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SO{(FA 28.1£3.7 g, 20| 10.0£1.0 cm)0fl 0, 2.0x10% 2.0x10° 2.0x108, 2.0x107 CFU/mI2|
Aeromonas hydrophilag FA 2 237t MES HAISIUCL A hydrophila2 Q19 et
Carassius carassius2| 27 5| B=X|AHsEE 19776105 CFU/mIO|QICt HHSHY X|HO|A=
A hydrophileo] 2l8f PMAQL ME =71 ROIGHA LAt HHH, MY X2 FolX #
b7t QIUCE OIaH|E, ZEat 22 2Y 77| 422 |2AXLZ UASUL. 77| €Y 42
OlM A Aydrophila QA ZH0l o) G Z=gut S AHE0| RolSHA S7tet BHH, & t
HHELS QO|6tA ZASIUCE HE A HEO ALPE A Aydophila Q| ofs [olst
A BIISHYCE & A9 Ate C carassiusoll Thet A Aydrophila®l 1IZHE0| X|HE QI
Hd MR gdlsty do U Y H20 Folst Melets BHalE FEsISS 20|
StCt,

)

Crucian carp, Carassius carassius (Weight 28.1£3.7 g, Length 10.0+£1.0 cm) were challenged
with Aeromonas hydrophila at 0, 2.0>104 2.0<105, 2.0<106, 2.0<10” CFU/ml for 2 weeks.
The lethal concentration 50 (LCs) at 2 weeks of C carassius challenged with A. hydrophila
was 19.776>x10° CFU/ml. In hematological parameters, the hemoglobin and RBC counts
were significantly decreased by A. Aydrophila challenge, whereas there was no significant
change in hematocrit. The inorganic plasma components such as magnesium and calcium
were significantly decreased. In organic plasma components, glucose and cholesterol were
significantly increased by A. Aydrophila challenge, whereas total protein was significantly
decreased. In enzymatic plasma components, ALP (Alkaline phosphatase) were significantly
increased by A. hydrophila challenge. The results of this study suggest that the A. Aydrophila
challenge to C carassius induced the significant physiological changes in the hematological
parameters and plasma components as deadly pathogenic bacteria.

Keywords: Aeromonas hydrophilaOfl 2 ZLEA ), Crucian carp(89), LCs(Et+X|AHs E),
Hematological parameters(& 44}), Plasma components(8% &)
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Table 1. The chemical components of water and experimental
condition used in the experiments

ltem Value

Temperature (°C) 242+03

pH 8.9+0.58
Dissolved Oxygen (mg/l) 7.38+0.14
Ammonia (ug/!) 1.32+0.13
Nitrite (ug/l) 3.19£0.29
Nitrate (mg/I) 0.35+0.14
Phosphate (ug/) 23.54+0.21

OR¥

2. Aeromonas hydrophila H{Y 3 H

A hydrophile®] @& BIS7| I8l 37°COIM 16AIZF St LB
HHI|01| HE L, 28 FEAE ARSI 600 nmO A 10]E 2

£ 6000 x gl 102 SO AHZ2[3t0] &0 0|t =2
S TS pH 749 QALAS A A0 HESHO] 20108 CFU/MI]
SO MY QS B|MBIRILE 0= HS 10HIN B|AlS O,
20104 20x10° 2.0x105 2.0<107 CFU/mIQ|] SE& BHE0| A
HTE 100 uy S U FABIACE R = ALASH ST

100 pY 2 W FAtSHCt

—_

3. Bk XAFZH(LDS)

A hydrophiles B3t ATt H2
2|¢l, Chidiebere, 201901 2[5t0f Q192+
o olgjztel & 0, 4 48 7 O
TR Y WESS Qolﬁﬁ'— =Z 8 HA RFRE =5,
AL JHHl= & FA| M UCE Ebrahimpour et al, 201001
A st U2 QAU 2F T A hydrophila ZHEO| o3t X|F
HAF 7HHIE HIE SR &H ZEA(SPSS Inc, Chicago, IL, USA,
probit mode)Ofl Al 2| H&40] U= ZEH|(Probit)S 0| &5t0] &t
FRAIEE =X MESIALE

dolsts BM2 A Aydrophila0l| QIS 96A17F = O
850 MPS HASIUCE HF2 Bf|mtl(Sigma
Chemical, St. Lows, MO, USA) ME| &l FAZ|E AHB3sIAH, A
g 22 & 2224 (Hemoglobin), HET &% (Hematocrit) X &
Y7 =(RBC count)E FA| 2MGHRALCE Hemoglobin =X|= Y&

£ kit (Asan Pharm. Co, Ltd)E 0|&

-

oo
5t0 Cyan-methemoglobin &

Aeromonas hydrophila®| ¥2|54 189

o2 EHIYULE Hematocrite ZAIE LHZ HHS 2O, Micro-
hematocrit centrifuge (VS-12000, Korea)OllAl 12,000 rpm, 1022t
YAEE| = Micro-hematocrit readerS 0|-83}0] Z33} YL} RBC
count= Hendrick's diluting solution2 2 W2 400t 3|M =,
hemo-cytometer (Improved Neubauer, Germany)S O|83+0{ &3t
HAOjZ o2 A3l AULC.

Hemoglobin, hematocrit % RBC count Z1HE HIE2E Praveena
et al, 20132| &S 0|23l MY LEH(MCV: mean cor-
puscular volume), B &E T MAZHMCH: mean corpuscular
hemoglobin) ¥ HH&E 14|22 2 8&E(MCHC mean corpus-
cular hemoglobin concentration)= Of2f2| WAlo 2 AMESHRICE

MCV (ul) = Hematocrit (%) / HET 105/ pl) X
MCH (pg) = Hemoglobin (g/dl) / H&T 4=(108/ pl) X 10
MCHC (%) = Hemoglobin (g/dl) / Hematocrit (%) > 100

5. BRME 24

A hydrophiel| Q1120 [HE T HE22| HlE EAM57|
28l Kim et al, 2021 2 S 0|83 ot &
M 3,000 x g2 1527t FMZE = &S 22/GHRICt
7] §Eo=Z Z&(Calcium), OF14|E (Magnesium) 3]
ZEE OCPCH, OtAUIE2 Xylidyl blue-l Holl 2t A4E v
0|&3t0] ZFotRCt. &% c’7| HEo2 e (Glucose) 2
E{I%(Cholesterol) % & G Total protein)S _|7<'|6}04 ch
GOD/POD IAHIS% AR, & T2 Biuret B0f Of
ATE[D Qe %Ié% kit (Asan Pharm. Co, Ltd)S O|&3}3iLCt,
& 2AEgO = AST (Aspartate aminotransferase) X ALP (Alkaline
phosphatase)E ZFd8IRALE AST= 505 nmOf|A{ Reitman-Frankel
1, ALP= King-King 222 500 nmO|A] 4-& kit (Asan Pharm.
Co, Ltd)E 0|83t EMStRALCt.
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1007 R—o—W—8—8——4—a—a—n—o—%_u_u LHQICE CHZETR, 20104 X 2.0%10° CFU/mIO A= 100% A4ZE S

ol v 523:132 =2 Qo 20x10° CFU/mIO|AME QLY 3A[ZHEE HALZt
—~ \ YASI0 50% WEES LEHHAUCE A Aydrophila A2 20X
x = "
= = e 107 CFU/mIOIAT S QIQIZHE 2AIZHRE] 100% M HAPZL LS}
s w0 2.0x10° ULt A hydrophila AAL B I3t C carassius2| BHX|AtsE
. £ 19.993x105 CFU/mI2 LIEFS{THTable 2).
(]

0 P SORE TONOT SOOTP., S0 THOP. SO SO ST S . 02_0(:(10? 2. 'EEiOﬂHE,_'!-I_'Il Ac‘;kol'

Fig. 1. Survival rate of crucian carp, Carassius carassius challenged
with Aeromonas hydrophila for 14 days (Control, 2.0x10% 2.0x
105 cfu/ml: 100% survival rate, 2.0<10° cfu/ml: 50%, 2.0<107: 0%

T

survival rate).

12 3 4 5 6 7 8 9 10 11 12 13 14

A. hydrophila 19120 2lgt S0{9| HASHY HHE Fig. 2
O LIEFLHRACE 80{2| hemoglobine 2x10* O|A9| A Aydrophila
oM Ro/H ZAE LIEFHASH, RBC countse 2x10° CFU/mIQ]
A hydrophiled| M 721X AAE LIEFYRUACHp < 005). HHH, S0
9| hematocrite A Aydrophila®| 192G Qs Fo/XQl HMat

Days

- mmm Control 50 mmm Control
== 2A0x10; == 2.0x10;
= 2.0x10 a = 2.0x10°
D =20x10° Ole=20me 2 2§
ke —_~
3 b 3
2 15 . S %
g i 8
[= ©
g 10 E 20
% I
5 10
B ND o ND
14 14
Days Days
500 mmm Control 12 == Control
= 2.0x10* = 2.0x10* b
= 400 | == 20x10° 1.0 | m=m 2.0x10°
& £ 2.0x10° ab 3 2.0x10°
E 0.8 1
:’O_ 300 ab g a
x T 061 R
£ 200 b Lg) a
3 0.4
3
x 100 0.2
0 ND 0.0 ND
14 14
Days Days
30 mmm Control b 70 === Control
= 2.0x10* =3 2.0x10* a
25 { mmm 2.0x10° 60 | mmm 2.0x10°
£ 2.0x10° £ 2.0x10°
2.0 . %0 b
g a\e/ 40 be
> 15 a a % c . .
g S 30 Fig. 2. Hematological parameters of
10 a = crucian carp, Carassius carassius chal-
20 . .
lenged with Aeromonas hydrophila for
03 10 14 days. Values with different letters in-
0.0 ND o ND dicate significantly different (o < 0.05)
14 14 after one-way ANOVA following Tukey's
Days Days multiple range test (ND: no data).
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Table 2. Lethal dose (LDso) of Gyprinus carpio challenged with
the different concentration of Aeromonas hydrophila for 2 weeks

95% Confidence limits

Probability Estimate (X10° cfu/ml)
0.01 6.175
0.10 12.284
0.20 14.856
0.30 16.710
040 18.295
0.50 19.776
0.60 21.258
0.70 22.843
0.80 24.697
0.90 27.269
0.99 33378
4w control a 101 s Control
=T T =t

3 = 2.0x10°

Magnesium (mg/dl)
N
Calcium (mg/dl)

Aeromonas hydrophila®| BE|Z4 191

£ LIEILER| QAT S0{9] MCH (pg) & MCV (uly= 2106 CFU
/mi2| A hydrophilad| M 728 S7tE LIEHRALT, MCHC (%)
£ 2x10* CFU/ml O|&2| A hydrophiad| M |28 ZAZ LiEt
LHRICHp < 0.05).

I

met

3.

HI

A hydrophila 21212 E0] 2|3t S0{2] EE H&E2 Fig. 3~50]
LIEFLHRACE X F7| 422l magnesiumit calcium 2x10*
CFU/ml O|&o| A hydrophila®IM R/ E Q1 ZAE LIEHHACHp
< 005). E& 37| HE9l glucose X cholesterol2 2x10° CFU
/mil A hydrophila AL B0l 2l FolXQl F7HE LIEHNA
Chp < 0.05). BHH, S total protein2 2x10° CFU/ml O|A2| A
hydrophiladI M R2|HQl ZAE LIEHHACHp < 0.05). B &
& MEQIASTE A hydrophila| Q19IZE0| Qs folXQl H
She LIEHLEX] QQUCE SEX|TH ALPE 2x10* CFU/mI O|49] A
hydrophilad| M /2|2l S7HE LIEFLHRATHp < 0.05).

Fig. 3. Inorganic plasma components
of crucian carp, Carassius carassius
challenged with Aeromonas hydro-
phila for 14 days. Values with different
letters indicate significantly different

a
] > 2.0x10°
6 b
, c

4 be
14

2
o L ND 0 ND

14

(p < 0.05) after one-way ANOVA fol-
lowing Tukey's multiple range test

Days (ND: no data).
16| mmm Control 2
=3 2.0x10* = b

e

| —_

= 2.0x10°
12 /= 2.0x10°

Total protein (g/dl)
©

Days
L mmm Control 160 mmm Control
== 2.0x10* b 140 | == 2.0x10¢
= 2.0x10° 1 = 2.0x10°
6
60 4 == 2.0x10 . - 120 £ 2.0x10°
=1 ab °
= j=2)
g, £ 100
@ 40 S &
1723 [}
8 k7]
3 % 60
(O] <
20 © 40
20
0 ND 0
14
Days

ab
ab
a
4
2
ND 0 | | ND
14
Days

14
Days

Fig. 4. Organic plasma components of crucian carp, Carassius carassius challenged with Aeromonas hydrophila for 14 days. Values with
different letters indicate significantly different (o < 0.05) after one-way ANOVA following Tukey's multiple range test (ND: no data).
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192 S50 AHE} - ZOF - HX|= - Ot =AY - M2 - SHY - dES
12 mmm Control . mmm Control d
== 2.0x10* = 2.0x10* =
10 - mmm 2.0x10° a 5 | mmm 2.0x10° c
- £ 2.0x10° a2 a l = 2.0x10° b
S 8 4
5 < 2
E 6 ff 3 Fig. 5. Enzymatic plasma com-
= 2 ponents of crucian carp, Carassius
9 4 2 carassius challenged with Aeromonas
i ; hydrophila for 14 days. Values with
different letters indicate significantly
0 ND 0 ND different (p < 0.05) after one-way
14 14 ANOVA following Tukey's multiple
Days Days range test (ND: no data).
o A MY 8HE RESIE proteasesS MASE7| 20| HAAHOf
ZYE olmE HostY Huo| EHel S Fo, HYS =
A hydrophila= 0% SFZZ|0| ZYstd SAS 2% &4 2 = UCkda Cunha et al, 2018). = ATOIM A Ayarophia 2l
2 RYStY, CiYSh = 4FeS O/ O|F T A|AHS Wit Q@2 80, C carassius2| hemoglobin & & RBC countsE
A7\ CHEF TALE fEe = e HRAKO[CHBI et al, 2007). A fo|Moz ZAAZALE 0{F2| hemoglobin® A4S ZA3lS}O]
hydrophiat O1F0] D|X|= &2 ZHo| Tt M&a, HY A HURXIE dEot= Olat2t8rdo 2tojsiy, 2 2o <fst
A EE Mo =4, 072 37|, +2 &8, 49 48 % 7[Ef YLE hemoglobin =Xl= MACHALEL} X HEE A
o MY =0 wat F2tE = UASLICHVan et al, 2013). & ZICk D 224X QUCHAisiah et al, 2020). Harikrishnan et al. (2010)
AN A hydrophila QRIZEE S0, C carassius?| &2 HA £ A hydrophila QL 0| C auratus®| hemoglobin, hematocrit
£ quslYon, BaXAHs = E 19.776X10° CFU/mIZ LIEFS % RBC counts?| Rl A4S Eagon, Ol Mz ¢ o

L} Pauzi et al. (2020)= red hybrid tilapia, Oreochromis niloticus <

AEgo =2 HS

Oreochromis mossambicus?t A. hydrophila Q1%
g2 LERALH, 1.110° CFU/mie] BtXAHs =S B33
Ch. Rodriguez et al. (2008)= zebrafish, Danio rerio?| A. hydrophila
ALY 2fot HAIE Hgon], 40x10° CFU/mI2| BH=X|At
£ B OH, Ol A hydrophila 252 Z40| M= 2
4 W Bd W40 XYHO | 2Bt Zol2td FYRULCL
Harikrishnan et al. 2010)= A AydrophilaQ| Q19/ZHE0| goldfish,
Carassius auratus®| =2 HAE FEYCIL BaYon, 23x
10* CFU/ml SZO0|A 18R 30% HAZH LEHOT, 30L0l|A
362 ALO[O THAFE0[ 50%2 S7HUEtL EORUCL Kreutz et al.
(2010)= A. hydrophila Q11 L H0i|l 2|3t Nile tilapia, Oreochromis
niloticus®| Bt=X|AbEE7F 1.63x10°8 CFU/mIO| AT 2 HLCE
EESH Dias et al. (2016)= Pirarucy, Argpaima gigass A. hyadrophila
of =2 X[AgS LEHA2O, 1.8x10° CFU/mIQ| Et=XIAs =
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o Agol Zutz We gy 5t
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= AN A Aydrophila Q1 ZEY 2 &9, C carassius2
MCH (pg) X MCV ()= FAXLE S7t7F LIEHG 20, MCHC
%)= B AATh LIEHHTE MCH (pg)= 2f HEToIA EH
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7t A hydrophila B8 F MCHC (%)2| BiXst ZAE 2030,
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Fo| deld #alE LEtHle X|EE O|&EICHKIm et al, 2020).
2 AFO0IM A hydrophila QL0 HE SO, C carassius?
& magnesium A calcium A= RO/ QI Z4AT} LIEFHOH,

[
A hydrophiia0| d#0{9| 0|2 et met A &

o2{et gae

g RLE = ASS 2l0|3tCt Kim et al. 2021y Streptococcus
iniaedl| '=Z0| olive flounder, Paralichthys olivaceus2| B calcium
of ROE 245

UAE BUYOH, ol2fet Hals 24d RXIE &
8% glucose
2 2Ests 222 HEle| 2k
M At #of 23 FAIZIH, CiAst AER| A0 o)
f(Roda et al, 2020). S=oH= ATP &g
S glucose Xl Y 2 Al of
Fo| 2EH AN S| 2Tt =2 O|UHX| Q7 Ao 25y
HolE 2 QUCHRamesh et al, 2018). & ATO|M A Aydrophila
OI9IZH 0| M2 50, C carassius®] EH glucoses F2/H Q!
SII7} LIEtSO M, O|2{3t S7t= A hydrophila 00| 28t A
Egf20 C485L7| fIet oHX| Q70 Ot HH3o 2 MEHEITE
Banaee et al. (2017)= A Aydrophila®l ZYE common carp,
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