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[Abstract] Objective To investigate the inhibitory effect of honeysuckle on Streptococcus mutans UA159 in vitro.

Methods We used a double-dilution method to measure the minimum inhibitory concentration (MIC) of honeysuckle
against Streptococcus mutans UA159. Lonicerae lonicerae powder was dissolved in the solvent DMSO, different concen-
trations of liquid medicine were prepared, and bacterial liquid was added. The solution control group and bacterial liq-
uid control group were set at the same time. The growth and acid production of UA159 were determined using antibacte-
rial experiments. A growth curve and acid production curves were drawn, and the adhesion rate and adhesion inhibition
rate were calculated. The effect of honeysuckle on the formation of Streptococcus mutans UA159 was determined by crys-
tal violet quantification, and a microscope and a scanning electron microscope were used to observe biofilm formation
and structural changes. Results The MIC of honeysuckle against Streptococcus mutans UA159 was 12.5 mg/mL. The
bacteriostatic experiments showed a difference in the growth, acid production and adhesion of UA 159 after honeysuckle
treatment (P < 0.05) compared with the controls, and the inhibitory effect increased as the drug liquid concentration in-

creased. Crystal violet quantification showed a significant difference in biofilm formation between the pharmaceutical
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liquid group and the control group (P < 0.05). Meanwhile, the forward microscope showed a significant decrease in bio-
film formation. Under SEM, the number of bacteria decreased significantly at 0, 6 and 12 h after honeysuckle addition.

Conclusion Honeysuckle inhibits the growth and acid production of UA159 and inhibits adhesion and the formation

of biofilms.

[Key words] honeysuckle; natural medicine;  Streptococcus mutans UA159;  caries; growth of bacteria; mini-

mum inhibitory concentration; acid-producing bacteria; adhesion rate; adhesion inhibition rate;  biofilm
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Table 1~ AODgy value of UA159 in the presence of different

concentrations of honeysuckle xXEs

Honeysuckle concentration/(mg/mL) AODgyo F P
25(No.1) 0.036 + 0.006 <0.001
12.5(No.2) 0.084 + 0.003" <0.001
6.25(No.3) 0.194 + 0.002 <0.001
3.125(No.4) 0.285 + 0.001" <0.001
1.5625(No.5) 0.397 £ 0.003 5672.286  0.386
0.78125(No.6) 0.398 + 0.004 0.561
0.390625(No.7) 0.397 + 0.006 0.386
25(Honeysuckle control) 0.025 + 0.004 <0.001
0(Solvent control) 0.404 + 0.002 0.205
O(Bacteria control) 0.400 + 0.003

#; P < 0.05 vs. bacteria control group
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Table The ODgy value of UA159 in the presence of different concentrations of honeysuckle and at various time points XS
Time/h Groups F r

MIC 1/2MIC 1/4MIC 1/8 MIC Bacteria control P, P, P Py
4 0.183 £ 0.004 0.314 £ 0.001 0.408 £0.003 0.462 +0.002  0.458 = 0.001 6 729.677 <0.001 <0.001 <0.001 0.077
8 0.304 £ 0.003 0.515 £ 0.008 0.757 = 0.002  0.996 + 0.004 1.002 = 0.001 14 841.016 <0.001 <0.001 <0.001 0.121
12 0.332 £ 0.005 0.759 = 0.003 0.847 = 0.003  1.180 = 0.004 1.175 + 0.002 13632478 <0.001 <0.001 <0.001 0.266
24 0.401 £ 0.002 0.873 £0.003 0.997 = 0.004 1.239 + 0.003 1.243 + 0.001 46 048.769 <0.001 <0.001 <0.001 0.110

Pi: MIC group vs. bacteria control group; P 1/2 MIC group vs. bacteria control group; Px: 1/4 MIC group vs. bacteria control group; Pi: 1/8 MIC group vs.

bacteria control group; MIC: 12.50 mg/mL honeysuckle; 1/2 MIC: 6.25 mg/mL honeysuckle; 1/4 MIC: 3.125 mg/mL honeysuckle; 1/8 MIC: 1.5 625 mg/mL

honeysuckle; bacteria control: 0 mg/mL honeysuckle
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—+ Bacteria control

ODsw value

o
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Time/h

5 0= 05 o st ety WIC: 1250 il bossyanss
1/2MIC: 6.25 mg/mL honeysuckle; 1/4MIC: 3.125 mg/mL honey-
suckle; 1/8 MIC: 1.5 625 mg/mL honeysuckle; bacteria control: O
mg/mL honeysuckle

Figure 1  UAI159 growth curves in the presence of differ-

ent concentrations of honeysuckle
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*: P <0.05 vs. bacteria control ; MIC: 12.50 mg/mL honeysuckle;
1/2MIC: 6.25 mg/mL honeysuckle; 1/4MIC: 3.125 mg/mL honey-
suckle; 1/8 MIC: 1.5 625 mg/mL honeysuckle; bacteria control: 0
mg/mL honeysuckle

Figure 2 Acid production curves of UA159 in the

presence of different concentrations of honeysuckle

B2 UA159 TEAS ) 4 ER AL 25 0 e BT 1 ™ B it £k

A A, 22 R W RA G A E L (P<0.05),
R3 UAISOFEA [ S 4R AL 250 JEE AN [l i [ i A9 ApH L
Table 3 The ApH value of UA159 at different time points and with various concentrations of honeysuckle xEs
Time/h Groups F P
MIC 1/2MIC 1/4MI1C 1/8 MIC Bacteria control P P, P; P,
4 0.211 £0.002 0.544 +0.002 0.721 £ 0.002 0911 £0.003  0.921 £ 0.002  52483.080 <0.001 <0.001 <0.001 0.082
8 0.465 £ 0.004 1.161 +£0.002 1.376 +£0.003 1.556 = 0.001 1.551 £0.005 55928373 <0.001 <0.001 <0.001 0.095
12 0.677 £ 0.005 1.442 +0.006 1.720 £ 0.005 1.928 + 0.003 1.928 £ 0.007  28329.583 <0.001 <0.001 <0.001 1.000
24 0.718 £ 0.003  1.562 + 0.004 1.788 +0.004 2.201 +0.008  2.213 + 0.001 3756354 <0.001 <0.001 <0.001 0.410
48 1.096 £ 0.002 1918 £0.003 2.161 +0.006 2.285+0.006  2.292 +0.001 43 781.215 <0.001 <0.001 <0.001 0.066

Py: MIC group vs. bacteria control group; P»:
bacteria control group; MIC: 12.50 mg/mL honeysuckle; 1/2 MIC: 6.25 mg/mL honeysuckle; 1/4 MIC: 3.125 mg/mL honeysuckle; 1/8 MIC: 1.5 625 mg/mL

1/2 MIC group wvs. bacteria control group; Ps: 1/4 MIC group vs. bacteria control group; Pi: 1/8 MIC group wvs.

honeysuckle; bacteria control: 0 mg/mL honeysuckle
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Table 4  Effects of different concentrations of honeysuckle on the adhesion of UA159 XS

Groups Adhesion rate(%) F P Adhesion inhibition rate(%) F P
MIC 27.68 + 0.45 <0.001 32.28 + 0.46 <0.001
172MIC 29.87 + 0.38" <0.001 27.49 + 0.98" <0.001
1/4MIC 32.46 + 0.32 1235.534 <0.001 20.67 + 0.69" 1 033.858 <0.001
1/8MIC 38.67 + 0.37 <0.001 14.89 = 1.21" <0.001
Solvent control 43.85 £ 0.34 0.301 0.39 + 0.30 0.522
Bacteria control 44.16 + 0.20 0

#: P <0.05 vs. bacteria control group ; MIC: 12.50 mg/mL honeysuckle; 1/2MIC: 6.25 mg/mL honeysuckle; 1/4MIC: 3.125 mg/mL honeysuckle; 1/8 MIC:

1.5 625 mg/mL honeysuckle; bacteria control: 0 mg/mL honeysuckle; solvent control: 0 mg/mL honeysuckle
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Table 5 The effect of honeysuckle on UA159 biofilm

formation xEs
Groups ODs7 F P
Honeysuckle concentration(0 h) ~ 0.154 + 0.004" <0.001
Honeysuckle concentration(6 h) ~ 0.232 + 0.006" <0.001
Honeysuckle concentration(12 h)  0.291 + 0.007° 521.336 < 0.001
Solvent control 0.338 + 0.003 0.547
Bacteria control 0.335 £ 0.008

#: P < 0.05 vs. bacteria control group

304 8

AR S BEER R O N R AR BUR M H R A i
% 1) TR B A ) M i i e v B R G R AR R
S HERR A FAT M R, B Rl 2 AR SO, n
R , B T BB A H AT R L

a: 10 mg/mL honeysuckle added at 0 h, the UA159 number decreased significantly; b: 10 mg/mL honeysuckle added at 6 h, the
UA159 number decreased significantly; ¢: 10 mg/mL honeysuckle added at 12 h, the UA159 number decreased, but the trend de-

creased, and biofilm aggregation trend increased; d: solvent control: no significant difference compared with the bacteria control group;

e: bacteria control group, UA159 grew well

Figure 3 The effect of honeysuckle on UA159 biofilm formation was observed under a microscope (x100)

B3 W N WEEA R AL 25 UA 159 42 ) TR i A 520 (x100)
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a: 10 mg/mL honeysuckle added at 0 h, UA159 grew in pairs; b: 10 mg/mL honeysuckle added at 6 h, the total number of UA159 de-
creased significantly; ¢: 10 mg/mL honeysuckle added at 12 h, the total number of UA159 decreased, but the trend weakened; d: in the

control group, there were no significant differences compared with the bacteria control group; e: in the bacteria control group, UA 159

grew well

Figure 4 The effect of honeysuckle on the total amount of UA159 bacteria was observed under a scanning electron
microscope (X10 000)
B4 R T UL S AL 2000 UA LS9 21 TR B [ 521 (x10 000)

385 foff %) 8T 400 o i sk SR R (AR E Y, {H 3R
/RS R R Ju iR A SR NI gl e
[, B EFhEEEN N R AL, SWEIERNR
SREGY) I ASAIR, PP i R, N A2, & At
F o FEAF R AR RIS AL
firy BRI Tk G 2, Ho b i S SRR 28 2 LR Y = 22
AR, AT Z Pl BrEfEH . e
AT R I KSR M R LT & i S U xof
A5 SRR R GRS A R A T B H AT E AR T
SR 5 SRR A BUR PE R T A D

AR 5250 R FH OG5 BE (B 2R o R A o v 4
T B e 45 MIC M 12.5 mg/mL. 7E 42 K 5256
2GR AL AN S AR E R AR K AR — 3, (1
ODaoo {H ¥ T BB AL, U8 W 42 4R AE 1T BE 23 5 1 441
TR ) 84 9 R E IR R B e H AR KA SR AR R
MFERR IR &, A 2505 pH (EKE % 24590 i 7
A3 T e, 7 TR A A A FH e, 0 BH 4 R A
A 5h] 7 S TR T 1) 7 R i

2 T Y 26 B RE 0 R A TR B A 1 TR ki R
filh, A5 S BR A EL AT 22 s SR ) i SRR B R
R HEOLRIME A R e A, BRI S
B A SR S5 A R B 1 RS 2 A . R e
BRI R RmEA PLHRTIE L, 101U
R P1 SRR GP340 A HAE 1 S 30 HE
B = AR AR ST & PR B 2 4 R A6 TR R, 4
[ RS N e < R I E = Vo 1 Rl A A S S
ERAEREAM I LGB o 9 R ] 2 B 2RI
AN A A TRk — LAY

A 0 R R B 45 1 T AR B R A 0 B % 1 B
B 5 4 AN 25 W36 9T, O i S0 B 7R IR pH B AR
FE SRR RSB o B A W B R Y R

TR 7 SRR 0 B A 22 i, DL RE £ E
20 T T ) E L AR B A B SRR T L R
W RESEAEE Y o A S ODso L LA SM Z 1Y
R[] 2 A i B ) 2 R, 25 OR R SRR
FAL , AR AE 25 W85 5% 24 h )5 1Y ODsy B 2 3800 i
oo TIHMERSN S AR S BERR B AR YA,
A G 7 ) 28 L6 A W IR TE 1S RS
[7) s 1) T SEM L% 2 1 Kl i 2 4k, 45 R s A
10 mg/mL 4 83 A6 245 W 41 7F 3 4B B 4 BRI T 4 il
AR RTINS 8 S 1 AR W) I A4 B 32, 40 20 ik 52
S ERAEREAN ] AR WA TE 1

LR L RTIE AR AE nT A ] AR S B R B A
PRI RN W RIE L. AR SERIADUESE T
BAE RN T AR, Dl e B S gt T — i By sk
B o 5 AT T AR PR FBL 245
TE 25 BAR 5 , A~ i 5 25 BRAE T o0 R AT AR 48
2R, HL /DX 72 S BR R R PR AH DG 2R 1 BRI e 3l
PR AT 5, PRI, 2R SR DA I 26 77 1 i — 25 T4
ABFSE
[ Author contributions] Zeng HQ performed the experiments and
wrote the article. Mao L collected the data. Jin YH assisted with the da-
ta statistics. Li ST assisted in the experimental design. Xu A designed
the experiments and reviewed the article. All authors read and approved

the final manusecript as submitted.

5% 3k

[1]  Mathur VP, Dhillon JK. Dental caries: a disease which needs at-
tention[J]. Indian J Pediatr, 2018, 85(3): 202-206. doi: 10.1007/
$12098-017-2381-6.

[2]  Kor M, Pouramir M, Khafri S, et al. Association between dental
caries, obesity and salivary alpha amylase in adolescent girls of
babol city, Iran-2017[J]. J Dent (Shiraz), 2021, 22(1): 27-32. doi:
10.30476/DENTJODS.2020.84190.1070



- 548 -

R BRI

b

20228 H HF30%5 FSH

Journal of Prevention and Treatment for Stomatological Diseases, Aug. 2022, Vol.30 No.8 http://www.kqjbfz.com

[3]

[4]

[5]

[6]

[7

[8]

191

[10]

[11]

[12]

Arora G, Humphris G, Lahti S, et al. Depression, drugs and dental
anxiety in prisons: a mediation model explaining dental decay ex-
perience[J]. Community Dent Oral Epidemiol, 2020, 48(3): 248 -
255. doi: 10.1111/cdoe.12522.

Aurlene N, Manipal S, Prabu D, et al. Prevalence of oral mucosal
lesions,dental caries,and periodontal disease among patients with
systemic lupus erythematosus in a teaching hospital in Chennai,
Tamil Nadu[J]. J Family Med Prim Care, 2020, 9(7): 3374-3380.
doi: 10.4103/jfmpe.jfmpe_1263_19.

Li YQ, Kong DX, Bai M, et al. Lonicera japonica correlation of the
temporal and spatial expression patterns of HQT with the biosyn-
thesis and accumulation of chlorogenic acid in flowers[]J]. Hortic
Res, 2019, 6:73. doi: 10.1038/s41438-019-0154-2

Guo XY, Yu X, Zheng BQ, et al. Lonicerae japonicae network
pharmacology -based identification of potential targets of flos act-
ing on anti-inflammatory effects.[J] .Biomed Res Int, 2021, 2021:
5507003. doi: 10.1155/2021/5507003

Zhou L, Wang H, Yi J, et al. Anti-tumor properties of anthocya-
nins from Lonicera caerulea “Beilei” fruit on human hepatocellular
carcinoma: in vitro and in vivo study[J]. Biomed Pharmacother,
2018, 104(104): 520-529. doi: 10.1016/j.biopha.2018.05.057.
Wan HQ, Ge LL, Xiao LY, et al. 3,4,5-Tri-O-caffeoylquinic acid
methyl ester isolated from Lonicera japonica Thunb. Flower buds
facilitates hepatitis B virus replication in HepG2. 2. 15 cells [J].
Food Chem Toxicol, 2020, 138: 111250. doi: 10.1016/j.fct.
2020.111250.

FHERR, RARTT, KR, 55 . SHUEA R RIS 2 1 5 it )
PUEAL TG & ST S T %, 2020, 41(5): 104-107. doi:
10.12161/j.issn.1005-6521.2020.05.017.

Wang GL, Xu WF, Liu Le, et al. The content and antioxidant activ-
ities of honeysuckle polyphenol extracted by different solvent|J].
Food Res and Dev, 2020, 41(5): 104-107. doi: 10.12161/j.issn.1005
-6521.2020.05.017.

Golubev D, Zemskaya N, Shevchenko O, et al. Honeysuckle ex-
tract (Lonicera pallasii L.) exerts antioxidant properties and ex-
tends the lifespan and healthspan of drosophila melanogaster
[J]. Biogerontology, 2022. doi: 10.1007/510522-022-09954-1

Buko V, Zavodnik I, Budryn G, et al. Chlorogenic acid protects
against advanced alcoholic steatohepatitis in rats via modulation
of redox homeostasis, inflammation, and lipogenesis[J]. Nutrients,
2021, 13(11): 4155. doi: 10.3390/nu13114155.

Ye D, Sun J, Li Y. Evaluation of toxicity, bacteriostatic, analgesic,

anti-inflammatory, and antipyretic activities of Huangqin-Honghua

[13]

[14]

[15]

[16]

[17]

[18]

(19]

[20]

(21]

-Pugongying- Jinyinhua extract[J]. Vet Sci, 2021, 8(12): 330. doi:
10.3390/vetsci8120330.

He ZY, Huang ZW, Jiang W, et al. Streptococcus mutans antimicro-
bial activity of cinnamal dehyde on biofilms.[J]. Front Microbiol,
2019, 10: 2241. doi: 10.3389/fmich.2019.02241.

Martins ML, Leite K, Pacheco-Filho EF, et al. Efficacy of red prop-
olis hydro-alcoholic extract in controlling Streptococcus mutans bio-
film build-up and dental enamel demineralization[]J]. Arch Oral Bi-
ol, 2018, 93(93): 56-65. doi: 10.1016/j.archoralbio.2018.05.017.
Sa-Pinto AC, Rego TM, Marques LS, et al. Correction to: associa-
tion between malocclusion and dental caries in adolescents: a sys-
tematic review and meta—analysis[J]. Eur Arch Paediatr Dent,
2021, 22(2): 309. doi: 10.1007/540368-020-00595-x.

Fan Z, Li L, Bai X, et al. Extraction optimization, antioxidant activ-
ity, and tyrosinase inhibitory capacity of polyphenols from
Lonicera japonica[J]. Food Sci Nutr, 2019, 7(5): 1786-1794. doi:
10.1002/fsn3.1021.

Tsujii T, Kawada-Matsuo M, Migita H, et al. Antibacterial activity
of phellodendron bark against Streptococcus mutans|J]. Microbiol
Immunol, 2020, 64(6): 424-434. doi: 10.1111/1348-0421.12787.
Cui C, Xu H, Yang H, et al. Antibacterial activity of fruiting body
extracts from Culinary-Medicinal winter mushroom, flammulina ve-
lutipes(agaricomycetes) against oral pathogen Streptococcus mutans
[J]. Int ] Med Mushrooms, 2020, 22(2): 115-124. doi: 10.1615/In-
tJMedMushrooms.2020033335.

Lemos JA, Palmer SR, Zeng L, et al. The biology of Streptococcus
mutans|J]. Microbiol Spectr, 2019, 7(1): 10. doi: 10.1128/microbi-
olspec.GPP3-0051-2018.

Sulan RM, Li JK, Crowley PJ, et al. Binding forces of Streptococcus
mutans P1 adhesion[]J]. ACS Nano, 2015, 9(2): 1448 -1460. doi:
10.1021/nn5058886.

Bernardi S, Bianchi S, Botticelli G, et al. Scanning electron mi-
croscopy and microbiological approaches for the evaluation of sali-
vary microorganisms behaviour on anatase titanium surfaces: in vi-
tro study[J]. Morphologie, 2018, 102(336): 1-6. doi: 10.1016/j.mor-
pho.2017.12.001.

(448 FH5, BEEL)






