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L el g} ] o} (Oreochromis niloticus) @)




2564

24

20054




ADSEEACE =+ssesrrrsrsrsasesreestsasese s s et et et asantese s et ee et es e et n et e e s necenh e e st nnene i
[ o AL B ettt 1
[1. A E Z0 MFM oot 4
1. A30]9] MED B 9] HFH s 4

2. OVAF 28 7] TFEF oo s 4

3. 080 8% @ BE S)ZF AR s 4

4 fggo_lgé}z:] FEAT et 5

(1) FPE oo 5
(2) Bl ABFEE TFEFIIEF 2 & e 5

(3) A& 4=, hematocrit, hemoglobin O 24 e 5

() F - R R oo 6

(5) B1ON TRF JEEL F A} oo 6

5. M) 2 2 BF A A wooveeersessesesesiiisisnsssesesese e reseneee e 6

6. GOV A TN oo e 7

[T, Z2 3 oermmsemememems it cs st erieses st s es e e et es e 7
T. QIAF 2 S OFA] A oo 9

20 BIOBGFA] b 7] coorerreeieni e 9

(1) S ABEHA B EFL] BB} o e 9

(2) #x¥ A Hematocrit(Ht) 2, Hemoglobin(Hb)x] 2] 3} --oeeoeve 9

() H B AR weorererermieeree s 10

(A) ZFF BB BB} oo 10

3. BB Z B BFA] 4o 7 oo e 14

IV, LB e s 16
VL R O ettt 24
VID A28 8 222 AT B 75
VI ZFAFQ] SE oo 33
VL FF G0 TE 8] oot 34



Pathological study on experimental anemia and recovery in Nile tilapia,

Ovreocliromis niloticus.

Na Young Song

Department of Fish Pathology, Graduate School

Pukyong National University

Abstract

This study was conducted to know the differences in pathological
characteristics between artificially induced hemorrhagic anemia(EHA) and
hemolytic anemia(ELA) during the anemic and recovery course, using Nile
tilapia(Oreochromis  niloticus). EHA were induced by 4 bleedings with a
volume of about 1% of body weight through caudal vein at an interval of 3
days. ELA were induced by intraperitoneal injections of 0.05ml of 1%
phenylhydrazine/100g of body weight for 2 times at an interval of 7 days.
On the 12th day, hematocrits(Ht) decreased to around 10% and hemoglobin
contents(Hb) reduced to around 3g/dl in both anemia. A period of 16 to
49th day was arbitrarily taken as a recovery phase. There were no clinical
signs and gross findings except for pale gills during the anemic state of both. On
the 16th day, total serum protein decreased to 22g/d¢ and nearly not
recovered until 38th day in EHA. Immature erythrocytes started appearing

on the 8th day and characteristic erythrocytes with cytoplasm weekly stained



on the 12th day in both, which were still noted on the 49th day in EHA. In
liver, fatty degeneration around central vein 12~38th day in EHA and
hyaline degeneration around central vein 12~26th day in ELA were found.
In head kidney, increased hemopoiesis was observed from the 12th day in
EHA and from the 4th day in ELA, and macrophages engulfing erythrocytes
were observed from the 16th day in EHA and from the 2nd days in ELA.
In spleen, activated ellipsoids from the 12th day in EHA, and from the 2nd
day m ELA. In ELA, severe accumulation of hemosiderin in both spleen and
head kidney were constantly noted from the 2~49th day. In conclusion, EHA
and ELA were normocytic hypochromic and macrocytic normochromic in
type respectively, although both were normocytic hypochromic during the
recovery phase. Hb was more slowly recovered than Ht in both. Both kinds
of liver degencration were completely recovered on the 49th day in both,

although they remained for a long time in EHA.

Key words: anemia - recovery - phenylhydrazine - Nile tilapia - Oreochromis

niloticus



g (anemia)ol¢r Bx A Yo FHIT Ut AP Fy g wE
SIERNFY 4, B 1 dA} slEEhe A9-E Bk, Ude) An z
Holup A7le] FFHE Aol RES 2AY 5 ALSS ovjgh sdEhe

HYFo] FIF HFPHoR ALE 4+ fl7] wiFol] hematocrit F%]

©

hemoglobin FE 2 #18& ddsich ojfFolrxe Anry oz olrpv|rp Aus)

3‘,

1 ddo] FEom, hematocrit a7} stow ¥ldolgly music)

ARAME TETFFAML ol wA 9l wejdelsty A9 we A
d-r e wstel oep BREnh 2 Sl e gty ild ot =4
(hemorrhagic), 84 (hemolytic), 2§ &£ 24 (hypoplastic)o. 2 F2 K Fd}=

Aol wide] W)t S Hrtstev] 83kt (Roberts, 2001).

o] FollA I ZE AW FNtEE v5olH Adelth FES olYxE uE
olei~u, v 7)e] nlolH Ay Telxm FAole mlolH sy e dojw of

Fold F2 A= dEgA A HAPE  (Infectious Pancreatic Necrosis,

o]

IPN) & 27 $ojoA] @HAste 84 vlo]yx f &35 (VHS)H 3

¥

B

dojoll A sk AE Al S5 (EIBS) 5 npoles el el
Hoh v o=f= ®, Vibrio anguillarumo] YA dHlEgiew 9
Flavobacterium columnaredl] 218 WAst= wharo] ofriu] Faul, g]a Soju

Aojirel WA= AW (furunculosis)ah 2 AlgtAd 2R F2) Fojut
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heterocerca, &

NE 2ds Hldg

Blde] Wejshs el vt P A4 ¥
A g W FE&Fs Wristrl sdste] A E
> 884 2 FAE Foke WES deiHes

al., 1989; McCormack ¢t al,, 1990; Wierenga and

Hirst, 1991; Mayani et al., 1991; Redondo ef al.,

) )2

R EEREE S

EF EFol FAAY AeH, 1 53 dHE
5 AA = ge] e gae] A2z Ay

-
i

1

pow el 3

(Kumar et al., 2005).

r

JFelq W] g Aol wE AL

AE]Q AT~ 9 w@o]#H 2 Branchiomyces® 74 7

FEs =

1% 50] grobd ©E 4ol glojxik.

ZaE-erel Marocotyle sebastis, ¥role] Heteraxine

w9 Bivagina tai % H-o{2] Heterobothrium tetrodonis 3@ o A %

FRAA el ol FojA Ut}

¥+ phenylhydrazinen} 3
gt o E

%= AME-3F T (Datta ef
Konings, 1990; Koong and
1995).

LHFANE WA

3]

_Jym

ol A "

f 8]

)
T+

AA A7) 2z

E9 Q9% TAA fo WY

of B3t A3 (Kawatsu, 1968), Monogenean 7}do] m& ¢ sy 315
o) 3t ¢ (Yoshinaga et al, 2001) 2 phenylhydrazineS FAMS 53 <o)
¥ o5 (Smith ef al., 1970)¢} + (Houston et al.; Kawatsu, 1971)o A &3
A owtd AR o7t 2



lcefish (Chaenocephalus aceratus)= HMA7F Qe dodo] 24 2wt 57 o]

o) b ek e A b euks

Aoz Wge) ojEdtte Ba

ol
~>~

7} 25k (Ruud, 1954). & hemoglobing 7}x 2] ¢4 WA S ALES A g o
ARG B EY o w2 doo] ddeEsy weddy dyAd U

(Steen & Berg, 1966). 18]l A7) o8] HtA & 70%7FA] 7HAAZ] A3

%= o} (Cameron & Davis, 1970).

offel Wdel ulg Aoy W fel W AFE AAY, FFol W@

male) 43 9 el zAsta gl sl % deA AA o 2yt of

T 8] AaRbs Aol Widd mE WAV zpol Tl A, iF

gepA] B AFE olFe] A4F AW FE FEe 234 9 £84

e
ek

vddetyole ddHor frate], W] A& 3l 35 AN oyt

tio

sy 54 9 Aols dolr A &k



Wz, 8AAE FEA v

3.0%e) G5 2 8% A7 4%
= = = % - 3 o °
FUY 2 S84 NP9 BT 2Y, WP FE B ASVE 2F BAO

2 395on, 5 A& F 235 hematocritsx] 7} oF 10%9] o222 319
k. WE f% 2] A3ojE W x4 (Benzocaine, Sigma, USA)ol 7} A =13

5 BRA glol HAS § 2Y2UA 245

=84 wde 1UYd Bk AFol o 1%d HFs= AL, niE Yy

l-«\:\

(caudal vessel)©. 2 5E), F 43)o] A, W& QEFo AN Frdnt. g,
&84 W& phenylhydrazine (Acros, USA)S 0.9% NaClo| #43 0.1%

phenylhvdrazine&, % 100g 9 0.05mlE 7}3A=ein] 7|55 F3) £33



FAbsta, ol 79 AT F OBHS BY AR wE FAgeEM fEsd

b 8% 1 16UARY DA 7S A% H oz BASAL

AP =84 e feel g gALE fgte] ofFolin. ML ¥
v 2§83 NE fFed 5%, F 10 3o 24 o]FojHur. 4
FolE wx7iqlog npHdle]l B 9d W B O3, ddd A F
AR ATESte], v Ha (caudal vessel)o 2 RE] 41453] Al Eskgch Ao

e ¥ D ¥y AAEE Table 19 3]sk,

(2) &9 stst spejulel 54

AL g 4T b7 Tk WAF &, 3000rpmo A 5EIF A4l R
sled TP (total protein), ALP (alanine transaminase) % AST (aspartate
transaminase) 2| & 43t th vHl2 FAHEA] £ A, 70T deep freezerdl]

HasmA EA s

(3) A8+ 4=, hematocrit (Ht), hemoglobin (Hb)x] =4

485 4% g94g pH 7.4 PBS (phosphate buffer solution)Z 1:300u) 34
g+ 5, hemocytometer (Improved Neubauer, Germany)E ©|&3sl F3td v 74
slef A Atk Hi= dlabgl 212] % capillary tubes® A4S &3 35, 3
% & B3l microhematocrit centrifuge (01501, Hawksley & Sons,

England)ell 4 12,000rpm, 5%7F 214 A A]#  microhematocrit  reader



(Hawksley Reader, Hawksley & Sons, England)2 FA3dtd. Hbe A&

Kit (Asan, Korca)& A}€3ta] Cyanmethemoglobin ¥ o 2 =43¢}

AP Aoz gt APt 4, hematocrit (Ht) 2 hemoglobin (Hb)%F&-

A YR A4 HEde

_(
rLBL

TEMAFSE (mean  corpuscular
hemoglobin concentration, MCHC), #2884 (mean corpuscular
volume, MCV) 9 H@#A&-pa| w28 (mean corpuscular hemoglobin,

MCH)S oefe) Al 4talo] olalel 23l qc)

McHC (%) = b F([f/(l%mb . 100

By o Ht (%) B
MCV (i) RBC ( 10 6/cell mm ) 10

. Hb (g/100mi) .
MCH (02) = ppe 10 8 cell mm® 10
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Table To] Uelgich %48 93, Wp 4218 g0z 498 BHIF

A 471% Bouinelo] 13 mYSFGh 13k 1Y F 4N Fo 24 48
of 59 mYAe] 23 mAFATE 1A Bk 24 nA F, AL FE Fol

A5 70%A A 100% 745 o2 s ¢RI &2 g©53Anh Xylene 53 E
Azl & gpebd #HEE Aj7)a, vebd E£v) 3 microtome (Reichert-Jung 820,
Leica)& AF&3t] 4mT7 2] ¥H-& A%t 18] H&E @ Méte] Fedv)

o8 #AE3geh 7z AL Prussian blue rcactions 3l hemosiderin & 3

2

FAR A o) FAA Al SPSS FA =gl (SPSS Inc., USA)S o] &3}
ANOVA testg AletAtt. 12 AME ohEelaie T-test2 APy Ojz=y

Iy

ofl

i ol el e gAsk T (P<0.05).



Table 1. Numbers of blood-sampled and necropsied fish in respective haemorrhagic
and hemolytic anemia—inducing groups

Iemorrhagic anemia inducing group [Hemeolytic anemia-inducing group

Day Blood sampled Necropsied Blood sampled Necropsied
Control 15 4 15 4
2 1 4 3 3
1 22 3 3 3
] 16 3 3 3
12 18 3 3 3
16 3 3 3 3
20 3 3 4 4
26 3 3 4 4
) 3 3 4 4
19 3 3 3 3




WE o sE /)7 Bo obElel WA EA olele] S8 4 ade

= = o

B2 A eokry.
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(1) "ot wsetd shebvlere] s

O

1914 WE e Fde) o]l xRy 15vte] o) dejuolR RE AR F

Gl EK(TP), ALT, AST9] ¥t ztz} 34g/di, 38u/ ¢, 30.0u/ ¢ & viebyic}.
Z4 Nde] Aol Aol g NA f= A7 F 2YAe) BE Eu

wastel AR /13 209A 20g/dAA FLE F, 49

t} (Table 2).

(2) ZEE A Hematocrit(Ht) 2, Hemoglobin(Hb)x] 2] 3}

AlE fw A WRyte F Hte 32%0l%a, 7 Hbe 9.17g/diol %
U 284 Wde Aol wrEAHA el Ilsted, 120 43 HE
< Hzb Fat 12% 74 7F 4895, Hbe 3.16g/dvo]ItHTable 3). £38A Hl

slo] Z-foll A= 12¢ A9 phenylhydrazine 23] A} $ 4 Ht X7} 11%9]

257, W3t Hbiz 2.55g/dvs stolbAth (Table 4). o]s 4% 38 7|7F F<t

5



Ul Zobstel, 49Udlel] FdA walel 4%, HtXh Hboko| 2z 28%,
4.89g/dvo]Aal (Table 3), 34 Vo] Aol Me 242t 31%, 581g/dio] At

(Table 4).

254pgoldt. 8 W Afolre F5 12940 MCHC/F 187%2 1
23bg T 49 Aol 172%2 A e FRGom, MCVe MCHE Al 7)o
web freleh wskh lglont Asgel Y Wake BEsA @it (Table
3). &8A el FgelME UE fr 7|t MCHCZE W27(29.1%) %
Aol ol wskyh fIlar, BE led Aol 15.9%2 hadte] 499 hxd
(29.1%) Ko} sbe 192% Atk MCVE 8% 2d#ol] thZ (86.8um))H ok 429.1m’
7 Z7)slgar, 49U Ao thA] Yol 1483 o]l 181 MCHE $% 4

A 1289pgol Aot & 7|7k Fetdle 2 Wl I (Table 4).

4 A8+ de W3t

9 3
03

FE AR 2 P W HPFE A, AELo] Badolw F

dol e 4 AP e A% HP e Axe] Feje 4

(e

% HgTe ge B

=

Ao} 27 =Y AL HYLRTG AEHo] EL 34

fole

ox,
o

v 4%

rl

He-rga AR A (Fig 1-1).
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7FR Ay pEo] 283t} (Fig 2-1). 12l 12Yajols Alx2 d44e] g

= ARREe] WY FEsA (Fig 31). 29UAe)® AT G940l gl A

A, £34] Wdo o)AM= phenylhydrazine(PH) FAF & 22 R0l &) 0]
FEHEAY AR AE-pol AlEEe S| EaRnlo] LEA B¥EA] o3 H
ofsle XE /I As AYEFEC] vy wmEEoY, AEe FxU FHEL
1 FFEEE0 vEHAG (Fig 1-2). ©]E ol AMEELS PH FAF 3 8¢

A7kA gEE o, 8AANTE AEVE ol AEHe] SHA

ro

o
ox
#
_L)LJ..

gpgol v B A AT (Fig 22). PH #41 F 2l By o d% A
gorsh g Ael AA4E Bol oy AATER A UACHFig 3-2).
WA= G4 ol HPFE A #BAAA 2u, hRFo] 4% A9

g% Aere A=l glon], 9Ame)E MEde] Tl Y

4% A¥rz T8 At



Table 2. Changes of blood total protein(TP), alanine transaminasc(ALT), asparate

transaminase (AST) blood chemistry in experimental anemia groups

Induded hemorrhagic anemia Induced hemolytic anemia
Day P ALT AST TP ALT AST
’ (g/d0) W/ ¢) W/ ¢) (g/do) (u/ ¢) u/ ¢)
Control 34:08 3.816.1 30.0419.6
2 3.2+04 1.7+0.9 33.3+295 25:04 7.615.7 514+11.4
4 38459 8.6+3.0 75.8+3.0 3.1+0.7 18.1:7.0° 65.0.:28.6
8 2.7:0.4 8.1+3.7 135.0459.0° 29+03 0.8+0.6 28.5:18.8
12 2.5+1.0 11.6+10.7" 41.445.1 2.7+0.7 1.7:21 253+23.5
16 23+0.3 3.2228 17.6+11.3 3.5t09 2.7¥3.2 36.1+7.3
20 2.040.2° 1.420.9 29.3+11.8 29+04 1.5+0.8 52.8:28.3
26 2.0+0.8 98413.8 133.1+181.7 2.9+0.1 6.2:3.4 429:36.4
38 23+0.3 12.2:=5.3 48.4+28.4° 31£25 59t4.0 499:64.7
49 27403 0.8+0.8 275472 3.3+2.0 1.5+1.1 52.7:34.9

* significant difference from control (P<0.05).



Table 3. Changes of 6 kinds of hematological parameters in experimental hemorrhagic anemia

b Ht Hb RBC count MCHC MCV MCH

ay A

’ (%) (g/dt} (10°/m) (%) (sar) (pg)

Control 32441 917+1.6 3.73+0.7 29.1+4.3 93.9113.6 254462
2 21+3.0° 4.66+1.0 2.92+0.9 223+2.3 77.5+31.1 17.045.8
4 21135 6.07:1.1 2.5810.8 29.612.5 83.8117.2 24.9:6.1
8 19+3.0° 4.25+0.9° 1.95+0.6" 2.6+4.3 101.1120.0° 226447
12 12+5.7 226415 1.25+0.5 18.7+4.1 921:7.6 17.2:4.0
16 1042.1 0.70+0.3" 0.77+0.3" 7.2:29 132.7124.0 9.8+5.1
20 12:5.0° 2.16+0.5 14708 18.6:4.2° 90.5116.8 17.3:6.8
26 13+1.5 414+0.7 1.15+0.1° 31.0+1.5 117.6+21.1 36.5+7.7
38 22:3.6 5.9410.2" 269102 25.614.6 8291203 228112
49 28415 4.89+0.7 3.74+0.1 17.241.7 68.0+15.3 11.742.9

Ht: hematocrit, Hb: hemoglobin, MCHC: mean corpuscular hemoglobin concentration, MCV:
mean corpuscular volume, MCH: mean corpuscular hemoglobin. n: number of fish analysed

* Statistical significance from control (P<0.05).

,‘]84



Table 4. Changes of 6 kinds of hematological parameters in experimental hemolytic anemia

Day Ht Hb RBC count MCHC MC}/ MCH
) (%) {g/de) (10°/ ) (%) (') (pg)
Control 32141 9.17+1.6 3.73+0.7 291143 9391136 254-6.2
2 13474 442414 0.30+0.2° 38.449.0 429.1+73.0° 165+48.1°
4 10+4.6' 3.3611.6° 0.29+0.2° 33.3-9.0° 399.4-140.3° 12891324
8 7:2.9 1.8010.5 0.24:02° 25.714.9 392.6+215.0°  97.5-434
12 1112 255105 0.67:0.1° 238128 161.6+15.0 38.241.6
16 18:25 2.89+0.2° 0.87+0.1° 159-1.1 21174102 335423
20 19:15 3.68+0.5 1.25:04 19.6-2.1 159.8+46.9 30.947.5
26 22:28 4.63+1.0° 1.16:0.3 21.0-25 199.7156.4  41.9113.8
38 27-49 579:1.3 1.7710.3 213+1.6 152.8+14.3 32.7+5.6
49 31449 5.81+0.5 2.18+0.7 19.2-1.4" 150.0467.5 28.3+10.8

Ht: hematocrit, Hb: hemoglobin, MCHC: mean corpuscular hemoglobin concentration, MCV:
mean corpuscular volume, MCH: mean corpuscular hemoglobin. n: number of fish analysed

* Statistical significance from control (P<0.05).
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V. @

Male] x4 2 5% BAola Youp T Mae) Wty 54 9 ol
ades wwg £ glvh 1y 1 9 A9A 242 U sl 1

549 dolr ua 3hych.

§84 W™ F5A AHEg phenylhydrazine™ {879 4 aiet v o
A ae)a gelxA B osirFEne] A7 A3 (auto-oxidation)E = EhA]
£8g wAsitty 4dex ok (Chakrabarti ef al., 1995; Criswell et al., 2000;
Ferrali ¢t al, 1997). A8 &8 2§ <ol oA 74 dAME vER
2o} (mitochodria) WA-& Fdte] ol SA4280] BdHss Aoz o4y
A Qlth (Baruffaldi et al, 1995). 1ejv} 2 Aol 884 Wy 7+ &4
o] AxE A v S, ALT9 AST 39 93 s} e o
of @ ol mA F e FFE AT oz AsHAG.

R
eL

=

NEXFTEAN FE F dAHAES 48 A 724 el 8, 844 o

g
A, gt gog 3ol dojyu, g Ugel A3yt SEHE AR

eld Atk (Huh, 2004). ¥ A9 494 284 NReAE 31 5 27
cuagel 3ol ShAskA kgkth ¥ 42 B AAsdonE 2wy
wof s)dol "aze BUAYL MAT FE YA, gAY FAE 13
Nedh F2 WASE Qo deid Uyl il (Evans, 1998) 740 T

,]6,



we wE Wabahe) HUAe) dstel F7¥ Wt drkn YzEn

FEEodA Wd A Bx &3 "ol 20% o] AT ad wE
£=17b doju Ay Azkd A5 Al ol 4 Aoy Ho] Uk (Kumar et
al., 2005). 1ejit B Ao A FEAY QE FEA] A3 A Fo] oA T 1%

of sjereb ol W oojuel, HAZF oF 10%717 hasks #A8 weag W
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[1e
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o, WE Y A9 ofvish WY UH FHY Ndel WA ole]

Hto} Hbe o] o] wz} 2o} Hte] ZA-$o &ojx 40-60%, Wolx 35-55%,
Yol st A Fol 3050%0]1, Hbel Z5o] £ols} wol o ol 813/
de, FA) ol 712g/deolth (U & 9, 2001). o)F w1 FXE tha
Awkogele AR A BEel B A9 gizw Hisl Hbe 44 542

42t ach.

35902ke) 3% /17 ¥, A9H 8P4 wEy ZE4 NAelA, HAE A
AT 32 AP B WH, HbAE 747 581g/dl, 489/, hEF]
917g/AA ®mE HEstA @t elsh e AuE dolf ofFolA

pheniyhydrazine$ o] &¢ M Hao|Anw #AHUE, o) R 53t H2

°
8,
,..

‘LxO

=)
i

Ayl BRarshg el (Smith et al, 1971). A3k g =] (Atlantic



halibut) 5 thdos g d&elM o] ofFe] ALl 12-15TAA HtA7} 713

9k} (Langston, 2002). 580 W& %7180lA A g do: A8 e 57 7

o

Askal g0l Fbske oA AFols Hd FU Frkebe Aol v
22 Aot (Hardig & Hoglund, 1984). 4=&-o] o thAlgo] 2{x]7] uj
o)}t (Smith et al, 1971; Hardig & Hoglund, 1984). Z1e2jv} B Ao M=
49 71 Bt w22 bl Aol JAHEA FAEHAY] WEA 2
o] Ayo] JETFL FA = Bt AHolebar AztAct Zanjani et al. (1969)%

2ol S 109 ok Jlot Fele fAst AP 5, AwE & depEa

I

A7 WERe] A 7haskeE AL 218 Ha, Weinberg et al. (1976)

AY 5 ANF AN wale] wasel fAHE AL wANUAY

f

Kawatsu (1974)= A& & 1109 &<t A2gk AAdA 28 75 HasE F<)
s, ol A oW ropm g FdHE wiFelzta stk Ao ofF

g ygoR & AFoA FAnoze Hbdl ol YRed, A F 309

f

T AAE & AANA Hbe FAAE FFS Fo Bxo 4% HPT
2ok we Hb FRE 4 A¥rh E2Adds Basidch (Lane, 1979;

1980). ¥ HFo)A 35 7]zt FF R EFY Hb Fro =wshx] £3t

Py
flo

HAA o g 9lFe Hb A mE 44 g4d 93s we Roz Az o

Y4 WS FYY VA BF W FE S F 12989 vehpe
Qgel, ool 5 do] gAsin, AL AgAE TAHES YEhln, A

4 AN40) oFIAY A9 flE ol HuFEl ANk o] HEE



deiA o2 Ehgrel A e Exd A Ehyss ‘tired blood cell
I FAbetth (Kumar ef al, 2005). ZfFolx ARG 9182 AW AFHo|
Ao Al A Had kEo st AY, A ML A o]&s e
Hol FHE3dhA £ Ao Az Aol AA AAEE Ho 4R &
Aule ol B W AdEe] il oA ¥d. x7dE A4 AL

A {18 (normocytic normochromic anemia)oll A Az} 4274 AW 4LA 0g
(microcytic hypochromic anemia)@ o] o] uj =Zrj7} A AEe] 7}
Ayt 2o g wi= tired cell’o] 8ty o2 wo] glth (Kumar ef al,
2005). EEFEES] BF, S8 HlFHol M= HE Aol &EF 4 7] wjFof
A4 wgo] walelA] ok Ao g ®o] gt} (Kumar et al., 2005). o] § 2]
Arele 22 7AE ey 194 882 fxd depuote] §34 o
deo] Zfddz B22EA Wde] dojd rbeAde] gl AZdEdg. 18 35¢
o BE A ol27] 7z, A% @ HFe HdAd 9 MMC
hemosiderin®] #*| g ZZ 7t FehdH oz Rlre 2o g nFof, Ao
o]-&4d Age] Y, of® g FANG VEY FE USS AT F J

o},

LR AT AYAYT (elicogiof oFF Tl B4 B4 FES
(basophilic reticulum: RNA)o| o} e ofgl H832 A4 A pHyg =
t} (Ross et al, 1995). 2] HE V= e HEFAAMT o] ol Q7] uf

Bol ARHAE} THFIE A Avgos FRAA)A Kol 14
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=3 A7 A A dyE Ad"d. Groman (1982)= A5 HE4Hu 2,
23w BAT S Fodo) AL s, Giemsa EE Wright's g o
ol o) MEAo] light blue-grayE el A XS ol Foll Ao Aty
gbar B ardglch Z1ejut Hibiya (1982)2 vlAlse A Ls S35, e Hyy
woh oF7h Athar a4 o0, Ferguson (1989)2 ol fo] HALE HET52 4
Feo] A7 AXa stgth As ARt e nAs HPpSo] NES
7FA o F (Kawatsu, 1968) w= wlEl] E A3 (Woodall et al., 1964)9l A 55

s Jehdta stath tigol §94 wE 34 284 WYL A ofFol

A ol By st (Hibiya, 1982). ¥ ARME 4% HEPHt 3
A7b 2ka el dom AAS B A pEEe] BAHJG. Ak 1EY
43 wx daelMs o9k te FpEe] waEA gtk o5 WHey
o Adw oA A dehde Je® AsEth aebA 2 AddelME Diff-Quik
Aol s A4 AP re Hele goy AUrh ¥ Az e blgo] & 3

g-pol Ydoly M EAo] blue-grays YENE AZE nAs JYLE BF

e ds AP 277 Aa d¥elm AEde] €2 blue e HY
ol gl HETE ol HY7E TR o9t o] olFA nd%

Ppol Be waut Peehg Awol Had. 1e=e ofel e d3tai)
B F3l7] Yaire He HE1E A3 nAs HE7e 255 =838 sl

of & a7l olu, vlA& AYLel o4 HEFE FEF ok )

ojitoll Al 83 wge 53 F sl H Aol hemosiderine] FHA = A

olty. Yar Alg &84 W P9, wiF

m?&

ZAo MAavt F=eAa

ﬁzof



h o]

MMC (melanomacrophage center)
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(Ferguson, 1989).
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wae Ao dEdel Aol gt HEws FHsE A, E &

dol BrasE Hdog Heol, 8§34 Hl¥el A9, phenylhydrazineo] 2jgh &4
Ayt x2|RE EAEHY, 284 4 8384 8lde) Fe BY, o] HY S

b mAEE Qog AlmEch

A w4 A el Ao g I A od (Kumar ef al, 2005). & 4
el A= o)g A Wy z2ATA Wsls #FT F U 7Y 4G
spongyZ-o] Weate] AUt Ao gRE AR AE HEe AoE Ho
Ak ATkrr A A FEel e Aoz deld Jddt (Hibiya, 1982
Ferguson, 1989). o}#¢] 417%& Al&™ (renal artery) 2 whg W= 55 &
o] A= ], ¥ 71A W (renal artery, renal portal system) #5FS Wil
2t (Hibiya, 1982). &, 1% XA/} #o] 252 (renal artery)ol 2s}o] A}

FAeE Ao gl Fag da, o stue v ez RE AR

Hog FFdhi= AEMA (renal portal system)olt}. wlelr ojFiE stz
gafol 1% ETHHO @l Hub 70%7hA HAsE olrtu] EA 9= 9l
Zxbo] #Elx] ok (Ferguson, 1989) ®wlg = olgh Ao 757 Aoz}
Bz e 7 A ZrE A

NEFEAA WE A By vpHo

o>

SHE S 27 AEW 2 R s8s

olN
N
X,

7te 249 didgel S/t 4dA At (Kumar ef al, 2005). o5
A= ol A FAN Fole HIHZE 0% 248 HHolM 43 EUs
ZANP oM ol g Fa FojE 4 $WF HARS AR B W

A AFE paAgoRn was 2de gdRos FHETRe mavt 9
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i¥

o (Cameron & Davis, 1970), icefish (Chaenocephalus aceratus)<

©oalele] Az et welo] dge] da en SR ga s
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V. 8 of

v Eleb g ol (Oreochiromis niloticus)oll 284 84 WEEHA) Y S84 i
HELA)S AAstel 918 Rga 38 Ao re] Wejstd zfo] 3 =

71 el A B ARe stk EHAS 149 gt ofAlF2 of 1% a3 s}
= el 48] Az wiR g ¥caudal vesse) S ZHFE o] whE AfEHst
stk &, ELA= 1% phenylhydrazineg 0.05ml/ojdl% 100g B7F FALS
i 7d ¥ FEs vk FARske] fedoinh 129dsje]l EHA3 ELAS
Hematocrits(Ht)7} ¥ 10% 712 7231 2 Hemoglobin(Hb)<Fo] ¢F 3g/d¢7}1 |
gastdo 315 g 16dATE 9YAAE ST vE 3 3E V)t
Fob obsbelel WA HA9) 5713 4 47 $ARA Wkt EHAY)

T dE Tl 16 Ao 22g/die FFadhe] 38UA 7HA] A9 3 5] A]

Atk F oAE A BF sAAl MAE APLFl FHAL, 12949

Ha s ol gl A3 tEoel &dsty] A4St on EHAS 79 4994
72 E@E el ol A EHASl el 120 Aol A 38U 717 FAdw F
D4 Aol e, FLAS F3e] 1204 263744 FAEY £A
doEA WAl #E Uty EHAS 3¢ 129 4d FalolA 2884 7o)
silellon, ELAS 7S = 4dARE BEHAT FAlolA A7 g4
A A EEo] EHASl 79 16 A H-E, ELAS] Z oAM= 2945 H =Y
o} ¥ FzF(ellipsoid)e] W3 4 o] EHAS 3% 12U A %€, ELAS] A%
A= 29AFE &A= Act ELAS] 79 2Rl A 49U A7k T4l v A
ol 4] hemosiderin &4o] #AXslgt)t 49Uxd] T dld AL F Hte= 3E

AR Hb k2 ¢hHgh 5155 HolA] eitrt o)l ZaAE F3stw EHA

= AFA HE M W Emormocytic hypochromic anemia)elir ELAE o 7
A AE A LA W (macrocytic normochromic anemia)2 W ERER, 35 7|7
Fore A 2F A3 AEA LA W E(normocytic hypochromic anemia)
2 vebyton], EHA %2 ELA 2% Hbol 322 Htecoh mych zhaela w3
HoTAdm A4 WA BHANA da e A&sHAoU 99A =
EHA 2 ELA 7 ¢ &5 $hd 3253l

iAo H13 - 35 .- g gld|o} - phenylhydrazine - Oreochromis niloticus
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Fig. 1. Peripheral blood from control and hemolytic
anemic individuals.

Fig. 1-1. Peripheral blood from control individuals.
Arrow: mature Crythrocyte, Arrow head: immature
erythrocyte. Diff-Ouik stain, x1000.

Fig. 1-2. Peripheral blood from hemolytic anemic
individuals on the 2nd days. Note a number of
degencerative  erythrocytes.  Arrow: erythrocyte  with
vaculation in cytoplasm, Arrow head: erythrocyte

with exclusion of nucleus. Diff-Ouik stain, «400.
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Fig. 2. Peripheral blood from hemorrhagic and
hemolytic anemic individuals on the 8th days. Note
the increased basophilic immature erythrocytes.

Fig. 2-1. Peripheral blood from hemorrhagic anemic
individuals. Arrow: lobular erythrocyte, Arrow head:
basophilic immature erythrocyte. Diff-Ouik stain,
=400.

Fig. 2-2. Peripheral blood from hemolytic ancmic
individuals. Arrow  head: basophilic immature
erythrocyte. Diff-Ouik stain, =<400.
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Fig. 3. Peripheral blood from hemorrhagic and
hemolytic anemic individuals on the 12th days. Note
the increased abnormal erythrocytes.

Fig. 3-1. Peripheral blood from hemorrhagic anemic
individuals. Arrow: mature erythrocyte, Arrow head:
crythrocyte with stainless cytoplasm. Diff-Ouik stain,
=400.

Fig. 3-2. Peripheral blood from hemolytic anemic
individuals. Arrow: mature erythrocyte, Arrow head:
erythrocyte with stainless cytoplasm, Diff-Ouik stain,

x400.
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Fig. 4. Histological features of liver from

hemorrhagic and hemolytic anemic individuals.
Fig. 4-1. Note the fatty changes of hepatocytes
around central veins from hemorrhagic anemic
individuals on the 12th days. H&E stain, =<100.
Fig. 4-2. Note the hyaline changes of hepatocytes
around central veins  from  hemolytic  anemic

individuals on the 12th days. H&E stain, x100.
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Fig. 5.

Fig. 5. Histological features of spleen from

hemorrhagic and hemolytic anemic individuals.

Fig. 5-1. Note the activated cllipsoids in spleen from
hemorrhagic anemic individuals on the 20th days.
H&E stain, =x400.

Fig. 5-2. Note the activated ellipsoids in spleen from
hemolytic anemic individuals on the 4th days. H&E
stain, x200.
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Fig. 6.

R

Fig. 6. Histological features of head kidney from
hemorrhagic and hemolytic anemic individuals.

Fig. 6-1. Abnormal erythrocytes are engulfed by
phagocytes in head kidney from hemorrhagic anemic
individuals on the 26th days. Arrow: Phagocytes
engulfing erythrocytes. H&E stain, x400.

Fig. 6-2. Abnormal erythrocytes are engulfed by
phagocytes in head kidney from hemolytic anemic
individuals on the 2nd days. Arrow: Phagocytes

engulfing eryvthrocytes, H&E stain, <400.
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Fig. 7.

ATk s raewse B

Fig. 7. Histological features of head kidney from
hemorrhagic and hemolytic anemic individuals.
Fig. 7-1. Note the activated hemopoiesis of head

kidney from hemorrhagic anemic individuals on the

12th days. H&E stain, «400.
Fig. 7-2.  Note the activated hemopoiesis of head
kidney from hemolytic  anemic individuals on  the

2nd days. H&E stain, <400.



Fig. 8. Histological features of spleen and head

kidney from hemolytic anemic individuals. Prussian
blue reaction for hemosiderin.

Fig. 8-1. Spleen on the 2nd days. Note a large
amount of hemosiderin in MMC in ellipsoid and
parenchyma. =200.

Fig. 8-2. Head kidney on the 49th days. Note a large
amount of hemosiderin in MMC in parenchyma.
<200.
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