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Abstract

In order to explore the inhibitory effects of Prunus mume, Crataegus pinnatifida and Coptis chinensis on Vibrio parahaemolyticus and

its biofilm in vitro, the agar diffusion method was applied. These three Chinese herbal medicines had different inhibitory effects on V. parahae-

molyticus. The inhibition zone of C. pinnatifida to V. parahaemolyticus was (15.25 + 0.53) mm, and the minimum inhibitory concentration

(MIC) and minimum bactericidal concentration (MBC) of C. pinnatifida on V. parahaemolyticus were both 31.25 mg/mlL; the inhibition zone

of C. chinensis to V. parahaemolyticus was (18.08 + 0.10) mm, and the MIC and MBC of C. chinensis on V. parahaemolyticus were both
15.63 mg/mL; the inhibition zone of P. mume to V. parahaemolyticus was (28.99 =+ 0.47) mm, and the MIC and MBC of P. mume on

V. parahaemolyticus were both 7. 81 mg/mL. The effects of three traditional Chinese medicines on the biofilm formation of V. parahaemolyticus

were tested by MTT colorimetric method using methylthiazolyl tetrazolium (MTT). P. mume, C. pinnatifida and C. chinensis have significant
inhibitory effects on V. parahaemolyticus biofilm and their MIC are 7. 81 mg/mL, 3. 125 mg/mL, and 62.5 mg/mL, respectively (P <0.01).
The experimental results are expected to provide certain references for the development of new fishery drugs.
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1 Introduction

Vibrio parahaemolyticus is a Gram-negative halophilic bacterium
mainly distributed in seawater and aquatic products. It is reported
that in the seawater along the coast of East China, the detection
rate of V. parahaemolyticus is 47.5% —66.5% , the average de-
tection rate of marine fish and shrimp is 45. 6% -48.7% , in
summer, the detection rate is up to 90% "\ V. parahaemolyticus
may cause vibriosis in aquatic economic animals, and the disease
is rapidly transmitted and often causes death of large areas of fi-
shes, shrimps and crabs, leading to huge economic losses” ™.
Besides, this kind of bacteria can cause symptoms such as food
poisoning in humans, so it is zoonotic bacteria*’ .

At present, the main control of vibriosis is antibiotics, but
the abuse of antibiotics often leads to an increase in bacterial re-
sistance, especially after bacteria form biofilm. Biofilm is a group
structure formed by bacteria in the natural world to resist external
unfavorable factors”’. Bacteria are more resistant to antibiotics af-
ter they form biofilms' | and they are more likely to evade the

host’s immune defenses, making prevention and treatment diffi-
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cult. How to inhibit biofilm has become one of the hottest spots.
Traditional Chinese medicines are characterized by natural,
strong antibacterial activity and low toxicity. Prunus mume belongs
to the Rosaceae family. P. mume is rich in organic acids, including
citric acid, malic acid, oxalic acid, succinic acid and fumaric acid.
Kernel of P. mume contains high amygdalin (4.3% ) and the pulp
contains about 0.5% amygdalin. The active ingredients of P. mume
are 5-hydroxy-2-furfural and picric acid””’. As a traditional Chinese
medicine, P. mume has a long history; as long as in Divine
Farmer’s Classic of Materia Medica, P. mume has been described
having functions of constraining the lung, astringing intestine, and
promoting the secretion of saliva or body fluid, quieting roundworm.
P. mume has inhibitory effects on Escherichia coli, Shigella bacillus
and Salmonella typhimurium, and its decoction has strong acidity
and obvious inhibitory effects. According to the study of Wang Yu’e
et al."’ | P. mume has a strong inhibitory effect on five kinds of
Vibrio. Coptis chinensis Franch. is a perennial herb of the genus
Coptis Salisb, and its rhizome is important traditional Chinese medi-
cine. The main effective fraction of C. chinensis is alkaloids, in ad-
dition to berberine, it also contains pamlatine, coptisine, epiberber-
ine, jatrorrhizine and worenine. C. chinensis is a good antipyretic
and anti-inflammatory drug with broad-spectrum antibiotics, and it
has a certain inhibitory effect on Gram-positive and negative
bacteria, protozoa, various influenza viruses and fungi'. Crataegus
pinnatifida Bge. , also known as mountain hawthorn, Chinese haw-
thorn or Chinese hawberry, is the fruit of the tree, and it belongs to

Rosaceae. C. pinnatifida contains chlorogenic acid, caffeic acid,
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crataegolic acid, quercetin, ursolic acid, oleanolic acid, hyperin,
epicatechin, and tannins, efc. Tannin is the main bacteriostatic ingre-
dient. The strong acidity of C. pinnatifida decoction also has a certain
bacteriostatic effect'"”’. At present, there are few reports about the in-
hibitory effects of P. mume, C. chinensis, and C. pinnatifida on
V. parahaemolyticus and its biofilm in vitro. Through studying the in-
hibitory effects of P. mume, C. chinensis, and C. pinnatifida on
V. parahaemolyticus and its biofilm in vitro, this experiment is intend-
ed to explore the bacteriostatic and anti-biofilm functions of these
three Chinese herbal medicines, so as to provide theoretical basis for

prevention and control of V. parahaemolyticus induced diseases.

2 Materials and methods

2.1 Experimental materials

2.1.1 Strain. V. parahaemolyticus G703 was stored in —80C
refrigerator of this laboratory. C. pinnatifida, C. chinensis, and
P. mume were bought from Zhanjiang Chuntian Pharmacy.

2.1.2
Shanghai Boxun Industrial Co. , Ltd. The - 80%C ecryogenic re-

frigerator was bought from Qingdao Haier Group. Autoclave

Instrument. The thermostatic incubator was bought from

(HVE-50) was bought from Japanese Hirayama. Super clean
workbench was bought from Shanghai Huilong Instrument Elec-
tronics Co. , Ltd. The shaker was bought from Shanghai Boxun In-
dustrial Co. , Ltd. The microplate reader was bought from Ameri-
can Bio-Rad. SZ-93 automatic double pure water distiller was
bought from Shanghai Yarong Bio-chemical Instrument Co. , Ltd.

2.1.3 Main experimental medicines and reagent preparation.

Tryptone soy agar (TSA): 5 g of soy peptone, 15 g of tryptone,
15 g of agar powder, 20 g of NaCl, volume fixed with distilled wa-
ter to 1 000 mL ( pH adjusted to 7. 2). Tryptone soy broth
(TSB) : 5 g of soy peptone, 15 g of tryptone, 20 g of NaCl, vol-
ume fixed with distilled water to 1 000 mL ( pH adjusted to 7.2) ,
sterilized in an autoclave, and stored at 4°C. MTT preparation:
0.5 g of 5 mg/mL MTT, dissolved in 100 mL of phosphate buffer
solution (PBS), filtered through a 0.22-um filter to remove bac-
teria from the solution, and stored at 4°C in the dark. The phos-
phate buffer saline (PBS): 1.44 of disodium hydrogen phosphate
(Na,HPO, ), 8 g of sodium chloride (NaCl), 0.2 g of potassium
chloride (KCl), 0. 24 ¢ of potassium dihydrogen phosphate
(KH,PO, ), pH adjusted to 7. 4, volume fixed to 1 L, auto-
claved, and stored at room temperature. The physiological saline
(0.85% ). 0.85g of NaCl, volume fixed with distilled water to
1 000 mL, sterilized in an autoclave for experiment.

2.2 Experimental methods

2.2.1 Culture of V. alginolyticus. The strain was inoculated in
2% NaCl tryptone soy broth (TSB), and cultured at 28°C and
120 r/min shaker for 18 h. The density of the bacterial suspension
was adjusted with sterile TSB to about ODg, = 0.8 (about 10°
cfu/mL) M.

2.2.2 Preparation of Chinese herbal medicine decoction. Ac-
cording to the method of Li Jiaqin et al. "' the preparation of

Chinese herbal medicine decoction underwent soaking, boiling,

filtering and concentrating processes: precisely weighed 20 g of
Chinese herbal medicines, cut into pieces and placed into a ce-
ramic pot with 400 mL of distilled water to soak for 4 h, heated on
electric stove to boiling, then changed to slow fire to decoct
40 min; the decocted Chinese herbal medicines were first cooled
and immediately filtered with 8 layers of gauze to another beaker,
and the dregs of the decoction were boiled with distilled water
again, and then cooled and filtered with gauze, the filirate was
combined twice. The filtrate was heated and concentrated to
20 mL, cooled and placed in a 50-mL vial. The Chinese herbal
decoction with final concentration of 1 g/mlL was prepared and
placed in a refrigerator at 4°C for use.

2.2.3 Determination of bacteriostatic effects by the agar diffu-

sion method. With reference to the method of Feng Ruiji'"’,

set
three parallel groups for each medicine. First, prepared 10 TSA
plates, added 100 pL of V. parahaemolyticus solution to 10 plates
with a pipette, and evenly spread the bacterial solution with a
coating rod. Then, punched three holes on each plate, each hole
had a diameter of 6.00 mm and a distance of more than 2 em be-
tween two holes. Added 30 pL of the medicine solution with a pi-
pette to the holes of 9 plates, and took the remaining plate coated
with the bacteria solution as the control. Placed all plates in a
28°C incubator for 24 h, to observe the bacteriostatic effects and
measure the inhibition zone with a vernier caliper. Determination
of bacteriostatic effects; strong bacteriostatic effects when the inhi-
bition zone diameter is = 20 mm, expressed by " + + +"; mod-
erate bacteriostatic effects when the inhibition zone diameter is
15 -20 mm, expressed by " + +"; weak bacteriostatic effects
when the inhibition zone diameter is 10 — 15 mm, expressed by
" +"; no bacteriostatic effect when the inhibition zone diameter is
<10 mm, expressed by " ="

2.2.4 Determination of minimum inhibitory concentration
(MIC). The double dilution method was used to determine the
MIC of three kinds of traditional Chinese medicines with reference
) Specific steps: Experimental group: set

to method of Huang
13 pieces of 5-mL sterile centrifuge tubes (No. 1 to No. 13).
Added 2 mL of TSB medium to the No. 1 to No. 13 tubes; added
2 mL of the medicine solution to the No. 1 tube, shook up, used
a pipette to take 2 mL of the liquid from the No. 1 tube, added it
to No. 2 tube, and so on, till No. 11 tube and then absorbed
2 mL of the mixture from No. 11 tube and discarded. Added
20 L of the bacterial solution to each of the 1 —12 tubes. Took
No. 12 tube as the negative control and No. 13 tube as the blank
control. Control group: except that no bacterial solution was add-
ed, the contents were the same as those in the experimental
groups. Placed all centrifuge tubes in a 28°C incubator for 24 h,
and the experimental group and the control group were compared
to observe the growth conditions of the bacteria. The drug concen-
tration of the centrifuge tube without bacterial growth is the mini-
mal inhibitory concentration (MIC) of the medicine.

2.2.5
(MBC). In the test tube with the minimum inhibitory concentra-

Determination of minimum bactericidal concentration
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tion, took test tubes without obvious bacterial growth, spread
100 L of solution on the TSA plate, and placed in a constant
temperature incubator at 28°Cfor 24 h for observation. The lowest
concentration of the medicine solution of the tube on the TSA plate
without bacterial growth is the minimum bactericidal concentration
(MBC) of the medicine against V. parahaemolyticus.

2.2.6 Formation and quantitative detection method of Vibrio
biofilm. Detection of biofilm activity; methylthiazolyl tetrazolium
(MTT) method"™ was used to detect the biofilm activity of
V. parahaemolyticus. The principle of MTT method: the mito-
chondrial dehydrogenase of living cells can decompose the tetrazo-
lium ring of MTT, change the yellow MTT into purple MTT-
Fonmazan. Spectrophotometer was used to measure the absorbance
of MTT-Fonmazan, to reflect the cell viability. Specific experi-
mental steps were as follows. (i) Biofilm culture: The bacterial
suspension was diluted 1: 100 into fresh TSB medium; the diluted
mixture was added to a 96-well plate at 200 L per well, and 8
replicate wells were set in each group, and sterile TSB control
wells were placed; the cells were incubated at 28°C in a wet box
at a constant temperature. (ii) Pipetted the culture solution, dis-
carded it, gently washed the bacteria on the plate wall with PSB
buffer, added 20 pwL of 5 mg/mL MTT and continued to culture
for 4 h. Carefully absorbed the culture medium , added 150 pL of
dimethyl sulfoxide (DMSO) to each well, and placed on the shak-
er and shook 10 min at a low speed. (iii) Quantitative detection:
measured the absorbance of 96-well plate at the wavelength of
540 nm (OD,,, ) with the microplate reader. The difference be-
tween the OD value of each well and the mean value of the control
represents the metabolic activity of the biofilm of each well.
2.2.7 Effects of different culture time on the film formation of
Vibrio. After inoculation into a 96-well plate, placed V. parahae-
molyticus in a 28°C wet box for static culture, took samples every
4 -6 h, and measured the film formation according to the method
in Section 2.2.6.

2.2.8 Effects of Chinese herbal medicine solution on the formation of
Vibrio biofilm. Under sterile conditions, mixed V. parahaemolyticus
suspension with fresh tryptone soy broth (TSB) medium at a ratio of
1:100, added Chinese herbal decoction, and diluted the mixture, then
loaded 100 pL of samples into a 96-well plate, set 8 replicate wells for
each group, set a positive control group ( containing 0. 1 mol/L
EDTA), a negative control group (containing medium and bacterial
solution) , and a blank control group (containing only medium), cul-
tured in a wet box at 28°C for 24 h, and measured the film formation
according to the method in Section 2.2.6.

2.2.9 Data processing. With the aid of paired sample T test in
SPSS Statistics17. 0 software, we carried out statistical analysis.
In the significance test, P <0. 05 means significant difference,

and P <0.01 means extremely significant difference.

3 Results and analysis
3.1 Bacteriostatic effects of three Chinese herbal medicines

The in wvitro bacteriostatic experimental results of three kinds of

Chinese herbal medicines showed that V. parahaemolyticus had
high sensitivity to three kinds of Chinese herbal medicines, among
which P. mume had strong inhibitory effects on V. parahaemolyti-
cus, and C. pinnatifida and C. chinensis had weak inhibitory
effects (Table 1).

Table 1 In vitro bacteriostatic experiment of three Chinese herbal medi-
cines against Vibrio parahaemolyticus

Chinese herbal medicine Inhibition zone diameter//mm Bacteriostatic effects

Crataegus pinnatifida 18.08 +0.10 + +
Coptis chinensis 15.25 £0.53 + +
Prunus mume 28.99 £0.47 ++ +

3.2 Determination results of MIC and MBC The double di-
lution method was used to determine the MIC and MBC of three
Chinese herbal medicines on V. parahaemolyticus (Table 2). The
bacteriostatic effect of P. mume was the strongest, the MIC and
MBC were both 7.81 mg/mL; the bacteriostatic effect of
C. chinensis was weak, the MIC and MBC were both 15.63
mg/mL; the bacteriostatic effect of C. pinnatifida was the wea-

kest, and the MIC and MBC were both 31.25 mg/mL.

Table 2 MIC and MBC of three Chinese herbal medicines against
Vibrio parahaemolyticus

Chinese herbal medicine MIC // mg/mL MBC // mg/mL

Crataegus pinnatifida 31.25 31.25

Coptis chinensis 15.63 15.63

Prunus mume 7.81 7.81

3.3 Growth cure of V. parahaemolyticus biofilm The
V. parahaemolyticus biofilm was quantitatively detected by MTT
method, and the growth curve of V. parahaemolyticus biofilm over
time was plotted (Fig.1). As shown in Fig. 1, the growth cycle of
V. parahaemolyticus biofilm; O —2 h was the initial colonization
stage; 4 —8 h was the adhesion stage; the biofilm formation reached
the maximum at 8 h, and depolymerization started after 8 h.

0.600
0. 500
0. 400

s ]
g 0.300

0.200

0.100

0 1 1 1 1 L 1 1 1 J

4 8 12 16 20 24 30 36 42 48
Time /I h
Fig.1 Growth cure of Vibrio parahaemolyticus biofilm

3.4 Effects of different drug concentrations on the forma-
tion of V. parahaemolyticus biofilm
3.4.1

us biofilm. Compared with the negative control, when the concen-

Inhibitory effects of C. pinnatifida on V. parahaemolytic-

tration of C. pinnatifida was 1.56 mg/mL or lower, there was no
significant difference in the inhibitory effects on V. parahaemolyii-
cus; when the concentration was 3. 125 mg/mL or higher, it had
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significant inhibitory effects on the biofilm formation of V. parah-
aemolyticus (P <0.01), as shown in Fig. 2.

0.40

0.30

EDTA 0 0. 39 0.78 1.56 3.125 6.25 12.5
Drug concentration /| mg/mL
Note: ™ * denotes P <0.01, the same below.
Fig.2 Effects of different drug concentrations of Crataegus pinnat-
ifida on the formation of Vibrio parahaemolyticus biofilm

3.4.2
biofilm. Compared with the negative control, when the concentra-

Inhibitory effects of C. chinensis on V. parahaemolyticus

tion of C. chinensis was 31.25 mg/mL or lower, there was no sig-
nificant difference in the inhibitory effects on V. parahaemolytic-
us ; when the concentration was 62.5 mg/mL or higher, it had sig-
nificant inhibitory effects on the biofilm formation of V. parahae-
molyticus (P <0.01), as shown in Fig. 3.

0.35
0. 30
0. 25
: 0.20
= 0.15
0.10
0. 05
0
EDTA 0 0.49 0.98 1.96 3.91 7.81 15.6331.25 62.50
Drug concentration /I mg/mL
Fig.3 Effects of different drug concentrations of Coptis chinensis
on the formation of Vibrio parahaemolyticus biofilm
3.4.3 [Inhibitory effects of P. mume on V. parahaemolyticus bio-

film. Compared with the negative control, when the concentration
of P. mume was 3.91 mg/mL or lower, there was no significant
difference in the inhibitory effects on V. parahaemolyticus; when
the concentration was 7. 81 mg/mL or higher, it had extremely
significant inhibitory effects on the biofilm formation of V. parah-
aemolyticus (P <0.01), as shown in Fig. 4.

0.40
0. 30

0.20

OD54 0

EDTA 0

0.12 0.24 0.49 0.98 1.96 3.91 7.81 15.63
Drug concentration /| mg/mL
Fig.4 Effects of different drug concentrations of Prunus mume on
the formation of Vibrio parahaemolyticus biofilm

4 Conclusions and discussions
Vibrio disease has always been a great threat to the safe production
of aquatic economic animals. At present, the main treatment
methods for vibrio disease are immunization and antibiotic treat-
ment, and a widely applied method is use of antibiotics. Howev-
er, the disaster resulted from use of antibiotics can not be underes-
timated. Therefore, it is particularly important to find effective an-
tibiotic alternatives or to improve antibiotic treatment. Studies
have shown that the formation of biofilms increases drug resist-
ance'®’. Thus, how to effectively inhibit the growth of biofilms
will be greatly helpful for the prevention and control of vibrio dis-
ease. In view of the above situation, this experiment selected nat-
ural antibacterial Chinese herbal medicine, extracted the active
ingredients, and carried out in wvitro inhibition test on common
V. parahaemolyticus screened out the best effective medicines.
The experimental results indicate that P. mume, C. pinnat-
ifida and C. chinensis have certain inhibitory effects on V. parah-
aemolyticus, and also have certain effects on the growth of
V. parahaemolyticus biofilm; specifically, P. mume had the high-
est inhibitory effects, followed by C. pinnatifida and C. chinensis,
which are consistent with the experimental results of Wang Yu’e
et al. "',

tration of P. mume was the same as that of the biofilm, while the

In the inhibition experiment, the bacteriostatic concen-

bacteriostatic concentration of C. pinnatifida and C. chinensis was
higher than that of the biofilm. According to the research of Geng
Fei et al. "', the extract of P. mume will act on the cell mem-
brane of bacteria, destroy the symmetry of cell membrane and
eventually leading to cell death. In other words, the extract of
P. mume has destroyed the cell membrane when it acts on the bio-
film, so its inhibitory concentration is similar to the concentration
of the biofilm. In comparison, the data of C. pinnatifida and
C. chinensis may indicate that the growth of biofilm is inhibited
before sterilization, and the inhibitory concentration is greater than
the inhibition of biofilm concentration. When the amount of bio-
film is reduced, it can significantly reduce the drug resistance of
bacteria and increase its sensitivity to drugs, suggesting that after
using Chinese herbal medicines, it can improve the effect of anti-
biotics. In future, it is intended to research and develop new
herbal medicines combining Chinese herbal medicines with antibi-
otics to achieve low-efficiency effects.

Using 96-well plate culture method, we successfully detected
the in vitro antibacterial effect of three kinds of Chinese herbal
medicines and the sensitivity and specific values of MIC and MBV
of V. parahaemolyticus. These proved that these three Chinese
herbal medicines can inhibit the growth of V. parahaemolyticus
and its biofilm at a certain concentration. The results indicated
that P. mume and C. pinnatifida could inhibit V. parahaemolytic-
us and its biofilm at a lower concentration, while the effect of
C. chinensis was slightly weaker.
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