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ABSTRACT:

Objective: The synthesized compounds of 2°°,4”’-thiazolidindione derivatives of 7-flavonols*, after
characterization, aimed to be tested for their anti-oxidant and anti-microbial effects. Methods: i) Free radical
scavenging actions tested by hydrogen peroxide- nitric oxide- and by alkaline DMSO- methods and ii) anti-
microbial effects against various bacterial pathogens and against candida albicans by disc diffusion
method. Results: Data were found to be dose dependent and ICso value was 30-60 pg/ml and the results revealed
that the dinitro-, trinitro- and acetyl, dinitro derivatives showed better and/or equipotent activity to that of the
standard, ascorbic acid. The synthesized compounds exerted variable inhibitory activities at a concentration of 1pug
/10ul /disc with inhibition zone ranging from 7-26 mm in diameter and a good antifungal activity against Candida
albicans at the concentration of (Ipg /10ul /disc) with inhibition of 10-24 mm. Klebsiella tribatta are more
susceptible to the action of the formylated samples, giving high inhibition values comparing to the other organisms.
Compounds le and Ih resulted to a higher activity index (Al>1); compounds Id, Ig and li showed an equal value
(Al=1); whereas, la, Ib, Ic and If showed only a moderate activity (Al<l) compared to the standard,
Amikacin. Conclusion: The findings confirmed that the synthetic compounds of 3-formyl, 7-flavonol derivatives
have significant anti-oxidant and anti-microbial activities.

KEYWORDS: 2>°,4>’-thiazolidindione derivatives of 7-flavonols; Anti-microbial; Disc diffusion method; Anti-
oxidant; Hydrogen peroxide method; Nitric oxide method; Alkaline DMSO method.

INTRODUCTION:

Flavonoids have extensive biological propertiestelevating the health status in life, by preventing the risky,
hazardous ill effects in them. When produced in excess, ROS can cause tissue injury?, which becomes the reason for
most of ailments® say bacterial and parasite infections, cancer, liver diseases, heart related problems, swelling, sugar
complaints, kidney failure* and brain dysfunction, malaria, acquired immunodeficiency syndrome®, stroke,
hypertension, arteriosclerosis, pathophysiology of ischemia, aging and neoplastic diseases®. Body has itself
antioxidant system, being produced as a complex process and should be capable of neutralizing free radicals’ and
repairing the damage®. Most of the reactive oxygen species are scavenged by endogenous defense system®.

On the basis of above studies, it was thought useful to test the free radical scavenging activity of the 2°°, 4°’-
thiazolidindione compounds of 7-flavonols which might have great potential in ameliorating the aforementioned
disease processes. There are several methods'®to assess radical species availability or vanishing effects of the
synthesized substances. The simple, most repeated and sensitive methods for the same are Hydrogen peroxide,
Nitric oxide and alkaline DMSO methods.



Drugs are less defending against microbial invasion, this because, moisture regaining composition provide room for
their infestation!®. In recent years, owing to their biocompatibility and biological functions, flavanoids are given
potential importance in the biomedical’?and pharmaceutical fields!®. The effective synthesis of 27, 47°-
thiazolidindione compounds of 7-flavonols became a significant target based on the importance of flavanoids and
other related biosynthesized substances!*. Chemical modification®® of these phyto-components for bioassay of the
anti-bacterial activity has become a need of broad-spectrum resistance problems?S.

Demethoxylation helps in boosting up the cellular uptake of flavonoids and a free phenolic moiety usually facilitate
its binding at endocytosis receptor’. Less activity may be by a greater number of hydroxyl groups, more hydrophilic
and thus difficult in cell membrane penetration?®. Therefore, the present synthetic compounds were designed to have
one hydroxyl group only so as to make the synthesized compounds as lipophilic for better availability of drug inside
the bacterial cell®.

This project task was aimed to be investigating the antimicrobial activity of various compounds of 2, 4’’-
thiazolidindiones of 7-flavonols against various pathogenic bacteria, both gram negative species Escherichia
coli, Pseudomonas aerogenosa, Klebsiella tribatta and Proteus vulgaris and grampositive species Staphylococcus
aureus, Streptococcus pneumoniae and Closteridium pefrigens and fungi Candida albicans.

MATERIALS AND METHODS:

2, 4- thiazolidindione derivatives of 7-flavonols

Table 1 The list of substituents in various derivatives of 2, 4- thiazolidindione of 7-flavonols

S.No. | Name of the compounds (la-i) R! R? R3 R* R® R®

1. 2, 4- thiazolidindione (TZD) moiety attached 7-flavonols(la) | H H H H H H

2. 5-nitro, TZD derivative of 7-flavonol (Ib) -NO; H H -NO, H H

3. 6-acetyl, TZD derivative of 7-flavonol (Ic) -COCHj, H H -COCHj, H H

4. 4’-nitro, TZD derivative of 7-flavonol (Id) H H -NO, H H -NO,
5. 4’ 5-dintro, TZD derivative of 7-flavonol (le) -NO; H -NO, -NO, H -NO,
6. 4’-nitro, 6-acetyl, TZD derivative of 7-flavonol (If) -COCHj, H -NO, -COCHj, H -NO,
7. 3°4’-dintro, TZD derivative of 7-flavonol (1g) H -NO, -NO, H -NO, -NO,
8. 3’4’5 -trinitro TZD derivative of 7-flavonol (lh) -NO; NO, -NO, -NO, -NO, -NO,
9. 3°4’-dinitro, 6-acetyl, TZD derivative of 7-flavonol (li) -COCHj, NO; -NO; -COCHj, -NO, -NO,

Antioxidant activity:

The concentration of test samples and standard for the study was 30-150ug/ml in all methods. Absorbance was
measured against blank and a control was performed. Assessed the free radicals scavenging percentage and 1C50
data + S.D. Analytical grade chemicals, solvents were of in use, procured from E-Merck and Hi-media.

Hydrogen peroxide anti-oxidant method:

20Gulcin et al method was followed to determine the hydrogen peroxide scavenging activity of the synthesized 2, 4-
thiazolidindiones of 7-flavonols. The solutions of test samples and standard at concentrations (30-150ug/ml) were
prepared and added to 2ml of H,O, (20mM) solutions in PBS (pH 7.4). The absorbance was measured at 230nm in
UV spectrophotometer (Shimadzu, UV-2450) after 10 min of incubation at 37 °C against a blank.

% Scavenged [H202] = [(Ac-A1)/Ad] X100,
Where Ay is the absorbance of the control, and A; is the absorbance of the sample/standard

Nitric oxide anti-oxidant method:

The solutions of test samples and standard at concentrations (30-150pug/ml) were prepared in methanol and added in
1ml to 0.3ml of Sodium nitroprusside (10 mM) in phosphate buffer saline (PBS), pH7.4 and incubated at 25°C for 3
hrs. The same treatment was done for control. Then added, 0.5ml of Griess reagent (1% sulphanamide, 2%
HsPO. and 1% N-napthyl ethylene diamine dihydrochloride) was added. The absorbance was measured at 546nm
and repeated for thrice.



% Scavenged [NO] = [(Ao-A1)/Ac] X100,
Where Ay is the absorbance of the control, and A; is the absorbance of the sample/standard.

Scavenging of superoxide radical by alkaline DMSO method (Marcocci et al??)

In this method, the color, obtained by EDTA in the presence of nitrite, being reduced from superoxide radical (02-),
which in turn by auto oxidation of hydroxylamine hydrochloride in NBT, is responsible for absorbance
measurement at 560nm. To the reaction mixture containing 1ml of alkaline Dimethyl sulfoxide (1ml of dimethyl
sulfoxide containing 5mM sodium hydroxide in 0.1ml of distilled water) and 0.3ml of various concentrations (30-
150pg/ml) of the test samples and standard, ascorbic acid in dimethyl sulfoxide, added 0.1ml of Nitro blue
tetrazolium (Img/ml) to give a final volume of 1.4ml.

Inhibition (%) = [(Ac-A1)/Ac] X100,
Where Ay is the absorbance of the control, and A; is the absorbance of the sample/standard

Anti-Microbial Study:

Details of Test Microorganism for Anti-microbial experiments:

Gram negative bacterial strains Escherichia coli (ATCC. No. 25922), Pseudomonas aerogenosa (ATCC. No.
25619), Klebsiella tribatta (ATCC. No. 27736) and Proteus vulgaris (ATCC. No. 33420) and gram-positive
bacterial strains Staphylococcus aureus (ATCC. No. 51740), Streptococcus pneumoniae (ATCC. No. 27336),
and Closteridium pefrigens (ATCC. No. 13124), and fungal cultures of Candida albicans (ATCC. No. 66027) were
got from Boss clinical Laboratory, Madurai, India. The bacteria were maintained on Muller Hinton Agar medium
(MHA) at room temperature and fungus on Potato Dextrose Agar (PDA) at 28°C. Analytical grade chemicals,
solvents were of in use, procured from E-Merck and Hi-media.

Inoculum Preparation process:

The bacterial strains Escherichia coli, Pseudomonas aerogenosa, Klebsiella tribatta, Proteus vulgaris,
Staphylococcus aureus, Streptococcus pneumoniae and Closteridium pefrigens maintained in nutrient broth, was
centrifuged at 10,000rpm for 5 min and was standardized spectrophotometrically (Asionm) to measure the cell
density. 5 to 10 days old culture was used to prepare Candida albicans inoculum (spore density as 1 0°spores
/ml) and was grown on PDA medium.

Procedure for Anti-bacterial activity:

Minimum Inhibitory Concentration Study-Disc Diffusion Mechanism (Bauertal et al??):

Sterile Muller Hinton agar plates with Whatmann’s Grade No.l1 discs (6mm dia) were made and confirmed for
microbes free. The title substances were prepared in distilled water and mixed at various strengths as 25 pg/ml,
50ug/ml, 100ug/ml) to each disc of holding capacity (10ul). A loop full of the organisms at 106 cfu/ml quantity,
inoculated the incubated plates at 37°C. The size (diameter) of the inhibition zones were observed and calculated.

Zone of Inhibition study (Kirby et al?3):

Test solution at 100ug/ml concentration, Whatmann No. 1 filter paper discs (4mm diameter, 160°C for 30 min) and
the suspension of the test microorganisms 10l (108 cells/ml) were prepared and the latter one was smeared on to the
individual medium by spreading method. After solidification, impregnated the filter paper discs with the analytes
and kept by sterilized forceps on test organism-seeded plates. Compounds were screened for gram negative Bacterial
cultures Escherichia coli, Pseudomonas aerogenosa, Klebsiella tribatta and Proteus vulgaris and gram-positive
bacterial cultures Staphylococcus aureus, Streptococcus pneumoniae and Closteridium  pefrigens; Amikacin
(100pg/ml) was used as the standard and distilled water (100pug/ml) as blank. The experimental plates were
incubated at 37°C for one day and measured the width of growth inhibition zones. The studies were repeated thrice
to get concordance in results.

Procedure for antifungal assay- Disc Diffusion Mechanism:

On sterile Petri plates, molten potato dextrose agar (15 ml) was poured, solidified and onto which, smeared the
inoculum suspension (0.1%) of 10 days old fungal strains through point inoculation way. Test solutions (100ug/ml)
dipped paper discs (4mm diameter) were then placed on test organism-seeded plates. Distilled water dipped disc was
treated as blank and Ketoconazole (100ug/ml) used as the standard. Activity indices in terms of the diameters of the
inhibition zone was observed after 72 hours of incubation. The studies were repeated thrice to get concordance in
results.

Zone of inhibition exhibited by test compounds
Activity =




index Zone of inhibition exhibited by reference compound

Statistical analysis:
The data were subjected to one-way ANOVA, Dunnett’s multiple test and expressed as mean S.E.M. Software:
Graph Pad Prism 5.01

RESULTS AND DISCUSSION:

Free radical scavenging substances like phenolic compounds and flavanoids may act as complexes initiator,
reductants and scavengers of free radicals (Andlauer). From the literatures, the mechanisms of flavonoids eg.,
kaempferol, myricetin, naringenin, quercetin and rutin that are antimicrobial can be classified as the blockade of
nucleic acid formation, integrity and action of cytoplasmic membrane and energy metabolism.

Anti-oxidant activity: Hydrogen Peroxide-Free Radical Scavenging Method:

Table 1: Anti-oxidant activity of 2°4’-thiazolidinedione derivatives of 7-flavonols by Hydrogen peroxide radical scavenging assay

Conc. Percentage of radical scavenging activity
(ug/ml) | Standard | Sample | Sample I Sample 111 Sample IV Sample V Sample VI
Ascorbic (3-(57- 3-(5- (3-(57- 3-(5- (3-(57- 3-(5-
acid (thiazolidine- (thiazolidine- (thiazolidine- (thiazolidine- (thiazolidine- (thiazolidine-
2747 2747~ 27 47- 27 47- 27 47- 27 47-
dionyl)methyl)4’- | dionyl)methyl) dionyl)methyl) dionyl)methyl) dionyl)methyl) | dionyl)methyl)
nitro, 7- 6,4’ -dinitro, 7- 6-acetyl, 4°- 3°,4’- dinitro, 6,3°,4- 6 —acetyl,
flavanol (111d) flavanol (I11e) nitro, 7- 7- trinitro, 7- 3°,4°- dinitro,
flavanol (I11f) flavanol (I11g) flavanol (I11h) | 7-
flavanol (111i)
30 79.21+1.21 | 17.53+2.65 24.23+1.22 18.24+0.54 39.97+0.85 41.98+1.22 24.68+2.48
60 81.98+2.34 | 25.42+2.00 36.85+0.87 30.79+1.74 55.45+1.63 59.41+0.84 34.74+2.10
90 84.01+1.77 | 34.11+1.74 51.24+1.65 45.65+0.63 68.74+2.44 71.57+0.66 48.51+1.54
120 88.21+0.98 | 47.85+0.99 64.12+1.89 53.84+1.44 81.54+1.33 85.42+1.52 58.96+0.88
150 91.65+1.60 | 64.52+1.54 77.45+1.98 70.77+2.98 90.45+1.88 92.67+1.63 66.23+1.96

Values are expressed as mean+ SD; Values are from triplicate readings; and are statistically significant at p<0.05*,p<0.01**, p<0.001***, when
compared to the standard ascorbic acid.

Figure 1: Anti-oxidant activity of 2°4’-thiazolidinedione derivatives of 7-flavonols by Hydrogen peroxide radical scavenging
assay

AA-Ascorbic acid; NF-6 nitro, 7-flavonol; DNF-4’, 6-dinitro, 7-flavonol; DNF-3°4’-dinitro 7-flavonol; TNF-346-
trinitro, 7-flavonol; ANF-6-acetyl, 4’-nitro, 7-flavonol; ADNF-6-acetyl, 3°4’-dintro, 7-flavonol.

Glucose oxidase (GO) is an enzyme which has been used as an oedemogen by local generation of hydroxyl radical
(H20;) and OH* (unstable and more reactive) from hydrogen peroxide (H20) to produce inflammatory paw oedema
in mice. Glucose oxidase + Glucose --------- Gluconic acid + Hydrogen peroxide. H,O2 thus liberated by glucose
oxidase cause direct oxidative attack on cell membrane leading to increase rigidity to lipidbilayer, osmotic fragility,
and aggregation of membrane protein and decrease activity of membrane bound enzymes. Unsaturated radical
effects, a rich supply of oxygen and presence of transitional metals, favour oxidative damage and erythrocytes meet
the above condition.

The results of free radical scavenging activity of different concentrations (30-150ug/ml) of 2”,4”-thiazolidinedione
derivatives of 7-flavonols (la-i) by hydrogen peroxide method were given in Table 1 and presented in Figure 1. In
presence of antioxidants, the hydrogen peroxide (H.O.) or reactive hydroxyl (OH), free radicals get reduced to
water. A dose dependent radical scavenging activity was observed. The maximum reducing ability at 150ug/ml were
found to be for the compounds of 2°, 4’-thiazolidinedione derivatives of 7-flavonols categories Ih (92.67%), Ig
(90.45%), le (77.45 %) and ascorbic acid 91.65 % respectively. These compounds may thus act through two
different processes: inhibition of the xanthine oxidase enzyme and ROS scavenging (Cotelle), as their antioxidant
properties are challenging the standard, ascorbic acid’s activity. Whereas the other compounds of Id, Ifand li showed



a marked reducing ability in the range of 60-74%. The 1Cs, values of the compounds Ih and Ig and ascorbic acid
were found to be 60pg/ml and 30pug/ml respectively. Whereas, the 1Cso value of li was 90ug/ml and those of all the
other compounds were found to be as 120pg/ml. It was inferred from the above data that the 6,3”,4’-trinitro
derivatives (h); 3°,4’-dintro derivatives (g) were found to be effective in inhibiting the lyses of erythrocytes possibly
by scavenging the hydrogen peroxides produced by the reaction of glucose and glucose oxidase than that of 3°,4’-
dintro,6-acetyl derivatives (i) and other mono substituted derivatives (a, b, ¢, d and e).

Table 2: Anti-oxidant activity of 2°4’-thiazolidinedione derivatives of 7-flavonols by Nitric oxide radical scavenging assay

Conc. Percentage of radical scavenging activity
(ng/ml) [ Standard Sample | Sample 11 Sample 111 Sample IV Sample V Sample VI
Ascorbic (3-(57- 3-(57- (3-(5- 3-(57- (3(57- 3-(57-
acid (thiazolidine- (thiazolidine- (thiazolidine- (thiazolidine- (thiazolidine- (thiazolidine-
2747 2747 2747 27 47- 27 47- 27 47-
dionyl)methyl)4’- | dionyl)methyl) | dionyl)methyl) dionyl)methyl) | dionyl)methyl) | dionyl)methyl) 6
nitro, 7- 6,4’-dinitro, 7- | 6-acetyl, 4’- 3°,4°- dinitro, 6,3°,4’- trinitro, | —acetyl, 3°,4’-
flavanol (I11d) flavanol (I11e) | nitro, 7- 7- 7- dinitro, 7-
flavanol (I11f) flavanol (I11g) flavanol (I11h) | flavanol (I11i)
30 37.63+0.62 | 14.21+1.41 21.52+0.33 14.62+1.53 39.40+0.41 42.12+1.22 25.96+1.33
60 46.41+1.42 | 22.52+1.77 34.11+1.02 21.52+0.65 41.12+1.85 49.62+1.48 31.96+0.46
90 52.85+1.85 | 29.95+0.88 40.23+1.57 28.69+1.52 49.65+0.96 52.41+0.65 46.00+0.84
120 64.52+0.98 | 37.41+0.91 44.12+1.96 34.74+1.63 56.84+0.77 61.85+0.94 54.77+0.27
150 72.58+2.10 | 39.12+0.42 55.23+0.87 41.95+1.87 64.11+0.65 69.11+1.44 63.94+1.31

Values are expressed as mean+ SD; Values are from triplicate readings; and are statistically significant at p<0.05*,p<0.01**, p<0.001***, when
compared to the standard ascorbic acid.

Figure 2: Anti-oxidant activity of 2°4’-thiazolidinedione derivatives of 7-flavonols by Nitric oxide radical scavenging assay

AA-Ascorbic acid; NF-6 nitro, 7-flavonol; DNF-4’, 6-dinitro, 7-flavonol; DNF-34’-dinitro 7-flavonol; TNF-3°4’6-
trinitro, 7-flavonol; ANF-6-acetyl, 4’-nitro, 7-flavonol; ADNF-6-acetyl, 3°4’-dintro, 7-flavonol.

The results of free radical scavenging activity of different concentrations (30-150 pg/ml) of 2”,4”-thiazolidinedione
derivatives of 7-flavonols (la-i) by Nitric oxide assay were tabulated in Table 2 and charted in Figure 2., The stable
products of nitrates and nitrites are being produced when nitric oxide reacts with O,and there will be a reduction in
nitrous acid concentration which could be measured at 546 nm. The maximum reducing ability at 150 pg/ml were
found to be for the compounds of 2°, 4’-thiazolidinedione derivatives of 7-flavonols categories lh (69.11 %), Ig
(64.11 %), li (63.94 %) and ascorbic acid 72.58 % respectively. Whereas the other compounds of Id, le and If
showed an average reducing ability in the range of 30-55 %. The 1Cs; values of lh and ascorbic acid were 60 pg/ml
and 90 ug/ml respectively. Whereas, the 1Cs; value of li were 90 pg/ml and those of all the other compounds were
found to be as 150 pg/ml. It was observed from the resulted findings that the 6,3”,4’-trinitro derivatives (h); 6-acetyl,
3’,4’-dintro derivatives (i) were found to be most effective, in inhibiting the nitric oxide free radical activity by
scavenging them, than that of 3°,4’-dintro derivatives (g) and other mono substituted derivatives (a,b,c,d, €).

Table 3: Scavenging of superoxide radical activity of the synthesized 2°4’-thiazolidinedione derivatives of 7-flavonols by alkaline DMSO
method

Conc. Percentage of radical scavenging activity
(ng/ml) [ Standard Sample | Sample 11 Sample 111 Sample IV Sample V Sample VI
Ascorbic (3-(57- 3-(57- (3-(57- 3-(5- (3-(57- 3-(5-
acid (thiazolidine- (thiazolidine- (thiazolidine- (thiazolidine- (thiazolidine- (thiazolidine-
2747 2747 2747 2747 2747 2747
dionyl)methyl)4’- | dionyl)methyl) | dionyl)methyl) dionyl)methyl) | dionyl)methyl) | dionyl)methyl) 6
nitro, 7- 6,4’-dinitro, 7- 6-acetyl, 4°- 3’ 4°- dinitro, 6,3’,4’- trinitro, | —acetyl, 3°,4’-
flavanol (111d) flavanol (I1le) nitro, 7- 7- 7- dinitro, 7-
flavanol (I11f) flavanol (111g) flavanol (I11h) | flavanol (I11i)




30 76.66+0.36 | 32.52+1.96 37.42+1.61 25.12+1.94 62.15+0.84 51.02+0.36 41.96+1.64
60 79.69+0.98 | 37.98+1.48 48.21+0.77 36.23+0.63 67.81+0.94 59.62+1.11 49.26+1.94
90 82.34+1.52 | 49.12+1.91 51.23+1.52 44.44+1.48 70.12+0.91 66.36+1.36 53.67+1.63
120 87.98+1.96 | 50.17+1.52 59.62+0.84 52.78+1.94 76.59+1.22 74.25+1.01 64.18+1.02
150 89.99+0.48 | 57.26+0.86 71.32+0.94 60.71+1.64 84.11+1.97 86.23+0.96 70.63+0.86

Values are expressed as mean+ SD; Values are from triplicate readings; and are statistically significant at p<0.05*,p<0.01**, p<0.001***, when
compared to the standard ascorbic acid.

Figure 3: Scavenging of superoxide radical activity of 2°4’-thiazolidinedione derivatives 7-flavanols by alkaline DMSO method

AA-Ascorbic acid; NF-6 nitro, 7-flavonol; DNF-4°, 6-dinitro, 7-flavonol; DNF-3°4’-dinitro 7-flavonol; TNF-346-
trinitro, 7-flavonol; ANF-6-acetyl, 4’-nitro, 7-flavonol; ADNF-6-acetyl, 3°4’-dintro, 7-flavonol.

The results of free radical scavenging activity of different concentrations (30-150pg/ml) of 2”,4”-thiazolidinedione
derivatives of 7-flavonols (la-i) by alkaline DMSO method were given in Table 3 and presented in Figure 3.
Diformazan, a product from alkaline DMSO and NBT, is responsible for the absorbance measurement at 560nm.
The maximum reducing ability at 150pg/ml were found to be for the substances of 2”,4”-thiazolidinedione
derivatives of 7-flavonols categories Ih (86.23%), 1g (84.11 %), le (71.32 %) and li (70.63%) and ascorbic acid
89.99% respectively. Whereas the other compounds of Id, le, If showed an average reducing ability in the range of
57-69 %. The ICs values of Ig, 1h and ascorbic acid were 30 pg/ml. Whereas, the I1Cs value of le and li were 60
pg/ml and those of all the other compounds were as 90 pg/ml and above. This because the hydroxyl group at C-7 is
required for inhibition of xanthine oxidase and thus a strong superoxide anti-oxidant activity. It was inferred as the
6,3’,4’-trinitro derivatives (h); 6-acetyl, 3°,4’-dintro derivatives (i) and 3’,4’-dintro derivatives (g) were more
effective in scavenging action on superoxide anion than that of other derivatives (a, b, ¢, d and e). A dose dependent
anti-oxidant effect was observed and that of the standard was greater than the test samples. Overall, the scavenging
potential of 2”,4”-thiazolidinedione derivatives of 7-flavonols were greater towards appreciable antioxidant activity.
Comparing to all the three assays, Hydrogen peroxide method was easy and reliable for results comparing to the
other methods.

Anti-Microbial Activity:

The minimum inhibitory concentration (MIC) of 2”,4”-thiazolidinedione derivatives of 7-flavonols in comparison of
the standard, Amikacin (10 pg/ml) against antibiotic susceptible strains of bacteria Pseudomonas aeruginosa,
Klebsiella tribatta and Proteus vulgaris was determined. Amongst all the compounds of 2”,4”-thiazolidinedione
derivatives of 7-flavonols categories, except compound le (50ug/ml), all the other If, 1h and li showed antibacterial
activity at lowest concentration, 25ug/ml. Here, Klebsiella tribatta organism was resistant to the tested samples
comparing to the remaining organisms. These compounds brought out a remarkable inhibitory action against
pathogens.

The synthesized serial of compounds of 2”,4”-thiazolidinedione derivatives of 7-flavonols were all estimated for
their anti-microbial effects on many pathogenic bacteria, both gram negative strains Escherichia coli, Pseudomonas
aerogenosa, Klebsiella tribatta and Proteus vulgaris and gram-positive strains Staphylococcus
aureus, Streptococcus pneumoniae, Closteridium pefrigens and Candida albicans. The results, MIC levels (Table 4)
and Zone of inhibition values given tables (5 and 6) and Figures (4-9) of the newly synthesized compounds against
these organisms have been compared with those for the reference compounds Amikacin and Ketoconazole for
evaluating antibacterial and antifungal activities respectively.

Table 4: Details of Minimum Inhibitory Concentration of 2”, 4”-thiazolidinedione derivatives of 7-flavonols by Disc Diffusion Method

Name of the compounds Microorganisms Inhibition zone (mm)
</< /=25 pg/ml 50 pg/ml 100 Amikacin
pg/ml/ 10 pg/ml
3-(5”’-(thiazolidine-2"* 4"’ -dionyl)methyl) Proteus vulgaris - - 12 19
6,4°-dinitro, 7-flavonol Klebsiella tribatta - 15 - 23
(I11e) Pseudomonas aeruginosa - - 6 16
3-(5”’-(thiazolidine-2’ 4>’-dionyl)methyl) | Proteus vulgaris - - 12 19




6-acetyl, 4’- nitro, 7-flavonol (111f) Klebsiella tribatta - - 12 23

Pseudomonas aeruginosa - - 7 16
3-(57’~(thiazolidine-2"’,4>*-dionyl)methyl) | Proteus vulgaris - 13 - 19
6,3°,4’- trinitro, 7-flavonol (111h) Klebsiella tribatta - - 10 23

Pseudomonas aeruginosa - - 7 16
3-(5”’-(thiazolidine-2"*,4”’-dionyl)methyl) Proteus vulgaris - - 11 19
6 —acetyl, 3°,4’- dinitro, 7-flavonol Klebsiella tribatta - 11 - 23
(1117) Pseudomonas aeruginosa - 11 - 16

Values represent the mean+ SD; number of readings in each group = 3

Figure 4: Anti-bacterial activity of TZD derivatives of 7-flavonols against gram negative (Eschersia Coli and Proteus vulgari), standard at
center

Figure5: Anti bacterial activity of TZD derivatives of 7-flavonols against gram negative (Klebsiella tribatta and Pseudomonas aerogenusa)

Table 5: Anti-bacterial activity of 2”, 4”-thiazolidinedione derivatives of 7-flavonols (1pg /10pl /disc), Amikacin (1pg /10pl /disc), against
gram negative bacterial species tested by Disc Diffusion Method

Sl. Name of the compounds Zone of Inhibition (mm)
No. (Ma-i) E. coli P.vulgaris | K. tribatta | P.
aeruginosa
1. 3-(5”-(thiazolidine-2”,4”-dionyl)methyl)7-flavonol (111a) 11+1.01 7+0.06 14+0.87 12+1.01
2. 3-(5”-(thiazolidine-2”,4”-dionyl)methyl)6-nitro, 7-flavonol (I11b) 13+0.87 11+0.42 11+0.76 11+0.97
3. 3-(5”-(thiazolidine-2” 4 -dionyl)methyl)6-acetyl, 7-flavonol (I11c) 19+1.31 16+1.44 12+0.65 9+0.87
4. 3-(5”-(thiazolidine-2” 4 -dionyl)methyl)4’-nitro, 7-flavonol (111d) 12+0.63 9+0.77 11+0.94 13+0.27
5. 3-(5”-(thiazolidine-2”,4”-dionyl)methyl)6,4’-dinitro,7-flavonol (111e) 13+0.84 10+0.98 14+0.91 10+0.67
6. 3-(57-(thiazolidine-2”,4”-dionyl)methyl)6-acetyl,4’-nitro,7-flavonol (111f) | 20+1.57 12+0.52 12+0.96 8+0.15
7. 3-(5”-(thiazolidine-2",4”-dionyl)methyl) 3°4’- dinitro,7-flavonol (111g) 16+1.18 7+0.46 8+0.09 11+0.88
8. 3-(57-(thiazolidine-2”,4”-dionyl)methyl) 63°4°- trinitro,7-flavonol (111h) 15+1.00 13+1.02 10+0.65 13+0.85
9. 3-(57-(thiazolidine-2”,4”-dionyl)methyl)6-acetyl, 3°4°- dinitro,7-flavonol 18+0.33 15+0.97 17+0.41 14+1.11
(1117)
10. Amikacin 17+0.62 19+1.41 23+1.42 16+1.22

Values represent the mean+ SD; number of readings in each group = 3

Figure 6: Anti-bacterial activity of 2”, 4”-thiazolidinedione derivatives of 7-flavonols (1pg /10ul /disc), Amikacin (1pg /10pl /disc) against
gram negative bacterial species tested by Disc Diffusion Method

Figure 7: Anti-microbial activity of 2”, 4”-thiazolidinedione derivatives of 7-flavonols (1pg /10pl /disc), Amikacin (1pg /10pl /disc),
against gram positive bacterial species tested by Disc Diffusion Method

Figure 8: Anti-bacterial activity of TZD derivatives of 7-flavonols against gram positive (Staphylococcus aureus) and against Candida
albicans, standard at center

Table 6: Anti-microbial activity of 2”, 4”-thiazolidinedione derivatives of 7-flavonols (1pg /10pl /disc), Amikacin (1pg /10ul /disc) against
gram positive bacterial species and Ketoconazole (1pg /10p/well) against Candida albicans tested by Disc Diffusion Method

Sl Name of the compounds Zone of Inhibition (mm)
No S. S. C. C.
aureus pneumoniae | pefrigens | albicans
1. 3-(5”-(thiazolidine-2",4”-dionyl)methyl)7-flavonol (111a) 10+0.78 | 8+0.67 4+0.44 10+0.97
2. 3-(57-(thiazolidine-2”,4”-dionyl)methyl)6-nitro, 7-flavonol (111b) 14+0.20 | 13+0.56 11+0.77 10+101
3. 3-(5”-(thiazolidine-2”,4”-dionyl)methyl)6-acetyl, 7-flavonol (111c) 18+1.23 | 17+0.24 14+0.64 14+0.22
4. 3-(57-(thiazolidine-2”,4”-dionyl)methyl)4’-nitro, 7-flavonol (111d) 14+0.66 | 11+0.24 9+0.72 17+1.00
5. 3-(57-(thiazolidine-2”,4”-dionyl)methy1)6,4’-dinitro,7-flavonol (111e) 18+1.63 | 16+0.55 15+1.12 19+1.25
6. 3-(57-(thiazolidine-2”,4”-dionyl)methyl)6-acetyl,4’-nitro,7-flavonol (111f) 14+0.74 | 11+0.97 10+0.74 15+1.12
7. 3-(57-(thiazolidine-2”,4”-dionyl)methyl)3°4°- dinitro,7-flavonol (111g) 20+1.46 | 18+1.26 15+1.25 10+1.06
8. 3-(57-(thiazolidine-2°2” 4”-dionyl)methyl)63°4’- trinitro,7-flavonol (111h) 18+1.26 | 16+1.11 14+0.67 20+1.36




9. 3-(5”-(thiazolidine-2”,4”-dionyl)methyl)6-acetyl,3’4’-dinitro,7-flavonol(111i) 18+1.41 | 17+0.63 16+1.55 18+1.52
10. Amikacin 22+1.52 | 20+1.62 19+1.45 -

11. Ketoconazole - - - 18+1.15
Values represent the mean+ SD; number of readings in each group = 3

Figure 9: Anti-microbial activity of 2”, 4”-thiazolidinedione derivatives of 7-flavonols (1pg /10pl /disc), Ketoconazole (1pg /10p/well)
against Candida albicans tested by Disc Diffusion Method

The results obtained from antimicrobial assay for 2°,4’-thiazolidinedione derivatives of 7-flavonols are presented in
Tables-(at a concentration of (1pug/10ul /disc). The synthesized compounds exerted variable inhibitory activities at a
concentration of 1pg/10ul/disc with inhibition zone ranging from 7-26mm in diameter. Of all the compounds of
2’,4>’-thiazolidinedione derivatives of 7-flavonols, le, If, Ih and li could exhibit the antibacterial activity only at
50pg/ml and 100ug/ml. Also, the inhibition values were comparatively lesser than the compared standard that might
be owing to the reason of masked formyl group and of a derivatized thiazole moiety. Though less in inhibitory
action, but made all the tested organisms so susceptible to their actions.

The tested TZD derivatives of 7-flavonols were potent antibacterial only against Escherchia coli and Staphlococcus
aureus (Al >1), whereas against other strains their activity index was less (Al<1l) compared to the standard,
Amikacin. Compounds le, 1h and li had a wide spectrum of antibacterial actions. In this study, it was studied that the
synthesized ones were confirming higher inhibition rate for gram-positive bacteria in comparison to gram negative
bacteria owing to the theory of outer membrane permeability barrier (Othman). As tabulated in Table 6, the
antifungal actions of 3-formyl, 7-flavonol derivatives showed a good antifungal activity against Candida albicans at
the concentration of (1pg/10ul /disc) with inhibition of 10-24 mm. This inhibition was compared to the standard
Ketoconazole (1pg/10ul/disc). Thiazolidinedione derivatives gave significant activity index value and shows equal
action to that of the standard, Ketoconazole.

CONCLUSION:

Results revealed that the dinitro-, trinitro- and acetyl, dinitro derivatives of thiazolidinedione attached 7- flavonols
showed better and/or equipotent activity to that of the standard, ascorbic acid when compared to the mono nitro or
unsubstituted derivatives of the same. The 1Cso value of hydrogen peroxide scavenging activity of thiazolidinedione
derivatives of 7-flavonols was found to exhibit an equal 1Cso value i.e. 30ug/ml as that of the standard, ascorbic acid
and the results were found to be dose dependent. Based on the discussion above, the thiazolidinedione derivatives of
7-flavonols can be utilized as a potent candidate for prolonging the shelf-life of food products by controlling micro-
organisms spoilage processes and could be very well applied in cosmetic, nutritional and pharmaceutical products.

ACKNOWLEDGEMENT:

The authors wish to place on record their heartfelt thanks to the Principal and the Management of Karpagam College
of Pharmacy, Othakalmandapam, Coimbatore — 641032, India for providing the facilities to carry out the research
successfully.

CONFLICTS OF INTEREST:
Nil.

REFERENCES:

1. Cotelle N, Brenier JL, Henichart JP, Catteau JP, Gyadou E and Wallet JC. Scavenger  and antioxidant properties of ten synthetic flavones.
Free Radical Biological Medicine. 1992; 13: 211-219.

2. Bhawya Dayananda, Anilakumar KR, Farhath Khanum and Bawa Amarinder Singh. Invitro antioxidant and free radicals scavenging activity
of Glycyrrhiza glabra root extracts. Journal of Herbal Medicine and toxicology. 2010; 4(1): 97-102.

3. Yadunath M Joshi, Vilasrao J Kadam and Prashant R Kaldhone. Invitro antioxidant activity of methanolic extract of Aerial Parts of Canna
indica Linn. Journal of Pharmaceutical Research.2009; 2(11): 1712-1715.

4. Kalpesh Gour, Kori ML, Tyagi LK, Nema RK, Sharma CS and Priyanka Tripathi. In vitro antioxidant activity of Ipomonea fistulosa Linn.
Academic journal of plant sciences. 2009; 2(2): 60-64.

5. Lavhale MS and Mishra HS. Evaluation of free radical scavenging activity of Butea monosperma lam. Indian journal of Experimental
Biology. 2007; 45: 376-384.

6. Miller AL. Antioxidant flavonoids: structure, function and clinical usage. Alternate Medical Reviews, 1996; 1: 103-111.

7. Karpakavalli M, Sivakumar T. Synthesis, Characterization and Pharmacological Activities of 7- Flavonol Derivatives obtained by an
Expeditious Coupling Technique of Microwave Irradiations and lonic Liquid, Asian Journal of Research in Chemistry, 2014; 7(2): 148-158.

8. Vuillaume M.Reduced oxygen species, mutation, induction and cancer initiation. Mutation Research. 1987; 186: 43-72.



10.
11.
12.

13.

14.
15.
16.
17.
18.
19.
20.
21.

22.
23.

24.

25.

26.
. Philips OA, Udo EE, Abdel ME and Varghese R. Synthesis and antibacterial activity of novel 5-(4-methyl-1H-1,2,3-triazole)methyl

28.
29.
30.

31.

AliSS, Kasoju N, Luthra A, Singh A, Sharanabasava H, Sahu A and Bora U. Indian medicinal herbs as sources of Antioxidants. Food
Research International. 2008; 41: 1-15.

Pasha FA, Cho SJ, Beg Y and Tripathi YB. Quantum chemical QSAR study of flavones and their radical scavenging activity. Medicinal
Chemistry Research. 2008; 16: 408-417.

Ray S, Sengupta C and Roy K. QSAR modeling of antiradical and antioxidant activities of flavanoids using electrotopological state (E-state)
atom parameters. European Journal of Chemistry. 2007; 5: 1094-1113.

Sarkar A, Middya TR and Jana AD. A QSAR study of radical scavenging antioxidant activity of a series of flavanoids using DFT based
quantum chemical descriptors-The importance of group frontier electron density. Journal of Molecular Model. 2011; 18: 2621-2631.

M. Karpakavalli, A.Y. Sangilimuthu, Usha Raja Nanthini, G.Nagaraja Perumal, S. Mohan and T. Sivakumar. Anti-Inflammatory Effects of
3-Formyl, 7-Flavonols Derivatives by Microwave Enhanced Chemistry Assisted - Vilsmeier Haack synthesis. Biomedical and amp;
Pharmacology Journal, 2019, 12(4), 1779-1791.

Lassegue and Griendling KK. Reactive oxygen species in hypertension: an update. American Journal of Hypertension. 2004; 17 (9): 852—
860.

Terao J, Piskula M and Yao Q. Protective effect of epicatechin, epicatechin gallate and quercetin on lipid peroxidation in phospholipid
bilayers. ActaBiochemistry and Biophysics. 1994; 308: 278-284.

Scott R and Slatter TF. Free radical scavenging activity of (+) catechin and other flavanoids. 1981; 233-244.

Robak J and Gryglewski RJ. Flavanoids are scavengers of superoxide anion. Biochemistry and Pharmacology. 1988; 37: 837-841.

Cushnie TPT and Lamb AJ. Antimicrobial activity of flavanoids. International Journal of Anti-microbials Agents. 2005; 26:343-356.
Vaquero MJR, Alberto MR and De Nadra MCM. Antibacterial effect of phenolic compounds from different wines. Food control.2007;
18:93-101.

Teffo L, Aderogba M and Eloff J. Antibacterial and antioxidant activities of four kaempferol methyl ethers isolated from Dodonaea
viscose leaf extracts, South African Journal of Botany. 2010; 76: 25-29.

Demetzos et al., Structure elucidation, conformational analysis and thermal effects on membrane bilayers of an antimicrobial myricetin ether
derivative. Journal of Heterocyclic Chemistry. 2001; 38: 703-710.

HarborneJB and Williams CA. Advances in flavonoid research since 1992. Phytochemistry. 2005; 55: 481-504.

Rauha JP, Remes S, Heinonen M, Hopia A, Kahkonen and Kujala M. Antimicrobial effects of Finnish plant extracts containing flavonoids
and other phenolic compounds. International Journal of Food and Microbiology. 2000; 56: 3-12.

Vardar-Unlu G, Candan F, Sokmen A, Daferera D, Polissiou M and Sokmen M. Antimicrobial and antioxidant activity of the essential oil
and methanol extracts of Thymus Pectinatus fisch. et mey. Var. pectinatus (Lamiaceae).Journal of Agricultural Food Chemistry. 2003;
50: 63-67.

Chacha M, Gojase-Moletta G and Majinda RRT. Antimicrobial and radical scavenging flavonoids from the stem wood of Erithrina
latissima. Phytochemistry. 2005; 66: 99-104.

Collins CH. Antibiotics and Antibacterial substances: Microbiological methods, (Butterworths London), 1964; 296.

oxazolidinediones. European Journal of Medicinal Chemistry. 2009; 448: 3217-3227.

Gadaginamath SG and Patil AS. Synthesis and antimicrobial activity of some new 2-amino-methyl-5-(4-phenyl-mercapto-1,2,4-triazole-3-
yl) methoxyindole derivatives. Indian Journal of Chemistry. 1999; 38B: 1070-1074.

Shukla DK and Srivastava SD. Synthesis of some new 5[2-{(1,2,3-benzotriazole)-1-yl-methyl}-1’~(4’-substituted aryl-3’-chloro-2’-oxo
azetidine)}-amino-1,3,4-thiadiazoles; Antifungal and antibacterial agents. Indian Journal of Chemistry. 2008; 47B:463-469.

Bhusare RS, Shinde BA, Pawar PR and Vibhute BY. Synthesis and antimicrobial activity of heterocyclic Schiff bases, 4-thaizolidinediones
and 2-azetidinones, Indian Journal of Pharmaceutical Sciences. 2004; 3: 228-231.

De R, Kundu P, Swarnakar S, Ramamurthy T, Chowdhury A and Nair GB. Antimicrobial activity of curcumin against Helicobacter pylori
isolates from India and during infections in mice. Antimicrobial Agents Chemotherapy. 2009; 53: 1592-97.

Received on 02.07.2020 Modified on 11.12.2020
Accepted on 25.02.2021 © RIPT All right reserved
Research J. Pharm. and Tech. 2021; 14(8):4067-4076.

DOI: 10.52711/0974-360X.2021.00704



