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Antioxidant

1. Introduction

Currently,nitrogen-containing heterocycli¢tgve attracted people’s attention for their
unique physicochemical characteristics and biodgtiv As one of the most abundant
compound,The 2aminopyridineare an important privileged structure for the depetent of
antimicrobial agents, as compounds containing skaffold exhibits diversified biological
and pharmaceutical activitiés,” including anti-inflammatory’® antitumoral’ analgesié,

antipyretic! antituberculat? and antiviral." More recently, it is also recognized their



antioxydant properties thathere are a lot number of reports which show ttztinal and

synthetic 2-aminopyridines derivatives posses®aiutant activity.” **

In this context, the aim of the present study veasvialuate the antioxidant activity of our
2-aminopyridines synthesized for their valorizatesantioxidants by the method DPPHe

scavenging.

The search for new more effective antioxidants liexsome an axis of global research as
evidenced by the ever increasing number of articliabis topic because of their role in the
prevention of chronic diseases such as diseast#sdieart, cancer, diabetes, hypertension,
and  Alzheimer's disease by combating oxidative sstfé* Furthermore
understanding the phenomenon involved in the mesimanof action of these molecules is an
essential standard in order to imagine new moredtructures. The chemical synthesis
enables in some cases to improve the activity didre structural modifications

Oxidation, caused by reactive oxygen speci®OS), is a pervasive biological
process in physiology and metabolism of maryanisms? Reactive oxygen species
(ROS) are normally generated in the human huatly high potential to damage almost all
types of cellular constituents and scavenged ahyioxidant defenses system when ROS
remains at physiological concentratiofisyhich explains their involvement in the induction
and/or amplification of a number of human pathatsgilt is essential to preserve the
endogenous antioxidant defense systems andhahocell functions when ROS remains
at physiological concentrations. Therefore, thedy can have the capacity to avoid
many harmful damagéSHowever, these systems are insufficient to @mevthe harm
entirely”It is reported that free radicals, includisgperoxide anion, hydroxyl radical,
and hydrogen peroxide can cause varipahological damagedike atherosclerosis,
coronary heart diseasend many other diseases associated wiihgaip the organism,
and lead to harmful alterations in foods gsftarmaceutical industriés® Therefore, it
is urgent to develop exogenous antioxidant kupents to help the human body reduce

oxidative scratch and to fight these harmful sp&ci

The antioxidant activity of a compound correspota#s ability to resist oxidation. The
most known natural antioxidants are fliearotene (provitamin A), ascorbic acid (vitamin C)
tocopherol (vitamin EJ’ Indeed, The ability of most synthetic or naturathgcurring
antioxidants to scavendese radicals such as hydroxyl radicals (PBad superoxide (O2¢)

should be attributed to their different contentsufino groups in their structurés.



Several methods are used to evaluate in vitro and/iivo antioxidant activity by
scavenging different radicalssuch as peroxide ROO» methods by ORAC (Oxygen Rhdic
Absorbance Capacity) and TRAP (Total Radical-TragpAntioxidant Parametet) ferric
ions method FRAP (Ferric Reducing Antioxidantion rdPaeter)” or the radical
ABTSe(ammonium salt of 2,2'-azinobis-3-ethylbenzatbline-6-sulfonic acid)’and the
method using the free radical DPPHe+(2,2-diphenghphydrazyl)

2. Experimental section:
2.1. General information

The UV-vis absorbance of the tested mixture wassorea with a Unicam UV 300

spectrophotometer.

2.2. Initial Screening of Antioxidant Potential
Antioxidant activity was determined using qualitatand quantitative analysis:
2.2.1.DPPH assay on TLC:

DPPH assay with TLC was used to measure the ad#@iokiactivity of our synthesis
compounds and was carried out according tomaedified version of the method
described by Bekta$.A methanolic solution of 1 mg/ml of each compownas prepared.
Five microliters each of this solutions was appledthe TLC plate. Plate was developed by
methanol. The plate was dried in the fumehood. Tihenplate was sprayed with 0.2% of
DPPH reagent in methanol, as an indicdtand stayed for 30 min at room temperature.
Purple color of DPPH reagent bleaching by yellovotspon TLC plate sprayed is the

indication of positive antioxidant activity.
2.2.2.DPPH radical scavenging activity.

DPPH radical scavenging activity of each compouras wletermined according to the
method of Shef. Briefly, a solution of DPPH (4%) in methanol as free radical source was
prepared and 1.9 mL of this solution was addedO® (1l of the solution of all samples in
methanol at different concentration (1, 0.5, 0@825 & 0.0625 mg/ml). The mixtures were
shaken vigorously and allowed to stand at room &atpre for 30 minutes. The decrease of
solution absorbance due to proton donating actigitycomponents of each samples was
determined at 517nm usirmgUV-VIS spectrophotometer. Lower absorbance ofrdaetion



mixture indicated higher free radical scavengintivdg. The negative control contains only

the DPPH solution and the positive control is reprded by standard antioxidant solutions;
Vitamin C whose absorbance was measured in the santitions as the test sample. Three
replicates for each sample concentration were deated the DPPH radical scavenging
activity was calculated using the following formul@PPH Radical Scavenging Activity (%)

= [(AO — A1 /A0) x100], where AQ is the absorbarmdehe control, and Al is the absorbance
standard sample and references. All the tests per®rmed in triplicates and the results

were averaged

3. Resultsand Discussion
3.1. DPPH assay on TLC:

Various assays have been used to test for antioixetzivity but the mostly widely used
methods are those that involve generation of fagecal species which are then neutralized by
antioxidant compound$.In qualitative analysis of antioxidant activityett2, 2,diphenyl-1-
picrylhydrazyl (DPPH) assay on TLC plates was uasda screening test for the radical

scavenging ability of the different 2-aminopyridsne

The DPPH method measures electron-donating actwibther compounds in the mixture
and hence provides an evaluation of antioxidanviactdue to free radical scavenging. Any
molecule that can donate an electron or hydrogea moixture will react with the DPPH.
DPPH is reduced from a purple compound to a lighitow compound by electrons from
oxidant compounds. Reaction of DPPH with hydroxybups involves a homolytic
substitution of one of the phenyl rings of DPPHIdileg 2-(4-hydroxyphenyl)-2-phenyl-1-
picryl hydrazine as a major product whilst 2-(4othenyl)-2phenyl-1-picrylhydrazine is also
formed via a series of secondary processes. Theeotnation of DPPH at the end of a

reaction will depend on the concentration and siinecof the compound being scavenged.

Figurel: DPPH assay on TLC of synthesized 2-aminopyridaresbid 2-aminopyridines
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Tablel: Qualitative DPPH assay on TLC of synthesized 2rapyridines
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The degree of activity, determined qualitativelynfr observation of the yellow color

intensity: weak (+), moderate (++), strong (+++jl @ activity (-).

The TLC-DPPH screening method indicated the preseh@ntioxidant compounds in all
of the compounds tested, wifi, 5d, 5e, 5f and7a showing the most prominent antioxidant
activity ) Whereasba, 5¢, 7b and7c apparently showed active compounds with less
activity compared to Vitamin C. Purple color of CHPIReagent was bleached by yellow spots

was the indication of positive antioxidant activity

The degree of activity of all the samples testeds wigtermined qualitatively from
observation of the yellow colour intensity .The most of samples testsbdowed

activity that are a moderate to good candidatestdate antioxidant compounds. From



this results ofTable 1we can conclude that all the 2-aminopyridine arsdZaminopyridine

tested have a antioxidant activity.

3.2. DPPH Assay:

The extent of decrease in the absorbance of DPPIlthanpresence of antioxidants
correlates with the free radical scavenging poéérdaf the antioxidant. These scavenging

activities might be due to the presence of diffeidid contents.

The antioxidant activity is dependent on the mhbibf the hydrogen atom of the
amino groups of 2-aminopyridines. In the presenica free radical DPPH, the H atom is
transferred onto the latter to obtain a stable mdéeof DPPH, this causes a decrease in the
concentration of free radicals and also the absmdoduring the reaction time to the depletion

of the hydrogen donor antioxidant capacity.

The results obtained in measuring test of thegrgage inhibition of DPPH free radical
scavenging activity are recorded in Figure 2 angufd 3. It seems that the percentage
inhibition of the free radical increases with iresang concentration for Vitamin C is or for all

2-aminopyridines and bis 2-aminopyridines tested.
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Figure 2: Inhibition of DPPH (%) for the/| Figure 3: Inhibition of DPPH (%) for the
2-aminopyridines and vitamin C as [{ bis 2-aminopyridines and vitamin C as|a
function of concentratio function of concentratio




It is noted that the percentage inhibition of free radical to all 2-aminopyridines is less
than that of vitamin C for all concentrations usedjure 2, 3) To overcome the influence of
the concentration, in the majority of studies, teactivity is estimated by the effective
concentration IC50 (or the inverse 1/IC50) of tmiaxidant, which corresponds to a 50%
reduction activity (absorbance) of DPPHe in thectiea medium. The antioxidant capacity of
a compound is even higher than its IC50 is smé&lé ihdex shows the IC50 concentrations of
antioxidant are necessary to decrease the indiatentration of DPPHe with 50% (expressed
in mol of Antioxidant / mol of DPPH « or milligramsf Antioxidant / gram of DPPH ¢ in the
reaction medium), but does not take into accouatitifiuence of the concentration on the

reaction time’

Figure 4: The IC50 of the 2-aminopyridines, bis 2-aminogyres and vitamin C.
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The IC50 values for the 2-aminopyridines, bis-Araopyridines and vitamin C are shown

in Figure 4 All the 2-aminopyridines tested could bring thabde free radical 2.2-diphenyl-1
picrylhydrazyl (DPPH) in diphenyl-picrylhnydrazineeNow-colored with an IC50 1.308,
1.959, 2.260, 3.042, 3.314 and 3.616 mg/nBfpba, 5b, 5d, 5¢c and5e respectively showing

antioxidant activity with uneven values lower titaat of vitamin C 0.130 mg/ml. While bis -
2 aminopyridines show a more effective inhibitioonmpared to 2-aminopyridines with an
IC50 1.690, 1.995 and 2.244 mg/ml7a, 7c and7b respectively.

It appears from these results that bis -2 amindpes show a more effective antioxidant

activity than 2 aminopyridines compared to vitar@ithat is the most effective antioxidant.



Finally, most of the derivatives containingvot amino groups have a better
scavenging effect than that of derivatives hwitne amino group, which is in accord
with the conclusion that the aminated derivedivare more potent as a scavenger of
hydroxyl radicals!* * The amino group in pyridine may play an importssie to act as an
electron donor to quench free radicals by providingelectron, conceivably via an electron
attack on the free radicdfs.”” The stronger electron-donating groups tend to donabre
electrons to quench more reactive free radicalsclwhmay help stabilize the free radicals’
form.> “It would be reasonable to presume that tha@ group of 2-aminopyridine
ring should be an important factor that ieflaes the scavenging activity against DPPH
radicals. Besides, the enhanced scavengin@bddap against DPPH radicals may be
affected by the number of amino groups gfidine ring. The results further confirm
that the number of amino groups could infkeenthe antioxidant activity of 2-

aminopyridine and bis-2-aminopyridine .
4. Conclusion

In summary, the study of antioxidant activity ed@hinopyridine and bis-2-aminopyridine,
by trapping method free radical DPPH showed thatrtfost of these compounds have a
moderate antioxidant activity but less effectivecampared to vitamin Qviore, most of the
derivatives containing two amino groups hawebetter scavenging effect than that of
derivatives with one amino grounat why it would be reasonable to presume that the
number and the position of amino group on pyridinald influence the antioxidant property
of these aminopyridines derivatives. Further comensive investigation to ascertain this
hypothesis on antioxidant and structure- activiglationships should be carried out.
Moreover, economically it is desirable to condut¢harough analysis of the mechanisms of

action and a more advanced search on the synethgsd basic compounds.
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Antibacterial-antifungal

The 2-aminopyridines and bis-2-aminopyridines aree @f nitrogen containing
heterocyclics that known for their very importahetapeutic and biological proprietés such

® analgesié; ° antipyretic’ antiparasitic and antivirdl antitumoral’

as anti-inflammatory’;
antioxydant’ antitubercules: More recently, it is also recognized their antirolual

properties?*®

In this context, the main objectives of this workres to investigate antibacterial and
antifungal activities of the 2-aminopyridines ang-B-aminopyridineso determine their
Minimum Inhibitory Concentration againt clinicalagn positive and gram negative bacteria
and finding out their effacacy against two standangal strainsAspergillus ochraceuand

Aspergillus flavus.

Material and methods

Microor ganisms, inoculums and antifungal assay:
Microorganisms and cultural methods:

In the presents study, a standard fungal stréiepergillus ochraceuandAspergillus flavus
isolated from the dates by the laboratory team \@dlorization of vegetal resource and food
security in semi-arid Areas, south west of Algeri@Jniversity of Bechar). The tested

organism was selected according to their ease aitadility and pathogenicity to human,



animals and plants. The isolates of organisms sgbeulture once onto potato dextrose agar
(PDA) (Merck, Darmstadt, Germany) and incubated4f®to 72 h at 35C.

Inocula preparation

Inocula was prepared by growing the fungi on PDA4® to 72 h at 35C and then until 7th
day at 25°C as described by the reference method M38-A2mewended by NCCLS
guidelines® The Inocula was prepared by flooded colonies waitiproximately 5 mL of
sterile 0.85% saline. Tween 20 (0.01 mL) was addethcilitate the preparation of fungal
strains inocula. The resulting mixture is transddrto a sterile tube. After the settling of the
larger and heavy particles for 4 to 5 minutes, thmper homogeneous suspension is
transferred to a sterile tube and mixed with aesorhixer for 15 seconds. These suspensions
were diluted 1:50 in the RPMI medium. The suspeamsiwere mixed for 15 second to ensure
homogeneity and subsequently diluted to adjusttdineidity of a 0.5 McFarland standard
(0.4x10.4 to 5x10.4 CFU/ml). This density was remihg a spectrophotometer (UV-VIS
1650 Shimatzu, Japan) and matched to an opticaltgg®D) for strain.

Assay for antifungal activity

The antifungal activity was evaluted by the metlddilution in a solid medium reported by
Remmal et al. (1993) and Satrani et al. (2001) witidification®® **

10% solution of DMSO in water was prepared. 1.50frdach of compounds tested dissolved
in this solution was added to 13.5 ml of a mediurta® dextrose agar PDA so as to obtain 1
mg /L concentration of the compound in the mediukfter homogenization, the mixture was
poured into petri dishe§Vitnesses, containing the culture medium and th@atBalextrose

agar solution alone are also prepared.

Seeding is done by injection. Petri dishes (cordral test) were incubated for 7 days at 27 °
C. The growth of filaments is recorded daily. A @@ diameters of colonie is performed at
the end to calculate the inhibition rate (1%)[15)ing the following formula: I'(%) =100 x
(dC-dE)/dC, where I'(%) = Inhibition percentageeratiC = diameter of colony in the petri
dishes « positifs control » and dE = diameter ofop in the petri dishegontaining

compounds tested.
Microorganisms, inoculums and antibacterial assay:

Inocula preparation



Four reference strains ATCC, from the laboratory ofvalorization of
vegetal resource and food security in semi-arid a8ysouth west of Algeria, (University
of Bechar) are tested: Gram-negative bacté&scherichia coliATCC25922),Pseudomonas
aeruginosg ATCC27853)and Gram-positive bacteriégdtaphylococcus aure8TCC25923)
andBacillus cereugATCC11778).

The different bacterial strains were pricked by skrigations method and then incubated at 37
°C for 18 to 24 hours to obtain a young culture aatated colonies were used subsequently
to prepare the inoculum by soaking in solution tubksterile distilled water to have an initial

cell density or turbidity adjacent to the 0.5 Mdgad.
Antibacterial assay:

The antibacterial activity of the compounalas carried out by disc diffusion method
cited in (Treki et al., 2009Y.

After adjusting the turbidity of the suspensiondiggoculum, a swab was dipped in
the suspension and the whole surface was platédMueller Hinton agar MHA to the three
times. After each application, the petri box wasnéa approximately 60° to ensure an
homogeneous distribution of the inoculum. Finalliyyas swabbed all around the edge of the

agar surface.

Discs of sterile Whatman paper (6 mm in diametess wnpregnated in each with
concentrations (1, 0.5, 0.25, 0.125, 0.0625 mgbhiolids taken up in solution of DMSO
10% in water and applied by means of a clamp ersthface of the MHA medium. All the
petri dishes were incubated for 24 hours at 37 AilCuninoculated petri dishes medium with
solvent was incubated to serve as a negative prowrtrol under the same conditions. After
24 hours, all of petri dishes were compared tarobmegativepetri dishe The antibacterial
activity was determined by measuring using a rbke diameter of the inhibition zone. The
lowest concentration of the compounds that inhigrswth of the organism was determined

as the Minimum Inhibitory Concentration (MIC).
Results and Discussion
Antibacterial activity

The diameters of the inhibition zones of 2-aminggiyes and bis-2-aminopyridines
with a conccentration of 1 mg/ml against Gram-negatbacteria Escherichia coli

Pseudomonas aerugingsand Gram-positive bacteriaStaphylococcus aureud.isteria



monocytogeneand Bacillus cereusshown in (table 1, figurel). The Disk diffusiorethod
allowed us to bring out the antibacterial povgeaminopyridines and bis-2-aminopyridines
against the five bacterial strains, that the histog(figurel) has a variable activities between

bacterial strains.

The morphology of the cell membrane may be a maissud
that affects the activity of antimicrobial ageriise cell membrane of the bacteria consists of
peptidogly can which is thicker in the gram posthacteria and is usually posses a barrier to
the degree of diffusion of antimicrobial agents  oint the
enzyme:’ The activity can be enhanced or reduced by the wwatibn depending upon

interactions between the compounds.

Tablel: Diameter (mm) zones of inhibition ®faminopyridines and bis-2-aminopyridines

against bacteria.

2-aminopyridine/ bis 2+ S. aureus| B.cereus | E.coli | P.aeruginosa| L.monocytog

. - enes
aminopyridine
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Figurel : Diameter (mm) zones of inhibition @aminopyridines and bis-2-aminopyridines

against bacteria.
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It is observed that the different studied bactestihins react differently to the test
compounds, thatosne bacterial strains shoa moderate to goodensitivity against -
aminopyridines. Me bacteri¢ strain Pseudomonas aeruginosashowed no sensitivity
againstall the compounds tested except the comp7a revealedaweak inhibitior of 8 mm.
The best zones of inhibition are obtained by mominapyridines 5b , 5d, 5e et 5f against
the two bacterial strairfS. aureu andEscherichia colin the range 020.:- 35.15 mm and 8-
12.5 mm respectively. While the compoun5a, 5c, 7a, 7b, ans 7c showed moderate
antibacterial activity agains$. aureu with a diameters ofinhibition zone between 8 and
9mm. The compounda, 7b showed no inhibition againgischerichia co. Most synthetic
compounds are not effective agairP. aeruginosaand L.monocytogen: except the
compoundra with a weakinhibition of 8 mm forP. aeruginosandcompounds7b, 7c with a
moderate inhibition oft3mm ,11 mm forL.monocytogenesespectivel. Also, B.cereus
revealed a moderate sensivity agaba, 5b, 5d, 5f and7c

Figure 2: MIC (ug/mL) of 2aminopyridine and bis-2-aminopyridinesgainst bacteri
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The MIC was determinedby disc diffusion methd. Based on the histogram (figure it was
observed that the derivatives of t2-aminopyridines and bis-Zaminopyridines sho a
significant MIC to the order 062.5 and 500 pug / ml, as well #se produci7a had a low
sensitivity againsbacterial strairPseudomonas aeruginogath a MIC of 1000 pg/n. This

compound have a lowese antibacterial activ. The lowest and the best M of 2-
aminopyridinewas observed bthe 5b, 5d, 5e and 5f compounds against bacterial str
Statphylocoque aurewsith a MCI of 62.! pg / ml. A sensitivitywas notecfor B. cereuswith

the compoundSa, 5b, 5c¢, 5d, and7c in the concentration of 62.5-5Q@/ mL. Moreover, thi:
effect was also observed fircoli with the compoundsf, 5d, and5b in the concentration ¢
62.5, 250 and 500 pg/ mkespectively Also, the compoundb and7c showed a good MI(
of 250 ng / ml againdt.monocytogent.

Antifungal activity

Table2: antifungal activitysynthesized -aminopyridines and bis-@minopyridine

2-aminopyridine/ bis Zuminopyridine | Aspergillus ochraceus| Aspergillus flavu
T 85 85
5a 46
27
5b 40
23
5C 46




20

5d 46
21

oe 44
25

5f 45
23

7a 42
22

7b 40
18

7c 19 45

The results of the antifungal activity of 2-ampyadines and bis-2-aminopyridines
tested are summarized in Tablel@e action of theompounds is determined bye diameter
of theradial growthof a fungalstrain and their percentage inhibition strammparedto a
control. The results of the antifungal screenintadavealed that all the tested compounds

showed considerable and varied activity againstwioefungal strains used.

Evaluation of the antifungal activity of the synsimed compounds showed that the
strain Aspergillus ochraceusvas highly sensitive compared fspergillus flavusto all
compoundsThe compounds 7c and 7b showed strong inhibitiond8b, (he diameter of the
inhibition zone was in 18-19 mnand the compounds 5a, 5b, 5d, 5f, and 7c showegharh
inhibition ratein range of 72-76%tlie diameter of the inhibition zone was in 20-23 nm
against Aspergillus ochraceusAlso, the compounds 5a and 5e showed an important

antifungal activity with a inhibition rate of 68%a 70%, respectively.

Aspergillus flavuswas moderately sensitive to all compounds as cozdpavith
Aspergillus ochraceug’he compounds with the most pronounced antifunga@ity were5b
and 7bwith 52% of inhibition ofAspergillusflavus (the diameter of the inhibition zone was
40 mm).Moreover,the compound 7aevealed arnnhibition percentage db0% (the diameter

of the inhibition zone was 42 mm)

The compound$f, 7c and 5e also showed antifungal activity agairst flavusat a
percentage from 47% to 48%, whereas the compobagd$Hb and 5&howed the lowest

inhibition against this fungus (45%ith a diameter o#6mm. The biological activity of 2-



aminopyridines and biaminopyridins is to be related to its chemical composition,
functional group of compounds (amine). Thus, theéure of chemical structures tr
constitutes it, but their proporti ply a determinant role.

Figure 2:Inhibition percentac of 2-aminopyridines and bisd@minopyridins against
Aspergillus flavusndAspergillus ochracel.
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Conclusion

As part of this work, we studied thebiological activity of som: 2-aminopyridine
compound®neantifungalactivity anc otherantibacterial activityn general the resul
reveled that majority of the tested compounds atddbmoderate to good antibactel
activity against bacteria arehcouragin antifungal activity againtfungal strain teste This
study reveal that the @minopyridine basecompounds have a broadnge of biologica
propertieseven if it is a simpler structure without any otlineteroring in molecule, ds a
more complex molecule witmore hetero-rings. Zminopyridines can be very gocdrugs
for treating several diseases
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