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ABSTRACT

This work aims to investigate the in vitro antioxidant activity of two ferrocene derivatives: 2-nitrophenylferrocene
and 4-nitrophenylferrocene using different assays, including DPPH radical scavenging assay, phosphomolybdenum
reduction assay and superoxide anion radical. The results indicated that 2-nitrophenylferrocene has the most
important percentage of scavenging DPPH radical with 1Csy = 0.48 mg/ml, 1Csq of total antioxidant capacity (TAC)
evaluating by phosphomolybdenum assay of 26.323 mg/ml, 4-nitrophenylferrocene has the highest TAC estimated by
the decrease of the current density of anodic peak of oxygen with 10.907 and the highest scavenging activity of
superoxide radical with 1Cso = 1.16 mg/ml.
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INTRODUCTION

The consumption of oxygen necessary for the gramith respiration of cells generates a series otixeaoxygen
species (ROS ), which include, the superoxide améatical , peroxide anion, singlet oxygen and tldrbxyl
radical [1], these reactive species which are nesipte for cell damage are the cause of the aginggss and the
progression of the disease such as cancer, castiolza disease, rheumatoid arthritis, various rasiy diseases ,
eye diseases, Alzheimer's disease [2].

The Human Body protection system which functionsiéwitralize free radicals involves : enzymatic @itants
such as superoxide dismutase, glutathione percxidgistathione reductase, they catalyze the raatid inhibition
of free radicals, antioxidants derived nutrientshsas ascorbic acid (vitamin C) and tocopherolgafnin E) and
other molecules such as ferritin, albumin and keectdine [3].

Researchers do not cease to develop new synthetecutes that exhibit antioxidant activity to beedsn several
industries like the food and cosmetics industry.

Ferrocene, discovered in 1951 by Pauson and Kedlyi$ considered the first product that launchéé t
organometallic chemistry, and has since remainedlacule of interest because of its chemical priger

Research has shown that the ferrocene derivatimesahvariety of applications in various fields as®fve as
cytotoxic agents [5, 6], anti tumor [7, 8], antifiat [9], anti-malarial [10] and anti-oxidants [124]1

In this work, antioxidant capacities of two ferraeederivatives; 2-nitrophenylferocene, 4-nitropHésryocene
were investigated, the antioxidant activity of tne®mpounds was evaluated by electrochemical @heedse in the
current density of the anodic peak of superoxidéorarusing cyclic voltammetry), and chemical assays
(phosphomolybdenum assay, DPPH assay).
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EXPERIMENTAL SECTION

Chemicals: Methanol (99%), Potassium chloride (99.8%), Digfdhmamide (99.9%) were purchased from
Biochem Chemopharma Co(Canada), Dimeyhulsulfox2®906), Tetrabutylammonium tetrafluoroborate (99%)
from Sigma-Aldrich Co(Switzerlandy-tocopherol (97%), 1,1-Diphenyl-2-picryl hydrazydRPH) (99%) were all
purchased from Merck Co.

Instrument: UV-Visible spectrophotometer (PRIM Advanced SCHOIiR$truments Gmbh), PGZ301 potentiostat
with Voltamaster 4 version 7.08 software (radiometgalytical SAS).

Synthesis: 2-nitrophenylferrocene (2-NPF) and 4-nitrophenylfeene (4-NPF) were prepared by the diazonium salt
method [15], scheme 1.

&

Scheme 1. Synthesis of N nitrophenylferrocene 2-NPR = 2-NO,, 4-NPF: X = 4-NG,

NO,

Determination of antioxidant activities:

DPPH radical scavenging activity:

The inhibition of DPPH was assessed by scavenging,@-diphenyl-1-picrylhydrazyl radical according the
method of Brand-williams with slight modificatiod]. A solution of DPPH was made by dissolving &.98g of
DPPH in 25 ml of methanol. The DPPH solution wdsatdd with methanol to obtain an absorbance of mdali00
at 517 nm. 0.1 ml of a certain concentration ofdeene compounds dissolved in dimethylsulfoxide @) was
added to 1.9 ml of DPPH solution [17]. Absorban@swecorded at 517 nm after 30 min of incubatiothéndark.
The same experiment was carried out on the standsvdopherol. All test and analysis were run inlicites to
check there producibility of the obtained resulthe DPPH scavenging activity of various compoundss w
calculated by the following equation:

% DPPH radical scavenging acti\ﬁiftyptp_b—AS 1

1)

where A, is the absorbance of control without sample #@pds the absorbance of sample.

Free superoxide anion scavenging activity
The effect of scavenging superoxide radical ward@hed by cyclic voltammetry based on the methbd.eo
Bourvellec et al. with slight modification [18].

Cyclic voltammetric measurements were performedigusi Voltalab 40 model PGZ301 (Radiometer Analytica
potentiostat/galvanostat driven by a personal cdempwith VoltaMaster 4 software. The electrocherhicall
(V=25 ml) consists of three electrodes immersed solution containing the analyte and the supppriectrolyte
(BusNBF,). A saturated calomel electrode (SCE) was usethasreference electrode, a platinum wire as the
auxiliary electrode, and a glassy carbon elect{@33.0 mm) as the working electrode.

Prior to use, the working electrode was polishathed with distilled water, and dried with the afiwmt paper. The
superoxide anion radical was generated by onerefeceduction of commercial molecular oxygen digedlin
DMF containing BuNBF,at room temperature (28+1°C). The scan rate wastaiaed at 100 mV/s. The applied
potential range was from 0.0 to -1.6 V versus SUie studied ferrocene derivatives and the stanaiatidxidanto-
tocopherol were added to the in situ generated reMjue anion radical and the cyclic voltammogramsrev
recorded. The ability of the test sample to queswgberoxide anion radicals {Q was calculated using the following
equation:

% O, radical scavenging activi IDOI;IDSX 1 (2)
0
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Whereip, andip, are the anodic peak current densities of the sxjmi anion radical in the absence and in the
presence of test compounds.

Phosphomolybdenum assay

The antioxidant capacity was also evaluated by tautaphe method described by Prieto et al. [19D 10 of each
tested compound solution was mixed with 1.0 mltef teagent solution, consisting of phosphate bufies M
H,SO,, 28 mM sodium molybdate and 4 mM ammonium molyed@he mixture was incubated in a water bath at
95°C for 90 min. After cooling to room temperatuitee absorbance was taken at 695 nm. Total antakichpacity
was expressed as equivalents-dbcopherol using the following linear equation:

y = 2.2533x + 0.0977 where y is the absorbanc&9&nhm and x the concentration @tocopherol equivalent
mg/ml [20].

Decreasein oxidation peak current of oxygen

The total antioxidant activity of the two studiestrocene derivatives was estimated by the methdd b&nez and
A. Rebiai [21]. The decreasing in the anodic pealktant density on the cyclic voltammograms of oxyge the
absence and in the presence of the ferrocene deesavas measured; the total antioxidant capaeig then
calculated using the following equation:

Total antioxidant capacity = PP q0c 3)

ip, —ipres
(ipO —ip) is the change in the anodic peak current derdfityxygen caused by the addition of the sample, (
ip0 —ipres) is the difference between the limiting anodic kpearrent density of oxygen without the sample and
the residual current density of the oxygen.

Statistical analysis
The results were presented as the mean values £8iPelation analyses between the antioxidant iietsvwere
carried out using the correlation and regressioggam in the EXCEL program.

RESULTS AND DISCUSSION

DPPH radical scavenging activity

The reducing capacity of an antioxidant was deteechiby their interaction with the free stable radlit, 1-
diphenyl-2-picryl-hydrazyl (DPPH) at different camtrations. Antioxidants can react with DPPH anstpce 1, 1-
diphenyl-2-picryl-hydrazine as in figure ([22].

| \
N NH
|
O2N | o NO2 + AH OzN |\ NO, + A
= | =
NO, NO,

Figure 1. Reaction of DPPH- free radical with an atioxidant AH

The antioxidant activities obtained by the DPPHhudtfor the ferrocene derivatives are displayediable 1. The
studied compounds showed scavenging activity aad#st results were obtained with 2-NPF (0.48 mjg/iite
DPPH radical scavenging activities {§Cof the tested compounds were in order; 2-NPF<PA&N

Superoxide anion radical

The superoxide anion radical was generated by tswren reduction of the commercial molecular oxyde,)
dissolved in DMF at room temperature (28°C+1) dwaresultant CV response.
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The reduction of @is a reversible reaction and it is known ti@f radical is stable in aprotic media and
dismutation does not occur during the time scaliefcyclic voltammetry in DMF solution [19].

The obtained results (figure 2) show that in the teases, the addition of the studied compound saase
proportional decrease @; anodic peak current while the intensity ofdathodic current appears to be negligible.
Figure (3) shows the cyclic voltammogramsxetbcophérol in the same conditions.
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Figure 2. Cyclic voltammograms ofO'z_ in the presence of different concentration of 2-NP (A) and 4-NPF (B) in DMF + 0.02 M
Bu4NBF4 on GC as working electrode vs. SCE at 28#T°with scan rate of 0.1 V/s
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Figure 3. Cyclic voltammograms ofO'z_ in the presence of different concentration oéi-tocophérol in DMF + 0.02 M Bu4NBF4 on GC
as working electrode vs. SCE at 28°C with scan ratef 0.1 V/s

The decrease of the anodic peak currenDpfsuggests that the ferrocene derivative reactsarsily withO; .

For each antioxidant compound, a series of valsiekeiermined from the CVs recorded for increasimipaidant
concentrations (Tablel).

The scavenging activity of the antioxidant was eatdd by its 1G,, it is defined by the concentration which inhibits
50% of the radical and calculated from the lineguiation (y: the percentage antioxidant activity andompound
concentration (Fig 04). From the table 1, It canseen that the kg values of ferrocene derivatives showed an
antioxidant capacity. The lowest value o£J@.48 mg/ml) was detected in 2-NPF and it corresisdo the highest
antioxidant activity; while the highest value ofs}@1.57 mg/ml) was detected in 4-NPF.
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Table 1. I1Cso values of the ferrocene derivatives and-tocopherol obtained by the DPPH and superoxide aan inhibition tests

Compound| Methods Equation R 1Go (mg/ml)
>-NPF DPPH y = 92.64x + 4.844 0.951 0,48
02.- y = 20.45x + 0.319 0,994 2,43
4-NPE DPPH y=30.77x+ 1.414 0,988 1,57
02.- y = 41.36x + 1.986 0,942 1,16
-tocopher DPPH y = 1.56x + 29.093 0,995 0,0134
02.- y=2.192x + 1.692 0,939 0,016
Phosphomolybdenum assay

The phosphomolybdenum assay was employed to estifmattotal antioxidant capacity of the differeampound.
The phosphomolybdenum method was based on thegidaraf the reduction of Mo (VI) to Mo (V) by théfterent
antioxidants and the formation of green phosphate/fM) complex [20].Table (2) shows that the highest
antioxidant capacity was exhibited by the 2-NPHalting 1G, of TAC value of 26.323 VEE mg/ml followed by 4-
NPF with 1G value of 134.33VEE mg/ml.
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Figure 4. Cyclic voltammogram of: (a) medium (DMF+ Bus;NBF,), (b) O'z_ in DMF + 0.02 M BwNBF,, on the glassy carbon as working
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Figure 5. Cyclic voltammograms ofO'z_ in the presence of 1.0ml of 2-NPF, 4-NPF angtocopherol, in DMF + 0.02 M BuNBF, on GC

as working electrode vs. SCE with scan rate of 0M/s
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Decreasein anodic peak current of oxygen:

The almost methods of evaluating antioxidant capaaéscribed in literature are based on the uskCB6. As
advantage, this simple method evaluate the totibxadant capacity (TAC) without need to calibraticurve or
standard antioxidant using a cyclic voltammery teghe, it based on the measure of the change idiampeak
current and the residual current density of sugdmanion after injection of 1.0 ml of the stud&ainple.

The cyclic voltammograms of the superoxide aniafiaa in the presence of tested ferrocenic compsuBeNPF
and 4-NPF (figure 5) showed a decrease in the anadient, this decrease in the anodic currentupkEsoxide
anion radical is attributed to the presence ofoxidiant which react with this radical and decreigseoncentration
around the electrode surface. Antioxidant actigityhe studied compounds is calculated with theaiqa (03).

Table 2. Total antioxidant capacities of the ferroene derivatives andu-tocopherol obtained from molybdate ion reduction ad decrease
in anodic peak current of superoxide anion

Ip, -Ip Ip, - Ip,.. IC., of TAC TAC (0,7) (%)
C I:ﬂm v . v 1_:- '.-u' -
; (LA fom™) (uA fent) (VEE mg/mi)
2-NPF 2.3 105,07 26323 = 0.087 2.178 = 1.0040
4.NPF 11,46 105,07 13433 = 0.256 10.907 = 1.74979
u-tocophera] 18,38 105,07 17.493 = 0.50595
CONCLUSION

Two ferrocene derivatives were successfully syntiegls and their antioxidant activity was studied ngsi
spectrophotometrical and electrochemical assaysh Besays reviled a measured antioxidant activety kfoth
compounds. The obtained results indicate that da¥enging activity of the two studied compoundsdgedly
increased in a concentration-dependent manner.

2- nitrophenylferrocene exhibit a higher antioxitlactivity even higher than antioxidant standatthcopherol.
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