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[ Abstract] Objective: To screen out the extended spectrum beta-lactamase (ESBL) -producing
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Escherichia coli with the strongest biofilm-forming ability through experiments, and discuss the effect of
modified Dayuansan (MDYS) combined with imipenem-cilastatin and cilastatin sodium on the biofilm of
E. coli. Method: The paper diffusion and crystal violet staining methods were used to identify 19 clinically
isolated strains of drug-resistant E. coli-induced enzymes and the biofilm-forming ability. The induced enzymes
and the E. coli with the strongest biofilm-forming ability were screened out. The minimum inhibitory
concentration (MIC) value of MDYS and imipenem-cilastatin and cilastatin sodium was determined by 2, 3-bis
(2-methoxy-4-nitro-5-sulfophenyl) -2H-tetrazolium-5-carboxamide (XTT) assay. The 1/2, 1/4, and 1/8 MIC of
the water extract of MDYS, imipenem-cilastatin and cilastatin sodium alone, and MDYS combined with
imipenem-cilastatin and cilastatin sodium was determined by methyl thiazolyl tetrazolium (MTT) assay to obtain
the optimum concentration of drugs. BioFlux dynamically observed the effect of the optimum combined drug
concentration on the number of bacteria in the biofilm and the biofilm formation of E. coli, and observed the
distribution of live/dead bacteria with a laser confocal scanning microscope. Finally, the morphological changes
in bacteria after drug treatment were observed statically by scanning electron microscopy. Result: ESE7 strain
was ESBL enzyme and the E. coli with the strongest biofilm-forming ability. The results of MTT assay showed
that the MIC values of the water extracts of imipenem-cilastatin and cilastatin sodium and MDYS were 1 mg- L™
and 250 g-L™", respectively. The results of XTT assay showed that compared with the blank group, the 1/2, 1/4,
and 1/8 MIC MDYS groups and the combined drug groups significantly decreased the number of bacteria in the
biofilm (P<0.01). The inhibitory effect diminished as the concentration of imipenem-cilastatin and cilastatin
sodium decreased. Compared with the imipenem-cilastatin and cilastatin sodium group with the same
concentration, the combined drug group improved the inhibitory effect on the number of bacteria in the biofilm
(P<0.01). Compared with the MDYS group with the same concentration, 1/2 MIC imipenem-cilastatin and
cilastatin sodium combined with 1/2, 1/4, and 1/8 MIC MDYS, 1/4 MIC imipenem-cilastatin and cilastatin
sodium combined with 1/2 and 1/4 MIC MDYS, and 1/8 MIC imipenem-cilastatin and cilastatin sodium
combined with 1/2 and 1/4 MIC MDYS decreased the number of bacteria (P<0.05, P<0.01). The results of
BioFlux showed that compared with the blank group, the 1/2 and 1/8 MIC imipenem-cilastatin and cilastatin
sodium groups had an insignificant effect on the area of biofilm, whereas the 1/2 and 1/4 MIC MDYS groups
significantly decreased the area of biofilm. The results under the scanning electron microscopy showed that as
compared with the blank group and the imipenem-cilastatin and cilastatin sodium group, the division cycle was
significantly longer under the action of MDYS combined with imipenem-cilastatin and cilastatin sodium. The
length of the division cycle in the combined drug group was higher than that in drug alone group. Conclusion:
In vitro studies reveal that MDYS combined with commonly-used antibiotics can inhibit the biofilm status of
multi-drug resistant E. coli, and MDYS has the effect of enhancing sensitization and inhibiting bacteria with
synergistic antibiotics.

[ Keywords] modified Dayuansan; Escherichia coli; biofilm; imipenem-cilastatin; combination

therapy; multiple antibiotic resistant strains
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Table 1 Diameter of inhibition zone and ESBL production of 19

clinical multiple drug resistance E. coli strains

0 18l 4% /em
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CTX CTC CAZ CAC
E4B4 + 13 2.7 2.4 2.4
E5BS + 0.8 22 1.6 25
E5All + 1.0 2.4 1.9 2.5
E5B4 + 12 2.7 22 25
E6B5 - 0.8 1.0 0.7 0.8
E5A2 + 0.9 22 1.9 2.1
E5A4 + 1.0 25 2.1 2.4
E4B6 + 0.9 2.0 15 25
E5A7 + 1.1 25 1.8 2.4
E4C8 + 0.9 25 15 2.4
E4C3 + 12 25 23 2.6
E5A6 + 15 2.7 2.7 29
E6B4 + 1.4 25 23 23
ESE7 + 0.8 22 13 2.4
E6B2 - 2.9 32 2.0 2.1
E5B2 + 1.4 2.5 2.1 2.4
E5A12 + 12 2.4 2.1 23
ESES + 1.0 2.4 1.6 2.5
E4CI12 + 0.9 2.1 15 22
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Table 2 Biofilm forming ability of 19 clinical clinical multiple
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E4B4 2.311+0.137 E4C3 2.172+0.159
E5BS 1.366+0.043 E5A6 1.456+0.086
E5A11 2.743+0.018 E6B4 2.150+0.172
E5B4 2.334+0.122 ESE7 3.100+0.021
E6B5 2.287+0.019 E6B2 2.084+0.270
E5A2 2.018+0.168 E5B2 2.415+0.012
E5A4 1.537+0.118 E5A12 2.140+0.245
E4B6 2.064+0.181 ES5SES 2.966+0.156
E5A7 2.335+0.121 E4C12 2.627+0.137
E4C8 1.872+0.101 E. coli 1.801+0.102
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3.4 BhAEWEE AT E. coli 4 4= W) B i 52
Mo BioFlux LI 25 9 %F 5Y Y1 71 °F 8l 25 A= W B 1 52
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fig 77 1 B R AR, R LA UL 28 A V1 B G 42, B
T A B B/, 78 IPM 5 MDYS B G 251, 528
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W MDY'S N A FH 25 0] DARN R A 4 i o8 4 2544

e W R TE i TT B E. coli it 25 # B AL, 7T
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Table 3 Effect of MDYS and IPM on amount of viable bacteria in

E. coli mature bacterial biofilm (x+s)
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Fig. 1 Effect of IPM combined with MDYS on ESE7
(BioFlux, x400)
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Fig.3 Effect of IPM combined with MDYS on ESE7 (SEM, x5 000)
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