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TRAT TE T R 43 Bk & B FA X 25 Bg Bk @ B9 3D & 4E BB R EH AL E

A, B OA, B I, A&, ARG
(H MR O E B R 868, 5k K&/ 130021)

[(# ZE] B&.: W HREERSA A (PF) . JFEAEEFTER (PC) M&EER (CA), BA R
FERE (E. faecalis) KAYRBERMEIMER, JF B UIEAERPLE . 7. RS R BRI CA .
PC 1 PF X E. faecalis ¥ /NN E (MIC) Kfe/NARTEUE (MBC), BEEH B LR I 25 AT 3 F0ig
P RS B IO FH 8 4 I T Ve BE R AL (FICT) S o A R EEHE 80 (FBCD) . SEIR 43 A X R | ek i
B2 (PF-1041. PC-6 4RI CA-1040) MZiWik G ni 4l (CA-2+PC-141. CA-2+PC-241. PF-4+
PC-241. PF-6+PC-240. PF-4+CA-4 4 FIPF-6+CA-4 40 ). &5 f S8 Y @K 3 Fofr 5% 7k 1 20 65 1% 7
FME. faecalis YL RIEN, FHEE (SEM) WEARAT 3FE MBS N A A E. faecalis 4
BTG AR, mOA IR 56 K I 285 AT 3 B I 4 1 23 65 L I X 2% 20 E. faecalis T2 Ui VA FLAE ) FEE 0 490 o 4 1
SEM WLE AR AT 3 Ff i 4 il o0 6 45 B FH 4% 4 E. faecalis LRG0 A% 175 00, 38390 0 46 00 2% A5 3 780 35 7 ol 23 BE
N A E. faecalis V7 AV W) B rp IR E RS BT = W52 (ATP) Ko G55%: FRAT 3G Mo
PCIMIC Jy4 gL', MBC K6 gL '; CARMIC H8g-L™", MBC N 10 g-L '; PF iy MIC I
MBC ¥ >10g-L™", B PFE H10g- L' PCHCABAN HEAHEEN, PCS PFEA N H
HAEMMER, CASPFERA N HEAHMIEN. SMmEda, S Mg ti, PF-1041. PC-641.
CA-10 2 F1 45 25 W k& N FH 41 E. faecalis "E W BETE p i 34 BF B BE AR (P<<0.01); 5 PF-10 41 Lk #¢,
PC-641. CA-1041, CA-2+PC-141, CA-2+PC-241, PF-4+PC-24, PF-6-+PC-241FfPF-6+CA-44
E. faecalis "= ) I B 1 B S G (P<<0. 05 8¢ P<<0.01)., B WEE, %I E. faecalis 1=y it
BIE, MWz BB EE, SR, HAMAEER; PF-104 . PC-6 A M CA-104 E. faecalis - 4)
R JEE B WY S ARG, 0 AT T 1) HE B AR AR AR X B AR 5 2 25 W ERG RE FHALW] DL E. faecalis 1= 15 34 WY 1 o 2>
T BEFARK, S T WA TR, WA RN ERE, REREGWARIEES.
SAGAE, SRR, fEM 5. 10130 minJ5 PF-1041 . PC-6 41 J¢ CA-10 4 E. faecalis V% Ui T4 T4
HEW R ED, B8 X E. faecalis 2R3 /E B BB 38 s 45 2506 & W HAL T, PC Y5 CABRG 78
5 min N A W E. faecalis 77 9 T B 76 B B0, X E. faecalis ¥ U W 8 75 B9 A 0 1E FHER . 5 PC 4L AN
CAZLHE:, fERS5. 10130 minJ& 4% 25 W Bk A B 41 E. faecalis 15 97 T 0 9% A< WL @20 5 50 IR 40
Fe#, A8 FH 30 160 minJ5 PF-1041 . PC-6 41} CA-1041 E. faecalis "= 4 R TH 7532 Wil /b, $ 7% T R
HZGRT E. faecalis H P RE H 20 T 3R B D W3 0 0 R A ME D o b PC-6 20 AR W RE R D SR B W
TEALPE 30 min J5 R WIETEIE N TE& 290G T, fEH 30 minJ5 CA-2+PC-24H E. faecalis ") 5
WAV T4, R KT AR A W IR P Y 40 ;. 5 PC-6 ZH A CA-1I0 A L #, & 29Ik & i JH 4
AE AR Ve £ B AT 35 1) 5 e B2 SR 25 2 B R 8Ok . R BRI EE , X BRI E. faecalis EARIRITE . H 40 B
6% PFALE. faecalis WA, ML SE B2 8 ;5 CA AR E. faecalis 41 Wl JEAH X 52 %, {0
E. faecalis Fe a0 H B4 MM FE MG, DECE. faecalis 41 5E #4285 IR 3 PC AL E. faecalis 4 i Ji5
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e R IR e b ™, RN AW AN, A0HE AR A A B R T R R GE  AZE A N A
E. faecalis MMPRERERE . NAEWSMNIRIAN SR R 4E, LR PCEH CARA N AR, WUER E. faecalis
20 e 1 S MR SR B M IR, N AW SE AN PR S5 CA BRI FH T, nT X 51 20 T 2 i 12150 11 4%
a5, UL R L R AR I, X IR R, K UL E. faecalis T U T KA W) B ATP K F- 34 B
WML (P<<0.01); 5 PF-1041tb%, CA-1041. CA-2+PC-241 . PF-4-+CA-4 4 fl PF-6+CA-4 4
E. faecalis 77T 1 ATP K 8] B FEMK (P<<0.058% P<<0.01), CA-104FICA-2+PC-241E. faecalis
AW ATP K- B B (P<<0.058( P<<0.01). 5. RATIGME M 4> PF. PC Al CA B4 0
Xt E. faecalis B =) BEIE i H A B 40 w4 T, 3 0 3% 2k Bl 43 9 1R B A R FH X A — 2 A B TR) A A
M, o PC Y CABEA N PMAE F B B, AE WL AT 68 5 0% 3K E. faecalis [ B 56 5 P F0 40 1 41
W ATP KA X,

[xRE]  RATTEER; FRHERE; SRR, FAETE; N

[FES XS] R378.12 [XEtRERE] A

Inhibitory effect of combined application of active components
of Paeoniae Rubra Radix on Enterococcus faecalis and its
mechanism

ZHANG Jiani, SAI Jie, ZHOU Yu, YANG Miao, SUN Shufen
(Department of Endodontics, Stomatology Hospital, Jilin University, Changchun 130021, China)

ABSTRACT Objective: To discuss the inhibitory effects of combined application of chlorogenic acid
(CA), procyanidin (PC), and paeoniflorin (PF), the active components of Paeoniae Radix Rubra,
on Enterococcus faecalis (E. faecalis) and its biofilm, and to clarify the mechanism. Methods: The minimal
inhibitory concentration (MIC) and minimal bactericidal concentration (MBC) of CA, PC, and PF against
E. faecalis were detected by microdilution method; the fractional inhibitory concentration index (FICI)
and fractional bactericidal concentration index (FBCI) of the three active components of Paeoniae Radix
Rubra in combination were detected by checkerboard dilution method. The experiment was divided into
control group, high concentration of single-drug groups (PF-10 group, PC-6 group, and CA-10 group) ,
and drug combination groups (CA-2+PC-1 group, CA-2-+PC-2 group, PF-4+PC-2 group, PF-6+PC-2
group, PF-44+CA-4 group, and PF-6+CA-4 group). Crystal violet staining was used to detect the
biofilm formation of E. faecalis in various groups after treated with three active components in combination;
scanning electron microscope (SEM) was used to observe the morphology of E. faecalis biofilm in various
groups after treated with three active components in combination; spot assay was used to detect the
inhibitory effects of three active components in combination on E. faecalis planktonic bacteria and biofilm
in various groups; SEM was used to observe the damage to E. faecalis cell membrane in various groups
after treated with three active components in combination; kit was used to detect the adenosine
triphosphate ( ATP) levels in E. faecalis planktonic bacteria and biofilm in various groups alter treated
with three active components in combination. Results: Among the three active components of Paeoniae
Radix Rubra, the MIC of PC was 4 g+~ ' and the MBC was 6 gL~ '; the MIC of CA was 8 g-L." " and
the MBC was 10 g-L. " !; the MIC and MBC of PF were both =10 g+L. "', and the concentration of PF was
selected as 10 g+1.~'. The combination of PC and CA showed synergistic effects, the combination of PC
and PF showed additive effects, and the combination of CA and PF showed additive effects. The crystal
violet staining results showed that compared with control group, the biofilm formations of E.faecalis

in PF-10 group, PC-6 group, CA-10 group, and drug combination groups were significantly decreased
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(P<C0.05) ; compared with PF-10 group, the biofilm formations of E.faecalis in PC-6 group, CA-10
group, CA-2+PC-1 group, CA-2+PC-2 group, PF-4+PC-2 group, PF-6+PC-2 group, and PF-6+
CA-4 group were significantly decreased (P<C0.05 or P<C0.01). The SEM results showed that in control
group, the E.faecalis biofilm was thick, with tightly connected bacteria, regular morphology, and intact cell
membranes; in PF-10 group, PC-6 group, and CA-10 group, the thickness of E. faecalis biofilm was
significantly reduced, and the arrangement of bacteria became relatively loose; in all drug combination
groups, the E.faecalis biofilm was significantly reduced or even completely disappeared, and under high
magnification, the biofilm structure was completely absent, with bacterial fragments adhering and
aggregating, losing their original bacterial morphology. The spot assay results showed that compared with
control group, the colonies of E.faecalis planktonic bacteria in PF-10 group, PC-6 group, and CA-10
group were significantly reduced after treated for 5, 10, and 30 min, indicating gradually enhanced
bactericidal effects; among drug combination groups, the combination of CA and PC significantly reduced
the colonies of E.faecalis planktonic bacteria within 5 min, showing strong bactericidal effects. Compared
with CA group and PC group, the colonies of E.faecalis planktonic bacteria in all drug combination groups
showed no significant reduction after treated for 5, 10, and 30 min; compared with control group, the
colonies of E.faecalis biofilm in PF-10 group, PC-6 group, and CA-10 group were gradually decreased after
the treated for 30 and 60 min, suggesting that the high concentration of single-drug groups exhibited
gradually enhanced bactericidal effects on E.faecalis in biofilm. Among them, the biofilm-killing effect of
PC-6 group was the most significant, with no colony formation observed after treated for 30 min; in drug
combination groups, only a few colonies of E.faecalis biofilm were observed in CA-2+PC-2 group after
treated for 30 min, indicating effective killing of bacteria in biofilm; compared with PC-6 group and CA-10
group, all drug combination groups achieved the bactericidal effects of high concentration of single-drug
groups at low concentrations. The SEM results showed that in control group, E.faecalis exhibited an oval
shape with intact cell membranes; in PF group, bacterial morphology was altered, and cell membrane
integrity was damaged; in CA group, most bacterial cell membranes remained relatively intact, but the
bacterial surface showed shrinkage and depression, with a few bacteria exhibiting disrupted cell membrane
integrity; in PC group, the integrity of bacterial cell membranes was most severely damaged, leading to
leakage of cellular contents and aggregation of cell fragments into flocculent structures; in all drug
combination groups, E.faecalis exhibited ruptured cell membranes, leakage of contents, and aggregation of
bacterial debris, especially in the combination of CA and PC, where the most severe disruption of bacterial
cell membrane integrity and complete leakage of contents were observed; in the combination of PF and CA,
bacterial surface pits and shrinkage were observed, with occasional cell membrane rupture. The kit results
showed that compared with control group, the ATP levels in E.faecalis planktonic bacteria and biofilm in
various groups were significantly decreased ( P<C0.01) ; compared with PF-10 group, the ATP levels in
E.faecalis planktonic bacteria in CA-10 group, CA-2+PC-2 group, PF-4+CA-4 group, and PF-6+CA-4
group were significantly decreased (P<<0.05 or P<C0.01), and the ATP levels in E.faecalis biofilm in CA-10
group and CA-2-+PC-2 group were significantly decreased (P<C0.05 or P<C0.01). Conclusion: The
combined application of PF, PC, and CA, the active components of Paeoniae Radix Rubra, exhibits
significant inhibitory effects on E. faecalis and its biofilm formation. The pairwise combinations of three
active components show synergistic or additive effects, with the combination of CA and PC demonstrating
the most significant synergistic effect. The underlying mechanism may be related to the disruption of
E. faecalis cell membrane integrity and inhibition of bacterial ATP levels.

KEYWORDS Active components of Paeoniae Radix Rubra; Enterococcus faecalis; Chlorogenic acid;

Procyanidin; Paeoniflorin
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i A& FIARL R J] 48 2 5 LA N R DA ) TR
Y B UIA G S RE R e o B I R b 2697 7
R IRYT, AR EIRIT MR R R 80% .
TEGI KM RFFR B RENME T, EHEKE
(Enterococcus faecalis, E. faecalis) J& ETRFTH,
E. faecalis J& —Fp 55 2% FHAE e P DR A, % TR A AR
EE RS EA ST, JF BTt EE . T
TRV M s e PR, R AR IR T ) A
Rk 0% " E. faecalis AW IRIE XAFAE, fE
g 7= A Z2 Rl RE I PR, ST G BRSO B, AR
A 0 A0 BR A BB L e A L AR W IEE R 4 2
W, 2R R e LA SR 1k RAR B AR W)
BT R . G, MARE RGE T IHBR E. faecalis I
R BRI E. faecalis 25 W%t T 4 w5 M WG 97 19 1K
DR S

WA MR W (sodium hypochlorite, NaOCl) J&
AR TT TR T eh U], B & v BE NaOCL ] R
PUE AR ALN, PRSI, JHRih oA
i, BEARA R ALBPERE 7. & (chlorhexidine,
CHX) HAJ &AW S, Bk E A tid
21, AIRg g A AR O R B R RO
W, WF 982 A A R BT 25 W) g I IR A 1 i B
55 . HEl, 252 MR Y RIE TR Y, MK
2 415 PR 53 1 A B 24 W B e A R R R Y
BACE o RATME R AR E 25 4, B R
PURERE . BFoT Y WOR R AY R 4 H 0 4 A BK
PR B TR A R I bk R TR A5 4 5L 4
YEF o 2% 725 3% 1k B4 AL 45 A 25 1 (paeoniflorin,
PF). JR4£7# & (proanthocyanidins, PC) Fl4k i
12 (chlorogenic acid, CA). H ¥ PF Xf £ Fli R i
AR IR WY R B RIVE T, U X K AT B A
FESBRES BA B . CAR—-FIEHEZL
B, B R K Y A T RE T S O 40 TR A BT R R
FORE MR, PCAA ZMiEMRE, &
AN 1 V5 20 TR 2R E AR R, ELXE e R [
FEA . YANG % Y R B PCHRERS R AL
YK E. faecalis, I3 58 2F A 50 i J5t ik 1 (14 4
W e e, B3 B AR LS R e i, JF
H PF. PCFI CABEA N A& & XF E. faecalis B A7
R NSRS @ S P SUUE 31 BN rS NY 71 Bo
PRVE IR AT T MRS PF L PC R CA T 556 5 1oz JH X
E. faecalis V¢ T8 e A2 W) IR0 O [ A0 B VE T, O 1)
WA AL, S T8 00 A 50 A2 ol gk 370 42 AR

AR -

1 MRE5FE

1.1 @R . 5 . Z2Z2RANPNE E. faecalis
ATCC29212 (FFEAB ). CAL PCHMPF (E
WERMKEMBEARAIA) ., W ORBEAG
(brain-heart infusion broth, BHI) FI¥gH (F 5
AR ARARA ), & 100 BRI 1R
B 75 & (brain-heart infusion broth with 1% sucrose,
BHIS), #a% (b KK ERLARL A,
BacTiter-Lumi™ % ¥ 0 2E 9 40 B 15 0 A6 I 4k 541
& (BTLH &, LHiEE s RAEYE AR KNG AR
o), HA R W [ AR AR AR A R
Ao ZIEEREARL (3 E Bio-Tek 4w ), &
w s (LR ESF M), KB (kR
FEmERGSARAA), HEEHRE (LH
Thermo /A ] ).

1.2 @@ A ARREEHKR AR5 KHE. faecalis
ATCC 29212 5 HE T8 B o T8 Bk B — 80 “C vk 4 B
&, TG TAESGNINA 10 mL KR BHI A8 3%
SR Ay o Al JC R R IR ORE , H2 R 2 [ 4K BHI
DR R AL, 37 CHiFR 24 B LA 5 o M5,
BN TR VR HE Fh 200 O R BHIWR AR R 3523, [RIAEZ%
PE 35 3% 24 hibl £ TR W o R RIS 3R B AR K
W, AR A T S )

1.3 BB LB K Y 3HEERS T
E. faecalis # & )~ ¥ # % & (minimum inhibitory
concentration, MIC) #= & J» % & & & (minimum
bactericidal concentration, MBC) it il 2 fi% ¥ /&
79 BHI ¥5 38 B, I A T8 W7 3 W vk B Sl 2
10°CFU-mL "o 3 i) BE 1 2 7% W B2 19 15 4k 0 2% %
W, PRHE 4, 8, 12, 16 M20g-L ', CAH
BER4, 8, 12, 16 f120 g-L°", PCHRIE N2, 4.
8FN12 gL "o T 96 FL 21 At 35 3% M v i A B ¥ i 2
P45 100 pl, fi W2 E R 1X10°CFU-mL ',
PR 2, 4, 6, 8F110g-L 'y CAZKIKIE R
2.4, 6, 8M10g-L s PCEWE N, 2, 470
6 g L', BH M XT B Ch B B2 £k 2% #h i (phosphate
buffer saline, PBS) FIW& ¥ 4 100 pl. 37 CE &
24 hJE W%, 96 FL4H L 15 57 A b 3 58 0 R Y
i IR 25 W vk BE BD Oy B T 245 1 MIC . AT 52
£L W B 10 pL B W 7 BHI B g 1o, 37 CH 3%
24 h, TJOWH ¥ KR SR AR 245 W vk B B SR Bpoph 2
1 MBC .

N
X
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1.4 BMEHFBEZAAFGIFEFRRSKESLR
¥} o W B KR B I # (fractional inhibitory
concentration index, FICI) #= 3 & & B K B ¥ %
(fractional bactericidal concentration index, FBCI)
Pic ) 2 % ok B 09 BHI KE 75 5 i A T VAol e 2 oy

2X10° CFU-mL "o 435Il e i 4 4% v B 1) 3% % i 43
H#HW, PFHIE RS, 16, 24, 32 F140 g-L ",
CAME RS, 16, 24, 32140 g-L ', PCHE R
4. 8, 16F124 gL', 96 FLANMIEEFEMR T INA 100 pL.
PRV B 3 i M oy i 2 Bl 4% 50 pll, B TR 2OV
A 1X10°CFU-mL™', PFARWKE 2, 4, 6, SA
10 gL', CAKWEEN2, 4, 6, §HI10 gL',
PCAWE N1, 2. 46 g-L°", FHMEX KA
PBS Z i MW . 37 C W H 24 h, EHEOH =T
RuhAL CEDEBES JH 25 MIC) 1+ FICI, W58 iR
AL W10 L PO 7E BHIBAR |, 37 CF
K24 h LWk A KA (ARG A2 MBC) 115
FBCL, HIFFEAX "™ W

FICI= (A Fl 2§93k & H 25 19 MIC/A F 25 9)
gk 25 19 MIC) + (B F 25 9 BX & FH 25 19 MIC/
B il 24 Wy 2 1 24 19 MIC) 3 FBCI= (A Fh 24 #y B
A 250 MBC/A izt 1y B ] 245 1 MBC) + (B Fh
29K A FH 2510 MBC /B 0 259 5k FH 251 MBC ) o

AfRFE CA. PC M PF AL — A4y, Bigft
bR A SN 2 B0 A i 1R, —H PR A TR
M B E R A FICISS0.5, A 4E R 0. 5<
FICI<1.0, AAMFFEH N 1. 0<<FICI<2.0, ##t
YEF M FICT=2 1,

Je S5y R T 52 i i MBC {ELE by B 14 X6
W, 42 %4 PF-10, PC-6 1 CA-10, BE4 R R
FICIIK {8 fL 8 FBCIARME ALAE A SE g 20, 43 5l
CA-24+PC-1, CA-2+PC-2, PF-4+PC-2, PF-6-+
PC-2. PF-4+CA-4 f1 PF-6+CA-4.
1.5 B4 WG 0N R 4 o BT
“1.47 S5 F A A 25 MIC FBX 4 FH 25 MBC fH,
WA 48 CA-2+PC-14] (2g-L 'CA+

l1g-L ' PC). CA-2+PC-241 (2¢g-L " CA +
2g-L"' PC). PF-4+ PC-241 (4¢-L"'PF +
2¢-L' PC). PF-6+ PC-24l (6g-L"'PF +
2¢-L' PC). PF-4+ CA-44l (4g-L"'PF +

4g-L"CA) M PF-6+ CA-441 (6gL'PF+
4g- L' CA) 4. BEEEH AL, RIZT “1.37
45 B PF-104] (10 gL ' PF), PC-641 (6 g-L '

PC) F1CA-104 (10 g-L ' CA) A Jg BH 4 %t B8
4, BAMEXTHRAL (RFRRZL) Sk PBS 28 b FN B o
1.6 £HELEELMNFHNIFEFRRAIKEER
A &M E. faecalis £ % B H & L BC 2 45 W
B BHIS 85 782 3k, n A B W08 B Ok O 2 X
10° CFU-mL ', #KHBE “1.57 44t I By ue B, i
il 2 A5 25 . T 24 FL A0 AR 8% 35 A b i A 500 pL
BHIS B 11 500 pl X 57 245 9, BIVAT 35 BRI e B
5 1X10° CFU-mL ', & H br ik E 25 % 19 BHIS,
KU 37 CTREFE 24 h, WEERE & 15 min, 0.1% %5
e (V/W) 4t 5 min, PBSZEmMEYE, Tk
TR A5 A 5, SR T AR AL T % K 595 nm Ak il
EWEE (A) (., RRAYBIE .

1.7 BHLRLEFRGIFERRIEESLA S
Y E. faecalis M BEH Z KA Bl 2 5% BHIS
BRI TR TR FE S 2X10° CFUmL ',
WRBR “1.57 4%t 0L Y o B, TC o 2 A5 04 25
LW R E T 24 fL A M 35 S M b, fin A 500 pL
BHIS & M 500 pL X5 245 %, BRI AT 30 Mo i vk i
J1X10° CFU-mL™", & H f5 ¥ B 25 9 () BHIS,
T 37 CH 8T K38 24 hJ5 W il 45 4L b 89 W1k
2.5 G MERE A 24 h, B (25% . 50% . 75% .
95% FTC/K L BE) WK, THMBE S, HEET
WMEER N E. faecalis "W LSRN .

1.8 EMXIAR &Y 3SFERRSBES B R T
BWE. faecalisi FH B EWEFEELEKENL L
¥R “1.57. E. faecalis ¥ U W R 9% R KOG
BRI . B 2 4% vk BE BHT B 5% 3, i A E )
i B W MR B 2X10° CFU-mL ', RIE “1.57 4
S XF I MR, O 2 A5 25 . 96 FL AN KT 77 AR
B 50 pL B W& A 50 pl 254, F 37 C& M ik
B, 5A110 minJ5, H10 pL B T BHIEAR I
M, 37T CHiFE 24 W MEREAERKEN . £Y
S B & 2B A DA I - 96 FL 4N i B IR AR A TR
W 1X10° CFU-mL ' BHIS i, 37 ‘CHi3%
24 h IE 1 H R E. faecalis "Wy B . WE R 8% 5%
W, TEAIE T 50 pl 2 4% Mk B BHI £ 3% 3
50 pl 25 e R “1.57 o xd I ok 25 i Ak B
15 #1130 min J& , Sl A PBS 28 shif, 7% %l BRI 25
B, BERERR R 1 X 105 5, BR10 pL R B T
WT BHIZEAR Sk, 37 CF R 3% 24 hjg ML H
VAR B, A K B TR D Ok R R A 1 A AN
PRI 7 R AR R 2 ) A O ROR B
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1.9 AHREEAEFGIFERRLSEESLEA
& 4 E. faecalis & O B W45 H A 250 4 41 [A)
“1.57. Bl 2 ff% He BE BHIES 3235, I A B 4 B8
W Ry 2>10° CFU-mL ', KR “1.57 44 %
N7 W B, BCH 2 A W B 25 . 10 mL B0 A
A5 mL B A 5 mL 253, 37 ‘CF K5 5% 15 Al
30 min, WEHL10 pl EH A E BT, 2.5% & %
5% 24 h, BEJE (25% . 50% . 75% . 95% FIJG/K
) WK THEREAmE S H R T W& A
E. faecalis TR AR .
1.10 EMNEERNEFHIFEFRRLIKESL A LA
E. faecalis ¥ % A A 2R PR EA B F ZHR
(adenosine triphosphate, ATP) K+ Z M BTL iR
Rl G B A, LA <157, Bl 2 £k
JE BHI K5 % 3, i A B W B ROk D 22X
10°CFU-mL™", #KHBE “1.57 S 0F 0 i He s, i
2 f5 e FE B2 W, 1l 50 pl B 5 50 pl 25 i 4k
B FocfL A gmmnrh, 37 CTFHi % 1 he
fLImA 100 pL. BTL, #J68F 20 min, R £ )
AE AR I LA 2 K 6 1 A0 DU V7 Ui B ATP /K-
96 fL 40 FfL 5 % M o A TR W W BE R 1X
10° CFU-mL ' BHISH ¥, 37 ‘CTF #3824 hLUJE
1 B E. faecalis WIS . W BR IR BE R, TEA
s i A 50 pll B 37 3k 5 50 pl A [E) v B 24 i 3t
¥k, F37CFRFR1h, HFLINA 100 pL BTL,
N EOEEEE 20 min, R 2 I REEEAR (L LA fLAF
RGN A B R ATP K, ATP K BL3E G
SRR, SRR AL, UFRATP KL,
BV 285 441 1V i

PC level [og/(g-L ™ ")]

PC level [pp/(g- L™ ")]

1.11 %3 %% # XA GraghPad Prism 10.0 4t
TR AT ST 22531 . £ 4L E. faecalis =) I TE
S 0T U T B A RS ATP /K F2) 5 E 243 i
Phats RoR o 22 41 8] BE AR 25 50 b 55Ok FH B I R
FEATHT, A TR R AR 35 B0 G LA R Tukey’s £
K. LLP<<0.05 K2R At E . Bk
W&/t 3IEL .

2 % B

2.1 FH3IFFERKRSGMICH MBC FxAT3FH
WY PCHIMIC Md g L', MBCR6gL Y
CA B MIC H 8 g-L', MBC J} 10 g-L'; PF ¥
MIC fIMBC #J>10 g-L. ', i T PF 24 & v HAf
FHYR BB, 3 Bk b fm v, PRI U i 8 50 56 i B
PFRIE N 10g-L ',
2.2 FHIFEWARS KSR A FICI A FBCI
PC 5 CABA R AR, PCHIMICE N1 gL ",
MBC }2g-L ', CAF¥YMICFIMBCH¥ 2 gL ',
FICI=0.500, ##m= PC5 CA WG N HEA PR 1E
H. PCH5PFEA RN HBE, PCH MIC #1 MBC ¥
J2gL ', PFIAMIC 4 gL', MBC 6g-L ",
FICI<C0.900, ##/5 PC Y PF & N FH HA H 1
. CA 5 PFECA R B, CA R MIC il MBC ¥
HM4g L', PERIMIC HdgL ', MBCH6gL ",
FICI<<0.900, #/R CA 5 PF A R E A A1
Ho WEI1TMFEL,
2.3 BUWE. faecalis E M BT AL SXHIE4
FL#, PF-1041., PC-641. CA-10 4l FI4 25k &
N AL E. faecalis A= W) BETE B i 25 B W RE AR (P<<

CA level [py/(g-L™")]

0 1 2 4 6 0 1 2 4 6 0 2 4 6 8 10
+ + + # + + + # + + + + #
Of # | # | # Ol # | # | # Ol # | # | # | #
~ J 2] = Jdrl+ # = AR
\_} # X ‘_] # # # L] # # #
= + | # 3 + |+ | # : s |+ | &
= 4 # = Y |#|x Q: A og | oa | x
& + & + + | X & + # X
s 6 u 5 6| & | # s 0| 4
5 # 5 + |+ 5 #
— 0 = +
8 8 8
3 = 8w | = 8| s
+ b + #
10 10| @ | = 10| &
A B (&

“+ 7 represented visible bacterial precipitate in MIC test; “#” represented visible colonies in MBC test; blank indicated no visible

bacterial precipitate or colonies;

% 7 indicated the well with the lowest FICI/FBCI value. A: Pattern of checkboard assay of CA and

PC; B: Pattern of checkboard assay of PC and PF; C: Pattern of checkboard assay of CA and PF.
Bl R EEERR R R

Fig. 1 Schematic diagrams of synergistic antibacterial checkerboard test



686 TR 2 (R0

Fo51%E H3W 20254E5 A

1 ARG 3PN B R B A L Y FICTHI FBCI
Tab. 1 FICI and FBCI of combined application of three

R2 FBUE faecalis YR RE

Tab.2 Biofilm formations of E. faecalis in various groups

kinds of active ingredients of Paeoniae Rubra Radix (n=3, x+ts)
Index CA+PC PF+PC CA+PF Group A(595)
FICI 0.500 <0.900 <0.900 Control 1.750+0.349
FBCI 0.533 <0.933 <1.000 PF-10 0.491-0.067"
PC-6 0.059+0.012"4"
0.01). 5 PF-10 40 [, PC-6%1 . CA-1028 . A0 0.065:40.02177
CA-24+PC-141. CA-2+PC-241, PF-4+PC24, 2Pt 136:0.051
PF-6+PC-2 41 Fl PF-6-- CA-4 41 E. faccalis I Lo poszoo
PF-4+PC-2 0.060+0.004""
T = 4 M W AR (P<<0. 058 P<<0.01), PF-4+ PF-6-PC-2 0.060--0.013°44
CA-LH E. faecalis &= BETE Wt 22 7 TR Ge1H2 2 X PF-4+CA-4 0.306-0.132"
(P>0.05), W2, PF-6-+CA-4 0.061-£0.011°44

2.4 B HUE. faecalis A M EFH SR IA XA
E. faecalis =Y WAL, AW 2 A B % &4, IBSM
n, HAEEE®; PF-104. PC-641 M1 CA-104
E. faecalis "=y B J5 B B S R A0, 4400 w1 0] 149 HE 510 AH
XFE A 5P A N AL AT W E. faecalis ) i
I R I B Ak, AT AT W E. faecalis
SR e TR, MEE AR R, K
LA MBEIEE . S 240BE NS PF-104
PC-6 21 1 CA-10 21 35 FI 7] 40 1] A= 9 1B 10 2808
G515 A4 W) OE s i e g5 R — B, W 2,

2.5 BYFE. faecalisF AL HBFIHGHEL 5
Xt IR b, fE A 5. 10 1 30 min 5 PF-10 41
PC-6 4 J2 CA-10 41 E. faecalis 7% U7 B B 7% W] 2 Ik

PF-10

~ o

PF-4+PC-2

Control

X800

"G

X5000 RECHES

2

CA-2+PC-2

X800

X5 000

PF-6+PC-2

"P<C0.01 ws control group; “P<C0.05, ““P<C0.01 ws PF-10
group.

B PR HXE. faecalis W ARG HE B W 5E . 4%
i ak A N g4, CA 5 PCHES B TE 5 min 4
R UL E. faecalis IF I W TE % W1 WD, B8 R
E. faecalis IF e W # V& B9 A iR G . 5 CA M
PCALHES, fEMIS. 10130 min 5 £ 2598 & 1 FH 41
E. faecalis 7% i T W 7% A UL B W0 /b, 48 7R Hoxt
E. faecalis A BBCRIFA W . ULIAL 3,

5% B 41 e, 1T 30 A160 min Ji PF-1041
PC-6 20 & CA-10 41 E. faecalis *& ¥y W& & 7% 3% W I
L PR IR E SRR E. faecalis ) B A B

CA-10 CA-2+PC-1

PC-6

PF-4+CA-4

o g - s
v 3 of s o > )

& 2 %ﬁ_ﬁEfaecalisﬂi%W?&%ﬂ
Fig. 2 Morphology of E.faecalis biofilm in various groups

PF-6+CA-4
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T BRI RER . b PC-6 4L E. faecalis
AERER RO e I, FEAL 3R 30 min J5 oK WL A
VR eI A R, AR 30 minf5 CA-2+
PC-241 E. faecalis B W) EAL WLV VF I V&, s HoAT
ARAGAEYE PR ME. 5 PC-6 M CA-104
FoH, A& 25 ER -G p 2 70 I vk 5 B m) 3k 38 o ok
HEGA M AR . WK 4,

2.6 ZBUE. faecalis 2 M E R U X 4
E. faecalis BEMETE, HAMMIPETERE . PFALE. faecalis
JEARNAS, MR Z 4, CAHKERITE. faecalis
Y H B AR X 52 48, {H E. faecalis 3 17 H B0 4% 46 Fn M1
B4, DELE. faecalis 40 i B 52 25 1 7 2 BY IR ;

/ 1 min 5 min 10 min \
A
C

PCH E. faecalis 40 M B/ 58 B VEME R e ™, =
BN WA, A0 R AR B R AR T SR 45 A
%A B AL E. faecalis MBS . WAY
SN RN AN T AR A RAER IR, L HE PC Y CARE
ENHE, TSR R E. faecalis 41 M FE Y 52 2K PE B
Wi AR, WEYE 2, PFS CABKA
FABF, TWLEL R E. faecalis 7 T V15 H 4% 45, 45 W0
Y% . LIRS,
2.7 ZE. faecalis W& F £ W R F ATP K -F
53 i, &Y E. faecalis TF U # M A B
HATP KB (P<<0.01). 5 PF-1041
Fbd, CA-102H . CA-2+PC-241. PF-4+CA-44]

1 min 5 min 10 min

1 min 5 min 10 min

D
k\ 1 min S min 10 min ﬂ
E F

5 min 10 min

H

1 min

10 min

5 min
J

A': Control group; B: PF-10 group; C: PC-6 group; D: CA-10 group; E: CA-2+PC-1 group; F: CA-2+PC-2 group; G: PF-4+
PC-2 group; H: PF-6+PC-2 group; I: PF-44+CA-4 group; J: PF-6+CA-4 group.
B3 ARATIE M B AR A DL 1 5 % 10 min J5 &5 A I A R F N

Fig.3 Growth of airborne microbial colonies in various groups after single and combination treatment of active

ingredients of Paeoniae Rubra Radix for 1, 5, and 10 min

30 min 60 min | 30 min 60 min 30 min 60 min | 30 min 60 min 30 min 60 min
A B C D E

30 min 60 min | 30 min 60 min 30 min 60 min | 30 min 60 min | 30'min
F G H 1

A Control group; B: PF-10 group; C: PC-6 group; D: CA-10 group; E: CA-2+PC-1 group; F: CA-2+PC-2 group; G:

"60 ‘min
J

PF-4+

PC-2 group; H: PF-6-+PC-2 group; I: PF-4+CA-4 group; J: PF-6+CA-4 group.
B4 FRATIE M AR A Bl AR A B0 A 30 71 60 min 5 45 20 A= M) JBE o B 9 A K A L

Fig. 4 Growth of microbial colonies in biofilms after single and combination treatment of active ingredients of

Paeoniae Rubra Radix for 30 and 60 min
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A,C,E, G, I, K, M, O, Q, S: Combination of active ingredients of paeonia rubra radix for 15 min; B, D, ¥, H, J, L, N, P, R,

T : Combinaction treatment of active ingredients of paeonia rubra radix for 30 min; A, B: Control group; C,D:PF-10 group; E,F:PC-6
group; G,H:CA-10 group; I,J: CA-2+PC-1 group; K,L:CA-24+PC-2 group; M, N:PF-4+PC-2 group; O, P:PF-6+PC-2 group;

Q.R: PF-4+CA-4 group; S, T: PF-6+CA-4 group.

BI5 2R AT 85 P AR o S FEK A DL AR & 4L E faecalis B B BB A3 18 50 (<20 000)

Fig.5 Damaging of E.faecalis membrane in various groups after single and combination treatment of active

ingredients of Paeonia Rubra Radix (<20 000)

FMPF-6+CA-4240 E. faecalis 77 Wi & H ATP /Ky
B & % (P<<0.05 8¢ P<C0.01), CA-10 4 A
CA-2+PC-2 4 E. faecalis 'E ¥ H ATP /K - 34 B
WAL (P<<0.055( P<<0.01). W% 3.

3 #

E. faecalis J& 5 AR B0 VT R I E LAY
Z— HYIRBY X E. faecalis B .35 1P H 5L
Fo COSTA S ™ BT 2B #H A 79K F 2 KR
1 52 W) BE 6% A RO AR N E. faecalis T 1
IBRAHIM 4§ " B 5¢ 0 56 4E T 8 5% 0 2 304 A iy

WS 32 I XS E. faecalis B B 4F BT PERE
HE— PR ST AR Y HE O T T R B E SR )
WITH B R I . 255 05 v Z2 0 I P Ll oy
FIVE R, RS 25997 HOF A A R . BFgE
WoR: PC YR EMIE M4 G, e k% P
PUAEAPEN]; HS5RWEIEMES G, R R
WGP . CAFIMIMERR 588 R BEG N, X 24
M 20 T A U 10k VR A S R 5 — A5 IE 5
o2 5 5 s PR o PR R TR S . AR ST
R W A B A B30 E. faecalis IF-1iF
WY BE ST, T PF ARV Bk 10 g+ L "I A R B
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T3 BUE faecalisBIEHMEYBF ATP K
Tab. 3 Levels of ATP in airborne bacteria and biofilm of

E. faecalis in various groups (n=3, x%s)

Level of ATP (RLU)

Group

Planktonic bacteria Biofilm

Control 3754.34402.8 12 161.742 249.0
PF-10 1122.3+332.7 3928.34699.5

PC-6 989.7457.4" 5857.041746.6"
CA-10 245.34-108.3"4" 2 250.0+553.0"%
CA-24PC-1 647.0419.1° 4096.0-£496.9

CA-2+PC-2 284.0+6.1"" 2942.3+216.6"
PF-4+PC-2 1475.7444.0° 77243414684
PF-6+PC-2 145574251 4584.0£1615.0"
PF-4+CA-4 548.34212.0"4 5457.3+1366.5"
PF-6+CA-4 626.04-39.1"> 4 450.0£2 083.1"

'P<C0.01 ws control group; “P<C0.05, ““P<C0.01 vs PF-10
group.

XFE. faecalis W BAMHIVEH . 1 PC 5 CAYERR &
N B, MIC ¥ 0] B, #2878 PC Al CA 7Rk
A VE FH sk ot E. faecalis J¢e 2o A=Wy s B B 8 1) 13 [A]
fEH . TRENTINAE ' 58 & 8L PC i i ol 48 4H
BRI B K E, FEHREWE T — B EKR
2, AT RRBH R T 4B ] A B, T e s A 4 B )
TERLRE J1 . AMFRE R R PCH CAEIKA
FH B 78 B ARV B2 T RE A% B W B0 E. faecalis A ) B
o, 5 TRENTINE % 55 45 5 — 5.
ULREY % ™ W55 WoR : PCAEH T8 4 i 5
M5, ° R ATP A 8 &2 5 DNA F1 RNA &
M E A RS, s kAR T Re R EL . B
g8 T R CA Kb HR 4 v €0 4 4 5K B AR 0 2D H 4
A Vo [ it 5 O 1 0 7 A, s/ A A R )
FYE R R G AE B 45 R R 2 R R EOW
J1o AW R ExR: PF. PCAHICAERE,
E. faecalis NS N ATP /K-8 W REAL, #2549 n]
fiE 8 A3 I 40 B P ATP K, I & S I AR A .
PC il 2 i 2 R ILHU AR, 6 51
a7/ OB NS ) R RS S, S4)R
BTG, A0 6 R A T, O 4N A
A3 1, R B AR IO T O IR W) T I e
R S PR B A5 %) TR B B T e A A W 1 28 B R
AR, DN e B R A P ROCR YL B Y B
N PCXTER AR 4% G 1E S ORI ME R IR 1Y
JE R, DB AR AT LLGE i 9 15 L B R nT Ak . AR
M R s PCNHHTE. faecalis J5 , 40T 401

I By 5 3 1kl B SR, AR S R A ks, HER
fife R R, R AR VE R 2R Y . R, 7R
i BB R AT LR E) CA R PF A] il 38 53 E. faecalis
o M B v BRI BT L A A S T AR R IR
YEH o #8785 CA B PF Xt E. faecalis B 7 20 i 5% 2
H—EWBIRER, 5SU%™ Brogssf—5.
A CA X} E. faecalis "= ) B 19 5 S8 /E H 88 PC 37N
H PC 5 CA 7EB A I R X 20 A B i 38 250 50 3 ok
B, ATRER i TR MR PC STl 0K 40 1 19 26 B
ML, HE R PSR K B EAE T, wT LA B CA
PROHIE A 20 B 200 BRSNS, AR DR A AR A A
N, KRR T T X E. faecalis W &IA4E o il i
201t S B0 I RN 9 1 40 B AT P KT ik — 25 8 5 e
TR AR

g LAk, ARAT 3FIE RS PFL PC I CABK
A0, A YR A0 A RS R ) 40 B ATP K P
2FPHLE, XFE. faecalis B HoH: 9y 5 B LA 5048 1 41
FIVEFE, AR A7 ST AR T8 BTG Y7 SR

FlaE R AR
It A AR P RS A A R i 5% o
fEE AN

SMYeZ 5 S TS . B R A L G
R 3RS, /AZHEHERE, HESS5EEI, B
HSHBURYE, IMNIOYS 5 ERBGT IR .
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