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Clinical pathology on experimental hemorrhagic anemia of

Nile tilapia, Oreochromis niloticus.

Jae-young Lee

Department of Fish Pathology, Graduate School

Pukyong National University

Abstract

To investigate part of pathological effect of anemia, Nile tilapia,
Oreochromis niloticus, with experimentally induced hemorrhagic anemia were
hematologically and histopathologically examined. Anemic conditions were

induced by the repeated bleeding through caudal vein. Bleedings were

carried out 8 times at a 4 day interval during 32 days with a volume of
about 1% of body weight, which resulted in severe microcytic hypochromic
anemia. Total serum protein significantly decreased but there were no
significant changes in alanine transaminase and aspartate transaminase.
Clinically anemic fish showed pale gills, local loss of scales, and anemic
discoloration of liver and hemopoietic tissues. Immature erythrocytes started

to increase significantly in peripheral blood after the 3rd bleeding,



Dumbbell-shaped erythrocyte continued to appear after the 2Znd bleeding.
Histologically liver showed fatty change around central veins. Erythrocytic
cell series increased in both head kidney and spleen. Many macrophages
engulfing several erythrocytes were found in sinuses of head kidneys of
some anemic fish. Histological alterations were prominent after the 7th
bleeding with the edematous swelling of epicardium and menings, focal
dilation of gastric glandular tubules. These results suggest that the anemic
type by hemorrhage be similar to that of mammals, but the pathological

effect of anemia be somewhat different.

Key words: Nile tilapia - Oreochromis  niloticus - Hemorrhagic anemia -

Microcytic hypochromic anemia.
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AfoliA A7y Zrao] wE Wide v Ag FS oisivle Az}
Auls] HolZA Yy hematocrit £ A EA# ] o] Az Sdol= EA
ollo] E4og A & 4 Ao} W¥el L& hematocrit FAX E3AY

A™T 374 hemoglobin# & FAFoad #ad & 3o
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M= TEEFFAM o] %94 (hemorrhagic), ¥ 34 (hemolytic),
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A Ferguson, 1989). o] & E3] &34 I 43A Hyge ztE

2
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ma
ok
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A s FusE Roz A v oelm AR4 2 duy W

gt
1o

Alew A™Y FHA FHas Alsg ] H(Kawatsu, 1972), v 7EAL
{(Andrew and Murai, 1978), HIEI{]l E(Lovell et af, 1984), g4HSimith, 1968;
Butterworth et al, 1986)2 ¥ 2 7| Weinherg et al., 1976; Kawatsu, 1974)

7b B s

el g B HFA A7E ERFAAM "ol o]Folx e wkid o
FollX 1oz EaA] fvk AdH el disk 4FL FrEr] dsd F=2
HEFEE 752 AHE9 o™, ¥ %+ phenylhydrazine® #2 8384 &4
TAFE Feote WEE festd 2 9 3 A9 AsY T, A% A5 ®
T FY ¥4 Fel #wyk ALEstd i Datta er al, 1989, McCormack et al.,
1990, Wierenga and Konings, 1990; Koong and Hirst, 1991; Mavani et al.,
1991; Redondo et al, 1995). o]¢} & AHH WS Fald FFofr] HEF

A Mz Sk wx el A we nds HNEPs Fdey, A H A



WA 2] 2 ¥ (extramedullary hemopoiesis) #-do]l #H&EHUTE.  Mayani &
(19912 %A WS FEsted in vivodt in vitrodl A HE AW =¥ %
Ao META WAsted] st FA A ow Attt LFFoME NE o
Foz FAF= AL, Huo Woel Yo ghobz g Ado] glojAd
wob gl FMAZ] A9, 2 E5F AHE FA87) €A HA

ohoghg W AMseekel Awsh A AEAe A Auwg mE 4}

Am
rr

HEHNETE A7t A Cotran et al, 1999).

ol 7o Agole FAAN Lol g8, EF ek, dof 2 w7 g ez
A NGL FE3 o7l Qdoed(Zanjani et al, 1969; Smith et af, 1971;
Weinberg et al., 1976; McLeod et al., 1978, Lane, 1979; Houston et al, 1987),
Fdzy W 2d84 o7 e Vet vk Kawatsu(1968, 1971, 1972,
1974):= 84, 884, 3 2494 4 7opdl wE N¥ L Hdgdoz fFx34
thoolE Aol WE Fad e A AAE ofF A AHiaFo

71915 of e} Weled Agke] wa vy AFE ARk

e EFEES vludtd 437 5 2 ool A AL Aoz 4
A At} (Ferguson, 1989). Hr o Foll ¢lsdaAzE gl —t ofal Htxlzk =24
W&o 4%) 22k FEAZE EA @i Abdo] A Ha e AqRFE S
A9 WY AFoME AET F e 5H(Wood et o, 1979), 4g+9 &

A& (Fischer et al., 1998), A2 At4e]EAde] zpol(Ferguson, 1989), A

rlo

ol

o] A& %A (renal portal system}®] ZA(Hibiya, 1982}, dF+AAd A= 4
29| 93 Chudzik and Houston, 1982), S A4 AR AA-A A3 (Hardig

and Hoglund, 1984) T si®Aelad 44lge] dald vk webd o 79
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m. A= 2 9y

L 249 2 #A
grddielFo] el Nile tilapial Oreochromis niloticus)® A dol2 A
sl BAYSY BEF oA FAHT e Aoz AR AT 150~

200g 2etFolE MEE F HIAU &F o4 Fxo] £E3to Fo

o
g

A, el olFel WE AEUAE HAE] AfM 1593 &A AFE F
Aok AP =Fd A Ala" oA o] FolFa, A4 FF S E7i(aeration)
& 8t olfolAh 47 wde FEE 240415CE FASAR, &£

A4 B8~7.0 ppm, pHE 6.0~6.4°])9t},

2.8 A A A4

A del TSA WAz Agole] M@FstALl zAbsh zA A mAl

el
et
i3

o ooliel glelon, ol o|FHE ulH o Hta g #Asted 20~35 % WSl <k

of Eol7h 7RA 33vielE MW

308 fx= g 9 2d wF

N FEE 4 AY 74 T A2 2HPAE A ¥ A
A4 Table 1o GEpAITh NYHE 730 F AA Aris dodsha 2t
o & 30ute] F 276kl distd AFo 1% #Fste 13 A HPE A F
gt dEZZM hematoerit(Ht) % hemoglobin(Hb) ZA317) 935ld 13] 5
A oo AR g Wrln, oA gohele) djgtod Hr % HbA 24 AR

FAdRE Ao A A 2AAAE f8e Bouindlel AU



Table 1. Numbers of blood-sampled and necropsied fish on bleeding schedule
for induction of experimental hemorrhagic anemia of Nile tilapia, Oreochromis
niloticus

. R Number Number .
Sampling . . Group
of blood-sampled fish of necropsied fish
Before bleeding ol 30 3 Control A
1st (4] 26(1) 3
2nd [81 23 3
3rd (12l 20 3
4th [16] 17 3
5th [20] 13(1) 3
6th [24] 10 3
7th [28] 7(1) 3
&th [32] 4 3
Non-bleeding fish [32] 3 3 Control B

{ ): Number of fish died after previous bleeding,
Davs: Days after first hleeding

o] % 4o Auiel 73jo] A WARLE A vhde] AHAF 19%)G AN
= ogAe) AR SAsa, o AW Akt dubel dAEAe o) A8
F 37 - nASAT webd 329 o 4dvitk & 836 AR 0 o)

o Ao 2 £ E 30vld et 179 ERIA(PET At 8] AF
woR vy ¢, dete} 3wty g YRy BRE 9 A" Fie Bl
of HF 83 AP 49 FAR AU FAMNA AL BHsE FA
of A4 g st ¥4 - ngsdr

dlo

Ao FopAstels QAggon B q £A dol oFE wE o

T Eo Fud ofE B4 e #

b

° 7 uAMNcaudal vein)e &
TH &S AEE s o] o "4 351 FAAR] heparin(25,000 LU, F

dAehe Aeld 3ne 18§ FAS Agagon, vy 4 & 302 ol

==

A OlA T 19%)9] S AHF eI H Weinberg, 1972). AR g4k

o>

@F 4-64 Atolo] ololfon, d wge] FitA zA ahela o Fojr)



A F, A MM FA=evd F¥tagging) 2, A TEH FA A
A e Bde] BolsinR dn ddAaAR AE AFFE 1Y 3t
2 25 gEsan. Fd A distde R, 2849 0, FY
Aol wig Mxe Mg B HAIAG

4 HosA 2}

(1) "o As}st sty =3

Aol AREE A2 Y9 AHE Wye T AHdE 4L 1T =S A

Sofl WA F AT A 2A et o d

o
o

£ FEA170 F 3000 pmelA 5
= ARy il 835 Fulste] Aol wm A&, -20THdA B F
B atH A gutomat ed dry chemical system(Kodak Ektachem 700, Rochester,
New York)e® 3% oW 3xoA A 5 TPltotal protein), ALT(alanine

transaminase) % AST({(aspartate transaminase)5* 28 =A 3t}

y g Hxad Heidel 53
O e iy sld gf¥EEd HAoz AHFFL 4 hematocrit(Ht) 2

hemoglobin(Hb)&-& Ztz} F4d3tlth. 87 (Red Blood Cell)5*& Hendrick’'s

mlo

diluting solution®.2 Htel el uwal 384 #-&S 3F3EHA 1:800%-8 1:100
o2 EAM% ¥ hemocytometer{Improved Neubaver, Germany)E o] &35t 3
& An st Ag sk Hie d38 Hadd capillary tubelE 4159

1% ¥ % E F2 B3I F  microhematocrit centrifuge(Model; 01501,

o

HAWKSLEY AND SONS Ltd., England}& AFE3ted 12,000rpmoi Al 577 €

HodE AA 18 ol Adams microbematocrit readeri® =3 3th Hb2 U4



# Kit{sigma, Co}Z A}-38le Cyan-methemoglobin® 2.2 &3 35}

@ HT HYT £3(mean corpuscular volume, MCV), Bd d873 dM4 ¥
% (mean corpuscular hemoglobin concentration, MCHC), ¥ H+# ¥} s
a2 4l 2 (mean corpuscular hemoglobin, MCH)S o8] A4t o] oste] 3t

St

_ Hb (E/lOGml) x
B MCH (pg) RBC (<10 %/ cell mm®) 100

N - o Ht (%)
MCV (ym ™) RBC (<10 % coll mm® 10

_ (&/100md)
MCHC (%) = Hbm (1905)m x 100

@ @) Lt g i 7o EX R F e o a4
Ao 24 o] FUY NN o F By Axe F, FHIYAA WE AR
70 fleld s Al ddg AH e smeardt ¥ Diff-Quik d 43 PAS
AAE st 4 NE A F AT 10000 F AY AT, vlds A
o

oA s A9 ol A M), oFd R (dumbbell-shaped) A&7 g



(D) 2% Q5% A4H Fad 3 B2 A % B
FAT G 2N oz WA G Ae) A Felolme) syums

3t i, Diff-Quik 43 PAS g4 & HA3 = 74 W 2¥AEE BZs

(2) FSdnl4d 28 A E AF
wd AERY 83 Ao o2 AA w AP £ 3 whey et PHg

stk SARE stol MTEHQ PALES

2

%242 Bouin's solution®

il
ol

s
T

Carnoy solutionol] ZAsgAch 24414 & 5 1A el 2427 FoF o]z A

it

ol oloj £ AL FME Sl T0%INAM 100%7A] +#x Fx dF Lo €
FE s9d. Xylene %% Fste] deEld A7z, S E2u) F
microtome (Reichert-Jung 820, Leica}g At&sle] & 4mSF7e vr#l g A9

tRen "Had o PASS

11

O

g, o)% H&EAMs @stdAvgoz wz

prussian blue?| % @NYE A& AUt

6. %944 274

2 Aol A A= SPSS A4 T2 a3(SPSS Inc)g ol &3ty

ANOVA test® AAsldcl 28]t AFS b8l asE T-test® AdT sy iz

(A, B) "t el feds 748D HHP<0.05).



Hy S22 opzivl o dlef Mzt vl & AN PO (Fig. 1-1), 57 o] =}
gk AN HeHe = AL vEol Ao @ES HIOM(Fig
1-2), % vigelAx e 8 ds5s #28 + YU FHoAE 29
=259 FAlT uge] Mzvk ARBE Ao 4L gPaMor Pgon, 1139
Mz WstE Ad el We zAA we gMoew Mz Wz el

tHFig. 1-1).

2. Hematocrit(Ht) ¥ Hemoglobin{Hb)x} 2] ¥ 35}

Aoz dHew Y9 F 30ve]l daIote] FHeolarA wetoetof A

Wi HtAE 265%0190mn], Hi Hb 942 88g/dee)lGd i (Table 2). = 4 =}
o oA Fe o 1%= 9HE fFHE Ste] 33 A o]l F 4UA el T HtA 9}
Hb kol Z}7} 89%, 3.1g/diE RFojzom, 32U Hob & 83o) o2y Wi

A A B HeA S HbdS 717 2.7%, 0.9g/de2 stob A )

(1) EA Ax33 sehdele] ¥s)

o) Ay Avjct gefuiele] HES 4 hematocrit(Ht) P hemoglobin(Hb)#]
2} olg 4AR o 3 MCVimean corpuscular volume), MCHC(mean
corpuscular hemoglobin concentration), MCH{mean corpuscular hemoglobin)<®

A% g elshad vh(Table 2)



MCVE 13 A8 33 AG7AA fFdstA A5& Boltkrt 55 AE o
FREE dxad 88ty FodtA FHastg . MCHE 73] Alg ol & f#efg
dae 4%S Bt #9, MCHCE 73 A¥7A Foate g9 dke
u, 73] A ol F FojstA FHAAh

MCV, MCHC ® MCH® 27} 83 Ad A fFold gl g A7

M8 M AA {9 (microcytic hypochromic anemia)= o] F o},

(2) 87 deje ws

A el AfFel A Ad 0.8%9 FoF APt FAsAH(Table 3). A4
Hd = v dgel Ax et 344 AxdE 7h25 AddrhFig. 3-1).

13 A¥ ol & young erythroblaste] @ &o] thh F7iglon, ¥ oy
= AE Adre 2L gadgel, AlE AW AT EHG ¥ de) €2
23S WAkFig 3-2). 23] A" o] R He AP 944 & AE+ -
b 5484 Sobekd. 1 A Ee] e gddely, AF st weldHy
= AEde g4l dojA v 7o M mA gu e I AME
°of UL B3N ddew qgatA SdEFGAT Aty ds487 %
ol 34 AMAE Astddrh 53] AE olF of 8%9 vAds HYLsL
A HAH(Table 3). 23] AHE o] FHE 3 FHo] o] FojxjA] ¢f ol raf
(dumbbell-shaped) o = 5= o4 4H 7t Zdsy| AFdL (542
= Aggel wep ol AT 77F Fraen, 2 dof Fee HEF
Y= LR st 83 MY AdAM= AEEA A Heav A48 s

A A A8 #EE F UAHFig. 3-4).

(3) @ Asperz vfepvietef W3t

_10_



Ad doll F 307tz 2] "Hetsjoldll i A T G ALTS ASTe H+#
& 7zbzt 29g/de, 181/ 2, 1580/ ¢ 2 JEFtth(Table 4). o] % &3l ut&
gz 2z 83 AMd7A F dYFe] 16g/dE FoAEA FL3Act A
ALTS ASTHE 83 MY Alol: LWL, 305/ 22 EH5on, ASTH
o #Fo% 77 wEEHAY. dAFow 329 Feh wEAHA e F7 ¥
B Holx U dlEw A% 329wl 44 dad BAFlY] oMk

folg et AAHA et

_11_



Table 2. Change of various hematological parameters after repeated
bleedings.

Bleeding Ht Hb RBC count MCHC MCV MCH

times (%6} tg/diy (10%mm®) (%) () (pg)

control A(n=30) 265+34 8812 233124 324221 116.2+13.8 30854
Ist (n=25) 1584227 4906 144£22° 31.6+38 12462154 395£10.0
2nd (n=20) 106+23° 43106 94+18" 20.3+4.6 131.8+21.2° 407+124
3rd (n=15) ]G+ 31 56+167 37471 169.6+26.9°  455+12.8
4th (n=11) 6819 2.2+0.51" 48+14° 34.7+7.2 14224219 442+106
5th (n=10) 5309 1829 51107 41.2£138 108.2+37.4° 30.0£106
6th (n=8) 46+1.2" 2.00.66" 44131° 35.3:89 82.8+17.4° 27.7+7.2
7th (n=5} 35+1.3 1L6+0.527 3180 25.5+4.9 93.0+12.3° 23772
8th (n:3) 27+03" 0.9+0.32 33017 226011 70.2+19.0°7 21.4+7.17
control B (n=3)  26.0+07 83+02 212+14 32.0+0.6 121£3.2 39.9:0.6

Ht: hematocrit, Hb: hemoglobin, MCHC: mean corpuscular hemoglebin concentration, MCV:
mean corpuscular volume, MCH: mean corpuscular hemoglobin, n: number of fish analysed
* significant difference from control (P<{.05).

_12_



Table 3. Mature, immature and dumbbell-shaped RBC

tilapia in each bleedings.

counts(%) of Nile

Erythrocyte count {%6)

Bleeding Tines Mature [mmature Dumbbell-shaped
O, ~ OD
RBC (%) RBC (%) RBC (%)

0 986108 0.8+12 0

3 (3) (®)]
Ist 95.6+3.0 22¢20 0

(&) (3 (3)
nd 67.8+134 31.8t136 02105

(3 (3 (3
3rd 4824170 51.5:17.1° 0.240.2

3 (3) (3)
Ath 31.33120° 686+1.9" 0.5:0.8

3 (3) (&3]
Sth 1526415 R46:14 02+0.1

3 (3) ()]

() number of fish.

# significant difference from control (P<0.05).
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Table 4. Change in blood chemistry after repeated bleedings.

Bleeding TP ALT AST
times (g/de) n/ 2) (w/ £)
control A 29404 1.7£5.0 158492
(n-28) (n-28) (n-28)
Ist 2.410.4° 13.845.3" 139158’
(n-13) (n-13) (n-13)
2nd 2.210.4" 8.4+4.4 38134
(n-14) (n-15) (n-=15)
ard 2.0£0.2° 7.4+4.2 11.85.0
(n-14} (n-14) (n-14)
dth 2.9+0.2" 153497 18.3+11.7
(n-11) (n-11) (n-11)
5th 1.9£0.27 10.7+8.1 109436
{n-8) (n-8 (n-8)
6th 1.8+0.2° 13.0476 24.1+16.5
(n--8) (n-8) (n-8)
Tth 1.7+0.17 16.4£12 10.1156
{n-b} (n-5) (n-5)
3th 1.6+0.4" 11.7+4.6 305480
(n-3) (n-3) {(n-3)
control B 26104 11.3+£35 3094148
(n-3) (n-3) (n-3)

TP total protein, ALT: alanine transaminase, AST: aspartate transaminase.

= significant difference from control (P<0.05).
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(1) FA413 wge] A2 g242

/b4 W 2HY ~9E RN v NuTA AEse o) 7

i

Ak diE:we T FAEA PAS 94 A AHTA AEeL o
ol GAE Rgom, AdTA HAE i daTs 4 NS Ry
HFig.2-1). T2l A proerythroblastiz o2 A FA A Ee] vl i 2 3

& /A2 dled, MEEel Azt FEstal A ddEgUct £33 2 8

2

B oAExAe Ae agAe et tiFig.2-3). ProerythroblastE A €]
A AlEs AEe) Hert AFoln, upgla Boke] 2 FosiA #EHd

ooorae de sdqelu Avae ¢

flo

T4 w BEHAYFig 2-3),

48] o) AL UK A T F(sinushllel FESH AT A M Ee
o HY @ Aol #HEUAKFigd-3). ARy A AE el Hi ME

Aol W&o ulFo] My Aaelol Folw)gdon] PASe| oF FAS uwny w

It

Bhd sgo] RAHIE sEch £F 4 NG AMY Dz Aoy BAH
& ob# @ }(dumbbell-shaped) 4T Ho] Fehst v PP HAFE ¥

el A 2= A eHFig. 2-4).
43 A ol F MPNAE HFTA AEEe] T4 wBe] HRen, 79
o AR A MGe W 3E/NYS HE K% 4WTRE A5 A4 2

AtHFig. 2-2).

(2) &7 3 =g st 44

-~ 15 -



2} 5 MY F 49 vhoh 3 vhelgo ey WY A 2E 47 % &3

e B Avld KRS Astel @AsAch AR Py FAe

2
2 Hdr o
e =

i)

Ao 8 7ok g9, ARAE, AYAa, dAAE So o Fofd 444

o

o] = Alolof] WA FWe| 7|A gHo] FHSA L Ao, HlnA
oj9} Iyt Aol MMCE @Adstn AUTHFig. 4-1). 33 o4 43
hA S FAdME Hof zim @2 P MEES] @2 Fdd oE £F
o F7F 2o #EEHYoH FAF ¥ FY £YAEE vy #EEHA
TELS Y T8 AL olFA

Al 9ol oA den AFdRed, 34 T34 oo 7 H¥FE
o

A MEFo] T2 Fisinus)oA

[#]

=13
s}

215 21 eH(Fig. 4-4).

el Blge e TRel ¥RFAY WeH ¥Hw F2 4YTE

shals A3 (red plup)9t PEFT 2 FAH T M (white plup)?t v A

gt 2R Ao vetus ddAd Ad Atolwel 24 &3S deEhiith

ameAL F2 ez pEsw, o ARe uF 27 Aele] FnF L¥

&

L Al ekFig. 5-1). A&l wtE Nd AAdANMz Fd4e] A1 g HFd A
wd Agel MMCEe] #as At (Fig. 5-2). ¥3 v 4 5 (red plup)7t
g 497 A A o Tt wE TP g9 E dEHNeY, ¥2

2 o] v %7 B ArHFig. 5-3).

o4
cle

R, 48], 73 2 8% QY o]&e] F413 vl & ¥ prussian blue

el

AM dHEdR 45 fHI A" AA e v el MMCUele °Fgh ekadwt

olo

—_—
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BHHAA 2 (Fig. 6-1), FAAAE A4 #2& HATHFig 6-2). 759 83
AEg A= Blde] MMCHAA 23 ¢4 HE&E& 2Aen(Fig. 6-3),

T4 MMC# 5 (sinus) F 9o e 54 ¥4 &S RAHFig. 6-4).

dalvlol gaddolF oz Alae]l = Z(nephron)e] & weEo] 2
on 2¥zHog FAY ZFA(interstitium)e] Ao #R LR kot BlE )
Aol AN A] MM T AP A fFol3 vk 2t Wil #Bad

A gt

53 o)y AP ALl flellH FF g @G 70l #FHAAT
(Fig7-2). 3 73] Qg o1& dgel YA, s45 2 o g to HAn|gd HF
o] FaE=dew, 83 A A= dA-TF wrGo] el tH(Fig.7-3,
Fig.7-4). 7+ 3 A3 9 ¥ (extramedullary hemopoiesis)e 5] 4|

gtk
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V. 2 &

offel Wige A AW Ao dgstm A 4¢ b oR = o7t
m7h e wolr] wiFel A 1A sbgatrk uldo] ofzfel] ofjumlg dHE
PlRl=Ale] g Alg Ae Aol flth 2 ATeAe A8E Fabe] I
Hog Sl 284 WS Frdte] 1 A% d@suA s

L.

ol el UelH &84 ML EstAly @AY, 7vileeches) e AR

a

3

o(lampreys)Z-& A9 712 F2 o A 4G Yoy T3 Fofe
vlo]lzl 2~ ZAA # ¥ F(viral hemorrhagic septicemia), spring viremia of carp
3 channel catfish virus 2o} F8A vIEE of7ste Aoz o4l A
(Fergusan, 1939). vlelol s S84 S A9 £ £ HtA< Hb
oko] 43%9} 10g/deol A 12%9F dg/de2 ZHAstdon], wdx "o Yo ge

nds A¥EFE HEed S S RastgriAmlacher et al., 1980; Wolf, 1988).

329 ¥ok AFe) 1%8 ol 49 Ao M AUGo LA HiAs} 28%2
wobd Aol MPe] FESU A 3 AP 49 F HK7F B o} 16%004
A apatel 88 APA o 3% WA of 329z WANY el Ak of
7o Melme ojFolt mae] wel AYEA gou, AFe o 2-8%u)
Eth(Fange, 1994). Delolobe] 29 1 dohgol elxd Ux Grh mheha 2
ArolA AFe] o 2%6% A YR AR APFL AAFAL. oA e
Nae) Wie Fujsials] 9alel Schidlerst Vries(1986)8] 7| &g whgkth ol
S AEY o 1% @ 8 AR 2447 Ul AFT 27 ojxo oF 30%%

daAAnL pusact £9 AP ¥ s 48T 2 WYT 28]
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AAsta, d@el A% HYTH 28 AW £ 10~129 2993 oY
ohomebd B ATA 4Y A WA @ waRgozA H4s 4YT 9
Syt ERT AW 49 A 28 AAS AASAT, 23] ol o] AU 4
9 BAow AAstdrt

gelalol M AMe 9FFAAAE FAG obrvish 53 AW o]F Fa
Deto] AL} 53
Hst #aA3e]

B ol dbadl WPE 23S s% A% WA Sl dadnh W A

H|

Lillg

e As e ge g4 AF7A

%_
=8 A gk g2 JaEAe AAAF(hypoxia)E okl

..\:4_

>

=)

1 Felle] 2eom A3 WA gste]l e oate] Aa TEE B Ao

a2

=
A QUth(Hibiya, 1982). o5 ¢l ¥ef x4 f R4 w2 3o 2 A
& 7

3, oo dae v

o

ol A A¥E 2 o Hee] e ®Be A4s olFeoid du
(Lopez-Ruiz et al, 1992; Fischer et al, 1998; Fijan, 2002). €#}mjo} o9
A dd i HETE ASAET el vy 4897 2@, of
0.8%= mAds AdFd st o) vASHYTE GRduHdez A
& HE A FAE BhdE e Feelvt A an HEde 42 S
Aok oiFY AH P ez 1owd dAd nlel proervthroblast,

£

basophilic erythroblast, polychromatic erythroblast, orthochromic erythroblast,
young erythroblast ¥ old erythrocyte® WHAER2  AlFojr} 515582 A
&2 ol ¢l HArh fzold #EE = 9l dAle HYFE
orthochromic erythroblast o] % Z o2 ey ArhFijan, 2002). o] 715 w

g G FE3 g wlds AR young erythrocyted] @ 3e Aoz 9
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Heigdrh. 33 AW Fo AdAH MCVA Fsgth ot young
erythrocyte7h 44 HBT 9 110%) o2 5 A= AHel 71A¢ Aow Ax

Hrk(Fijan, 2002).

A 4k wobol weh 2z FedoM chkd Efel dlys KRy
ol A e ¥ ASH R FrHFon, 78 o A AAdAME

FHE 71 H4ETE 79 #FY 5 QAT 15 FEY
2% wxFAoN ERAG AP wol s WYHYT 73
(poikilocytosis)et & (Jones and Hunt, 1983), o1% < Wz oo A= 4

el @9y 24, Fo HATe) gepold % AXAY G4y xS o

ru

of 9] wigelA Has o th(Horton and Okamura, 2003 Nakayasu et al.,
2002). ol H& = A Y For BF LS hemoglobin FH & eI
tH(Nakayasu et al, 2002). 53 & 23 918 sfAo) #HE= ojdut
{(dumbbell-shaped)®] H¥F= n5EE2] VE AL #3500, o 4
T2 7Feskal A tHDatta, 1990). ¢} ¥ % (dumbbell- shaped) 438 ++ 7173
o] Fel A= bilobed cellZ2A RuEgioem Alge] Ui A9 WHE = 2B
A2 Arge] fd"Eck s Noyes et al, 1991; Duncan et al, 1993;
Murad ef al., 1993; Houston and Murad, 1995). o]} & #HAFP= By F9
AE=A G4 452052 3 DNAQ &4 Aelo ofd] A&e Bdol oy}
A e A 2k dejoz HEFHAGL FFAAY F2 7 % 49 A

A FHE FEE AeAde 9838 = Aow F3&3 % tHHouston and

tle

Murad, 1995, Butterworth et al, 1986). & S Fo)M w&E e ofhw<k
(dumbbell-shaped) F& v A4 dedyof 22 Mxze JAe] Ao glgle

B, g AeFevel AWH Aoz olAA, Ak punAe iy v



of gl Aoz AZEATE 78] AY ol F o) AP sF thFE<T 5%0l3 Ht
A= At kel BrEsted oulst Ao gl Aoz Agddd,

2 oA Ade of 5% dgete ddg AP LA Ersta, A
8 5 Tuz AASAY sESUT 2e uge) b ggadel g A
Foll QlolA 30%014 HFe 2 doe] dAgH % % Pao BE &
27k Leluriy Aol HeiEA Wi @chHillman, 1978). 4Zol#+ Hb
of Q7 ZIEH HASHAAE & o) ke w3t drhAnthony,
1961). S TEo Afd 34 ANdHe W BvG vjHe] A F AW

F sk el wEy 27k AFY B4 % FB5% Zz 249 BRFo

—_

F7bsto), g A"HF4o] T2 3 godke] "do Mol Frisle] €A
B ot 45E st FHeolithCotran er al, 1999}, @5l FX 7Y

Folel HUAZH 70% 7hael Auold 43 wiae F/Ngows oflu g

Q

Tl Fold b4 FHt HAFS TN g2 HI) AFE FAaANeR
Ao AAE £ A er Fg9tte Btk dddk(Cameron and Davis,
1970). =& HtA 7} 5%olstd A5, df-£e 8 B 71de] EgAse] &
o8 olejdta UK Wood et af, 1979). it 2 AFelA Htx 7t 5%
olatell A 12 E<t HAbEA Bt W ool Hly Eeteldel AR Tl
ool wEE R ekt wabd RIEFH Hibe] I AFE §E o] FoH
of & Aoz A

LFEedA W

ok

nli"d
ox

HAd Al A7 AN AA{microcytic hypochromic)

&
Ndol rvieputy H AP o] F-EHth(Jones and Hunt, 1983). B 4F

A4 ol M 83 MY o) FHE] MCVS MCH 37} dastel & 549
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7ol 27 Zie FA HETF U HbYE #AiseE LT AN
{microcytic hypochromic) ¥1¥o] FXRHUG. wotA detgjoloflx &
Mg d A7 nzo] M8 F8d 43S ¢ AZE AsHAY

—

al

ol

TEAA AT NG A 2 AR d@AS A A sedda
def A QdohCotran ef al, 1999). A AbAi HEo £48 Yoy vEE=
globe] 715 o] dg& ofr]l A7), o]& Qla| Aubite] Absle} o) go] TAs}t
o triglyceridesZ} THAIE ol =3 w A olth(Jones and Hunt, 1983). o] x4
RGeS bk 2gte] wE FAANE FAoR dojds A A ol

B oAy Widojo A= A A

kr

Aol MEFEH HASA FHAA FA
o PAFAT. el WA 27 AR9A wdd 83 Y AzelAu
feoldh e nasgont, dAdow o At AnelN T £4 AR

ALTY ASTel 3lolM Folgh wiskzh sl | =] &t

AgEEel ol dld A x4 R A FFol HA gol Al A

ofn

1213

1} A

[=]

(E
g

Qagdel A eon, w@ AMwd 4% A ey

o N
=]

(Cotran et al, 1999).

e
ks

o M 73] ol AWE PA, BT 2 o o
A HFol FAEUAR, Fabeh BAY PPty W BEAA B

th AteEdd A g ¥k okt o Fe 442 spongyEeol ¥

L

Fil

el Aol olomny 44 Ha8 Fakk Roz Holdd Arir)
H

4
(Hibiya, 1982, Ferguson, 1989). o] &

o] 42 AEF D (renal artery) #E5WHS Wi 5 EE9 AN He, F oo
Z] & ¥ (renal artery, renal portal system) & & 931 lth(Hibiva, 1082). 3}
U 1% EHF9 2ol e ®l{renal artery)oll 2lske] AR A e} Al ol
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gt
2

7L B3, 0e s NgUe iy AAndd F42 FESHE A

o

T Al(renal portal system)o|th. whebA G EFFAME ALTAY Y
Eol aAtetd A Mg A, A mae] Eo] obrlEr] e

b2 ofF(Lane, 1980; Schindler and Vries, 1986; Houston and Murad,
199530l 4 w5 g ule} Zo) g 44T ¢lg delxgels] A AL =
Hrivke] HEFA S F42 veyrth 53 A o]F o gAY dx ¥
A ol #AHT, A5 F4 £ 9 A0E FEAH BEHE AT aA
Ao A"y Aol FAHAY. oA olnf RFFES WEeE ¢ &3

A AglelA KB sl tHSorrell, 1982; Datta, 1989). oj# o pheylhydrazines

rl

=574 SRS W, F2 dE, 8 2 FadA AgdEA Axe o8 s
A A o) el Eado] AaEESth ol Feb el Kuffer cells?]
A Aol Aol A FelshAl wEEAke diry B AP A 55 Y o) ¥
FH =8 2752 MMCY hemosiderine]l #7138 Ao.2 mFojdoel xAALS

ol A7 EAH FHog AR EHU

AFEEAN 284 WE A 2dzxA o8 A AgdA F9xF
(extramedullary hemopoiesis)e] WEh}E o2 B 3sdtHRedondo et dal.,
1995). zeivt depsjope]l AS uiFHAA v HM(red plup)7t W F-7ol
proerythroblast® ¥ 33 A4 HER FAHo St HL mFojHol &
Aol 27182 4 4 9o} 429 F8 (extramedullary hemopoiesis) ¥
e A sk

rh
re
-
i
1)
[
oy

ok
=)

2w, Mo fHe nEAFERY Aol gou,



HEFel YA 27 Folgh WHRNNH FFo UM B FolE
Bol Ao A4ztEch mbA THFe AN MY §Foz oy NY
& olsiehiznl #olgol Urk E@ oje e AWM FY WY mAx

4 e % A9 28 WU PuE B8 bd Aoz Aas

°
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V. 82 o

of ol WlRe 9@ WA G2 2v) A Aol stz ket o)
BB AEe e IuA NGe fEse) Aoy ws Wz ey
2 Fa 2 F 329 5o 49 vio ol AF o 1% At W
galol A A9 (caudal vein) e 2 WHAY sho] YUY NPL FE
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(s}
a1 o
2 et do AsE BMe)A total proteinT A o)A fo g AT e

ok
¥
mi i

2
o

34t
0
rZ
i

He A7A AYEMAA W (microcytic hypochromic anemia)

st ot ALT(alanine transaminase)lt AST(aspartate transaminase)d %ol
Fog WErt U Gtk AR AANA ofrtul o) NEAg HA wA
e gz 9 e nEy ¥ o] gelugict w4 sH
2o FHEE 3% AE olF  FefstA  Asdoy, olHEY
(dumbbell-shaped) &7+ 23 AHFE 7317 Al &ete] o|]F =& ox

=
gEEelch Henddtgdeas g S S AEwgel wEEHA

&

FAT wlde A A-EA X F47 ngom, 9% FANN @
ol AGuaA AEe 4% 1Y Aol BaHUch 73 AY olF
g ez wae ARG, 44 2 Mo A PE 47

o

o 91 Re g A7e] fAAHUC) oo AgA FHAY NG Ao
Fofsta @ el ga el vge] W] fES ASAFFET Aol
7boglou, mae] gelzAsky o] AojAE WL FoF uoll Aow:

Atz gl

EA: "Gt e} - Oreochromis niloticus - 84 N8 - 274 44 1l
el

_25..



V. 439 9 21944

Fig. 1. External and internal findings of a severely anemic Nile tilapia

Fig. 1-1. A Nile tilapia after the 6th bleeding. Note pale gill, light
brown liver, pale hemopoietic tissues. G: pale gill, 1. light brown

liver, H: hemopoietic tissue.

Fig. 1-2. A Nile tilapia after the 6th bleeding showing local loss of

scales(circle).
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Fig. 1.
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Fig. 2. Impressions of head kidney and spleen in severely anemic

individuals.

Fig. 2-1. Increased erythrocytic
cell series in head kidney after
the 8th bleeding. PAS, x1000.

Fig. 2-3. Marked increase of
proerythrocytoblast(arrow) in
head kidney after the 8th
bleeding. PAS, x1000.

- 28 -

Fig. 2-2 Increased erythrocytic
cell series in spleen after the
8th bleeding. PAS, x1000.

Fig. 2-4. Marked increase of
proerythrocytoblast(arrow) in
spleen after the 8th bleeding.

PAS, x1000.
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Fig.
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Fig. 3. Peripheral blood from control and severely anemic individuals.

Fig. 3-1. Peripheral blood from
individual. A
number of mature erythrocytes,
Diff-Quik stain, *400.

control large

Fig. 3-3. Peripheral blood after
the 4th bleeding. The increase of

immature erythrocytes and
appearance of abnormal
erythrocytes. Arrow: immature

erythrocyte, Arrow head: dumbb
ell-shaped  erythrocyte. Diff-
Quik stain, *400.

Fig. 3-2. Peripheral
the 1st bleeding.

blood after
Note a few

young erythrocytes, Arrow:
young erythrocyte. Diff-Quik
stain, *1000.

Fig. 3-4. Peripheral blood after
the 8th bleeding. Note increased

number of abnormal erythrocytes

and a few of normal
erythrocytes. Arrow: abnormal
erythrocyte, Arrow head:
dumbbell-shaped

erythrocyte.  Diff-Quik  stain,
*400.
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Fig. 4. The histological features of head kidney from control and

severely anemic individuals.

Fig. 4-1. Head kidnev from
control individual. H&E
stain,x400.

Fig. 4-3. Impression of head

kidney after the 4th bleeding.
Note the macrophage engulfing

many erythrocytes. Arrow:
macrophage  engulfing many
erythrocytes. Diff-Quik. stain,
x1000.

Fig. 4-2. Head kidney after the
5th  bleeding. Note

erythropoiesis of head kidney,
x400.

increased

Fig. 4-4. Macrophages engulfing
erythrocytes in sinus of head
kidney after the 4th bleeding.
Arrow: engulfing

H&E stain,

macrophage
many erythrocytes.
=400,
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Fig. 4.
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Fig. b. The histological features of spleen from control and severely

anemic individuals.

Fig. 5-1. Spleen from control individual. H&E stain, =x400.

Fig. 5-2. Spleen after the 5th bleeding. Note increased erythropoiesis
and MMC of spleen. H&E stain, =200.

Fig. 5-3. Spleen after the 7th bleeding. Note activated ellipsoid
capillary in spleen. H&E stain, x400.
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Fig. 6. The histological features of spleen and head kidney from

severely anemic individuals. Prussian blue reaction.

Fig. 6-1. Spleen after the 3th
bleeding. Note a small amount of
hemosiderin in MMC in ellipsoid
and parenchyma. x400.

Fig. 6-3. Spleen after the 8&th
bleeding. Note a large amount of
quantity hemosiderin in MMC in
ellipsoid and parenchyma. x200.

Fig. 6-2. Head kidney after the
3th  bleeding. Note a
amount of hemosiderin in MMC
MMC.

small

in parenchyma. Circle

x200.

Fig. 6-4. Head kidney after the
8th  bleeding. Note a

amount of hemosiderin in MMC

small

in parenchyma. x200.
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Fig. 7. The histological features of liver, stomach, heart and brain

from severely anemic individuals.

Fig. 7-1. Liver after the 7th Fig. 7-2. Stomach after the 6th
bleeding. Note fatty change of bleeding. Note the focal dilation of
liver around central veins. CV: gastric glandular tubules and
central vein. H&E stain, x200. edematous swelling under the

lamina propria. H&E stain, x200.

Fig. 7-3. Heart aflter the 8th Fig. 7-4. Brain after the 8th
bleeding. Note edematous swelling bleeding. Note edematous swelling
of epicardium. H&E stain, x200. of menings. H&E stain, x200.

_38_



Fig. 7.

_39_



V. ZHALe] =

detgl 4@t o wFol A/ we BES £gt AAZ o 4
o & % Utkn AFste] wuke REA @AY vhee ddtaz o 2L
Hof gUth #5@ AxE AN ESFAD Aeds 7N HuE w5
dhoz gAsed, g4 olde) BAL AL FRaAE 2
Futh whmy sFelw Al BEe] SAsIIAN EEAEG BYL AAFA

¢

T

N

AE7] BT, 75‘345 g AAEHUT oHE dFee 9 & 7t
2HE FA wed ugd, 45 wed, 373 aaedd JAdog AAn
o

A =& FHlol o] WA gP7tA vidstx] FoAWA B T3 AHE
Z‘,Ez}_] o]_‘};_l }duHL—]pﬂ Z1e 71»)\}2 1:3][:1 oro BUA}_._}H%_?_]_- %_g @_ﬂ}%
doalzd vigurd Ao Agyt AP WE Bwe xJd3 #AHE 7S
g | ,

Auid, olgd Huld, 249 Aud, H5A dud, Fu Aud
48T A el BHg AU a0l mes Aol e
S3 we ReTA 484 digAs sy 29
S A A GAM B2t HAFEn Y5 o Po] WEHFE FuUd Fuls I
S AR BEE AU AN Aol Agel we dda =
038, AXQ, 4AA, 452 FHAAS Ao B WY
1ol ki Hels 4R YE Dol We =g FHAW ol 4@ M)
dah Wl A Gasgic de g7 Aaa g
Asie, A9 dEe viugs FAZ 4T ¥ PYEAE <
of slojE &x19, 49, ol44, olHot ATFANAE 7] rhe AY
=F AU Y5 Avi G BESA ALAFAY 4¢ FLE b
AW Ay ArolA DL BAE mav Foz £& AW ASFAR W
g gRAe EEE A7 DAY vy 2ge Aol FaH ey
gddow SEW %JZU} o4 Rrds TEUE OS Adsas @
A =F FHZ 2EPE FES o] =EoEY BYstdn gyt 13
© ARHE = aze de oA 24 ee AT, Foud 24
FROZ W AUE AAFE FAols FEA ATAE BAY vt AF
Uth. o] =8 fHow 5uzke ‘fﬁ“ R R oy +§IE1

ax
e
2
4o
=

_40_



Anthony EH (1961) Survival of goldfish in presence of carben monoxide. ]
Exp Biol 38 109-125.

Andrews JW, Murai T (1978) Dietary niacin requirements for channel
catfish. J Nutr 108: 1508-1511.

Amlacher E, Ude ], Rudolph C, Emst G (1980) Direct electron microscopical
visualization of the presumptive virus of viral hemorrhagic
septicaemial VHS) in the rainbow trout(Salmo gairdneri Richardson) and
additonal histopathological and haematological observations. | Fish Dis 3:
55-62.

Butterworth CJ], Plumb JA, Grizzie JM (1986} Abnormal Folate Metabolism
in Feed-Related Anemia of Cultured Channel Catfish(42223). Proc Soc
Exp Bio Med 181: 49-58.

Cameron JN, Davis JC (1970) Gas exchange in rainbow trout(Salmo
gairderi) with varying blood oxygen capacity. ] Fish Res Bd Canada 27:
1069-1085.

Chudzik J, Houston AH (1982) Temperature and erythropoiesis in goldfish.
Can ] Zool 61: 1322-1325.

Cotran RS, Kumar V, Collins T (1999) Pathologic Basis Of Disease. Sixth
edition. W.B. Saunders Company, USA.

Datta K, Soni JL, Awadhiya RP, Datta IC (1989) Erythrophgocytosis in
phenylhydrazine induced acute anaemia in chickens. Rec Vet Sci 47

136-137.

- 41 -



Datta K, Soni JL, Datta IC (1990) Sequential morphological changes in
chicken erythrocytes after in vivo and in vitro exposure to
phenylhydrazine—hydrochloride. Res Vet Sci 48(1): 12-19.

Duncan PL, Lovell RT, Butterworth CEJ, Freeberg LE, Tamura T (1993)
Dietary folate requirement determined for channel catfish(/ctalurus
punctatus). ] Nutr 123: 1888-1897.

Fange R (1994) Blood cells, haemopoiesis and lymphomyeloid tissues in fish.
Fish & Shellfish Immunology 4: 405-411.

Ferguson HW (1989} Systemic pathology of fish. Lowa state university,
USA.

Fijan N {(2002) Morphogenesis of blood cell lineages in channel catfish. ]
Fish Biol 60: 999-1014.

Fischer U, Ototake M, Nakanishi T (1998) Life span of circulating blood
cells in ginbuna crucian carp{Carassius auratus langsdorfii). Fish &
shellfish Immunoclogy 8: 339-349.

Hardig J, Hoglund LB (1984) Seasonal variation in blood components of
reared Baltic salmon(Salmo salar 1..). ] Fish Biol 24: 565-579.

Hillman RS (1978) Blood-loss anemia. Postgrad Med 64(4): 83-01.

Hibiva T (1982) An Atlas of Fish Histology Normal and Pathological
Features. Kodansha L.td, Japan.

Horton T, Okamura B (2003) Post-haemorrhagic anemia in sea

bass(Dicentrarchus labrax (L)), caused by Blood feeding of Ceratothoa

oestroides(Isopoda: Cvmothoidae). J Fish Dis 26: 401-406.

Houston AH, Murad A (1995) Erythrodyamics in fish: recovery of the

_42_



goldfish(Carassius auratus) from acute anemia. Can ] Zool 73: 411-418.

Houston AH, Murad A, Gray JD (1987) Induction of anemia in
goldfish(Carassius auratus 1.) by immersion in phenylhydrazine
hydrochloride. Can ] Zool 66: 729-736.

Jones TC, Hunt RD (1983) Veterinary Pathology. Fifth edition. Lea &
Febiger, USA.

Kawatsu H (1968) Haemorrhagic anemia of rainbow trout induced by
repeated bleedings. Studies on the anemia of fish-1I. Bull Freshwat Fish
Res Lab 18: 61-66.

Kawatsu H (1971) Hemolytic anemia of common carp induced by injections
of phenylhydrazine hydrochloride. Studies on the anemia of fish-1IV. Bull
Freshwat Fish Res Lab 21: 139-149.

Kawatsu H (1972) Dietary iron deficient anemia in brook trout. Studies on
the anemia of fish-V. Bull Freshwat Fish Res Lab 22: 59-67.

Kawatsu H (1974) Further note on the anemia caused by starvation in
rainbow trout. Studies on the anemia of fish-VI. Bull Freshwat Fish Res
Lab 24: 89-94.

Koong AC, Hirst DG (1991) The influence of chronic anemia on the
radiosensitivity of two mouse tumors. Br J Cancer 63: 499-502.

Lane HC (1980) The response of the haemoglobin system of fed and starved
rainbow trout(Salfmo gairdner: Richardseon) to bleeding. J Fish Biol 16:
405-411.

Lopez—Ruiz A, Esteban MA, Meseguer J (1992) Blood cells of the gilthead

seabream{Sparus aurata 1..): Light and electron microscopic studies. Anat

_43..



Rec 234: 161-171.

Lovell RT, Miyazaki T, Rabegnator S (1984) Requirement for
alpha-tocopherol by channel catfish fed diets low in polvunsaturated
triglycerides. J Nutr 114: 834-901.

Mavani H, Lois LA, Medellin JM (1991) Rabbit erythropoiesis during
recovery from chronic anaemia induced by bleeding. Arch Invest Med 22:
317-322.

McCormack M, Nias AHW, Simth E (1990) Chronic anemia, hyperbaric
oxygen and tumor radiosensitivity. Br ] Radiol 63: 752-758.

McLeod TF, Sigel MM, Yunist AA (1978) Regulation of erythropoiesis in
the Flonda gar(Lepisosteus platyrhincus). Com Biochem Physiol 60A:
145-190.

Murad A, Everill 5. Houston AH (1993) Division of gold fish ervthrocytes in
circulation. Can J Zool 71: 2190-2198.

Nakayasu C, Yoshinaga T, Kumagai A (2002) Hematological characterization
of anemic recently prevailing in wild Japanese flounder in Japan. Fish
Pathol 37(1): 38-40.

Noyes AD, Grizzle JM, Plumb JA (1991) Hematology and histopathology of

an idopathic anemia of Channel catfish. J] Aquat Anim Health 3: 161-167.

Redondo PA, Alvarez Al Diez C, Fernandez-Rojo F, Prieto JG.(1995)

Physiological response to experimentally induced anemia in rats: a
comparative study. Lab Anim Sci 45(5):578-583.
Schindler JF, Vres UD (1986) Scanning cytophotometry of carp(Cyprinus

carpio L.} eryvthrocyte populations: the influence of short-term hypoxic

- 44 -



environment and recovery period following severe bleeding. J Fish Biol
280 741752

Sorrell JM, Weiss L (1982) Development of the embryonic chick phagocytic
system: intraembryonic eryvthrophagocytosis induced by phenylhydrazine.
J Morphol 171(2): 183-194.

Smith CE, Mclain LR, Zaugg WS (1971) Phenylhydrazine-induced anemia in
chinook salmon. Toxicol Appl Pharmacol 20: 73-81.

Weinberg SR, Lobue J, Siegel CD, Gordon AS (1972) Studies on the
Peripheral Blood Cell Parameters and Morphology of the Red Paradise
Fish{Macropodus  opercularis). Effect of Food Deprivation on
Erythropoiesis. Anat Rec 175 7-14.

Weinberg SR, lLobue ], Siegel CD, Gordon AS (1976) Hematopoiesis of the
kissing gourami(Helostorma temmincki). Effects of starvation, bleeding,
and plasma-stimulation factors on its erythropoiesis. Can J Zool 54:
1115-1127.

Wierenga PK, Konings AWT (1990) Effect of a hyperthermic treatment on
the pluripotent hemopoietic stem cell in normal and anemic mice. Int J
Hyperthermia 6: 793-800.

Wolf K (1988) Fish virus and fish viral disease. Cornell university, USA.

Zanjani ED, Yu ML, Perlmutter A, Gordin AS (1969) Humoral factors
influencing  erythropoiesis in the fish(Blue Gourami-Trichogaster

trichopterus). Blood 33(4): 573-531.

- 45 -



	표지
	목차
	초록
	1. 서론
	2. 재료 및 방법
	2.1 실험어 및 유지
	2.2 임상적 정상 개체 선별
	2.3 빈혈의 유도 및 임상 소견 관찰
	2.4 혈액학적 조사 
	2.5 병리조직학적 조사
	2.6 유의성 검정

	3. 결과
	3.1 임상증상 
	3.2 Hematocrit(Ht) 및 Hemoglobin(Hb)치의 변화
	3.3 말초혈액 소견
	3.4 병리조직학적 소견

	4. 고찰
	5. 요약
	6. 결과그림 및 그림설명
	7. 감사의 글
	8. 참고문헌

