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Abstract

Infection caused by multiple drug resistance (MDR) Klebsiella pneumoniae has become a difficulty
in clinical treatment. This study explored the inhibitory effect of amikacin sulfate combined with
drugs on MDR K. pneumoniae in vitro, and provided data reference for clinical medication. The
minimum inhibitory concentrations (MIC) of the extract of Coptis chinensis, berberine hydrochlo-
ride, palmatine hydrochloride and amikacin sulfate on MDR K. pneumoniae were determined firstly,
and then the antibacterial activities of amikacin sulfate combined with the other three medicines
were observed by broth microdilution checkerboard method together with their Fractional Inhi-
bitory Concentration (FIC). The inhibitory effects were showed synergistic or additive effects after
combination on all of the ten MDR K. pneumoniae in vitro and had good clinical application value
in the treatment of MDR K. pneumoniae, which was worthy of further study.
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1. 51§

it 4 2. 75 {1 i (Klebsiella pneumonia, KP) & —F HAT JE R S5 14 (142 28 I 5 22 B AT 1, W] 51
WPIRGE . IV, R S R R G A s . 2014~2019 4F 1 [F i 24 Wa I 9 (CHINET) St 45 Bt o fili 4
o, T A TR R A S0 B A 3R AOR T RIGR A B, AL EEE ., X St A A0 Sk A mg fi (1 it 245 22 53 7l
31.5%~34.6%- 31.6%~39.9%; XTI EFA AR RN 252735108 17.3%~22.4%F 13.6%~19.0%:
of SNV e 15 T A1 55 B 8 B BT 2 28 0 5l R 4.8%~10.5% 1 4.5%~10.9%, HIHELT BEM BT[], P it
SN Bk B (ESBLs) A& H: 3= B 22 S it 25911 [2]. ESBLs ()3 BkF 25 /2 ki 5, LA ESBLs KJis
75 AN 98 S TR AR T AR R AR [3], T 25 AR AT B-IN RG2S Pi A R BENZG, JE A e piEx
AEXN ], REAR T b i B B R 2 e TR B, R AIGAR R TR, WAERR &, ARIE 30 d i
FEEN 41.6% [4], DRIbms 5 I 250 kDA%, (H2 H A& & IR A BB Rt 2 R AR AR A
AT RIEMRITIEE . PATESTRIE R LE0E0CE B8 71, AN B 073 2 5 77 0 CE S0 1 48 B 5 T
ARG, — PR 25 LA AR 2B 58 v w0 BRI G AR 7 AR i I T — S B B A U
Sy B 277 Z[5] [6] [7] [8]. ASERE N B HEETR I SRR/ NEEm . SRR YT SR 2 B A
T R S K= B2 5% i 8 o T 1T B i 2 R AR AP BR AR T, Sl PR FH 24 77 SR 3 R i A 4

2. MRERE
2.1. SEIEMN SR
TR P K A~ B HE i (65 130335-200204) #h R /NBERCH HE i (5 110713-201212) #5857 (it
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5 110732-201510)30 F H B A 5 25 sk e i 7B . SE MG B LTI O N R B, &L 2R ]
R % 5w N EERHEYI % Coptischinnsis Franch. [T HRRZE. DL 95%LEE, @A IHE 400 W $2HL 3
W, BHR 15 min, S3FZKIRBURIKAE 217G, WK TIRE SIS .

P R 75 PR Y KQ-500TDV (B L AU A IR A A, TeF 2 RACEMAZEL EV34l), H
TG TIENACT IR EENBHU R AR AT, S50 =@ Ak & (ERBE/REDFEARFRAF), LK
JE 71285 K R 4 (LI R 22), Phoenix-100 4 H AR % 78 /25 U L 2 % 78 25 U 4% (35 [ BD A )+
BACTEC FX 4 H3hMi# 21X (£ E BD A7), Heal Force M) 24 (B2 %) —80°C UKFH (/R
DW-86L.386). M LLIE I T4 (OXOID). [ 4 B fig b & 77 Wiz B IR (T MR A

22. REBHEMAERNENLEE. REF EHS5MHE

i (SN E A AN sy v e = DA AR T Ly e e U7 R 7 v o N R S (R e I B Pk /L e Y
S 1 35 [l BD Phoenix-100 4 [ 31104748 58 / 24 AN R B0 A8 45 58 2 BIURR 2% 56 B 45 TR AR 35 P b 4 AN 2
PRV E REEAT . KR A AR UERR(ATCC25922) K il 4 72 5 A B AR AE R (ATCC700603) i Hh [ 31 i ik
AP FRORIE O (CGMCC)HRHE, BT SR80 P8 T %5 58 I 25 B0AR 56 A5 IR A7 T80 CUKAR « BRARHE R
Pk ATCC25922 41, 4% 2016~2019 4F[H] 80 A% Sk AR 5 e /IR FE MIC > 32 pg/mL (1)l 98 v 75 {1114
SO0 R X ST AR MUK AR B . TR, FERP T BHE EL W A PR ORT Hh [ 225, TR AN A 256 0T 7T

2.3. ESBLs #7755 K & E ¥R

ESBLs il 28 CLSI M100-S24 SCHHEFE AR T B iR L AT R I . A 2 30 pg SkAafthng
30 pg SN fim A Sk F g/ od h 4EFR(30 pg/10 pg) sk FIME NS/ o0 b 4ERR (30 pg/10 pg)fI R A 40 247
B, AR — b G A0 R P B K T B AR T B 2 AR R P LA 5 mm BN R IE A B R
ESBLs. H2EZRMBUK(S) A1) 25 (R) M AW s SR 58 7532 i S 4% 1845 CLSI M100-S30 ST A4
i 98 5 B AP 8 X BT oK 45 2L A MIC > 64 pg/mL AT 25, MIC = 32 pug/mL A 4, MIC < 16 ug/mL HHUH[9].

2.4. {EIMNEIRIE

DAt 28 52 7 A0 TR AR HE R (ATCCT700603 ) F1 K 735 7 B AR HEAR (ATCC25922) N B i B bk, K Tl R
FRREE S B E SR BR PR R A2 . POESI . SRR /NEEmR . SRR 2 YT & 250 MIC {H, MR4E 25905
AR, RS FRE AT A MR /E LS, TSR P I (FIC) 1821, FIC = MIC szsnn/MIC
e+ MIC 2amn/MIC 2awm, FIC <0.5 NWRFEA/ER, 0.5<FIC <1 ANMIMER, 1 <FIC<2 NILFRIEM,
FIC > 2 A$EH/EH10].
3. 58
3.1. ZEMAMARTHAEFESER

M 82 #xf Sk AIHENG ) MIC > 32 pg/mL KMl se B frpE b, e i 10 #hoxt SkfmsEfs MIC > 256
pg/mL, SkAABIE MIC > 32 pg/mL, SkALALG MIC > 16 pg/mL, 2 HIES MIC > 16 pg/mL, [ G K&
RS BR) A3 #R) BURQ PR 2 HE 2/t 28 5B B (Ui 5 164153, 164368, 166276, 171245,
175173177986 186472, 187765 191343,193215), H:H1 177986 5% W ficd /e A1 26 B i g MIC > 8 pg/mL,
BRI MR R R .

3.2. ESBLs #4558

ERTHIEL 10 BRI SCHEAAR, QA7 B IEE RN 97 ESBLs 2 Hi 25 1 £k -
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3.3. BEAHREER

SIS EE RN, FOESRI . ERER/NBERR BRI L YT 5RO R R, FrIRIER 10 £k 2 Hiif 24
B X B KSR ) MIC (B BB R %, BRR T 2~4 ANIREERRRE; TEEe Iy s/ NEE A iR B
JTH MIC #FEAK T 2~8 NKRFERLRE, RILH BB P REBAEMER L 1, %2, &£3), SnIEwEer
PIEE 28R JUH 2 68 T2 ST SR oK R B IBCH Ja R Pl 5 i 25 B 35 7= A= i RIVE - HLBT A s RS
FK-RE 1) MIC {EFE 2 16 pg/ml X PAR, BONBURBERMIC < 16), B HAEH R FARSMUE B8R .

Table 1. Antibacterial effect of the extract of Coptis chinensis combined with amikacin on Klebsiella pneumoniae producing
ESBLs in vitro

F* 1. BERBYSIRFE2KAX 7 ESBLs Bt 5 & A E N AIMAEER

" %i%?%ﬂx%(ug/r‘nl) ‘Wﬂﬁfg(ug/n‘nl) FIC PRI
HH 1B H BH 1B H
ATCC25922 78 49 4 1 0.313 1]
ATCC700603 78 4.9 4 1 0.313 3G
164153 2500 39 2 0.266 P[]
164368 2500 78 16 1 0.094 P[]
166276 1250 39 32 4 0.156 1]
175173 2500 39 32 16 0.516 AN
171245 2500 9.8 32 4 0.129 P[]
177986 2500 625 64 32 0.750 AE R
186472 2500 39 64 16 0.266 F
187765 2500 78 128 32 0.281 P
191343 1250 78 128 32 0.312 P[]
193215 2500 625 128 64 0.750 AE R

Table 2. Antibacterial effect of berberine hydrochloride combined with amikacin on Klebsiella pneumoniae producing ESBLs
in vitro

= 2. HE/VEERI SRR 2B AX = ESBLs Bt & 7 E A E A AIMAEER

" j%ﬁﬁ?id\ Etfﬁ)ﬁ(ug/t‘nl) ‘W?KJ? Ez(ug/r?l) FIC PR
HH BH BH BH
ATCC25922 8 1 4 1 0.375 P[]
ATCC700603 8 1 1 0.375 P[]
164153 512 32 2 0.313 P
164368 1024 64 16 2 0.188 rE
166276 512 32 32 4 0.188 [
175173 512 32 32 8 0.312 P[]
171245 1024 32 32 4 0.156 73]
177986 1024 256 64 32 0.750 AN
186472 1024 64 64 4 0.125 P[]
187765 1024 32 128 16 0.156 P[]
191343 1024 64 128 32 0.313 73]
193215 1024 64 128 64 0.563 AN
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Table 3. Antibacterial effect of palmatine hydrochloride combined with amikacin on Klebsiella pneumoniae producing ESBLs
in vitro

3. BB DT SMK-FE8 A ESBLs B§At & 72 & AR IMLEER

- %:'i@? EE?T(ug/fnl) ‘Wﬁfﬁfﬁ'a(ug/rfﬂ) FIC P
BH BH HH e
ATCC25922 128 2 1 0.266 3]
ATCC700603 128 2 4 1 0.266 3 [
164153 512 8 8 2 0.266 3 [
164368 512 32 16 4 0.313 [
166276 512 8 32 8 0.266 rIF
175173 512 8 32 2 0.078 ) [
171245 512 8 32 4 0.141 3 [
177986 512 16 64 8 0.156 [
186472 1024 32 64 8 0.156 73 []
187765 1024 64 128 16 0.188 ) [
191343 1024 32 128 16 0.156 3 [
193215 1024 64 128 16 0.188 [

4. WHig

5 RPT AR 2R 110 DK B I FH A 240 7 PR e 242 i T 7™ L, T 2 TR R AR, 7 ESBLs Jifi 48 o B {11 B 11
ot 238 R 245 2 3538 A T i [ 117 [12] [13 ], J 47 K i 35093 Pt 98 5 85 A0 1 51 R 350 A PR IR 4L X A M I et
B S IR 14], Q] xof Fifs 28 5 B A B8 AR 24 1k 40 A7 42 1) B BT B A BRATE 78 (1 38 p RHE A M T HIAE R
KU, HHAGAEIRE R AP, RIS 2 o REFE AR R AR, Rk 2 S R
A F 29 BERE S A ROU R A B (O 250, RIS IR w] BEFARPUAE R 252, AR PR FH 2506, Bk
N—FA G R YG T 77 S [15] [16].

G P A ZONI 2 v T A B I PR VR YT AR IR, (R BEAG 7~ ESBLs Jifi 48 v B AH B 3G, 3
M 25 P10 T, 697 RORAE IR BT AR 17] [18]. BIEME LSRR 250, BRADUE. HFpS24 8 /e,
TR KRGS A W SE B IpE RS, B RS AN, PR, DLV AR
WERH, BRI KR A A& — R EAEHI[19] [20], A TRt G 4Rl 1 3 i 5K R
B IA 20 2 Bt 20 KR4 WA R U RS IER[21], B8R RIF. AFFARHEIERIY . HhiR
ANBER ., ERIR L T =R 2 B B, R 22 B 24 4% v B B Y MIC > 512 pg/ml, EARAH
—ERIER, (AFURETETE A (A=Fr 7 A SRR R B BCA 25, X2 S 25l 5 5 6 A
BN T ARE A 2 8CR, B AR B R R EEINPE R, R SR YT SRR R E B 1
PER R et . 5 FR OO BK R 2 (FR29) R B 25 (% 9 7 B0 B, 7ERTRR B 5 B S VT Ja % Bk
RER MIC EFZ 16 pg/ml X LLT, RIVEBUR, Bom 7 IR L I0BCE F 24 2R AN R R T 5

AN E R, AT 177986 5 N BT BEM M 2 0 5 A B (CRKP), #HRE ST 5K E
PAE LG RR T HANERIRER, MU= T HFEIER, H HoKH B 25 W 7 A UK, XS
2GR A% HAh CRKP [FIFE R AW HAER, 2 — DS 5l 3k .

E&InE
TLVEE HARBL I ST H (5 : 20192BAB205106), 1T PH4 2020 4 K24 615 GV I 2RI 55 H (2
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[15]

[16]

[17]

(18]

[19]
(20]

(21]

S5202011843028).
& 3CHK
o 2 0 .4 L 24 W ) 2014-2019. 4E SN BRT 26 4 W A 45 (0], o FEL R Yoot 46, 2021,
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