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Abstract

Vibrio vulnificus, an opportunistic pathogen, causes septicaemia when raw shellfish and fish are eaten by

patients with hepatic diseases or reduced immunity. In this study, we evaluated inhibitory effects of some natural products
on V. vulnificus growth using 96-well microplate assay. We found that Phyllanthus emblica L., Rosa chinensis Jacq., Rosa
rugose Thub., and Chukrasia tabularis A. Juss. significantly inhibited V. vulnificus growth in Luria-Bertani (LB) broth.
Among these four extracts, the inhibition diameter of Chukrasia tabularis was 16.00 £ 0.58 mm in disc diffusion assay
on V. vulnificus growth. In addition, these four natural products protected HeLa cells from V. wvulnificus-induced
cytotoxicity. A cocktail containing these four products showed an inhibitory effect on V. vulnificus growth in seawater and
shellfish by reducing its growth by 75.7% and 97%, respectively. These results suggest that these four natural products
are safe and effective natural antimicrobial candidates to prevent V. vulnificus infection.
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Phyllanthus emblica L., Rosa chinensis Jacq., Rosa rugosa
Thunb., Chukrasia tabularis A. Juss. & 47FA] AAEL S04
et AER A ok /1] AQE fgid 2 A3
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Vibrio vulnificus (V. vubnificus)~ ¥ o450 MO06-24/0
(Reddy &, 1992) P #55 AMESISITE 5= 20% glycerol
(Sigma-Aldrich, MO, USAYS AR&-3te] —70°Cell RA3I oM, +
o] wfj<goll AME-E WA= Luria-bertani (LB) broth, thiosulfate cit-
rate bile salts sucrose (TCBS), Bacto agar broth= Difco Labo-
ratories (Detroit, MI, USA)oIX F+93ted AL&-31H T AN o5
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37°C incubatorol| 4] 24A17F ¥%F Sk & ELISA microplate reader
(ELx808, BioTek Instruments, Inc., Winooski, VT, USA)E A&
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A= At

Abs of control-Abs of IIE
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Aol g FHAolH =A@ 6mmE U F AAE vEE
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HelLa M= Hi2F

HelLa 17+ AZ73H 0 s Sl=tA| 2528 (Korea Cell Line
Bank, Seoul, Korea)ollX] T-J35lo] AFE-3I3At} HeLa ME+= 1%
penicillin-streptomycin  (Thermofisher Scientific, Waltham, MA,
USA)3} 10% fetal bovine serum (FBS; Thermofisher Scientific)
< %718t Dulbecco Modified Eagle’s medium (DMEM, Wel-
gene) BIX|E o] 83t 5% CO,7} XEFE 37°C incubatoroll 4] Hlf
Feraict.
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HeLa M2ZE 96-well microplatesl] 1x10* cells/well2 #5332
37°CoIA] 24A17F FRF wiFstsiTh Al EE serum-free DMEMS
2 AH 3 5 ] AR A FEEC] FEE 100, 200
pg/mLO 2 24X7F F<t X 2|8 HeLa AlZol tigh AlX =
S #7187l 918 3-(4,5-dimethylthiazol-2-y1)-5-(3-carboxy-meth-
oxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS, Promega, Madi-
son, WI, USA)AF 20uLE 2] 8kal 4417k o|ujo] ELISA
microplate readerZ ©]&3lo] 490 nmellA FHEES ATt
(Kim -5, 2003).

Lactate dehydrogenase (LDH) assay

HeLa A2E 48-well microplates (SPL life sciences Co.)el
5x10 4 cells/well2 58+ & 24A17F v F3tA Tt AXEE serum-
free DMEM 2.2 A H3}3 A28 DMEMOE WA|gE 5 4714
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% multiplicity of infection (MOI) 10022 NPFH|EE]|oFS *]
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CytoTox96™ non-radioactive cytotoxic assay kit (Promega)S A}
g3t} Az ZREFS et SAEASH triton X
£ 715 (100%)2 2 H|wslSith. S84 == ELISA microplate reader
£ A&kl 490 nmellAl S8t
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Fig. 1. Effects of natural products on V. vulnificus growth by
microplate dilution assay. V. vulnificus was treated with natural
product in 96-well microplates and then incubated for 24 h.
Absorbance was measured by ELISA reader at 490 nm. ***p<0.001
compared with untreated group. A: Phyllanthus emblica L. B: Rosa
chinensis Jacq. C: Rosa rugosa Thunb. D: Chukrasia tabularis A.
Juss.

ot FA0) U)F ASES) £t 91

Growth Inhibition Zone (mm)

Botanical name

40 mg/disc —(1) 20 mg/disc —(2)
A 14.33+0.67 12.73+£0.37
B 14.00+0.58 12.00+0.58
C 14.00£0.87 11.33+0.88
D 16.00+0.58 13.67£0.67

EtOH (10%) NDV NDV

Fig. 2. Antibacterial activity of natural products by disc
diffusion assay. V. vulnificus culture solution was spread on LB agar
plates and discs were placed on the plates. The natural products were
dropped and incubated in a 37°C incubator for 24 h. Then, the
diameter of the clear zone including the disc was measured. A:
Phyllanthus emblica L., B: Rosa chinensis Jacq., C: Rosa rugosa
Thunb., D: Chukrasia tabularis A. Juss.; (1): 40 mg/disc, (2): 20 mg/
disc (3): EtOH (10%) Not detected”; Values are meantSEM.
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Fig. 3. Safety test of natural products to HeLa cells by MTS
assay. HeLa cells were cultured in 48-well microplates overnight
and washed with serum-free DMEM. The cells were treated with
natural products at final concentrations of 100, 200 pg/mL for 24 h
and further incubated with MTS in 37°C incubator for 4 h.
Absorbance was measured by ELISA reader at 490 nm. A:
Phyllanthus emblica L. B: Rosa chinensis Jacq. C: Rosa rugosa
Thunb. D: Chukrasia tabularis A. Juss.
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HelLa AlXo) tgh 471A] HAE wWge FE52E9] HAdS
7¥el] sl FEEE 2447 B9 AEd F MTS assayg
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Fig. 4. Effects of natural products on V. vulnificus-induced
cytotoxicity to HeLa cells by LDH assay. HeLa cells cultured in
48-well microplates overnight were washed with serum-free
DMEM. Natural products (10 uL) were pretreated for 1 h and then
were infected with V. vulnificus at an MOI of 100. After 90 min, the
supernatants were assayed as a cytotoxicity parameter. The
absorbance was measured with ELISA reader at 490 nm. The
maximum amount of releasable LDH enzyme activity (100%) was
determined by lysing the cells with 0.1% of triton. A: Phyllanthus
emblica L. B: Rosa chinensis Jacq. C: Rosa rugosa Thunb. D:
Chukrasia tabularis A. Juss. " 'p<0.001, *p<0.05, ***p<0.001
compared with a triton-treated group.

A AZ 54E YeRlA] gkon 200 pgmLe] FxollA A
g mee FEES0] Hojd I a3E Jehd AAE £
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LDH7} i vl Z W=tk Zeu 4711 HAE e 3
ZES 717 AXE g A3t 200 pgmLe] F=IA PEM (59.73%),
RCM (42.97%), RRM (50.43%), CTM (62.52%)% LDHS] W=
S gAsks EFHE JeENIthFig 4). 019t 2 Al uwet
A AR veke FE2EL 850 HE] 279 HeLa AHlEo]
g Aze 248 - JAlsks S AT 5 ASUTh
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E HEE FE2E T g4 5 FU8IATE uisES

oS N AAY ¥, FEE EFAS
200 pg/mL FEZ AF|ste] 244]7F v gsiih. vistER ZNE
ztz} vl ¥ TCBS agar platesoll 100 uL¥ =% &3 wjd 3
2 colonyE Ao 9] & Rttt Hig=3 2IHE 100
v 3lAste] =k 3 plaesolld] FEE EHAS HIsA 2
HgtES HF 3370, 2 445709 colonyZ} E1EATH 5
E 98 At 43, vigE oA e 83370, 25709
colony”} A=At = A3} vlgkEolA colony T8-S 75.7%,
ZAolM = 97%= T3t JA Gt BRI A THFig. 5). 47HA
FZ2E Z PEM S0l 3E o AR Alolslz 224k, RRM
& uld IF 9 HsA SIgE, Vel 23 Alxd Al A
2l EFHER 0= B AfolA st Ego] By HAUo
(Jang 5, 2018; Kaur &, 2008; Kim &, 2017; Liu &, 2018;
Na &, 2016; Ngamkitidechakul &, 2010; Ogbole &, 2016). L
H RCM2 ©d A& tigh g+ &4do] RaH Fo] gl
o} wEbA] 2 AFoA AMSE HAE FEE EPYL viGE
I 2o HPFH Bl o] S JABIH L, ot
Al A5E vgEF B AEse diE@F5u|Eeod
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>
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Sea water Sea shell V. vulnificus Mixed cocktail The number of colony (Avg)
A + - + - 33£2.52
B + - + + 8.33+0.67
C . - - - 445.00+16.70
D - + + + 25.33£1.67

Fig. 5. Effects of natural products on ¥ vulnificus growth in seawater and shellfish. Shellfishes were placed in aquarium with seawater and
V. vulnificus was injected with 10’ CFU/mL. After 1 h, a mixed cocktail of the 4 natural products (200 pg/mL) was added to each aquarium,

followed by incubation at 37°C for 24 h.
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