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Abstract: Excessive accumulation of free radicals results in cellular oxidative damage which
has been reported to initiate  the progression of  several  diseases such as  cancer,  alzheimer’s
disease and parkinson’s disease. Antioxidants are free radical scavengers that play an
important role in preventing oxidative cell damage and repairing the damage caused by free
radicals. Biphenyls have been reported as a promising free radical scavenging scaffold. The
objective of the present study was to evaluate the antioxidant activity of biphenyl-2,6-
diethanone derivatives. A series of biphenyl derivatives were synthesized by the reported
procedures. The antioxidant activity of these derivatives was evaluated using DPPH and lipid
peroxidation assay. The in vitro antioxidant studies indicated that substituted biphenyl-2,6-
diethanones, 1(a-i) exhibited significant free radical scavenging activity. Compounds 1e
exhibited maximum antioxidant potential with an IC50 value of 54.96μg/ml. The present
investigation indicated that derivatives containing hydroxyl, amine and methoxy groups on
the biphenyl-2,6-diethanone scaffold exhibited significant antioxidant activity.
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Introduction

Free radicals play a vital role in biological processes of energy production, phagocytosis and signal
transduction1. However, excessive generation of free radicals is a major problem in metabolic processes since
these molecules lead to direct damage to essential biological targets, such as lipids, proteins and DNA2,3 and is
thus a major cause of oxidative stress4,5,6. There is increasing evidence to show that active oxygen species may
also play a causative role in the development of various diseases such as atherosclerosis, ischemia reperfusion
injury, inflammation, carcinogenesis, cataracts, brain dysfunction, immune-system decline, cardiovascular
disease, and rheumatoid arthritis7,8. Radicals derived from oxygen, Superoxide (O2

-2), hydrogen peroxide
(H2O2) and hydroxyl (OH-), represent the most important class of radical species generated in living systems9.
The hydroxyl radical is known to react with all components of the DNA molecule, damaging both the purine
and pyrimidine bases and also the deoxyribose backbone10. ROS are also reported to cause rearrangement with
the final product of peroxidation process, malondialdehyde (MDA) which is genotoxic11,12,13,14,15.  The  side
chains of all amino acid residues of proteins, in particular cysteine and methionine residues of proteins are
susceptible to oxidation by the action of ROS16.

The balance between beneficial and harmful effects of free radicals is detrimental to the health of
individuals17. Endogenous antioxidant enzymes, catalase, superoxide dismutase and glutathione peroxidase
defend against oxidative damage caused by reactive oxygen and related radicals. It has been reported that
activation of various transcription factors (nuclear factor/NF-κB, activator proteion/AP-1, hypoxia-inducible
factor-1α/HIF-1α, nuclear factor of activated T-cells and NF-E2 related factor-2/Nrf2) by oxidative stress18 can
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be blocked by antioxidants, including l-cysteine,N-acetyl cysteine (NAC), thiols, green tea polyphenols, and
vitamin E17.

Biphenyls have been reported as a pharmacologically important scaffold exhibiting antioxidant
potential for scavenging hydrogen peroxide, nitric oxide and lipid peroxidation inhibitory activity19,20,21. The
above literature prompted us to investigate antioxidant activity of biphenyl-2,6-diethanone derivatives.

The synthesis of novel derivatives of biphenyl-2,6-diethanones has been previously done by our group
(unpublished results). Herein we report the antioxidant studies of biphenyl-2,6-diethanone derivatives using
DPPH and lipid peroxidation assay.

Experimental

DPPH free radical scavenging activity assay
The free radical scavenging activity of the synthesized molecules was measured in terms of hydrogen

donating or radical scavenging ability using the stable radical 1,1-diphenyl-2-picryl-hydrazyl (DPPH). The
DPPH radical scavenging model is extensively used to evaluate antioxidant activities faster than with other
methods. Radical scavenging activity of solutions at several concentrations of the synthesized compounds were
evaluated against stable DPPH (2,2-diphenyl-2-picrylhydrazyl hydrate) spectrophotometrically according to the
method described by Blois, 195822. The absorbance decrease was measured at 517 nm. The DPPH solution
(0.6mM in ethanol) was freshly prepared. 10 μl of this solution was mixed with 100 μl of solutions of final
concentrations of 100-10 μg/ml in a 96-well plate and the final volume was obtained by the addition of Tris
buffer (0.1M). The samples were kept in the dark for 30 minutes at room temperature and then the decay of
absorption was followed. Vitamin C (1mg/ml in methanol) is known as a natural antioxidant and used as a
positive control in the experiment. All experiments were carried out in triplicate and the results were expressed
as mean values ± standard deviations. Radical scavenging activity was expressed as the inhibition percentage of
free radical by the test compounds using the following formula:

% inhibition= (0ܣ− 100 ×0ܣ/(ݐܣ

Where, 0ܣ is the absorbance of the control (Methanol+DPPH) and is the absorbance in the presence of the testݐܣ
samples (Test sample+DPPH).

Lipid peroxidation assay
The degree of lipid peroxidation was assayed by measuring the thiobarbituric acid reactive species

(TBARS) using the reported procedure23. TBARS are a conventional index for measuring in vitrolipid

peroxidation to determine potential antioxidant activity of compounds. In the present experiment, lipid
peroxidation was performed using liver homogenate of rabbit. Different concentrations of test compound (10,
20, 50 and 100 µg/ml) were incubated with tissue homogenate (500 µg). Lipid peroxidation was initiated by the
addition of 100 µl of 15mM oxidizing agent [Fe2+-H2O2] for 60 minutes at 370C. Further, 1 ml of TCA (20%)
solution was added followed by the addition of 0.5 ml of a 0.67% TBA solution. The mixture was heated at
950C for 10 minutes and centrifuged at 3000 rpm for 5 minutes. The supernatant was collected andthe TBARS
were measured spectrophotometrically at 532 nm. The results were expressed as percentage inhibition of
TBARS against the concentration of test compounds in µg/ml.

Statistical Analysis

The experimental results were expressed as mean ± standard error of mean of three replicates. Where
applicable, the data were subjected to two-way analysis of variance (ANOVA) followed by bonferroni post test.
P-value  of  ≤ 0.05  was  regarded  as  significant.  All  the  statistical  calculations  were  performed  using  the
evaluation version of Graph Pad Prism 5.1 statistical software.

Results

The chemical structures of biphenyl-2,6-diethanone derivatives evaluated for antioxidant activity are
depicted in table 1. These derivatives were synthesized using procedures reported previously24. In vitro
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antioxidant activity of compounds 1(a-i) were evaluated by using different reactive species assay mainly DPPH
radical scavenging and lipid peroxidation assay.

Table 1. Substituted Biphenyl-2,6-diethanone derivatives

S.No. Compound Structure

1 1a

2 1b

3 1c

4 1d

5 1e

6 1f

7 1g

8 1h

9 1i

The free radical scavenging activity of the synthesized compounds was evaluated through their ability
to  quench  DPPH  which  was  directly  measured  by  the  decrease  in  the  absorbance  at  517  nm.  In  the  present
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study, the DPPH scavenging was exhibited by the test compounds in a dose dependent manner. The percentage
of inhibition of free radical is presented graphically in figure 1.

20 40 60 80 100

-50

0

50

100 1a
1b
1c
1d
1e
1f
1g
1h
1i

Concentration in mg/ml

%
 o

f I
nh

ib
iti

on

*

*

Figure 1. Illustrates percentage inhibition of free radicals by compounds 1(a-i) via DPPH assay. The
results are mean±SEM from three samples of each group.

It is well established that the molecules incorporated with electron donating groups are capable of
trapping free radicals in the environment. In the series of compounds 1(a-i), compound 1e exhibited maximum
percent of inhibition of 85.27% as depicted in figure 1. This can be attributed to the presence of amino alkyl
group substituted in the biphenyl ring system, whereas compounds consisting of electron withdrawing group as
in the case of compounds 1h and 1i, exhibited least antioxidant potential. The quality of the radical scavenging
property of the synthesized compounds was determined by calculating the IC50 value, a concentration required
to scavenge 50% of DPPH radical. The IC50 value was calculated using the equation plotted graphically from
regression line as represented in figure 2.

Figure 2. Illustrates percentage inhibition of DPPH radical in presence of Biphenyl-2,6-diethanone
derivatives, 1(a-i). The regression line equation was used to calculate the IC50 value of respective
compounds.
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The IC50 value for compounds 1(a-i) are represented in figure 3. It was observed that all compounds
exhibited significant antioxidant activity; however, compound 1e exhibited the most potent antioxidant activity
with an IC50 value 54.96 µg/ml.
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Figure 3. Illustrates IC50 value for Biphenyl-2,6-diethanone derivatives, 1(a-i). The results are
mean±SEM from three samples of each group.

The DPPH assay measures the radical scavenging property of compounds biochemically whereas lipid
peroxidation assay measures the free radical scavenging of compounds in a tissue homogenates. This is
important since free radicals are responsible for oxidative damage of lipid membrane via lipid peroxidation.
Lipid peroxidation can cause cell injury and can continue as a chain reaction25,26. MDA, the genotoxic product
of enzymatic and oxygen radical-induced lipid peroxidation27,28 has been reported as a potentially important
contributor towards DNA damage27. Therefore, in vitro lipid peroxidation assay was also performed to
corroborate the results of DPPH assay. Amongst the analogues synthesized, compounds 1a, 1b, 1d and 1e has
exhibited inhibition of TBARS in a concentration dependent manner.The percentage inhibition of TBARS by
the synthesized derivatives is depicted in figure 4. Maximum inhibition of TBARS was found in the presence of
compound 1e. The results of lipid peroxidation assay were in agreement with the DPPH assay performed.
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Figure 4.  Illustrates percentage inhibition of  TBARS by compounds 1a,  1b,  1d and 1e via in vitro lipid
peroxidation assay. The results are mean±SEM from three samples of each group.

Discussion

Free radicals are unstable chemical entities existing with unpaired electrons which undergoes various
chemical reactions in the cellular microenviornment and cause extensive damage29.
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DPPH free radical scavenging method is widely used to determine the antioxidant potential of both
natural and synthetic compounds. The method involves the scavenging of DPPH radical by antioxidants via
donating protons to form reduced DPPH. From the present study, it may be concluded that the biphenyl-2,6-
diethanone and its  derivatives have the potency to reduce the DPPH radical.

The peroxidation of lipid membranes initiated by oxygen radical may lead to cell injury30. The in vitro
estimation of lipid peroxidation can be determined using TBARS. The present results depicted significant
inhibition of TBARS generated in the process of lipid peroxidation induced experimentally by FeSO4-H2O2
mixture in the presence of synthesized biphenyl-2,6-diethanone derivatives.

In our studies it was observed that in all cases of electron donating substituted biphenyl compounds
mainly 1e, 1b, 1a and 1d exhibited the highest antioxidant activity. On the other hand, the presence of electron
withdrawing groups in the biphenyl ring as in the case of 1h and 1i, respectively have resulted in least radical
scavenging efficiency.

Conclusion

The synthesized compounds exhibited a wide range of potentially promising antioxidant activities.
Compounds 1e exhibited significant scavenging effect against the tested free radicals.
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