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ABSTRACT 14 

The problem of bacterial resistance is becoming more and more serious, which 15 

has become an urgent problem to be solved in human and veterinary. One approach to 16 

control and delay bacterial resistance is combination therapy in which antibiotics are 17 

given together with other antimicrobial or non-antimicrobial agents. Studies have 18 

shown that flavonoids from Traditional Chinese medicine (TCM) possess a high level 19 

of antibacterial activity against antibiotic resistant strains. The aim of this study was 20 

to evaluate the antibacterial effects of a combined therapy of total flavonoids from 21 

Ilex rotunda Thunb. and antibiotics against seven kinds of veterinary bacteria which 22 

were multidrug resistance bacteria. A microdilution checkerboard method was used to 23 

determine the minimal inhibitory concentrations of both types of antimicrobials, alone 24 

and in combination. The fractional inhibitory concentration index was calculated and 25 
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used to classify observed collective antibacterial activity as synergistic, additive, 26 

indifferent or antagonistic. 27 

From the performed tests, the total flavonoids and antimicrobial agents were 28 

combined to inhibit different multidrug-resistant bacteria, such as Escherichia coli, 29 

Streptococcus, Pseudomonas aeruginosa, Enterococcus faecalis, Proteus vulgaris, 30 

Staphylococcus aureus, Acinetobacter baumannii. For these bacteria, total flavonoids 31 

from Ilex Rotunda Thunb. presented synergistic or additive with different antibiotics 32 

and had a certain antibacterial effect on the separated multidrug-resistant bacteria. The 33 

study shows total flavonoids from Ilex rotunda Thunb. have potential as adjuvants for 34 

the treatment of animal bacterial diseases. 35 

1. Introduction 36 

With extensive use and abuse of antibiotics in both human and veterinary 37 

medicine, the problem of rapid spread of bacterial resistance is becoming more and 38 

more serious(Jones, Draghi, Thornsberry, Karlowsky, Sahm & Wenzel, 2004). So it is 39 

more difficult to find an effective drug treatment of animal bacterial diseases, the 40 

increase in dosage, development of drug resistance, drug residues and accumulation in 41 

body surely will do harm to body health, but also damage the ecological 42 

environment(Liu et al., 2017; Miravitlles & Anzueto, 2017).  43 

China is fortune as it owns rich resources of traditional Chinese Medicine. Novel 44 

antibacterial action of plant extracts or effective bacteriostatic component, such as 45 

flavonoids, berberine, polysaccharides, saponin, volatile oil, etc. have been 46 

documented(Ramezani, Rahmani & Dehestani, 2017;Naz et al., 2017). Few plants 47 

extraction and effective bacteriostatic component exhibited synergistic or additive 48 

interaction with antibiotics against drug-resistant bacteria(Eskandary, Tahmourespour, 49 

Hoodaji & Abdollahi, 2017; Ye et al., 2017). Screening of crude extracts for 50 

synergistic or additive interaction with antibiotics is expected to provide bioactive 51 

compounds to be used in combinational therapy. These compounds may not have 52 

strong antibacterial activity but may enhance the activity of antibiotics synergistically 53 
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or additively. 54 

Ilex rotunda Thunb. belongs to the Ilex genus, the dried bark or root bark. The 55 

chemical constituents have been isolated from more than 20 kinds, mainly including 56 

three terpenoids, flavonoids, phenols, tannins and so on(Liu, Peng, Chen, Liu, Liang 57 

& Sun, 2017). The research on antibacterial, anti-inflammation is becoming more and 58 

more popular and accepted. Flavonoids are well-known antimicrobial compound 59 

against some pathogenic microorganisms and have been regard as one of potential 60 

sources of novel antimicrobial agents(Zakaryan, Arabyan, Oo & Zandi, 2017; Kurek, 61 

Nadkowska, Pliszka & Wolska, 2012). Flavonoids used alone or with some 62 

antibacterial drugs combination have certain antibacterial effects, and some antibiotics 63 

combined with antibacterial drugs can reduce the minimum inhibitory concentration 64 

of bacteria and antibiotic resistant strains to increase antibacterial activity(Barbieri et 65 

al., 2017; Usman et al., 2016). 66 

In the present study, we evaluated synergistic and additivity effects of antibiotics 67 

administered at doses lower than their minimum inhibitory concentrations (MICs) 68 

with total flavonoids from Ilex rotunda Thunb. to test whether it would enhance the 69 

antibacterial activity of antibiotics to veterinary multidrug-resistant bacteria. Potential 70 

synergistic and additive antibacterial effects were quantified by the fractional 71 

inhibitory concentration index (FICI), which was determined using MICs obtained by 72 

the microdilution checkerboard method (Roy-Leon, Lauzon, Toye, Singhal & 73 

Cameron, 2005). 74 

2. Materials and methods 75 

2.1 Preparation of total flavonoids from Ilex rotunda Thunb. 76 

Ilex rotunda Thunb. were provided by Guangxi Taihua Pharmaceutical 77 

Corporation. The bark was dried in oven 40℃ till constant weight achieved, then 78 

crushed into powder with a size smaller than No.30 mesh. Total flavonoids were 79 

extracted under the extraction conditions that ethanol concentration, 63.71%; 80 
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solid-liquid ratio, 43.03ml/g; ultrasonic temperature, 54.01℃ and ultrasonic power, 81 

63.25% (443W). The extracts were collected, freeze-dried, ground and then stored at 82 

-20℃. For experiment purposes flavonoids extract was reconstituted in 5% dimethyl 83 

sulfoxide (DMSO) to a final concentration of 320mg/ml. 84 

2.2 Antimicrobial agents 85 

Amikacin, colistin, meropenem, sulfamonomethoxine, amoxicillin, mequindox, 86 

ceftriaxone sodium, cefotaxime sodium, ceftiofur sodium, ceftazidime, lincomycin, 87 

florfenicol, fosfomycin, rifampicin were obtained from Sigma-Aldrich (Shanghai). 88 

Amikacin, colistin, meropenem were prepared in sterile distilled water. Amoxicillin 89 

was dissolved in phosphate e buffer (PH=6.0, 0.01mol/L). Azithromycin was prepared 90 

in 95% ethanol and dissolved in broth. Ceftazidime was dissolved in sodium 91 

carbonate solution (NaCO3, the amount of anhydrous sodium carbonate is ten percent 92 

of ceftazidime). Rifampicin was dissolved in dimethyl sulfoxide (DMSO, final 93 

concentrations ranging from 0.0002% to 0.0003%). Sulfamonomethoxine was first 94 

dissolved in half of total volume hot water added a small amount of sodium hydroxide 95 

and then diluted with sterile distilled water to the working concentration.  96 

2.3 Bacterial strains and growth conditions 97 

Escherichia coli, Streptococcus, Pseudomonas aeruginosa, Enterococcus 98 

faecalis, Proteus vulgaris, Staphylococcus aureus, Acinetobacter baumannii were all 99 

obtained from the Chinese Veterinary Laboratory at Guangxi University (Nanning, 100 

China). The cultures were preserved at -20℃ with 50% (v/v) glycerin solution at a 101 

ratio of 1:1 before use. Working cultures of 7 kinds bacterial were prepared from 102 

frozen stocks by 3 sequential transfers in 10ml liquid media (CAMHB for Escherichia 103 

coli, Pseudomonas aeruginosa, Enterococcus faecalis, Proteus vulgaris, 104 

Staphylococcus aureus, Acinetobacter baumannii, CAMHB was supplemented with 105 

2.5%~5.0% LHB for Streptococcus). 106 

2.4 Experiment on the evaluation of different combined effects 107 
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The antibiotic sensitivity of bacterial strains was assessed according to Clinical 108 

Laboratory Standards Institute (CLSI) document M100-S24 (Wayne, 2014). MICs of 109 

antibiotics, flavonoids of Ilex rotunda Thunb. and their combinations were determined 110 

using the microdilution checkerboard method. Escherichia coli, Pseudomonas 111 

aeruginosa, Enterococcus faecalis, Proteus vulgaris, Staphylococcus aureus, 112 

Acinetobacter baumannii were tested in MH (pH=7.3), while CAMHB was 113 

supplemented with 2.5%~5.0% LHB for cultivation of Streptococcus.  114 

Microdilution techniques were used to test the interactions between total 115 

flavonoids and other antibiotics. All these methods were developed for the detection 116 

of drug interactions, for there is no standardized method known to evaluate interaction 117 

between total flavonoids and antibiotics. Dilution procedures were performed 118 

according to CLSI protocol M7A7-2006(Adrar, Oukil & Bedjou, 2016). 119 

Serial dilutions of total flavonoids and antibiotics were prepared, different 120 

combinations of these antibacterial were made and tested. Each well of the plate 121 

contain different concentrations of flavonoids and antibiotics which was shown in 122 

Table 1. The final volume in each well was equal to 100μL. The microtiter plates were 123 

incubated at 37°C for 16-18h. 124 

The FICI was calculated to evaluate the combined antimicrobial effect of 125 

antibiotics and flavonoids: 126 

FICI =
MIC of A in combination

MIC of A alone 
+

MIC of B in combination

MIC of B alone
 

In the present study, the combined antibacterial effects of antibiotics and 127 

flavonoids were synergistic effect, addition, indifferent effect or antagonistic effect 128 

when the results were FICI ≤ 0.5, 0.5 < FICI ≤1, 1 < FICI ≤ 2 and FICI > 2, 129 

respectivel( Kurek, Nadkowska, Pliszka & Wolska, 2012). 130 

3. Results  131 

3.1 Antibacterial activities of total flavonoids on different drug-resistant bacteria  132 
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The MIC values of total flavonoids on various bacteria isolated including gram 133 

positive bacteria and gram negative bacteria were shown in Table 2. The minimum 134 

inhibitory concentration of total flavonoids against Acinetobacter Streptococcus and 135 

Acinetobacter baumannii were 20mg/ml, that of Enterococcus faecalis, Proteus 136 

vulgaris, Staphylococcus aureus were 40mg/ml. The MIC values of total flavonoids 137 

on E.coli and Pseudomonas aeruginosa were 80mg/ml, showing antibacterial effects. 138 

3.2 Antimicrobial activities of different combinations on gram negative bacteria  139 

Antimicrobial activities of different combinations on gram negative bacteria are 140 

shown in Table 3. Drug sensitivity test showed that E.coli, Pseudomonas aeruginosa, 141 

Proteus vulgaris, Acinetobacter baumannii were all multidrug-resistant bacteria. The 142 

effect of tested combinations was evaluated by MIC and FICI.  143 

As shown in Table 3, an additive effect is obtained against E.coli by using 144 

flavonoids with fosfomycin, florfenicol, mequindox, sulfamonomethoxine, a 145 

synergistic effect is obtained against E.coli by using the combination flavonoids with 146 

ceftiofur sodium, ceftazidime, cefotaxime sodium, lincomycin, amikacin, amoxicillin, 147 

an indifferent effect is shown by using flavonoids/azithromycin and 148 

flavonoids/rifampicin combination against Escherichia coli. 149 

For Pseudomonas. aeruginosa, the combination of flavonoids and fosfomycin, 150 

meropenem shows synergistic effect, an indifferent effect is shown by using 151 

flavonoids and amoxicillin, florfenicol, rifampicin combination, while using 152 

flavonoids with azithromycin sulfamonomethoxine, lincomycin, mequindox, 153 

ceftriaxone sodium, cefotaxime sodium shows antagonistic effects. 154 

To Proteus vulgaris, the combination of flavonoids and fosfomycin, ceftriaxone 155 

sodium, ceftiofur Sodium, cefotaxime sodium shows synergistic effect, showing 156 

indifferent with amoxicillin, colistin, mequindox, an antagonistic effect is obtained 157 

with the following combination of flavonoids with sulfamonomethoxine, lincomycin, 158 

florfenicol, azithromycin, amikacin, rifampicin, respectively. 159 
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For Acinetobacter baumannii, an additive effect is obtained by using flavonoids 160 

with sulfamonomethoxine, amoxicillin, mequindox, showing indifference with 161 

ceftriaxone sodium, cefotaxime sodium, ceftiofur Sodium, ceftazidime, lincomycin, 162 

Florfenicol, fosfomycin, meropenem. 163 

3.3 Antimicrobial activities of different combinations on gram positive bacteria  164 

Antimicrobial activities of different combinations on gram positive bacteria are 165 

shown in Table 4. Drug sensitivity test showed that Enterococcus faecalis, 166 

Streptococcus, Staphylococcus aureus were all multidrug-resistant bacteria. The effect 167 

of tested combinations was evaluated by MIC and FICI.  168 

As shown in Table 4, an additive effect is obtained against Enterococcus faecalis 169 

by using flavonoids with amoxicillin, florfenicol, rifampicin, a synergistic effect 170 

shown in the combination of flavonoids with amikacin, ceftazidime, ceftiofur Sodium, 171 

cefotaxime sodium, meropenem, ceftriaxone sodium, showing indifference by using 172 

flavonoids with sulfamonomethoxine, and an antagonistic effect is obtained by using 173 

flavonoids with colistin, lincomycin and azithromycin. 174 

For Streptococcus, the combination of flavonoids with fosfomycin, mequindox, 175 

colistin, sulfamonomethoxine show additive action, showing synergistic effect by 176 

using flavonoids/amikacin combination, an indifferent effect is obtained with the 177 

combination of flavonoids/florfenicol. 178 

An additive effect is obtained against Staphylococcus aureus by using the 179 

combination of flavonoids and ceftriaxone sodium, amikacin, ceftazidime, lincomycin, 180 

showing synergistic effect with florfenicol, the combination of flavonoids and 181 

amoxicillin, fosfomycin show indifference. In another hand, an antagonistic effect is 182 

obtained with the combination of flavonoids and colistin, sulfamonomethoxine, 183 

mequindox, azithromycin. 184 

4. Discussion  185 
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The most relevant result of this study is that it demonstrates total flavonoids of 186 

Ilex rotunda Thunb. are equally effective against the above 7 different 187 

multidrug-resistant bacteria. Furthermore, the combinations of flavonoids and 188 

different antimicrobial agents are also effective against those multidrug-resistant 189 

bacteria. 190 

Multidrug resistance has become a serious problem in the world, an urgent need 191 

for research into novel antibacterial agent and the development of efficacious 192 

combinations against multidrug-resistant bacterial clinical isolates are becoming more 193 

and more important(Oliveira et al., 2017; Bisi-Johnson, Obi, Samuel, Eloff & Okoh, 194 

2017). Plant extracts used in combination with the antibiotic can be water extract, 195 

extracts of different solvents in different parts of plant or a serum containing plant 196 

extracts (Ahmad & Aqil, 2007). Compared with herbal medicine, antibiotics are easier 197 

to cause the problem of bacterial resistance due to their composition is clear and 198 

single while these herbal medicine own complex and varied composition (Schwarz, 199 

Kehrenberg & Walsh, 2001; Mishra, Rath, Swain, Ghosh, Das & Padhy, 2017). 200 

Medicinal plants have antibacterial action in vitro, enhance the antibiotic 201 

activity(Barreto et al., 2016), delay or eliminate bacterial tolerance(Roy-Leon, Lauzon, 202 

Toye, Singhal & Cameron, 2005), while because they contain a variety of effective 203 

ingredients which are not easy to be separated completely, so these medicinal plants 204 

cannot easily replace antibiotics. But the combined use of them and antibiotics may be 205 

the development trend of the clinical application of Chinese medicine.  206 

In general, the target of antibiotics is single, but bacterial mutation is happening 207 

more and more, it is difficult to avoid the resistance mutations in bacteria(Schwarz, 208 

Kehrenberg & Walsh, 2001). One of TCM antibacterial characteristics is antibacterial 209 

ingredients are varied(Xiong, Li, Wang, Hong, Tang & Luo, 2013), which can inhibit 210 

or kill bacteria in different ways at the same time(Khan et al., 2015), so the choice of 211 

TCM combined with antibiotics can not only effect for a longer time, have a broad 212 

spectrum of antibacterial effect(Bisi-Johnson, Obi, Samuel, Eloff & Okoh, 2017d; 213 

Rajakumar, Gomathi, Thiruvengadam, Devi, Kalpana & Chung, 2017; Teanpaisan, 214 
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Kawsud, Pahumunto & Puripattanavong, 2017), but also can be used as inhibitors of 215 

multidrug resistance associated protein targets, promoting antibiotics play a better role, 216 

reducing the dosage of antibiotics, further reducing the possibility of bacterial 217 

resistance to antibiotics, and providing certain clinical medication safety the 218 

security(Eumkeb, Tanphonkrang, Sirichaiwetchakoon, Hengpratom & Naknarong, 219 

2017; Eumkeb, Siriwong & Thumanu, 2012; Eumkeb, Siriwong, Phitaktim, 220 

Rojtinnakorn & Sakdarat, 2012). 221 

The experiment results proved that the total flavonoids of Ilex rotunda Thunb. 222 

combined with different antibacterial agents achieve a good effect, and screen 223 

combinations that can play a synergistic or additive inhibitory effect against different 224 

drug-resistant bacteria, providing a certain theoretical basis for the application and 225 

research and development of Ilex rotunda Thunb. 226 

4 Conclusion  227 

In this study, the results demonstrate that different combinations of flavonoids 228 

and Ilex rotunda Thunb. are equally effective against 7 multidrug-resistant bacteria 229 

isolated. Analyses show that flavonoids in combination with other antimicrobials 230 

exhibit different effects (additive, synergistic, indifferent and antagonistic) against 231 

drug-resistant bacteria. This is probably due to different mechanisms of action 232 

involved in this case. Flavonoids extracted in Ilex rotunda Thunb. showed high 233 

antibacterial activities. The study of these combinations show additive or synergistic 234 

action against drug-resistant bacteria could be useful to predict the efficacy of drugs in 235 

clinical development phases. 236 
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Table1  

Microdilution technique used for the evaluation of combination effect on bacterial strain. 

 1 

 

2 

MICB/256 

3 

MICB/128 

4 

MICB/64 

5 

MICB/32 

6 

MICB/16 

7 

MICB/8 

8 

MICB/4 

9 

MICB\2 

10 

MICB 

11 

2MICB 

12 

4MICB 

A 2MICA            

B 1 MICA            

C MICA/2            

D MICA/4            

E MICA/8            

F MICA/16            

G MICA/32            

H No drug            

A: total flavonoids; B: antimicrobials. 

The well H1 contains 100μl Mueller Hinton broth, 1μl bacterial inoculum, as the no-drug growth 

control. 

Plate : With the exception for H1 well, each well of the line H contains 25 μl of a dilution of 

total flavonoids, starting with a concentration of 2 times the MICA, diluting from line A to line G. 

Plate : Apart from column 1, each well of the column contains 30μl of a dilution of the 

antimicrobial agent, starting with a concentration of 4 times the MICB, diluting from column 12 to 

column 2. 

Then remove 25μl of plate  from each well to be added to the corresponding plate . 

Last, all the 96 wells were added into 50μl bacterial inoculum. 
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Table 2 

Minimum inhibitory concentrations MICs; mg/mL of total flavonoids from Ilex Rotunda Thunb.  

Bacteria GRAM MIC 

Staphylococcus aureus R  Positive  40 

Streptococcus R  Positive 20 

Enterococcus faecalis R  Positive 40 

Pseudomonas aeruginosa R  Negative 80 

Proteus vulgaris R  Negative 40 

Escherichia coli R  Negative 80 

Acinetobacter Bauman R  Negative 20 

R: resistant bacteria 
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Table 3  

Minimum inhibitory concentrations (MICs; μg/mL) of antibiotics alone or with total flavonoids 

from Ilex Rotunda Thunb. against gram negative bacteria. 

Bacteria Drug Single MIC 
Combination 

MIC 

FICI Effect 

Escherichia coli Fosfomycin >3200 800 1.00 Additive 

Florfenicol 1280 80 0.75 Additive 

Mequindox 100 6.25 0.57 Additive 

Sulfamonomethoxine >3200 25 0.51 Additive 

Ceftiofur Sodium 400 6.25 0.27 Synergistic 

Ceftazidime 800 50 0.38 Synergistic 

Cefotaxime sodium 400 6.25 0.31 Synergistic 

Lincomycin 1600 12.5 0.31 Synergistic 

Amikacin >3200 25 0.26 Synergistic 

Amoxicillin >3200 400 0.38 Synergistic 

Azithromycin 400 >800 1.06 Indifferent 

Rifampicin 25 25 1.25 Indifferent 

Pseudomonas 

aeruginosa 

Fosfomycin 400 100 0.31 Synergistic 

Meropenem 100 12.5 0.31 Synergistic 

Amoxicillin 3200 1600 1.25 Indifferent 

Florfenicol 320 320 1.02 Indifferent 

Rifampicin 100 100 1.25 Indifferent 

Azithromycin 400 800 >2 Antagonistic 

Sulfamonomethoxine >3200 3200 >2 Antagonistic 

Lincomycin >3200 >3200 >2 Antagonistic 
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Mequindox 400 800 >2 Antagonistic 

Ceftriaxone sodium 50 100 >2 Antagonistic 

Cefotaxime sodium 50 100 >2 Antagonistic 

Ceftiofur Sodium 25 25 >2 Antagonistic 

Amikacin 50 100 >2 Antagonistic 

Ceftazidime 25 25 >2 Antagonistic 

Proteus vulgaris Fosfomycin 3200 800 0.31 Synergistic 

Ceftriaxone sodium 800 25 0.38 Synergistic 

Ceftiofur Sodium 800 12.5 0.31 Synergistic 

Cefotaxime sodium 800 50 0.38 Synergistic 

Amoxicillin >3200 1600 1.25 Indifferent 

Colistin 3200 1600 1.02 Indifferent 

Mequindox 50 50 1.06 Indifferent 

Sulfamonomethoxine >3200 1600 >2 Antagonistic 

Lincomycin 1600 1600 >2 Antagonistic 

Florfenicol 160 80 >2 Antagonistic 

Azithromycin 200 400 >2 Antagonistic 

Amikacin 25 50 >2 Antagonistic 

Rifampicin 50 100 >2 Antagonistic 

Acinetobacter 

baumannii 

Sulfamonomethoxine >3200 800 0.75 Additive 

Amoxicillin 3200 800 1.00 Additive 

Mequindox 25 6.25 0.51 Additive 

Ceftriaxone sodium 100 100 1..25 Indifferent 

Cefotaxime sodium 200 400 1.25 Indifferent 
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Ceftiofur Sodium 100 200 1.06 Indifferent 

Ceftazidime 800 1600 1.06 Indifferent 

Lincomycin 50 25 1.25 Indifferent 

Florfenicol 20 20 1.06 Indifferent 

Fosfomycin 50 25 1.06 Indifferent 

Meropenem 50 25 1.25 Indifferent 
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Table 4 

Minimum inhibitory concentrations (MICs; μg/mL) of antibiotics alone or with total flavonoids 

from Ilex Rotunda Thunb. against gram positive bacteria. 

Bacteria Drug Single MIC 
Combination  

MIC 

FICI Effect 

Enterococcus  

faecalis 

Amoxicillin 50 12.5 0.56 Additive 

Florfenicol 160 40 0.63 Additive 

Rifampicin 25 6.25 1.00 Additive 

Amikacin 1600 100 0.38 Synergistic 

Ceftazidime 3200 12.5 0.19 Synergistic 

Ceftiofur Sodium 1600 <1.56 0.06 Synergistic 

Cefotaxime sodium 1600 50 0.26 Synergistic 

Meropenem 400 3.125 0.31 Synergistic 

Ceftriaxone sodium 800 25 0.13 Synergistic 

Sulfamonomethoxine >3200 3200 1.25 Indifferent 

Colistin >3200 >3200 >2 Antagonistic 

Lincomycin 3200 >3200 >2 Antagonistic 

Azithromycin >3200 >3200 >2 Antagonistic 

Streptococcus Fosfomycin 25 0.78 0.75 Additive 

Mequindox 100 12.5 0.56 Additive 

Colistin 800 6.25 0.56 Additive 

Sulfamonomethoxine 3200 400 1.00 Additive 

Amikacin 400 3.125 0.31 Synergistic 

Florfenicol 80 40 1.25 Indifferent 

Staphylococcus  Ceftriaxone sodium 100 1.56 0.56 Additive 
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aureus Amikacin 50 6.25 0.75 Additive 

Ceftazidime 100 6.25 0.56 Additive 

Lincomycin 50 3.125 0.75 Additive 

Florfenicol 20 2.5 0.50 Synergistic 

Amoxicillin 200 200 1.25 Indifferent 

Fosfomycin 50 25 1.06 Indifferent 

Colistin 1600 800 >2 Antagonistic 

Sulfamonomethoxine >3200 1600 >2 Antagonistic 

Mequindox 25 50 >2 Antagonistic 

Azithromycin 25 50 >2 Antagonistic 
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