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ABSTRACT  

Objective: The aim of the present study was to isolate and characterize C-glycosyl flavone from Urgenia. indica bulb and to evaluate its effect on 
microbial cell growth.  

Methods: Methanolic extract of U. indica bulb was prepared using Soxhlation. Isolation was performed using silica gel column chromatography, and 
characterization was done based on IR, NMR and mass spectral data. The effect of C-glycosyl flavone was evaluated on microbial growth inhibition C-
glycosyl flavone in terms of cytotoxicity, cell membrane damage, and cell death. 

Results: The results indicates that O-glycosyl flavanone (5,41-di hydroxyl-31-methoxy-7-O-[(α-L-rhamnosyl-(1[11]1-6[11])-β-D-glucopyranosyl)] 
flavanone), O-glycosyl flavone (5,41-dihydroxy-31-methoxy-7-O-β-D-glucopyranosyl flavone) and C-glycosyl flavone (5,7-dihydroxy-2-[41-hydroxy-31-
(methoxymethyl) phenyl]-6-C-β-glucopyranosyl flavones) showed significantly sensitivity against Staphylococcus aureus, Bacillus subtilis, Rhizopus 
oryzae and Aspergillus niger. Synergism of C-glycosyl flavone on antibacterial activity of ciprofloxacin with the FIC index of 0.3 against S. aureus and 
0.5 against B. subtilis. Antifungal activity of clotrimazole with the FIC index 0.3 against R. oryzae and 0.48 against A. niger. C-glycosyl flavone 
increased the ciprofloxacin-induced cytotoxicity from 63 to 91% against S. aureus and 56 to 89% against B. subtilis, whereas clotrimazole is induced 
cytotoxicity from 36 to 49% against R. oryzae and 23 to 41% against A. niger. C-glycosyl flavone increased the ciprofloxacin-induced cell death in S. 
aureus and B. subtilis and clotrimazole induced cell death in R. oryzae and A. niger as evident by propidium iodide staining, Tunel positive cells, and 
cytoplasmic membrane damage.  

Conclusion: The present investigation provides scientific and rationalism for the folkloric use of U. indica as an antimicrobial agent.  
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INTRODUCTION  

Studies in the recent past have reported that diseases and disease-
causing agents were recurring in new forms and resistant to existing 
antibiotics [1]. The emergence of multi-drug resistant microbial 
strains is limiting the effectiveness of current drugs and significantly 
causing treatment failure of infections [2]. To face such a challenge, 
there is a need to develop an alternative, approaches that can 
enhance the efficacy of antibiotics to target resistance.  

Combination therapy has been shown to be beneficial for drug-
resistant infectious diseases which do not normally respond to 
single-drug therapy. Studies have demonstrated that the natural 
products enhanced the action of antibiotics against multidrug 
resistant microorganisms [3-4]. However, the mechanism of action 
of natural products on antibiotic-induced microbial death remains 
largely unknown.  

Programmed cell death (PCD) is a genetically controlled process 
associated with development and homeostasis of bacteria, fungi, 
plants and animals [5]. E. coli exhibited apoptotic markers such as 
exposure of phosphatidylserine, condensation of chromosomes and 
DNA fragmentation with antibiotic treatment [6]. R. oryzae cells 
treated with triazoles in combination with hyperthermia (42 °C) 
exhibited characteristic markers of early apoptosis such as 
externalization of phosphatidylserine, fragmentation, and 
condensation of DNA, membrane depolarization and increased 
metacaspase activity [7]. An apoptosis-like process similar to 
eukaryotes with activation of a caspase-3-like protease (C3LP) 
followed by DNA fragmentation was reported in B. subtilis [8]. A 
more recent study by Anandhi et al., (2014)[11] demonstrated 
marked DNA fragmentation in E. coli and S. aureus with glycosides 
and flavonoids [9]. PCD has been proposed as a potential target for 
new antibacterial therapy [10]. 

Flavonoids reported having good antibacterial potential with 
bacteriostatic activities against different Gram-negative bacteria 
such as E. coli and P. aeruginosa. They also possess an inhibitory 
effect on S. aureus and on the growth of spore-forming B. subtilis 
[11]. Flavonoids also reported having synergistic behavior in 
combination with other flavonoids and antimicrobial agents 
[12]. Earlier reports claimed that the natural compounds like 
alkyl gallates and gallic acid with different classes of β-lactams 
antibiotics showed maximum inhibitory activity in clinical 
isolates [13].  

The antibiotic additive and synergistic action of flavonoids against 
methicillin-resistant S. aureus. C-glycosyl flavone are a class of 
glycosylated flavonoids with good health benefits. Tatsuya 
Hasegawa et al., (2008) [14] reported that C-glycosyl flavone exhibits 
stronger radical scavenging activity than ascorbic acid [15]. The C-
glycosyl flavonoids showed higher antioxidant potential than their 
corresponding O-glycosyl flavonoids and aglycones [11].  

Urginea indica is a rare, endangered and threatened medicinal plant 
belongs to Liliace family and commonly called as sea onion. Its bulbs 
are used to cure wound and infections [16]. Recently, antioxidant 
[17] and antibacterial activities of crude extracts from U. indica bulb 
were evaluated. However, antimicrobial efficacy and synergistic 
effect of purified glycosyl flavonoids from U. indica were not 
reported. In this study, one novel glycosyl flavonoid together with 
two known compounds was isolated from U. indica bulb. Synergistic 
antimicrobial efficacy isolated glycosyl flavonoids together with 
known antibiotics was evaluated against pathogenic 
microorganisms, E. coli, P. aeruginosa, S. aureus, B. subtilis, R. oyzae 
and A. niger. Further, the mode of synergistic action of C-glycosyl 
flavone on ciprofloxacin-induced cell death in S. aureus and B. subtilis 
or clotrimazole in R. oryzae and A. niger. 
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MATERIALS AND METHODS 

Chemical and solvents 

Silica gel, methanol, ethyl acetate, potato dextrose agar, Muller 
Hinton broth, acetonitrile (HPCL grade) were obtained from Merck, 
India. 

Microorganisms and antibiotics 

S. aureus, B. subtilis, E. coli, P. aeruginosa, A. niger and R. oryzae were 
obtained from MTCC, Chandigarh. Ciprofloxacin and clotrimazole 
were obtained from HiMedia (Mumbai, India). 

Preparation of extracts  

The U. indica (red variety) bulbs were collected from the Eastern 
Ghats of Vizianagaram district and authenticated by Botanical 
Survey of India, Hyderabad, India (No. BSI/DRC/2013-14/ 
Tech/802). Methanolic extract was prepared from shade dried bulbs 
using Soxhlation for 48h. The extract was evaporated to dryness 
under reduced pressure at 40 °C.  

Isolation and characterization of C-glycosyl flavonoids 

Silica gel column chromatography was performed for isolation of 
glycosyl flavonoids from the methanolic extract of defatted powder 
of U. indica bulb. The sample was loaded, eluted with a gradient 
system of methanol and ethyl acetate mixture, beginning from 5:95, 
10:90, 15:85, 20:80, 25:75, 30:70, 35:65, 40:60, 45:55, 50:50, 55:45, 
60:40, 65:35, 70:30, 75:25, 80:20, 85:15, 90:10, 95:5 ratio and finally 
with 100% methanol. The homogeneity of fractions was analyzed 
using silica gel G pre-coated thin layer chromatography with 
different ratios of methanol and ethyl acetate as mobile phase. The 
spots were developed by spraying with 20% H2SO4 in methanol and 
subsequent heating for 5 min at 110°C. The purity of fractions was 
analyzed by HPLC with C18 column (250 X 4.60 mm) using 
acetonitrile: water: formic acid (60:40:1) mixture as mobile phase at 
a flow rate of 0.5 ml/min. The phenolic nature of isolated 
compounds was identified by preliminary phytochemical and UV-
Visible spectral analysis. The structure was elucidated based on IR, 
NMR and Mass spectral data. 

Antimicrobial assays 

Bacterial suspensions were prepared from log phase cultures as per 
Mc Farland standard (108 CFU/ml) [18]. Antibacterial activity of 
glycosyl flavonoids was determined by agar well diffusion method. 
Glycosyl flavonoids (5-25µg/ml) or 25µg/ml were added to each 
well aseptically, and plates were incubated at 37° C for 24 h. 
Ciprofloxacin, erythromycin, rifampicin, streptomycin at the 
concentration ranging from 2-10µg/ml or ciprofloxacin 10µg/ml 
was used as standard (10µg/ml). A zone of inhibition (mm) was 
measured using HiMedia zone inhibition scale and percent 
antibacterial activity was expressed with reference to standard [19].  

Antifungal activity of glycosyl flavonoids (5-25µg/ml) or 25µg/ml 
was determined against A. niger and R. oryzae using mycelial growth 
reduction assay [20] with PDA medium. PDA plate without glycosyl 
flavonoids was served as control. Clotrimazole concentrations from 
2-10µg/ml or 10µg/ml were used as the standard. The linear growth 
of fungi was measured in cm after 7days incubation at 28±2 °C and 
% of linear growth reduction was calculated using the Formula: 
Growth in control plate-Growth in treatment plate x 100/Growth in 
control plate. 

Minimum inhibitory concentration (MIC) 

In 96-well plate, 50 μl of Mueller–Hinton broth for bacteria or Potato 
dextrose broth for fungi was taken, and 50 μl of glycosyl flavonoid 
(25µg/ml) were added to the first row of the plate. Then, serial 
dilutions were performed (1/2, 1/4, 1/8, 1/16, 1/32 and 1/64) up to 
64 folds to reduce the concentration from 25 to 0.3 µg/ml and then 20 
μl of inoculum was added to each well. Standard antibiotic at 10, 5, 2.5, 
1.25, 0.6, 0.3 µg/ml was used as positive control. Wells without 
glycosyl flavonoids was served as negative control. The plates were 
incubated for 18 h at 37°C and 72h at 29 °C for bacteria and fungi, 
respectively. After incubation, 50 μl of 2, 3, 5-triphenyl tetrazolium 

chloride (TTC) solution (0.01%) was added to each well and again 
incubated for 1h. Least concentration of glycosyl flavonoids, which 
showing no color change was considered as MIC [21]. 

Minimum bactericidal and fungicidal concentration (MBC and 
MFC) 

MBC and MFC of glycosyl flavonoids were determined using 
standard protocols [22]. Agar blocks from the plates that showed no 
growth in MIC test was transferred to a corresponding broth and 
incubated at 32 °C for 24h (bacteria) or 29 °C for 72h (fungi). Finally, 
the growth of bacteria was determined by turbidimetry and fungi by 
hemocytometer. Bactericidal or bacteriostatic nature of glycosyl 
flavonoids and standards were determined using MIC index. 

Checkerboard broth dilution method 

The synergistic effect of glycosyl flavonoids on standard antibiotics 
was evaluated by checkerboard broth dilution method [23]. The 
synergistic effect of glycosyl flavonoids on microorganism was 
calculated from fractional inhibitory concentration (FIC) index using 
the formula: MIC of glycosyl flavonoid in combination/MIC of 
glycosyl flavonoid alone+MIC of antibiotic in combination/MIC of 
antibiotic alone.  

Determination of cytotoxic activity by MTT assay 

3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide 
(MTT) assay was used to evaluate the synergistic effect of C-glycosyl 
flavone on antibiotic-induced cytotoxicity against test 
microorganisms [24]. Nutrient broth containing bacteria (107 
CFU/100 µl) or Potato dextrose broth containing fungi (1x108 
cells/100 µl) was added to each well of the 96-well plate. S. aureus 
and B. subtilis were treated with C-glycosyl flavone at 1.56 and 0.75 
µg/ml, respectively or ciprofloxacin at 0.6 and 1.25 µg/ml, 
respectively or combination in a final volume of 150 µl and 
incubated for 24 h. R. oryzae and A. niger were treated with C-
glycosyl flavone at 0.75 and 1.56 µg/ml, respectively, or clotrimazole 
at 0.62 and 1.25 µg/ml, respectively or combination in a final 
volume of 150 µl and incubated for 24 h. Untreated wells were 
served as controls. After treatment, 20 µl MTT solutions (5 mg/ml in 
PBS) was added and incubated at 37 °C for 2h. Then 100 µl of 
dimethyl sulfoxide (DMSO) was added to each well to develop color. 
After 30 min of incubation, the absorbance (OD) was measured 
using an ELISA reader at a wavelength of 492 nm and cytotoxicity 
was expressed as percent control.  

Determination of cell death by propidium iodide staining 

Propidium iodide staining assay was used to evaluate the synergistic 
effect of C-glycosyl flavone on antibiotic-induced cell death in 
bacteria [24]. S. aureus, B. subtilis, R. oryzae and A. niger were treated 
with C-glycosyl flavone in 0.75 and 1.56 µg/ml, respectively, or 
clotrimazole at 0.62 and 1.25 µg/ml, respectively, or combination for 
24h as described above. Untreated wells were served as controls. 
After treatment, 50 µl of propidium iodide solution (15 µM) was 
added to each well and incubated in the dark at room temperature 
for 10 min. The treated and untreated samples were filtered through 
black Millipore polycarbonate filters. The filters were rinsed with 
sterile distilled water to remove the unincorporated stain. PI 
positive cells on filters were counted within 1 h under the 
fluorescent microscope and expressed as percent control.  

TUNEL assay 

S. aureus, B. subtilis, R. oryzae and A. niger were treated with C-
glycosyl flavone at 0.75 and 1.56 µg/ml, respectively or clotrimazole 
at 0.62 and 1.25 µg/ml, respectively, or combination for 24h as 
described above. Untreated wells were served as controls. The 
hydroxyl group of the DNA fragments in cells was labeled and 
stained by terminal deoxynucleotidyl transferase (TdT)-mediated 
dUTP nick end labeling method using an apoptosis in situ detection 
kit (Roche, USA), according to the manufacturer's instructions. The 
cell nucleus was labeled by 4',6-diamidino-2-phenylindole (DAPI) 
(Invitrogen, USA) and the nick-ends were labeled in green. The 
treated and untreated samples were filtered through black Millipore 
polycarbonate filters. Positively fluorescein-labeled cells were 
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visualized with the fluorescence microscopy, quantified, and 
expressed as percent compared to DAPI stained cells [24]. 

Detection of cytoplasmic membrane damage 

The assessment of the potassium present in the medium was 
carried out using flame photometer at a wavelength of 766.480 
nm. The instrument was calibrated using standard solutions 
containing 0.05, 0.1, 0.5, 1.0 and 5.0 μg/ml potassium chloride in 
ultra-pure deionized water. Aliquots of 100 μl from test 
microorganisms were separately incubated overnight. The rise in 
the amount of potassium in the supernatant, caused by antibiotic 
alone or C-glycosyl flavone alone or C-glycosyl flavone-antibiotics 
combination was measured following separation of cellular debris 
by centrifugation at 4000 rpm [11]. 

Statistical analysis 

All experiments were carried out in triplicates, and the data was 
expressed as mean±SD.  

RESULTS 

Medicinal plants have been contributed traditionally to human 
health. Studies have reported that the medicinal plants are potential 
sources of antimicrobial agents [9] and also natural compounds can 
enhance the antimicrobial efficacy of antibiotics [5].  

Isolation and characterization of C-glycosyl flavone 

Medicinal plants have been contributed traditionally to human 
health and are a potential source of therapeutic agents and also lead 
to the antibiotics. Elution of silica gel column containing crude 
methanolic extract of U. indica bulb with methanol: ethyl acetate solvent 
gradient system resulted in the isolation of three homogeneously pure 
compounds (fig. 1a). 

 

Fig. 1: Molecular structures of isolated flavonoids (a) O-glycosyl 
flavanone, (b) O-glycosyl flavone and (3) C-glycosyl flavone 

 

The phenolic nature of isolated compounds was identified by 
preliminary phytochemical and UV-Visible spectral analysis (Data 
not shown). The structure of isolated compound-1 was elucidated as 
5, 7-dihydroxy-2-[4'-hydroxy-3'-(methoxy-methyl) phenyl]-6-O-β-
glucopyranosyl flavone (O-glycosyl flavanone: C23H24 011) based on 
UV (MeOH) λmax nm: 271. IR (KBr) νmax cm−1: 3386, 2923, 2852, 

1715, 1515, 1454, 1383, 1074, 910. ESI-MS (C23H24O11) m/z: 493. 1H 
NMR (300 MHz, DMSO-d6): δ ppm 13.10 (1H, s, OH-5), 9.00 (1H, s, 
OH-4), 5.45 (1H, dd, J = 6.1, 9.1 Hz, H-2) 1.85 (1H, dd, J = 12.1 Hz, H-
3a), 3.15 (1H, dd, J = 11.0, 16.3 Hz, H-3b), 2.13 (1H, d, J = 2.3 Hz, H-
6), 1.31 (1H, d, J = 1.7 Hz, H-8), 8.05 (1H, s,OH-7), 7.4 (1H, d, J = 7.4 
Hz, H-8), 7.42 (1H, d, J = 3.4 Hz, H-6’), 4.21 (5H, s, sugar), 3.12 (2H, s, 
CH2-1’’’), 3.78 (3H, s, OCH3). 13C NMR (600 MHz, DMSO-d6) δ ppm 
151.7 (C-2), 101.39 (C-3), 178.51 (C-4), 160.79 (C-5), 166.41 (C-7), 
108.44 (C-4a), 162.69 (C-8a), 71.12 (C-1″), 64.49 to 82 (C-2″-C-5″), 
30.85 (C-6″), 57.2 (OCH3).  

However, the structure of isolated compound-2 solved as 5, 4'-
dihydroxy-3'-methoxy-7-O-β-D-glucopyranosyl flavone (O-glycosyl 
flavone: C22H24O11) based on: UV (MeOH) λ max nm: 348. IR (KBr) 
νmax cm−1: 3424, 2924, 1642, 1536, 1502, 1384, 1025, 1000, 974. 
ESI-MS (C22H24O11) m/z: 464 [M]+. 1H NMR (300 MHz, DMSO-d6): δ 
ppm 11.91 (1H, s, OH-5), 7.89 (1H, s, OH-4), 5.67 (1H, dd, J = 6.1, 9.0 
Hz, H-2) 1.25 (1H, dd, J = 10.4 Hz, H-3a), 3.01 (1H, dd, J = 11.0, 15.2 
Hz, H-3b), 6.11 (1H, d, J = 2.1 Hz, H-6), 6.16 (1H, d, J = 2.4 Hz, H-8), 
6.82 (1H, dd, J = 2.9, 7.0 Hz, H-20), 6.99 (1H, d, J = 8.0 Hz, H-30), 6.90 
(1H, d, J = 3.3 Hz, H-6), 5.67 (1H, d, J = 7.3 Hz, H-1″), 3.32-3.72 (5H, 
sugar), 3.66 (3H, OCH3). [13]C NMR (600 MHz, DMSO-d6): δ ppm 
79.56 (C-2), 39.62 (C-3), 187.39 (C-4), 98.3 (C-6), 96.51 (C-8), 
130.37 (C-10), 113.1 (C-20), 118.43 (C-30), 70 to 75 (C-2″-C-5″), 
68.52 (C-6″), 56.05 (OCH3). 

On the other hands the structure of compound-3 was resolved as 5, 
7-dihydroxy-2-[4'-hydroxy-3'-(methoxymethyl) phenyl]-6-C-β-
glucopyranosyl flavone (C-glycosyl flavone: C23H24 011) based on UV 
(MeOH) λmax nm: 271. IR (KBr) νmax cm−1: 3386, 2923, 2852, 1715, 
1515, 1454, 1383, 1074, 910. ESI-MS (C23H24O11) m/z: 493. 1H NMR 
(300 MHz, DMSO-d6): δ ppm 13.10 (1H, s, OH-5), 9.00 (1H, s, OH-4), 
5.45 (1H, dd, J = 6.1, 9.1 Hz, H-2) 1.85 (1H, dd, J = 12.1 Hz, H-3a), 
3.15 (1H, dd, J = 11.0, 16.3 Hz, H-3b), 2.13 (1H, d, J = 2.3 Hz, H-6), 
1.31 (1H, d, J = 1.7 Hz, H-8), 8.05 (1H, s,OH-7), 7.4 (1H, d, J = 7.4 Hz, 
H-8), 7.42 (1H, d, J = 3.4 Hz, H-6’), 4.21 (5H, s, sugar), 3.12 (2H, s, 
CH2-1’’’), 3.78 (3H, s, OCH3). 13C NMR (600 MHz, DMSO-d6) δ ppm 
151.7 (C-2), 101.39 (C-3), 178.51 (C-4), 160.79 (C-5), 166.41 (C-7), 
108.44 (C-4a), 162.69 (C-8a), 71.12 (C-1″), 64.49 to 82 (C-2″-C-5″), 
30.85 (C-6″), 57.2 (OCH3).  

Effect of Isolated glycosyl flavonoids on microbial growth 

As a preliminary study, the antimicrobial activity of isolated glycosyl 
flavonoids was evaluated as described earlier [25] at different 
concentrations ranging from 5-25µg/ml and results were expressed as 
a zone of inhibition in mm (table 1). A significantly high zone of 
inhibition was observed with isolated glycosyl flavonoids at 25µg/ml 
(Fig.2a). Antimicrobial activity of ciprofloxacin, erythromycin, 
rifampicin and streptomycin was evaluated at concentrations ranging 
from 2-10µg/ml to select a potential standard antibiotic for synergistic 
study (table 2). However, the significantly high zone of inhibition was 
observed with standard antibiotic ciprofloxacin at 10µg/ml compared 
to erythromycin, rifampicin, and streptomycin with 38±2.1, 26±1.6, 
20±0.6 and 15±0.4 mm of the zone of inhibition against Staphylococcus 
aureus, Bacillus subtilis, Escherichia coli and Pseudomonas aeruginosa, 
respectively. The antibacterial activity of isolated glycosyl flavonoids 
was expressed as percent of ciprofloxacin standard to normalize the 
activity against a spectrum of microorganisms. The growth inhibition 
in terms of percent standard by O-glycosyl flavanone was 40.21±2.1, 
17.76±1.3, 17.00±1.1 and 20.66±0.9 %; O-glycosyl flavone was 
50.26±2.5, 57.53±2.1, 25.00±1.6 and 33.33±0.8 % and C-glycosyl 
flavone was 80.94±2.5, 73.61±1.5, 58±1.6 and 47.33±1.7 % against S. 
aureus, B. subtilis, E. coli and P. aeruginosa, respectively at 25µg/ml 
concentration (fig. 2b). 

Antifungal activity of isolated glycosyl flavonoids was evaluated at 
different concentrations ranging from 5-25µg/ml and expressed as 
% of linear mycelial growth reduction (table 3). Significantly high 
growth inhibition was observed at 25µg/ml (Fig.3a). Graphical 
representation of results indicate that O-glycosyl flavanone inhibited 
the linear growth of R. oryzae and A. niger by 45±0.5 and 60±0.4%; 
O-glycosyl flavone inhibited 41±1.7 and 43±0.9%; C-glycosyl flavone 
inhibited 83±0.4 and 70±0.9%, and clotrimazole inhibited 95±0.7 
and 76±0.1% control, respectively after 7 d growth on PDA medium 
(fig. 3b). 
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Table 1: Antibacterial activity of O-glycosyl flavanone, O-glycosyl flavone, and C-glycosyl flavone against bacterial strains of Staphylococcus 
aureus, Bacillus subtilis, Escherichia coli and Pseudomonas aeruginosa at concentration of 5-25μg/ml 

Compounds Concentration 
(µg/ml) 

 Zone of inhibition (mm) 
S. aureus B. subtilis E. coli P. aeruginosa 

O-glycosyl flavonone 5 02±0.1 01±0.1 01±0.1 ND 
10 04±0.2 02±0.1 02±0.2 01±0.1 
15 07±0.4 04±0.1 02±0.2 02±0.1 
20 10±0.8 06±0.2 04±0.1 03±0.2 
25 13±1.2 08±0.4 06±0.2 04±0.3 

O-glycosyl flavone 5 05±0.2 02±0.1 03±0.1 ND 
10 09±0.3 05±0.2 03±0.1 01±0.1 
15 14±0.5 09±0.4 05±0.2 02±0.1 
20 17±1.1 13±0.6 07±0.2 03±0.2 
25 21±1.6 16±1.2 09±0.6 05±0.4 

C-glycosyl flavone 5 06±0.3 04±0.1 01±0.1 01±0.1 
10 11±0.5 07±0.3 05±0.2 02±0.1 
15 17±1.1 11±0.4 07±0.2 04±0.1 
20 24±1.4 15±0.7 09±0.5 06±0.2 
25 30±1.9 22±1.1 12±0.8 08±0.3 

Values are mean+SD [n=3] 

 

Table 2: Antibacterial activity of ciprofloxacin, erythromycin, rifampicin and streptomycin against bacterial strains of S. aureus, B. subtilis 
E. coli and P. aeruginosa at concentration of 2-10μg/ml 

Antibiotic Concentration 
(µg/ml) 

Zone of inhibition (mm) 
S. aureus B. subtilis E. coli P. aeruginosa 

Ciprofloxacin 
 

2 05±0.2 04±0.3 02±0.1 01±0.1 
4 12±0.2 10±0.1 07±0.2 05±0.3 
6 17±0.4 16±0.1 10±0.3 09±0.2 
8 21±0.8 20±0.2 14±0.1 11±0.4 
10 38±2.1 26±1.6 20±0.6 15±0.4 

Erythromycin 
 

2 02±0.2 02±0.1 03±0.1 ND 
4 05±0.3 06±0.2 05±0.1 04±0.1 
6 11±0.5 09±0.4 10±0.2 10±0.1 
8 17±1.1 13±0.6 14±0.2 13±0.2 
10 20±0.2 16±1.2 19±0.6 15±0.4 

Rifampicin 
 

2 02±0.3 02±0.1 01±0.1 01±0.1 
4 11±0.5 07±0.3 05±0.2 08±0.1 
6 17±1.1 11±0.4 10±0.2 10±0.1 
8 19±1.4 15±0.7 15±0.5 13±0.2 
10 21±1.0 22±1.1 19±0.8 18±0.3 

Streptomycin 2 01±0.3 02±0.1 03±0.1 01±0.1 
4 06±0.2 05±0.1 06±0.2 07±0.3 
6 10±0.5 09±0.4 09±0.2 10±0.1 
8 13±1.1 12±0.6 13±0.2 14±0.2 
10 19±0.8 18±0.2 17±0.1 18±0.4 

Values are mean+SD [n=3] 

 

Antimicrobial susceptibility of isolated glycosyl flavonoids was 
determined in terms of minimum inhibitory concentration (MIC), 
minimum bactericidal concentration (MBC) or MFC. The results 
showed that MIC of O-glycosyl flavanone was 3.12±0.01, 3.12±0.02, 
6.25±0.04 and 12.5±0.04 µg/ml; O-glycosyl flavone was 3.12±0.03, 
1.56±0.02, 6.25±0.05 and 12.5±0.06 µg/ml; C-glycosyl flavone was 
1.56±0.02, 0.75±0.01, 3.12±0.02 and 6.25±0.05 µg/ml and 
ciprofloxacin was 0.6±0.01, 1.25±0.02, 2.5±0.05 and 2.5±0.06µg/ml 
against S. aureus, B. subtilis, E. coli and P. aeruginosa, respectively 
(fig. 4a). The MBC of O-glycosyl flavanone was 12.5±0.09, 12.5±0.04, 
35±1.12 and 56±1.56 µg/ml, O-glycosyl flavone was 12.5±0.06, 
6.25±0.02, 30±1.40 and 60±2.56 µg/ml, C-glycosyl flavone was 
3.12±0.02, 1.56±0.01, 12.5±0.04 and 25±0.07 µg/ml and 
ciprofloxacin was 1.25±0.02, 2.5±0.01, 5±0.04 and 5±0.03 µg/ml 
against S. aureus, B. subtilis, E. coli and P. aeruginosa, respectively 
(fig. 4b). The MIC index (MBC/MIC) of O-glycosyl flavanone was 
4.0±0.02, 4.0±0.02, 5.6±0.01 and 4.4±0.01, O-glycosyl flavone was 
4.06±0.01, 4.05±0.02, 4.8±0.05 and 4.8±0.04, C-glycosyl flavone was 
2.0±0.01, 2.0±0.01, 4.0±0.03 and 4.0±0.02 and ciprofloxacin was 
2.0±0.01, 2.0±0.01, 2.08±0.03 and 2.1±0.02 against B. subtilis, S. 
aureus, E. coli, and P. aeruginosa, respectively. 

Minimum inhibitory concentration (MIC) of O-glycosyl flavanone was 
3.12±0.02 and 6.25±0.02 µg/ml; O-glycosyl flavone was 1.56±0.02 
and 3.12±0.02 µg/ml; C-glycosyl flavone was 0.75±0.01 and 
1.56±0.02 µg/ml and clotrimazole was 0.62±0.03 and 1.25±0.03 
µg/ml against R. oryzae and A. niger, respectively (fig. 4c). The MFC 
values of O-glycosyl flavanone was 6.25±0.05 and 12.5±0.09µg/ml; 
O-glycosyl flavone was 3.12±0.05 and 6.25±0.13µg/ml; C-glycosyl 
flavone was 1.56±0.06 and 3.12±0.15µg/ml and clotrimazole was 
1.25±0.04 and 2.5±0.12 µg/ml against R. oryzae and A. niger, 
respectively (fig. 4e). These results indicate that C-glycosyl flavone is 
effective against R. oryzae and A. niger compared to other glycosyl 
flavonoids. The results of MIC index indicate C-glycosyl flavone act as 
fungicidal agents (<4) against R. oryzae and A. niger.  

Synergism of C-glycosyl flavone with antibiotics 

Fractional inhibitory concentration (FIC) is one of the good 
approaches to determine the synergistic action of C-glycosyl 
flavone with antibiotics [13]. In the present study, the potential 
synergistic activity of C-glycosyl flavone in the terms of FIC index 
on ciprofloxacin against four bacteria species was evaluated. The 
FIC index value of C-glycosyl flavone was 0.5 against B. subtilis 
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and 0.3 against S. aureus. Further, the FIC index of C-glycosyl 
flavone on clotrimazole against R. oryzae and A. niger was 0.3 
and 0.48, respectively (table 4). These results indicate that C-

glycosyl flavone showed a synergistic effect on ciprofloxacin 
against S. aureus and B. subtilis and clothrimozole against R. 
oryzae and A. niger. 

 

 

 

Fig. 2: Antimicrobial activity of isolated flavonoids against representative strains of bacteria. (a) Antibacterial activity of O-glycosyl flavanone, O-
glycosyl flavone and C-glycosyl flavone was determined using disc diffusion method against Staphylococcus aureus, Bacillus subtilis, Escherichia coli 

and Pseudomonas aeruginosa at the concentration of (25μg/ml). The results were expressed as a zone of inhibition in mm. (b) Bacterial growth 
inhibition by O-glycosyl flavanone, O-glycosyl flavone, and C-glycosyl flavone in terms of percent ciprofloxacin standard (10 μg/ml) 

Values are mean+SD [n=3] 

 

Table 3: Antifungal activity of O-glycosyl flavanone, O-glycosyl flavone and C-glycosyl flavone at concentration of 5-25μg/ml and 
clotrimazole (2-10μg/ml) on fungal strains of Rhizopus oryzae and Aspergillus niger 

Compound/antibiotic Concentration (µg/ml) % of linear mycelium growth reduction 
R. oryzae A. niger 

O-glycosyl flavonone 5 12±0.1 15±0.1 
10 19±0.2 29±0.1 
15 27±0.4 41±0.1 
20 31±0.8 51±0.2 
25 45±0.5 60±0.4 

O-glycosyl flavone 5 10±0.2 12±0.1 
10 17±0.3 19±0.2 
15 21±0.5 27±0.4 
20 34±1.1 30±0.6 
25 41±1.7 43±0.9 
5 26±0.3 20±0.1 

C-glycosyl flavone 5 26±0.3 20±0.1 
10 34±0.5 29±0.3 
15 47±1.1 41±0.4 
20 64±1.4 59±0.7 
25 83±0.4 70±0.9 

Clotrimazole 2 31±0.8 29±0.1 
4 51±0.2 41±0.1 
6 69±0.7 56±0.2 
8 82±0.4 66±1.4 
10 95±0.7 76±0.1 

Values are mean+SD [n=3] 
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Fig. 3: Antifungal activity of isolated flavonoids against representative strains of fungi. (a) Antifungal activity of O-glycosyl flavanone, O-
glycosyl flavone, C-glycosyl flavone (25μg/ml) and clotrimazole (10μg/ml) against R. oryzae and A. niger. (b) Percent of mycelial growth 

reduction by O-glycosyl flavanone, O-glycosyl flavone, C-glycosyl flavone and standard clotrimazole 

Values are mean+SD [n=3] 
 

 

Fig. 4: Effect of isolated glycosyl flavonoids on microbial growth. (a) Minimum inhibitory concentration (MIC) of O-glycosyl flavanone, O-
glycosyl flavone, C-glycosyl flavone and ciprofloxacin against S. aureus, B. subtilis E. coli and P. aeruginosa in terms μg/ml. (b) Minimum 

bactericidal concentration (MBC) of isolated glycosyl flavonoids and ciprofloxacin against representative bacteria in terms of μg/ml. (c) 
Minimum inhibitory concentration (MIC) of O-glycosyl flavanone, O-glycosyl flavone, C-glycosyl flavone and clotrimazole against R. oryzae 

and A. niger in terms μg/ml. (d) Minimum fungicidal concentration (MFC) of O-glycosyl flavanone, O-glycosyl flavone, C-glycosyl flavone and 
clotrimazole against R. oryzae and A. niger in terms μg/ml 

Values are mean+SD [n=3] 
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Table 4: Fractional inhibitory concentration (FIC) of C-glycosyl flavone with ciprofloxacin on S. aureus and B. subtilis and clotrimazole on 
R. oryzae and A. niger in μg/ml. FIC index ≤ 0.5–synergism,>0.5–4.0–indifference,>4.0–antagonism 

Organisms FIC index of C-glycosyl flavone 
Ciprofloxacin Clothrimozole 

S. aureus 0.3 - 
B. subtilis 0.5 - 
R. oryzae - 0.3 
A. niger - 0.48 

 

The MIC and MBC are used to indicate antimicrobial activity at high 
concentrations. However, sub-inhibitory antimicrobial 
concentrations, the lowest antimicrobial concentration resulting in a 
90% decrease in population compared to control is clinically 
important. In this study, it was found that sub-inhibitory 
concentrations, 1/8 and 1/4 MIC of C-glycosyl flavone enhanced the 

antibacterial activity of ciprofloxacin against S. aureus and B. subtilis 
up to 4 and 8 folds, respectively. Further, at 1/16 and 1/8 MIC 
enhanced the antifungal activity of clotrimazole up to 7 and 12 folds 
against R. oryzae and A. niger. These results indicate that C-glycosyl 
flavone was the potent antimicrobial compound which is responsible 
for synergistic effects (table 5). 

 

Table 5: Sub-inhibitory concentrations of C-glycosyl flavone with ciprofloxacin on Staphylococcus aureus, Bacillus subtilis, Escherichia coli 
and Pseudomonas aeruginosa and clotrimazole on Rhizopus oryzae and Aspergillus niger in μg/ml 

Test organism Sub-inhibitory concentrations of C-glycosyl flavone (µg/ml) Antimicrobial activity (fold change) 
ciprofloxacin clothrimazole 

S. aureus 1/8 - 8 
B. subtilis 1/4 - 4 
R. oryzae - 1/16 12 
A. niger - 1/8 7 

Values are mean+SD [n=3] 
 

The synergistic effect of C-glycosyl flavone on antibiotic-induced 
cytotoxicity 

To study a mode of action of isolated C-glycosyl flavone or 
combination with antibiotics, cytotoxic activity was determined as 
the preliminary study using MTT assay. The results showed that C-
glycosyl flavone or ciprofloxacin or combination exhibited 48, 56 and 
89% cytotoxicity against S. aureus whereas 56, 63 and 91% against 
B. subtilis (fig. 5a). However, C-glycosyl flavone or clotrimazole or 
combination exhibited 28, 36 and 49% cytotoxicity against R. oryzae 
whereas 26, 23 and 41% against A. niger (fig. 5b). 

Propidium iodide (PI) staining has been historically interpreted as 
an indicative of dead cells in either eukaryotes or prokaryotes. In the 
present study, propodium iodide staining was used to evaluate the 
synergistic effect of C-glycosyl flavone on ciprofloxacin-induced 
bacterial cell death or clotrimazole induced fungal cell death. The 
results indicate that the propidium iodide positive S. aureus cells 
with C-glycosyl flavone or ciprofloxacin or combination were 36, 52 
and 86%, respectively, whereas B. subtilis were 34, 48 and 82%, 
respectively (fig. 5c). The results also indicate that the propidium 
iodide stained R. oryzae with C-glycosyl flavone or ciprofloxacin or 
combination were 26, 32 and 46%, respectively, whereas A. niger 
was 24, 28 and 32%, respectively (fig. 5d).  

To further determine whether C-glycosyl flavone promoting DNA 
fragmentation in test microorganisms, we performed terminal 
deoxynucleotidyl transferase dUTP nick-end labeling (TUNEL) on 
antibiotic-treated cells with modifications. The results indicate that 
the tunel positive S. aureus cells with C-glycosyl flavone or 
ciprofloxacin or combination were 46, 62 and 82%, whereas B. 
subtilis was 43, 58 and 80% (fig. 5e). The results also showed that 
the tunel positive R. oryzae with C-glycosyl flavone or clotrimazole or 
combination were 26, 36 and 51%, whereas A. niger was 23, 38 and 
48% (fig. 5f). 

To study the effect of C-glycosyl flavone on antibiotic-induced 
cytoplasm membrane damage, potassium leakage was measured. 
From the results, it is apparent that potassium leakage with C-
glycosyl flavone was 24.5 ppm in S. aureus and 21.4 ppm in B. subtilis. 
Whereas with ciprofloxacin was 32.6 ppm in S. aureus and 30.4 ppm 
in B. subtilis. However, with C-glycosyl flavone-antibiotic 
combination, the potassium leakage was 42.4 and 39.6 ppm in S. 
aureus and B. subtilis, respectively. The potassium leakage with C-

glycosyl flavone was 14.5 ppm in R. oryzae and 11.4 ppm in A. niger. 
Whereas with clotrimazole was 22.6 ppm in R. oryzae and 18.4 ppm 
in A. niger. However, with C-glycosyl flavone-antibiotic combination, 
the potassium leakage was 32.4 and 35.6 ppm in R. oryzae and A. 
niger, respectively. 

DISCUSSION  

Medicinal plants are the richest source of potential antimicrobial 
agents [13]. The exploitation of pure antimicrobial agents has 
several advantages, including reproducibility, accuracy and also 
useful in the synthesis of synthetic molecules, structural 
modifications and rationalization of the mechanism of action [12]. 
Our previous study has demonstrated that methanolic extract of U. 
indica bulb exhibited good antioxidant activity compared to other 
solvent extracts. In the present study, three homogeneously pure 
compounds were isolated. One compound exhibited major UV peak 
at 256 nm, the second one at the 348 nm and third one at 271 nm. 
The absorption maxima at 257, 349 and 270 nm were reported as 
characteristics of flavonoid compounds [8]. A phytochemical study 
using qualitative tests with specific reagent indicates that all the 
three compounds are positive for flavonoids (Data not shown). 
These results suggested that isolated compounds are flavonoids.  

Assignments and confirmation of flavone or flavonone structure were 
done based on the complicated flavone [13]C NMR data. Accordingly, the 
structure of compound-1 was identified as 5, 4'-di hydroxyl-3'-methoxy-
7-o-(α-L-rhamnosyl-(1'''-6'')-β-D-glucopyranosyl) flavanone (C28H34O15) 
with molecular weight of 610, compound-2 as 5, 4'-dihydroxy-3'-
methoxy-7-O-β-D-glucopyranosyl flavone (C22H24O11) with 
moleclular weight of 464 and compound-3 as 5, 7-dihydroxy-2-[4'-
hydroxy-3'-(methoxy-methyl) phenyl]-6-C-β-glucopyranosyl flavone 
(C23H24 011) with molecular weight of 493. 

The emergence of drug resistance is one of the worldwide clinical 
threats. Extensive use of antibiotics for the treatment of microbial 
infections has led to the emanation and spread of resistant strains. 
In the last few years, research on the discovery of new antibiotics or 
synergistic natural compounds has been conducted. The present 
study demonstrated that the isolated glycosyl flavonoids exhibited 
significant antibacterial activity against gram-positive bacteria S. 
aureus and B. subtilis and less activity against gram-negative 
bacteria E. coli and P. aeruginosa. Among the isolated compounds, C-
glycosyl flavone exhibited strong antibacterial activity. Significantly 



Malla et al. 

Int J Pharm Pharm Sci, Vol 8, Issue 5, 296-305 

303 

high growth inhibition of gram positive bacteria may be due to the 
absence of an extra outer membrane, which may be permeable to 
the glycosyl flavonoids. These results appear to correlate with earlier 

claims of medicinal and antimicrobial uses of U. indica [4]. Recently, the 
antibacterial activity of the crude methanolic extract of U. indica bulb 
against E. coli, S. aureus and P. aeruginosa was reported [3]. 

  

 

Fig. 5: Synergistic effect of C-glycosyl flavone on antibiotic induced cytotoxicity. Cytotoxicity effect of C-glycosyl flavone or ciprofloxacin or 
combination on S. aureus and B. subtilis (a) and clotrimazole or combination on R. oryzae and A. niger (b) by MTT assay. The results were 

expressed in terms of % of cytotoxicity. Effect of C-glycosyl flavone or ciprofloxacin or combination on cell death of S. aureus and B. subtilis 
(c) and clotrimazole or combination on R. oryzae and A. niger cell death (d) by as determined by PropidiumIodide staining. The results 

were expressed in terms of % of PI positive cells. Cytotoxicity effect of C-glycosyl flavone or ciprofloxacin or combination on apoptosis like 
cell death of S. aureus and B. subtilis (e) and clotrimazole or combination on R. oryzae and A. niger (f) as determined by TUNEL assay. The 

results were expressed in terms of % of TUNEL positive cells. Effect of C-glycosyl flavone or ciprofloxacin or combination on cytoplasm 
membrane damage of S. aureus and B. subtilis (g) and clotrimazole or combination on R. oryzae and A. niger 

Values are mean+SD [n=3] 

 

Antibacterial efficacy of the natural compounds was generally 
evaluated in terms of minimum inhibitory concentration (MIC) and 
minimum bactericidal concentration (MBC). In the present study, 
isolated O-glycosyl flavanone, O-glycosyl flavone and C-glycosyl 
flavone showed significantly lower MIC and MBC values against 
gram-positive bacteria (B. subtilis, and S. aureus) compared to gram-
negative bacteria (E. coli and P. aurosinosa), this may be fact that 
different bacteria are inhibited by phytochemical compounds with 
different mechanisms[9]. According to NCCLS protocol, MIC index 
indicates the bactericidal or bacteriostatic mechanism of action. 
Bactericidal compounds kill the microorganisms, whereas as 
bacteriostatic compounds inhibit cell division. If the MIC index is ≤ 4, 
the compound was considered as bactericidal, whereas if>4 and<32, 
the compound was considered as bacteriostatic. The results of the 
present study reveal that isolated C-glycosyl flavone have strong 
bactericidal activity against B. subtilis and S. aureus. Generally, 
bactericidal compounds are more potent than bacteriostatic 
compounds. It is well established that bactericidal activity is an 
important determinant of clinical outcome [13]. Therefore, the 
present results suggest that isolated C-glycosyl flavone of U. indica 
can be used in bactericidal therapy.  

Various antimicrobials at sub-inhibitory concentrations have been 
reported to inhibit the rate of bacterial growth in vitro. The number 
of infecting organisms is important in the clinical outcome of 

infection; a 90% reduction in bacterial population at sub-inhibitory 
antimicrobial concentrations could have important clinical 
consequences [24]. In this study, it was found that at sub-inhibitory 
concentrations (1/8 and1/4MIC) of C-glycosyl flavone enhanced the 
antibacterial activity of ciprofloxacin against S. aureus and B. subtilis 
up to 8 and 4 folds, respectively by reducing the minimum inhibitory 
concentration of antibiotic required to inhibit the growth of bacteria.  

The incidences of fungal infection are increasing significantly in the 
past 25 y and are responsible for the majority of invasive and non-
invasive fungal infections. To expand the spectrum of antibacterial 
activity of isolated glycosyl flavonoids, the antifungal activity against 
most common fungi was also conducted. This study demonstrated 
the highest potency of C-glycosyl flavone against R. oryzae and A. 
niger in terms of low minimum inhibitory (MIC) and minimum 
fungicidal concentrations (MFC). The results of MIC index indicate 
that isolated C-glycosyl flavone is a potent fungicidal agent (≤ 2) 
against all tested fungi.  

For the past several years, microbiologists have conducted 
laboratory experiments on various bacteria and fungi with isolated 
glycosyl flavonoids from medicinal plants to enhance its spectrum of 
action [20]. Reports stated that medicinal plant compounds with 
MIC value less than 1 mg/ml are clinically relevant. This may be true 
regarding C-glycosyl flavone isolated from U. indica, because it 
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showed significant antimicrobial activity with greater synergistic 
activity [19]. 

Drug synergism between known antibiotics and glycosyl flavonoids 
from medicinal plants is an innovative concept and beneficial for 
understating the mechanism of drug resistance. Mechanism of 
synergy is also fundamental for the development of pharmacological 
agents against drug resistant microbial infections. The most effective 
approach to overcome the microbial resistance is the use of natural 
synergistic antimicrobial with synthetic agents [9].  

The FIC index is frequently used to determine the interaction 
between antimicrobial compounds and antibiotics. The combination 
of antibiotics is considered as synergistic if the FIC is ≤0.5 or as 
partial synergistic if 0.5<FIC ≤ 0.75 or as no effect if 0.75<FIC ≤ 2 and 
as antagonistic when ΣFIC is>2. However, drug-drug interactions are 
considered synergistic if the FIC index is less than 1.0; additive if the 
FIC is equal to 1.0; less-than-additive if the FIC index is greater than 
1.0 for fungi [16]. Accordingly, the isolated C-glycosyl flavone 
exhibited significant synergistic interaction with ciprofloxacin 
against S. aureus and B. subtilis and clotrimazole against R. oryzae 
and A. niger.  

The significance of these observations lies in the fact that antibiotics 
are causing the development of drug resistance in microbes thereby 
limiting the clinical success of antibiotic therapy. Recent reports 
showed that combination therapy is a superior modality and that 
naturally occurring dietary supplements with known antibiotics 
could be used in combination compound therapy to reduce the drug 
resistance [11]. 

Drug susceptibility testing of microorganisms by conventional 
methods is complicated and time-consuming. The MTT assay is a 
simple, inexpensive and easily interpretable by the naked eye. It is a 
rapid screening method used for identification of antimicrobial 
agents [20]. It was originally introduced by Mossman as a 
quantitative measure of mammalian cell proliferation and was 
subsequently used to detect the viability of bacteria under adverse 
conditions. MTT is a yellow tetrazolium salt that is converted to a 
blue formazan by dehydrogenases of a living cell. It is based on the 
principle that the amount of formazan produced is directly 
proportional to the number of live cells. It could also potentially be 
used as a simple screening method for evaluating drug synergism 
between the antimicrobial agents.  The most common infections are 
caused by gram-negative organisms. However, serious infections 
have become more predominant in the past decade due to gram-
positive. The results of the present study indicate that isolated C-
glycosyl flavone significantly enhanced ciprofloxacin-induced 
cytotoxicity against gram-positive bacteria S. aureus and B. subtilis 
and clotrimazole against R. oryzae and A. niger. These results 
correlated with of antimicrobial activity and synergistic efficacy of C-
glycosyl flavone.  

Apoptosis is physiologically programmed cell death involves the 
biological regulation of vital activities of cells. Recent studies have 
demonstrated the evidence of apoptosis in bacteria as a function of 
antibacterial drugs [12]. Flavonoid compounds have been known for 
their ability to effect cytoplasmic membrane permeability 
consequently resulting in leakage of cellular constituents like nucleic 
acids, proteins and inorganic ions such as phosphate and potassium 
[17]. Potassium leakage is a measure of membrane damage in 
microorganisms. High potassium leakage from C-glycosyl flavone-
ciprofloxacin combination than the C-glycosyl flavone and 
ciprofloxacin alone is indicating the additive effect of C-glycosyl 
flavone on ciprofloxacin-induced bacterial membrane damage. In 
addition to membrane damage, apoptosis-like cell death in bacteria 
is also characterized by DNA fragmentation. In our investigation, 
significantly increased tunel positive cells was observed with the of 
ciprofloxacin and C-glycosyl flavone treatment in both S. aureus and 
B. subtilis compared to individual treatments, indicating the additive 
effect of C-glycosyl flavone on ciprofloxacin-induced apoptosis. C-
glycosyl flavone also showed but less addictive clotrimazole effect on 
induced apoptosis in fungi, R. oryzae and A. niger, compared to 
tested bacteria.  

In conclusion, our data might provide a rational basis for the use of 
C-glycosyl flavone from U. indica in clinical and throw light on the 
development of the novel antibacterial drugs. 
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