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Synergism between Fructus mume and antibiotics against Vibrio harveyi

based on response surface methodology
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Abstract: To provide basic experimental data for developing protocols to prevent and cure the disease caused by Vibrio harveyi,
we collected the compound of Fructus mume water extract and antibiotics, which has synergism of antibacterial activity against V.
harveyi. First, we plotted the standard curves of concentration logarithms versus inhibitory zone diameters of the test drugs, and used
comprehensive combination experimental design method to screen the antibiotics which had synergism effect with F. mume water

extract. Then, we applied central concentration design (CCD) with response surface methodology (RSM) to investigate the interac-

W B H#A: 2018-04-04; f&[EI B HA: 2018-05-24

FERTE: AR ARFEIEETH (31560725); WA AT L BHIF £ T4 37350 H (201405020) 5 1RG4 F AR FHF 24 G1HT0F 55 FH BRI H
(2016CXTDO005); R hEAFIAE P HEFRAE AT BA (hdkytg201704)

YEZ BT BRI (1993 —), BB, WiHRF5E, MFOK 50000 % BA 5. E-mail: zhongzh@hainu.edu.cn

BIEEE AR (1983 —), B, Wi, flBEd, WFK=FEREDIEPI, E-mail: guowl07@mails.jlu.edu.cn
J7Al (1968 —), 55, WL, #Hdg, WK ERNAIF . E-mail: zychnu@163.com



82 [ = =

F14%

tion among F. mume water extract and antibiotics against V. harveyi and to find their optimum combination. Results show that signi-

ficant synergism existed between F. mume water extract and tetracycline, oxytetracycline, aureomycin and deoxytetracycline. RSM

results indicate that the synergism between F. mume water extract and oxytetracycline contributed to the most significant effect on

the antibacterial activity against V. harveyi. However, antagonism effect existed between oxytetracycline and aureomycin, and

between oxytetracycline and deoxytetracycline. The optimum ratio of F. mume water extract, oxytetracycline, aureomycin and

deoxytetracycline was 45 : 0.12 : 0.00 : 0.00 (mg~mL71). For this optimum combination, the predictive inhibitory zone diameter was

18.54 mm. According to cup method, agar diffusion method with three replicates, the practical maximum inhibitory zone diameter

was (19.03+0.07) mm, and the relative error between predictive values and actual values was 2.6%. Thus, RSM is a reliable ap-

proach to describe the relationship among test drugs and inhibitory zone diameter.

Key words: Vibrio harveyi; Fructus mume; antibiotics; response surface methodology; synergism effect

VAR, A TR AT TRHEE S S H AR A
K, KRB K, FRIAFR AL H ™
&, SEORENR, BUMEKIRE RS R R
i ", U CIKE (Vibrio harveyi) & —FhiE
2ZICBAYER, Tz THEEARE T, RiEKIRsHE
Y EEBUREE, AIEKFERE LS AT B KR
RO P R R . ORI, R
B Gk SR A S ks 26 SR T A
RAFTEIR AT 25 . FRBET5 YL R 25 1 5k B1 45 1 1T 5
W, R AT R AR . T
WEE. PUEL POV, BOmEeR., fRAETE . it
AR AG R S 2 EIRL H PR KRR
2459, TEHUANESTHER . TERE A S Bk . 5
RIVERIN, BATRAFMIT R . SR PR 24—
BATRRE . R, 3T &R 1 155
s, RN AR CATR R R 2
GRSy, ER TR A B i B A B TG
AT DA A R s e PR, B
WA MU E R ATV, TR S . B
s i BT it 25 LA TN 2 5% B8 AUy, V& [ iz
TIKPFRIE S YR E . PR A BT K 3
Wi E Wi Bz —, ki, IR B2
SR ZIAE e RIVE ], S T S hr e rh
HERGHUAE RN TR s F B, s
S H A AR

Wi S5 T 3 (RSM) T T & 4R fet 1,
RSM 7EA ML i T, Be LA 1Y 5550 55
B, PHUR KRR SR EL, HRHZmikm
PAAE R BT T, PR R R B % 548
B (W W AED) ROACELREMR, A B 1 A 45 DR 25 e
NAEZ KRR o M (Fructus mume) 2 H A1
HHE ) 245 35 O AT 0 A 1) T R 0 R S T

R BRI R M RO BT B A A
POIME IR, A SCHER BN O B A 2 4
IS M AE LIRS R SR L, SR 24
BOTIERI a5 MK S ICEAT DM RN A AR
=, Wa R LHEE LKk (CCD) 454
RSM, 731 B /K 4 -5 470 28 300 I 4k FC I Y
VRITETE, DA E MK BRI S0 3R 2 A A fe
Mkt , SOt a A RGN ER TR AR R o

1 MESIT

1.1 KRR GRF 5 EE

BT R IR A 2 BT SRR &
FRMERBZWT T mEAYRH A RAE
#, HPLC=99.8%); 447 R &R T
IR A E AR N ] (R5Fl, HPLC =99.8%), PHER
EIWT Sigma 2 F] (B3, HPLC=99.8%); M4k
PRI SRy A S 2 B S FRAE

WRRE SR (g L) AEERH 1. AN S, &
1E4 (NaCl1) 30, 4=PI%F 3, Fl 1 mol- L™ BIE %ML
B4 (NaOH) B(hR (HCI) #4797 pH 2 7.5; P RfAR;
FRBE (LRI M AREE SR 1% W3
Wyl A EARRE R (F 28538 3E) t il i
FRIEHIA 2% PG il 25 11 e o
1.2 LEAHE
1.2.1 K EREAE A HIAE  HMEFE 80 C L4
R 2 h, R, BFERERE, i 40 HIE, #R5.0g
T 250 mL HE=MMd, fin50mL LK, &
19 30 min, Wi/KVA4EH 30 min, 8 000 rmin | B0
10 min, B it 0.22 pm fALUERE, 25
PSR 1 gmL ' B HEKERRRE S
1.2.2 (RSN AE IR TG RN E PR B A
B URAE IS AE TGN B 5 78 2 IR IR B SR
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30 °C. 150 rmin | 535 24 h, 2 1% R A
PR FE L, 30 °C. 150 r-min' $55% 16 h,
FRILAFFHE—AR, B53RI 3 000 g B0 10 min, 1Y
SEWIR, AT A BE K ER BRI ODgoo um
JEIEZE 0.8 (IE LN 2.82x10° CFU-mL™"), ik
PRI

PUna 2 FC B R SN0 B T6 0 22 2% Tramer
il Flower” !, 4 ARG R BB K B, 2 A5
ARSI, AN EFRIL 15 mL, “Fei E R g,
FRARFRII B 2% HEFh il s 4 A KT 50 °C K
VBRI AR R I, SR A SR B 1Y [ A
FRELBEFRNL, BEEESRIL 10 mL, $257, Pk
B BE, FEAE 5 mm FTFLEAESUZREFREE 1395
13 AL, ERAFLHI 60 uL FE 5, 30 C K
72 16 h, FHiEbe R RSB B, BT
A0 3 Uk, WOV EAE i i 40 o B A%

FrRfErhZRe bl Hede 1 VMR, #1461
FLVR A 2 1Y) S M /K SRR AR R, BlR
P I S LI T AR, DA X R A R A A
(O), TR EAENIEIE (Y, cm), LHlbrEiZ.
1.2.3 WG IIEHE DMK IER ShiER R
HAEH SRR SHAERIMT——E24, 3
A 28 254k B -5 90 P8 A48 ) %) A DG il 2 [l
IG5 Hk Y=A,1gC+B, 1 Y=A,lgC+B,, E4&
T K SRR LA IR B 51k €, R s,
KREAH, PFhZGYTEIZPI R EE T A I EAR
IR Yi=A,1gC+B; Fll Y,=A,lgCy+B,, 1K
PEWG AN TR VB EL AR IR Y, B VR EE N € = 1010280/
Vit ZEMER RN YL N5 wE R C,=
1otn=sa il 5 B Mg K W NPT AE R E A e AT

FEACHAEA, WO A 5 B AR I A T Ys=
Alg(C+C3)+B; Fil Y=A,lg(C,+Cy)+B, X Ja], i
G EAR/NT Min(Ys, Yy, WK AT
A R AFAEASAHIN IR 5 A & B AR KT
Max(Y5, Y,), W A Fl B 2594748 2 AL AR,
PR HEZ F [ Y-Max (Y3, Yy)]/Max (Y3, ¥,)x100%.

1.2.4 CCD HI RSM %% 58 g /KW S
REZHAEH S KRS 1.2.3 iS5 H
FEEMFVE R PTAE RN E, 17 CCD
WS, SR LA G B B ARV Ry {8, R4 T
RSM Z3HT, 434745 DR 28 XoF Wi oy L A9 5% i 45 TR 2%
ZIRIME HAERT, DS R Z s A AL L o

2 ZER

2.1 tRAEMERAT

Fie IR 1.2.2 BObRUERNZR 0 ks, 2200 K
W, UARER, +ER. MIER. 88K, IE
KT RAARAEII L, & brifEph < S50
Flo MFEAM, K RRIERL A BB (R 7
T0.927 4, FWI5 25 )V 560 10 e ELAR
ERAFZNERR, TTRIEsE S ik
FEl P 45 25 ) 4T AT Bl AR
22 2HEXRBEELEKRERSHEZZEN
ZEIEMA

KH 1.2.3 4G5 EWR I E 5 Sk
W5 6 Pt A Z X 4R IR s EAE, e10
BETTE . AE AP0 B BRI A S BRI (D
2, MBRHSHKEER SUAR ., LHER. &
NHRENMEFHRZEAE BEWLEEHEH, SH
TR TS R 2 A1 W s BAMHIVE -

Rl BHYORETERESH

Tab.1 Standard functions and parameters of each drug

ELY B IS S B Bl /mg-mL ! 7
drug standard curve range of concentration
LR $E F. mume water extract ¥=8.688 01gC—5.799 0 20~100 0.939 6
VU tetracycline ¥=7.088 0lgC+18.893 8 0.07~0.52 0.986 9
+ & oxytetracycline Y=5.400 11gC+14.388 4 0.03~0.58 0.9619
)8R deoxytetracycline ¥=3.927 21gC+15.835 6 0.10~1.55 0.9355
4% aureomycin Y=3.667 41gC+16.121 0 0.03~0.58 0.991 4
75 % neomycin Y=7.116 0lgC+15.598 0 0.10~0.80 0.941 0
HE#E R streptomycin Y=10.134 11gC+15.950 4 0.15~0.65 0.927 4
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2.3 MEMEERSEKERSHEZEANTE
1EH

& 2 W45 A Wm0 S K SR R TG PR R i
YER o BV LB R > 875 R > )R R > DU ER
R, mBRINCRESRTET 3 iR (REER.
SHENRNER) 590 KERHTTE S, #H1T
PO R =K1 CCD :4w, HPZRKFWE 3,
BT R 5L R WA 4,

DAA R B AR E A N (Y), 5 25Tk
St (EAE 75, R SAS RSREG 454 SL 46 4%
RIHAT RSM 430 sEss, [l an X

Y=16.648 3+0.142 5X,+0.197 8X,~0.001 3.X;+
0.063 0.X,+0.064 9X;°+0.246 3X,.X,+0.139 0.X X5+
0.008 8X,.X,+0.040 6.X,"—0.042 5X,X;—0.473 3X,X,+
0.063 4X,*+0.008 0.X3X,+0.039 4,

A SC R B (RY) 19 0.827 6, 56 HA IR 17 {4
82.76% MfF Bt Tt B wm g, R F Rk
PR R AT i A S, H Pr>F (H O 0.009 4,
FHPRA 0T 5E, SR F ORGS0 3 X AR A o 45 T30
ABAT WA VRS, SR S, MR, T
W BEYa Y, SRR (X)) LB R

() Hv B X e Bl AR R 3, R Rk
X i B, AR R (X)) MR &R
(Xg) TEAR I 2 115 T PN X 010 R Pl A 1) 2 i AN i
. SMRIEIRE LR R ZE (X\X,) A7 5 E T
FVEH, MSHMKIERS SRR (X X)), W%
R (XX ZRIMHERIERARE ., +HES
SHEHNE LX) R+ HERSRIERHAE
OX,) TERTRITh ZECH T, RUTHERSLERM
SRR Z A ERPUER, H XX, 1 F RS
ghE B K (Pr>F {65/ T 0.01), &&FEM
558 ) B 26 W N (B AR VR FH I EAS 3 (Pr>F o
Pr>Fy fHYIRT 0.10), Frlh% e A m ARG
FHEMRNEZR., [ 1~E 6 M 248 2 [\ 138
AR P, RT3 5 1 24 %o
WNAEREN; AR YIRS (1, -DE, 1)
BRI, R ORISR R BN
HARSEER, &2 RO 3 A 1 2, T
I R Z [ 52 BARHEVE AN IR 1 8 3%
P 4 Rl s e o e oA T T, e AT A
BT (-1, DRI, -1) X, EH+HERS54H
2. RAFERZNFAETANFIER, & 4 fmn;
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Tab.2 Experimental design and results of combination of F. mume water extract and antibiotics
YR /mg mL T B AR 7L Fl/mm
YiEE concentration inhibitory zone diameter FHE AR 0% /%
antibiotics UK R YiEE I=Nc MIE=RIER synergism efficiency
F. mume water extract antibiotics predicted value actual value
PUFFE tetracycline 0.13 13.43~13.83  15.47+0.06 11.88
+# % oxytetracycline 0.27 12.05~12.93  16.60+0.08 28.37
IR 71552 deoxytetracycline 0.20 13.23~14.18  16.27+0.09 14.73
50
4753 aureomycin 0.13 13.01~14.02 16.32+0.07 16.35
B3 neomycin 0.20 12.04~12.50  10.64+0.09 -
BEREE streptomycin 0.20 11.53~11.96 8.35+0.04 -
T — FOR I EAEIER
Note: — indicates no synergism effect.
R3 BEKRESHEREACCDERITERKFER
Tab.3 Factors and levels of CCD for combination of F. mume water extract and antibiotics mg~mL_l
IKF- LEW 59 €708 X7) +HER Xp) SRR X3) R E (Xy)
level F. mume water extract oxytetracycline aureomycin deoxytetracycline
-1 15 0.06 0.05 0.02
0 30 0.09 0.08 0.04
1 45 0.12 0.11 0.06
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Tab.4 Design and results of CCD
Tif X, X, X3 X, Y/mm Ji? Xi X, X; X, Y/mm

1 -1 -1 0 0 16.96+0.02 15 0 1 -1 0 17.06+0.07
2 -1 1 0 0 16.66+0.03 16 0 1 1 0 16.81+0.09
3 1 -1 0 0 16.51+0.14 17 -1 0 -1 0 16.53+0.16
4 1 1 0 0 17.20+0.13 18 -1 0 1 0 16.33+0.08
5 0 0 -1 -1 16.67+0.04 19 1 0 -1 0 16.85+0.05
6 0 0 -1 1 16.92+0.07 20 1 0 1 0 17.21+0.09
7 0 0 1 -1 16.72+0.05 21 0 -1 0 -1 15.83+0.04
8 0 0 1 1 17.01+0.04 22 0 -1 0 1 16.97+0.08
9 -1 0 0 -1 16.67+0.06 23 0 1 0 -1 17.33+0.12
10 -1 0 0 1 16.55+0.03 24 0 1 0 1 16.59+0.08
11 1 0 0 -1 16.87+0.08 25 0 0 0 0 16.61+0.08
12 1 0 0 1 16.79+0.07 26 0 0 0 0 16.68+0.05
13 0 -1 -1 0 16.55+0.09 27 0 0 0 0 16.66+0.04
14 0 -1 1 0 16.47+0.08

A2, R HERMEHERZMPSSHEA
FIARIRRE, B 5, 1) XA R 2
F (1, DA, DX, EHTHERS58NE
RZIAAAE R ZE I RIE  1# 6 B e iz i AR AR
FGE, W4 A 2 R ) A 3N e N A R e A
e

i TR, SR AT F o AR B A Ak
By AT %, SR NoR, FEBIR AT N E P,
VIS KW - m(LB"R)  m(BHEER) :m
(N F) BERAERC LN 45 1 0.12 1 0.00 : 0.00
(mg'mL™"), TEMLFAEEABIILTRET, HEHm
HANHEE EAE (V) o~ 18.54 mm,
2.4 GEHFSCIS

FE R 2.3 iy M KB SPTAE R E AR )T
BV (SRR m (EFER)  m(BFHE)'m
(38 155 2)=45 : 0.12 : 0.00 : 0.00 (mg'mL "), Hi%
T 5 A BC L 2 A A T B BN 18.54 mm,
BRY B 3 UOPATREN 52 A W 1 v el AR
4 (19.03+0.07) mm, AHXFRZE 2.6%, FKHZ L
TS AT,

3 hHE

PEARaE , MR PR W3 R SMTIG 4E G

IR GRS, HR /MR (MIC) Sy 12.5~
25.0 mg-mL™, ASHFFER BT Bk K i
MIC fiX T 20 mg-mL ' (57K 52 b e ih 2% e Ak vk
FEAH), 5SCHRIRIBREAMST . R S5HAER D
[R5 i 7K 7= sh e, T AT I T T 245 B S 2Y
Yisk XS A EERIVER, SR Z0TE A 1f 1
()22 EAEHRGIERE b, A 0T DRE P S Bl 2A A BB
AREP BT R A0 A A ] -
ATH ML (time-killing) ¥EANBEARY k. LA
KA E R R R R A, KRR A /N,
JRRARAZINF R R TR, G5 R B E LIS 3
i, EAUR T B2 mimiz 2 i3 H AR
T s ) - 2% T T 48 9 0 g el 2 1112200 Sl AR
MR AR . 25 R TS s Y BuL | e %
LRGP 2 A A EAEHE, G559 BRI &K
VAR ERE . SRR EZ N KRR
AR M 2 PR B i M LA e VR, T b
T R R A& 20 DMK S AR ST
M 4 FCIR A VG PE A PUVE A

KH CCD 454 RSM %2 MK . +
HHR . SERMRNERESE WML EH
VEH . Wit 2P ol R H RSM i %58 T 7Lk
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R5 RSMGIH AR
Tab.5 Statistical results of RSM analysis

SRVR H B2 5 ¥ , Pg

source df SS MS
X, 1 0.243 7 02437 6.953 8 0.021 7
X 1 0.469 7 0.469 7 13.402 7 0.003 3
X 1 0.000 0 0.000 0 0.000 6 0.980 7
X, 1 0.047 6 0.047 6 13592 0.266 3
X 1 0.022 4 0.022 4 0.640 6 0.439 1
XX, 1 0.242 6 0.242 6 6.9219 0.0219
XX, 1 0.077 3 0.077 3 22055 0.163 3
XX, 1 0.000 3 0.000 3 0.008 7 0.927 1
X, 1 0.008 8 0.008 8 0.2512 0.6253
XX, 1 0.007 2 0.0072 0.206 2 0.657 9
XX, 1 0.8959 0.8959 25.565 5 0.000 3
X3 1 0.021 4 0.0214 0.6113 0.449 5
XX, 1 0.000 3 0.000 3 0.007 3 0.9333
X 1 0.008 3 0.008 3 0.236 0 0.6359
}7 model 14 2.018 1 0.144 1 4113 6 0.009 4
LB PRI linear 4 0.761 0 0.190 3 5.429 1 0.009 9
*F-J5 5 quadratic 4 0.0336 0.008 4 0.2396 09105
ZEH I cross product 6 12235 0.203 9 5.8192 0.004 8
5% 2% error 12 0.420 5 0.0350
AL lack of fit 10 0.4176 0.041 8 28.793 5 0.0340
2% pure error 2 0.002 9 0.001 5
ST total 26 24386

BT Y=£(X, Xo) i o T 45 v 42 14 B2 Y=£ (X, Xo) BT T ) 125 2 282 5]
Fig.1 Responsive surfaces and contours of Y= (X, X>) Fig.2 Responsive surfaces and contours of Y=f(X;, X3)

. B2 S5 REEI I SRR (Pseudo-  ZRZW; FLRREARZE Z By e R mF5irEH ; 2L
monas aeruginosa) WA HANER, KIL=FXHLRME  FRENFIFERBEAAE I B EMEIER s mAs 2T
PR P A HIRISCR (AKREIN) R ZLRReh > 7o RH0 > RWEZ A HEAERA R, IR IARE (mg) 1
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B3 Y=£ (X, X, ) o Jo T P R 45 v 42 1A
Fig.3 Responsive surfaces and contours of Y=f(X,, X})

K4 Y= (X, X3) Hma i I SRS 2 £k 4
Fig.4 Responsive surfaces and contours of Y=f(X,, X3)

KI5 Y= (Xo, Xo) B AT 1A 25 e £k ]
Fig.5 Responsive surfaces and contours of Y=f(X;, X})

06 02
X O 1ol

3

E6 Y= (X5, Xy) B 1 T B AN 45 s 26 R
Fig.6 Responsive surfaces and contours of Y=f (X3, X})
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SRS A OO TG PE A7 78 i 25 i 58 LA AR I .
23k CCD 454 RSM ifk, FRAF SRS . 4
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3% 07 R S A 4T

WM, S B B o A TR S AT HL
a2, HHURMLE EEaFE 38 IR B o P )
(IR I 2 2R, IR LA R, (4
NP I 2R RSB T B DNA B95 atk
AR 5328 5 FrAsi DI Sk ST AT 4 o S s
LAY RN R B0 A RO U &t
A Z L 5 A TR N AR 30S T BETE AT 3 45
e NN A S D= R AT B G BV RS R TR N
708 WA, ML A B ARE. SHES Y
WP R HHUR FHEEALATR, X ] BEE M
ZRIAFAE TR FIBTG 2 FQO R A S R, SR TR 25 1 P
TR ALH TR 250158 . BRI 45 R R
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G VE , (B TR i 06 4 SRR 5 | & i 3
PIRIR T 45 B W 12 5 F S 2 N R i T
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