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ABSTRACT
Back ground: Anti-oxidants play an important role to protect damage caused by oxidative stress (OS). Free radical and Reactive Oxygen Species (ROS) are
basically the main cause of several disorders in humans that are generated as an imbalance between formation and neutralization of pro-oxidants resulting in
oxidative stress. They cause oxidative damage to lipids, proteins, and DNA, eventually leading to many chronic diseases, such as cancer, diabetes, aging and
other degenerative diseases in humans. Various studies have been done to identify anti-oxidants from plant sources and efforts have been taken to
incorporate it in conventional therapy.
Objective: The aim of the present research work is to assess the repurposing potential of dipeptidyl peptidase-4 inhibitor by checking its anti-oxidant
activity.
Methods: Anti-oxidant potential of the vildagliptin was studied using different in vitro methods. The anti-oxidant activity was estimated by using DPPH
radical scavenging activity, nitric oxide scavenging assay, hydrogen peroxide scavenging assay and reducing power assay methods. The ascorbic acid used
as a standard reducing agent. All the analysis was made with the use of UV-Visible spectrophotometer.
Results: The extract showed good dose dependent free radical scavenging property in both the models used in this study. The results of the assay showed
that it possesses significant free radical scavenging and reducing power properties at concentration-dependent manner.
Conclusion: This study suggests that vildagliptin exhibit great potential for anti-oxidant activity and may be useful for their medicinal functions. However,
further exploration is necessary for effective use in both modern systems of medicines. This will further trigger extensive research for better understanding
of the impact of vildagliptin on health.
Key words: DPP-4 inhibitors, DPPH assay, ascorbic acid, vildagliptin, in-vitro anti-oxidant activity, UV-Visible spectrophotometer.

A R T I C L E I N F O: Received 04 July 2020; Review Completed 25 Sept. 2020; Accepted 02 Oct. 2020;

Available online 15 Oct. 2020

Cite this article as:
Nulaka SR, Nimmala A, Pasupuleti R, Ieppala S, Boggula N, Bakshi V, Pathakala N, Repurposing of Dipeptidyl Peptidase-4
Inhibitors, Asian Journal of Pharmaceutical Research and Development. 2020; 8(5):59-66.
DOI: http://dx.doi.org/10.22270/ajprd.v8i5.838

*Address for Correspondence:
Naveen Pathakala, Assoc. Professor, Department of Pharmacology, School of Pharmacy, Anurag University,Venkatapur, Ghatkesar, Medchal,
Hyderabad, Telangana, INDIA-500088

INTRODUCTION

D

rug discovery is a time-consuming, laborious,
costly and high-risk process. According to a report
by the Eastern Research Group (ERG), it usually
takes 10-15 years to develop a new drug. However, the
success rate of developing a new molecular entity is only
2.01%, on average1. As demonstrated in a report by the
Food and Drug Administration (FDA), the number of drugs
approved by the FDA has been declining since 1995.
Moreover, investment in drug development has been
gradually increasing, as reported by Pharmaceutical
ISSN: 2320-4850

Research and Manufacturers of America (PhRMA). This
indicates that the cost of new drug development will
continue to grow. Hence, it is urgent to find a new strategy
to discover drugs2.Drug repurposing holds the potential to
bring medications with known safety profiles to new patient
populations. The term “drug repositioning” has been used
interchangeably with “drug repurposing” or “drug
reprofiling”3. Drug repurposing is viewed as an approach to
rediscovering value in “old molecules” and finding new
therapeutic uses, particularly in areas with high risk of
failure, such as psychiatry4. All these expressions are
relatively synonymous for describing the process that seeks
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to discover new applications for an existing drug numerous
examples exist for the identification of new indications for
existing molecules, most stemming from serendipitous
findings or focused recent efforts specifically limited to the
mode of action of a specific drug5.
This decreases the overall cost of bringing the drug to
market because the safety and pharmacokinetic profiles of
the repositioned candidates are already established. It is in
fact quite common but it has been mostly done by
serendipity over the years. It is only recently that more
systematic approaches based on computational analyses are
being used6. Faced with scientific and economical
challenges the possibility of finding new indications for
drugs is an attractive proposition for the industry. Drug
repurposing could be applied at many phases of drug
discovery and development but has a greater potential when
the drug has already been tested for safety. Recently there
has been a significant growth of publications for novel,
more systematic and non-obvious approaches for
computational drug discovery7.
The process of oxidation in the human body damages cell
membranes and other structures, including cellular proteins,
lipids and DNA. When oxygen is metabolised, it creates
unstable molecules called „free radicals‟8, which steal
electrons from other molecules, causing damage to DNA
and other cells. The body can cope with some free radicals
and needs them to function effectively. However, the
damage caused by an overload of free radicals over time
may become irreversible and lead to certain diseases,
including heart disease, liver disease and some cancers9
(such as oral, oesophageal, stomach and bowel cancers).
Oxidation can be accelerated by stress, cigarette smoking,
alcohol, sunlight, pollution and other factors. You can find
these antioxidants in many different foods that you're
probably eating right now10. The recommendations based
on epidemiological studies are such that fruits, vegetables
and less processed staple foods ensure the best protection
against the development of diseases caused by oxidative
stress, such as cancer, coronary heart disease, obesity, type
2 diabetes, hypertension and cataract11. The explanation
consists in the beneficial health effect, due to antioxidants
present in fruit and vegetables. There are numerous
antioxidants in dietary plants: carotenoids, phenolic
compounds, benzoic acid derivatives, flavonoids,
proanthocyanidins, stilbenes, coumarins, lignans, and
lignins. Of the 50 analysed food products with high
antioxidant content, 13 were spices, 8 were fruits and
vegetables, 5 were berries, 5 were chocolate based, 5 were
breakfast cereals, and 4 were nuts or seeds. Considering the
typical serving sizes, blackberries, walnuts, strawberries,
artichokes, cranberries, brewed coffee, raspberries, pecans,
blueberries, ground cloves, grape juice and unsweetened
baking chocolate were at the top of the classification12.
Anti-oxidants are involved in the defense mechanism of the
organism against the pathologies associated to the attack of
free radicals13. Endogenous antioxidants are enzymes, like
superoxide dismutase, catalase, glutathione peroxidase or
non-enzymatic compounds, such as uric acid, bilirubin,
albumin, metallothioneins14. When endogenous factors
cannot ensure a rigorous control and a complete protection
ISSN: 2320-4850

of the organism against the reactive oxygen species, the
need for exogenous anti-oxidants arises, as nutritional
supplements or pharmaceutical products, which contain as
active principle an anti-oxidant compound15. Amongst the
most important exogenous anti-oxidants, vitamin E, vitamin
C, β-carotene, vitamin E, flavonoids, mineral & Se are well
exogenous anti-oxidants can derive from natural sources
(vitamins, flavonoids, anthocyanins, some mineral
compounds), but can also be synthetic compounds, like
butylhydroxyanisole, butylhydroxytoluene, gallates etc16.

Figure 1: Effect of free radicals

Free radicals are unstable atoms that can damage cells,
causing illness and aging. To become more stable, they take
electrons from other atoms17. This may cause diseases or
signs of aging. According to the free radical theory of
aging, first outlined in 1956, free radicals break cells down
over time18.
As the body ages, it loses its ability to fight the effects of
free radicals. The result is more free radicals, more
oxidative stress, and more damage to cells, which leads to
degenerative processes, as well as "normal" aging19. The
free radical theory of aging is relatively new, but numerous
studies support it. For example, studies on rats showed
significant increases in free radicals as the rats aged. These
changes matched up with age-related declines in health.
Over time, researchers have tweaked the free radical theory
of aging to focus on the mitochondria20. Mitochondria are
tiny organelles in cells that process nutrients to power the
cell. Research on rats suggests that free radicals produced
in the mitochondria damage the substances that the cell
needs to work properly. This damage causes mutations that
produce more free radicals, thus accelerating the process of
damage to the cell. This theory helps explain aging, since
aging accelerates over time20. The gradual, but increasingly
rapid build-up of free radicals offers one explanation for
why even healthy bodies age and deteriorate over time 21.

Figure: 2 Chemical structure of vildagliptin

The Molecular formula of vildagliptin is C17H35N3O222. The
Molecular weight of vildagliptin is 303.406g/mol, and
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protein binding is about 9.3%. Vildagliptin, previously
identified as LAF237, is a new oral anti-hyperglycemic
agent (anti-diabetic/hypoglycemic drug) of the new
dipeptidyl peptidase-4 (DPP-4) inhibitor class of drugs.
Vildagliptin inhibits the inactivation of GLP-1 and GIP by
DPP-4, allowing GLP-1 and GIP to potentiate the secretion
of insulin in the beta cells and suppress glucagon release by
the alpha cells of the islets of Langerhans in the pancreas. It
is currently in clinical trials in the US and has been shown
to reduce hyperglycemia in type 2 diabetes mellitus 23.
While the drug is still not approved for use in the US, it was
approved in Feb 2008 by European Medicines Agency for
use within the EU and is listed on the Australian PBS with
certain restrictions. It will cause some adverse effects like
nausea, hypoglycemia, tremor, headache, dizziness,
weakness, constipation, weight gain, sore throat, excessive
sweating, heart burn and swelling of face, lips, eyelids,
tongue, hands and feet. And it is used to treat type 2
diabetes mellitus and also reduces appetite24.

this stock solution, different working dilution were
prepared to get concentration of 10, 20, 30, 40, 50 µg/ml
with ethanol27. The standard stock solution was prepared by
dissolving ascorbic acid (standard sample) in ethanol with a
final concentration of 100µg/ml and different concentration
of 10, 20, 30, 40, 50 µg/ml were prepared by ethanol.

The aim of the present research work is to investigate the
repurposing potential of dipeptidyl peptidase-4 inhibitor by
checking its anti-oxidant activity.

IC50 % =

In-vitro anti-oxidant activity screening

About 2mg of vildagliptin (test samples) were dissolved in
20 ml with ethanol to obtain a solution of 100µg/ml. From
this stock solution, different working dilution were
prepared to get concentration of 10, 20, 30, 40, 50 µg/ml
with ethanol. The standard stock solution was prepared by
dissolving ascorbic acid (standard sample) in ethanol with a
final concentration of 100µg/ml and different concentration
of 10, 20, 30, 40, 50 µg/ml were prepared by ethanol 29. 4
ml of standard and test solution was added to 0.6 ml
hydrogen peroxide solution. After 10 min, the absorbance
of the solution was measured at 230nm using UV-Vis
spectrophotometer against a blank solution containing
phosphate buffer without hydrogen peroxide. The
percentage scavenging of hydrogen peroxide of both plant
fraction and standard compound were determined30. The
percentage inhibition was calculated for the samples and
standard using the following:

In the present study, the commonly used anti-oxidant
evaluation methods such as DPPH radical scavenging
activity, nitric oxide scavenging assay, hydrogen peroxide
scavenging assay and reducing power assay methods were
chosen to determine the anti-oxidant potential.
2,2-Diphenyl 1-picryl
scavenging assay:

hydrazyl

[DPPH

]

radical

0.1mM DPPH solution was prepared by dissolving DPPH
1.9mg in 50 ml of ethanol. This stock solution was prepared
freshly and kept in the dark at ambient temperature when
not in used. About 2mg of vildagliptin (test samples) were
dissolved in 20 ml ethanol to obtain a solution of
100µg/ml25. From this stock solution, different working
dilution were prepared to get concentration of 10, 20, 30,
40, 50 µg/ml with ethanol as a solvent. The standard stock
solution was prepared by dissolving ascorbic acid (standard
sample) in ethanol with a final concentration of 100µg/ml
and different concentration of 10, 20, 30, 40, 50 µg/ml were
prepared by using ethanol.
0.1mM solution of DPPH in ethanol was prepared and 0.5
ml of this solution was added to 1.5 ml of sample solution
and incubate it for 30 min, and the absorbance was taken at
517nm. The difference in the absorbance between test and
control of DPPH was calculated and expressed as percent
scavenging of DPPH radical26. The difference in the
absorbance between test and control of DPPH was
calculated and expressed as percent scavenging of DPPH
radical.
IC50 % =

X 100

Nitric oxide scavenging assay:
About 2mg of vildagliptin (test samples) were dissolved in
20 ml with ethanol to obtain a solution of 100µg/ml. From
ISSN: 2320-4850

Sodium nitroprusside 5mM in phosphate buffer at pH 7.4
saline was mixed with different concentrations of the test
sample or standard and incubated at 35 0C for 150 min. At
regular intervals, 1.5 ml of samples (incubated solution)
was removed and diluted with 1.5 ml of Griess reagent (1%
sulphanilamide, 2% H3PO4 and 0.1% naphthyl
ethylenediamine dihydrochloride). The absorbance was
read at 546nm. The difference in the absorbance between
test and control on nitric oxide was calculated and
expressed as percent scavenging of nitric oxide radical28.
Capability to scavenge the nitric oxide radical was
calculated by using equation:
X 100

Hydrogen peroxide scavenging assay:

IC50 % =

X 100

Reducing power assay:
About 2mg of vildagliptin (test samples) were dissolved in
20 ml with ethanol to obtain a solution of 100µg/ml. From
this stock solution, different working dilution were
prepared to get concentration of 10, 20, 30, 40, 50 µg/ml
with ethanol. The standard stock solution was prepared by
dissolving ascorbic acid (standard sample) in ethanol with a
final concentration of 100µg/ml and different concentration
of 10, 20, 30, 40, 50 µg/ml were prepared by ethanol 31. To
1 ml of prepared sample solution, add 2.5 ml of phosphate
buffer (pH 7.4). To this, add 2.5 ml of 1% potassium
ferricyanide solution, after incubation at 50 0C for 20 min,
add 2.5 ml of 10% trichloroacetic acid the contents were
centrifuged at 3000rpm for 10 min and about 1.5 ml of
supernatant liquid was collected and mixed with 2.5 ml of
distilled water and 0.5 ml of 1% ferric chloride. The
absorbance was read at 700nm using UV-Vis
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spectrophotometer. Difference in the absorbance between
test and control was calculated and expressed as reducing
power in percentage32,33. Ability of reducing power of test
and control in percentage was calculated by:
IC50 % =

X 100

RESULTS AND DISCUSSION
A drug repurposing strategy could be a potential approach
to overcoming the economic costs for diabetes mellitus
(DM) treatment incurred by most countries. DM has
emerged as a global epidemic, and an increase in the
outbreak has led developing countries like Mexico, India,
and China to recommend a prevention method as an
alternative proposed by their respective healthcare sectors.
Incretin-based therapy has been successful in treating
diabetes mellitus, and inhibitors like sitagliptin,
vildagliptin, saxagliptin, and alogliptin belong to this
category. As of now, drug repurposing strategies have not
been used to identify existing therapeutics that can become
dipeptidyl peptidase-4 (DPP-4) inhibitors.
Glucagon-like peptide-1 receptor agonists and dipeptidyl
peptidase-4 (DPP-4) inhibitors have been successful in
clinical use in regulating glucose metabolism in diabetes

mellitus patients apart from other therapies like insulin,
sulfonylureas, biguanides, meglitinides, thiazolidinediones,
and alpha-glucosidase inhibitors. The mechanism of DPP-4
inhibitors is to stop the degradation of incretin hormones
such as glucagon-like peptide-1 (GLP-1) and glucosedependent insulinotropic peptide (GIP) by the DPP-4
enzyme to regulated glucose metabolism. DPP-4 also
degrades regulatory factors like chemokines and growth
factors revealing the role of DPP-4 inhibitors in controlling
inflammatory diseases.
Reactive oxygen species such as hydroxyl, superoxide and
peroxyl radicals are formed in human cells by endogenous
factors and exogenously result in extensive oxidative
damage that in turn lead to geriatric degenerative
conditions, cancer and a wide range of other human
diseases. Anti-oxidant research is an important topic in the
medical field as well as in the food industry. Many plants,
particularly medicinal ones, have been extensively studied
for their anti-oxidant activity in recent decades. The antioxidants act either by scavenging various types of free
radicals derived from oxidative processes, by preventing
free radical formation through reduction precursors or by
chelating agents. The anti-oxidant results were illustrated in
the following tables and figures.

Table 1: DPPH scavenging assay
S. No.

Conc. of sample (µg/ml)

Absorbance of ascorbic acid

% Inhibition

Absorbance of vildagliptin

% Inhibition

1

10

0.32

41

0.13

28

2

20

0.69

60

0.15

37

3

30

1.1

69

0.17

44

4

40

2.6

80

0.57

54

5

50

2.8

86

1.2

65

Figure 3: Percentage inhibition of vildagliptin against ascorbic acid by DPPH scavenging assay
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DPPH radical is a stable radical with a maximum
absorption at 517nm that can readily undergo reduction by
an anti-oxidant. The vildagliptin were found to possess
concentration dependent scavenging activity on DPPH
radicals and the results were given in Table 1 and Figure 3.
The percentage inhibition (% inhibition) at various
concentrations (10-50 μg/ml) of vildagliptin and standard

ascorbic acid (10-50 μg/ml) were calculated. The %
inhibition of vildagliptin is compared with standard
ascorbic acid. The results showed that the test sample
shows half of the activity of standard. It needs to be tested
for repeatability and reproducibility. The maximum IC50
value for vildagliptin is found at 50μg/ml (65%).

Table: 2 Nitric oxide scavenging assay
S. No.

Conc. of sample (µg/ml)

Absorbance of ascorbic acid

% Inhibition

Absorbance of vildagliptin

% Inhibition

1

10

0.75

40

0.06

31

2

20

0.56

49

0.13

39

3

30

0.78

69

0.17

45

4

40

1.6

78

0.29

53

5

50

2.3

88

0.4

70

Figure: 4 Percentage inhibition of vildagliptin against ascorbic acid by nitric oxide scavenging assay

The nitric oxide scavenging activity of vildagliptin were
detected and compared with ascorbic acid. The percentage
inhibition (% inhibition) at various concentrations (10-50
μg/ml) of vildagliptin and standard ascorbic acid (10-50
μg/ml) were calculated. The % inhibition of vildagliptin is

compared with standard ascorbic acid. The results showed
that the test sample shows half of the activity of standard. It
needs to be tested for repetability and reproducibility. The
maximum IC50 value for vildagliptin is found at 50μg/ml
(65%).

Table: 3 Hydrogen peroxide scavenging assay
S. No.

Conc. of sample (µg/ml)

Absorbance of ascorbic acid

% Inhibition

Absorbance of vildagliptin

% Inhibition

1

10

0.33

39

0.25

25

2

20

0.59

57

0.59

36

3

30

1.9

78

0.89

49

4

40

2.55

87

1.5

60

5

50

3.1

95

1.7

79
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Figure 5: Percentage inhibition of vildagliptin against ascorbic acid by hydrogen peroxide scavenging assay

The scavenging ability of vildagliptin on hydrogen
peroxide scavenging assay is shown in the above table and
compared with reference standard drug ascorbic acid.
Vildagliptin was capable of H2O2 scavenging dose
dependent manner. The percentage inhibition (% inhibition)
at various concentrations (10-50 μg/ml) of vildagliptin and

standard ascorbic acid (10-50 μg/ml) were calculated. The
% inhibition of vildagliptin is compared with standard
ascorbic acid. The results showed that the test sample
shows half of the activity of standard. It needs to be tested
for repetability and reproducibility. The maximum IC50
value for vildagliptin is found at 50μg/ml (79%).

Table: 4 Reducing power assay
S. No.

Conc. of sample (µg/ml)

Absorbance of ascorbic acid

% Inhibition

Absorbance of vildagliptin

% Inhibition

1

10

0.48

29

0.033

19

2

20

0.55

41

0.049

30

3

30

0.64

66

0.072

44

4

40

0.86

80

0.098

59

5

50

0.98

88

0.146

75

Figure: 6 Percentage inhibition of vildagliptin against ascorbic acid by reducing power assay
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The ability of vildagliptin to reduce ferric to ferrous was
determined by accoding to this method. The reducing
capacity of a compound may serve as a significant indicator
of its potential anti-oxidant activity. The % inhibition at
various concentrations (10-50 µg/ml) of vildagliptin and
standard ascorbic acid (10-50 µg/ml) were calculated. The
% inhibition of vildagliptin is compared with standard
ascorbic acid. The results showed that the test sample
shows half of the activity of standard ascorbic acid. It needs
to be tested for repeatability and reproducibility. The
maximum IC50 value for vildagliptin is found at 50μg/ml
(75%).
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