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Figure 1.

The chemical structure of baicalin.
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Figure 2. Inhibitory effect of baicalin on A. hydrophila.
A: DMSO; B: PBS; C: 5 mg/mL baicalin; D: 10 mg/mL
baicalin.
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Figure 4. Effect of baicalin on the formation of A.
hydrophila biofilm. 0.25, 0.50, 1.00, 2.00 mg/mL of
baicalin were incubated with 4. hydrophila for 72 h,
the biofilm formation was tested through a crystal
violet straining method. The data are shown as the
mean values and standard deviation of three
independent experiments. Values are the

meanzxstandard deviation. **: P<(0.01; ***. P<(0.001.

http://journals.im.ac.cn/actamicrocn



2116

Changjun Jiang et al. | Acta Microbiologica Sinica, 2021, 61(7)

20
g 18+
gm-Z7
g 14+
o 12+
g
._glO— o sk %
%8' Hk ok
5 2: Hkx
5 % % %

2t
Q 5 / %

O

DMSO 0.25 0.50 1.00 2.00
Baicalin concentration/(mg/mL)

&5 B|EHEHNMWEKSELEREXNEE NN

Figure 5. Effect of baicalin on the swimming ability
of A. hydrophila. The
conducted on plates containing 0.3% of agar in the

swimming assays were

absence of different concentrations of baicalin (0.25,
0.50, 1.00, 2.00 mg/mL) or DMSO as control. The 4.
hydrophila was incubated for 24 h. Swimming
diameters were measured using a caliper. The data
represent the average values from three independent
experiments performed in duplicate. Values are the
meantstandard deviation. **: P<(0.01, ***:. P<0.001

compared with the DMSO treated group.
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Figure 6. OD,s values of supernatant from A.

hydrophila after treatment with baicalin for 3 h. The

data represent the average values from three

independent experiments performed in duplicate.
Values are the meantstandard deviation. **: P<0.01;
**%: P<0.001.
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Figure 7. TEM results of A. hydrophila after treatment with baicalin. A: DMSO treatment control; B: baicalin

treatment group.
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Figure 8. The number of colonies in the liver (A) and spleen (B) of grass carp after the challenge of A. hydrophila.

3 ik

AR, mTHAERMAERNE, THR
FEIIRE g AT BRI T ARG RO R, AN R
MRS 245 [ RS A P A R o AR R
Je 2 ARG I TE — Se L BUR TR SRAR A, B 1 A 7R
PEVIRERIIE B, R A — S R R gk R A T 2
PEE AN A TR O P R A e 2 A
Yo i E2A ROy, BARME. M B
YU PUWEE . PUATIE TR R GEE S
R U U HOR SRS, YR
FFEEU. ot R 4R PG bR 8 AT AT BR AT il )

FRBETY L B A A 2 R T VR T
FUOSEHRAT B TR T, AR R %
X WE KM B R A RO EE. FFal LA
S B K U B A I T Rk S RE T, L
VSR, A A o Z HTR ST R BB
AT LA ] 2 20 T A B T T2, A
TETE WM Ji i A v s R 3 A A, X 8 8
JE MBI T, Wl = UL R 1z s 2
W RUE ML TN, Tk R IS Zh i —Fh
2, EMSR B T, BT AT LA Al
T VK S 300 1 A IR TR 20, ok e SR 3

http://journals.im.ac.cn/actamicrocn



2118

Changjun Jiang et al. | Acta Microbiologica Sinica, 2021, 61(7)

B 5 T 20 4 1] K B R A K Sl 1 ke 4
AR TE B o [RS8 25 T DA
IR AR, ST 20 8 DNA . RNA ., FE R
A= R R A P 85 R AR TR 1 At A LA
PR B BRI AT, 0 ML PN S J52 58 48
i, [ A B Y AR Bl . A
FEH, ST A PRI T 3 T ODogo KR,
ot B 5 T I KB I T 0 L R 1Y) 3
M, 15D DNA (93% o i 8 i i S L o
Br, B b P W K S PN T 2 AR T AL
ARG o Z HA ST ARGE RS AT LA R K
FERRTEPE 2 300 3 e T 4 L 25 ey R 5 JHL 5 3%
P s B 41
TEMRBEGE R, FRATTRAND K K fa i R
BEARY B G B 5 XA PR LI 52, 25 Rk
PR AT D I 2 v X R K S R Y
BRAEF, AHIFZE 45 9 2 mihif T 25 3 oA — 8ok
0 A A] L B IS BT IR ) % AR B L TR 1)
m,%ﬁ%%*n&@@%mﬁFﬁa%%@
ap 22 ol e D REAT R A N R AR P AR K 9
Néﬁ@%@ﬁi%&mﬂﬁﬁﬁﬁﬁmmﬁﬁ
AR TR FEY 401G P <6 8 2 ) 26 BR TR 76 445 P 1) 200 T 72
fif , PRAP/INEUR ER U0 1050 76 5K G v 3d ik )
NF-kB F INK {55 5 18 A FEAR R AT 1 A4 2
AR EREA 5 R A JORE RN PV 25 A i S
M T LEAR AN FE T, DR i 5 B T 1
PR
BZ ., ARBRGEUEI] T Hp 2 A S 2o
il 4t L VK Bl e 01 R A AR MR R A, TR
RS R B B, NI B AEAR SN R IEA T
ﬁﬁ% 51 XK SRR I BRVE A, A
TAEZK ™ FREBE W7 I6 i o TR At TR

actamicro@im.ac.cn

Z % Mk

[1] Beaz-Hidalgo R, Figueras MJ. Aeromonas spp. whole
genomes and virulence factors implicated in fish disease.
Journal of Fish Diseases, 2013, 36(4): 317-388.

[2] Bywater RJ. Veterinary use of antimicrobials and emergence
of resistance in zoonotic and sentinel bacteria in the EU.
Journal of Veterinary Medicine, Series B, 2004, 51(8/9):
361-363.

[3] Novita H, Rusmana I, Yuhana M, Pasaribu FH, Lusiastuti
AM. Uji in vitro bakteri anti quorum sensing pendegradasi
acyl homoserine lactone Aeromonas hydrophila. Jurnal Riset
Akuakultur, 2017, 11(3): 291.

[4] Han F, Xing RH, Chen LQ, Chen L, Xiong W, Yang M, Zhao
ZD. Research progress of anti-drug resistance in traditional
Chinese medicine. China Journal of Chinese Materia
Medica, 2016, 41(5): 813-817. (in Chinese)

e, SETIE, BRI, BROk, REEL, MW, BAEA. by
B4 1R 2 1 A e EPI‘\I'#E*,D, 2016, 41(5):
813-817.

[5] Zhang SP, Hu B, Xu JF, Ren QX, Wang ZC, Wang SH, Dong

YJ, Yang GY.

virulence-related factors of

Baicalin  suppress growth and

methicillin-resistant
Staphylococcus aureus in vitro and vivo. Microbial
Pathogenesis, 2020(139): 103899.

[6] Zhao QY, Yuan FW, Liang T, Liang XC, Luo YR, Jiang M,
Qing SZ, Zhang WM. Baicalin inhibits Escherichia coli
isolates in bovine mastitic milk and reduces antimicrobial
resistance. Journal of Dairy Science, 2018, 101(3): 2415-2422.

[7] Fu SL, Zhao WH, Xiong CH, Guo L, Guo J, Qiu YS, Hu
CAA, Ye C, Liu Y, Wu ZY, Hou YQ. Baicalin modulates
apoptosis via RAGE, MAPK, and AP-1 in vascular
endothelial cells during Haemophilus parasuis invasion.
Innate Immunity, 2019, 25(7): 420-432.

[8] Tan CD, Zhu MJ, Du SX, Yao YF. Study on the inhibition
zone method in antimicrobial test. The Food Industry, 2016,
37(11): 122—125. (in Chinese)

WA, ARSI, HMGE, Y5Oy, MR i Rk
B HCBEFSE. ik Tolk, 2016, 37(11): 122125,

[9] Vasudevan P, Nair MKM, Annamalai T, Venkitanarayanan
KS. Phenotypic and genotypic characterization of bovine
mastitis isolates of Staphylococcus aureus for biofilm
formation.  Veterinary  Microbiology, 2003, 92(1/2):

179-185.



FREE | YR, 2021, 61(7)

2119

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Dressaire C, Moreira RN, Barahona S, Alves de Matos AP,
Arraiano CM. BolA is a transcriptional switch that turns off
motility and turns on biofilm development. mBio, 2015, 6(1):
€02352-¢02314.

Zhu YN, Yang QM, Zhang S, Zhang M, Gao XL. Advances
in pharmacological effects and mechanisms of baicalin and
baicalein. Lishizhen Medicine and Materia Medica Research,

2020, 31(4): 921-925. (in Chinese)

RWHE, BEbk, KL KRB, mEW. EETFSEAER
2y PR RLHI BT k. P2 E R E 2, 2020, 31(4):

921-925.
Song JW, Long JY, Xie L, Zhang LL, Xie QX, Chen HJ,
Deng M, Li XF

Applications,  phytochemistry,

pharmacological effects, pharmacokinetics, toxicity of
Scutellaria baicalensis Georgi.
therapeutic effects on COVID-19:
Medicine, 2020(15): 102.

Liu H, Zhao ZB, Wang X. Antimicrobial activity of baicalin

and its probably potential

a review. Chinese

to E. coli and relevant mechanism. Chinese Journal of
Biologicals, 2019, 32(9): 983-986. (in Chinese)

XIS, R A VK, B w1 BB T I A
AR L. *Ei%ﬁ%ﬂﬁqzﬁé%a 2019, 32(9): 983-986.
Wu J, Hu D, Wang KX. Study of Scutellaria baicalensis and
baicalin against antimicrobial susceptibility of Helicobacter
pylori Journal of Chinese Medicinal
Materials, 2008, 31(5): 707-710. (in Chinese)

R, IR, FEEE. BRI TR A 1T IR T R G AR S
BURIEPERRST. 2G4t 2008, 31(5): 707-710.
Liu B, Lu J. Inhibitory effect of baicalin on Listeria

strains in vitro.

monocytogenes in vitro. Anhui Medical and Pharmaceutical
Journal, 2016, 20(2): 244-246. (in Chinese)

XM, o ZE. BT X B A M 0 A A SRR LR B A SR
BEERBISE. EEZS, 2016, 20(2): 244-246.

Jiang M, Li ZN, Zhu GX. Protective role of flavonoid
baicalin from Scutellaria baicalensis in periodontal disease
pathogenesis: a literature review. Complementary Therapies
in Medicine, 2018(38): 11-18.

Slachmuylders L, van Acker H, Brackman G, Sass A, van
Nieuwerburgh F, Coenye T. Elucidation of the mechanism
behind the potentiating
Burkholderia cenocepacia biofilms. PLoS ONE, 2018, 13(1):
e0190533.

Wang JL, Jiao HH, Meng JW, Qiao MY, Du HX, He M,
Ming K, Liu JG, Wang DY, Wu Y. Baicalin inhibits biofilm

activity of baicalin against

[19]

[20]

[21]

[22]

(23]

[24]

(23]

formation and the quorum-sensing system by regulating the
MsrA drug efflux pump in Staphylococcus saprophyticus.
Frontiers in Microbiology, 2019(10): 2800.

Liu L, Lin H, Huang RS, Sun PH, Guo JL. Study on
inhibitory effect of baicalin and baicalein on the formation
of Streptococcus mutans biofilm. Traditional Chinese Drug
Research & Clinical Pharmacology, 2017, 28(4): 464-467.
(in Chinese)

X, MRAL, BT, VPR, s EET L MR
7 T 4 TR A A W A R P A 5. P RS I R 2y
JH, 2017, 28(4): 464-467.

Luo J, Dong BY, Wang K, Cai SQ, Liu TJ, Cheng XJ, Lei
DQ, Chen YL, Li YN, Kong JL, Chen YQ. Baicalin inhibits
biofilm formation, attenuates the quorum sensing-controlled
virulence and enhances Pseudomonas aeruginosa clearance
in a mouse peritoneal implant infection model. PLoS ONE,
2017, 12(4): e0176883.

Huang YQ, Huang GR, Wu MH, Tang HY, Huang ZS, Zhou
XH, Yu WQ, Su JW, Mo XQ, Chen BP, Zhao LJ, Huang XF,
Wei HY, Wei LD. Inhibitory effects of emodin, baicalin,
treatment of
Helicobacter pylori-induced multidrug resistance. World
Journal of Gastroenterology, 2015, 21(14): 4225-4231.

Wu SC, Chu XL, Su JQ, Cui ZQ, Zhang LY, Yu ZJ, Wu ZM,

schizandrin and berberine on hef4 gene:

Cai ML, Li HX, Zhang ZJ. Baicalin protects mice against
Salmonella typhimurium infection via the modulation of
both bacterial virulence and host response. Phytomedicine,
2018(48): 21-31.

Chen ME, Su CH, Yang JS, Lu CC, Hou YC, Wu JB, Hsu
YM. Baicalin, baicalein, and Lactobacillus rhamnosus JB3
alleviated Helicobacter pylori infections in vitro and in vivo.
Journal of Food Science, 2018, 83(12): 3118-3125.

Qiu JZ, Niu XD, Dong J, Wang DC, Wang JF, Li H, Luo MJ,
Li ST, Feng HH, Deng XM. Baicalin protects mice from
Staphylococcus aureus pneumonia via inhibition of the
cytolytic activity of a-hemolysin. The Journal of Infectious
Diseases, 2012, 206(2): 292-301.

Miao Y, Ishfag M, Liu Y, Wu Z, Wang J, Li R, Qian F, Ding

L, Li J. Baicalin attenuates endometritis in a rabbit model

induced by infection with Escherichia coli and
Staphylococcus aureus via NF-kB and JNK signaling
pathways. Domestic Animal Endocrinology, 2021(74):
106508.

http://journals.im.ac.cn/actamicrocn



2120 Changjun Jiang et al. | Acta Microbiologica Sinica, 2021, 61(7)

Bacteriostatic and antibiofilm effects of baicalin on Aeromonas
hydrophila: in vitro and in vivo evaluation
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Abstract: [Objective] To investigate the effects of baicalin, a monomer of traditional Chinese medicine on growth
and biofilm formation of Aeromonas hydrophila. [Methods] In vitro, antibacterial activity was determined based on
the diameter of inhibition zone measured by Oxford cup method, biofilm formation was detected using the crystal
violet method, bacteria motility was detected by swimming experiment. The ultraviolet (UV) absorption of the
culture supernatant were measured to determine membrane integrity. Transmission electron microscopy (TEM)
were performed to observe bacterial morphology. In vivo, the baicalin’s effect on the proliferation of A. hydrophila
was determined in grass carps. [Results] Baicalin has obvious bacteriostatic effect on A. hydrophila in vitro. The
drug inhibited biofilm formation and bacterial motility. Under the action of baicalin, the cell structure was
destroyed and the membrane permeability was increased. /n vivo experiments showed a dose-dependent scavenging
activity of baicalin on 4. hydrophila. [Conclusion] The results showed the inhibitory effects of baicalin on the
proliferation of A. hydrophila in vitro and in vivo, suggesting the potential use of this drug to control of aquaculture

diseases.
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