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Comparative Study of Antibacterial Properties of Emodin
and Enrofloxacin Against Aeromonas hydrophila
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Abstract

Antibacterial properties of emodin, extracted from rhubarb, and enrofloxacin,
against Aeromonas hydrophila, were assessed in this study. The minimum
inhibitory concentration (MIC) values of emodin and enrofloxacin to fight A.
hydrophila WJ12011BJ44 were found to be 100ug/ml and 9.375ug/ml,
respectively. To understand the mechanisms of action of emodin and
enrofloxcain against A. hydrophila we studied antibacterial activity, bacterial
membrane permeability, and ultrastructure of A. hydrophila cells treated with
emodin, enrofloxacin individually, and the combination of both. The results
shown in the growth curve of A. hydrophila treated with different
concentrations (from 0 MIC to 4 MIC) of emodin and enrofloxacin were similar
and stable, and there was no significant difference in the growth curve of
different treatment groups. There were significant differences in the K*
concentration among all treatment groups from 1 h to 8 h after incubation
compared with the control. The highest K* concentration was observed in the
emodin+enrofloxacin group from 1 h to 8 h after incubation. PI fluorescence
signal of untreated A. hydrophila cells and A. hydrophila cells treated with
emodin, or enrofloxacin individually, or the combination of both were 0.89,
11.4, 13.98 and 18.3, respectively. The mortality of A. hydrophila cells
treated with the combination of emodin and enrofloxacin was greatest
compared with other groups. These results indicated that 2 MIC emodin, 2
MIC enroflxacin, and combination of 1 MIC emodin and 1 MIC enrofloxacin can
inhibit the growth of A. hydrophila, increase bacterial membrane permeability,
and damage cell membrane integrity. The combination of 1 MIC concentration
emodin and 1 MIC concentration enrofloxacin produced the best antibacterial
activity against A. hydrophila.

*Corresponding author: Xian-ping Ge: gexp@ffrc.cn Tel.: 0086-510-85557892; fax:

86-510-85553304; Wen-bin Liu; wbliu@njau.edu.cn , Tel (Fax): 86-025-84395382
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Introduction

There is increasing interaction between aquaculture and fisheries for socio-
economic reasons. The relevance of interaction between the two sectors is
becoming more evident as the transition from fishing to farming has reached a
pivotal point, as almost 50% of fish food supply now comes from aquaculture.
China is a major aquaculture country, accounting for nearly 70% of aquaculture
output worldwide. However, there are many types of fish diseases caused by
pathogenic bacteria (Frans et al., 2008). These include the bacteria, Aeromonas
hydrophila (Vivas et al., 2004), as well as fungi (Frans et al., 2008), viruses (Wang
et al., 2012), and parasites (Xi et al., 2011), which have caused severe economic
losses in aquaculture throughout the country (Feng, 2010).

Aeromonas hydrophila, a Gram-negative rod-shaped bacterium belonging to the
Aeromonidae family, is widely distributed in fresh water, sewage-contaminated water,
sludge, soil, and foods. A. hydrophila is an important bacterial pathogen and is
associated with several fish diseases, such as hemorrhagic septicemia, fin and tail rot,
and epizootic ulcerative syndrome (Larsen et al., 1977; Lu, 1992). These diseases have
caused high mortality in freshwater fish resulting in extensive losses worldwide (Feng,
2010). Antibiotics and chemotherapeutics used to control these diseases can result in
development of drug-resistant bacteria, environmental pollution, and residues in fish. In
order to prevent disease and reduce side effects associated with antibiotics demand is
increasing for organic aquaculture, and there is a growing interest in using natural
products, functional carbohydrates (Sun et al., 2011), and plant extracts (Harkrishnan et
al., 2008; Xie et al., 2008; Bhuvaneswari and Balasundaram, 2006)

Emodin (1, 3, 8-trihydroxy-6-methyl-anthraquinone),
(Fig 1) one of the important bioactive compounds in

o o A rhubarb, has shown a wide variety of
O.g pharmacological properties — anti-inflammatory (Kuo

oIH et al., 2001), antioxidation (lizuka et al., 2004),

8] scavenging free radicals (Huang et al., 1995),

C15H1005 270.24 antimicrobial (Wang et al., 2010), blood lipid

reduction (Zhou et al., 2006), liver protection (Lin et
al., 1996), immunity regulation (Wang et al., 1995)
and antitumor activities (Wang et al., 2010). Among its wide biological activities, in only
a few cases has the mechanism has been elucidated. The antibacterial activity and
mechanisms of action of emodin against A. hydrophila have been little reported.
Anthraquinone extract (main components, emodin, chrysophanol, and rhein) can
promote growth, enhance immunity and resistance to high temperatures, of freshwater
prawn Macrobrachium rosenbergii (Liu, et al., 2010), however little information has been
obtained on the comparison between emodin and enrofloxacin.

Fig. 1 Structural formula of emodin

Enrofloxacin (Fig. 2) is now widely used in the prevention and treatment of a variety
of infectious animal diseases, as well as in aquatic animal disease prevention and control
(Wang et al., 2010). However, as there is no enrofloxacin in animal tissue, in high
0O O quantities, enrofloxacin is toxic to the liver and kidneys

(Vancutsem, 1990).

F
‘ OH Emodin has been regarded as an immunostimulant that
leads to an increase in non-specific immunity of fish (Xie
PN N et al., 2008), anti-oxidization enzyme activity (Xie, et
HngN\) A al., 2008; Liu, et al., 2010), and disease resistance (Xie,
et al., 2008).
Fig. 2. Structural formula of enrofloxacin. The aim of this study was to investigate the

mechanism of antibacterial activity of emodin and enrofloxacin against A.hydrophila and
the comparison between emodin and enrofloxacin. We investigated the morphology of
treated cells and the molecular mechanism of emodin and errofloxacin against A.
hydrophila. Several possible mechanisms of action were proposed. Our results provide
theoretical base for the use of emodin to increase disease resistance in fish in the future.
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Materials and methods

Microorganisms and chemicals/reagents. A. hydrophila WJ2011BJ43, WJ]2011BJ44,
IB101, JG101, 4LNS301, CCH201, LNB101, CG101 were obtained from the Freshwater
Fisheries Research Center, Chinese Academy of Fishery Sciences. A. hydrophila
WJ2011BlJ44, was selected due to its virulence in preliminary challenge experiments.
Emodin and enrofloxacin (purity>99%) were obtained from Feida Chemical Reagent Co.
(Xian, China). A Cell Apoptosis PI detection kit was purchased from Beijing FanBo
Biotech. Co. Ltd., China. UPLCgrade methanol was purchased from Sigma-Aldrich (St.
Louis, MO, USA). All other reagents (Sinopharm Chemical Reagent Co., Ltd., Shanghai,
China) were of analytical grade.

Antibacterial activity. The antimicrobial activities of emodin extracted from Rheum
officinale Bail and enrofloxacin were determined by using a twofold micro-dilution broth
method (Naghmouchi et al., 2006). A. hydrophila W]2011B]J44 was grown to mid-log
phase in Luria-Bertani (LB) broth at 28°C for 20 h. The emodin and enrofloxacin were
dissolved in absolute ethyl alcohol and the initial concentrations of emodin and
enrofloxacin were 2 mg/ml and 3 mg/ml, respectively. Twofold serial dilutions of 200 ul
of emodin sample solution were transferred into test-tubes to final concentrations of 200,
100, 50, 25, 12.5, 6.25, 3.125, 1.563, 0.782, 0.391 and 0 ug/ml, which had been filled
with 1800 ul LB broth. Twofold serial dilutions of 200 ul of enrofloxacin sample solution
were transferred into test-tubes to make up final concentrations of 300, 150, 75, 37.5,
18.75, 9.375, 4.69, 2.34,1.17, 0.59, 0.29, 0.15 and 0 ug/ml, filled with 1800 ul LB broth
and corresponding to the concentration of ethanol as a positive control. Bacterial
suspension (5 ul) was then added into each test-tube to a final concentration of 10°
colony-forming units (CFU) cell/ml. Test-tubes were incubated at 28°C for 20 h. After
incubation, microbial growth was determined by estimating the increased turbidity of
each well, measured at 530 nm using a MK3 spectrophotometer microplate reader
(ThermoFisher). The minimal inhibitory concentration (MIC) was calculated from the
highest content of emodin and enrofloxacin above which growth of A. hydrophila
WJ2011BJ44 was inhibited. The test of antibacterial activity was carried out in triplicate.

Growth curve. A. hydrophila W12011BJ44 was grown to log phase in LB broth at 28°C
for 16 h. Bacterial suspension was made up to a final concentration of 10° CFU cell/ml.
The emodin and enrofloxacin solutions were added to the bacterial suspension and kept
as final concentrations of 0 MIC (control), 2 MIC, 3 MIC and 4 MIC emodin and
enrofloxacin, respectively. The bacterial suspension was incubated at 28°C. The control
group was not treated with either emodin or enrofloxacin. Microbial growth was
determined hourly during the incubation period by estimating the increased turbidity of
each well, measured at 530 nm using a MK3 spectrophotometer microplate reader
(ThermoFisher). The growth curve experiment was repeated three times.

Mortality curve. A. hydrophila W]J2011BJ44 was grown to log phase in LB broth at
28°C for 16 h. Bacterial suspension was made to a final concentration of 10’ CFU cell /ml.
The emodin and enrofloxacin solutions were added to the bacterial suspension and kept
at final concentrations of 0 MIC, 2 MIC and 4 MIC emodin and enrofloxacin, respectively.
Then bacterial suspensions were incubated at 28°C. Every 2 h during the incubation
period, tenfold serial dilutions of cell suspensions were inoculated in LB AGAR medium,
incubated at 28°C for 20 h. After incubation, all the colonies were counted. The test
results of models were plotted separately as a mortality curve with Lg CFU as the
ordinate and culturing time as the abscissa. The mortality curve test was repeated three
times (Fig 5).
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Fig. 5 The effect of emodin (a) enrofloxacin (b) on mortality curve of Aeromonas hydrophila.

Note: Data are expressed as means £ SEM (n = 3) . Diverse little letters show significant
differences (P < 0.05) in different dosage groups of each sampling point in Duncan’s multiple range
test.

Bacterial membrane permeability. A. hydrophila W]2011BJ44 was grown to mid-log
phase in LB broth for 16 h at 28°C. Bacterial suspension was made up to a final
concentration of 10° CFU cell /ml. The emodin, enrofloxacin, and combination of both
solutions were added to the bacterial suspension. Final concentrations of emodin, and
enrofloxacin, were 2 MIC respectively, and the combination of both was also 2 MIC (1
MIC emodin and 1 MIC enrofloxacin). All bacterial suspensions were then incubated at
28°C. The control group treatment was emodin and enrofloxacin. Every 2 h of incubation
period, the bacterial suspensions were centrifuged at 3000 rpm for 5 min at 4°C, and the
supernatants were diluted 20-fold (Hao et al., 2009). The concentration of released K*
was measured by an atomic absorption spectrometer (Spectr AA 220; VARIAN, USA). All
analysis was carried out in triplicate (Fig.6).

—e—control
—=#—emodin of 2MIC

enrofloxacin of 2MIC

Fig. 6 The effect of emodin on

emodin+enrofloxacin bacterial membrane permeability of
10.5 Aeromonas hydrophila.
- Tgidid Note: Data are expressed as
s SE .

2 49 gd+_ 1C-°C means £ SEM (n = 3). Diverse
L= € = C [P
SE o5 | b lower case letters show significant
=g differences (P < 0.05) in different
s 2 [ do_sag'e groups of each. sampling
8 wg L a point in Duncan’s multiple range

) test.
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Flow cytometric (FACS) analysis. After treatment with emodin and enrofloxacin, the
membrane integrity of A. hydrophila WJ2011B]J44 was determined by flow cytometric
analysis using propidium iodide (PI) as a probe (Jang et al., 2006). A. hydrophila
WJ2011BJ44 was grown to log phase in LB broth and then mixed with emodin,
enrofloxacin, and a combination of both solutions. Final concentrations of the emodin,
enrofloxacin, and their combination were 2 MIC, respectively (The combination was of 1
MIC emodin and 1 MIC enrofloxacin). All bacterial suspensions were incubated at 28°C for
4 h. A. hydrophila cells were washed three times with sterile phosphate-buffered saline
(PBS), and re-suspended at a concentration of 10° CFU/ml in the same buffer. The
treated cells were incubated with PI solution (50 ug/ml final concentration) at 37°C for 30
min, then thoroughly washed with PBS to remove unbound dye. PI was excitated at 488
nm using an argon laser, and the resulting fluorescence emission was measured by a 660
nm long-pass filter. Enrofloxacin was used as a positive control, and the negative control
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received no emodin or enrofloxacin. Flow cytometry analysis was conducted using a
FACScan instrument (Calibur, BO, USA). All analysis was carried out in triplicate.

Scanning electron microscopy. In order to clarify the sterilization mechanism of
emodin against A. hydrophila, we treated A. hydrophila cells with emodin, enrofloxacin,
or a combination of both. The ultrastructure of treated A. hydrophila cells was measured
using Scanning electron microscopy. A. hydrophila W12011BJ44 was grown to log phase
in LB broth, and subjected to the same flow cytometric (FACS) analysis. A. hydrophila
cells were collected by centrifugation (3000rmp, 3min) and washed twice with deionized
water. After treatment, the bacterial pellets were fixed with 2.5% buffered
glutaraldehyde for 3 h. The A. hydrophila cells were dehydrated in graded ethanol
concentrations for 10 min each time, dehydrated twice in absolute ethyl alcohol for 10
min each time, and subsequently exchanged with graded tert-butanol concentrations for
5 min each time. After treatment, the cells were submerged in tert-butanol, and
subsequently dried using a Hep-2 critical evaporator. Finally, samples were sprayed using
a sputter coater and observed using scanning electron microscopy (S-3000N; Hitachi,
Japan) under standard operating conditions. The group without emodin and enrofloxacin
was the control (Fig 7).
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Fig. 7 The effect of emodin or enrofloxacin or
20 d S )
combination of both on PI fluorescence signal of
E 16 c A. hydrophila cells.
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8= Diverse little letters show significant differences (P <
S 8 0.05) in different dosage groups of each sampling
= a point in Duncan’s multiple range test (A). The
a a increments of the log fluorescence signal represent
o m— uptake of PI by the bacteria cells. G1, G2, G3 and G4
G1 G2 G3 G4 mean the control, emodin, enrofloxacin and
Different groups emodin+enrofloxacin groups, respectively. Cells not

treated with emodin (a), cells treated with emodin (b)
or enrofloxacin (c), and cells treated with emodin and
enrofloxacin (d).
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Data statistics and analysis. All data are presented as means £ S.E. (standard error
of the mean). Data were transformed logarithmically before being subjected to one-way
analysis of variance (ANOVA) using SPSS 13.0. When the overall treatment effect was
significantly different, Tukey's test was conducted to compare the means between the
different treatment groups. The level of significant difference was set at P < 0.05.

Results

Antibacterial activities of emodin and enrofloxacin. The antibacterial activities of
emodin and enrofloxacin on A. hydrophila are shown in Fig. 3.

Fig. 3 Antibacterial activities (MIC) of emodin (a) and enrofloxacin (b) against Aeromonas hydrophila

(a) (b)
0.7
gfé\ 0.6 0.6 -
f— 0-5 o 5 [
$S 0.4 '
> ‘
aM — ’é‘ 0.4
ol 03 ®E 03 |
0.2 > Q
a® 0.2 -
0.1 ol
0 0.1 -
200 50 12.53.130.78 O o 160 ATE 466 GES 6
) . -0.1 3 . . .
The concentrat.'on of emodin The concentration of emodin
sample solution (ug/ml) sample solution (ug/ml)

Note: Data are expressed as means £ SEM (n = 3) .

The minimal inhibitory concentration (MIC) values of emodin and enrofloxacin against A.
hydrophila W1J2011BJ44 were 100 ug/ml and 9.375 ug/ml, respectively. Fig. 4 indicated
that the trend of growth curve of A. hydrophila treated with different concentrations
(from MIC to 4 MIC) emodin (a) and enrofloxacin (b) were similar and steady, and there
was no significant difference on the growth curve of the different treatment groups.

(a) (b)
0.6 - —e— control 0.6 - —e—control
—a— MIC —a—MIC

§€0-5 i 2MIC 0.5 | 2MIC
©£04 3MIC 3MIC
Qn 03 - -
ol £503 |

0.2 e P02 |

0.1 ~

o il 0.1
0 5 10 1 20 0 RICKRISRIKISK I R
: 0 5 10 15 20
Time.(hoar) Time (hour)

Fig. 4 The effect of emodin (a) and enroflxacin (b) on growth curve of Aeromonas hydrophila
Note: Data are expressed as means =+ SEM (n = 3) .

Results showed that emodin (a) at concentrations of 2 MIC and 4MIC can Kkill A.
hydrophila within 10 hours. There were significant differences (P < 0.05) between
different groups from 2 h to 8 h after A. hydrophila was treated with emodin (Fig.5a). In
addition, enrofloxacin at a concentration of 4 MIC can kill A. hydrophila within 8 hours
(Fig. 5b). Significant differences (P < 0.05) were observed among all treatment groups

from 2 h to 10 h.
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Bacterial membrane permeability. Significant potassium efflux from bacterial cells
was induced after incubation, and K* efflux increased with increasing incubation time
from 1 to 4 h; only slight changes were observed after more time. There were significant
differences (P < 0.05) in the K* concentration of bacterial cells among all treatment
groups from 1 h to 8 h after incubation compared with the control. The highest K*
concentration was observed in emodin+enrofloxacin group from 1 h to 8 h after
incubation. In addition, the K* concentration of A. hydrophila cells treated with
enrofloxacin was significantly (P < 0.05) higher than that of A. hydrophila cells treated
with emodin. Therefore, the membrane permeability of A. hydrophila cells treated was
highest in the emodin+enrofloxacin treatment group; next was the enrofloxacin
treatment group, followed by the emodin treated group. The lowest was the control
group.

Flow cytometric (FACS) analysis. Detection of internal PI in single cells can indirectly
reflect the state of the cells and this was analyzed using flow cytometry. The PI
fluorescence signal of untreated A. hydrophila cells in the control group was 0.89 (Fig.
7a). However, when A. hydrophila was treated with 2MIC emodin, and 2MIC enrofloxacin,
the PI fluorescence signhal of treated A. hydrophila cells was 11.4 (Fig. 7b), and 13.98
(Fig. 7c), respectively. When treated with the combination of emodin and enrofloxacin, PI
fluorescence signal of treated A. hydrophila cells was 18.3 (Fig. 7d). The highest PI
fluorescence signal was observed in emodin+enrofloxacin group (Fig. 7A).

Scanning electron
microscopy. Untreated A.
hydrophila cells remained
intact and showed a smooth
surface in the control group
and the structure of the
untreated (control) A.
hydrophila cells were not
affected (Fig. 8a) but 4 h
after treatment with
emodin, or enrofloxacin, or
both combined, the A.
hydrophila cells showed
important morphological
changes such as breakage
of cell wall and membrane
(Fig. b, ¢, d ). The
destruction of A. hydrophila
cells treated with the
combination of emodin and
enrofloxacin was more
serious compared with
other groups (Fig. 8).

Fig. 8 Scanning electron micrographs of the effects of emodin and enrofloxacin. Cells not

treated with emodin (a), cells treated with emodin (b) or enrofloxacin (c), and cells treated Discussion
with emodin and enrofloxacin (d). After analysis both emodin
and enrofloxacin exhibited
excellent antibacterial activity against A. hydrophila and the activity of the two drugs was
positively related to their concentrations (even low concentrations, indicating that emodin
and enrofloxacin were major antibacterial components against the growth of A.
hydrophila. In addition, emodin and enrofloxacin at the concentration of 2 MIC and 4 MIC
was shown to kill bacteria within 10 h after the incubation of A. hydrophila cells. These
results were consistent with previous reports which indicated that emodin has the same
antibacterial activity as enrofloxacin (Wang et al., 2010; Chen et al., 1962). This can be
seen in Wuchang bream (Ming et al., 2012). It is feasable that emodin and enrofloxacin
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could directly affect the growth of, and may even kill A. hydrophila cells. The present
study indicated that the concentration of 2 MIC or 4 MIC emodin and enrofloxacin had
the greatest potential to kill A. hydrophila.

Damage to the bacterial cell wall and cytoplasmic membrane might indicate loss of
structural integrity and affect the membrane’s ability as a permeable barrier. When the
bacterial membrane was damaged, small ions such as potassium and phosphate could
leach out, and cytoplasmic constituents from the cells could be monitored. Therefore, the
effects of emodin, enrofloxacin, and combination of both, on the membrane permeability
of A. hydrophila cells were investigated by measuring the amount of potassium ions
released from drug-treated cells. In this experiment, results showed that the increase in
the amount of K' released from A. hydrophila cells after treatment confirmed that
emodin and enrofloxacin increased the permeability of the plasma membrane, causing
potassium ion leakage from treated cells ultimately destroying the A. hydrophila cells
(Denyer, 1990). This was confirmed by FACScan analysis. To investigate whether
damage to the plasma membrane improved the antibacterial effect of emodin,
enrofloxacin, and the combination of both, PI was added to cells which were incubated
with the drugs individually and combined. PI is a fluorochrome that intercalates into
nucleic acid as a viability marker, by penetrating cells and staining them only when
membrane integrity is lost (Ananta et al., 2004). Morphological changes and leakage of
cytoplasmic contents were also observed in electron micrographs of A. hydrophila cells
treated with emodin, enrofloxacin and combination of both. Reports indicated that
emodin (Alves et al., 2004; Shan et al., 2008) and enrofloxacin (Efthimiadou et al.,
2008) could bind and enter the cell membrane, causing damage to the cytoplasmic
membrane. The present study confirmed these results.

All results showed that bacterial membrane permeability of A. hydrophila cells
treated with the combination of emodin + enrofloxacin was highest. This indicated that
emodin could partially replace enrofloxacin as a bactericidal drug. A synergistic effect was
observed between emodin and enrofloxacin. Further research is needed to understand
the mechanism involved. Results from the present investigation conclusively indicate that
emodin and enrofloxacin increase membrane permeability of A. hydrophila and cause
leakage of bacterial intracellular contents. The death of A. hydrophila cells might be the
result of cell content leakage or the initiation of autolytic processes. The combination of
emodin + enrofloxacin significantly increased membrane permeability of A. hydrophila
cells compared with other treatments.

In conclusion, results indicate that 2 MIC concentration emodin, 2 MIC concentration
enroflxacin, or a combination of 1 MIC concentration emodin + 1 MIC concentration
enrofloxacin, inhibit the growth of A. hydrophila, increase bacterial membrane
permeability, and damage bacterial cell membrane integrity. Our results indicate that the
combination of 1 MIC concentration emodin + 1 MIC concentration enrofloxacin are
optimal (concentration ratio=1MIC:1MIC), have the best antibacterial result, and can
enhance resistance against A. hydrophila. Emodin may to some extent replace
enrofloxacin as a bactericidal drug. The underlying mechanisms of emodin and
enrofloxacin against A. hydrophila is not yet understood and control of A. hydrophila
requires further study in aquaculture.

Acknowledgments

This work was supported by the National Nonprofit Institute Research Grant of
Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences
(2013A0901), by National Natural Science Foundation of China (31101910), by the
Modern Agriculture Industrial Technology System special project - the National
Technology System for Conventional Freshwater Fish Industries (CARS-46), by the Three
New Projects of Fishery in Jiangsu province, by the Special Fund for Agro-Scientific
Research in the Public Interest (201003020) and by the Project of Science and
Technology Innovation of Agriculture in Yancheng City, Jiangsu (YK2012034). The
authors are also grateful to Hong-hong Cui, Ming Zhou, Ying-jie Liao, Jin-juan Wan and
Su-li Cui for their assistance with sample preparation and analysis.



Antibacterial properties of emodin and enrofloxacin against Aeromonas hydrophila

References
Alves D.S., Pe rez-Fons L., Estepa A., and V. Micol, 2004. Membranerelated effects
underlying the biological activity of the anthraquinones emodin and barbaloin. Biochem
Pharmacol, 68: 549-561.
Ananta E., Heinz V., and D. Knorr, 2004. Assessment of high pressure induced
damage on Lactobacillus rhamnosus GG by flow cytometry. Food Microbiol, 21: 567-577.
Bhuvaneswari R., and C. Balasundaram, 2006. Traditional Indian herbal extracts
used in vitro against growth of the pathogenic bacteria — Aeromonas hydrophila. Isr. J.
Aquacult. - Bamidgeh, 58(2):89-96.
Chen Q.H., Zheng W.F., Su X.L., and W.S. Lai, 1962. Studies on chinese rhubarb I.
Preliminary study on the antibacterial activity of anthraquinone derivatives of chinese
rhubarb (Rheum palmatum L.). Acta Pharm Sin, 9: 757-762 (in Chinese).
Denyer S.P., 1990. Mechanisms of action of biocides. Int Biodeter, 2—4: 89-100.
Efthimiadou E.K., Karaliota A., and G. Psomas, 2008. Mononuclear metal complexes
of the second-generation quinolone antibacterial agent enrofloxacin: Synthesis,
structure, antibacterial activity and interaction with DNA. Polyhedron, 27: 1729-1738.
Feng D.Y., 2010. Survey and evaluation of diseases found in freshwater fishes in 2009.
Chinese Journal of Fisheries, 23: 60-65 (In Chinese).
Frans I., Lievens B.*, C. Heusdens C. and K.A. Willems, 2008. Detection and
Identification of Fish Pathogens: What is the Future? A Review. Isr. J. Aquacult. -
Bamidgeh, 60(4):13-229.
Hao G., Shi Y.H., Tang Y.L., and G.W. Le, 2009. The membrane action mechanism of
analogs of the antimicrobial peptide Buforin 2. Peptide, 30: 1421-1427.
Harkrishnan R., and C. Balasundaram, 2008. In vitro and in vivo studies of the use of
some medicinal herbals against the pathogen Aeromonas hydrophila in goldfish. J Aquat
Anim Health, 20: 165-176.
Huang S.S., Yeh S.F., and C.Y. Hong, 1995. Effect of anthraquinone derivatives on
lipid peroxidation in rat heart mitochondria: structure activity relationship. J Nat Prod, 58
(9): 1365-71.
Iizuka A., Iijima O.T., Kondo K., Itakura H., Yoshie F., Miyamoto H., Kubo M.,
Higuchi M., Takeda H., and T. Matsumiya, 2004. Evaluation of rhubarb using
antioxidative activity as an index of pharmacological usefulness. J Ethnopharmacol, 91:
89-94.
Jang W.S., Kim H.K., Lee K.Y., Kim S.A., Han Y.S., and I.H. Lee, 2006. Antifungal
activity of synthetic peptide derived from halocidin, antimicrobial peptide from the
tunicate, Halocynthia aurantium. Febs Lett, 580: 1490-1496.
Kuo Y.C., Meng H.C., and W.]. Tsai, 2001. Regulation of cell proliferation,
inflammatory cytokine production and calcium mobilization in primary human T
lymphocytes by emodin from Polygonum hypoleucum Ohwi. Inflamm Res, 2: 73-82.
Larsen J.L., and N.J. Jensen, 1977. An Aeromonas species implicated in ulcer-disease
of the cod (Gadus morhua). Nordisk Vet Med, 29: 199-211.
Lin C.C., Chang C.H., and J.]J. Yang, Namba T., Hattori M., 1996. Hepatoprotective
effects of emodin from Ventilago Leiocarpa. J Ethnopharmacol, 52 (2): 107-11.
Liu B., Xie J., Ge X.P., Xu P., Wang A.M., He Y.J., Zhou Q.L., Pan L.K., and R.L.
Chen, 2010. Effects of anthraquinone extract from Rheum officinale Bail on the growth
performance and physiological responses of Macrobrachium rosenbergii under high
temperature stress. Fish Shellfish Immunol, 29: 49-57.
Lu C.P., 1992. Pathogenic Aeromonas hydrophila and the fish diseases caused by it. J
Fish China, 16: 282-288 (in Chinese).
Ming, J.H., Xie, J., Xu, P., Ge, X.P., Liu, W.B., and 1.Y. Ye, 2012. Effects of emodin
and vitamin C on growth performance, biochemical parameters and two HSP70s mRNA
expression of Wuchang bream (Megalobrama amblycephala Yih) under high temperature
stress. Fish & Shellfish Immunology, 32:651-661.
Naghmouchi K., Drider D., Khead E., Lacroix C., Prevost H., and I. Fliss, 2006
Multiple characterizations of Listeria monocytogenes sensitive and insensitive variants to
divergicin M35, a new ped-iocin-like bacteriocin. J App/ Microbiol, 100: 29-39.




10 Zhang et al.

Shan B., Cai Y.Z., Brooks J].D., and H. Corke, 2008. Antibacterial properties of
Polygonum cuspidatum roots and their major bioactive constituents. Food Chem, 109:
530-537.

Sun J., Wang,Q.* Qiao Z., Bai D., Sun J., and X. Qiao, 2011. Effect of
Lipopolysaccharide (LPS) and Outer Membrane Protein (OMP) Vaccines on Protection of
Grass Carp (Ctenopharyngodon idella) against Aeromonas hydrophila, 8 pages. Isr. J.
Aquacult. - Bamidgeh, 1JA:63.2011.655.

Vancutsem P.M., Babish J.G., and W.S. Schwark, 1990. The Fluoroquinolone
antimicrobials structure, antimicrobial activity, pharmacokinetics clinicaluse in domestic
animals and toxicity. Cornell Veterinary, 80 (2): 173-186.

Vivas J., Carracedo B., Riaii J., Razquin B.E., Lopez-Fierro P., Acosta F., Naharro
G.]J. and A. Villena, 2004. Behavior of an Aeromonas hydrophila aroA live vaccine in
water microcosms. Appl Environ Microbiol, 70: 2702-2708.

Wang C.G., Yang J.Q., Liu B.Z., Jin D.T., Wang C., Zhong L., Zhu D., and Y. Wu,
2010. Anti-tumor activity of emodin against human chronic myelocytic leukemia K562
cell lines in vitro and in vivo. Eur J Pharmacol, 627: 33-41.

Wang J., Zhao H., Kong W., Jin C., Zhao Y., Qu Y., and X. Xiao, 2010.
Microcalorimetric assay on the antimicrobial property of five hydroxyanthraquinone
derivatives in rhubarb (Rheum palmatum L.) to Bifidobacterium adolescentis.
Phytomedicine, 17: 684-689.

Wang W.]J., Wu X.Z., Yao Z., and H.Q. Li, 1995. The influence of emodin and
danshensu on monocyte’s secretion of inflammatory cytokines. Chin J Immunol, 11 (6):
370-2 (in Chinese).

Xi B.W., Xie J., Zhou Q.L., Pan L.K., and X.P. Ge, 2011 Mass mortality of pond-reared
Carassius gibelio caused by Myxobolus ampullicapsulatus in China. Dis Agquat Org., 93:
257-260.

Xie J., Liu B., Zhou Q.L., Su Y.T., He Y.J., Pan L.K., Ge X.P., and P. Xu, 2008.
Effects of anthraquinone extract from rhubarb Rheum officinale Bail on the crowding
stress response and growth of common carp Cyprinus carpio var Jian. Aquaculture, 281:
5-11.

Zhou L.L., Shu X.C.,Wu H.P., and S.P. Li, Han W., Li H., 2006. Curative effects of
emodin on fatty livers in quails. Chin J Clin Rehabil, 10 (32): 57-9 (in Chinese).






