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Abstract

The dipeptidyl-peptidase-4 (DPP-4) belongs to serine exopeptidase family have been explored for its wide range of
molecular activity interlinked in type Il diabetes, neurodegeneration, Inflammation, liver fibrosis, cardiovascular, renal
failure, cardiovascular, atherosclerosis etc. Inhibition of this bioactive enzyme render beneficial effect in aforementioned
disease. There is an acute need of alternate source of DPP4 inhibitors preferably from herbal origin which could be safe and
effective as well. Present study was aimed at evaluating safety and efficacy of phytotherapeutics (ascorbic acid, linoleic acid,
oleanolic acid, salacinol) against DDP-4 enzyme along with standard sitagliptine by using ADMET, tox predictor and
AutoDock 4 analytical tools. Safety predictions strongly suggested that lethal dose (LD50) value of the selected lead
molecules ranges from 2,000 mg/kg to 10,000 mg/kg. Results of study clearly emphasize that the lead molecules oleanolic
acid, ascorbic acid and salacinol possess significant DDP-4 inhibition activity by having potential interaction with bioactive
amino acid residues (205 GLU, 206 GLU, 209 SER,547 TYR, 357 PHE ,358 ARG, 630 SER, 710 ASN) on DPP-4 enzyme
similar to that of the standard drug sitagliptine. Similarly, highest docking score ranked by oleanolic acid (-7.06 Kcal/mol),
followed by salacinol (-5.35 Kcal/mol), linoleic acid (-5.26 Kcal/mol) when compared to sitagliptine (-3.66 Kcal/mol). It
was concluded from the results of the present investigation that plant derived bioactive phytotherapeutics like oleanolic acid,
ascorbic acid, linoleic acid and salacinol have wide safety margin with less chances of causing adverse event upon clinical
application. Further with proper preclinical investigations these lead compounds may have higher translational values as hew
generation peptidase inhibitors in halting the progression of DPP-4 enzyme in most of the inflammatory and degenerative
disorders.
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1.INTRODUCTION

Dipeptidyl-peptidase-4 (DPP-4) belongs to the category of
surface peptidase which has spectrum of biologically
activity and primarily mediated cell signaling pathway.
Further its chemistry and functionality is preserved in the
sequence of evolution in both prokaryotes and eukaryotes
organisms [1]. It was evident through research that
inhibition of DPP4 activity renders some beneficial
activity in halting endothelial dysfunction, atherogenesis
and also limiting the cytokine production [2].

DPP4 potentially breaks the biologically significant
gastrointestinal hormones like glucagon like peptides
(GLP) and other gastric inhibitory polypeptides (GIP).
These hormones are known to induce the secretion of
insulin mediated by meal signaling. Increased expression
of DDP4 in diabetic patients tends to exerts its out
breaking action against GIP and GLP directly restricts the
secretion of insulin and further leads to hyperglycemia.
DPP4 inhibitors occupy considerable market in treating
T2DM the know inhibitors include sitagliptin, saxagliptin,
vildagliptin, alogliptin and linagliptin [3]. Recent clinical
evidences suggested that DPP-4 inhibitors reveal absolute
safety and kinetics in pediatrics patients similar to that of
the adults.

Recent preclinical and clinical investigation emphasize
extra pharmacological activity of DPP4 inhibitors.
Immunomodulatory activity of some DPP4 inhibitors
reported with reduction in activity of nuclear factor-xB
binding (NF-K) which is considered to be a rate limiting

factor in controlling the expression of some inflammatory
cytokines like interleukin (IL-1,IL-6) and tumor necrosis
factor (TNF-a) [4].

Diabetic rats fed with DPP4 inhibitors reduces hepatic
steatosis and fibrosis and decreases hepatic inflammation.
Similarly, in high fat fed rats these agents exhibited
significant reduction in both plasma and hepatic
triglyceride and lower the levels of inflammatory
mediators [5]. Similarly, sitagliptin improved the renal
blood flow and in rats with spontaneous hypertension by
molecular inhibition of cAMP. Hence it was advocated
that DPP4 inhibitors exerts high level of clinical benefits
in renal protection of diabetic patients with kidney
complications [6].

DPP4 enzyme express more on endothelial and epithelial
kidney tissues and render protective action on kidney
tissues by reducing inflammation and fibrosis and
improving overall function [7-8].

Usage of DPP4 inhibitors either as monotherapy or in
combination with sulfonylurea derivatives attributes some
potential side effects such as acute kidney injury,
respiratory tract infections, and acute pancreatitis [9],
hypoglycemia, headache, tremor, dizziness, asthenia, and
nausea [10]. Hence the need of alternate source is of
highly clinical importance

DDP4 not only mediates the gastro intestinal hormones
several other mediators acts as a substrate for this enzyme
the list enumerated as follows GRF: growth hormone-
releasing factor; GRP: gastrin-releasing peptide; IGF-1:
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insulin-like growth factor 1; IL-1pB: interleukin-1p; IL-2:
interleukin-2; GCP-2: granulocyte chemotactic protein 2;
IP-10: interferon y-inducible  protein  10; I-TAC:
interferon y-inducible T cell alpha chemoattractant; SDF-
la: stromal cell-derived factor la; SDF-1f: stromal cell-
derived factor 1B; LD78B: isoform of macrophage
inflammatory  protein-1a (MIP-1); MCP: monocyte
chemotactic protein; VIP: vasoactive intestinal peptide
[11-13].

Linoleic acid is an octadecadienoic acid in which the two
double bonds are at positions 9 and 12 (polyunsaturated
omega-6 fatty acid). Research focus on linoleic acid
attains greater importance as it becomes a potential drug of
choice in lowering the risk associated with coronary heart
disease [14]. Salacinol (thiosugar sulfonium sulfate) a
potential anti-diabetic compound known to possess
excellent a-glucosidase enzyme inhibition activity has
tremendous beneficial activity in treating diabetes mellitus
[15]. Oleanolic acid belongs to the category of pentacyclic
triterpenoid exerts hepatoprotective activity [16]. Study
also revealed the anti- cancer potential of oleanolic acid
against human colon carcinoma cell line HCT15 [17].
Oleanolic acid also possess significant anti-oxidant and
inhibits the expression of inflammatory cytokine in
silicotic rat rodent model [18]. Ascorbic acid is well
known water soluble micro nutrient. It has numerous
pharmacological activity such as antioxidant, anti-cancer,
anti-inflammatory and cardiovascular diseases prevention
[19]. Plant phytocomponents have a proven track record of
becoming an ailment for several infective and
degenerative disorders. Traditional herbal supplement’s
believed to have possess high therapeutic efficacy with
low or no side effects. To counteract the potential adverse
effect caused by conventional DPP-4 inhibitors an attempt
of exploring an alternate drug candidate have me made.
Hence present investigation aimed at evaluating the
efficacy of novel lead moieties (ascorbic acid, linoleic
acid, oleanolic acid, salacinol) against target dipeptidyl
peptidase 1V.

2.MATERIALS AND METHODS
2.1. Protein-ligand docking
In silico molecular docking analysis were performed by
using AutoDock version 4 analytical program.
(https://www.dockingserver.com), which exactly predicts
the interactions between selective lead compounds with
that of the enzyme target dipeptidyl-peptidase-4 (DPP-4).
2.2.Protein and Ligand preparation
Three dimensional structure of DPP-4 with PDB code
(2P8S) retrieved from the RCSB source. Structure were
cleaned by defined standard optimized procedure using
Auto Dock 4 [21]. 2D to3D structures of lead compound’s
(ascorbic acid, linoleic acid, oleanolic acid, salacinol along
with standard sitagliptine prepared using Chem Draw
software.
2.3.ADME and Toxicity profile prediction
Swiss ADME and tox prediction tools were utilized for
accessing the lethal dose and organ related toxicity nature
of all the compounds. Further Kinetic profiling

(Absorption, distribution, metabolism and elimination)
properties of all the selected compounds [22].

2.4.Docking simulations

Docking calculations were carried out using Auto Dock 4.
Gasteiger partial charges were added to the ligand atoms.
Non-polar hydrogen atoms were merged, and rotatable
bonds were defined. Test compounds ascorbic acid,
linoleic acid, oleanolic acid, salacinol along with standard
sitagliptine docked against the taget DPP-4 (PDB 2P8S).
Essential hydrogen atoms, Kollman united atom type
charges, and solvation parameters were added with the aid
of AutoDock tools. Affinity (grid) maps of xx A grid
points and 0.375 A spacing were generated using the
Autogrid program. AutoDock parameter set- and distance-
dependent dielectric functions were used in the calculation
of the van der Waals and the electrostatic terms,
respectively. Docking simulations were performed using
the Lamarckian genetic algorithm (LGA) [23] and the
Solis & Wets local search method [24]. Initial position,
orientation, and torsions of the ligand molecules were set
randomly. All rotatable torsions were released during
docking. Each docking experiment was derived from 2
different runs that were set to terminate after a maximum
of 250000 energy evaluations. The population size was set
to 150. During the search, a translational step of 0.2 A, and
quaternion and torsion steps of 5 were applied.

3.RESULTS AND DISCUSSION
3.1.ADMET and safety prediction Analysis
In silico predication improves the specificity of drug
binding thereby it greatly minimizes the adverse events
and also aids in selection of accurate lead. Advancement
in the field of drug discovery offers researcher a wider
platform in experimenting their novelty at less time even
more economical that conventional methods [25]. Demand
on docking rises constantly as it is considered as ideal
alternate to lab animal model, improves focus of research,
reduce the failure rate, saves more time, opportunity to
explore the alternate therapeutics and translate new drug
entities.
Physicochemical nature of the drug determines the
behavior of the compound on the biological system. Data’s
on molecular weight and functional group suggestively
helps in predicting the barrier crossing potential of the
compound’s (Table 1). Results of ADMET predication
analysis shown that that all lead molecules such as
ascorbic acid, linoleic acid, oleanolic acid and salacinol
exerts good absorption through gastro intestinal route and
has no interaction with the cytochrome group of enzymes.
This prediction concludes the safety nature of the leads
and also non interactive nature with cytochrome inhibitors
may also reduce the chance of interaction. Average LD 50
value of the compound’s ranges from 2000 to 10000
mg/kg further shows the wide safety margin of the
selected molecules (Table 2). Safety prediction scoring of
all the leads seems less than one which ensures nontoxic
nature of the compounds with respect to the cytotoxicity,
hepatotoxicity, carcinogenicity, immunotoxicity and
mutagenicity (Table 3).
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Table 1: Physicochemical properties of Selected Lead compounds along with standard (Ascorbic Acid, Linoleic
acid, Oleanolic acid, Salacinol and standard Sitagliptine)

Molar weight

Molecular

H Bond

H Bond

Rotatable

Compound g/mol Formula Donor Acceptor bonds Log P
Ascorbic Acid 176.124 g/mol C6H806 4 6 2 -1.6
Linoleic acid 280.452 g/mol C18H3202 1 2 14 6.8
Oleanolic acid 456.711 g/mol C30H4803 2 3 1 7.5
Salacinol 334.354 g/mol C9H1809S2 5 9 6 -3
Sitagliptine 407.32 g/mol C16H15F6N50 1 10 4 0.7

Table 2: Pharmacokinetic profile of Lead compounds (Ascorbic Acid, Linoleic acid, Oleanolic acid, Salacinol and
standard Sitagliptine)

Pharmacokinetic Asco_rbic Linoleic acid Oleam"C Salacinol Sitagliptine
Property acid acid
Gl absorption High High Low Low High
BBB permeant No Yes No No Yes
P-gp substrate No No No Yes Yes
CYP1A2 inhibitor No Yes No No No
CYP2C19 inhibitor No No No No No
CYP2C9 inhibitor No Yes No No No
CYP2D6 inhibitor No No No No No
CYP3A4 inhibitor No No No No No
Log K, (skin permeation) -8.54 cm/s -3.05 cm/s -3.77 cm/s -10.43 cm/s -8.29 cm/s
LD 50 in mg/kg 3367mg/kg 10000 mg/kg 2000 mg/kg 5000 mg/kg 2500 mg/kg

Abbreviations: GI — Gastro Intestinal, BBB- Blood brain barrier, P-gp- P-glycoprotein, CYP- Cytochrome, LD- Lethal

dose.

Table 3: Toxicity Prediction Analysis of Lead compounds (Ascorbic Acid, Linoleic acid, Oleanolic acid, Salacinol
and standard Sitagliptine)

Linoleic

Oleanolic

Target Ascorbic acid - - Salacinol Sitagliptine
acid acid
Hepatotoxicity 0.86 0.55 0.52 0.82 0.60
Carcinogenicity 0.92 0.64 0.57 0.79 0.50
Immunotoxicity 0.99 0.96 0.79 0.99 0.82
Mutagenicity 0.87 1.0 0.85 0.55 0.55
Cytotoxicity 0.65 0.71 0.99 0.73 0.73

3.2.In silico molecular docking analysis

Virtual analytical tools play a phenomenal role in the
journey of new drug discovery. It greatly reduced the time
and showcase high level of prediction accuracy.
Information regarding absorption, distribution, metabolism
and elimination are utilized for ensuring the bio-
availability and kinetic behavior of the study molecule
[26]. Identification of the active site reveals the
functionality of the amino acid and their role in mediating
the enzymatic reactions [27]. This would be useful for the
synthetic chemist to focus on the functional group and side
chain moieties that are capable of forming interactions
with this core active site of the receptors [28,29].

Docking score essentially helps the researcher in
identifying the hit out of other leads. As per the results of
the present study oleanolic acid ranked first with the -7.06

Kcal/mol. Followed by this salacinol with -5.35 Kcal/mol
and linoleic acid with -5.26 Kcal/mol when compared with
standard sitagliptine (-3.66 Kcal/mol). Total interactive
surface occupied by oleanolic acid was 844.98, next to this
linoleic acid with 742.58, salacinol with 585.73 when
compared with sitagliptine 451.64 (Table 4).

Research outcomes strongly recommended that catalytic
activity of the enzyme Dipeptidyl peptidase 1V majorly
mediated by amino acids such as 205 GLU, 206 GLU, 209
SER,547 TYR, 357 PHE ,358 ARG, 630 SER, 710 ASN.
It was observed from the study that therapeutic leads such
as oleanolic acid, ascorbic acid and salacinol possess
significant DDP-4 inhibition activity by having potential
interaction with bioactive amino acid residues (205 GLU,
206 GLU, 209 SER,547 TYR, 357 PHE ,358 ARG, 630
SER, 710 ASN) on the enzyme (Table 5, Fig.1and 2).
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Table 4: Summary of the molecular docking studies of the lead compounds (Ascorbic Acid, Linoleic acid,
Oleanolic acid, Salacinol and standard Sitagliptine) against Dipeptidyl peptidase 1V (2P8S)

Binding Free Inh|b|t|o_n constant Intermolecular Total_
Phytocompounds energy Kcal/mol Ki uM energy Kcal/mol Interaction

(*mM)(**nM) Surface

Ascorbic Acid -3.52 2.61* -3.64 411.81
Linoleic acid -5.26 139.45 -8.94 742.58
Oleanolic acid -7.06 6.65 -7.72 844.98
Salacinol -5.35 118.9 -7.25 585.73
Sitagliptine -3.66 2.08* -3.67 451.64

Table 5: Interaction of lead compounds Ascorbic Acid, Linoleic acid, Oleanolic acid, Salacinol and standard
Sitagliptine) with active site amino acid residue of Dipeptidyl peptidase 1V (2P8S)

ngﬂg‘;’:gS/ Amino Acid Interactions

Steglipte  125ARG G Gy SeR ARG PHE ARG YR TYR  TYR

AsobicAdd 125ARG  GUL Gl SER  PHE ARG TYR ARG

Linokicacid  SSTPHE TR ser  (ys SPSER Vo yal  Tee  TyR  TYR

Oleanolic acid 125 ARG GZE?J éﬁGU PSIi?E -?é; ;’EZR :ég '|§$|2Q '?3% A@%
205 206 209 357 547 662 666 669

Salacinol 125ARG 51y GLU SER PHE TYR TYR TYR ARG

Fig 1. The 3D docking pose showing the interactions between ligand molecules (A) Ascorbic acid, (B) Linoleic
acid, (C) Oleanolic acid, (D) Salacinol, (E) Sitagliptine and DPP-4 (2P8S) enzyme
Abbreviations:3D — Three dimensional, DPP-4- Dipeptidyl-peptidase-4
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Fig. 2. HB plotting analysis on hydrogen bond formation between ligand molecules (A) Ascorbic acid, (B) Linoleic
acid, (C) Oleanolic acid, (D) Salacinol ,(E) Sitagliptine and DPP-4 (2P8S) enzyme

4.CONCLUSION

DPP-4 is a versatile enzyme that influence several
biological activities with numerous substrates to act on.
Inhibiting the enzyme physiologically renders beneficial
activity in particular to diabetes, cardiovascular,
inflammation and neurodegeneration. Considering the
adverse effects of the conventional DPP-4 inhibitors shift
of focus towards herbal components are now becomes
alternate drug of choice. Results of the study indicates that
phytocomponents such as oleanolic acid, ascorbic acid and
salacinol possess significant DDP-4 inhibition property
with wide margin of safety. Hence it was concluded that
these novel moieties may have a greater translational value
as an alternate drug of choice in the management of
inflammatory and degenerative disorders.
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