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[ Abstract] Objective: To study whether Tanreqing injection (TRQ) can alleviate the body injury in
the process of infection by inhibiting the production and release of a-hemolysin of Staphylococcus aureus under
sub-minimal inhibitory concentration, and to provide experimental basis for better guidance of clinical
medication. Method: The effects of TRQ on the minimum inhibitory concentration (MIC) and bacterial growth
of S. aureus were determined firstly by microplate method and time-growth curve. The different sub-minimal
inhibitory concentrations of TRQ were co-cultured with bacteria or bacterial supernatants, and then co-incubated

with defibrillated rabbit blood to detect the inhibitory and neutralizing effects of TRQ on S.aureus a-hemolysin.
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Cell counting kit-8 (CCK-8) cell viability assay was used to detect the protective effect of TRQ on S. aureus-
mediated damage to human alveolar epithelial cells (A549). Real-time fluorescence quantitative polymerase
chain reaction (Real-time PCR) was used to detect the effect of sub-minimal inhibitory concentration of TRQ on
the mRNA expression of S.aureus a-hemolysin regulatory genes hla and agrA. Result: The MIC of TRQ to
S.aureus was 1/8 of the stock solution, and the sub-minimal inhibitory concentration ( 1/64MIC-1/16MIC) TRQ
used in this study did not affect the growth of bacteria. 1/64MIC-1/16 MIC TRQ had the effect of inhibiting and
neutralizing the hemolytic activity of a-hemolysin, with a protective effect on S. aureus supernatant-mediated
A549 cell damage, and its inhibitory effect on a-hemolysin was closely related to the inhibition of hla and agrA
mRNA expression. Conclusion: The sub-minimal inhibitory concentration TRQ can inhibit and neutralize the
hemolytic activity of a -hemolysin of S. aureus, with a protective effect on A549 cell damage mediated by

S. aureus infection, and its mechanism of inhibiting a-hemolysin is closely related to the interference with agr

regulatory system.
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P CCK-8 YL W S I, 42 ik 4 il b {1 132 B 4% £L
490 nm &b 4. TS 25 W vk BE T 4H R X AE T R
SCEG A 3R o M AH X AT R = (A=A )/
(A pon—A 5 10) ¥ 100%

2.5.2 W HD R Mk B TRQ Xt S aureus & Yt 4 T 1Y)
AS49 AN L5005 AR 2B BRI S.aureus HLTR T
P REGFE R Aoy an=0.5, B D IEF IR, PBS Y% 3 1K
J& , T DMEM K % 5 o AS49 4 i o 5 2 % Ji
2x10* /20 g B FL F 96 FLAR o 3% 3% 2 5 K o
AT 50 wL A1 DMEM (B %1 26 ) 50 wL B 4% #e JiE
TRQ (45 25 #40 ) , {ffi TRQ %4 ¥k J & 1/16MIC, 1/
32MIC, 1/64MIC. 1E % 240 Al B W, it A DMEM
100 L, 25 24 41 FRE 78 20 A 2 LB T JC il it o ,
by I A S8 55 % R 2 — B, B R 3 A AT AL KSR
5 h, 1 5 & fL A CCK-8 10 pL, 7 3 hJ5 JH B br
KT 490 nm b Ao ARG 1= (A spu—A spmps )/
A ey x100% o I 45 75 /5 410 i X042 32850 & 1 B 45 %
2 2 A B Gt TOG S 5RO T U 5% 4 P
A HNE S O .



5507 45 9 1) REXRARERE Vol. 27.No. 9
202145 H Chinese Journal of Experimental Traditional Medical Formulae May,2021
2.6 Real-time PCR il & ¥ 1 B ¥k & TRQ %I S. 1.0
aureus o-¥% Il ZF P4 ¥ KL A hla, agrA mRNA 7 & 0.81
W 2.3 30 S 5 B 0 BT A8 W R PBS I UE L
4 000 rmin” B0 10 min, WWEER K . AW, 3% T oa
TR 240 T 6k RN 48 B3 51 3 A 390 2 s a0 & 1 T 43 0.2
$& HURE R RNA F13K 15 cDNA. H (% 3 [X hla, agrA 0.0

N Z S 16S IRNA 1 51 9 2 B Scik[19], 5
Y A T A TR BOABRA G A
Real-time PCR JZ i/ {& % & ¢cDNA 1 uL, SYBR® Green
Mix (2x ) 10 pL, 10 wmol-L" iF [ 3] # 0.5 uL,
10 wmol- L™ JZ 18] 51 ¥ 0.5 pL, ddH,0 8 wL. /& hJ 4%
44 95 °C i 384 3% 3 min, 95 °CA5 1 20 s, hla 7£ 43 °C,
agrA 7£ 50 °CiB & 30 s, I 39 MG . FH 229k o #r
H A HE A X Rk &, 51 P8 L3 1.

*1 PCR3I#WFFI
Table 1 Primer sequences of PCR

519 Fea1(5-3") K /op
16S rRNA _Fii GCTGCCCTTTGTATTGTC 179
T AGATGTTGGGTTAAGTCCC
hla I if TTGGTGCAAATGTTTC 102
T # TCACTTTCCAGCCTACT
agrA % TGATAATCCTTATGAGGTGCTT 164

Fiif CACTGTGACTCGTAACGAAAA

2.7 GitsEsr AT SR SPSS BT HE AT L &R
T 25571, 1 ks o FRR B 21 BT AR 00 S 0 B e L O 22
35345 HI LSD #E47 W R L 4%, J7 258 55 19 ] Dunnet' 73
JrHT L LA P<0.05 %R 2R A G E X

3 &R

3.1 TRQ 8y MIC F 4 ¥ £ TRQ X S.aureus Y
A fa) - A K ph 28 fFL AR 6 I 22 TRQ X S. aureus I
MIC 2 1/8 J5UH , T J& 23 1) I 1/16MIC, 1/32MIC, 1/
64MIC V. #1174 ¥ & 7 TRQ K 25 4 8 h X} S. aureus
AR, 8 h N4 A I A - K ih 2, 528
FLEH b3, 45 0400 18 R 2 9 TRQ X S.aureus B9 1
Yy W 2% S, R WM K B (1/64MIC~1/
16MIC) 1§ TRQ XI S. aureus W) 4= £ T W] 1 52 W .
WK1,

3.2 NJEDIE I B MR TRQ X S aureus -3 Il %
MLTE RS20 S5 20 Ll A, 6 A ) S 91 7 v i
TRQ 1EH JG S 204 il b 3 W B (B 42 0 v 0, HLRl
TRQ ¥ A, SR 20 40 b3 B B i A2 s 5
R A LA, B A TRQ ¥ BE A 30, ¥4 1L % 72 ¥
K (P<0.01) , 3 B V. #1054 ¥k & TRQ 7] # ii S. aureus

A7 H4L;B.1/16MIC 41 ;C.1/32MIC 41 ;D.1/64MIC 41
B 1 AELHIERE TRQSITS. aureus B B 18] -4 4 #h £k
Fig. 1 Time-growth curve of TRQ with different sub-minimal

inhibitory concentrations against S. aureus
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A
A FREHRIY];B.1/16MIC 4 5 C.1/32MIC 41 ; D.1/64MIC 41 (& 3 7] )
B2 FAREMERETRQAEFRAMM EFHE
Fig. 2 Color of supernatant blood cells of rabbits treated with

different sub-minimal inhibitory concentrations of TRQ

K2 ARILHEIRE TRQIT S.aureus a-7A M & A M i& 11 89 8 I
(X£s,n=3)
Table 2 Effect of different sub-minimal inhibitory concentrations

of TRQ on hemolytic activity of S.aureus a-hemolysin (x+s,7=3)

21 51 M2 /%
LAY 100.00
1/16MIC 7.43£0.24"
1/32MIC 11.25+0.16"
1/64MIC 45.11+0.74D

SR R VP<0.01(K 5[] o

3.3 AN[EE A B ¥R JE TRQ X S. aureus % W a1
MR FAEN 525 HA B, TEAS [8] 40 5 vk
JE TRQ Y S.aureus VI WAE S h )5 4040 M b3
T B AN () AR B AR v, HL Bl TRQ MR B2 34 0,
LT A0 AL BT BB W T AR AL L, B R
TRQ Vi & A9 18 T, V4% 1l %32 T B AT (1/16 1 1/32MIC
41 P<0.01, 1/64MIC 41 P<0.05) , 3 W] T 1 1 vk J&
TRQ "I #E— & # B L A1 S.aureus 135 W ) a5
. 89 -
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A B C D
E3 AEEMERE TRQAEBFRAMM EFHE
Fig. 3 Color of supernatant blood cells of rabbits treated with

different sub-minimal inhibitory concentrations of TRQ

X3 ABIEHEIKE TRQ X S.aureus a-B M E R/ F{EH
(xX£s5,n=3)
Table 3 Neutralization effect of different sub-inhibitory

concentrations of TRQ on S.aureus a-hemolysin (x+s,1n=3)

205 5 12 /%
iz 100.00
1/16MIC 75.63+2.16%
1/32MIC 82.17+1.222
1/64MIC 92.46+1.37"

SRR DP<0.05,2P<0.01,

3.4 N[A) VA B E TRQ X S. aureus BG4 5 1Y
AS549 4 i B 45 9 PR P E T 1/16MIC, 1/32MIC,
1/64MIC ¥ J¥ 1Y) TRQ X} A549 4l ffg 1 £ J& A& T 3
Wi, 4 7S S 36 vp (1 7 40 T R B TRQ X A549 41 it Tt

A B
A IE# 4L BRI C.1/16MIC 41 D.1/32MIC 41 ; E.1/64MIC 41
B4 FAEAEBENEZAETNERE TRQITS. aureus B S A549 HA 8155 BRI 1E B (387586, x200)

Fig. 4 Laser confocal observation was used to observe protective effects of different sub-minimal inhibitory concentrations of TRQ on A549

cell damage mediated by S. aureus infection(IF, x200)

4 itig
e tE R b TR 2 LU 8RB Y, il
ok S0 241 P DNA S ] R BTG BRN A A RE A A
20 TR A B A 00 AT T R AR T R R R TR U
. 90 .

OB FEVEVE T, SRR A L, HO TRQ IS 1 % S.
aureus YL ) AS49 41 il 3G J1 (P<0.01), W% 4. It
5 I ol B WL B OR TR Y I 2H 40 S B AS49
I i AR IE TR A, Bl g B & €, T A Y 2 4 Jifg T W]
BRI IR 235 HL T AR ey 21 6, 3R B B 2 Y
20 MR FBE TS, TRQ MR R 47 T S.aureus 1%
e T AS49 G0 ML 05, v UL AR R 25 1) GE E H
CLEAYGI D o G5 R AR R AN [F] I 40 T R EE ) TRQ
X} S.aureus 41 T+ 1) A549 41 B #6145 ELA A 6] 72 5 1Y
TR VE, H 2R BRI . DR 4,

£4 FRTIMVERE TRQ X AS49 MY F M I S.aurens B 5
TS0 AS4 R RIPIER (3s5,n=3)

Table 4 Toxicity to A549 cells and protection against A549 cell

damage mediated by S.aureus infection with different sub-minimal

inhibitory concentrations of TRQ (x+s,n=3)

4B IE J1/%
21 51

4 i e AR 4
1EH 100 100
(] - 6.42+1.252
1/16MIC 99.30+0.90 17.1240.57'
1/32MIC 97.70+1.11 13.26+1.55!2
1/64MIC 99.77+1.55 12.70+0.49'2

W SRR AL LA D P<0.01; 5 1E W 4L L8 2 P<0.01 .

3.5 AR A0 B TRQ X S.aureus o~ Il 3 17
P FH A hla,agrA mRNA £ikps2m SRR
B, 7E 1/64MIC #e i I agrA mRNA oK 3 F 5, H
fib ¥ B TRQ 41 hla, agrA mRNA Y £ A g & T i
(P<0.01), W5,

GeIR T 1 [R) I s 25 - 20 1 AR Y R HE PR TR ), R 3
20 TR S 7 AR T 2 0 . SE B B A0 T S BRI AR
KA b T Hor W iy 8 1 B 7, TS 2 40 H
S A K BT , S.aureus 53 WA 1) Z B EE 7 R [A) A
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x5 AEITHEIRE TRQI S.aureus o-i M = 1 = & A hla,
agrA mRNA RiEKFEH M (i+s,n=3)

Table 5 Effect on different sub-minimal inhibitory
concentrations of TRQ on regulation of S.aureus a-hemolysin gene

hla and agrA mRNA expression levels (x+5,7=3)

215 hla agrA
1/16MIC 0.19+0.1Y 0.63+0.03"
1/32MIC 0.19+0.03" 0.64+0.02"
1/64MIC 0.20+0.08" 1.06+0.07

AT ZH 4 2 mRNA XS 354 H 1.

4 5 ) O ) SR S . I R PTG IR T
o P R AR WU o A AR A HE 5
Wiy, 36 7 70 B A B 2 Ik ] I T MIC, BVAE T sub-
MIC R A o A W 55 2 W 0 30 147 vk 32 19 B- PN T8 e
FBuA: 2 AT 5 S 24 HY AR T PR G B0 A BR TR
Sh DNA B A 3 A= ) BRETE i 3 ) I 3%
BRI A (PVL) o IR,
BER Y KA ki o T A ERE AR (SpA)EY
PR MR HE S aureus WIBURTE o SRR 4 b 25 K
AT B8R 43 T AT A S B0 B R BE R AR S aureus
s I R A R A 4 I A 2 v 2 TR AR
FHR AR TE o Pt , SR BE 0% A &% ) 40 14 55
PR 7 1 245 ) 0 T 45 R e, B v i PR T A
2

NG5 F ] DLE 0 R R A9 TRQ I A g
R A B 0 A2 KB A HTEIS S S aureus I [R] $5
Fe il EAE T S. aureus 55 3% 13 , ¥ fE A4 2500 i
S.aureus ¥ WL #E 2 9B INLVE T, 3% 25 SR Ut B30 40 28
W TRQ AN AT H ] S.aureus o-%¥ 1L 3 AY F2 35, 7]
B ik HA RS aureus o-F LR AEH . i — 2010
SEEUESE AR X AS549 20 M Bk TG R E B ETER R,
SV M B B9 TRQ Xt S.aureus 47 5 1Y AS549 41 Jifd 45
P A R R 2 B2 i AR 4, L5 ok B i vk

hla J& o3 Il 28 2 B (9 B A~ 38 4% 107 A5, hila N 3
1 26 5% R AR 5 IR, 78 43 WA 19 2ok 72 S VTR A
TG WS NY a- 1 R Y . H 3Rk 32 B — A9k
PR 25 ng 2 ), 5 I agr, sar, sae I rot 55 #5118
FHEAEH  agrif = R4 FLEHE RS, i RNA
I 4% o935 1 38 26 111 7 262 sae 11 sar P45 &
G 25 hla W47 RSP EERYS
TRQ #7845 hla, agrA mRNA iK% UIAH ¢,
JH At A1 ] 9 45 BR TS W G E— D TR ADESRE

H AT LL -3 128 S 3R 7 58 500 25 W) AE 5 e
WA 1), O S aureus hla i) 3 3k ; @ F5 B/ Al

S.aureus -V ML K WAEH o S.aureus 73 W a-V5 Il 2
XoF it 3 - R A 4 05 7S TR E AR L B = hla Gk
MBI R 5 AS549 4 g 1A HhFL 15 FR I R 51 A549 4i i
FIFETS ;0.1 mg- L' 4k 1Y -7 1ML 2 7T S 80452301 50%
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R T R S A - AR | 0 RO 3 10 1 B B
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B4 285 BFFRE 3, 7 SR 3 Ak B M B e DA R 5 R Ty RE B
T4 099 2 9 ML v A A O SR AR 7= A o/
A - P 240 LSR5 0 A8 AR E I R I 3R 2 4L
Wi HE S.aureus 51 & 1 1L R FEVE Bl 5 o 5 OC AR
FHS™ . ph i R A AL A 5 BTN, TRQ 25 4 o i R
33 000 mg- L, HAA P 2599 1 5 K B2 O 165~
330 mg- L', AR BFSE TRQ 1Y MIC {8 4 1/8 J7 ¥ ( B
4 125 mg-L") , 76 W 0 B ¥ & (1/64MIC-1/16MIC)
ik TRQ B A Xt S aureus YA T 1) A549 41 i 41 13
A ARG B AR5 VE T O B TRQ Y 5 4k AR
64.5~257.8 mg- L, BRI AEAIK F 245 W i 2% ¥k & B TRQ
ST 7 A A e ) 0 ) I 2R R I R A0 %
g5 B MHLH B IR T TRQ 78 I R 1A JT 40 1 51 &
P4 P I T J e B R AT A

rh S 24 7 B A A TR R MR Th oA B T AL,
I L7 2 95 36 97 7 T 26 B0 5 1 7 24 A 4% A5 AR
PO AL gy A, 2 kR B AR
4 s A I A i B 5E 4 % ORI/ 10 461 40 L HAA 0] 3
I B v A 1 B 5E T A E LA TR R R AR AR Y
VS, 400 R (B8 ) e R A TR EE R 2R A DA R O I
X AL (R 5 45 2 2 0 0 4 T A T T S 0 R it
2 7 S 2 PR AR AR IR T AR Y AR T 5T Oy B ik v
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