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Effects of 19 Chinese herbal medicines extracts on the

growth and biofilm formation of Vibrio alginolyticus
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College of Chemistry and Bioengineering, Hunan Engineering Research Center for Research and Development of
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Abstract: The outbreak and prevalence of Vibrio alginolyticus caused huge economic losses on marine
aquaculture, with the formation of biofilms exacerbating the pathogenicity and antibiotic resistance. At present,
Chinese herbal medicines has shown positive potential in the prevention and treatment of pathogenic bacterial
infections. To further explore this potential, a study was conducted which 19 Chinese herbal medicines (Lycii
Fructus, Paridis Rhizoma, Asteris Radix et Rhizoma, Polygoni Mul Tiflori Radix, Spatholobi Caulis, Magnoliae
Officinalis Cortex, Ecliptae Herba, Desmodii Styracifolll Herba, Gardeniae Fructus, Downy Rosemyrtle,
Forsythiae Fructus, Caryophylli Flos, Solani Lyrati Herba, Phellodendri Chinensis Cortex, Artemisiae Argyi
Folium, Anemarrhenae Rhizoma, salt processed Anemarrhenae Rhizoma, wine processed Anemarrhenae Rhizoma,
stir-frying processed Anemarrhenae Rhizoma) were carefully selected and subjected to extraction using various

solvents to explore the effects of these extracts on the growth and biofilm formation of V. alginolyticus. The effects
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of these extracts on the growth of V. alginolyticus were systematically assessed through the utilization of the
Oxford cup method and the 96-well plate method. Additionally, the potential influence of sub-inhibitory
concentrations of these herbal extracts on biofilm formation of V. alginolyticus was investigated by means of
crystal violet staining. The findings indicated that water extracts of 12 Chinese herbal medicines, alcoholic extracts
of 17 Chinese herbal medicines and ester extracts of 15 Chinese herbal medicines displayed noteworthy
antibacterial activity. Significantly, the water extracts of Caryophylli Flos, alcoholic extracts of Paridis Rhizoma
and Anemarrhenae Rhizoma, and ester extracts of Downy Rosemyrtle and Forsythiae Fructus demonstrated
noteworthy inhibitory effects on the formation of biofilm by V. alginolyticus. Furthermore, distinctions in
antibacterial activity were discerned between the unprocessed and processed forms of Anemarrhenae Rhizoma,
despite their some similar impacts on biofilm formation. The results of this investigation carry substantial guiding
significance for the prevention and management of bacterial infections and the development of agents that
counteract biofilm formation. These findings are expected to provide new and sustainable strategies for responding
to outbreaks of V. alginolyticus, helping to protect the sustainability of marine aquaculture, safeguard food safety,

and safeguard human health.
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Table 1 The information of Chinese herbal medicines
. gy . ‘ Gk .
I FIEAED I FIEAED
Chinese herbal Chinese herbal
No. Original plant No. Original plant
medicine medicine
HERHEY = e A
" Paris polyphyll . AR BRRHE Y%
HEH% Paridis Aars polypryia %5 Forsythiae
S1 ) Smith var. S11 Forsythia suspensa
Rhizoma Fructus
yunnanensis (Franch.) (Thunb. ) Vahl
Hand. -Mazz
A SRMEY) T R
N o REIREHEMA T
Desmodii Desmodium AT % Caryophylli
S2 . S12 Syzygium aromaticum
Styracifolll styracifolium Flos
(L.) Merr. EtPerry
Herba (Osb.) Merr.
5 if. i SRHEMETED e . o AR E Y A
13 Solani Lyrati
S3 Spatholobi Spatholobus S13 Solanum lyratum
Herba
Caulis suberectus Dunn Thunb.
AR BE A
< 52 5% Ecliptae 2 RHEYIE W Eclipta - ##1 Phellodendri Phellodendron
Herba prostrata L. Chinensis Cortex chznense
Schne
JE A Magnoliae AR ZERHEYEAD
£ 3 Artemisiae 2 BHENY) K Artemisia
S5 Officinalis Magnolia officinalis S15
Argyi Folium argyi Levl. et Vant.
Cortex Rehd. et Wils
54 Asteris . . HIEE B aRHEY R
HIRHEY K58 Aster a
S6 Radix et S16 Anemarrhenae Anemarrhena
tataricus L. f.
Rhizoma Rhizoma asphodeloides Bge.
A5 5 Pol LRHE T E #HAEE Salt HAEFHEY RIB}
S7 ygoni Mul Polygonum Ste6-1 processed Anemarrhena
Tiflori Radix multiflorum Thunb Anemarrhenae asphodeloides Bge.




Rhizoma

e o T H1HRF Wine ) i
. P B RHEYINE T BERHEY R
#E T Gardeniae processed
Gardenia jasminoides ~ S16-2 Anemarrhena
Fructus Anemarrhenae
J. Ellis ) asphodeloides Bge.
Rhizoma
b 5nEE Stir-frying
o T A RHE
Fifd Lycii AAHEY) T = MAd processed
S9 S16-3 Anemarrhena
Fructus Lycium barbarum L. Anemarrhenae
] asphodeloides Bge.
Rhizoma
B & IREHEYIME 4 1R
k4 4R Downy Rhodomyrtus
Rosemyrtle tomentosa (Ait.)
Hassk.

12 XWHE
1.2.1 ekt 2

W WA SEIK 19 F b 25 FORYREALIEA TR R, 3 50 B 7, 332k R, T
1.2.2 ' BRI %) &

Gl E 2R TEIK S 95% 1 ZRERN I8 216 3 Fhia 7], SR LR SR EGE N 19 Fhrp 23k 47
FEEL, REIREREACONKIERY (ED. CEIREW) (E2) MZBR OB (E3). K
W2k R 200 g, 2 L $2HUA ] 80 °CIRNRACI 3 h, Uf, 2 FH 1.2 L f&B0A 7 Rl A
B3 h, i, AIFMOGREBOR, B hE, REEARIKRSG, REHATAERTRERK,
By r 2 S H, PR L (0 SR ROV 70 AT VA AR 25 ) BRI T 5 2556
1.2.3 KN 2 H &k

K13 2 2P BHRUH 2216 MRAARE FR MBS 100 mg/mL, FTA4-HEEM LS. #4-80 °C
TRAF IR A R FH 22168 “FARGEEATIEE, 24 h JE BRI B 5 3R T 54 3 mL 2216E (1)
REH, 28 °CHEFE A ODgoonm=0.05 7245, HL 100 pL B BIRARE 2216E “FAR b, £ W70
BiETRIRAET, LR TR (7.8x6x10 mm) ME E, FEMSEIRIET S
Fefih, AEHLER, FATAULE 4 N, AN 200 pL B (5 25 SRR
[¥) 2216E WARE: FREEAVAFD . BAPERTIE (100 ng/mL ABERPAEZ) . L4l (2 Fhg5i),
HE 3ATR, T 28 CCHIFRAA T FF 18~24 h, WM FEIK/

1.2.4 33 HE KA MIC 89l 2

Hs-80 CCORAE IR VA BEINER FH 2216E “FARIEAT AL, 24 h JE LR VAR T 56 3
mL 2216E HJEVE . 28 °C 200 r/min 853738, 73066 T 7 B ODsoo nm BB, FRFH:
iR 25 ODgoonm 164 0.1 R 5B, F 2216E R AARE =BG b 2 S HUDHEAT B AR
FE 8 NUREE, 12 96 FLARAH B 5 I PN 52 SR 1) MIC . SEES 4N 100 pL #Re 1 AN
100 pL 4 B f1) H 25 32 B TR S NN 96 FLAR 1, BH X FEZH D9 100 w7 % B AT 100 pL

2216E RS FRIFLVR SN 96 FLBRHE R, 2 X R4 100 uL 2216E ifAE; 7%, % 3
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AFAT, T 28 CCHEFRARBR BEIE TR 24 hy, BEARACIIE ODeoo nm U,  LABHVEXT BRI 00 R
YENZHE 53 HT L 4 MIC 8.
1.2.5 A A8 690 2 B A7

SR FH B0 5 1) 96 FLAN 1 1% 77 2 AN £ i 4R Y €L DON 52 v 24 SR A A 3 VA S o A )
WA o B T30 00 rh 2 SR BT I e B A F A T, D 7 3 G LA £ FH s,
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VxS AT AR, 17 Fhh 2511 ZRE SR BV i el s A s, 15 Flh 25 4
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Table 2 The inhibition zone diameter of Chinese herbal medicines extracts

2% e B B4 rhzh 1 B B A5
e Inhibition zone diameter (mm) Chinese Inhibition zone diameter (mm)
Chinese herbal
. herbal
medicine ..
El E2 E3 medicine El E2 E3

S1 N 0.6+0.2 0.7+£0.4 S12 0.9+0.7 6.2+0.1 3.7+0.5
S2 5.2+0.1 1.2+1.0 3.7+£0.5 S13 4.7+£2.5 8.2+1.0 9.0+0.7
S3 0.7+£0.3 6.74£2.5 12.2+5.0 S14 N 2.2+1.0 2.4+0.2
S4 6.2+1.0  4.7£0.5 2.240.1 S15 0.7+0.5 3.2+1.0 1.5+0.3
S5 4.7£2.5 2.2+0.5 1.2£1.0 S16 3.3+0.8 3.0+£1.1 5.742.5
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S6 N 1.7£0.5 N S16-1 54£1.7  7.7£6.5 1.2+0.5

S7 N 3.240.1 6.7+0.5 S16-2 N 1.0+0.8 1.4+0.2
S8 N N N S16-3 5.7£0.5 8.2+0.7 N

S9 04+0.2  0.9+0.2 1.9+0.2 NC N N N
S10 N N N PC 21.3+04 21.3+04 21.3+04
S11 0.7+0.5 5.7+1.5 0.4+0.2

N BB ACR; NC: X PC: BAMENTHR.
Note: "N": No antibacterial effect. NC: Negative control; PC: Positive control.
2.2 FREIAFIREIXT A IR MIC BIE

MIC 58 &5 B 3 fros, 19 fiepzirh, K. 2B 2R B3R EURINE 7 Rk S im ot
VR B oM S T, FAl b 23R U R I AN R A B S P . 12 Fhrb 2 KSR 0
FENE A MEER, MIC N 25~50 mg/mL; 17 Fhh 245 1) 2 BESR BV A AN R FE A4 B 2 o]
HrP AT & 30 ORI R, MIC A 1.6 mg/mL, ] & 1% A0 I e R 40 T Rk 2, MIC
N 63mgmL, Mfd. B, SR, M. FA. HARE WA RS EIEEE MIC y 12.5
mg/mL, %6 . JEAM, FHHER K MIC A 25 mg/mL, |~ 48 5 A AIBE MIC N 50 mg/mL;
15 Bl 24 18 2R LT B A 2 B0 H S [ (R0 00 BT 00 5R  JHG vl 3 L R T 5 A B 4 BT R
B, MIC A 3.1 mgmL, #fc. (8%, J"&EE., LR EHIE SRRz, MIC A
6.3 mg/mL, B, FEFAZEEIEEN MIC v 12.5 mg/mL, JEAM. S8 EERIFAIN MIC K 25
mg/mL, AN &R MIC 25 50 mg/mL.

o 247 PR 1) e L AT ) — T 2 1R 2R, TR 2 AR M R R b R A & R A ek
AR, BRIk, FRATIEHCEN BE K 3 Fhil PR A M it ER A BE L R BERIRD I BE, LA
VA FREAT BEE, B T M)y 2O P e AR K i, S5 RR I, 4 FhanBlksEh, &
HVE I B R R B iF, MIC 4 25 mg/mL, IV RN B TCHV B ROCR s 4 PN B 2 BEHE I
AT, o R I HIE RS HIVE MIC ¥4 12.5 mg/mL; 4 FRAIEE) LR 2
BRSO VE T VSRS, HAR =Ry A vE 1L (R 3. Uk ml W, S1BHHA
I 7 2, R AW BRI AR A — i 5

£ 3 FRBEF LR EEINE K MIC

Table 3 MIC of different solvent extract of Chinese herbal medicines against V. alginolyticus

iz MIC (mg/mL) 2 MIC (mg/mL)
Chines§ lllerbal El B2 E3 Chinesg herbal El 2 E3
medicine medicine
S1 N 12.5 12.5 Sl 25 12.5 50
S2 25 50 6.3 S12 50 1.6 3.1
S3 25 6.3 3.1 S13 50 25 12.5
S4 25 12.5 25 S14 N 12.5 25
S5 25 25 25 SI5 50 25 6.3
S6 N 25 N S16 50 50 6.3
S7 N 6.3 6.3 S16-1 25 12.5 12.5
S8 N N N S16-2 N 12.5 50




§9 50 12.5 6.3 S16-3 50 12.5 N

S10 N N N
N B R RCR .
Note: "N": No antibacterial effect.
2.3 PELATREXT R 0N & P B 2 B RO 520

N TR e I A TR R AT AT T =R AS (R 7 B B oI A AR )
P, G5RIER 4 FEL T s, 27T & K S EUIGS I i 9I0E AR a5 ) 78 s A A S iR 4 A
s BSERKIR I e e A v B I AL VD SR BT PUe s XSk SRS, BAh. MR T, i
TR SE I R 7K SR BT Vs 35 DI TR A= Pk P T RS B S R A A Y JFG v JEE ARG 1~ L
SEELEIEHEAE L BEAZKIRILE 6 h M VA B o s AE VIR IR AT i, TIFE 12 h (2 s R I
VIR TE e BE RN R0 B (1) 4R B0 V8 98 I A 0 JE Y T A7 W S g e 4
JUAEREL. WG, SRR, FEAN MES. MR MIAT . Sk aRANE RN 2 B SR U0 A
NG AR TR A B R e R, HLBR) T e R AN s S Ah, A s e EAE I 5%
AT L SEHUYILE 6 h A0 A 5 I AE DI BT B, TIAE 12 h AR 2 v 8 Sl bl A= P Al i
I o Wb < AR AT SR 1Y) 2R £ T 2 B 0T ¥ 9 I o 26 P A B2 ) 78 A A S R 5 28
FHEL FEAN TE S MRS, SN LR LR SR I 0T i e I TR A A R ) T A W
AL E R, Frh R BRI s 2 A REAE
R 4 P KRB A BRI MBS BRI

Table 4 Effects of water extract of Traditional Chinese medicine on the biofilm formation of V. alginolyticus

iy W ¥ 6h ®iF 12h
Chinese herbal ~ Concentration (mg/mL) Incubation for 6 h Incubation for 12 h
medicines El E2 E3 El E2 E3 El E2 E3
51 125 63 6.3 N - + N _ N
S2 6.3 12.5 3.1 + N N N + N
S3 6.3 3.1 1.6 N + - + S N
S4 6.3 6.3 6.3 + N n + ++ n
85 6.3 6.3 6.3 ++ -t N et —
S6 12.5 6.3 12.5 N - — N t N
§7 12,5 3.1 3.1 + N + N —r ++
S8 12.5 12.5 12.5 +++ + - +++ +++ N
89 12.5 6.3 3.1 + ++ + N " —
S10 125 125 125 - N - N et
S11 6.3 6.3 12.5 N N — + +
S12 125 08 0.8 - ; ; ; N +
S13 12.5 6.3 6.3 N - - - N —
S14 12,5 6.3 6.3 - - N - + n
S15 12.5 6.3 3.1 ++ N - + N N
S16 125 125 3.1 - - e N . ey
Sté6-1 6.3 6.3 6.3 - — -+ N - —
816-2 12.5 6.3 12.5 - - - ; N -t




S16-3 12.5 6.3 12.5 - - - - N
RN EMEE R <+ R RS EYIERE R N RARTEER (SD<0.1); “”“+” RING
fER (0.1<SD<C0.2); - “++” R oafEH (0.2<SD<0.3); “--- “+++" FonimfEA (SD>0.3).

Note:"-" means inhibiting the biofilm formation of V. alginolyticus; "+" means promoting the biofilm formation of

V. alginolyticus; "N" means no effect (SD<0.1); “-” “ + ” means weak action (0.1<SD<<0.2); “--” “++” means
moderate action (0.2<SD<0.3); “+++” means strong action (SD>0.3).
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Fig.1 Effect of different solvent extracts of Chinese herbal medicines on biofilm formation of V. alginolyticus

vE: Con: X (F[E). Note: Con: Control group (the same below).
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Fig. 2 Effects of the extracts of Anemarrhenae Rhizoma and its different processed medicinal materials on biofilm
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RIAEZS pH A ZE P IEE, AT HFREBAZEIREEINE, AT &K MIC HEF 125
mg/mL . AR 78R F [RR A B DA KA FA I HBEAT 294 B, S5 RN T A1 3 i r i
B354 W S5 (R0 P B 2R, /KB U MIC A 3] 50 mg/mL, 25435 P oy IO 4 BOHUR B (45
B 78 E, BHAVERIRBUNA T &BA TR NIEEY, RN 28R ZRe 3
MIC 43735 %] 1.6 mg/mL A 3.1 mg/mL, HEMIX 5T A W30 B 5 5 B A 514 5T 25 DT AH 9%
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