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Abstract; More and more attention has been paid to the environmental problems caused by the overuse of antibi-
otics, and it is urgent to seek possible alternatives to traditional antibiotics. Due to the rich resources, wide antibac-
terial spectrum, and low adverse reactions, traditional Chinese medicine antibacterials (TCM antibacterials for short)

are deemed to be the possible substitutes for antibiotics in the future. Therefore, it is necessary to explore the toxic
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effects of TCM antibacterials, which could provide a guidance for the ecological risks after the use of TCM antimi-

crobials. In this study, the single and joint toxicities of four TCM antibacterials (including emodin (EMO), rhein
(RH), aloe-emodin (AE), and dihydroartemisinin (DHA)) on Aliivibrio fischeri were tested, and the antibacterial
mechanism was preliminarily explored. The results showed that the four TCM antibacterials exhibited significant
inhibition on the bioluminescence of Aliivibrio fischeri, and the order of toxicity was EMO > RH > AE > DHA.

When EMO, RH, AE, and DHA were mixed, the joint toxicities of the mixtures in the high concentration range

were antagonism. It was speculated that the TCM antibacterials competitively inhibited NADH dehydrogenase,

leading to a weaker inhibitory effect of the mixtures on the luminescence reaction than that of single agent. This

study will promote the study of single and joint toxicities of TCM antibacterials in the future, and provide a refer-

ence for the ecological risk assessment of TCM antibacterials.

Keywords: TCM antibacterials; Aliivibrio fischeri, single toxicity; joint toxicity; bioluminescence; antagonism

AR BEAE HUER T Z LA G B | 36
Sy A TR BT 25T, T i PR i 2 1 A9
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e FIBERIVE I/ NI RE A 40, Peng 452 K B/ B
BT TG L 5 R B A 1, L e AR T e
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L FHCFLEEIKEIET, Chinnam 5P 5T & BB
2 ZON RN AT T B AT B A AT AR T, R A
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T2 A SR AT B PR AU RO BT 259, K PT RE
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BRI NS A R AS F |, RE A% 100 ) 20 1 A IR
WA A R 200 T 174 200 B RN 2R BRI i 2 1B
FAEF T8 ALY B T A i A= P IEOE it # HiN

B, NI ZFp A i R B M HIE Y, KR
(emodin, EMO)/& — M fE7E T K8 ] 5 & el +
FIEALAE Z R 250 th i L R S B9, B
B, ELAWF5E & B EMO HAA ) 13 B 1 L % A
U AR RIGFE IR TR B il 5% BR TR TR Atk T
AR, ELXF PR AR A AR S A ) VT ] £ 7
R TR AN G 77 A i 245 M B BR 1A IR % FL U™
KPR (rhein, RH) & K ¥ 1) EE AN Z—, IR
BB A LABER 2, R, HiEE
PRI RH BA R MO . #an, Azelmat
SEPTRIEGY B RH X 2 HiR 0 b bl Bt 127 5 A 5 5 A 1l
HIEM, HEMIC 2.5 pg-mL™", 725 K8 K (aloe-
emodin, AE)JE M 25 R R e W] 7 S5 e h 2
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AL KGR B (Aliivibrio fischeri, A. fischeri)
VERREA Y, T 9% IR & BB R A, DAL
AN I ZE A, DA S8 Uk B B AT 30 1
AERY EMO RH, AE I DHA {2 H 25 30 1 771 i 1K
e Wt P A RO AR A S EE R I T
BN A. fischeri "9 I B —F Z ok & #E M
RO, R AT T A0 AR AL A 012508 MR
R B4 TR RITR A b N PR 2450 181 7R 16K 5 2 8 %o 4
PRSI | A4 J v 250 T R 05 P S 10 A 25 KU DF
MR AR

1 ##l57% % (Materials and methods)
1.1 SRRy

SES T EMO (RH #il AE Y908 B | 2 704k
AARHE A BR A R (1, 1 E), DHA 1 3 1
AR A BRA R (R, T ED, BRE B 1
Fi7R o SEAT RIS T FH Ak A ) 05 P B k) —
FH 3% 3V 4 (dimethyl sulfoxide, DMSO), DMSO }43#ft
ol WA A BT R T A AR R A B B (AR
HE), (K R T DMSO 1y 2 o i 2 il 78 B R BRI
05%(V/IV)LLF, Lk 2> DMSO Xt 41 B Y 5 i,
EMO RH AE Hll DHA X 4 Fhib&#) H R is i g A

P, TEC 1) 114 e KB W e B8 43 1) 2 1.92x107° [ 1.23 %
107° .9.55%107° A12.23%107* mol-L™", ASSZE R
Y BR ICHRE A. fischeril ATCC 7744) 5 Tk [ 3
FEl 4 2 5% FE W) 498 T (American Type Culture Collec-
tion, ThZN BT 4E T JE WM |, L H),

1.2 BEWBCH]

TECHERAEG b, NG 3 AU bR B — 2 Fh
RN BEFEA 5 mL (IR FREE 16 22 CfH
BRI R PSR 12 ~ 14 h ZXPE0E KA 4%
P, BOEUE K IR RO A E] 2% NaCl %
W 1T IPEFE 40 min, PR AN B AR Y5O LY G E (A
X BE B3, relative light units, RLU) & 75 000 ~
80 000, BV DRl i) TAE A T2t e
1.3 gt

Z R PPN E RIS A. fischeri [FEPEIK:
#£ Luminoskan Ascent & V653 Hr X (FEBR € /R BHEL
AR ], FEE) B A HAEE W] 96 fLAR DL A2t
YRR ZE AT, BRI R ez 5 9 H
1 DMSO e il v B2 44 s bR I W, FH 2%
NaCl B a5 X Fodk FE R B R 91 L & Wid i
A 96 fLAR R, BEFLELT 160 L B2k &4 (FE
RS 2H ) B8 2% 1Y NaCl R (1 %t BRZH ) F1 40 L
HERAFRITR . R H E 15 min J5 € LAY
RLU &, BN S ZED 3 A AR, KA, Lk
G YR BE X RO R AL B IR ZE R AR A, 2 i 5

®1 IHRHBER

Table 1 Experimental drug information
5 CAS PRI RIFR 4t =X AN 43 I B (g - mol 1) afifiz
No. Name and abbreviation Structural formula Relative molecular mass/(g-mol™") Purity
OH O OH
KHEH(EMO)
1 518-82-1 . O‘O 27024 =90%
Emodin (EMO) HC OH
(6]
OH O OH
KRR (RH)
2 478-43-3 28422 98%
Rhein (RH) 0
[¢] OH
OH O OH
FIZERFE R (AE)
3 481-72-1 ) 27024 95%
Aloe-emodin (AE) OH
o]
X5 # R (DHA)
4 71939-50-9 284352 =98%

Dihydroartemisinin (DHA)

CH,
HC—0(
o]
o CH,
OH
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2 -5 128 (concentration-response curve, CRC),
T DHA 75 52590 e KU i FE A5 AF T 0 235 A 3]
50% , WO S — LA Wy A 3R 35 21 40% I X
MALA W BE(EC,,), 43 B B il S s Pk L i — ot =
JG PUTCIR AT, SR J5 i B SR — B I i
JERINRA W EEG BE M, 2 HIAH I B CRC,
G FEEXT A, fischeri 2= ¥y 5¢ e i3 R 3
A =R

X,—X

Inhibition(% )=

x100 1)

X

A x, REXT AN RLU {H, x LR AW
RLU A,
1.4 S AE AR I G 2R E

JnFn4E FH (concentration action, CA) F1t 7.4 FH
(independent action, IAYERLITAE K 4% TR G 15
P RERA BT, SR, BT CA LB FU
A REAFAE LT 5 XU BT EARIE IR &
A H 53 B AR R 2500, e B B 8 W 17, PR I O
B 56 245 W A IR R B 15F T BE /7 FE Hormesis A0, H
HHUREFNR A Y 0BG B EVE A T 1A BEAL 4T
FIA 1A B—Fh 5 TR G Y4 o0 BA A [FAE I

(a)
100 EMO
o X
ST 50¢
¥ 2
= <
==
O _______________________________________
K 8 7 6 s
W PEXTHU/(mol- L)
logC/(mol-L™)
()
100F AR

1 3/%
Inhibition/%
i
(=)

i 2/%
Inhibition/%

0 -
-50g -7 -6 -5 -4
e X £/ (mol- L)
logC/(mol-L")

A B )32 R PR B A R S S
RIS HOHRAACE

E(c,;)=1-117,(1-E(c) @)
2 e F1 Ee,, ICFRIE G W 0 S0 B RLEUN 5
E(c,)RFH 5y i tEIRE WP XIN ¢, e I 1) B —2K
N, TA MIZRAGETT A A1 2 P DL 95% B A IX i) %
o RGN A 5 MEAE A O L BSEPR I CRC
FITA fHZRHEATH0 500, (1) SZFRIY CRC 7E 1A 4k
(B 5% 95% BEA5 X )R 5, BLIHE & W i & 2 1
SEIFEYUER ; Q)3 PRA) CRC 7 T 1A MR (L7
95% B {r X [E]) Ay Hh ], BLAHR A& P & #k 2 BUAH
JVERT; 3) PRI CRC 7E 1A (B & 95% B 15
DX TE0) ) 07, BUBHIR A & Bk B EFEH .

2 R 5178 (Results and discussion )
2.1 WZGE RN A. fischeri BB —F5 1

EMO RH AE F1 DHA X} A. fischeri ) #f— 7
PEMZE AN 1 iR, 32 $00 A 350 -5 ih e ok
13T BC,y, KBRS THEHUERIXT A. fischeri 1) 5
£, EMO . RH . AE #ll DHA #J EC,, /3 %} 6.39 x
107 237x107° | 1.74x107° F11.25%10™* mol-L™", A

/.

b
100f &

i 2/%
Inhibition/%
N
S

-8 -7 -6 -5
e FE X/ (mol - L)
logC/(mol-L™)

100+

[
(=
T

=
1

-50

WX/ (mol - L)
logC/(mol-L™)

E1 hZHEEHIEF(TCM) X A. fischeri B2 —F 1%

Fig. 1

The single toxicity of traditional Chinese medicine (TCM) antibacterials to A. fischeri
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LA, EMO [ EC,, 5/, BEPEf K, Ifif DHA 19
EC,, fe K, B die /DN 5 52 3 v 24 i B 7 791 1) 2 1
J¥ 4 : EMO>RH >AE >DHA . 7E 2 ®ij (9 BF 5%
Wu S50 B2 R B8 b L AR 56 R AL A 14
RN : RHS>EMO>AE . %58 5 A SC S B0 45
()22 5 AT BB VR T = Az 4 AN IR 205 B AN T . Wa
SELOM P AR A 2 4 ot A A IR T, IR
T O A BRI W A K AR SCLL AL fischeri
VE MR AW, R 5 2 A, fischeri B4 W) 7%¢ St
KHAH.

A.fischeri () 1 W) 96 6 3R IR F DL B A5 i 4
R ITA

NADH+H*+FMN—NAD" +FMNH, 3)
FMNH, +RCHO+0,—FMN+H, O+
RCOOH +light (490 nm) )

X H  NADH 267 i Ji 780 0 ok i J W2 e — M TR,
FMN /R 85 2 TR, NAD " 2 7% S A6 10 A0 ot i
JIRIE A — A% 15 R , FMINH, 26718 i Ji 750 o 35 B R 4
%, RCHO /1 %, RCOOH /R 2 12 ; K2 v (3)
NADH/FMN bk J5 il fi b, 11 52 0 (4) 98O &R
At EAL

EA TR, Bl AL &% EMO %} NADH %A
LT A1 NADH JIt SR A7 B0 Bl 4= 1T, B3
R 25 ) FE A R TR 5 1 AR AL 5 RH L AE
X} NADH 484k i i 41 i) /F F A B3 &2, % NADH fiie
AR —E ME e, H AE % NADH it &0
PR R I RH 5527 84, EMO .RH 1 AE /&1
falf0 i NADH 4 1k fiff 5. NADH i &0 il 19 35 M 19
Wg2 M EMO .RH Fll AE RYZ5H AT LA HX 3 Ffrep
HPUE R YR TR BRI EGY, CAWRE
W, PR 5L RS 25 5 5 D e A 1l O ST AR
SEME G, W BT D B2 (1 AR W 2= E 2,
H, A 1#EM EMO 5 NADH %4k i LA &2 NADH
A RGEE G ka2 2 5%, RH Al AE 5 NADH
WA 4S5 U E 2 G, W T NADH ki
o NADH ¥ SR 475 1 , DA T BEL T 2 R {4 I i 2 P
FAL i, R 2 2N A A BN I s AR VR AL | B
LN B RN KRB FBEEH . AR KT
RS E LT 0 NADH S0 177 52 M 2 s (4% B 11
IEHIHAER R 4 DHA 238 14 5 NADH fi
AR AH AR RIS A2, (Al T DHA A H
AR EBRES K, I FT BB G418 EMO \RH Fll AE
TR EE 3o SRR b Ae e i 2 AW, T 22 3 LX)

A. fischeri W TE £ L EMO .RH #il AE /N, %5 | ¥
23R H 2540 E 7] EMO RH  AE Hil DHA % A. fis-
cheri "L HESCRAIHRIVE LG QN & 2 s,

2.2 G HLERIRXT A, fischeri WS Bk

HR A P — B PE R TSR 005 1 1A i £, [m] it
% T EMO .RH  AE #ll DHA X} A. fischeri 4= ¥)5¢
e Z oA BRI ILA AR B CRC, DL 545
REE ARG FBEIEEN .,

FH &L 3 AR, 7 S5 90 e KV B 25 F K, EMO-
RH 5 = il ok, ik 94.55% ,RH-AE IRZ,
e 3R 62.03% , 1M HAR 4 R 254503 7 1) —
TCIR G W 1 B 5 41 o) 2R 8 A Gk 3] 50% , o AE-
DHA Y = i 285/, o4 31.44%

EMO .RH .AE #1 DHA ) —JCiR WIS
PEAE IR EE R & 2 froR, hIE 3 figk 2 nl 4,
EMO-RH .EMO-DHA #J 5 1 B & (9 5 He /5, i
EMO-AE .RH-AE RH-DHA V) ;. AE-DHA —JtiR&
YISEPRY CRC 5 1A M2k T8, /M A AEAE
R RETR A Wik Bk AE A8 4k, Horf AE-DHA JE3
BT B D] b BEAR IR SR RS U R A A
FAtE S, M EMO-AE . RH-AE L) &% RH-DHA 7Ffik i
JE DX AR 7 S BE X 2 AU ERT

i EAl UL FEXE AL fischeri B A= W5k 6 7 A 4
T FH (%) w5 TR 3 DX TRT PN L 4 b op 250 B 590 1) — e TR
B YA BEEAE A B oSBT, aniE 2 iR,
eI T BE 2 7 5 W B X, EMO \RH , AE F1 DHA D)
SRR TR G I, A6 A W) Z 18] BAH 55 4 P 1 X
NADH it S0 7 A= 1 i 45, 3 3O A0 S iy i 4
RIS , B T 3O & R MERRIG, R B 5Ty
A HE AR R,

HRAEE 4 0] A, R 4 B 2550 R0 = ool
BV BEERUN K B, 16 52 50 5 KU e 451k
T, EMO-RH-AE 1 # P % i, & & 0 6l % ik
52.17% ,EMO-RH-DHA #5155 , B¢ i A 2R A
22.58% , i EMO-AE-DHA ,RH-AE-DHA %I A. fis-
cheri TLEEEVE ., AN, = JCIRE§ WL PR ) CRC
5 1A & kA T3 X, H Bk T RH-AE-DHA
SR T REIR G Wik B2 T S U T, B m] AR
PR A VE IR, R = TR & W ZEARR
X ARIAE R, 6 sk B X A PU/EH . [FIRT i
WL 3 FlEl 4 & B, £ EMO-RH . EMO-AE  RH-
AE “JUiR A RYFERE Fin A DHA , X} A. fischeri FEX
GEEEE W Rk a5 . Qi 2 Fros, R AT R 2
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EMO RH AE fl DHA =JCiR &0, Se R RE SO KOGEON A il V5 TSm0 , A R
AL, X NADH i S0 B M4 ORI , i KRR,

NADH&E {b
ITIADH oxidase

RH

2 HEREFI A, fischeri HFMEIE AHLHIRIEE
T :NADH 375 i J BRI IR IS — R R , FMN 367K B0 R BT IR , NAD ™ 27 S AL B ME I I e — A% 1R , FMINH,
FIRIE I H F PR ,RCHO F/R %, RCOOH R/RIRIA 5 x Fe7 T 24T T 70 X A i) 300 1h 4 FH , < Bk 22 7= 3l FH AR
Fig. 2 The hypothesis of toxic mechanism of TCM antibacterials on A. fischeri
Note: NADH represents reduced nicotinamide adenine dinucleotide; FMN represents flavin mononucleotide; NAD™ represents oxidized nicotinamide

adenine dinucleotide; FMNH, represents reduced flavin mononucleotide; RCHO represents aldehyde; RCOOH represents carboxylic acid;

x stands for the inhibition of enzyme by TCM antibacterials and the more “ x” means the greater the inhibition.

x2 EHELANN-TREVEKEEE

Table 2 Joint toxicity of binary mixture in the equal toxic ratio

REKRZR IRAWALK A REMEAE
Mixed system Composition of mixture Joint toxic action
a EMO-RH $5P1 Antagonism
b EMO-AE AR BE) FH PR IE)
Addition (low concentration), antagonism (high concentration)
c EMO-DHA F5HT Antagonism
d RILAE AR BE ) FHBT(RHRIE)
Addition (low concentration), antagonism (high concentration)
REDHA AR BE ) PR IE)
e -
Addition (low concentration), antagonism (high concentration)
. AE-DHA PRI BE) AN BE ) BT (R )

Synergistic (low concentration), additive (medium concentration), antagonistic (high concentration)
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100

wn
S

2%
Inhibition/%

X (mol - L)
logC/(mol-L)

(©)
100F EMO+DHA

N
(=

THI2/%
Inhibition/%

(=

P /%
Inhibition/%

-50L——

7 6 5
PR/ (mol- L)
logC/(mol-L1)
©)
100F Rp+DHA
.= s0f
23
w8
E5
g%
I 6 5 4

e ERTE/(mol- L)
logC/(mol-L1)

(b)
100 - EMO+AE
o= S0k
= 2
# -2
E S s
=g ha e -
SRS . S,
—0g -7 -6 -5 -4
e X/ (mol-LY)
logC/(mol-L™)
100 @

wn
(=

" " 1 L 1 "
-8 -7 -6 -5 -4

e RESHE/ (mol- L)
logC/(mol-L1)
®
100 AE+DHA
=X 50
=5
S
= o
-50 1 N | 1 N |
-7 -6 -5 —4
R X £/ (mol - L)
logC/(mol-L)

3 HAREFN_TRESYHTE- WML (CRCs) S EMA(IA) MiZk (B2 95%EREXE)
E: Fon TR A “ IR A WA CRCs; —— R8s AP E A9 —IniR AW 1A M2 ------30R 1A MIZRE 95% BAH X[,

Fig. 3 The concentration-response curves (CRCs) and the independent action (IA) curves with 95%

confidence bands for the binary mixture of TCM antibacterials

Note:

shows the CRCs for the binary mixture of TCM antibacterials; —— shows the IA curves for the binary mixture of TCM

antibacterials; ------ shows the 95% confidence bands of TA curves.

L5 AR 6 S5 90 e KW A B2 2 T, EMO-
RH-AE-DHA X} A. fischeri JLFJCEEE/ER . 4 Fp
AR TTIR &5 bR g CRC 5 1A i FIME A
AT A SIS T AR BE X AR T, 7E R
EX RREPUEM, @ WK 4 fE S K, 1E
EMO-RH-AE — JC iR & #9 2 il I fin A DHA, X}

A. fischeri WEEAFEPEAE FH 20819855 , 1T RE ) K 2 78
SR KA R BE AR R, 3X 4 R 2G B e A 2
i, EA1STe S NADH J & = A 40 il /8
FH B3R 55 4 6 RAR TR, fe 28 T 800 & ROV LF A
FEAEVRIAE R BEE R R R REAIR

g5 b, ARSCIE T EMO \RH \AE #l DHA iX
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(a) (b)
100F EMO+RH+AE 100 EMO+RH+DHA
.= 50} .= sof
3 50 2% 50
# -8 3 -8 o
EL | LT 5 | T
=g Ob----% g e eI = E ob--E- XA Eg YA ]
_50 1 1 1 1 — 1 1 1 1
-8 7 6 5 4 30 7 6 5 4
e PE XU/ (mol- L) e XH/(mol- L)
logC/(mol-L™) logC/(mol-L™")
(¢) (d)
100F EMO+AE+DHA 100F  RH+AE+DHA
- X 50F o X 50
= =5 X &
o g < 8
NEH- = =
Es [ Ttteee—____. EsS
= = ﬁ =
=5 R T s =X UF LR EEEEEEEEEEREEE =
IR ~6 =5 " S0=—= 6 5 7

e RE XA/ (mol - L)
logC/(mol-L")

X/ (mol - L)
logC/(mol-L")

B4 HHERAEFANZTREEYWH CRCs 51A HZk (B8 5% B XiE)
E: R P PUE R I =TTIR G WY CRCs; ——FR G HU R I =TTIR S W00 1A ek ;------ FoR 1A HZR Y 95% BAF X IH],
Fig. 4 The CRCs and the IA curves with 95% confidence bands for the tertiary mixture of TCM antibacterials

Note:

shows the CRCs for the tertiary mixture of TCM antibacterials; —— shows the IA curves for the tertiary mixture of TCM antibacterials;

------ shows the 95% confidence bands of A curves.
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Fig. 5 The CRCs and the IA curves with 95% confidence
bands for the quaternary mixture of TCM antibacterials
Note: shows the CRCs for the quaternary mixture of TCM
antibacterials; —— shows the TA curves for the quaternary mixture of

TCM antibacterials; ------ shows the 95% confidence bands of TA curves.
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