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Abstract: The aquaculture industry has rapidly expanded in recent years in China, whereas it
faces the challenge brought by bacterial diseases. Antibacterial agents have been the primary
tools to combat these diseases. However, prolonged and haphazard usage of antibacterial
agents in aquaculture has exacerbated antimicrobial resistance and led to severe antimicrobial
residues. Considering these challenges, scholars worldwide have been exploring natural
alternatives, such as Chinese herbal medicines. Among them, Pithecellobium clypearia stands
out due to its antibacterial, antiviral, and anti-inflammatory properties, coupled with its safety
and lack of antimicrobial resistance. Nonetheless, the potential of P. clypearia in the
prevention and control of aquatic diseases remains underexplored. [Objective] This study
evaluated the in vitro inhibitory activity of P. clypearia aqueous extract against aquatic
pathogenic bacteria, including an artificially induced antimicrobial-resistant strain.
Additionally, we investigated changes in bacterial cell membrane permeability and observed
cellular alterations by transmission electron microscopy to elucidate the mechanism of the
extract. Our findings are expected to pave the way for developing P. clypearia as an
environmentally friendly antibacterial agent, reducing antibacterial agent dependency, and
mitigating pathogen resistance in aquaculture. [Methods] We employed the microbroth
method to assess the antimicrobial resistance of 107 pathogen strains attacking aquatic animals
and analyzed the inhibitory activity of P. clypearia aqueous extract against aquatic pathogenic
bacteria, including an artificially induced antimicrobial-resistant bacterial strain. Furthermore,
we determined the extracellular K' content and ultrastructural changes in Streptococcus
agalactiae and Vibrio parahaemolyticus after treatment with the extract. [Results] The
resistance rate of 107 pathogen strains to sulfonamides was as high as 67.29%, and 46.73% of
the strains showed multidrug resistance, among which Aeromonas sp. showed the most severe
resistance. The aqueous extract (12.50 mg/mL) of P. clypearia exerted inhibitory effects on all
the pathogenic bacteria, especially on Aeromonas sp. with the minimum inhibitory
concentration (MIC) as low as 0.39 mg/mL. The MICs of the extract were similar for the

strains belonging to the same genus but with different antimicrobial resistance characteristics.
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The aqueous extract of P. clypearia showed stronger inhibitory effect on the artificially
induced enrofloxacin-resistant strain of A. schubertii than on the original strain, with the MICs
of 0.78 mg/mL on the original strain and 0.20 mg/mL on the resistant strain. In addition, the
treatment with P. clypearia aqueous extract significantly increased the extracellular K"
concentration, leading to damage to the bacterial cell membrane structure, leakage of
intracellular contents, and vacuolation of cytoplasm, which suggested that P. clypearia exerted
the antibacterial effect by destroying the bacterial membrane structure. [Conclusion] P.
clypearia exerts in vitro inhibitory effects on aquatic pathogenic bacteria and demonstrates
great potential for further research and development in the prevention and treatment of
bacterial diseases in aquatic animals. The antibacterial mechanism of P. clypearia appears to
involve disrupting bacterial cell membranes. The application of P. clypearia in aquaculture
promises to reduce antibiotic dependency and pathogen resistance, paving the way for a
healthy and sustainable aquaculture industry.

Keywords: pathogenic bacterium; antimicrobial resistance; Pithecellobium clypearia; antibacterial
activity in vitro; bactericidal mechanism
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Table 1 The origin of pathogenic bacteria

Genus Region Host Number of bacterial

(strains)

Aeromonas sp. Foshan, Zhongshan,  Hybrid snakehead, Micropterus salmoides, Pelteobagrus 44
Zhaoqing fulvidraco, Grass carp, Oxyeleotris marmorata

Sreptococcus sp. Guangzhou, Foshan, Hybrid snakehead, P. fulvidraco, O. marmorata, Lithobates 34
Zhaoqing catesbeiana

\ibrio sp. Foshan, Yangjiang, P. fulvidraco, Trachinotus ovatus, Scatophagus argus, 15
Zhaoqing Epinephelus spp.

Edwardsiella sp. Foshan M. salmoides

Nocardia sp. Foshan Hybrid snakehead, M. salmoides
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1.3 REIFKEDSH &

PR H PR AR h 37 °CHET 24 h,
bR ELFRRAK ST, ST EE AT, H
80 HIfi PR A REM BRI T, 07 5 4R A5 M B
WA . WERFRTE 100 g RE IR R, KEFK
1L, INATEHEIENRY, SBlRAEM 12h 5, &
KB SCKE 30 min, JR Z R 2 RE, IEE
W, HEP KRR AR, RAERE
1.0 L, IHEREIRKERBHESE Sy 100 mg/mL,
121 °CK1# 15 min, ¥ 41J5 #E47 4 °C .8 000 r/min

B0 15 min, BCEIHWT 4 °COKFE T IRAE S
1.4 SCIGEMKRERSI&

W HIT I 43 1 68 S AR P 11 55 )5 A ML —80 °C UK
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JE R 0.5 2 FR vk B (1.5%10° CFU/mL).

1.5 MEAYNREREN&NMANERE
(MIC);E

FEIEAT 2 RSB R, SR PR M B AR K M A T
ATCC 25922 X2 RNGHFA T4 o X Se 2 Bt 43
LS ZRBTE Y, B BORT R | B
HROHNER. JREH . ZIHRE . FH 8,
Fi i 1) Y 4 ) LA R B A e/ e Y e

B 1.4 354 AT 60 uL, % AJCE ke
FEh, i MH W55 38 (12 mL), 585315 (i
BRI T 2N M S M 600 pL, R
IR AN A I OADC #4187 600 pL). FfiiE
TR 2 IR BRI R 100 pL, I AZGER (25
W BE DL 3% 2) R BRBA X FRFL LSRR 95 A~FL, FA
X EFLINJE B MH PA KRR 100 pL, 28 °C
Hi3% 16-24 h 5, WMELEEER, 2 NCCLS
P DA 25 ) U 10 A PR M 10 5% MIC L

*k2 APIENHREHER
Table 2 The concentration gradient table of drug sensitivity detection plate (ng/mL)
Antibacterial agents 1 2 3 4 5 6 7 8 9 10 11 12
Enrofloxacin 32 16 8 4 2 1 0.5 025 0.125 0.06 0.03 0.015
Neomycin sulfate 256 128 64 32 16 8 4 2 1 0.5 0.25 0.125
Thiamphenicol 512 256 128 64 32 16 8 4 2 1 0.5 0.25
Florfenicol 512 256 128 64 32 16 8 4 2 1 0.5 0.25
Doxycycline 128 64 32 16 8 2 1 0.5 0.25 0.125 0.0625
Flumequine 256 128 64 32 16 8 4 2 1 0.5 0.25 0.125
Sulfamonomethoxine sodium 1 024 512 256 128 64 32 16 8 4 2 1 Positive
control

Trimethoprim/Sulfamethoxazole 64/1 216

32/608 16/304 8/152 4/76 2/38 1/19 0.5/9.5 0.25/4.8 0.125/2.4 0.06/1.2 Negative

control
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ARV SR 32 pg/mLo SR AL EE E Rk H3A
XoF AT AR PP T T 247 R R ) 0 TR R , i 24
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Table 3 The break point of antibacterial agents resistance of pathogenic bacteria (ng/mL)

Antibacterial agents Aeromonas sp., Edwardsiella sp., Vibrio sp. Sreptococcus sp.

S I R S I R
Enrofloxacin <0.5 1-2 >4 — - —
Neomycin sulfate <4 8 >16 - -
Thiamphenicol <8 — >16 - -
Florfenicol <2 4 >8 — - —
Doxycycline <4 8 >16 <l - 2
Flumequine - - — - _
Sulfamonomethoxine sodium <256 - >512 - - -
Trimethoprim/Sulfamethoxazole <2/38 - >4/76 <1/19 - >2/38

S: U 1. WA RZy; —: JEXRE 2590 e 25 47 s

S: Sensitivity; I: Intermediary; R: Resistance; —: The resistance break point for no corresponding drug.
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Table 4 The resistance rate of pathogenic bacteria to different antibacterial agents (%)

Antibacterial agents Aeromonassp.  Mbrio sp. Edwardsiella sp. Sreptococcussp.  Nocardia sp.
(n=44) (n=15) (n=7) (n=34) (n=7)
Enrofloxacin 38.63 0.00 14.29 - 0.00
Neomycin sulfate 11.36 0.00 0.00 - 0.00
Thiamphenicol 54.55 6.67 100.00 - 100.00
Florfenicol 50.00 6.67 0.00 - 14.29
Doxycycline 20.45 0.00 0.00 11.76 0.00
Sulfamonomethoxine sodium 93.18 60.00 85.71 - 28.57
Trimethoprim/Sulfamethoxazole 65.90 6.67 0.00 32.35 14.29

= M RZGYIRITIZ TR n: TRARECE:; R IR 275 SN R AT 25 3T R

—: The resistance break point for no corresponding drug; n: Number of strains; The resistance break point for Nocardia sp. is

based on that of Aeromonas sp.

x5 WEEZEMHFR

Table 5 The multiple drug resistance of pathogenic bacteria

Drug resistance Number of Percentage (%) | Drug resistance Number of Percentage (%)
spectrum strains spectrum strains

SMM 14 13.08 FFC+SMM+SXT 1 0.93
SXT 10 9.35 ENR+THI+SMM 1 0.93
THI 4 3.74 THI+FFC+SMM+SXT 5 4.67
THI+SMM 9 8.41 THI+FFC+DOX+SMM 1 0.93
DOX+SXT 4 3.74 ENR+DOX+SMM+SXT 1 0.93
ENR+SMM 3 2.80 THI+FFC+DOX+SMM+SXT 3 2.80
SMM+SXT 2 1.87 ENR+THI+FFC+SMM+SXT 8 7.48
ENR+THI 1 0.93 ENR+THI+FFC+SMM+SXT 1 0.93
THI+FFC 1 0.93 ENR+THI+FFC+DOX+SMM+SXT 2 1.87
NEO+SMM+SXT 3 2.80 ENR+NEO+THI+FFC+DOX+SMM+SXT 1 0.93
THI+FFC+SMM 3 2.80

ENR: Bi#UE; NEO: FilR¥i&EZ,; THI: BHINEZE,; FFC: U ER%E; DOC: LFHHNE; SMM: fiifk/a] B A gl

SXT: FH AR I /Al i H WG e

ENR: Enrofloxacin; NEO: Neomycin sulfate; THI:

Thiamphenicol;

FFC: Florfenicol; DOC: Doxycycline; SMM:

Sulfamonomethoxine sodium; SXT: Trimethoprim/Sulfamethoxazole.

2.2 HREKEDH & NIEREMIC)
MELER

A E- B K B R 11 Foe AP AT TR v B8 (MIILC) il ik
B R B, X 107 M 2 HAT M RERCR , i
H[F]— )& i MIC A . S & 1 MIC 43
AEAE 0.78—3.12 mg/mL , BEBR T J& 1Y MIC 43 i 7E
6.25-12.50 mg/mL, NG & 1) MIC 4 fi 7E
1.56-6.25 mg/mL, Z{EALCEE I MIC 73 A 1E
3.12-6.25 mg/mL, W RECHJE AT MIC $414 6.25 mg/mL
(F 6). TrH-IKIRMON &M [ I/ 1Y MICso N
6.25 mg/mL, MICy A 12.50 mg/mL,
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* 6 FHEREEARBRERKZMAKET MIC MR
Table 6 The number of strains with MIC of pathogenic bacteria at different concentrations of water extracts
from Pithecellobium clypearia

Concentrations (mg/mL) Aeromonassp.  Mbrio sp. Edwardsiella sp. Streptococcus sp. Nocardia sp.
12.50 2 - - 14 -

6.25 5 6 5 20 7

3.12 22 6 2 - -

1.56 4 3 - - -

0.78 10 - - - -

0.39 1 - - - -

= TEZZHR LT DO L R Pk

—: There is no corresponding strain at this drug concentration.

Bl 1 BRERKEDGEEMEINEREEGR

Figure 1 The antibacterial test results of water extract of Pithecellobium clypearia using Oxford cup
method. A: Aeromonas schubertii. B: Aeromonas hydrophila. C: Sreptococcus iniae. D: Edwardsiella tarda.
E: Aeromonas veronii. F: Nocardia seriolae. G: Edwardsiella piscicida. H: Sreptococcus agalactiae. I:
Vibrio parahaemolyticus.
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Figure 2 The comparative analysis of
antibacterial effects of water extracts from
Pithecellobium  clypearia. 1: Aeromonas
schubertii; 2: Aeromonas hydrophila;  3:

Sreptococcus iniae; 4: Edwardsiella tarda; 5:
Aeromonas veronii; 6: Nocardia seriolae; 7:
Edwardsiella piscicida; 8: Sreptococcus
agalactiae; 9: Vibrio parahaemolyticus. Different
letters indicate statistically significant differences
(P<0.05).

2.4 FREIFKZVIXS T A ERRIAE R
i B RO A B, R H IR K St B AR
A TR R EURR R PR (WL 23 S) R L v b
MR MR(WL23R) B HA MR (K 3),
FE PR IR W10 D 0y S TR R R B > 2 T 24

50 25

12.5 6.25 3.125 1.56 0.78 0.39 0.195 0.098 -

3 BEFRKEYERIETEMAEKRMIRLR
HRAE PRI E R

Figure 3  The antibacterial effects of water
extract from Pithecellobium clypearia on
drug-resistant and primitive strains. A: WL23S. B:
WL23R. a, b, c: The water extract from P.
clypearia; — Negative control (sterile water); +:
Positive control (enrofloxacin).

(410 B B AR 0 31 oM (22.76+£0.23) mm Al
(28.34+0.12) mm, M EH-FRK$E % RLIE VD AL 2
BRI AR PRI B ASCR B R B 35 (P<0.05) . Toltie: IRV
BN B IR OK S % e i USRI AR ) MILC
0.78 mg/mL, X RE#HEV BRI Z5HRT MIC K
0.20 mg/mL (& 4).

25 HWEIMFEFRENESR

TCFUHEERTALE MIC X0 ik B A HE A K 324
AbFRIE AN AN KU H (9.14+0.11) mmol/L
B E A% (10.4940.11) mmol/L (P<0.05), R&I¥A
MSREAE MIC Ry B 1A B K S b 2 s
S B AP KB BE H(3.93+0.01) mmol/L i 31
H%E (6.55+0.38) mmol/L (P<0.05) (& 5).

+ (mg/mL)

- 900000000000
- 900000000000
E 4 BREIFKEDSEIEDEMAERMEREREREHRIINEDR

Figure 4 The antibacterial effect of water extract from Pithecellobium clypearia on drug-resistant and
primitive strains. A: WL23S. B: WL23R. The number is the concentration of water extract from P. clypearia

(mg/mL); —: Negative control; +: Positive control.
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Figure 5 The determination of K™ concentration in
bacterial solution after treatment with water extract
from Pithecellobium clypearia. A: Sreptococcus
agalactiae. B: Mibrio parahaemolyticus. *: Indicates

significant difference compared to the control group
(P<0.05).
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T 24 FEAFAE— R 25 57, (FAR AT 5 Tif 24 22 B 2y 4k
TR0 Hor, AN [ PR i itk e S 2459
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B 6 FREIFKIZMIAIRR FTF SR E N8R Mol E B 5 e SR E

Figure 6

The transmission electron microscopy images of Sreptococcus agalactiae and Vibrio

parahaemolyticus treated with water extract from Pithecellobium clypearia. A-B: Represents untreated S
agalactiae. C-D: Represents S agalactiae treated with P. clypearia. E-F: Represents untreated V.
parahaemolyticus. G-H: Represents V. parahaemolyticus treated with P. clypearia.
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