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T NS AT Rh2 b FRAL, U T 4 pg/mL 7 8 R A HE , 25 R34 G0 8 L (P<0.05); 575 X R
20 LB AL, R B2 NS BT Ri2 A0 VRSA A= MRS i) 6% 5 A B 0 BEAIR , fbA atl A T FRIB AT I B FEAIG, 22 7234
BHeiH2 L(P<0.05); 578 X BREH LS, ARl B2 T 22 RALIRAY VRSA T fnbA \atlA FGE KT B E T , 4 pg/mL
16 pg/mL 7l F AL VRSA A W63 BEIE B B TH i, 25 73978 Gadt# 0 L (P<0.05); 545 (XS B4 LE
5,10 pg/mL AZ A Rh24 K 10 pg/mL AS A Rh2+1 ng/mL 77 1785 2 4 VRSA W) I A4 628 FE(H M fnbA atlA
PR ek 7K B B BRAR , fbA adlA B Z 357K 00 BT, H 10 pg/mL AZ A7 Rh2+1 pg/mL )T 5 R 41 VRSA 49
IS 14 56585 B 4B K% fb A\ atlA KK -2 58258 T 10 pg/mL A S 5845 Rh2 4, HEH BAK T 1 pg/mL Al B £, 2%
SR FE X (P<0.05), Z&5iE  AS AT Rh2 Al VRSA AW REIE B, (H AN T s 7ty 2 28 nT 30 R E S e
Tl A= DRI B, P K FH AT ol A= T J L3588 3y 8 R A VR

[X8A] A2 R T8 R W21 ; i B 4000 s 3 (A BR s s 2B e s T 1k

[FE4S%ES] R378.171 [XEAERIEE] A [XZFHE] 1003—6350(2023)04—0457—05
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[Abstract] Objective To investigate the effects of ginsenosides Rh2 combined with vancomycin on vanco-
mycin-resistant methicillin-resistant Staphylococcus aureus biofilms and antibacterial effects. Methods Vancomycin-re-
sistant methicillin-resistant Staphylococcus aureus (VRSA) was induced and treated with 10 pg/mL, 30 pg/mL, 90 pg/mL
ginsenosides Rh2 as different concentrations of ginsenoside treatment groups. VRSA was treated with 1 ng/mL, 4 pg/mL,
16 pg/mL vancomycin as different vancomycin-treated groups. VRSA was treated with 10 pg/mL ginsenoside Rh2 and
1 pg/mL vancomycin as 10 pg/mL ginsenoside Rh2+1 pg/mL vancomycin group. VRSA without treatment was used as a
blank control group. The originally isolated vancomycin-sensitive Staphylococcus aureus (VSSA) were enrolled as VSSA
group. The crystal violet method was used to detect the biofilm formation ability. Real-time fluorescent quantitative PCR
(RT-gPCR) was used to detect the expressions of fnbA and atlA level. The spectrophotometer was used to detect the bacte-
rial activity. Results Compared with VSSA group, the optical density value of biofilm and the expression levels of fn—
bA and atlA in VRSA group were significantly increased (P<0.05). Compared with the blank control group, the prolifera-
tive activity of VRSA treated with 16 pg/mL vancomycin and 10 pg/mL ginsenoside Rh2+1 pg/mL vancomycin decreased
significantly; and the proliferation activity of VRSA treated with 10 pg/mL ginsenoside Rh2+1 pg/mL vancomycin was
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significantly lower than that treated with different concentrations of ginsenoside Rh2 and significantly higher than that
treated with 4 pg/mL vancomycin, with statistically significant differences (P<0.05). Compared with the blank control
group, the optical density of VRSA biofilm treated with different concentrations of ginsenoside Rh2 decreased signifi-
cantly, and the expression levels of fnbA and atlA decreased significantly (P<0.05). Compared with the blank control
group, the expression levels of fnbA and atlA in VRSA treated with different concentrations of vancomycin were signifi-
cantly increased, and the optical density of VRSA biofilm treated with 4 pg/mL and 16 pg/mL vancomycin increased
significantly (P<0.05). Compared with the blank control group, the optical density and the expression levels of fnbA and
atlA of VRSA biofilm in 10 ng/mL ginsenoside Rh2 group and 10 pg/mL ginsenoside Rh2+1 pg/mL vancomycin group
were significantly decreased, while the expression levels of fnbA and atlA were significantly increased. The optical density
of VRSA biofilm and the expression levels of fnbA and at/A in 10 pg/mL ginsenoside Rh2+1 pg/mL vancomycin group
were significantly higher than those in 10 pg/mL ginsenoside Rh2 group, but significantly lower than those in 1 pg/mL
vancomycin group (P<0.05). Conclusion Ginsenosides Rh2 can inhibit the formation of VRSA biofilms, but can not in-

hibit bacteria. Vancomycin can inhibit bacteria but not biofilms, and the combination of them can inhibit biofilm forma-
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tion and enhance the antibacterial effect of vancomycin.
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CAATACAAA-3', T it 51 ¥ J¥ 4] : 5~ATCTACGAT-
TACTAGCGATTCCA-3',
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Table 1 Comparison of biofilm formation ability and biofilm formation

related genes between VSSA group and VRSA group (xzs, n=9)
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Table 2 Effects of Ginsenoside Rh2 and Vancomycin alone and in

combination on proliferation of VRSA (xs, n=9)

2H 5 Ao

Z5 IR R 1.13+0.13
10 pg/mL AS B Rh2 41 1.11£0.14°
30 pg/mL AZ B4 Rh2 4] 1.1240.15
90 pg/mL A2 B Rh2 4] 1.10+0.12°
1 pg/mL 784 1.12+0.13°
4 pg/mL TR R4 1.03+0.16*
16 pg/mL IR R4 0.78+0.10°
10 pg/mL AZ B4 Rh2+1 pg/mL i B Z 4 0.8120.11°
FAE 10.922
P{a 0.001

T - 525 IR IR HAR, P<0.05,°P<0.05; 510 pg/mL ABIEFFRh2+
1 ug/mL 85 E 40 LT, °P<0.05,°P<0.05,°P<0.05 ,'P<0.05 ,P<0.05 .
Note: Compared with blank control group, *P<0.05, "P<0.05; Compared
with 10 pg/mL ginsenoside Rh2+1 pg/mL vancomycin group, ‘P<
0.05, ‘P<0.05, °P<0.05,'P<0.05, *P<0.05.
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Table 3 Effects of different concentrations of ginsenoside Rh2 on VRSA

biofilm formation and related gene expression (xzs, n=9)

2151 Aso fnbA atlA

25 IV e 1.92+0.09 1.00+0.08 1.00+0.09
10 ug/mL ASEIFRI2ZH 0.96+0.08°  0.41+£0.06°  0.37+0.06°
30 pg/mL AZ B R4 0.51£0.07°  0.32+0.07°  0.28+0.06"
90 pg/mL AZBAFR24 027+0.06°  0.16+£0.05°  0.13+0.05'
FiE 748.557 258.986 293.288
P{E 0.001 0.001 0.001

2H 5 Aso fnbA atlA
VSSA 4 0.93+0.12 1.00+0.18 1.00+0.19
VRSA 4 1.89+0.15 5.73+0.24 3.64+0.22
fH 14.993 47.300 27.246
P 0.001 0.001 0.001
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B (P>0.05), 16 pg/mL Ji 8 E I 10 pg/mL A S 2
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PR VRSA B8 15 PRI ST ARk B A2 541 Rh2
AbFRAH , A B & T 4 ng/mL i B RN HE , £ 7
HG 2= L (P<0.05), L2,

i 523 e B4 LA, *P<0.05, 'P<0.05, °P<0.05, *P<0.05,°P<0.05, 'P<
0.05,8P<0.05,"P<0.05,'P<0.05.
Note: Compared with the blank control group, *P<0.05, "P<0.05, °P<0.05,
1P<0.05, °P<0.05, 'P<0.05, £P<0.05, "P<0.05, 'P<0.05.
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Table 4 Effects of different concentrations of vancomycin on VRSA

biofilm formation and related gene expression (xs ,n=9)

2151 Aso JfnbA atld

25 FIXT AL 1.92+0.09 1.00+0.08 1.0040.09
1 pg/mL A ERA 1.96+0.09 1.53£0.07°  1.61£0.07"
4 pg/mL T EBRH 2.1940.08°  2.36+0.08"  2.31+0.06°
16 pg/mL iy R A 237+0.07°  2.97+0.06°  2.86+0.05"
FAH 61.677 1326.426 1261.130
P 0.001 0.001 0.001

525 A IR HL A, °P<0.05,°P<0.05, °P<0.05 , *P<0.05,°P<0.05, 'P<
0.05,%P<0.05,"P<0.05,'P<0.05,
Note: Compared with the blank control group, ‘P<0.05, °P<0.05, ‘P<0.05,
P<0.05, °P<0.05, 'P<0.05, £P<0.05, "P<0.05, 'P<0.05.

F5 ASEFRRAMAHBERBEAX VRSA £EWEHHE REXER
FIERI RN (e , n=9)
Table 5 Effects of ginsenoside Rh2 combined with vancomycin on VRSA

biofilm formation and related gene expression (x=s ,n=9)

2053 Asoo JfnbA atlA

25 FIXT AL 1.92+0.09 1.00+0.08 1.00+0.09
10 pg/mL ASEAFRh240 0.96+£0.08"  0.41£0.06*  0.37+0.06™
1 pg/mL A ERA 1.96+0.09' 1.53+0.07" 1.61£0.07=
10 pgmL AZEIFR2+  1.32+0.07°  0.58+0.05° 0.53+0.05"
1 pg/mL A ERA

FAH 296.390 493.462 595.838
PAE 0.001 0.001 0.001

T 528 O R U #R L P<0.05,°P<0.05, °P<0.05, °P<0.05, P<0.05, 'P<
0.05, ©P<0.05,"P<0.05; 5 10 pg/mL A2 R Rh2+1 ug/mL Ji 8
ZKAL#,'P< 0.05,'P<0.05,P<0.05,'P<0.05,"P<0.05,"P<0.05.,

Note: Compared with the blank control group, by LSD—¢ test, “P<0.05,

°P<0.05, °P<0.05, ‘P<0.05, °P<0.05, 'P<0.05, *P<0.05, "P<0.05; And
10 pg/mL ginsenoside Rh2 +1 pg/mL vancomycin group, 'P<0.05,
1P<0.05,"P<0.05, 'P<0.05, "P<0.05, "P<0.05.
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