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Study on in vitro Anti-bacterial Activity and Mechanism of Ellagic Acid on Streptococcus mutans
YAN Li', ZHOU Xiaoying’ (1.Central Laboratory, Xinjiang Medical University, Urumgqi 830011, China; 2.
School of Pharmacy, Xinjiang Medical University, Urumgi 830011, China)

ABSTRACT OBIJECTIVE: To study the in vitro anti-bacterial activity and potential mechanism of ellagic acid on Streptococcus
mutans, and to provide evidence for its prevention and treatment of dental caries. METHODS: Using Compound chlorhexidine
gargle as positive control, 5% DMSO as negative control, bacteriostasis experiment was conducted by the method of drilling hole,
and bacteriostatic effects of 50, 25, 12.5, 6.25, 3.125, 1.562 5 mg/mL ellagic acid on S. mutans was preliminarily determined by
measuring the diameter of bacteriostatic ring. The minimal inhibitory concentration (MIC) and minimal bactericidal concentration
(MBC) of ellagic acid on S. mutans were determined by microdilution method. Using 5% DMSO as negative control, the effects
of 1/8 MIC, 1/4 MIC, 1/2 MIC and MIC ellagic acid on the formation of S. mutans biomembrane was determined by crystal violet
staining. The changes of the biomembrane structure under the action of 1/2 MIC ellagic acid were observed by microscopy after
fluorescence staining. Phenol sulfuric acid method and reducing coenzyme I oxidation method were used to determine inhibitory
effects of 1/8MIC, 1/4MIC, 1/2MIC, MIC ellagic acid on S. mutans on extracellular polysaccharide (EPS) as well as effect on the
activity of lactate dehydrogenase (LDH) in extracellular matrix. RESULTS: Ellagic acid with concentration of 12.5~50 mg/mL
produced an inhibitory ring on S. mutans with diameter greater than 15 mm. Under the action of 50 mg/mL ellagic acid, the
diameter of bacteriostatic ring was the same as that of Compound chlorhexidine gargle. MIC and MBC of ellagic acid to S. mutans
were 12.5 mg/mL and 25 mg/mL. The survival rate of bacterial biomembrane after 1/8MIC-MIC ellagic acid treatment was
significantly lower than that of the negative control (P<<0.01), and had a certain dose-response trend. After MIC ellagic acid
treatment, the survival rate of bacterial biomembrane was (16.41 + 1.346) % . After fluorescence staining, the structure of bacterial
biomembrane was destroyed by 1/2 MIC ellagic acid. After treated with 1/8MIC-MIC ellagic acid, its inhibitory rates on
water-soluble EPS and water-insoluble EPS were increased significantly, compared with negative control (P<<0.01). After treated
with 1/4MIC-MIC ellagic acid, the activity of LDH in the extracellular matrix of bacteria increased significantly, compared with
negative control (P<<0.01), in dose-effect dependent trend. CONCLUSIONS: Ellagic acid can inhibit the growth of S. mutans, the
mechanism of which may be associated with inhibiting EPS production, reducing bacterial adhesion, destroying bacterial cell
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Fig 1 Result of survival rate of bacterial biomembrane
3.4 MEEVRERHRNRER

Qe B R, BT BEZH rh 4 i AR R P SR B
AR, FELL LRI, Fon 2 9 E T, AR AR YRS
e, BEAERRA T, Z R4 69O, RV 1/2MIC ¥

China Pharmacy 2020 Vol. 31 No. 5 - 609 -



s ik

FERR T TR A 22 M BETA , LR W IR EE A BREIR
PR AP EHO LR SRR IR LA 2.

: . . .
&
' '

PIL (4] A

BPERS BRZH

SYTO9 45/
B2 TREREEMEHCERERME

Fig 2 Confocal laser scanning micrograms of S. mu-

tans biomembrane

3.5 E A EPS A RIMEIRMEL R

ZE LR AL TR X AR SR ER B TP K AN EPS A
TKIEE EPS W AR LIS 2 iR, AS W) Jo 1 e i e
AETRXT 2 Folr Z2 0% 1) A2 s A0 1) 23 349 A 9 e %o L 2 - vy
(P<<0.01), HaZ il 15 FH B 2 W A6 19 Jo o e B 1 2 K

T B SE , {E AL R %) 78 S BR i K AN T EPS 194 il 4

FH8 T H XK 7 EPS i3 6I/E R o EPS 19 4= sl il
I e 25 5 LI 3.
3.6 WHEAMIMERS LDHEANNELR

SR BN N R 5T Tk B A R A S, A TR 4
SN LDH WG 1344 e &, H 2R Rie s, 5
[H PE ot B 20 Fr A, 1/4AMIC . 1/2MIC  MIC ¥3: 46 ik 2H 20 14

“ g # L 5T b LDH 1 1 39 18 24 7+ (P<<0.01) . LDH
TG T 2 SR L 4
4 Tig

WG e O I N A @%.?rﬁ,—r&ﬁé R
2235 1 B I 24— B EEAR B IR AR ST I E s KR
”E#@IE£E'J1”EFH/ \El)rxjﬁﬁ%n,l{;.#ﬁf%ﬁfﬁ%ﬁ
B i A H 2552 B A0 4 TR A9 A7 2 B &

LRI #E%éﬂinfu%%@ﬁﬁﬁzﬁrﬁﬁi%ﬂ%
RS, 2 VR U 4 TR 28 B A SR A S, B DR 33
SR A RS, 3 b bl 40 8 R0 R 1) S A W i
L T BARS 25 R B 0 I B, TEX FR S
T, A= B A 0 A0 TR L TR TR S T A [ A 20 A i 2
B, HLHLB0RE 3 A B A 3 e A8 9 RE )t o
s R FEWFSE TR bR T ST IR IR S R AT A AR K
AEABAI o F A PR AS R 405 i AR AR T 5T
RN EPS 40 B LA A S 4 43 0 1) B
PRI ZE A AR 2 M i S B 3 8 02 , T LS 5 AR e g
TR, o KN YE EPS BEG% 1 1k 4 T (14 e Bl
PEAH AR, b= 9 B T8 BRI I 14 & 88 5 IR L, H:

- 610 - China Pharmacy 2020 Vol. 31 No. 5

XA EPS 1%, %

Mjf‘lﬁ 1/8MIC 1/4MIC  1/2MIC MIC
XTHE
[reiai
ATKAE M EPS

100
90
& 801
70 4
{?'_:
= 60 A
2]
& 50 A
e
& 101
; 30
T 20 A
10 A
0 — T T
FTE 1/8MIC 1/4MIC 1/2MIC MIC
POy
B./Ki#E: EPS

T ST B S, P<<0.01
Note: vs. negative control, **P<<0.01
E3 EPSHIERHDHZNELER
Fig 3 Inhibitory rate of bacterial EPS

0.6 7

LDH % /1, U/mL

0 -
ISHHCXT 1/8MIC ~ 1/4MIC ~ 1/2MIC ~ MIC

AR

e BT B4 A, " P<<0.01

Note: vs. negative control group, “*P<<0.01

El4 BRESMERH LDHEAMELE R

Fig4 LDH activity in extracellular matrix

WL AW 5B, AT AR i A 420 85 P A5 i 7y
HAL, IR EPS S A R 7R A M I RE RE AP 7251, 72
S UG Bl = i, AT DR RSO T 4 A e
LDH DA v B AAAE T4 AT A0 A PN , 270 S 3k vl v Ay i1
A, 0T LA AN BRI, BT LDH B AR
PRI, fiRT DA o 20 B A 5T LDH T 7>k F
S 24 %5 A TR A4 L R A4 6 RS Py s e ), DA T I 25 47
AIREAII B AL . DR, SC T 25 1% 1 s P S50 400 1 1)
VE SR 75 25 N2 W %o A 8 R A 4 AR B OB A

HREZG 2020 4E55 31 4545 51



W IEARGE M AL RN S 22 T T
ARG 3 AT FLIE D B R a0 00 e 40 oA P AR, R

WA H E REAC R X AR S BR R P HIVE T . 53R IR,

12.5~50 mg/mL LR X8 S E Bk A= 1 IR, HL

PP B AR > 15 mm, W58 Pk R A C e S iy

BRI X BR 25 , %28 5 45 500 mL S AR A 2 E

0.6 g FHAKMEO.1 g, Ry T FHIIM R TH 22 24510 ARBF9E

Ve R BRI A T AR TR X AR S BR B 11 MIC, i

e DL IR AT MIC (2 5050, e A8 3) T 8%

AEBR X AE SEBEBR A 1Y MIC \MBC 4351 4y 12.5.,25 mg/mL,

T WAL IR R, A, iR

IR, 3.125~25 mg/mL A6 R 0] 75 Sl R TR Y A= ) IR

PR AR, H 1/2MIC ¥ B B ¥ AL 12 7] 0% 51 41

A EER o DL IR 2 R T BRI AN AT LA

IR R 240 TR ) A A I R ) 4 A I ) o

BRULZ AN, ASBIEGE R X A R A B ML 34 7 1

%o LA 1/AMIC~MIC e BEREACIRAE F )G , 4 pa e S 38 ot

H LDH (936 71 8. # THE (P<<0.01) . @i xt 259tk e

YA EPS S TSR TN 2 , 2 IR AR R X A Sk BRI 7K

ANV 1 EPS FUK P EPS ¥4 A [R) R B 0 400 i 4 o

I DA AIFSE AT N, BEAE R T LA BEL T 20 TR EE O T A

& A 55—, T LU o 106 EPS B8 i RE J1 LAREAR

YDA OB SR AR S RB IR AL S , TP AH B PN 1E & AL

T, DT 52 M 240 P A5 P R A TR 5 55—, JHL W A3 sl

A5 SR TR R A0 MR A — R R B R B , (A AE T2

PRI P %) LDH MR FRoRS 0 Sfe , BEESR A B 1 1E 3 T

A A AT KA A R M o 53 40, ZEI e

XF EPS A4 il 20T, 28 5 & BT KR H: EPS B4 il

EEXTK S EPS B &1 , AT g2 P R KR EPS HAY

e e RERME AN 2 R DR [ I A R

7 B iR S 1 1 D DR 0 R L R BH R AR PR R

3 T4 EPS i A2 30 i 40 o A= P S A TR A

g5 b AR IR A SRR T 1) 2E K DL R A W R T

SR EIVER . HAMLH 0T BE @ L ] EPS =4 R

G200 T 0 286 T 0t RS 40 R 200 e A, DAL T AR ARG 200 1 T 1

ARG R W R TR T R J SR (%) B T W s 2 B 1 17

—E WIS R TR AR RAE A AILH A A 1F

HE— A% .

S ik

[1] emmBe, AEonT, 2, 4. 1 AR B H AR S s BR A 2L
WERCR TS [0]. F B A A5 4 &,2018,30(3) : 291-
295,

[2] X055 a6k, FSCHE AR BB IR AR A 2L TR A e 1k I
B AR AN B AR FOFSE[I]. 7 B 25 4, 2019,
30(18):2513-2518.

[3] VARON SE,SHRON E,ZABROVSKY A, et al. Antibac-

terial orthodontic cements and adhesives: a possible solu-

HHEEZG 2020455 3185 5 )

[11]

[12]

[13]

[15]

[18]

tion to Streptococcus mutans outgrowth adjacent to orth-
odontic appliances[J]. Oral Health Prev Dent, 2019, 17
(1):251-296.
JAEBE X SE , T R, 5 2% 20 - A A S B X AR
SEHERR A LS Z BRI SE A [I]. o B B 5, 2014, 34 (1) ;
46-48.
W IEE A7 AR AR T S FR A 28 220 4 2R 7 luxS R 1) 49 3%
"R [D].KHE: RHERIR, 2015.
BREA, BT, Bk , < AR 2 R YD SOk A 1
ST IE R[], B 25 %,2019,30(1) : 73-77.
SN R SRR BAEIR I LR Y E RN )], F B AR &
#7*,2019,18(1):73-78.
JAATS  SREL Wy , SR RAY | 5 BEAERE 2 o3 WF 50 2k
(7). B 25)7,2017,20(10) : 1838—1841.
BT, EMEHE , 5KAT, 5 HIBA R 25 B AL AL R 1Y
AN E KRR RSN S AT PERESE (D). F B 2
%,2019,30(9):1236-1240.
WA, FIRE L XMERS, S AP EEAEIR ) 25 AT
FA BRI R[] A W 45 55 5 R A 4 % ,2016, 35
(12):3562-3568.
Bl WU, BRE. 25 2 2 3 7y ik M. 3T A
R DA H A, 2005 : 1647—1662.
YANG X, TOMAS BF. Tea is a significant dietary source
of ellagitannins and ellagic acid[J]. J Agric Food Chem,
2019,67(19):1326-1335.
R, JE IR, TS TN , 4. Sortase A 15748 54 BR P 240
P OC R IARI AL 2B 5T (7). 46 B 2 B2 IR 5 4 &, 2018, 36
(4):360-366.
XU ZT, LI MY. Comparison of inhibitions to oral bacteria
among 10 Chinese herbs[J]. Chin J Mod Appl Pharm,
2000,17(4):277-279.
XUREIE, J7 A, A, 5 A 2 B BRI X SO B
BB ST R [D]. o B 3 o A By 76 42 &, 2019, 34(2)
147-149.
ARG EL R WA 07 B0 i 2R T A
RORSMIFAR ). 2 B B 58 7, 2006, 22(6) : 634-638.
SHAO D, LI J, BATES R, et al. Inhibition of gallic acid
on the growth and biofilm formation of Escherichia coli
and Streptococcus mutans[J]. J Food Sci, 2015, 80 (6) :
299-305.
KAWARAI T, NARISAWA N, YONEDA S, et al. Inhibi-
tion of Streptococcus mutans biofilm formation using ex-
tracts from Assam tea compared to green tea[J]. Arch Oral
Biol,2016.DOI:10.1016/j.archoralbio.2016.04.002.
T XA, SRIERS , 5 P 2875 11 AP B R N A9 Me-
ta /BT[] 16 R v B B 52 22 & ,2015,31(6) : 357-360.
SR, el SR 2R TR 2 R % rp 24 00 SR A
[J].92 A W B 25 72 & ,2012,28(2) : 159-160.

(i H #9:2019-11-05  f&[A1 H #]:2020-01-17)

(G pR )

China Pharmacy 2020 Vol. 31 No. 5 - 611 -



