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[Abstract] Objective To investigate the inhibitory effect of baicalin on Streptococcus mutans UA159 in vitro. Meth-
ods The minimum inhibitory concentration (MIC) of baicalin on Streptococcus mutans UA159 was determined by the
liquid multiple dilution method combined with the ODgy value measured by microplate. The ODey value of Streptococcus
mutans UA159 in different concentrations of baicalin was measured by an enzyme mapping instrument. A growth curve
was drawn, and the adhesion rate and adhesion inhibition rate were calculated. The effect of baicalin on the formation of
Streptococcus mutans UA159 biofilms was observed by the crystal violet quantitative method and scanning electron mi-
croscopy. The effect of baicalin on the total number of Streptococcus mutans UA159 bacteria was observed by scanning
electron microscopy. Results The MIC of baicalin on Streptococcus mutans UA159 was 12 mg/mL. With increasing ba-
icalin concentration, the growth rate of Streptococcus mutans UA159 was slowed, the adhesion rate of Streptococcus mu-
tans UA159 decreased and the adhesion inhibition rate increased (P < 0.05). The results of crystal violet quantitative
method showed that compared with the bacterial control group, the biofilm formation of Streptococcus mutans UA159 was
significantly reduced after adding baicalin at 0 h, 6 h and 12 h (P < 0.001). Under a scanning electron microscope, the
total number of bacteria decreased significantly after adding baicalin at 0 h, 6 h and 12 h. Conclusion Baicalin can
inhibit the growth and reproduction of Streptococcus mutans UA159 in vitro as well as the adhesion and biofilm forma-

tion of Streptococcus mutans UA159.
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TE A
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W, A 4 COKFE T E 4 by WAL
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KU SPSS Statistics20.0 EF7 40 H7 , 5E 2 9Ok
Fxxs Fom o 1] HLBCR B 2 T 225097 5 Lev-
en K 50 )5 2557 ME , 7 22 55 SR FH LSD Y& 434 5 I 25
AFFK H Dunnett’s 43873 P < 0.05 £BR 2 55 B A
GiiteEE X

=A %
2.1 FEFHxFUALS9 49 MIC /&
A 1,255 R0 58 T MO E A K IR
BAA, MR 3~ 7% .95 5 105 R AR E

I AR B AT TUTE . AODg (HZE JE 3 1, Zoxd
HR R B 200, S A 2 S A G %8 L (F=
2435.346,P < 0.05) , MR HE 45 TR, 454 LA P IR L
FERAE P IBAYE S 0V oh T U 1) e IR 2 W VR
B Y MIC, I A5 38 5 %8 S BE K T UA 159
() MIC {4 12 mg/mL.

1 AESEERRE UALSO TE AR B4 R T Y AODew i
Table 1 ~ AODew value of Sireptococcus mutans UA159 at

different baicalin concentrations X+s,n=73

Baicalin concentration

Tube numer AODeo {H. I
(mg/mL)

1 24 0.046 + 0.007 < 0.001
2 12 0.094 + 0.001 < 0.001
3 6 0.182 +0.004 < 0.001
4 3 0.265 +0.002 < 0.001
5 1.5 0.377 +0.003  0.406
6 0.75 0.377 £ 0.005  0.544
7 0.375 0378 +0.008  0.595
8 24 0.020 £ 0.005 < 0.001
9 0.377 £ 0.007  0.496

10 0.380 + 0.005 -

P value: compared with tube 10 (bacteria control group)

22 AkwganE

F 2.1 45 5 260 MIC SRy 8 55 X6 748 5 i 2R 1A
UA159 i MIC AN 12 mg/mL, W% & MIC , 1/2MIC 1/
4MIC  1/8MIC ¥ FE 435124 12,63 1.5 mg/mL. 75
FEERTA UA159 (A5 Ko B Bt 4 B8 1 24 ROk B 1) 1
JMIAE NS o 7E0 ~ 12 h N R A TR, J R AR
G, EAFEM ; 1.5 me/mL 245 4H 5 BB BRZH AR
FEAE O h 4 h B ODaoo (BALG , 22 R A G2 B (P <
0.001),12.6.3 mg/mL =2 5 B 7 6 H8 41 (0 mg/mL)
AL AH H, ODeoo (YA, 22 2B Geit2¢ 2
(P <0.001) , A7) 8 251 v i 41 20 [a) A B Ll 4 2
SHEGIEE L (P<0.001)., WHE2 K1,
23 KA L FEREA UALISO Z M6 Fra

A SEAE R UALS9 78 37 CIRE ;55 18 h 5 2
B 28 42.33% 5 B 75 B 51 24 V2 W R 38 o, AR
SEREBRTA UA 159 ZEBHR T 1% 28 B Ry 225007
HA B 2R A G E L (F =760.401,P < 0.05) ;
AR FE A 5 WO FRZH 2 (0 mg/mL) A1 1L, Hi 22 57
YRS %2 L (P<0.05), WRIEFHPRITESH
A5 L) 85 BRI R S < i S 2 R R 1
M B HRAER N, K AR E R A G EE
M (F=667.282,P<0.05). HAAMWM LI, H
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K2 RSHERRE UA1S9 75 AN [ ] A ) 35 W R 119 AODoo fEL

Table 2 AODeyw value of Sireptococcus mutans UA159 at different concentrations of baicalin at different time points ~ x+s,n =3

Baicalin concentration I

Time (h) F
12 mg/mL 6 mg/mL 3 mg/mL 1.5 mg/mL 0 mg/mL P, P, P; P,

4 0.123 £ 0.002 0.152 £ 0.002 0.184 +0.004 0.192 £ 0.003 0.211 + 0.004 349.182 <0.001 <0.001 <0.001 <0.001

0.174 £ 0.005 0.236 = 0.008 0.311 £0.005 0.375 £ 0.003 0.380 + 0.002 895.601 <0.001 <0.001 <0.001 0.246

12 0.211 £0.005 0.315+0.009 0.411 £0.003 0.458 £ 0.004 0.466 +0.003 1 180.943 <0.001 <0.001 <0.001 0.103

24 0.277 £0.003  0.327 + 0.003  0.452 £ 0.005 0.466 + 0.003 0.473 £ 0.002 2 197.682 <0.001 <0.001 <0.001 0.068

P: 12 mg/mL group vs. 0 mg/mL group; P»: 6 mg/mL group vs. 0 mg/mL group; Ps: 3 mg/mL group vs. 0 mg/mL group; Pi: 1.5 mg/mL group vs. 0 mg/mL

group
0.5
0.4
=03 s —e— 1/2MIC
© o= 1/4MIC
02
< —o— 1/SMIC
0.1 — ()
0 . .
0h 4h 8h 12h 24 h Time

Figure 1 ~ Growth curves of Streptococcus mutans
UA159 at different concentrations of baicalin
B 1 AR SRR UALSO fEAN R B A R 1Y
AR

ZRMEHGIFE X (P<0.05), k3,

T3 ANIE] S U R AR S RERR T UA159 26 B )52 el
Table 3 Effects of different concentrations of baicalin on

adhesion of Streptococcus mutans UA159 x+s,n=3

Baicalin concentration Adhesion rate(% ) Adhesion inhibition rate (% )

12 mg/mL 28.00 + 0.36" 33.83 £ 0.92*
6 mg/mL 31.13 £ 0.47" 25.77 +2.18"
3 mg/mL 33.06 + 0.20" 22.18 + 0.69*
1.5 mg/mL 35.47 + 0.40" 16.18 £ 0.71*
0 mg/mL 42.32 +0.45 0

*: compared with 0 mg/mL group, P <0.05; A : group comparison,

P <0.05

2.4 AT E FAARTA UALSO 69 £ W BT R 49
AL

BERAF X AR AR R B UA159 A8 9 IR Bl 1)
LSRR 4, BRI 200, &4 2R
HG i3 X (F=958.613,P<0.05)., S
AHEE, 0.6, 12 h IS B8 25 25 9 1 190722 S ik 1k
WAEYRIEREZR EARITFE X (P<
0.001) , 1775 77 21 240 7 2B W IEIE 1 i) 22 S e g i t27
B (P=0304),

R4 ESHRE S FERRTE UALS9 19 AR W) IEIE A i 19 52 )

Table 4  Effects of baicalin on biofilm formation of

Streptococcus mutans UA159 X+s,n=3
Group ODsoo P
Oh 0.132 + 0.003 < 0.000
6h 0.247 + 0.007 < 0.000
12 h 0.288 + 0.006 < 0.000
Solvent control 0.376 + 0.004 0.304
Bacteria control 0.381 + 0.007 -

P value: compared with bacteria control group

2.5 SEM VLA # %53 2t & S+ 48 3K B UA1S9 20 ) &
E AR A

SEM T WL 58 AR 5 50 0 KPR 6 40 TR TR AR
S, B . AR SRR T UA1S9 5555 24 h 5 4=
KR4 (E2a.2b) . 0 hJITA S5 UALS9 B {4
P FEA LU AR (B 2¢.2d) 56 h A B4 )5 40
B R T (8 2e.20) 512 h IS I A S5 H 5
0 IR (& 2g.2h) o PR IR 2H (1]
2i.2)) SO IR A B, TEH B 25 5

3 %W i
FRHBMENEEEREZMARNSE,
A S BRI LT e e £ 02 O A SROE 1R AR
S 4k PR T8 0 2T R RE AL S BT T BUE A E
J o R I R L H 6 B D7 TR AT SR AR W B
g HCERTIRAE . BETERI, ALY EAR X AL 5
ik B LR W) R B DU AR {EURE BT 1 SR A Ak
BN BE 4 45 X A W 1 e ) A8 B BR T B9 PR I
Y NRA Y/ N I S DN i <l (51 N AT /K
2 ALY B B0 SR R B
A2 SRR IR P B B
o RARYHATERIEHI/N A D) 8 R R
PGP, B AP LB, A AR T & &8
4t B2 U 25 K AR 245 W) 0) 78 S A oK R AT AT A o AR
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a-b: bacteria control group, UA159 grew well; a: SEM (X 5 000); b: SEM (X 10 000); c-d: added 10 mg/mL baicalin at 0 h, UA159 grew in pairs;
c: SEM (X 5 000); d: SEM (X 10 000); e-f: added 10 mg/ml baicalin at 6 h, the total number of UA159 decreased significantly; e: SEM (X 5
000); f: SEM (X 10 000); g-h: added 10 mg/mL baicalin at 12 h, the total number of UA159 decreased significantly; g: SEM (X 5 000); h: SEM

(x 10 000); i-j: in the solvent control group, there were no significant differences compared with the bacteria control group; i: SEM (X 5 000); j: SEM (X

10 000); SEM: scanning electron microscope.

Figure 2 Effects of baicalin on the total number of Streptococcus mutans UA159 bacteria was observed under SEM

B2 BT R S 0 AR S R ER B UA 159 4 B 8 B A 5

FRE S AR — R R AR TR 25, B i
AP 56 T B 5 1 5 78 S % R T 00 M F A L
LIRS
30 FARFANEFERAERG TR

AR S5 R FHWRAAR A5 B 1L 245 6 B 4300
TR 25 1) 8 5 AR S A BR AR K AR T, 25 )
7 ¥ 6 S S RE BR B UA1S9 19 MIC {12
mg/mL. TEARKSCE 048 SR BR R UA 159 %5
P TR E 12,63, 1.5 mg/mL (8451 K 62l
YR BHIEE SR EE Y, A TRIB 8] 2519 ODs [ 1
TN BE S 1978 S5 BK B UA 159 55 075 HE AR 54 BR
P UAL59 A 3 b AR — 350, (H TR vk B2 441K
T AR E A 55 BR B UA159 41, #0005 IR ] BE 2
BT ] BE I AN M AR SRR T UA159 A 4 i 5k
AFEH AH 235 0 AR S5 BR A UA 159 3 58 180
32 mAFAEFHAREA MG H R

BN AN R 7R N TR R A — 2, AR S
B TR G A 1T 1% 285 B R R A L BUE i SEAh . ARTR
B BR TR TR R A = R B B 1 (glucosyl trans-
ferase , GTF ) , f14F GTF-B . GTF-C 1 GTF-D, ‘& {1 H]
FHREWEVE N IR W0k & Wi SR A2 S sk i e 2
A 22 s S R ) 2% RS B 2R BV AR B REAE Y
LN REAE A, BN R AR AR SRR Bk A 5 5L

JoT 9 R0 B R A B R A AR
MG RS G E N SRRk A R A A Pl
o ARLEEIRBIR R AEEEK A UA159 76 37 C
PRAERG 37 18 h 5 BB 2R 42.33% ; fi % 5 5 24
T2 e RGN, AR S R T UA 159 BB 38R [
XoT £ TRT 114 268 B 10 o R AE 38 5 2 B S B
il 2% SR R T REB AVE o B 0 AR S ok
TR0 B g EL A S BIL R 1 i A, AT g 5 &G R A
KR F-al 3 BB AR DG SE AT G, A Rt — 2B e
33 FAXRFHEFBRAALADEL R AMA L E
) % v

CE N 2 B B0 il R Lh e 2 2%, LA =By
B AR AT BEIR B B B2 L 4 TR B A B B TR R A
BB, 20 B 2% 1T 2 AR AT AR R iS5 =2
g4 AT AL RHChUA B S E R 259, R R AT
5ef A ot A 6 I R SR R B B VE e AR SR BR
WA IR LA 20, 45 5 S 45 R a5 G LA 2 6
528 R0 25 A W AE 600 nm P KT A R,
BRI, o8 T s A= 3 R A i, A4S S 36 SR FH A
AXFE 600 nm K F I E OD E, OD {H 8 /N oR 4k
W JEE 1 A B /N, BIV24 ) X6 A ) RS T AR
RO, ARSCE R I FE0.6. 12 h B I A B X1 24
T ) A 5 AR S BR B UALS9 A W 51 1 1Y) 1
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DMSO ¥ VA 23 5% 0 41 B 25 ) T i 114 £, 156 I
KA X AR B4 R B UA 159 A W BT AT AR 47 1 417
R

FL - 3 U I T O 2 A A — KRR A
JEE I A HER E R A PR R o
REA 0.4 nm, AL E i SEM WAL E] 10 mg/mL
MY E AT AE 0.6, 12 h B I A AT 5200 UA159 7E4K
S FEBE R B R AN B B S R AR
BEBR TR UA159 T B A9 AS [] B 300 i A 88 25 4 45 4 4
P i kD

4 I 2

AR S0 308 3 TR AR 24 ) B R 1 R S
BRI RSN A SE hEAT IS, 15 DU R 4518 D #
2T X AR SEAEER R UA 159 A9 MIIC {H 4 12 mg/ml.;
QB BT I AN i 25 S B PR AR 1 AR K
1H 25 B3 AR HG A 3 7 % 3 2 5 B8 % ] LA A
705 S R PR A0 R L AE JF A BE 58 4 1 728 S S R TR
e R RGBT RE 7 s @ v 1 AT DA 2 AR S B K TR A
AR W 0% T ol 32, (AN 6B 5 4 BEL 1T 48 781 2 )
BT 18 5 (D) 125 1 % 4% S 5% 3K TR W 140 A [ B
WA IRER
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