sulfonylurea in type-2 diabetics whose represent more than 90% of diabetic patients.
DPP-4 inhibitors such as sitagliptin and vildagliptin are also effective in controlling diabetes
as monotherapy and combination therapy, including their use with insulin. On modifying the
structure of Alogliptin the potency was found to be lowered due to steric properties, thus the
position of amino group on the piperidine ring of Alogliptin must not be altered for the
activity. Sitagliptin, Saxagliptin, Linagliptin and Vildagliptin have served as potent DPP-IV
inhibitors and have significantly contributed to the blood glucose lowering in diabetic
manifestations. Isoindoline derivatives have showed promising inhibition of DPP-IV and can
be further modified structurally to develop more potent analogs. The presently available
derivatives thus could be modified structurally for the development for better and potent
DPP-1V inhibitors to combat diabetes in a much better way.
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