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Combinational effects of sesquiterpene lactones isolated from
bay laurel (Laurus nobilis) leaves with antibiotics
against fish pathogenic bacteria
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This study is a report on combinational effects between four sesquiterpene lactones (SLs) from
bay laurel (Laurus nobilis) leaves, and oxytetracycline (OTC) or amoxicillin (AMX) against four
fish pathogenic bacteria such as Vibrio anguillarum, V. harveyi, Edwardsiella tarda, and Streptococcus
iniae. Individually, four SLs exerted little antibacterial activity against fish pathogenic bacteria.
However, when combined with OTC or AMX, they showed synergistic interaction against pathogenic
bacteria. Especailly, zaluzanin C (1) reduced the MIC of OTC (or AMX) eight-fold. Our results showed
that combinations of SLs with antibiotics (ABTs) are more effective than ABTs alone to control
pathogenic bacteria. The highest synergistic effect was observed when zaluzanin C (1) was combined
with OTC or AMX against V. harvey or S. iniae, displaying significant reductions of MICs up to
8-fold (0.125 to 0.015 pg/mL and 0.0078 to 0.0009 pg/mL). In addition, zaluzanin C (1) improved
the antibiotic potency of OTC against OTC resistant V. harveyi (250 pg/mL to 62.5 pg/mL). Synergism
between ABTs and phytochemical such as SLs could be a therapeutically helpful concept to improve
the efficacy of ABTs and prevent antibiotic resistance. These results suggest that SLs can be used
as an alternative to reduce antibiotic resistance in aquaculture.
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Ul AR/ Rk F el A A X (Paralichthys oli-
vaceus)= 7+ T 23 FA T F shtolH, A
sl FA o] 50%2 T G FHoF T

7+ w2 vlFS AL JTHLim et al., 2021).
T2} vibriosis, streptococcosis 2! edwardsiellosis
o e M+ étﬂg HA G A & A5
of7|etal lom, 53] nlEg e AT GAY
Aol FrEsHA ‘%*3 3kaL Aok WA O Z Vibrio
scophthalmi, V. gigantis 2 V. harveyi ol 2|3 7+
GAHEI 7 LA 2™ (Sohn et al, 2019), E3
V. harveyiv= @A Wedo] & R By
S TH(Won & Park, 2008).

FAA = o] 3 AldA FHE X g—a—}{__ o ¢
of 7V Fa3% =7 T suol AR, &

Al AHgoz AR Ao WA g5c= 1
"S—ol Az 45D J= Aol (Lulijwa et

. 2020). AAAZ o2 A&7 Faat]el
—,——T’-E‘ o w2kBoyd et al., 2020), YA AL
=Y F A Udom ALY YA o
AA skt ks ATEol WAEHIL o,
ol# g MALA S0l FA AR ATE AHE
FAA WA A ZA SE 7R 7T
3 9 ThLim et al., 2019; Lim et al.,

= b S

e + A
0] 0 g »1}]_0:1
2021).

DA 4(bay laurel, Laurus nobilis)= S A
U AEFE AT A9H FHelA g An=
I ok AT dx Q& 549 FAUEE AL
|H L L, o] Qo= ofokF gl FAFFol A
HE g o g 3 HA LA o)t (Turk et al.,
2019). €A FE= 9 SAES FA AT, A
3}, A, Fvtold 2, A 9 FAEEE Y

HO

ow

o]
Zaluzanin C (1)

Tuberiferin (2)

523 ofolw- oA - AE - Fad

Bl = Ao E &A% (Anzano et al., 2022;
Dobroslavic et al., 2022), 842 2 flavonoids,
flavonol glycosides, essential oils, sesquiterpene lac-
tones 5°] E1E o] .2 (Dobroslavic et al., 2022;
Turk et al,, 2019), 53] €AF L& A2 U3}
monoterpene % sesquiterpene 33 E0] FLFES
2 R AK(Turk et al., 2019).

GATE S8 AT TS FokollA o
FHA T Jon, A 9 ASFETH
7V7F 5 o] F1. A THSwamy et al., 2023). L
u, @AY7EA] oA Mletol] thet g Ad A
T €A T Aol A BTl H essential 0il®]
Aol 3 W 1o 3% o] 9) O ™ (Snuossi et al.,
2016), o+ st EE°l tig A7+ A Ry
A L Utk oA AFoA AL T e
I FAA o] HE&S BTl FAA Y HAAATE
E dASA ZaAZ F o™ (Hemaiswarya et

al., 2008), °]# gk H &AL FA4A W3S T4
/\] 71=d £324 Y& 1 139 tHChukwujekwu et
, 2018).
@'E}H ATl e TS A FE ALS
3 A+ FAYA QA oxytetracyclineol] WA S 2=

V. harveyi B8 HTES G2 AFAA &
2] H 4% sesquiterpene lactone2] A3 A
Alote] WEAHRES st sttt

B AT AFE-E 4F 9] sesquiterpene lactones
(SLs)= €A (Laurus nobilis) UL ZHE £ &
TAE FFES AHESHHR M (Turk, 2017), 1

ZE Fig. 19 JeERI ST A E- Q] oxytetracy-
cline hydrochloride (OTC) ¥ amoxicillin (AMX)3}
SLs9] &3lE 3l AF8% cell culture grade di-

OH

(0] O

Reynosin (3) Armexifolin (4)

Fig. 1. Chemical structures of four sesquiterpene lactones from bay laurel (Laurus nobilis) leaves.
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methyl sulfoxide (DMSO)+ Sigma-Aldrich (St. Louis,
MO, USA)ol Al 48t A&ttt Al vl <
2 HE&EH HdFo| AEH brain heart infusion
(BHI)-& Difco (Sparks, MD, USA)oll A T-&ke] A}
&3ttt

B AFolA A8 Edwardsiella tarda KCTC
12267 L V. anguillarum KCTC2711L 3= &2}
A Ef(Korean Collection for Type Cultures) il 4]
Bt om | V. harveyi KCCM40866= &-=111] A3
=X A B (Korean Culture Center of Microorgan-
isms)ol| Al & ol ARE3FA T OTC WA <
V. harveyi FF10 2 V. harveyi Yh21M1 T O]t
AKX = Table 13 2T},

SLs & OTC9] &HA YA F=MIC, minimum in-
hibitory concentration)E &<{13}7] 93l Clinical and
Laboratory Standards Institute (CLSI, approved guide-
line: M49-A)9] WHS ¢kt A3 broth-micro-
dilution}-& AF&-3+tHLim et al.,, 2019). 4% 2]
SLsE DMSO¢°] &3l A1Z1 ¥ BHI broth (1% NaCl
A7hell 2v) A B A sk ARG oW, AR 3
A ofof A o] DMSOS FEE 10% 7} 94 25
24 A4S BHI brothol] 25°Cell A 20
AIZE ERF 120 rpmell A R ekal Fst ATt i o
Aldd o] NS 10° CFUmMLE Z2A 3 o
A 8] 3k SLs A2} 96-well plateol] & =3
5 25°Coll A 20A1%F F<F Wi et ATh MIC 2R <
23l 0.2 mg/mLe] p-iodonitrotetrazolium (p-INT) 30
pLE 7hate] hxzdollA] 2A17F ¥k A2 3 INT
formazan®] Aol W& F2A o] HolA e
A2FEE MICE AA3A

AgA ol tigt SLs} OTC2] BH-8&F+= check-
erboardH & ©] &3t 2 A3} thKang et al., 2008).
1] A&, SLs =49 OTCO 4 E =
= MIC ZAAd A 42 MICE 7IE2.= 4, 2,

I~

o o He

1, 1/2, 1/4, 1/8 ¥ 1/16W| 2 =7 3}3L 96-well plate
of Z4z} A= g 7hEe wix|te 1112 TS &
T3k MIC 2R A AH LA p-INTE A&
sto] Aol ApebA] e IS Ste® gjlst
T}, ©] % fractional inhibitory concentration (FIC)

9 fractional inhibitory concentration index (FICI)S

Th=3F o] ALkttt

FICI =FICa + FICb

FICa=MICb (MIC of SLs in the presence of OTC)
/MICa (SLs alone)

FICb =MICd (MIC of OTC in the presence of
SLs)/MICc (OTC alone)

FICI®l w2}, synergistic effect (“33, FICI < 0.5),
additive/indifferent effect ("7}, 0.5 < FICI <
4) 2 antagonistic effect (2 &, FICI > 42 24319
TH(Aktas & Derbentli, 2017). ¥ Aol A= OTCO)
WA S 2t V. harveyiol thate] EAF AolA
E28 4% SLs9} OTC] ¥ &EH7E checkerboard
W 53 37189 o Checkerboard 2 T k3l &
Ed 239 F528-& A&eA H7rE 5 9
= Aol o] B Ao o] &=

W8 a7 A3l A(Table 2), 2F=FF2L V. an-
guillarum KCTC2711 2 V. harveyi KCCM408662]
OTC ©EAZTMICc)e MICE 24 025 ¥
0.125 pg/mLZ Yebgth Wi o] OTCWA V. har-
veyi 52 79 250 ngmlL=E A= o] FFEAF
oiHl o 20008 =2 MICE HAFAAch A
o} B8-S 93 SLse| @& MIC (MICe)+= 250 ~
>500 pg/mL M= SAAH AT & AFolAM Al
H IFES oMol U IS S AE
g o] glof A A vl o #9u, zaluza-
nin C (1)2] 7%, 28343 Shigella sonneidl A
250 pgmLE IHF3 T Bacillus cereus, B. sub-

Table 1. Information of two clinical strains of Vibrio harveyi and their antibacterial susceptibility results to oxy-

tetracycline
Strains MIC (pg/mL) Source
V. harveyi FF10 250 Olive flounder, Paralichthys olivaceus, Gyeongsang-do, 1999
V. harveyi Vh21M1 250 Mullet, Mugil cephalus, Unknown, 2009

MIC, Minimum inhibitory concentration
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Table 2. Combinational effects of sesquiterpene lactones (SLs) with oxytetracycline (OTC) and amoxicillin (AMX)

against fish pathogenic bacteria

MIC (pg/mL)
Strains Combinations SLs SLs with ABTs ABTS R FICI FICI
(SLs + ABTs) (MICa) ABTs (MICo) with SLs range
(MICb) (MICd)
1 + OTC 500 125 0.25 0063 4 05 () 0.50-1.06
2 + OTC >250 3.9 0.25 0.125 2 <0.51 (I) <0.51-1.00
V. anguillarum KCTC2711

3 + OTC >250 125 0.25 0.063 4 <075 (D <0.75
4 + OTC >250 3.9 0.25 0.125 2 <0.51 () <0.51-1.5
V. harveyi KCCM 40866 1 + OTC 250 125 0.125 0.015 8 0.63 () 0.63-1.13
V. harveyi FF10 1 + OTC 250 62.5 250 62.5 4 05() 0.50-1.06
V. harveyi Yh2IM1 1 + OTC 250 62.5 250 62.5 4 05() 0.50-1.13
E. tarda KCTC12267 1 + OTC >500 7.8 0.25 0.25 - <102 () <1.02-2.02
S. iniae KCTC3657 1 + AMX >500 250 0.0078 0.0010 8 <0.63 (I) <0.63-1.03

Note, The FICI results were interpreted as follows: FICI < 0.5, synergistic; 0.5 < FICI < 4, additive/indifferent;

and FICI > 4, antagonistic.

SLs, sesquiterpene lactones; ABTs, antibiotics; OTC, oxytetracycline; AMX, amoxicillin; R, maximum reduction

fold for MIC of OTC with SLs

tilis 2 Staphylococcus aureusN A Z42; 125, 250 2
250 ug/mLe] MICE Eo B AT FARIAS
(Sultana et al., 2008). Reynosin (3)%= U}Z7IA| =2
Mycobacterium tuberculosis®| 4l 64 ~ 128 pg/mL<]
MICE X o (Coronado-Aceves et al., 2016), SLs X}
Ao A w4 e AR Rl &
Aol AH&E SLst HiA A o] &8 =71 FA
%ok, WEaHN APS A8 V. anguillarum FEFF
F 9] B& #FolAM e A3 FICI &S 9l
7H £33 =7F £ zaluzanin C ()E UG E 1
£ 57 A9ds AT

HAAL&A] SLseF A OTC W& A 3,
Ul ol i 0TCS MIC7F &5 A Al Bt
o gu] ZAsIAY. #FEE AWREA, V. an-
guillarum KCTC2711 5 zaluzanin C (1)< ¥ &
Al, OTCS] MIC7} 0.25 pg/mLel A 0.063 pg/mL=E
48 Faste] FEAE(S)0] A= A= YER
o, V. harveyi KCCM40866 T+ 0.125 pg/mL
ol A 0.015 pg/mLE 8¥ A3 F7HFT=
&Ml A= FAdstAn. OTC WAETF< V.
harveyi FF10 2 V. harveyi Yh2IM1 o= 250 pg/

mLol A 62.5 pg/mLE 48] 748t A3 2H8(S)
BAFATE 2ol F/oll A4

QAT F E tarda 772 HEEAE A HAE
Ao}, SLs ¥ 8o W& MIC 74 & YERA
FUTH IFSAN T Y= IFFAE AT AA
O HEaFHNT HolR VA S inige TF5 L

ol do mlo

&'O

3}, MIC7} 0.0078 pg/mLell 4] 0.0009 pg/mLE 8l
43193 31, zaluzanin C (1)&] &5 MICE 2743}
A Ao, AEEE He oA ArhFaaEd
OE YerR .

SLs2 TF2F o= JAAY &87|E st
2hof Mol DNAY &4of 87| wh-ad 7k
ol A& Ao E d#A thBachelier et al., 2006).
o] AFA SLs= Al MEH FAgoly A
P BE BASS AT T Ue HeE By
21 ©. ™ (Bachelier et al., 2006; Chukwujekwu et al.,
2018), o]&= & ATFolA Ve WA HFFo thk
Fed BEaH AHE AN FE AR
T AR, Aol wet o]l gh A-8-7] 7o
zpol7t A& F AeBE FIHA] A7 Bast
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