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Method for determining the effect of antibiotic combination on
denitrifying bacteria

ZHANG Jingang HE Jiangtao ™ ZHANG Yuye XU Baoshi
(Beijing Key Laboratory of Water Resources and Environmental Engineering, China University of Geosciences, Beijing, 100083,
China)

Abstract Antibiotics are frequently detected in the groundwater environment, and their effects on
the denitrification of nitrate degradation have been confirmed by a number of studies. The combined
effect of antibiotics with different functions have been paid more and more attention. In this study,
glycan denitrifying bacteria were selected for single and combined drug sensitivity tests, The
sensitivities of denitrifying bacteria to quinolones, tetracycline, sulfonamides, macrolides and
lincomyecin antibiotics and the combined effects of antibiotics were investigated, and the method for
determining the combined effect was discussed. The results showed that the sensitivities of
denitrifying bacteria to a single antibiotic measured by the micro broth dilution method and the disc
diffusion method were consistent, and the sensitivity was mainly related to the type of antibiotic. In
determination of combined effects of antibiotics, the antibacterial graphic report of the disc diffusion

method has the problem that the results were dependent distances between the two drug-sensitive
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discs, and the micro broth dilution method has the problem of inconsistence between result
interpretation method and partial antibacterial index (FIC) standards. Based on the experimental
results of the checkerboard method, the effects of antibiotics were determined by comparing the
microbial differences in each hole of single and combined antibiotics and the micro broth dilution
method was optimized. Furthermore, a microbial biomass determination method was proposed,
which solved the limitation of antibiotic concentration setting. The new method can more intuitively
and accurately explain the relationship of combined antibiotics by fitting the microbial growth curve.
The findings obtained in this study can provide a reference for the selection of research methods and
the determination of results for the impact of compound antibiotics on denitrification in the water and
soil environment.

Keywords denitrifying bacteria, combined drug sensitivity test, micro-broth dilution method,

microbial bioassay.

AR, PUAE ZRAE K A PRI rh gl A A Hh, LT R R I Ak %) B i A A FH P 2R AN R R BE ) s e
P Z IR FEUESEY 2 SR, XA R 2R AE B — A R AR R S N HEAT Y. SEBR b, FEK BB A
MR PUIR R | RS MRS .  RIR RS . PRI R 2RO [ R 2 SO TR D g A = 4t
[FIAEAED L AR RIBh A R Z M) & AEUhIA] . B, JCOC UL K AS B A B G R L %t SR A A 4% B i
AR | TR Z AR DL RSB AT B R R AR R [R] TR —Bi A R R R AR AR . Rt G
R P RIRGAEIRCR, AT LAk —25 T oAz 22 R As IR 56 A0 25 B 1Y 52 .

HH T FUSALLIR 50 A8 B i) (B4 FLAZ A 22728, i ik 24 S0 g vl DRt 1) AR AR B A 3R 526 6 R Ak 400 oA
sz, 5T, 25800 09 20T EA AU I HOE FGUR R RRE, 40 TR0 DUE PR A R e e
TG R BAR RN S AN T O i b Ak 2R i BBURR R I M BRI, itk PR V7 0 TR 12 DU 3 5 A o e
X 4 5§ ¥ J¥ ( minimal inhibitory concentration, MIC) , Ff DX 3 43 #ll 5 & Ji 35 % ( fractional inhibitory
concentration index, FICI) ¥ M\ x& fi f i X5 25 ) B 5 VE FHACR SE AT PR 71 5K 3 I 55 208 U3 s 15 T 25
5 ARG A R A0 P HOE S E R R AT 25 B0 R T A A AT RS R,
AT HEH T 0 AR 28 AU 2 00 DL S A 7 2 285 SR A B AL AR AN [], S B v D7 32 4 ol it o AR 026 25 A R
VeSS RATAE A — SO, Sy 81225 1 [ 850 3 v A ff o 22 6 B A 28 60 I i A 200 T P B8 5 91 TR 2880, AR
SCHEHR 5 RZEHuAF b 7 ALY AR 2R, 38 2ok O I R 0 T A e A 3R IR 0 TR AL A7 E 1 [
RS T 28, DI 52 G0 AR 307K b IR v S A/ FH 52 i A0 5 7 32 1) 38 80 AR 4 2R %) 1 s i it
%%,

1 MBLE ) (Materials and methods)

1.1 SEge bR
L1 PR s

S PR IR AR R A 8RBT A B SRR R (clindamycin, CLI % 55>98.0% ) . VU3
% (Tetracycline, TCY, & §>98.0% ) . 215 & (erythromycin, ERY, & #>98.0% ), 2] DNA [0l jEf it ¥R
W & (ciprofloxacin, CIP, 1% i >98.0% ) . % % P & (levofloxacin, OFL, % §>98.0% ) . Bli&k b 2
(enrofloxacin, ENR, & £>98.0% ), ¥ il iF FR AL 15 1) £k % B 31 (sulfamethoxazole, SMX, & 5>98.0% ),
78 UL EPIE Y0 BT A s AR AR A BR A L 7 ApbiiA: 4% R CLSI-2016 ArifE R
TR AS [R]85V, FF 28 0.22 pm JEBE R JEBR TR, T 4 °C vKEE AR A5 H.
112 25fdih | B AkIi

FHATALASHI/E B2 6 mm, J& 1 mm B EDEIEACA, 121 °C KE 15 min(0.11 MPa), Bt1 /5 R4 21
N RIVEAS TR 259 & 1t 0 2585048, I ABT TR 245 TR U 4G R T TR AR 4T 10 min 26 AR € 2% 5,
F—20 °C VKA sl B G AL PR A7 e HUIE [E OXOID 2 F] At it g H W me 25 5048 47 R 5256, 24
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V&R R R 25 pg.

R S [l PR S 95 28 A if 25 51 2% (CLS) il 2 ) PR S B b 2SR P~ 1, 4% F 47 i fif 1 MH-A Bt

RHE 7R 3L, (Mueller-Hinton Agar, %% 5 OXOID /A ] ) ; i N 55 B2 (8 MH-B A1 35 3% 3% (Mueller-

Hinton Broth, 7 & OXOID A ] ).
1.1.3 A R e

B AR A F 1 i RS TR PR A R B AL T 20 B T A ARG, K E s %
A Pseudomonas (R 5L IR J& ) F1 Enterobacter(FaFTw & ) . 5t & W28 i 5% 11E S8 Sl A0 7R 551 A Ay B 8 e
P DR 48R RS A 200 T A1 P T R R X 2 B 38 39.95%, % B R AT LAAR FRK - FREE b R i AL A . B4
PR e ] 58 i R S 90 A 122 D 25 (CLSD #E#E Y ZE 3K T ATCC 29212, 1 T F i & IR A FR A ).
1.2 B—HuA: AU 5

R 32 [ 1 PR 52 36 38 A vfE 22 51 25 (CLST) i 5 141 PR 55 35 b o S 3 R 58 2ok 40 7 47 1 5k
AT REE WIFP 7 2 A TH0 A R AU 258, SRR A ER T ATCC 29212 4 JR45 1 .

PRV HOE 2SR A 25 S AN | PR, BRALEE 3 A FATRE R L 4R A B8 3R LB, 7
35 C &M T IRESFE 16—18 h. 78 TG T A IR WLEE T I 5 A= 4 5 IX 3], bR R, SR 238 X
D0 TR PE A LA (AR KRBT ), DA LA R B AT P A K.

R1 AWK AW TR

Table 1 Drug content of drug-sensitive paper

VIRZ5H

Antibacterial drugs ERY TCY CLI SMX ENR OFL CIP
BRI ErE/pg 25 25 25 25 5 5 5

T R e BE VR ROk 7 PR LR 25 Ca> . Mg 715 19 MH-B A17% (CA-MHB) #E17 1g2 1% HUFR B,
100 L HEUTHIA 96 FLAN LR TR Ak b, £ ] B FLANA 5 ul #2 1:10 Fi RS 19 0.5 22 FRARME AY B S,
TANVR B 3 A% IR F 3 F 48 28 96 FLAREE 1AL J5 T 35 °C FIREREFR 16—20 h, FIEEARAN &
Y TR SRR Y B AE Ak, DA B I S A K LB X R R B SR MILC.

1.3 EAEPiERKEZHEE

R 1 AR S 0 2485 SR 328 BB I i A 4 TR BRSPS R T 25 M) AR 98 Anntibiotics in Laboratory
Medicine-Antimicrobial combinations!"* ¥E47 Bk & 245 524
1.3.1 4Oy sk

5 Fhbi A REGHAC T I AL & 25120 10 N A TG M B SL I8, 5 1—107, [Ala e
W)l 0 pg W2 A AR BEA T X REAL S50, BB AT 3 IR 5L 5. 2R 2590 &% & 5 . — Uk
PN B 259 B R4 — B0 TGRS 4 0.5 22 AR M 09 TR B IR AR 35 55 L L 39 500 A, FER M 24
AR WG AE 35 % 0L L, PR o [ BE Sy 0 4000 BR7 245 40 7 £ 7 4000 287 P > A 22 R, s 11 R 2 6 2
FEFRIL, [R]E A B AR AE 35 °C PRAAIE A 357 16—18 h 5 S U i KB s

5 PR TR L 22 53t B >90°3% BH W 24 1 2 22 0 sk i W) 4 FH 5 22 53 A 5 <90°3% BH W 24 W A B G
Ko PRI TR PV A o 25 3% WA T 2 AH B A 40,

1.3.2 e W REA

FoeBL AR R T 192 A5 LA BE A B0 TR 245 00 PR PR A, i R VAR B2 O PR 2 S /NIRRT R B2 (MIIC) 1Y
44, e 7 AN 34 B2 0 24 W vk R B A R R 2 O e R . P TR B R B, 50 pL
12 5 LU BRI 25 A VST, ORI AR 96 FLAR IS 2—8 415 HL 50 uL 254 B ¥4 v e JE p v 2 I vk B2
I IR 2 A—G 17, K26 1 S AIER H AT BN 28 UM R B FLINA 5 ul ¥ 107 CFU-mL™ #9
PRER R, 3T D B35 F 35 °C M EESE 1620 h M4

A SIS A AR 45 SR A DA SR FH 8 43300 B € & (fraction inhibitory concentration, FIC) . FIC i /&
P Loewe additivity (LA ) B¢ R 3L hl & i H i AE S BOLE R, HA =0

FIC = MIC comb/MIC aione + MICs comp /MIC aione
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1, MIC, qiones MICg qione I Z5H A I B B FH 5 A AR 0 B8 9% S22, MIIC 5 ooy F1 MICig gomp 9 PIFH 254
106 FH S 5 380 5 By FH 24 4 TR) 25 300 4% AR B2

fl o PR 3 B R s AL A D s SR A M R P LR 4 RO ik (181 1) ik 1F 3543 500 o ke g
(FIC)$5 85 « ¥ bt 88 /A et J3 580 v A1) A — A7 R g — 31 v 2 BRLAG 28 — Ak B GE B L b BT 67 19 2459
A FIZ5%Y) B BAH LM BE 115 FIC H, SR BOT-SA(E 07, SR 7 i AN e B AT 5l R S8 e i il A K
D5 28 CBEAT/AN ) 1% 07 188 S A VR 32 1) 27 AR A T 4 5 L v ool g 1 25 0 vk B 11 S B R 25 0 1) FIC 484K,
FLrP e A7 A8 A ISR 2 B S8 1% 40 R A UL Tk 3% (BefIK FIC 48 %50 « el FH v b 8 /A okt 3 A i
(T A A 3 B FL I A1 FIC F8 %K1 71k 4% CBLFL) : WEEZ 0.25 MIC HT 2 MIC PR L H 20 B A= 417 B0 o
25 A VE FH G R . DM RIVE FH A SR WG AL AS A7 B S8 ) A0 1 2B G, S/ e SO X A~ FL 3
AELEVR, 17 SR F s TC A s SR BT A LAt m] i o),

CSY N [

YN [
SICEY | I I O O O
GRS [ (N
rores | J(2 0 L L]
R O N
! oDDDDEDDD

MIC, 0 0063 0125025 05
1 BRI R T R
(TEEFMRRETT i P IR AL il AT T T 405 30K

Fig.1 Schematic diagram of the checkerboard interpretation method
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(the holes used in each interpretation method are indicated by the method number in each method)

24 FIC<0.5 I}, Wi 25 R B P RV T 24 0.5<FIC<1 B, B R BIER; 24 1<FIC<2 i}, XM AT
KAEH; Y4 FIC>2 ), I M FHEH0/E R,
1.3.3 G e i

Bo A= F0T S Al A T A A FH 32 5 s 4 4 TR Y AR R TR B, A R (Abs) 19 2 2 PE M e
A ZMEEHRCR W E SR b B E B — 58 GPiAE R NIRRT, AR KK A2
()22 5%, B AR R Z A G E R

# ENR, OFL, ERY F1 TCY 4 Fhfud: R W H Ca** . Mg> i 75 iY MH-B A % ( CA-MHB) #17 #i
B, I EAFRE T AR - 5E G0 FIER, 2 50m AR 48 fLEEFMRH, JEm &AL inA 5 uL
0.5 22 [CHRAUEM TR, 76 30 °C T IREANGF, Ml & 3 A FATHE, [RII i B 25 A3 70 S0 i
IF AR AXAE 630 nm K I 8 A [R) ik B2 45 35 F A R O [ st (] (] B N 21— 5 52 B 35 37 IR & b SO R Ak 20 B
i, ) S-Gompenz BRGSO AL I A Kt e, AR

R, N, BARME R KK E em™; g, ZARME R KA KER cmd™; 4 i'%/?iﬂ‘i%ﬂﬂﬂ d; Ny PR
AWt ¢ FoRARKBE] d; N Fon i i 2 A A5 B AR TR ¢ B A0 £ om™!

M LA IR R KA K (N, BT (2) | e R AR B (uy,) ﬁﬁmﬂ?ﬁ%ﬁffﬁ%%.

4 ODp+g <ODpin(a. B) T4 Aass>A(a. ), WIPIFI LA KB A R EMEITE R, 47 Aas>Aass ZAass B,
T BNNVERT; 24 ODpinca. 8)<ODa+g <ODypae(a. ) T BB A T AT 24 ODpip > ODypa(a. ) R B
FEBUE A, i R — 5 5 AU R SRR R b i A i KGR B R AT DU ELVERA AT SR R T
BEVAERMER LR,

In (N,/N,) =In (N, /Ny) -exp{—exp[(;m/; (/l—t))+1
m 0
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2 %55 59718 (Results and discussion)

2.1 Bk E R

AT R B X AR R U AT R R R, R R A R TR B AR 0 T R bR R 25
2 From. o das B A it i R Wk (SMZeo ) 4% H O 90 71 P B4R R 26 mm, 75 A 48 A B L 25 0K 56
F VIR . SAE AL 40 TR X ENR fefgUsk, M B B B2 4 26 mm, CIP, OFL, TCY . ERY 1 i# Bl EL1% 43 1)
24,22, 19, 15 mm, SMX, CLI JCH B 95 R, i8] SMX. CLI X} Jsz fif§ £k 1 JG BH 5 i 1 il £

30
25

20 |

Inhibition zone diameter/mm

(|
0
SMX ERY TCY ENR CIP OFL CLI

B2 KFERE AT AR R A HAR K3 7 RS A F MIC I E 45 2R
(RZEREN 3 APATRERI RIS )
Fig.2 MIC determination results of 7 typical antibiotics
U 1A 320 0 B8 T 2 0 P AT 24 0 2 0, T 9 S 2SR SO S % 3 B
ATCC 29212 FIERHEZ (MIC) A 1 pg-mL™ , 4545 it A i B ok 24 S0 A I 2R I 3 R T
ARl FPE BRI RE 7 Fhbt AR 2R A8 de /M T . MIC A

12007 1024
1000

MIC/(ug-mL™")

0.25

021 00625 0.125

SMX ERY TCY ENR CIP OFL CLI
B3 7 AR R MIC I E 4
Fig.3 MIC determination results of 7 typical antibiotics

AR P 0 S P DA A 40 T P A (o) R PR 0 0 B V5 S 0 4 1) MILC {EAR AT LSz Ik S
ACTRX T 245 W O BEURRE B, — 3 RN SRR OGOC AR, BRIV T4 P81 AR B, D) MILC /)N, D S A £ 4
XL TR 2 W B AR R D7 12 I i A A TR A R A BRI 5 R A — B, U RN
ENR>CIP>OFL>TCY>ERY>SMX>CLL fiMg 14 il 240 4 3 U M e s, AT B2t T 9 e T R 2 i A R
YEFI T DNA [ e i A T+ 40 20 1 DNA S 4], 2 — 238 i 2% S0 240 1 38 B R ACR B R B & 9. 1t
b, SR A 2 T 1 DR =2 B T HE M ) B FL 8 1 44 R ARV K I P /NGy i i, v R A R
(53 TN, HRK PR R, PT LUPR o 2 375 AL 2 1, P LB T 20 7R 0 i 2R 25 4 -+ 43 Bk e,
RFR N2 55 U 0 2R S0 T 245 38 400 T A0 R 2 40 ) 2 19 T ) 5 B, B Dy 40 o) 2 BRI ) S
AR BEL i 2R I tRNA 55 4% 28 A (9 AF A A5 . SRR 2450 =2 QA PEAT IR X 2L 3 R se R R
HATRIRGTEGE, DRI S A 240 T 0 AU B A



i

1t 42 %

3

1566 578

22 PUERERAS I

BB T A U R 2 (TCY) | 208 % (ERY) Fid% ] DNA [R15E RS 19 3#5 %10 & (NOR) | &
Y EE(OFL) , Rvkavh B (ENR) 5 FhowS Sz fiff A 20 T OB B0 B BT I 25 Wt A7 B 5 25 s
22.1 AP L

5FPPLAR R 10 DAL R AR U B0k BEATHR & 25 5000, 4145 J5 B R DT 245 W A0 10 i T AR
PR BRIk 2 P, AR S rp 3L 2R 3 Rl B S (1 4).

®2 AUV ORGSO,
Table 2 The results of the disk-diffusion method combined with the drug susceptibility test

hiARHAEGA+B
ZH 5 Antibiotic combination A+B AR
Group YA A B B A%/mm 2B P B AR /mm Combined effect
Drug A Antimicrobial circle diameter Drug B Antimicrobial circle diameter
1 CIP 20 ENR 24 HhidirEH
2 CIP 21 OFL 19 HiirEH
3 ENR 24 TCY 16 e
4 CIP 19 TCY 13 ECEIR(E
5 ENR 25 OFL 18 HiirEH
6" ENR 25 ERY 13 JexRAEH
7t CIP 22 ERY 11 TR
8" OFL 18 ERY 12 JeRAEH
9 OFL 21 TCY 18 JexRAEH
107 ERY 12 TCY 17 E )|

OB E) ©D

B4 Sk RASIEEIERHUERDE (AL B & AR5 i 2584t T )
(a5, b FSCAEH, ¢ AMFERD
Fig.4 Antibiotic combination antibacterial graph (A and B are drug sensitive papers containing different drugs)

(a. antagonistic interactions, b. indifference interactions, c. additive interactions)

YR BN A BT 259 I BB A0 WS TE E R A AL AN B ) 3R #R L, 48R TR i 259
FEBE T8, ZE4CR By JE FEDR i B R, 498 v 24 40 5 et v 0 AT B AR R, R )N Tk
B RLIE (NCCLS) ZE R 40 9 1k vh 25 854 7 1) 25 W 5 a5t 1 XoF i Ak 40 78 7™ A2 10—30 mm 1) 410 P8l L
e, PRIMGZ 132 ) AR R B 2590 & 6. [R]IHIDE A5 FH G 28 368 o O 2 4000 7 11 T 45 v 410 T P 58 SR G &R
W B AP FEHCR, WA 2459 2 fAH [R) A 2% 10 T 100 187 P8l 52 235G 2 DR 7 24 B4 e [ B s A4k
1M & AR, 3 B0EE J AN R 1
222 (i RGR L

FRAE 5 Ak 2 R AR B MIC 1, WE b4 RA S5 FIC H, DAL HIW R GHiAd RS
TGN 5 P AE 22 PRI I 40 TR 35 32 A N B Al AL A B AR R L an &l 5 B s
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i P ) £ o o o o
[ ] ][]
| [ L) 5
= | ) = | ] =
z [N ] ¢ HEE LI 2
5 (NN L] & [ 5
-- D --- ANT
o o [
0 0.25 0 1
ENR/(ug-mL™") OFL/(ug-mL™")

CIP/(ug-mL™h
OFL/(ug-mL™")
OFL/(ug-mL™")

0.25

OFL/(ug-mL™")
ENR/(ug-mL™1)
ENR/(ug-mL™1)

ERY/(ug:mL™1) TCY/(ug-mL™)

TCY/(ug-mL™)

ERY/(ug'mL™")
5 SFPUARIBHE 88 £L A A AL i 1 AR A L
TE: SYN 7R BHAIE A, ADD #7m SIEA, IND FRTEXAFEH, ANT FR g HifEA.
Fig.5 The growth of denitrifying bacteria in 8x8 Wells after the combination of 5 antibiotics
Note: SYN means synergistic , ADD means additive , IND means irrelevant effect and ANT means antagonistic

2.3 BRA 2RI 45 5 o b

Sy 4 FORTE BB vk e eI S Fh e IRV A Bk i AL SR 8 1, R b R B A TR
RN 3 B,

F 4 UL T H 4 BRI D IR R A RIS IO VR FH 45 5 & LA Ah 7 =0AR M. Tl PR VA 7 B 1
FE AU AE R AN AE FHOG R, FLVE R 45 30 8 B AR T Ry i 0L AN b, £ SRR B Th vl BEAEAE
WA SC 4 it g 1 22 A LAt 1 ML 280 245 SR R D vk, I L S JC 1A I 9 v ST {68 D % o R v
R, fociet PRV A B 3E 2o FIC 8 B0 G A T 45 SR b A7 40, 1% 07 1 o JE S AE I S 5 e A R VG
[ € SCAHL A7 7E N [A] . Huang 55 4% 1<FIC<2 I #ff & S JC AR I, 24 FIC>2 I 5 22 &y 4% Bt A I 2
Matsumura 55 Pillai 8244 1<FIC<4 B} i & by JCCAEH, 24 FIC>4 Bl G Ho /e U2 PR, 3] g
ANFEIRFFEAGE hh AR A EAE R RS RA B IR,
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®3 AFEMEITEZAEZ S RIERA R ES

Table 3 Difference in the results of combined antibiotic action between different explanatory methods

215 S5MIA+B Method 1 Method 2 Method 3 Method 4

1 CIP+ENR 2.8 HHUEN 1.25 TR 8 HHUEH NA  RIWFEAE
21 CIP+OFL 2.8 HHEN 1.25 TR 8 HHUEH NA HEN
3 ENR+OFL 2.1 HEPUEM 1.25 TERAEH 8 FhHEH NA  BIIFEXRIEH
4 CIP+TCY  0.64 FInfEH] 0.38 PrEE 1 ZmrEM NA PEE
5t ERY+TCY  0.79 e 0.5 PEE 1.5 Te AR NA PRI
6" OFL+ERY  0.99 FmER 0.5 rEE 2 TERAIEH NA IEIFE
7* ENR+ERY 145 TeRAEH 0.56 e 4 FhEHUER NA  BIIERIEH
8" CIP+ERY  0.95 TRAEH 0.31 PEE 3 TeRAEH NA PRI
9 OFL+TCY  1.56 TeRAEH 0.75 FMEH 5 e NA BRI

10° ENR+TCY  1.13 JokAEH 0.38 PrFEIVEH 25 FEbifEH NA PrEIVER

R4 R YHOE SRR AR RETR G 2B A R LA
Table 4 Comparison of drug sensitivity test results between disc diffusion method and broth dilution method

TR N 17 B Microbroth dilution method

250 YA Z5¥B AP

Group  DrugA  DrugB disk-diffusion method Jiik— P2pr L= VRN

Method 1 Method 2 Method 3 Method 4

1* CIP ENR TEPUEA HpifEH TR TP ES) il (5]

2 CIP OFL TEPUEA HipifEH TR TP TEPUEA

3* ENR OFL TEPUEN HEbi/EH TeRAEH HEbiEH S/ TE XA

4t CIP TCY EPUEA e RIE SInEH PrRIVEH

5* ERY TCY TEPUEA e PrRIVE TERAEH PrRIVE

6 OFL ERY TRAEH FInfEH rEVE TeRAEH PrEVEM

7 ENR ERY TRAEH JeRAEH FhnEH HibiEH /T XA

8 CIP ERY TERAEH T PrRIVE TERAEH PrRIVE

9* OFL TCY THRAEH TeRAEH FIEA HEbiEH ZINIEAEH

10* ENR TCY ZIntEH TERAEH rEVEH FEbi/EH PrEIVER

TG YRR S o R R R O TR A VR DG R A SR 0 LA, 45 SR B P A TR
PR A AE I ZS RAEAE IR R 25 57, TOvh vEf i o PR B0 A R ] I FAICR . it IR i Rk A7 7
B 1 SR R, TEYR i K R TP B S AR R E A EHRCR . WIS AR POk
5t R A R BT AT FE G [ B, el e 52 B A FH oG AR it i A Al FE 2L

T RN R S P AL R TR RIVR E 2 TP R WA A, W TP RS
IR RN, [R]— A R AEA[RI MR BE T X B il A Al B T 7= A I CR AN TR), 3 B AS TR e B 5 K
55—tk 28 G B ARG AE S R

Zou EEHA B VD B (ENR) AR 2 19 JRUME T TR 248 (FQ) , X LA AL IE B >y 32 199 S il Ak 200 v 1A 7
JEAE S B, NER 177 i3 e BE 208 (500 pg'L™ 2 100 mg-L™) FIE ik BE 2% 0 (100 ng'L™" & 10 pgL™), 2
100 pg L VB Ry i B2 i PR VA A Rk 3 S A5 FLAR R IRk B pi A 3 AL B, TR L 3 Ao 350 4 41 il v 3
F&EL(FICD) 19~V S4B 0 2 R A FH OQ R AFAE A5 B
24 WG HEOAR T kA
241 ERHWREL

i 3o WA SO ] 5 Bl PR 1 s TR v L 2 S 5 SRR A 0 52, 43 ) 3K 45 96 FLAR 45 FL b S fiF Ak 4
9 OD 1 (Abs) , i i lb 8 4% B — i A= Z L b OD {54 B &4k Z 1L OD (i 2= 56 & Pl 3t
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A RBVBREEIC R, 2 ODpup < ODyig(a, m) N, PIFHLA: 5525 RN BIN/BRFAE T 24 ODyin(a, )
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Fig.6 Combined bacteriostatic effect of different concentrations of antibiotic combinations
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Fig.7 Growth curve of antibiotic combinations with different concentrations
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Table 5 Growth curve fitting related parameters
IR R N2 HEEWHR N1 AHICAEH
Single system m Hom Composite system m Hom Related effects
3.9063 pg'L™ ENR 1.6 427 0352 3.9063 pg'L"' ENR+15.625 pg L' OFL  1.43 6.21 0.425 PpIEFEH]
7.8125 ug'L ENR 1.57 4.37 0.343 15.625 pg'L™' OFL+4 mg-'L™' ERY 1.55 3.02 0.283 TR
15.625 pg-L™' OFL 1.6 439 0.355 7.8125 pg'L ™ ENR+31.25 pug-L™ OFL 1.18 2.14 0.232 FInfEM
31.25 pg'L ™' OFL 1.33 4.88 0.318 3.90625 pg'L ' ENR+62.5 pg'L ™" OFL 0.42 8.74 0.422 k]
62.5 ug'L"' OFL 0.94 7.58 0.375 7.8125 pg'L™' ENR+4 mg'L™' ERY 1.52 3.80 0.296 TeRAEH
4 mg'L'ERY 1.5 2.16 0.253 3.90625 pg'L™' ENR+4 mg'L ™ ERY 1.47 2.00 0.251 FIEA
F6 100 ng L P R EFHKAMEHL R
Table 6 Results of combined action of 100 ng-L™" antibiotic concentration
ZH 5] 251 A/(Abs) 251/B/(Abs) A+B/(Abs) BT
Group Drug A Drug B Drug A+B Effect result
1* CIP 1.595 ENR 1.514 1.545 TR
2 CIP 1.595 ERY 1.540 1.568 TR
3* ENR 1.514 OFL 1.568 1.553 TR
4 CIP 1.595 OFL 1.568 1.582 TR
5* OFL 1.568 ERY 1.540 1.542 TR
6* OFL 1.568 TCY 1.525 1.545 TR
7t ERY 1.540 TCY 1.525 1.415 e
8 ENR 1.514 TCY 1.525 1.445 FImvEH
9* CIP 1.595 TCY 1.525 1.779 FhbifEH
10* ENR 1.514 ERY 1.540 1.555 PN

Fd B — 5 55 A IR R P i S i A AN B JC A 2 100 ng L™ ENR+100 ng' L™ TCY ¥ 41 &
55100 ng'L™" ERY+100 ng'L™" TCY ¥ i 20 & (W i —VE I G &, BT 4006 4 o A= R it 2, 3d o e A
7 PR RO A B AR A KRR S, B ME— IR SR HIC R, B 8 R B, AR A & T i
FERIAUMFEEH.
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Table 7 Growth curve fitting related parameters

ENR TCY ERY ENR+TCY ERY+TCY
Np 1.751 1.888 1.763 1.279 1.13
-10.26 -10.17 -9.07 2.589 1.642
M 0.141 0.136 0.151 0.171 0.198
20 ° 20
[ ]
15 15
Z1o0 210
m 100 ng-L"' ENR ® 100 ng'L ' ERY
0.5 ® 100 ng-L"' TCY 0.5 ® 100 ng-L"' TCY
A ENR+TCY A ERY+TCY
0 | 1 | | | | | 0 - | | | | | | | L]
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
t/h t/h

8 AFWESUERM A4 KA
Fig.8 Growth curve of antibiotic combinations with different concentrations
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i BOE S R BA — Bk, MUY R S U Y AR A I A B I B HLER AT RE RS AR R T RS
AERPERISCR, BRI, S8 i 5 32 TR i i o P A RIS AR IBCRAT A R0 Jr k.

IR 24 B0 G A Sl — i s B0 A BRI 5 VR HIRICR (87 B 300 T2 B, 120 R T K R B 26 A T AR
AN E B2 G AR BTG R S A A TR i B it — 5 B9 225 MKHI. BT A2 2000 BOam A 40 1 A A AL 4
522%, It B AAE LA S — 248 NO; -NO, -N,O-N, (1 4 A~ S 1y B B HL 4% B B i A ) it AL
IS 2R RO B . — R A 3R AT RE R S A AR T RE Y LA BRY, [R) —Rh 2R 042 3 A XS 2% 2R 35 A1
MRCR 277 A2 2250, I BLIR) — B AR R 7E B — S 5 R R X 4 11 A9 1 P BILBE B2 e 34019 243 Bir A
A PR, HUAE R B A A0 TN S A B A e BE S 2R R ), v 3 ik PR SRAS AU  1F T 1 B R R I i
S — P B RN S A AR A S R AL, DT T A% A IR kR AE 3R 0 e o
3 %58 (Conclusions)

(1A 8 7 HOE 5 1o N R BRI 3l 5E Me 5 e A R0 5 AR S 1 s g 2 B R A
J3E 5 i A TR R T 2R R SRR, PR O 35 I 4 R AT — Bk, SO R/ - ENR>CIP>OFL>TCY>
ERY>SMX>CLI.

(2) 5 24 B0 TP 4R 9 B30 S IR0 R i e BETE R A PR 45 2R - i1) 32 14 24 5048 e 1) B 5 ik e
TV R FIC TR AR RS2 R, S Bt AR RIS AE A R AAME— i R B — 5 BB R
FLP TR W) 22 S0 5 U AR R AR TG 2R 0 07 12 X i PR U s RV AR I A, e T O TRl R D7 4t 45
RA—E )L

(3 ) 3 ol A= 40y i 0 5 ¥ T LA DR AR TA) 0 A R T AP AR B0 2B 3R VR B B Y Jm BR P m) e, O HLi s
VA AU TR AR K i e mT DA I 00 EL VR v S R S U RV RIOC R, I, AW
5 32 PTAE g R B S DA R IRS AR IRCR AT Z A R k.
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