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ABSTRACT
In vitro antioxidant activity assay is the preliminary step to determine a drug’s efficacy
in combating oxidative stress when used in a clinical condition. Oxidative stress is a
major concern in disease like diabetes mellitus where elevated level of glucose leads to
higher generation of free radicals.The current study was aimed to determine the in vitro
antioxidant activity of antidiabetic drug-the dipeptidyl peptidase-4 inhibitor (sitagliptin,
vildagliptin, and saxagliptin) in combating the oxidative stress in diabetes mellitus. A total
of five methods were adopted for determining the antioxidant potential of the drugs.
The methods were 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay,
nitric oxide (NO), radical scavenging assay, phosphomolybdenum assay, assessment of
inhibition of lipid peroxidation, and potassium ferricyanide mediated ferric reduction
activity potential (PFRAP). The results indicated vildagliptin as best DPPH radical
scavenger and saxagliptin as the best scavenger of NO radicals. Sitagliptin showed best
reducing power and saxagliptin and sitagliptin showed promising results in inhibiting
lipid peroxidation.These findings suggest that use of sitagliptin and saxagliptin in diabetic
patient may control the hyperglycemic conditions well as other complications that are
caused by hyperglycemia induced oxidative stress.
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INTRODUCTION
Dipeptidyl peptidase-4 (DPP-4), a ubiquitous enzyme is one of
the target proteins for the treatment of diabetes. Glucagon such
as peptide-1 (GLP-1) and incretin is the substrate of the enzyme
which is proline or alanine containing peptide.[1] Some other wellknown substrates are growth factors, neuroactive peptide, and
chemokines. A peptide hormone, GLP-1 is primarily produced and
secreted by enteroendocrine L cells of intestine and in some nucleus
of solitary tract on consumption of food.[2] The GLP-1 stimulates
the secretion of insulin and decreases the action of glucagon.[3]
However, endogenous GLP-1 is easily degraded by DPP-4. DPP-4
inhibitors such as vildagliptin, sitagliptin, and saxagliptin efficiently
increase the insulin effect and reduce the blood glucose level by
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FRAP,

Lipid

peroxidation,

blocking the GLP-1 degradation. Thus, they are used in type-2
diabetes mellitus. Headache, upper respiratory tract infection, and
nasopharyngitis are some of the major adverse effects reported
in clinical trials. The cases of pancreatitis were also observed in
some patients.[4]
Sharpe et al., in 1998, reported different sources of free radicals
generation that is associated with oxidative stress in diabetes
including increased polyol pathway activity, reduced antioxidant
reserve, non-enzymatic glycation of proteins, and monosaccharide
autoxidation.[5] Similar to O2- synthesis, hyperglycemia also initiates
nitric oxide (NO) synthesis by accelerating enzymatic activity. An
unstable structural isomer of nitrate, peroxynitrite [OONO-] causes
wide array of tissue damaging which is formed by the scavenging
of NO radical by O2-. The reaction rate 6.7 × 109 ms-1 which is 3
times faster than the reaction time between superoxide dismutase
and O2-. Henceforth, peroxynitrite is formed by neutralization
of potentially deleterious O2- as well as consumption of potent
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vasodilator NO. Peroxynitrite causes insulin secretin, DNA damage,
cell death of rat, and human islets of Langerhans. Thus, it acts as
a double-edged sword. In electron transport chain, the electron
generated during ATP production aids in the production of water
from molecular oxygen by reduction at mitochondrial complex IV.
Partial reduction of oxygen generates highly reactive free-radical
O2-. This main site of this reduction mechanism is at complex I and
complex III. However, in hyperglycemic condition, this site of free
radical generation is changed. Evidences of oxidative stress are
also observed in the cells having less amount of NADPH oxidase
and mitochondria. Hence, there must be some other system(s)
responsible for production of reactive oxygen species (ROS).
This is termed as glucose auto-oxidation. In presence of Cu2+,
Fe2+, and some alike transition metals, glucose, and many glucose
metabolites reacts with cellular hydrogen peroxide to generate
hydroxyl radicals (•OH)2 and the most potent ROS. Non-enzymatic
glycation is a process of interaction of protein and glucose to
yields some intermediate Amadori and Schiff base products before
generation of advanced glycosylation end-products.[6] Moreover, in
hyperglycemic condition, excess glucose in the mitochondria results
in the production of ROS.[7]
In type 2 diabetes mellitus, increase in oxidative modification of plasma
lipoprotein increases lysophosphatidylcholine and peroxide lipid[8]
and the accumulation of peroxide lipid in cardiovascular tissue causes
macrovascular damage.[9] Diminished expression of NO synthase and
generation of NO2, reduced level of antioxidant ascorbate, glutathione,
α-tocopherol, hyperactivity of sorbitol pathway, impaired expression
of SOD, advanced glycated end product formation, and enhanced
protein glycosylation collectively works in vascular endothelium to
increase oxidative stress. This results in alteration of normal vascular
endothelial functioning and considered as one of the main pathogenic
factor of vascular complications in several disease states including
diabetes mellitus.
The current study focuses on clarifying the impact of DPP-4 inhibitor
drugs, namely, Saxagliptin, sitagliptin, and vildagliptin on inhibition
of production of malondialdehyde (MDA), the mediator of lipid
peroxidation and establishing their efficacy in scavenging of NO
radicals in vitro. Furthermore, their antioxidant activity was confirmed
by performing potassium ferricyanide mediated ferric reduction
activity potential (PFRAP), followed by 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging assay.

MATERIALS AND METHODS
All the chemicals used were analytical grade. DPPH was purchased
from HiMedia laboratories, Mumbai, India. L-ascorbic acid, methanol,
sulfanilamide, N-(1-naphthyl)-ethyl-enediamine dihydrochloride,
orthophosphoric acid, sodium, ethanol, hydrochloric acid, potassium
ferrocyanide, ferric chloride, sodium dodecyl sulfate, ammonium
molybdate, disodium hydrogen phosphate dihydrate, sulfuric acid,
ferrous sulfate heptahydrate, glacial acetic acid, trichloroacetic acid,
thiobarbituric acid, and butan-1-ol were purchased from Merck,
Mumbai, India.
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DPPH radical scavenging assay
The DPPH scavenging evaluation was individually performed for
sitagliptin, vildagliptin, and saxagliptin drugs at concentration 0.05–
0.8 mg/ml against ascorbic acid by previously explained method[10]
with some changes. The drugs were dissolved in suitable solvents
until its complete solubilization. Each fresh test tube containing
50 μL of each concentration of individual drug solution is added
with methanol up to 3 ml. Then 150 μL of 0.13% w/v solution
of DPPH was added to it. After sufficient time for the antioxidant
action to take place, at 517 nm the absorbance was measured with
UV-visible spectrophotometer (Shimadzu UV-1800). The decrease
in absorbance with increase in drug concentration indicates more
scavenging of free radicals. The % inhibition was calculated by the
formula% İnhibition = (Abs of control-Abs of test)/(Abs of Control)×100

Ferric ıon reduction by FRAP
The method mentioned in Prieto et al.[10,11] was followed with
some minor modifications. 100 μL drug solution with different
concentration from 0.05 to 0.8 mg/ml was taken in a clean
and dry test tube into which 3 ml deionized water were added
followed by the addition of 90 μL of 95% ethanol. Further, 1% w/v
potassium ferrocyanide, 150 μL of 1 M hydrochloric acid and 50
μL of 1% sodium dodecyl sulfate were added into the test tubes.
After this, to impart blue color, 20 μL of 0.2% ferric chloride
was added and vortexed for 15 min for uniform distribution of
the color. Considering ascorbic acid as standard, the absorbance
was measured at 700 nm using UV-visible spectrophotometer
(Shimadzu UV 1800).

Assessment of ınhibition of lipid peroxidation
Roberto and Baratta described that thiobarbituric acid reactive
substances method was followed here for determining the lipid
peroxidation inhibition using egg yolk homogenate.[12] 0.5 ml of
10% egg yolk homogenate was taken in test tubes along with 0.1 ml
of drug solution of concentration ranging from 0.05 to 0.8 mg/ml.
Sufficient deionized water was added to make the volume up to
1ml. Then, 50 μL of 0.07M ferrous sulfate was added. Now, for
complete lipid oxidation, the samples were incubated for 20 min.
After incubation, 0.8% w/v thiobarbituric acid prepared in 1.1%
sodium dodecyl sulfate, 50 μL of 20% w/v trichloroacetic acid, and
1.5 ml of each of 20% acetic acid were added to each of the test
tube. After vortexing those samples were heated for 1 h at 95°C
and then cooled at room temperature. İts was the centrifuged at
5000 rpm for 5 min with an addition of 5 ml of n-butanol. The
supernatant layer of each sample was observed at 532 nm taking
ascorbic acid as standard.

Determination of NO scavenging assay
The method discussed in Bajpai et al.[13] was followed for estimation
of NO radical scavenging potential. To generate NO, 5 mM sodium
nitroprusside (SNP) was dissolved in phosphate-buffered saline pH
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7.4 which reacts with available oxygen to produce nitrite ions. Griess
reagent (5% w/v phosphoric acid, 0.1% w/v N-(1-naphthyl)-ethylenediamine dihydrochloride, and 1% w/v sulfanilamide) was freshly
prepared that have the capability to scavenge nitrite ions.To each drug
concentration ranging from 0.05 to 0.8 mg/ml, 1 ml of SNP was
added. İts was then incubated at 25° centigrade at light for 60 min.
Furthermore, equal volume of prepared Griess reagent was dissolved
and incubated in dark at 25°C for 30 min. After the complete reaction
a pink chromophore is generated which was observed at 546 nm.The
% inhibition was then calculated.

RESULTS
Determination of DPPH radical scavenging assay
A standard curve of DPPH was plotted as given in Figure 1. A dosedependent DPPH radical scavenging activity was shown by ascorbic

acid and gliptin analogs [Table 1]. As shown in Figure 2, extent of
DPPH radicals scavenging by ascorbic acid, sitagliptin, vildagliptin,
and saxagliptin at 800 µg/ml concentration were 97.87%, 53.72 ±
0.030%, 89.23 ± 0.085, and 81.21 ± 0.055%, respectively.The IC50
value shown by these drugs was 117.4 ± 0.02, 286.8 ± 0.03, 811.5
± 0.27, and 274.9 ± 0.03, respectively, for ascorbic acid, saxagliptin,
sitagliptin, and vildagliptin [Table 2].

Ferric ıon reduction by FRAP
A standard curve of Ascorbic was plotted as given in Figure 3. The
dose-dependent increase in radical scavenging activity of ascorbic acid
measured by FRAP process is shown in Table 3 and Figure 4. All the
drugs followed similar dose dependent radical scavenging activity. At
800 µg/ml, the extent of radical scavenging activity of ascorbic acid,
sitagliptin, vildagliptin, and saxagliptin was found to be 98.47%, 99.54
± 0.175, 80.61 ± 0.085, and 59.73 ± 0.145, respectively. IC50 value
of ascorbic acid, saxagliptin, sitagliptin, and vildagliptin contained in
Table 2 is 588.5 ± 0.06, 149.1 ± 0.08, and 228.1 ± 0.09.

NO scavenging method
A dose-dependent NO radical scavenging activity was established taking
ascorbic acid as standard antioxidant.All the gliptin analogs also followed
more or less similar pattern. At 800 µg/ml, the extent of NO radical
scavenging by ascorbic acid, sitagliptin, vildagliptin, and saxagliptin
was 87.16%, 65.69 ± 0.080%, 56.03 ± 0.110, and 57.90 ± 1.390,
respectively as shown in Table 4 and Figure 6. The IC50 data of ascorbic
acid, saxagliptin, sitagliptin, and vildagliptin [Table 2] were 93.64 ±
0.115, 260 ± 0.33, 392.2 ± 0.21, and 575 ± 0.11, respectively.

Assessment of ınhibition of lipid peroxidation
Figure 1: Standard curve of ascorbic acid in 2,2-diphenyl-1-picrylhydrazyl
radical scavenging assay

A standard curve of Ascorbic for this method was plotted as shown
in Figure 7. The dose-dependent increase in antioxidant power

Figure 2: 2,2-diphenyl-1-picrylhydrazyl radical scavenging potential of dipeptidyl peptidase-4 inhibitors in varying concentrations
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of ascorbic acid was established in the assessment of inhibition of
lipid peroxidation. The potential to inhibit the lipid peroxidation by
ascorbic acid, sitagliptin, vildagliptin, and saxagliptin at concentration
800 µg/ml was 98.31%, 69.87 ± 0.110%, 74.58 ± 0.105%, and
85.49 ± 0.075%, respectively as shown in Table 5 and Figure 8.
The IC50 value shown by ascorbic acid, sitagliptin, vildagliptin, and
saxagliptin was 141.8 ± 0.09, 157 ± 2.7, 154.8 ± 0.5, and 254.4 ±
1.95, respectively [Table 2].

DISCUSSION
One of the most widely used hydrogen acceptor free radicals; DPPH
is commonly used in DPPH assay for measuring antioxidant activity of
different samples. Antioxidants have the capability to reduce DPPH.
Hydrazine group is formed from hydrazyl group on an acceptance of

one electron that causes change in color of DPPH radical from deep
violet to light yellow. This change in color is measured at 517nm.
Table 1: 2,2-diphenyl-1-picrylhydrazyl radical scavenging
potential of dipeptidyl peptidase-4 inhibitors
Concentration (μg/ml)
50
100
200
400
800

Sitagliptin
46.84±0.020c
49.73±0.025c
50.28±0.045c
51.72±0.035c
53.72±0.030b

Saxagliptin
11.14±0.055c
30.19±0.070c
41.83±0.060c
49.53±0.050c
81.21±0.055c

Vildagliptin
6.34±0.060c
15.92±0.045c
37.22±0.045c
62.73±0.040b
89.23±0.085c

Data are expressed as mean±standard deviation (n=6); mean in the same column with
different superscripts is significantly different using unpaired two-tailed t-test at P<0.05. a*
P <0.05, b** P <0.01, c*** P <0.001, nsNon-significant P >0.05

Table 2: Table of IC50 data of DPP-4 inhibitors and ascorbic acid

Name

Ascorbic acid
Sitagliptin
Saxagliptin
Vildagliptin

DPPH
scavenging
117.4±0.02
811.5±0.27c
286.8±0.03c
274.9±0.03c

FRAP

271.2±0.06
149.1 ±0.08c
588.5±0.06c
228.1±0.09c

Inhibition of Nitric Oxide
LPO
Scavenging
141.8±0.09
93.64±0.115
154.8±0.5b
392.2±0.21c
157±2.7a
260±0.33c
254.4±1.95c
575±0.11c

Data are expressed as mean ± standard deviation (n=6); mean in the same column with
different superscripts is significantly different using unpaired two-tailed t-test at P<0.05.
a
*P<0.05, b**P<0.01, c***P<0.001, nsnon-significant P>0.05

Table 3: Antioxidant potential of dipeptidyl peptidase-4
inhibitors in ferric ion reducing by FRAP
Concentration (μg/ml)
50
100
200
400
800

Figure 3: Standard curve of ascorbic acid in ferric ion reducing by ferric
reduction activity potential

Sitagliptin
28.75±0.060c
38.89±0.090c
49.62±0.075c
73.56±0.080c
99.54±0.175ns

Saxagliptin
21.59±0.105c
23.82±0.165b
30.70±0.020b
39.07±0.140c
59.73±0.145c

Vildagliptin
32.58±0.105c
35.15±0.130c
40.81±0.085c
53.58±0.115c
80.61±0.085c

Data are expressed as mean±standard deviation (n=6); mean in the same column with
different superscripts is significantly different using unpaired two-tailed t-test at P<0.05.
a
*P<0.05, b**P<0.01, c***P<0.001, ns: Non-significant P>0.05

Figure 4: Ferric ion reducing potential (ferric reduction activity potential) of dipeptidyl peptidase-4 inhibitors in varying concentrations
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The antioxidant scavenges DPPH free radicals leads to decrease in
absorbance. Similar to nitrogen centered free radical DPPH, gliptin
analogues also possess 1 oxygen group, and at least 2 nitrogen groups
of one electron lone pair. Hence, it is hypothesized that gliptin might
be a potent antioxidant due to the availability of this electron which
is shown in Table 5.
Iron exists in both +2 states designated as ferrous and +3 states
designated as ferric.This dual oxidation state of iron is able to accept
as well as donate electrons in a redox reaction system and plays a
key role in certain cellular functions. A slight imbalance in the redox
system initiates its reaction with superoxide radical and hydrogen
peroxide. The Haber-Weiss reaction product, hydrogen peroxide
radical is major cause for DNA injuries, protein, and membranes
damage.[14] However, in the presence of hydroxyl radicals, lipid
hydroperoxides decomposed to form alkoxyl and peroxyl radicals

thus augmenting chain reaction of lipid peroxidation.[14] The current
research work confirmed that next to sitagliptin and vildagliptin
have more ferric ion reducing capacity than the standard. Thus,
antioxidant potential and radical scavenging capability of the three
drugs are established.
Addition of iron in lipid media results in significant increase in
amount of ferry-perferryl complex or hydroxyl radical and observed
to decompose lipid hydroperoxides to form alkoxyl radicals and
peroxyl.[15] The cell membrane which is composed of polyunsaturated
lipids is being acted on by this reactive hydroxyl radical to produce
Table 4: Antioxidant potential of DPP-4 inhibitor in nitric oxide
radical scavenging assay
Concentration (μg/ml)
50
100
200
400
800

Sitagliptin
16.86±0.060c
25.54±0.075c
34.21±0.085c
49.77±0.175c
65.69±0.080c

Saxagliptin
17.60±0.075c
44.24±0.050c
54.85±1.130a
56.64±0.475c
57.90±1.390b

Vildagliptin
17.67±0.020c
20.91±0.080c
27.09±0.120c
46.19±0.140c
56.03±0.110c

Data are expressed as mean±standard deviation (n=6); mean in the same column with
different superscripts is significantly different using unpaired two-tailed t-test at P<0.05.
a
*P<0.05, b**P<0.01, c***P<0.001, nsnon-significant P>0.05

Table 5: Antioxidant potential of DPP-4 inhibitor in assessment
of inhibition of lipid peroxidation
Concentration (μg/ml)
50
100
200
400
800

Figure 5: Standard curve of ascorbic acid in nitric oxide radical scavenging
assay

Sitagliptin
38.80±0.090c
45.73±0.080c
51.11±0.050c
58.03±0.060c
69.87±0.110c

Saxagliptin
35.0±0.060c
37.09±0.030b
50.28±0.035c
64.64±0.170c
85.49±0.075c

Vildagliptin
30.64±0.050c
34.17±0.050c
41.14±0.075c
53.87±0.105c
74.58±0.105c

Data are expressed as mean±standard deviation (n=6); mean in the same column with
different superscripts is significantly different using unpaired two-tailed t-test at P<0.05.
a
*P<0.05, b**P<0.01, c***P<0.001, nsnon-significant P>0.05

Figure 6: Nitric oxide radical scavenging potential of dipeptidyl peptidase-4 inhibitors in varying concentrations
Pharmaspire | Oct-Dec 2020 | Vol 12 | Issue 4
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several aldehydes such as MDA. The adducts of MDA with DNA,
protein amino group, and biomolecules are carcinogenic as well as
mutagenic in both human and bacterial cells. MDA gives a pink color
chromophore with thiobarbituric acid. Addition of various DPP-4
inhibitors such as saxagliptin and sitagliptin hamper MDA formation.
This study shows their efficacy as antioxidant but unfortunately
has not been recognized as potent as standard, to hold back lipid
peroxidation.
NO synthase and L-arginine are the two major sources of NO
in human body.[16] Beside its contribution to maintain normal
physiological action, it is associated with several carcinomas and
inflammatory conditions.[17] NO radical possess oxygen atom that
has a single unpaired electron. Although NO is very less reactive,
its products such as peroxynitrite and nitrite are highly reactive and
found to produce deleterious effect in body. The reaction between
NO and peroxy radical generates NO free radical.[18] Overproduction
of NO leads to tissue toxicity and septic shock and the continuous

Figure 7: Standard curve of ascorbic acid in inhibition of lipid peroxide

over expression of it causes onset of various diseases such as arthritis,
juvenile diabetes, multiple sclerosis, and ulcerative colitis.[19] NO
starts a chain reaction that causes oxidation of lipid and generation
of some other free radicals.[20] İn presence of NO, peroxidation
produces a metabolite peroxynitrite (ONOO-). This ONOO- is
considered to be highly reactive free radical. Peroxynitrite directly
initiate cytotoxic reactions such as lipid peroxidation, SH- group
oxidation, DNA damage, and tyrosine nitration.[21,22] Furthermore,
NO produced from SNP reacts with oxygen to form nitrite ions.
The ascorbic acid and drugs directly compete with the oxygen to
inhibit the formation of nitrite ions.[22,23] The studied antidiabetic
drug – the DPP-4 inhibitor (sitagliptin, vildagliptin, and saxagliptin)
found to have some NO radical scavenging activity but not as potent
as ascorbic acid.
The current study has revealed that saxagliptin have better NO
radicals scavenging activity than the other drugs, but less efficacious
than ascorbic acid. Sitagliptin, saxagliptin, and ascorbic acid
equipotently inhibit the formation of MDA and these two drugs
are observed to be the best among three drugs in inhibiting MDA
formation. DPPH free-radical scavenging assay and FRAP assay
confirms that vildagliptin has significant antioxidant activity. FRAP
assay revealed that sitagliptin has better antioxidant potential than
ascorbic acid.Thus, among these three drugs, saxagliptin, vildagliptin,
and sitagliptin, may produce beneficial effect on quality of health of
a diabetic patient by reducing the diabetes induced oxidative stress
and related complications. The concluded results in this research
work may vary with in vivo at the therapeutic antidiabetic dose and
plasma protein binding may also get change resulting significant
variation in plasma drug concentration.Therefore, to get the fruitful
data, maximum plasma drug concentration at therapeutic dose of
these drugs and their activity in the plasma drug concentration in
vivo must be conducted.

Figure 8: Lipid peroxidation inhibition potential of dipeptidyl peptidase-4 inhibitors in varying concentrations
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CONCLUSION
Amongst the drugs tested, sitagliptin and vildagliptin exhibited better
ferric reducing potential in terms of FRAP assay when compared
with standard antioxidant ascorbic acid. As compared to ascorbic
acid, sitagliptin and saxagliptin exhibited almost equipotent effect in
lipid peroxidation inhibition. Hence, the study in this research work
suggested that use of these drugs may be more beneficial in treatment
of diabetes mellitus due to their dual activity of antidiabetic as well
as antioxidant activity.
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