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Abstract: D-chiroinositol (pinitol) is chemically related to the phosphatidylinositol phosphates which
participate in the insulin signalling pathways for stimulating transport of glucose. Pinitol was reported to have
insulin like properties. Molecular docking interaction of pinitol with dipeptidyl peptidase-4 receptor (PDB 3C45)
was studied by using V-Life QSAR software. Various ligand (pinitol) poses were studied with dipeptidyl
peptidase-4 receptor. Ligand (pinitol) poses 10, 33, 39, 48, 49 shown effective molecular docking interactions
with dipeptidyl peptidase-4 receptor. These interactions indicates the antidiabetic activity of pinitol as reported
in literature. These QSAR studies may be useful in designing pinitol derivatives having more potent
antihyperglycemic properties and also important for molecular docking interactions studies of pinitol using
other receptors protein data bases.
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INTRODUCTION a day to monitor blood glucose level [5]. Diabetes cases

Incretins are a group of gastrointestinal hormones aging, environmental factors, stress, food habits etc [6, 7].
that cause an increase in the amount of insulin release. Identification of drug targets (receptors) for development
They slow down the rate of absorption of nutrients into of newer therapeutic agents for treatment of diabetes is in
the blood stream by reducing gastric emptying and may progress [8]. Pinitol is a cyclitol (cyclic polyol) known as
directly reduce food intake. They also inhibit glucagon D-chiroinositol participates in the insulin signalling
release from the alpha cells of the Islets of Langerhans. pathways that stimulate glucose transport [9, 10]. Pinitol
The incretins are glucagon-like peptide-1 (GLP-1) and decreases urinary excretion in animal models and human
gastric inhibitory peptide (glucose-dependent subjects with impaired glucose tolerance and insulin
insulinotropic polypeptide or GIP). Both incretins GLP-1 resistance [11-13]. Pinitol also decreases plasma glucose
and GIP are rapidly inactivated by the enzyme dipeptidyl concentrations in streptozotocin (STZ)-diabetic rats and
peptidase-4 (DPP-4). GLP-1 is not very useful for increased glucose utilization in insulin-resistant monkeys.
treatment of type 2 diabetes, as to be administered by D-chiroinositol also improved glucose tolerance in normal
continuous subcutaneous infusion. Several long-lasting rats and increased glycogenesis [14-16]. Plants are used
analogues like exenatide and liraglutide, have been traditionally for treatment of diabetes since ancient time
developed. Another approach is to inhibit the enzyme [17]. D-chiroinositol was isolated from plant sources and
DPP-4 which inactivates GLP-1 and GIP. DPP-4 inhibitors reported to have insulin like properties [18]. These
can be administered orally [1]. findings indicates the potency of pinitol for treatment of

Type 2 diabetes (NIDDM-Noninsulin dependent diabetes and hence selected for molecular docking studies
diabetes mellitus) is most common (˜ 90% of diabetic which may be useful for molecular modification in pinitol
cases) and affecting common man all over the globe [2-4]. in search of leads having potent antihyperglycemic
Automatic instrumental devices are commonly used now properties.

are increasing due to many factors like genetic factors,
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Oral  dipeptidyl  peptidase-IV  inhibitors  improve Systemic Methods: A Grid based algorithm is
islet function by increasing -cell and -cell implemented for systematic docking. The algorithm
responsiveness  to  glucose.  They  are  not  associated exhaustively explores binding mode of pinitol over a grid
with  hypoglycemia  or  weight  gain  and  appear  to  have on the protein cavity. The Grid based method is a type of
a benign safety profile. Oral dipeptidyl peptidase-IV rigid docking where both the pinitol and receptor are
inhibitors may prove valuable in the treatment of diabetes, treated as rigid.
as their effectiveness in reducing glycated hemoglobin
with neutral weight effects and without the adverse Stochastic Methods: A genetic algorithm based method
effects. Dipeptidyl peptidase-IV inhibitors appear to provides a stochastic method for docking. GA based
improve islet function and may modify the course of docking in VLifeDock takes flexibility of pinitol into
diabetes treatment. It is to be confirmed with long-term consideration. It generates a wide population of initial
controlled studies to demonstrate sustained glycemic poses, which ultimately evolve into the optimal binding
control. mode.

Medical plants  play  a  major  role  in the
management  of  type  2  diabetes  mellitus.  Traditional GRIP Docking: GRIP is a rapid yet accurate docking
plant-based  remedies  have  been  for  diabetic  cure methodology available exclusively through VLife
around  the   world  and  many  studies  have  confirmed software. The GRIP scoring function enables fast and
the benefits  of  medicinal  plants  with  hypoglycemic precise capturing and prediction of pinitol-receptor
effects  [19-25].  Various  mechanisms  of  antidiabetic interactions in the active site of proteins. GRIP docking is
action  have  been  proposed  for  extracts  of  the available as rigid as well as flexible docking, where unique
antidiabetic plants. One target of interest for the conformers of a set of pinitol are taken as input.
antidiabetic  action  of  the  extracts  is   the  serine
protease dipeptidyl peptidase-IV (DPP-IV; EC 3.4.14.5) Scoring Functions: It provides an array of scoring
[26]. functions such as PLP score, XCscore and Steric +

The first DPP-IV inhibitor marketed was sitagliptin Electrostatic score for evaluation of docked poses. 
(by Merck and Co.), followed by vildagliptin (by Novartis) Molecular docking interaction of pinitol (Fig. 1) with
and saxagliptin (by Bristol-Myers Squibb and dipeptidyl peptidase-4 receptor (PDB 3C45) (Fig. 2) was
AstraZeneca) [27-29]. The efficacy and safety profile of studied by using V-Life QSAR software. Various ligand
DPP-IV inhibitors have been promising and advantageous (pinitol) poses were studied with dipeptidyl peptidase-4
to date. In contrast to sulfonylureas, DPP-IV inhibitors do receptor. Ligand (pinitol) poses 10, 33, 39, 48, 49 shown
not  have an  intrinsic  risk  of  inducing  hypoglycemia. effective molecular docking interactions with dipeptidyl
The two key binding-site areas for molecular interaction peptidase-4 receptor (Figs. 3-7). These interactions
of DPP-IV are the lipophilic S1 pocket (formed by Tyr631, indicate the antidiabetic activity of pinitol as reported in
Val656, Trp659, Tyr662, Tyr666 and Val711) and the previous studies [18].
negatively charged Glu205/206 pair [30]. Recently,
researchers are using QSAR techniques for drug
discovery process [31-35].

Experimental: VLifeDock software provides a choice of
methods for molecular docking. Three methods, Grid
based docking, GA docking and VLife's own GRIP
docking offer unique 'Accuracy-Speed' options from rapid
screening to exhaustive precision docking. VLifeDock
also has batch docking facility to enable prioritizing the
pinitol based on their binding scores. The choice of
systematic and stochastic methods with an array of Fig. 1: Model  of  Ligand   Pinitol   Used   for  Docking
scoring functions makes VLifeDock a truly versatile with Human Dipeptidyl Peptidase IV Receptor
method. (PDB 3C45)
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Fig. 2: Crystal Structure Model of Human Dipeptidyl
Peptidase IV Receptor (PDB 3C45)

Fig. 3: Molecular Docking Interaction of Pinitol (LP 10)
with Human Dipeptidyl Peptidase IV Receptor
(PDB 3C45), Green Line Indicates H-Bonding.

Fig. 4: Molecular Docking Interaction of Pinitol (LP 33) Fig. 6: Molecular Docking Interaction of Pinitol (LP 48)
with Human Dipeptidyl Peptidase IV Receptor with Human Dipeptidyl Peptidase IV Receptor
(PDB 3C45), Green Line Indicates H-Bonding. (PDB 3C45), Green Line Indicates H-Bonding.

Ligand pose 10 shows effective molecular docking as indicated by green colour (Fig. 3). Ligand pose 33
interaction with dipeptidyl peptidase-4 receptor (PDB shows effective molecular docking interaction with
3C45). Ligand  forms  hydrogen  bond  with  tyrosin dipeptidyl peptidase-4 receptor (PDB 3C45). Ligand forms
residue of receptor.  Hydrogen  bond  length  is  2.235  A°, hydrogen  bond  with  phenylalanine   (PHE)   residue  of

Fig. 5: Molecular Docking Interaction of Pinitol (LP 39)
with Human Dipeptidyl Peptidase IV Receptor
(PDB 3C45), Green Line Indicates H-Bonding.
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Fig 7: Molecular Docking Interaction of Pinitol (LP 49)
with Human Dipeptidyl Peptidase IV Receptor
(PDB 3C45), Green Line Indicates H-Bonding.

receptor. Hydrogen bond length is 2.056 A°, as indicated
by green colour (Fig. 4). Ligand pose 39 shows effective
molecular docking interaction with dipeptidyl peptidase-4
receptor (PDB 3C45). Ligand forms hydrogen bond with
tyrosin residue of receptor. Hydrogen bond length is
2.235 A°, as indicated by green colour (Fig. 5). Ligand
pose 48 shows effective molecular docking interaction
with dipeptidyl peptidase-4 receptor (PDB 3C45). Ligand
forms hydrogen bond with tyrosin residue of receptor.
Hydrogen bond length is 2.474A°, as indicated by green
colour (Fig. 6). Ligand pose 49 shows effective molecular
docking interaction with dipeptidyl peptidase-4 receptor
(PDB 3C45). Ligand forms hydrogen bond with tyrosin
residue of receptor. Hydrogen bond length is 2.048A°, as
indicated by green colour (Fig. 7).

CONCLUSIONS

Molecular docking interaction of pinitol (D-
chiroinositol) with dipeptidyl peptidase-4 receptor (PDB
3C45) was studied by using V-Life QSAR software.
Various ligand (pinitol) poses were studied with
dipeptidyl peptidase-4 receptor. Ligand (pinitol) poses 10,
33, 39, 48, 49 shown effective molecular docking
interactions with dipeptidyl peptidase-4 receptor. The
molecular interaction indicates the antidiabetic activity  of

pinitol as reported in literature. These studies may be
useful in designing pinitol derivatives having more potent
antihyperglycemic properties and also important for
molecular docking interactions studies of pinitol using
other receptors protein data bases.

REFERENCES

1. Rosenstock, J.    and   B.   Zinman,   2007.
Dipeptidyl peptidase-4 inhibitors and the
management of type 2 diabetes mellitus, Curr Opin
Endocrinol Diabetes Obes, 14(2): 98-107.

2. William,   C.K.    and    T.A.    Ronald,   2013.
Preventing diabetes in American Indian communities.
Diabetes Care, 36(7): 20-22.

3. Pickup,     J.C.    and   G.   Williams   (Ed),   1997.
Animal syndromes of non-insulin dependent
diabetes mellitus Textbook of Diabetes, 2  Edn,nd

Oxford’ Blackwell Publisher.
4. Sakthivel, K., C. Rajesh and R. Senthamarai, 2010.

Stem cell treatment for diabetes. International Journal
of Pharma and Bio Sciences, 1(4): 333-338.

5. Stevens,     J.F.,    1971.   Determination   of   glucose
by  an  automatic  analyser.  Clinica  Chimica Acta,
32(2): 199-201.

6. Bailey, C.J., P.R. Flatt and T.W. Atkins, 1982.
Influence of genetic background and age on the
expression of the obese hyperglycaemic syndrome in
Aston ob/ob mice. International Journal of Obesity,
6(1): 11-21.

7. Rotella, F. and E. Mannucci, 2013. Diabetes mellitus
as a risk factor for depression. A meta-analysis of
longitudinal studies. Diabetes Research and Clinical
Practice, 99(2): 98-104.

8. Poyner, D.R., D.P. Andrews, D. Brown and C. Rose,
1992. Hanley MR, Characterisation of receptors for
calcitonin gene-related receptor on rat L6 skeletal
myocytes.   British    Journal   of  Pharmacology,
105(2): 441-447.

9. Holman, G.D. and M. Kasuga, 1997. From receptor to
transporter: insulin signalling to glucose transport.
Diabetologia, 40(9): 991-1003.

10. White, M., 1997. The insulin signalling system and
IRS proteins, Diabetologia, 40: S2-S17.

11. Kennington, A.S.,  C.R.  Hill,  J.  Craig,  C.  Bogardus,
I. Raz, H.K. Ortmeyer, B.C.  Hansen,  G.  Romero  and
J. Larner, 1990. Low urinary chiroinositol excretion in
non-insulin dependent diabetes mellitus. The New
England Journal of Medicine, 323(6): 373-378.



World Appl. Sci. J., 24 (12): 1629-1634, 2013

1633

12. Ortmeyer, H.K., N.L. Bodkin, K. Lilley, J. Larner and 23. Malviya, N., S. Jain and S. Malviya, 2010.
B.C. Hansen, 1993. Chiroinositol deficiency and
insulin resistance. I. urinary excretion rate of
chiroinositol is directly associated with insulin
resistance in spontaneously diabetic rhesus
monkeys. Endocrinology, 132(2): 640-645.

13. Suzuki, S.,   H.  Kawasaki  and  Y.  Satoh,  1994.
Urinary chiroinositol excretion is an index marker of
insulin sensitivity in Japanese type II diabetes.
Diabetes Care, 17: 1465-1468.

14. Ortmeyer, H.K., L.C. Huang, L. Zhang, B.C. Hansen
and J. Larner, 1993. Chiroinositol deficiency and
insulin resistance. II. Acute effects of D-chiroinositol
administration   in   streptozotocin  diabetic  rats,
normal rats given a glucose load and spontaneously
insulin-resistant rhesus monkeys. Journal of
Endocrinology, 132(2): 646-651.

15. Fonteles, M.C., L.C. Huang and J. Larner, 1996.
Infusion of pH 2.0 D-chiroinositol glycan insulin
putative mediator normalizes plasma glucose in
streptozotocin diabetic rats at a dose equivalent to
insulin without inducing hypoglycaemia.
Diabetologia, 39(6): 731-734.

16. Huang, L.C., M.C. Fonteles, D.B. Houston, C. Zhang
and J. Larner, 1993. Chiroinositol deficiency and
insulin resistance. III. Acute glycogenic and
hypoglycemic effects of two inositol phosphoglycan
insulin mediators in normal and streptozotocin
diabetic rats. Endocrinology, 132(2): 652-657.

17. Narayanan, C.R., D.D. Joshi, A.M. Mudjumdar and
V.V. Dhekne, 1987. Pinitol, a new anti-diabetic
compound from the leaves of Bougainvillea
spectabilis. Current Science, 56: 139-141.

18. Bates,  S.H.,  R.B.  Jones  and  C.J.  Bailey,  2000.
Insulin-like effects of pinitol. British Journal of
Pharmacology, 130(8): 1944-8.

19. Yin, J., H. Zhang and J. Ye, 2008. Traditional chinese
medicine in treatment of metabolic syndrome. Endocr
Metab Immune Disord Drug Targets, 8(2): 99-111.

20. Modak, M., P. Dixit, J. Londhe, S. Ghaskadbi, A. Paul
and T. Devasagayam, 2007. Indian herbs and herbal
drugs used for the treatment of diabetes. J. Clin.
Biochem Nutr., 40(3): 163-173.

21. Adolfo, A.C. and M. Heinrich, 2005. Mexican plants
with hypoglycaemic effect used in the treatment of
diabetes. J. Ethnopharmacol., 99(3): 325-348.

22. Haque, N., U. Salma,  T.  Nurunnabi,  M.  Uddin  and
M. Jahangir, 2011. Management of type 2 diabetes
mellitus by lifestyle, diet and medicinal plants. Pak J.
Biol. Sci., 14(1): 13-24.

Antidiabetic potential of medicinal plants. Acta Pol
Pharm, 67(2): 113-118.

24. Prabhakar,  P.K.  and  M.  Doble,  2008.  A  target
based therapeutic approach towards diabetes
mellitus using medicinal plants. Curr Diabetes Rev,
4(4): 291-308.

25. Qi, L., E. Liu, C.  Chu,  Y.  Peng  and  H.  Cai,  2010.
Anti-diabetic   agents   from   natural   products-an
update   from   2004  to 2009. Curr Top Med Chem.,
10(4): 434-457.

26. Havale,     S.H.     and      M.       Pal,       2009.
Medicinal chemistry approaches to the inhibition of
dipeptidyl peptidase-4 for the treatment of type 2
diabetes. Bioorg Med Chem., 17(5): 1783-1802.

27. Kim,   D., L.   Wang,  M.  Beconi,  G.J.  Eiermann,
M.H. Fisher, et al., 2005. (2R)-4-oxo-4-[3-
(trifluoromethyl)-5,6-dihydro[1,2,4]triazolo[4,3-
a]pyrazin-7(8H)-yl]-1-(24,5-trifluorophenyl) butan-2-
amine: A potent, orally active dipeptidyl peptidase IV
inhibitor for the treatment of type 2 diabetes. J. Med.
Chem., 48(1): 141-151.

28. Villhauer,     E.B.,     J.A.    Brinkman,   G.B.   Naderi,
B.F.    Burkey,    B.E.     Dunning,     et      al.,     2003.
1-[[(3-hydroxy-1-adamantyl)amino]acetyl]-2-cyano-
(S)-pyrrolidine: A potent, selective and orally
bioavailable dipeptidyl peptidase IV inhibitor with
antihyperglycemic   properties.   J.   Med.  Chem.,
46(13): 2774-2789.

29. Augeri, D.J.,     J.A.     Robl,    D.A.   Betebenner,
D.R. Magnin, A. Khanna, et al., 2005. Discovery and
preclinical    profile  of   saxagliptin   (BMS-477118):
A highly potent, long-acting, orally active dipeptidyl
peptidase IV inhibitor for the treatment of type 2
diabetes. J. Med. Chem., 48(15): 5025-5037.

30. Kuhn, B.,  M.  Hennig   and   P.   Mattei,   2007.
Molecular recognition of ligands in dipeptidyl
peptidase IV. Current Topics in Medicinal Chemistry,
7(6): 609-619.

31. Ibezim,  E.C.,    P.R.    Duchowicz,   N.E.  Ibezim,
L.M.A.   Mullen,  I.V.  Onyishi,  S.A.   Brown   and
E.A. Castro, 2009. Computer-Aided Linear Modeling
Employing Qsar for Drug Discovery, African Journal
of Basic and Applied Sciences, 1(3-4): 76-82.

32. Sharma,        M.C.       and       D.V.       Kohli,     2011.
3D QSAR approach on substituted Isoxazolidines
derivatives as angiotensin II receptor antagonist,
American-Eurasian Journal of Toxicological Sciences,
3(2): 85-91.



World Appl. Sci. J., 24 (12): 1629-1634, 2013

1634

33. Choudhari,     P.B.,      Swapnil       D.       Jadhav, 35. Mukesh Chandra Sharma and Dharm Veer Kohli,
Rakesh P. Dhavale, Manish S. Bhatia, Suhel S. Shaha, 2011.  ZD-and   3D-QSAR   Studies   of   Substituted
Kundan B. Ingale and Neela M. Bhatia, 2012. 4h-Pyrid 0 [1, 2-21] Pyrimidin-4-Ones Angiotensin II
Development of Pyrimidine Derivatives as Selective Receptor Antagonists, American-Eurasian Journal of
Cox-2 Inhibitors, American-Eurasian Journal of Toxicological Sciences 3(2): 92-100.
Toxicological Sciences, 7(2): 69-76.

34. Mukesh Chandra Sharma and Dharm Veer Kohli,
2011. 3D QSAR kNNMFA Approach Studies on
Series of Substituted Piperidin-Z-One Biphenyl
Tetrazoles as Angiotensin II Receptor Antagonists,
American-Eurasian Journal of Toxicological Sciences,
3(2): 75-84.


