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Effect of thymol combined with oxacillin on methicillin-resistant
Staphylococcus aureus (MRSA) biofilm

YAN Yi-Zhou YUAN Zhong-Wei HE Jing-Zheng DAI Yu-Yun FAN Wei YIN Li-Zi"
College of Veterinary Medicine, Sichuan Agricultural University, Chengdu, Sichuan 611130, China

Abstract: [Background] Methicillin-resistant Staphylococcus aureus (MRSA) can exist in the state of
biofilms, which results in multiple resistance and persistent infections. [Objective] By investigating the
inhibition and clearance of thymol and oxacillin separately and concurrently on the biofilm formation of
MRSA, the effects of combined medications on MRSA biofilms were explored to provide the theoretical
basis for clinical combined application of anti-MRSA drugs. [Methods] Broth microdilution method was
used to measure oxacillin minimal inhibitory concentration against USA300 strain. The effect of thymol and
oxacillin separately and concurrently on the inhibition and clearance of biofilm formation in USA300 was

Foundation items: National Natural Science Foundation of China (31702284); Double Subject Construction Plan of
Sichuan Agriculture University (03571444); Sichuan Veterinary Medicine and Drug Innovation Group
of China Agricultural Research System (SCCXTD-2020-18)

*Corresponding author: E-mail: yinlizi@sicau.edu.cn
Received: 09-01-2020; Accepted: 28-03-2020; Published online: 09-05-2020
EEWMA: K ARFIFEIES(31702284); WU T H(03571444); [ GAM T Ml BA VA 5 DU 14 24
A A% 1 (SCCXTD-2020-18)
*BIE1E&: E-mail: yinlizi@sicau.edu.cn
Wi EEA: 2020-01-09; ##F HHEA: 2020-03-28; MLEE A HHEA: 2020-05-09



4206 A 2 A

Microbiol. China

evaluated by crystal violet staining method and colony counting method. [Results] Thymol and oxacillin
inhibited the formation of USA300 biofilm at subinhibitory concentrations. At high concentrations, thymol
had good removal effects on the biofilm formed in 24 and 72 hours, while oxacillin had no removal effect.
The inhibition and clearance effect of the combination of the two drugs on biofilms was further enhanced,
and it had a better inhibition and clearance effect at low concentrations. [Conclusion] Compared with thymol
and oxacillin alone, the combination of thymol and oxacillin has an enhanced inhibitory and clearance effect
on the biofilm of USA300. The combination of the two drugs has a synergistic antibacterial effect.

Keywords: Methicillin-resistant Staphylococcus aureus (MRSA), Combined medication, Biofilm, Thymol,
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Figure 1 Effects of different mass concentrations of
oxacillin on USA300 growth in BHI liquid medium
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Figure 2 Inhibition of oxacillin with different mass concentration on USA300 biofilm

TE: A BOGEIE; B: BT~ 5AAXRAMILE, P<0.01, ¢#i%k:.
Note: A: Absorption spectrometry; B: Colony count. **: Compare with blank control group, P<0.01, ¢ test.
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Figure 3 Inhibition of thymol with different mass concentration on USA300 biofilm
TE: A BOBEIE; B: WEITHL **: 5aF AMIE, P<0.01, ¢k
Note: A: Absorption spectrometry; B: Colony count. **: Compare with blank control group, P<0.01, ¢ test.
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Figure 4 Clearance effect of thymol at different concentrations on USA300 biofilm
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Note: A: Absorbance measurement of thymol removal biofilm at different time after the formation of biofilm for 24 hours; B: Colony count

of thymol removal biofilm at different time after the formation of biofilm for 24 hours; C: Absorbance measurement of thymol removal

biofilm at different time after the formation of biofilm for 72 hours; D: Colony count of thymol removal biofilm at different time after the
formation of biofilm for 72 hours.

R PG AR A M) IR AT R S S 4t SR AN 5 i
N, RIS, 16, 32, 64, 128 pug/mL)ZEWAFY
MRXF 24 bR 72 h BYAE IR REAE FHAS [R] s 1] 240G fik

25 5(P>0.05),

SCERFHH, RMEPEARXT USA300

(4 A= P IR D] S AT BR A o

2.4 BEEFZEFIC 550N E

m=R 1 FoR, B EEBA R PMRE T
MRSA FrifEE#E USA300 1 FIC 850 40F -
FIC=32/256+8/64=0.25<0.5, M & H 7 H 5 2K ms
PUARXT USA300 MHTIRE R A BhlA]

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4210 TEY 8 Microbiol. China
A 25 B
: - 128 pg/mL 14 - 64 pg/mL
2.0 = 64 ug/mL -= 32 pg/mL
-+ 32 pg/mL é 13 -+ 16 pg/mL
2 1.5 - 16 pg/mL S -4 8 pg/mL
g o & 8 ug/mL a 12 & 4 pg/mL
: - 0 pg/mL o5 -0~ 0 pg/mL
5
05 = 11
O 0 1 | | | 10 1 1 | 1
To612 24 72 612 24 72
t (h) t(h)
C D
3.0 15
-~ 128 pg/mL -o- 64 pg/mL
-# 64 pg/mL " -= 32 pg/mL
25 -+ 32 pg/mL é - 16 pg/mL
& -4 16 pg/mL é -4~ 8 pg/mL
g -8 8 pg/mL &) 13 = 4 ug/mL
2.0 -~ 0 pg/mL g e 0 pg/mL
= 12}
15 1 1 1 1 1 | | | 1
612 24 72 612 24 72

5 ARLREBFEMARG USA300 £ ER S 1ER

1 (h)

¢ (h)

Figure 5 Clearance effect of oxacillin at different concentrations on USA300 biofilm
TE: A AWIRIRIE A 24 h 5 2R PRI BRAR [ ) A IO BE I S 5 B AR TR I 24 h S5 AW TG AR A A ) I ] ) T 7 14
C: AEWBEIEIE AL 72 h S50 AZE M YA E TS [B]B6 T) (R WG B A 5 D AW I B 72 h S5 0 AR PO AR AVE FAS ) ) [ 104 1 9%

Eie

Note: A: Absorbance measurement of oxacillin removal biofilm at different time after the formation of biofilm for 24 hours; B: Colony count
of oxacillin removal biofilm at different time after the formation of biofilm for 24 hours; C: Absorbance measurement of oxacillin removal
biofilm at different time after the formation of biofilm for 72 hours; D: Colony count of oxacillin removal biofilm at different time after the
formation of biofilm for 72 hours.
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Table 2 Effects of different concentrations of thymol and oxacillin on the formation of USA300 biofilm (0D, value)

Thymol concentration
(ng/mL)

Oxacillin concentration (pg/mL)

32 16 8 4 0

128 0.010+0.010%* 0.133+0.010%* 0.156+0.015%* 0.177£0.013%* 0.203+0.024**
64 0.1470.014%* 0.177£0.012%* 0.222£0.015%* 0.349+0.031** 0.311£0.032%*
32 0.178+0.011%* 0.227+0.016** 0.317:£0.023** 0.442:£0.022%* 0.439:£0.014%*
16 0.202+0.010%** 0.296+0.019** 0.427:£0.024%* 0.64120.021%* 0.67120.045%*
0 0.226+0.035%* 0.308£0.034%* 0.443+0.055%* 0.7460.041%* 1.248+0.051
T w525 XTI ECRL, P<0.01, 1950 *: SZSFINIRAIMILLER, P<0.05, ¢ il

Note: **: Compare with blank control group, P<0.01, ¢ test; *: Compare with blank control group, P<0.05, ¢ test.

R3 TREREREREHEKSTRIREMERFET USA300 4 99352 A A F20E (Log,CFU)

Table 3 Effects of different concentrations of thymol and oxacillin on the formation of USA300 biofilm (Log;(CFU)

Thymol concentration
(ng/mL)

Oxacillin concentration (pg/mL)

32 16 8 4 0
128 6.173+0.045%* 6.380+0.057** 6.553+0.037%* 6.627+0.045%* 6.810£0.039**
64 6.367+0.037%* 6.613+0.033** 6.827+0.0417%* 7.330+0.088%* 7.220+0.062**
32 6.467+0.062%* 6.803+0.025%* 7.233+0.039%* 8.387+0.045%* 8.481+0.032%*
16 6.670+0.057%* 7.193+0.029%* 8.200-0.029% 9.120+0.049%* 9.510+£0.054**
0 7.210+0.062%** 7.890+0.047** 8.810+0.062%** 10.110+0.069* 11.463+0.098
TE: o SasnHB4M S, P<0.01, R50; *: S AxtIBAM e, P<0.05, 1G5

Note: **: Compare with blank control group, P<0.01, ¢ test; *: Compare with blank control group, P<0.05, ¢ test.

R4 TRKREMNEEEMINEMEKRILSIER 6 h XK 24 h 89 USA300 4 4% 558 A9 5205 (0D 40, 18)

Table 4 Effects of thymol and oxacillin combined at different concentrations for 6 h on the formation of USA300 biofilm for

24 h (OD gy value)

Thymol concentration
(ng/mL)

Oxacillin concentration (pug/mL)

32 16 8 4 0

128 0.291:£0.042%* 0.245+0.037** 0.286+£0.044** 0.340+0.03%* 0.311:£0.052**
64 0.264:£0.027%* 0.472:£0.012%* 0.505:£0.027** 0.627+0.027** 0.654+0.048**
32 0.369:£0.024** 0.610:£0.021** 0.654+0.036** 0.824+0.029** 0.808:£0.049*
16 0.522:£0.032%* 0.686:£0.023%* 0.801:£0.0227* 1.064+0.042%* 1.124+0.065*
0 1.2810.030 1.2930.040 1.262+0.031 1.256+0.019 1.315+0.044

W e 5P B, P<0.01, (#250; *: SaEAXTERAM LA, P<0.05, ¢ Kl

Note: **: Compare with blank control group, P<0.01, ¢ test; *: Compare with blank control group, P<0.05, ¢ test.
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x5 TRKRENHEEMIEWAEMKRILSIER 6 h X2 24 h B9 USA300 4 445 B5 89 521k (Log,CFU)

Table 5 Effects of thymol and oxacillin combined at different concentrations for 6 h on the formation of USA300 biofilm for

24 h (LOgl‘)CFU)

Thymol concentration
(ng/mL)

Oxacillin concentration (pg/mL)

32 16 8 4 0

128 6.433+0.137** 6.970+0.094** 7.420+0.054** 8.413+0.039** 8.340+0.054**
64 6.833+0.168** 8.113+0.065%* 8.890+0.036** 9.340+0.054%* 9.210£0.069%*
32 7.870£0.119%* 9.013+0.050%* 9.6630.054%* 9.653+0.370%* 9.8100.043*
16 8.977+0.093%** 9.583:0.095%* 10.1300.041* 10.650+0.048 10.830+0.062
0 11.210+0.062 11.2200.039 11.080-0.045 11.310+0.061 11.250+0.073
W ok S EXTEAMEES, P<0.01, (Ri; *: S EAXTERAMEE, P<0.05, K.

Note: **: Compare with blank control group, P<0.01, ¢ test; *: Compare with blank control group, P<0.05, ¢ test.

%6 FEIKENEHBEEFMINEWTEREESIER 12 h 3F K 24 h 9 USA300 4 43 FE B9 B2 M6 (0D.w, 18)

Table 6 Effects of thymol and oxacillin combined at different concentrations for 12 h on the formation of USA300 biofilm

for 24 h (OD g, value)

Thymol concentration
(ng/mL)

Oxacillin concentration (png/mL)

32 16 8 4 0
128 0.226+0.058%** 0.221+0.019** 0.334+0.020%* 0.322+0.028%** 0.375+0.040%*
64 0.232+0.031%* 0.634+0.019** 0.621+0.025%* 0.831+0.015%* 0.784-£0.043**
32 0.399+0.028%** 0.724+0.024** 0.812+0.026** 1.073+0.051** 1.050+0.065**
16 0.617+0.020** 0.780-+0.024** 0.894:£0.017** 1.251+0.029* 1.256+0.042*
0 1.469+0.034 1.473+0.024 1.459+0.036 1.485+0.021 1.482+0.037

TE: o 5P IRAMILE, P<0.01, 4a%; *: S AIBAMILE, P<0.05, %
Note: **: Compare with blank control group, P<0.01, ¢ test; *: Compare with blank control group, P<0.05, ¢ test.

KT TRERENEEEMAEWEMKIESIER 12 h XA 24 h B9 USA300 & 44 FE B9 2218 (Log;CFU)

Table 7 Effects of thymol and oxacillin combined at different concentrations for 12 h on the formation of USA300 biofilm

for 24 h (Log;,CFU)

Thymol concentration
(ng/mL)

Oxacillin concentration (pg/mL)

32 16 8 4 0

128 6.273£0.087*%  6.567+0.076**  6.840+0.067** 7.197£0.054%* 7.310£0.029**
64 7.53740.108%*  9.090+0.054**  9.370+0.161** 10.050:£0.088%* 10.220£0.032%*
32 8.017+0.139%*  9.757+0.041**  10.2400.057** 10.550+0.095* 10.820+0.061*
16 9.560+0.104**  10.360+0.041*  10.587+0.05* 11.050£0.033 11.11040.026
0 11.6400.058 11.510+0.063 11.770£0.049 11.590+£0.062 11.810+0.069
o GRS, P<0.01, (Kale; *: 578 P HRATAI LR, P<0.05, ¢ 450,

Note: **: Compare with blank control group, P<0.01, ¢ test; *: Compare with blank control group, P<0.05, ¢ test.

x8 FRIKENEEEEHNFEMTAREESIER 24 h XHAK 24 h B USA300 & ¥4 AR AT E2 M0 (0D, 1B)
Table 8 Effects of thymol and oxacillin combined at different concentrations for 24 h on the formation of USA300 biofilm

for 24 h (OD g, value)

Thymol concentration
(ng/mL)

Oxacillin concentration (pg/mL)

32 16 8 4 0

128 0.268+0.030** 0.249+0.025** 0.316£0.027%* 0.34320.018** 0.47420.05**
64 0.4150.028** 0.624+0.024%* 0.757+0.018%* 0.916+0.060** 0.963+0.057**
32 0.532£0.019** 0.819:£0.025%** 0.939:£0.022*+* 1.12320.027%* 1.19320.085%*
16 0.703+0.047** 0.891£0.021%** 1.0040.040** 1.350+0.022%* 1.492+0.054*
0 1.636+0.035 1.727+0.034 1.7710.023 1.783+0.009 1.683+0.041
v GRS, P<0.01, (Kale; *: 528 X HRATAI LA, P<0.05, ¢ 450,

Note: **: Compare with blank control group, P<0.01, ¢ test; *: Compare with blank control group, P<0.05, ¢ test.
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R FERENEEEFHNEWFEKILSIER 24 h S 24 h B9 USA300 4494 fE B9 5208 (Log,,CFU)

Table 9 Effects of thymol and oxacillin combined at different concentrations for 24 h on the formation of USA300 biofilm

for 24 h (Log,(CFU)

Thymol concentration
(ng/mL)

Oxacillin concentration (pg/mL)

32 16 8 4 0
128 6.837+0.076** 6.863+0.046** 6.343+0.087** 6.850+0.045%* 6.780+0.053**
64 8.267+0.119** 9.030+0.048%** 10.050+0.071** 10.320+0.069** 10.080+0.043**
32 8.960+0.091** 10.410+0.049** 10.657+0.050** 11.070+0.053* 11.080+0.034*
16 9.953+0.082%** 10.710+0.053** 10.910+0.029** 11.393+0.050* 11.440+0.051*
0 12.230+0.061 12.180+0.059 11.850+0.051 11.970+0.047 12.080+0.057

TE: o 5P IRAMILE, P<0.01, K%; *: S AIBAMILE, P<0.05, %
Note: **: Compare with blank control group, P<0.01, ¢ test; *: Compare with blank control group, P<0.05, ¢ test.

£ 10 FRIREHEREEBHIIFMAKBKSIER 72 h 3K 24 h B USA300 £ 4 % HZ2 000D ., 18)
Table 10 Effects of thymol and oxacillin combined at different concentrations for 72 h on the formation of USA300 biofilm

for 24 h (OD 4, value)

Thymol concentration

Oxacillin concentration (pg/mL)

(pg/mL) 32 16 8 4 0

128 0.203+0.038** 0.289+0.055%* 0.386+0.028** 0.502+0.037** 0.590+0.097**
64 0.524+0.025** 0.787+0.0327* 0.991+0.046** 1.141+0.025%* 1.139+0.043%*
32 0.796+0.029** 1.095+0.053** 1.295+0.024%* 1.517+0.029%* 1.483+0.047%*
16 1.027+0.044%* 1.285+0.036** 1.423+0.036%* 1.636:+0.035%* 1.729+0.057%*
0 2.069+0.009 2.077+0.032 2.064+0.038 2.038+0.030 1.977+0.051
e o SR A, P<0.01, (R; *: S5 EXTIRAM R, P<0.05, ¢ kL.

Note: **: Compare with blank control group, P<0.01, ¢ test; *: Compare with blank control group, P<0.05, ¢ test.

F 1 TRKEMNEREHMEWERIESIER 72 h JRA 24 h B USA300 4 ¥4 FE A9 F 0 (Log, CFU)
Table 11 Effects of thymol and oxacillin combined at different concentrations for 72 h on the formation of USA300 biofilm

for 24 h (Log;,CFU)

Thymol concentration
(ng/mL)

Oxacillin concentration (pg/mL)

32 16 8 4 0

128 6.483+0.103** 6.673+0.087** 7.210+0.062** 8.403:£0.060** 8.310+£0.120**
64 8.853+0.180%** 9.340-+0.058** 10.300+0.034%** 10.760:£0.049%** 10.560+0.111**
32 9.9630.167** 11.030+0.065** 11.230+0.046** 11.450+0.029* 11.320:£0.093*
16 10.830:£0.127** 11.42040.059** 11.610+0.049* 11.760+0.045* 11.770+0.124*
0 12.220+0.165 12.120+0.123 12.340+0.135 12.0700.116 12.3700.112
de o SR A, P<0.01, (R; *: S5 EXTIRAM R, P<0.05, kL.

Note: **: Compare with blank control group, P<0.01, ¢ test; *: Compare with blank control group, P<0.05, ¢ test.

x12 ARIRENEEEHIFMFAKIESIER 6 h }HAL 72 h A USA300 &4 AR BTS2 NE(0D.y, 1B)
Table 12 Effects of thymol and oxacillin combined at different concentrations for 6 h on the formation of USA300 biofilm

for 72 h (OD g, value)

Thymol concentration

Oxacillin concentration (pg/mL)

(ng/mL) 32 16 8 4 0

128 0.758+0.042%* 0.703£0.042%* 0.696+0.033** 0.773+0.029** 0.653+0.058**
64 0.846+0.050%* 0.918+0.069** 0.778+0.036** 0.898+0.015%* 1.004£0.062%*
32 0.916+0.033%* 0.899+0.065** 0.907+0.031%* 1.127+0.043%* 1.376+0.056**
16 1.006:£0.022%* 1.058+0.080%* 1.056+0.065%* 1.423+0.040%* 1.489:£0.070%*
0 1.842:0.060 1.832+0.025 1.899:0.024 1.817+0.038 1.766+0.047
ook SRR, P<0.01, (R%; *: S5 EAXTIRAMLE, P<0.05, k.

Note: **: Compare with blank control group, P<0.01, ¢ test; *: Compare with blank control group, P<0.05, ¢ test.
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£ 13 ARIRENEEEHIIFMFAKIESIER 6 h XL 72 h & USA300 & 414 A= 8952 0E(Log,yCFU)
Table 13 Effects of thymol and oxacillin combined at different concentrations for 6 h on the formation of USA300 biofilm

for 72 h (Log;,CFU)

Thymol concentration

Oxacillin concentration (pg/mL)

(ng/mL) 32 16 8 4 0

128 9.137£0.092** 9.083+0.102%* 9.340:£0.244** 9.790£0.126** 9.770+0.075%*
64 9.427£0.090** 9.680+0.114%* 10.180+0.05%* 10.330+0.117** 10.714+0.118**
32 9.730+£0.107** 9.873:0.092** 10.630+0.065** 11.0500.052 11.0640.126
16 10.460+0.176%* 10.553+0.060** 10.920+0.037* 11.350+0.078 11.513+0.134
0 11.117+145 11.510+0.156 11.834:£0.080 11.754+0.120 11.7170.050
T oo SZEFN RGN, P<0.01, (fa%; *: SEFANIBAMILE, P<0.05, %

Note: **: Compare with blank control group, P<0.01, ¢ test; *: Compare with blank control group, P<0.05, ¢ test.

£ 14 FREIREHMNBEREEBHIIFEMAKBKSIER 12 h XK 72 h B USA300 £ 4 % B Z2 000D ., 18)
Table 14 Effects of thymol and oxacillin combined at different concentrations for 12 h on the formation of USA300 biofilm

for 72 h (OD g, value)

Thymol concentration
(ng/mL)

Oxacillin concentration (pg/mL)

32 16 8 4 0
128 0.654+0.026** 0.598+0.049** 0.720+0.043** 0.816+0.056** 0.842+0.072%*
64 0.850+0.058%** 0.801+0.049** 0.895+0.050** 1.084+0.042%* 1.245+0.061**
32 0.917+0.079** 0.980-+0.040%** 1.030£0.062%* 1.335+0.043** 1.561+0.047**
16 1.106+0.050** 1.129+0.049%** 1.244+0.058** 1.618+0.033%** 1.696+0.056**
0 2.032+0.025 1.932+0.055 2.012+0.065 2.021+0.029 1.981+0.058

e o SN IREARLLEL, P<0.01, ¢ K05; *:

Sz AXT IR LA, P<0.05, ¢ #5.

Note: **: Compare with blank control group, P<0.01, ¢ test; *: Compare with blank control group, P<0.05, ¢ test.

£15 FAEIREMNEEEMIEMAKBESIER 12 h XHZK 72 h B USA300 4 #)#5 B% A 2208 (Log,(CFU)
Table 15 Effects of thymol and oxacillin combined at different concentrations for 12 h on the formation of USA300 biofilm

for 72 h(Log;(CFU)

Thymol concentration

Oxacillin concentration (pg/mL)

(ng/mL) 32 16 8 4 0

128 9.017+0.119%** 9.460+0.065** 9.750+0.086%** 9.870+0.110%** 9.970+0.158**
64 9.423+0.118** 10.140£0.078** 10.367+0.049%* 10.500:0. 124 10.070+0.145%*
32 10.103£0.06** 10.437+0.076** 10.550+0.057** 10.993:£0.103** 10.927+0.078**
16 10.490+0.043%** 10.570+0.102%** 10.803+0.128%** 11.470£0.091* 11.504+0.113

0 11.603+0.188 11.567+0.168 12.007+0.208 11.505+0.132 11.907+0.108

TE: o 5P IRAMILE, P<0.01, 4a%; *: SEAWIBAMILE, P<0.05, %
Note: **: Compare with blank control group, P<0.01, ¢ test; *: Compare with blank control group, P<0.05, ¢ test.

F16 FREIREHNEEEHIAIFEAKESIER 24 h XA 72 h B USA300 £ AR H (0D, 1H)
Table 16 Effects of thymol and oxacillin combined at different concentrations for 24 h on the formation of USA300 biofilm

for 72 h (OD 4, value)

Thymol concentration
(ng/mL)

Oxacillin concentration (pug/mL)

32 16 8 4 0
128 0.781+0.037** 0.748+0.034** 0.856+0.053** 1.021£0.030%* 1.039+0.041%**
64 0.836+0.034** 0.884-+0.048** 0.976+0.038** 1.179+0.040%** 1.439+0.073**
32 0.804-£0.056** 1.090+0.073** 1.122+0.082%* 1.603+0.054** 1.756+0.058%**
16 1.118+0.052** 1.206+0.025%* 1.406+0.045%* 1.853+0.056* 1.976+0.058*
0 2.211+0.047 2.015+0.077 2.121+0.041 2.090+0.037 2.168+0.033

TE: o 5P IRAMILE, P<0.01, 4a%; *: S FIIBAMILE, P<0.05, %
Note: **: Compare with blank control group, P<0.01, ¢ test; *: Compare with blank control group, P<0.05, ¢ test.
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x17 TRIRENBEEEMFAEMFAREBESIER 24 h SR 72 h 89 USA300 4 4% B B9 22 1 (Log,CFU)
Table 17 Effects of thymol and oxacillin combined at different concentrations for 24 h on the formation of USA300 biofilm

for 72 h (Log;yCFU)

Thymol concentration
(ng/mL)

Oxacillin concentration (pg/mL)

32 16 8 4 0
128 9.103+0.152%** 9.490+0.131%* 9.880+0.112** 10.637+0.111%* 10.127+0.141**
64 9.377+0.131%** 9.637+0.077** 10.580+0.407** 10.993+0.127** 11.435+0.211**
32 9.793+0.177** 10.213+0.159** 10.907+0.087** 11.450+0.073%* 12.030+0.162
16 10.523+0.173** 10.967+0.103** 11.360+0.098** 11.763+0.092* 12.637+0.125
0 12.002+0.184 12.256+0.162 12.157+0.154 12.470+0.203 12.457+0.103
P SEEOMIRALAIECES, P<OOT, CRi; *: HEEFIXIRALIHCES, P<0.0S, (K.

Note: **: Compare with blank control group, P<0.01, ¢ test; *: Compare with blank control group, P<0.05, ¢ test.

£ 18 ARIREMNEEEMHIFMAKESIER 72 h JHK 72 h B USA300 4 145 FE AT E2 (0D 4 18)
Table 18 Effects of thymol and oxacillin combined at different concentrations for 72 h on the formation of USA300 biofilm
for 72 h (OD g, value)

Thymol concentration
(ng/mL)

Oxacillin concentration (pg/mL)

32 16 8 4 0
128 0.705+0.042%* 0.807+0.042%** 1.066+0.033** 1.195+0.029** 1.146+0.062**
64 0.889+0.050** 1.116+0.069** 1.189+0.036** 1.423+0.015** 1.626+0.063**
32 0.934+0.033** 1.223+0.065** 1.363+0.031** 1.790+0.043** 2.004+0.079**
16 1.056+0.022** 1.394+0.080** 1.579+0.065** 2.068+0.040** 2.171+0.049*
0 2.338+0.032 2.125+0.047 2.309+0.041 2.515+0.062 2.413+0.047
o SGES P IRAUH LR, P<0.01, cAR%; . SEPINIRAMILE, P<0.05, 5%

Note: **: Compare with blank control group, P<0.01, ¢ test; *: Compare with blank control group, P<0.05, ¢ test.

£19 TERERNEEEMAMFEMFAKRESIER 72 h MR 72 h B USA300 4 49% 5 H £ 0H(Log,,CFU)
Table 19 Effects of thymol and oxacillin combined at different concentrations for 72 h on the formation of USA300 biofilm

for 72 h (Log;,CFU)

Thymol concentration
(ng/mL)

Oxacillin concentration (pg/mL)

32 16 8 4 0

128 9.110:£0.092** 10.383+0.102** 10.750+£0.244%%* 11.1530.126** 11.357+0.129%*
64 9.937+0.090%* 10.743+0.114%* 11.030:£0.050%* 11.573+0.117** 12.153+0.160*
32 10.333+0.107%* 11.003£0.092%* 11.2830.065%* 11.9330.052%* 12.113+0.260*
16 11.103+0.176** 11.347+0.06** 11.683£0.037%* 12.367+0.078* 13.053+0.280
0 13.320+0.250 12.62+0.310 13.180+0.170 13.020+0.340 13.12+0.050
W oo AP B, P<0.01, (#G30; *: SaEXTERAM LA, P<0.05, ¢ Kl

Note: **: Compare with blank control group, P<0.01, ¢ test, *: Compare with blank control group, P<0.05, ¢ test.

KHFEPEAR . BRI 258k A E s B A
YAYT MRSA JERUL B &

3 W54

HHT MRSA B Cam 2 4xpk, HiMZfEEH
B, MRSA IR A PR R X Z R R
77N [ R B A i 24 T%ﬁ@@,Mﬁ Gy ER
YA BT TR T B
RAEME R A 1R RO A R I kA

SRR,

% MRSA

, Tl MRSA e

T AE TFST 245 9 02 75 0 LA e A o o v
BRVEF . CAMFREEE RV A BFEmXT USA300
) MIC & 256 pg/mL, A WEMIHEEN; EEE
T 7 e F A 3 A P USA300 Al A= KA 3l
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M, A BLA B AR RS FH 255 USA300 447
Bl RS P JU0 )RR B AE PG 5% L R R I BRE
B, AR USA300 S 251814 K A3,
A XT USA300 (0 FH 38 2o o282
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