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ABSTRACT

Introduction: Oxidative stress plays an important
role in various pathological conditions like Diabetes
mellitus, Hypertension, Malignancies, Alzheimers disease,
etc. Scientific evidence suggests that antioxidants reduce
the risk of these chronic diseases.2 There are numerous
cardiovascular and anti-diabetic drugs available which
have additional antioxidant properties. The aim of this
study is to comparatively evaluate the antioxidant
properties of cardiovascular drugs like Nebivolol,
Carvedilol, Cilnidipine, Atorvastatin and that of anti-diabetic
drugs like Sitagliptin, Vildagliptin and Tenegliptin by their
free radical scavenging property using DPPH (2,2-diphenyl
1-picryl hydrazyl hydrate) assay. Methodology: Oral
formulations of Nebivolol, Carvedilol, Cilnidipine,
Atorvastatin, Sitagliptin, Vildagliptin, Teneligliptin were
crushed separately into fine powders and stock solutions of
1000 and 500 µg/ml were prepared using ethanol. Ascorbic
acid was used as the reference antioxidant. The
percentage of antioxidant activity was assessed by DPPH
assay method described by Brand Williams et al.
Results: At concentrations of 1000 µg/ml and 500 µg/ml,
the percentage of DPPH inhibition by the drugs
were: Nebivolol - 46.38% and 35.28%, Carvedilol - 59.58%
and 35.74%, Cilnidipine - 64.37% and 54.67%,
Atorvastatin - 69.39% and 47.55%, Teneligliptin - 68.81%
and 53.74%, Vildagliptin - 63.90% and 50.58% and
Sitagliptin - 53.86% and 36.21% respectively. The
percentage of DPPH inhibition for the same concentration
of Ascorbic acid was 98.83% and 70.44% respectively.
Conclusion: Our study has demonstrated the in vitro
anti-oxidant activity of the commonly used cardiovascular
drugs (Nebivolol, Carvedilol, Cilnidipine and Atorvastatin)
and antidiabetic drugs (Teneligliptin, Vildagliptin and
Sitagliptin) which could have a therapeutic advantage of
preventing oxidative stress induced complications in
patients who are on long term treatment for cardiovascular
diseases and diabetes mellitus.

INTRODUCTION

Oxidative stress refers to the increased production of
reactive oxygen species (ROS) in the cells and tissues and the
antioxidant system will not be able to neutralize them.
Imbalance in this protective mechanism can lead to the
damage of cellular components such as DNA, proteins, and
lipids. Reactive oxygen species are normally produced within
the body in limited quantity and are important in the
maintenance of cell homeostasis and functions such as signal
transduction, gene expression, and activation of receptors.1

Oxidative stress plays an important role in various
pathological conditions like Diabetes mellitus, Hypertension,
Malignancies, Alzheimers disease, etc. Scientific evidence
suggests that antioxidants reduce the risk of these chronic
diseases.2. There are numerous cardiovascular and
anti-diabetic drugs available which have additional antioxidant
properties. The aim of this study is to comparatively evaluate
the antioxidant properties of cardiovascular drugs like
Nebivolol, Carvedilol, Cilnidipine, Atorvastatin and that of
anti-diabetic drugs like Sitagliptin, Vildagliptin and Tenegliptin
by their free radical scavenging property using DPPH
(2,2-diphenyl 1-picrylhydrazyl hydrate) assay.

REVIEW OF LITERATURE

Oxidative stress and antioxidants

Oxidative stress is defined as production of reactive
oxygen species (ROS) in excess, relative to the levels of
antioxidants, thus creating an imbalance between pro-oxidant
and antioxidant factors in favour of pro-oxidants, thereby
potentiating cellular oxidative damage.3

Antioxidants can be defined as “synthetic or natural
substances added to products to prevent or delay their
deterioration by action of oxygen in air. In biochemistry and
medicine, antioxidants are enzymes or other organic
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substances, such as vitamin E or β-carotene that are capable
of counteracting the damaging effects of oxidation in animal
tissues.”Antioxidants help neutralize or destroy “Reactive
Oxygen Species” (ROS) or free radicals before they can
damage cells.4

Antioxidant property of cardiovascular drugs

Hypertension is associated with reduced activity of
antioxidant enzymes and increased production of reactive
oxygen species (ROS: O2• and H2O2) leading to oxidative
stress as measured by lipid and DNA oxidation. Indeed, in
almost all experimental models of hypertension ROS are
increased in multiple organs, including critical centers of the
brain, the blood vessels and the kidneys.5

Not only Hypertension, but majority of cardiovascular
diseases is accompanied by an imbalance between the
formation of reactive oxygen species (ROS, including
superoxide, hydrogen peroxide as well as precursor
products peroxynitrite or hypochlorous acid) and antioxidant
enzymes leading to a deviation from the steady state. More
recent evidence suggests that adverse redox signaling and
oxidative stress are not only the side effects of the
progression of cardiovascular disease but are also potent
triggers for their development and pathogenesis. Major focus
of research in the cardiovascular field is on the “repair” of
vascular damage, by improvement of the function of
endothelial progenitor cells by drugs with antioxidant and
other pleiotropic properties.6

Two beta adrenergic blockers have been used for the
pharmacological treatment of hypertension and cardiac
failure, Nebivolol and Carvedilol. Nebivolol is a
third-generation beta adrenergic blocker with pronounced
vasodilator properties. Carvedilol is a non-selective alpha
adrenergic receptor antagonist with beta1 blocking
properties. Clinical studies have shown that Carvedilol and
Nebivolol reduce mortality and improve event-free survival in
HF patients. These two agents have favourable properties
such as vasodilatory, anti-proliferative, and anti-oxidant
effects in addition to other agents. Furthermore, both drugs
were found to be effective on oxidative stress with different
pathophysiological mechanisms in hypertension patients.7,8

Cilnidipine, a long-acting, second-generation
1,4-dihydropyridine (DHP) is a calcium channel blocker found
to block both Land N-type calcium channels. It has been
found that Cilnidipine induced N-type calcium channel
blockade mediates neuroprotective effect by scavenging free
radicals.9 Furthermore, the antioxidant property of Cilnidipine
was found to be stronger than Amlodipine.10 It also has
renoprotective effects which are mediated through its
antioxidant properties.11

Atherosclerosis is a chronic, multifactorial disease that
develops in response to inflammation and oxidative stress
triggered by immune responses to autoantigens or by cross
reactions to foreign antigens, triggering the formation of
lesions in arterial blood vessels.

Several studies have shown that statins exert various effects
beyond lowering cholesterol to ameliorate endothelial
dysfunction, by increasing atherosclerotic plaque stability and
activating anti-inflammatory and antioxidant mediators.12

Diabetes is associated with abnormalities in lipid profile
and increased oxidative stress. Statins are preferred agents
in diabetic patients due to their antioxidant and LDL-C
lowering effects. A study in Diabetic patients by Koksal M
et al, found that both Atorvastatin and Rosuvastatin are found
to be equally effective in reducing increased oxidative
stress in diabetic patients with hyperlipidemia.13,14

Thus all these cardiovascular drugs have been found
to have antioxidant properties and operate on different
mechanisms to reduce oxidative stress thereby reducing
cellular damage.

Antioxidant property of Anti-diabetic drugs

Patients with Type 2 diabetes mellitus (T2DM) are at
the increased risk of developing cardiovascular diseases.
Substantial clinical evidences suggest that endothelial
dysfunction is a crucial early step in the development of
cardiovascular diseases. Continuous exposure to high levels
of glucose has been accepted as the major factor implicated
in the pathogenesis of diabetic vascular complications.
Several studies indicate that hyperglycemia causes tissue
damage mostly through excessive production of reactive
oxygen species (ROS), increasing oxidative stress and
fostering the development of endothelial dysfunction.
However, lowering of blood glucose levels is not sufficient to
switch off this intracellular pro-oxidant environment. Various
in vitro experiments on cultured endothelial cells (ECs), as
well as in vivo studies on diabetic animal models, shows that
a ROS-mediated persistence of vascular stress after glucose
normalization, along with long standing markers of oxidative
stress are widely linked to the pathogenesis of endothelial
dysfunction and other diabetic complications.15

Glucagon-like peptide 1 (GLP-1) improves endothelial
function in diabetes, so therapeutic strategies for
patients with T2DM are now focused in increasing the
incretin response, either by inhibiting the enzyme
dipeptidy peptidase-4 (DPP-4) activity or by using
degradation-resistant GLP-1 analogues. DPP-4 is a
ubiquitously expressed transmembrane glycoprotein that
cleaves N-terminal dipeptides from a variety of substrates,
including the incretin hormones, GLP-1 and gastric inhibitory
polypeptide (GIP).16

Studies suggest that DPP-4 inhibitors exert beneficial
effects on emerging cardiovascular risk factors. Indeed, these
agents appear to exert anti-inflammatory effects, mitigate
oxidative stress, improve endothelial function and reduce
urinary albumin excretion.17
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Sitagliptin, Vildagliptin and Teneligliptin are the
dipeptidyl peptidase-4 (DPP-4) inhibitors also known as
gliptins used in the treatment of Type2 Diabetes mellitus
to improve blood glucose levels. These gliptins were found to
have antioxidant properties exerted through multiple
mechanisms as evidenced by various studies.15,18,19

There are several studies confirming the antioxidant
properties of these cardiovascular and antidiabetic drugs.
However comparative evaluation of the antioxidant properties
of these drugs has not been done so far. Hence this study
was done to compare the in vitro antioxidant properties of
cardiovascular drugs (Nebivolol, Carvedilol, Cilnidipine,
Atorvastatin) and anti-diabetic drugs (Sitagliptin, Vildagliptin,
Teneligliptin) by using DPPH assay.

DPPH assay principle

Figure.1DPPH• free radical conversion to DPPH by an
anti-oxidant compound

A rapid, simple and inexpensive method to measure
antioxidant property of compounds involves the use of the free
radical, 2,2-Diphenyl,1-picrylhydrazyl (DPPH). DPPH is widely
used to test the ability of compounds to act as free radical
scavengers or hydrogen donors (Figure 1), and also to
evaluate antioxidant activity of foods. It has also been used
to quantify antioxidants in complex biological systems in the
recent years.20

The DPPH assay is based on the reduction of DPPH, a
stable free radical. The free radical DPPH with an odd
electron gives a maximum absorption at 517 nm (purple
colour). When Antioxidants react with DPPH, it becomes
paired in the presence of a hydrogen donor (E.g., a free
radical scavenging antioxidant) and is reduced to the DPPHH
which results in decolorization (yellow colour) with respect to
the number of electrons captured. More the decolorization,
more is the reducing ability. This test has been the most
accepted model for evaluating the free radical scavenging
activity of any new drug. When a solution of DPPH is mixed
with that of a substance that can donate a hydrogen atom,
then this gives rise to the reduced form
(Diphenylpicrylhydrazine; non radical) with the loss of this
violet colour.2

METHODOLOGY

Oral formulations of  Nebivolol, Carvedilol, Cilnidipine,
Atorvastatin, Sitagliptin, Vildagliptin, Teneligliptin were
crushed separately into fine powders and stock solutions of
1000 and 500 µg/ml were prepared using ethanol.

Ascorbic acid was used as the reference antioxidant.
Ascorbic acid and the reagents used in the study were of
analytical standard procured from Sigma Aldrich.

The percentage of antioxidant activity was assessed
by DPPH assay. The measurement of DPPH radical
scavenging activity was performed according to the
methodology described by Brand Williams et al.21 The
samples were reacted with stable DPPH radical in ethanol
solution. The reaction mixture consisted of adding 0.5 ml of
sample, 3ml of absolute ethanol and 0.3 ml of 0.5mM DPPH
solution in ethanol.

When DPPH reacts with an antioxidant compound,
which can donate hydrogen, it is reduced. The change in
color (from deep violet to light yellow) was read at 517nm
after 100 minutes using a Spectrophotometer. The mixture of
ethanol (3.3 ml) and sample (0.5 ml) served as blank and the
mixture of ethanol (3.5 ml) and DPPH solution (0.3 ml)
served as control. The antioxidant activity percentage (AA%)
as indicated by % DPPH inhibition was determined using the
formula,22

RESULTS

The experiment was carried out in triplicate for each
drug. The results were expressed as percentage decrease
with respect to control values and compared.

Table 1: % of DPPH inhibition of cardiovascular and
antidiabetic drugs

% of DPPH inhibition

Drugs Concentration

1000 µg/ml 500 µg/ml

Nebivolol 46.38 35.28

Carvedilol 59.58 35.74

Cilnidipine 64.37 54.67

Atorvastatin 69.39 47.55

Teneligliptin 68.81 53.74

Vildagliptin 63.9 50.58

Sitagliptin 53.86 36.21

Ascorbic acid 98.83 70.44
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The change in colour of the reaction mixtures was
appreciable in both test and standard mixtures after an
incubation period of 100 minutes. At concentrations of 1000
µg/ml and 500 µg/ml, the percentage of DPPH inhibition by
the drugs were: Nebivolol - 46.38% and 35.28%,
Carvedilol - 59.58% and 35.74%, Cilnidipine - 64.37% and
54.67%, Atorvastatin - 69.39% and 47.55%, Teneligliptin -
68.81% and 53.74%, Vildagliptin - 63.90% and 50.58% and
Sitagliptin - 53.86% and 36.21% respectively. The
percentage of DPPH inhibition for the same concentration of
Ascorbic acid was 98.83% and 70.44% respectively.
(Table 1, Figure 2)

Figure 2: % DPPH inhibition of various drugs in
comparison with standard (Ascorbic acid)

Figure 3:  % DPPH inhibition of individual drugs vs
Standard (Ascorbic acid)
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DISCUSSION
Our study has demonstrated that there was

considerable free radical scavenging activity seen with all the
seven drugs (cardiovascular and anti diabetic) studied as
evidenced by their percentage of inhibition of DPPH.
Furthermore the antioxidant activity of these drugs was dose
dependent.

Among the cardiovascular drugs, at the concentration
of 1000 mcg/ml, Atorvastatin showed the maximum in vitro
antioxidant activity with 69.39 % of DPPH inhibition.
Clinidipine had a slightly lower in vitro antioxidant activity
than Atorvastatin with 64.37 % of DPPH inhibition. Nebivolol
had the least in vitro antioxidant activity (46.38%) among the
four cardiovascular drugs studied.

Among the antidiabetic drugs, the novel DPP-4
inhibitor, Teneligliptin showed a maximum in vitro antioxidant
activity with 68.81% of DPPH inhibition as compared to other
two gliptins (Vildagliptin – 63.90% and Sitagliptin 53.86%)
which were only slightly lower than that of Teneligliptin.
(Figure 3)

Though there are numerous studies confirming the
antioxidant properties of these drugs, only a handful of
studies have addressed the in vitro antioxidant activity
of these cardiovascular and antidiabetic drugs. Furthermore,
no study has compared the in vitro antioxidant properties
of these drugs. Our study results were consistent with the
fewer studies available on DPPH assay of gliptins, which
showed dose dependent increase in antioxidant activity of
Vildagliptin and Sitagliptin.18,19

CONCLUSION

Our study has demonstrated the in vitro antioxidant
activity of the commonly used cardiovascular drugs
(Nebivolol, Carvedilol, Cilnidipine and Atorvastatin) and
antidiabetic drugs (Teneligliptin, Vildagliptin and Sitagliptin)
which could have a therapeutic advantage of preventing
oxidative stress induced complications in patients who are on
long term treatment for cardiovascular diseases and diabetes
mellitus.

Further quantification of the antioxidant activity of these drugs
can be done in vivo using animal models or in patients with
cardiovascular disease and diabetes mellitus.
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