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Pathological study on experimental hemorrhagic and hemolytic
anemia in Nile tilapia, Oreochromis niloticus

Na Young Song, Hye Jeong Choi, Mu Kun Lee and Min Do Huh'

Department of Aquatic Life Medicine, College of Fisheries Science,
Pukyong National University, Busan 608-737, Korea

This study was conducted to know the differences in pathology 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 repeated bleedings with a volume of about 1% of body
weight through caudal vein. ELA were induced by intraperitoneal injections of 1% phenylhydrazine for 2
times. A period of 16 to 49th day was arbitrarily taken as a recovery phase. There were no prominent clini-
cal signs and gross findings except for pale gills during the anemic state of both. Characteristic erythrocytes
with a weekly stained cytoplasm started appearing on the 12th day in both and were still noted on the 49 and
20th day respectively in EHA and ELA. EHA and ELA were normocytic hypochromic and macrocytic nor-
mochromic in type respectively, although both were normocytic hypochromic during the recovery phase. In
liver, fatty degeneration around central vein on the 12~38th day in EHA and hyaline degeneration around
central vein on the 12~26th day in ELA were found. In head kidney, increased hemopoiesis was observed
on the 12~26th day in EHA and on the 2~12th day in ELA, and macrophages engulfing erythrocytes were
observed on the 16~38th day in EHA and on the 2~12th days in ELA. In spleen, activated ellipsoids on the
12~26th day in EHA, and on the 2~20th day in ELA. In ELA, severe accumulation of hemosiderin in both
spleen and head kidney were constantly noted from the 2~49th day. On the 49th, Ht was recovered but Hb

was still lower than that of control in both anemia.

Key words : Anemia, Recovery, Nile tilapia, Oreochromis niloticus, Phenylhydrazine
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AAEZA (hypoplastic) & FE EFal=
o] RIFe] &3o thgt Wejsts ks wriet
+ dl §-8-3}} (Roberts and Rodger, 2001).

ofFollA W™ A4, 714854, vleld &
4 B G A 5ol Widd] FRkEE HE
o]& A7 o]t} (Roberts and Rodger, 2001).

o] 7o W] thg AF7F 47 o]Fo1A
o} A% (Salmo gairdneri)o| 4] WHE- 2 &,
Qo (Cprinus carpio)®] 34 B4 A & 7l
E%0] (Salvelinus fontinalis)® 2 AR Al5 ¥
FOE AYRH NS Fste] A wst
ZAFSFA AL (Kawstsu, 1968; 1971; 1972), 5%
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Woo, 1991), CCA (channel catfish anemia)oll 23
AW 71 (Ictalurus punctatus)®] 28 272 W3}t
g WA (Brown, 1994). 133 {X
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= /\H?JX—] oz 71-021}\]7:] 1:1]6‘:]9,] .Od?_]oﬂ 1;]]{5].0:]
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salary’s W73 = Wt Halel AQIAE =
AL (Nylund et al., 2003). 0|9} 22 A=
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3L Ao 65-120 g2l Nile
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tilapia (Oreochromls niloticus) 887N A& Ik

t} o] T AT dExE, 2287A = 28X
Y FE 3070 2384 g /=
Atk AF717F FoF ASSe] 2

E aE 78 ng/l , pHE 6.57.001%
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S, 75 33 (caudal vessel) S EH-H, 3
AO R F 43]q] AA, vy AEFoEN
Totich &, €84 W€ phenylhy-
drazine (Acros, USA)< 0.9% NaCloll 8413t 1%
phenylhydrazine<, A5 100 ¢ T 0.05 m(Z 1]
ALY e B Brge] FART, o
47994 5 598 59 gxe 08 2
oA RS, S A0 oA

49U 7MA & 7H53te] = 2skth

==
APe 284 0 Frst Fojgy Pas
Astel ool AVE ZVA WY FET

Sigma, USA)2. = w3 & &gl A2 FA}

715 ARESte], mlE dao 2 RE A
Aol wE AHE 2 F4 JHASTE Table 19
A st Th FHS 3,000 rpmoll A SE7F QAR
2] 3t @A (serum) U total protein (TP), ala-
nine transaminase (ALT) ¥ aspartate transaminase
(AST) A& =431tk @2 pH 7.4 phosphate
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Table 1. Numbers of blood-sampled and necropsied fish in respective haemorrhagic and hemolytic anemia-inducing groups

Hemorrhagic anemia-inducing group

Hemolytic anemia-inducing group

Day Blood-sampled Necropsied Blood-sampled Necropsied
Control 15 4 15 4
2 4 4 3 3
4 22 3 3 3
8 16 3 3 3
12 18 3 3 3
16 3 3 3 3
20 3 3 4 4
26 3 3 4 4
38 3 3 4 4
49 3 3 3 3
buffer solution (PBS)Z 1:8008] A3t &, 3428  hematoxylin and eosin G235} 38t w740
drgstolla HETE Attt slvkd A

2 ¥ capillary tubeZ NS YT F 12,000
rpmell A 5%7F 94 JHAA HE S7g33th
Hb+= Y48 Kit (Asan, Korea) S AlE3
cyanmethemoglobin 2.2 A3t 4
T, Ht 2 HbE dAst] A8 A%l 44
g A5 % (mean corpuscular hemoglobin
concentration, MCHC), H 4 & 784 (mean
corpuscular volume, MCV) ¥ 8 3813)| =
241 (mean corpuscular hemoglobin, MCH)< -+
Ao ERYH Qe NS I

A= =
Eejo| o) =25l Diff-Quik 941 o & &
_—',_H]EQ] o])\]_ OD tﬂ Q%_Q__‘% .761—6_'1-; ]7§_9_§
225

5 HE|Z=AISHY FA}

APAE Wlz7lel v g & T8
4 el 74 7iA 475 Table 16 UERH A
ok Be 9L UE A7E SSHHoE MY
3] AFS & EE F71E Bouindoll A5
o} BAkz 0l Wyl o g 228 ATste] ety
x4 mFAY HHES AUTh IX

s 7 24 hemosiderin 2% {75
319

2}7] 913} Prussian blue reactionS A

6. ROl 2

57 Ael= SPSS A Z=Z717 (SPSS Inc.,
USA)S ©]&3te] ANOVA testE A8t th 1
A3 AL OEH|IE ttestE AT 2T
Hit ko] 248 A3t (P<0.05).
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Table 2. Changes of blood total protein (TP), alanine transaminase (ALT), asparate transaminase (AST) blood chemistry in

experimental anemia groups

Induded hemorrhagic anemia

Induced hemolytic anemia

D TP ALT AST TP ALT AST
ay
(g/d0) (#/0) (#/0) (g/d0) (#/0) (#/0)
Control 344038 3.8+6.1 30.0+£19.6
2 32404 1.74£09 3334295 25+04 7.6+5.7 514+114
4 3.8+59 8.6+3.0 75.8+3.0 3.1+07 18.1+7.0*  65.0+28.6
8 27+04 8.1+3.7 135.0+£59.0* 29+03 0.8+0.6 28.5+18.8
12 25+1.0 11.6+10.7* 414=£5.1 27+0.7 1.74+2.1 253+£235
16 23+0.3" 32428 17.6+11.3 35+£09 27+£32 36.1+73
20 2.0+0.2* 14409 293+11.8 29+04 1.5+0.8 52.8+283
26 20+0.8* 9.8+13.8 133.1+£181.7 29+0.1 6.2+34 429+364
38 23+0.3" 122+£53 48.4+28.4* 3.1+£25 59+40 499+64.7
49 27+03 0.8+0.8 27.5+72 33420 1.5+1.1 52.7+349
* significant difference from control (P<0.05).
Table 3. Changes of hematological parameters in experimental hemorrhagic anemia
D Ht Hb RBC count MCHC MCV MCH
ay
(%) (g/d0) (10%mm?) (%) (pn) (9]
Control 32+4.1 9.17+1.6 3.73+0.7 29.1+43 939+13.6  254+62
2 21+3.0* 4.66+1.0% 2.92+0.9* 223+2.3% 775+31.1  17.0+58*
4 21+3.5% 6.07+1.1% 2.58+0.8 29.6+2.5 83.8+172 249+6.1
8 19+3.0* 4.25+0.9 1.95+0.6* 22.6+4.3* 101.1£20.0" 22.6+4.7
12 124+5.7* 2.26+1.5% 1.25+0.5* 18.7+4.1% 92.1£7.6 172440
16 10+2.1% 0.70+0.3* 0.77+0.3* 72429* 13274240 9.8+5.1
20 12+5.0* 2.16+0.5* 1.47+0.8* 18.6+4.2* 90.5+168  17.3+6.8
26 13+1.5* 4.14+0.7F 1.15+0.1% 31.0£15 117.6+21.1%  36.5+7.7
38 2243.6" 5.94+0.2° 2.69+0.2* 25.6+4.6 829+203 22.8+1.2
49 28+1.5 4.89+0.7 3.74+0.1 172+1.7*F 68.0+15.3 11.7£29

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).

28k 3 499A)0) 2.7 gdlOE T 2718k
otk &84 Nge] Aeoxe HE f= 73
9 35 7|7 FoF A As)Ed gl el
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Table 4. Changes of hematological parameters in experimental hemolytic anemia

Day Ht Hb RBC count MCHC MCV MCH
(%) (g/do) (10%/mm’) (%) (um) (Pg)
Control 32+4.1 9.17+1.6 3.73£0.7 29.1+43 93.9+13.6 254+62
2 13+7.4* 442+14* 0.30+£0.2* 384+9.0  429.1+73.0" 165+48.1%
4 10+4.6* 336+ 1.6 0.29+0.2* 33.349.0% 399.44+140.3% 128.9+32.4*
8 7+29* 1.80+0.5* 0.24+0.2* 257449 392642150 97.5+434*
12 11+1.2* 2.55+0.5* 0.67+0.1* 23.8+28 161.6+150 382+1.6
16 18+2.5% 2.89+0.2* 0.87+0.1* 159+1.1"  211.74£102* 335423
20 19+1.5* 3.68+0.5* 1.25+04" 19.6+2.1* 159.84+469  309+75
26 2242.8" 4.63+1.0* 1.16 0.3 21.0+£25% 199.7+564" 4194138
38 27+4.9* 5.79+1.3* 1.77+£0.3* 21.3+16 152.8+143 327456
49 31+4.9 5.81+£0.5* 2.18+0.7* 1924+14* 1500675 2834108

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).
N F Ao izt Het Hte 32% A
3, 4 HbE 9.17 gl th g%** Hlge] 75
ANME 1297l 43] Y F HUF St 12%7}
A 7FA3810 3, HbE 3.16 g/d0Ath (Table 3). &
g4 "l 94 ZAoME 1299 HF Hot
7+ Hb= 2.55 g/dl =2 SrolAth (Table
4). ol ?il% Qi 717k &2t A F7tste,
4994 =84 Wl 749 Heek Hb7F 2H2)
28%, 4.89 g/d0S3 7. (Table 3), &g wge A4
N M= 2+t 31%, 5.81 g/deSIT) (Table 4).

4 M8 X3

U8 F= ZAe] thx++2] MCHC, MCV %
MCHE Z+2} 29.1%, 86.8 un’, 25.4 pg°] Tt &
YA Hige] AeorMes F= 129519l MCHC
7} 187% % st R A 499 0l 17.2% = 1A
3] e FX oM MCVe MCHE A)7]o) wh
2t Fo]g Mehrt Aok A& o] dAdet ¥
5 —t— FHE A Tt (Table 3). NE ] F32
_,QI_ ]7]—J,} Qi 7]7]- (== z%q_)d ;Qtsﬂ
A} (normocytic hypochromic)®] At} 34

oﬂ% MCHC
N3, 3= 16
159%% 74sle] 49A o) o2}

2 192% %t MCVE 1= 2¥A0] bR
E]' 429.1 m*2 S7FSIA AL, 49L Aol = ThA] B
obA 1483 un*QiTh 18|37 MCHE S% 447
1289 pgeliont 35 717k Ftell= & wist
7} Q10T (Table 4). L84 W1 ZH QoA N

FE 17 N fRS T RN

=
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Fig. 1~6. 1: Peripheral blood from hemorrhagic anemic individuals on the 12th days. Note increased number of abnormal
erythrocytes. Arrow: mature erythrocyte, Arrow head: erythrocyte with stainless cytoplasm. Diff-Ouik stain, X 400.
2: Peripheral blood from hemolytic anemic individuals on the 2nd days. Note a number of degenerative erythrocytes.
Arrow: erythrocyte with vaculation in cytoplasm, Arrow head: erythrocyte with exclusion of nucleus. Diff-Ouik stain, X
400. 3: Note the fatty changes of hepatocytes around central veins from hemorrhagic anemic individuals on the 12th days.
Liver, H&E stain, X 100. 4: Abnormal erythrocytes are engulfed by phagocytes in head kidney from hemorrhagic ane-
mic individuals on the 26th days. Arrow: Phagocytes engulfing erythrocytes. H&E stain, X 400. 5: Note the hyaline
changes of hepatocytes around central veins from hemolytic anemic individuals on the 12th days. Liver, H&E stain, X
100. 6: Histological features of head kidney from hemolytic anemic individuals on the 49th days. Note a large amount of
hemosiderin in MMC in parenchyma. Prussian blue reaction, X 200.
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Sdsiith 2P YA Alxd Ay 7R FRE I
&

o] e 4 Zd39 T} (Fig. 1). Hemosiderin®] &4 7 @ |82 91517)
49GA N = MxF FAAo] gl= FIFES]  $I%F ZZ o] t)3t Prussian blue reaction 23}, £
#AE AT A, 884 Hde] Ao es A HE fat EFOlA 2UAEEH 4994

& Q)
= = =
phenylhydrazine (PH) A} 5 2ol 3jo] x  7bx] 741 31 vl f MMC WollA 233k A4
SEAY AR 859 MEAY FEIFE WS AN} (Fig. 6). 1} 7+
R
o

PN

-

wlo] w27 BESA QT Hlolgls 22 A HA L FA 9] e 2HelNE fole
8|

EN

A& A5 v AFAOH, Az 3+ AT syt B R gttt
27t SH=EI O 5 JAEESe] HEEHUT

(Fig. 2). ©15 o]’ AMEES PH FAF 5 8YUA) 1 &
74A] BAE YoM, AR R A E7t Yol x

AxzFo] TFAA S HP7EC] v & 4384 W3

=) s §I=A] ARE-3F phenylhydrazine—
ZE AT YA E R vds Ao Ao A4 maet v v I8y Bl
A0 GadS Hole o d83Ex A ¢ REFEN A7t 4H} (auto-oxidation)
TAH e, 2095 7kA] BEE A £ fEsled 8388 wAsitty dEd ok
Aol = A|EFo] TAAolT BRIl A4 (Chakrabarti ef al., 1995). 48T &8 z2H& 9o
AYTZ FAE AT oA MY AN wEFTEEol WAL
fricete] gl SAAgo] ddEE AR
oA At (Baruffaldi ef al., 1995). 12}t &
Ao &84 WA 78 &4 A2 &

Al
7 B4 Sl= TP, ALTS} AST FA]9] F-2]% W}

ZEATH (Fig. 3). RYARH 269/7k4] v J32 vlofd 2o ' Alg Eth

HAZA (ellipsoid)®] H$7F H&=HATE F4l ERsEolA 918 Al Bx £33 ] 20%

(head kidney)l A= 169/ FH AP35 &2 ol w43 Hadl e &37t dojubAy A

A AzSo] FRAEJUSL (Fig. 4), 38247 74T 75 Aol ol& 4= AT (Aster, 2005). L

A & &zdo] HAFJTE WY = 2Y9AFE vt B AFolN 284 Wd f2A 13 A

269A7kA] ol A3 AL, TH7NFe] xS #Fol AAAFE 1% slFshs dEd ¥ ok
=]

1
o gol Hdsk: 2VBY F71 Adlo] BAW B F WM XF HUt oF 10%744 ghshe 7
1

o H

Ao, FAREE Rl ZEAMEE o #EE AR Hsklol s Bety, optr] A 9o &
Atk 718 P57 oldg 2T A Ardo]
S84 NFe AfoMes RIATH 269 HA FUTE AsFEolA HE Al B 71HS
A7MA] 2740 AR AR A & E Avhe SR AT &3 B s S
Aol A=Yt (Fig. 5). 2¢AFH 209/7HA] 712 28] dRol TR dHA vt
v g2 vsvr BEEAL, A 3 (Aster, 2005). ool = Heol M FAE
2 53 melano-macrophage center MMC) €] Ht7} 70% #A4a® AHlOA A7 vEsds
0] #FFATE 3, FAlAME AEFE & STRICEHN opinE B Folv AL &
25t 2] MEzEo] 2dAFH 169A7EA] & W S F7MATIA TR 8 A 7
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ZEom, 2D 270] 2AAREH 12UA 2ANA ARE A AFHoE
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B 377} 912 ™ (Cameron and Davis, 1970), icefish
(Chaenocephalus aceratus)= ZMA27F §l= &
o] Aba HE FHo] s kA 6 5

3]

I 2N 7k Rk AA o R Al oJE3

=
==
=

= HI% 9th (Ruud, 1954). WEhA] Hek Hb
TAE FAEE W] el gaFo] Ei
7o 3%l mlgte] AzsiA] e g ATl
7L o

e A w4 2894 €Y F o
T4 AEA A (macrocytic hypochromic)©]3Z

|94 NEY e g7 ZEMLAGoo
(Jones et al., 1997). “LEH 2 Ao A W
g3 &84 NP9 79 2 A AL
A A BN F A BF ZT
d Ao E K EATE o] &} Ho] W
o] F¥o] TfF o olfre o7 Rl
sk ety o] thE7] WY Zlolth
35974 35 717 -, AP A SE4 Ed
YA Yo, Hie A9 &3 35 733
Hel 9 Hbe 93] tixatHrt Wt o]
e A= ddoj3} o] F (chinook salmon)2]
4 8 AfoME HEEHEH, oA
I A2jo] JEFs Wzl Aol (Smith er
al., 1971) 7o) oW thakgoe] =2%]7] uj
Tolgkal HAEITE (Smith et al., 1971; Hardig
and Hoglund, 1984). Z1&8{1} & AFM= A3
717F 9 2 dEtFore] ARFA 208
3 Al HAE Q7] Wit o] Aol
= AT Fh= Aol AzET o
I+ A/ (Salmo gairdneriys W32 g Ao
Al AARte 2= Hboll gaFe] e, E
5304 st A2S gk sRAIOA Hbe] A3
ol GEFs Fof Lol o JFF Hp v
< Hb 35 711 H847F EAl¢tia Bas)
ATt (Lane, 1980). & AFAM% 35 7|7 &
QF thE9] Hb F=d TdshA] 3 A &
A PR ¢lste] Hb P4 v 74 240
FES WS Aolth gk £33 NI A

< v FZF 3 MMC Woll hemosiderin®] T
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FAI A= hemosiderin®] 2zjo] #ZE ]
LOLs EARY AT R A Ho] B
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Al Eth (Aster, 2005). 184 A&7}t 1)
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o] gIt} (Yosihinaga et al., 2001). ©] A2 HE|
AHow xRHFo A A Nde D
2l YeR}= ‘tired blood cell’ 3 f-AFSITh 5

Fold A AW WE A @07 4w A

x9
PR 2 Ae Y tired cell’ 0] S-S
SHt} (Aster, 2005). A5 EfFEES A4, &3
’d RiEoM= A Aol&d = 7] wol
2 A Hido] AR %= ZoE o
AT} (Aster, 2005). o172 Aol 2 71
= A& 1917 SEE F3 Dyt
o] 8384 WIge] Aoz A ZAPA wdo]
Jojd 7HsAde] glvka Azbe ok 18 359
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rell and Weiss, 1982; Datta et al., 1989). 34 =l

o] Afole W8 fFE7|15H, 294 1E

o] ZAgollMe= MEde] FAAde] flE

7t 28k Al7lol, & A v |

S Agdo] AFEE ZoE Hof A HIE

735, phenylhydrazineol] ]38 £=4F A ¥ 7}

7158 2AEHH, £33 9§84 W9 7

B o)) APt XA EE AR AlsHh
wba 2 AR e] A ol ol Hlde] ¥
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