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Studies on Experimentally Occured Methemoglobinemia
in Japanese Eel— ]

Saburoh S. Kusora, Hideomi Amano, Teruo Mivazaxi,
Naoaki Kamiva and Mamoru Icuioga**

Faculty of Fisheries, Mie University

In the previous paper, it was judged that nitrite poisoning was a representative
cause of methemoglobinemia (MHb-emia) of Japanese eels (Anguilla Japoniosa). But
in the fish culture ponds, there may be present many other poisoning substances such
as ammonia, sulfide and the like. The present paper biochemically and histopathologi-
cally deals with the effects of these poisoning substances to the occurrence of MHb~
emia of Japanese eel.

Experiment 1. The eels exposed to nitrite exhibited MHb-emia. The histopathol-
ogically characterristics were similar to those of the previous paper.

Experiment 2-1. The eels exposed to nitrite, ammonia and nitrate exhibited MHb-~
emia and severe anemia. The anemia was caused by the distruction of erythrocytes,
so this anemia is erythronoclastic anemia.

Experiment 2-2 and 2-3. The eels were exposed to nitrite, ammonia and nitrate.
Some of the fishes got MHb-emia but almost of them showed no changes,

Experiment 3. The eels were exposed to nitrite, ammonia, nitrate, sodium sulfite
and sodium sulfate. Numbers of poikilocytes having needle crystal were observed in
the blood smear from the eels after exposure to nitrite, ammonia, nitrate and sulfate.

It seemed that there were seasonal changes about the occurrence of MHb-emia in-
duced by exposure to nitrite. From winter to spring the eels seemed to get MHb-emia
more easily than summer time.

Keywords; Japanese eel, methemoglobinemia, nitrite, sulfide,
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Table {. Water chemistry in a flow-through system of aguaria used to test the
occurrence of methemoglobinemia (MHb-emia) in Japanese eels. (Experi-

ment 1)

Plot No. I (control) 2 3
Setting concentration
of NO,-N (ppm) 0 15 30
Net concentration
of NOy-N (ppm) 0 19 31
Water temp. (°C) 22.9 24.9 23.3
pH 7.1 7.6 7.7
DO (ppm) 6.2 7.1 6.9
Numbers of eels 4 4 4

Flow-through system : 34 litter/day.
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Table 2. Changes in blood indices and proportions of methemoglobin (MHb) to
total hemoglobin(Hb) of Japanese eels exposed to nitrite. (Experiment

B
Plot No. Exposed time MHb-proportion HbA> Ht® RBC® Anemia
(days) (%) (g/dD) (%) (104/mm3)
1 (control) 20 £ 7.1 27.4 187 el
20 t 6.5 25,6 223 -
20 t 7.2 29.2 175 -
20 t 8.1 3.8 230 -
2 6 22.2 6.3 26.0 170 -+
20 18.7 3.0 14.8 95 e b
3 20 12.6 6.9 26.9 192 -
20 33.6 6.6 24,3 187 -
20 36.3 6.8 23.9 206 o
20 32.6 2.8 13.0 111 A+
A); Hemoglobin volume
B); Hematocrit value
C); Red blood cell count (cells/mm?)
# 1 trace
kot pone, --; slight, -+; moderate
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Table 3. Summary of the histopathological findings of the Japanese eels exposed
to nitrite. (Experiment 1)

Plot No. i (control) 2 3

Exposure time
(days) 20 20 20 20 6 20 20 20 20 20

MHb proportion
(% of total Hb) t* t t t 22,2 187 12,6 33,6 363 32.6
Gill
thrombosis —E - N — - — —
homesiderosis — — — — 4 - o+ - - -

Spleen

erythrophagocytosis — — — — — — — 4 — o

hemosiderosis -— + - e O *E N N R B R
Kidney

erythrophagocytosis - — —— - - — — - — -

hemosiderosis in

hematopoietic tissue - - - - B o o + =+ -

Liver

hemosidersis — — — — — — - o — -

*1 trace
#% 7 . none --; slight +4; mild, -+ - moderate, -+---; heavy
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Table 4. Water chemistry in static biocassay aquariums used to the occurence of
methemoglobinemia (MHb-emia) in Japanese eels. (Experiment 2-1)

Plot No. Setting concentration(ppm) Water temp. DO pH Numbers of eels
NQg-N NH;-N NOg-N °C) (ppm)
1 0 0 0 18.1 7.8 7.8 5
2 20 0 0 18.0 8.6 7.8 5
3 20 5 6.8 19.5 7.1 6. 4 5
4 20 10 10.5 18.5 8.1 6.5 5
5 20 15 12.2 18.5 8.1 6.6 5
6 0 5 6.8 18.3 7.8 7.3 5
7 0 10 10. 2 18.3 8.1 6.6 5
8 0 15 12.2 18,3 8.5 6.1 5

Water volume : 20 litters. Tank water was renewed every other day.
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Table 5. Water chemistry in static bioassay aquariums used to test the occurrence
of methemoglobinemia (MHb-emia) in Japanese eels. (Experiment 2-2)

Plot No. Setting concentration (ppm) Water temp. DO pHL Numbers of eels
NOy-N NH;-N NOz-N °C) (ppm)
! {control) 0 0 0 21.4 7.4 7.0/7. 1* 8
2 10 0 0 20.9 7.1 7.4/7.0 8
3 20 0 0 20.8 6.7 6.9/7.0 8
4 10 5 6.4 20.9 6.6 6.7/1.0 8
5 10 10 11.4 20.9 7.1 6.8/1.0 8
6 10 20 22.7 20.9 6.8 6.2/6.7 8
7 20 5 6. 4 21.1 6.0 6.4/6.8 8
8 20 10 11.4 2001 6.3 6.4/6.9 8
9 20 20 22.7 211 6.6 6.0/6.8 8
10 0 5 6.4 21.0 6.5 6.4/6.9 8
11 0 10 11.4 21,0 6.1 6.3/6.8 8
12 0 20 22.7 21.2 6. 4 6.0/7.0 8

Water volume : 50 litters. Tank water was renewed every other day.
* Left is of renewed water. Right is of water after exposure for two days.
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Table §. Water chemistry in static bicassay aquariums used to test the occurrence
of methemoglobinemia (MHb-emia) in Japanese eels. (Experiment 2-3)

Plot No, Setting concentration (ppm) Water temp. DO pH Numbers of eels
NOy~-N NH,-N NHz-N °C) (ppm)
1 (control) 0 0 0 23.5 6.9 7.177.2% 5
2 20 0 0 23.6 6.8 6.0/7.0 5
3 20 5 6.8 23.5 6.6 7.0/7.0 5
4 20 5 6.8 23.6 6.9 7.0/7.0 5
5 20 5 6.4 23.7 6. 4 6.8/7.0 5
6 20 5 6. 4 23.5 6.7 7.0/7.2 5

Water volume : 20 litters. Tank water was renewed every other day.
# Left is of renewed water. Right is of water after exposure for two days.
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Table 7. Changes in blood indices and proportions of methemoglobin (MHDb) to
total hemoglobin(Hb) of Japanese eels exposed to nitrite, ammonia and
nitrate. (Experiment 2-1)

Ploet No. Exposure time  MHb-proportion HbAY HtB® RBC® Anemia
(days) (%) (g/a1) (%)  (10¢/mm?3)

1 (control) i3 [ 8.0 30.6 208 o
13 t 92 33.6 237 -
13 t 11,4 42.8 262 —
13 t 8.4 33.2 218 -

2 13 t 7.5 34.7 267 —_
13 25.0 9.7 36.8 262 -
13 t 7.6 31.5 197 o
13 28.9 5.5 20.5 153 +
13 34,2 6.0 16.3 127 +

3 13 t 1.6 8.8 64 +
13 13.5 6.3 21.5 132 +

4 13 t 3.9 10.0 87 -
13 13.2 8.9 27.8 201 -
13 t 1.4 3.4 38 A+ -

5 13 t 2.9 14.9 127 ot ot
13 9.8 7.3 30.9 258 —
i3 22.3 2.6 9.5 62 -
13 10.3 4,5 16. 1 110 4
13 13.6 3.0 11.3 84 4

6 13 t 1.0 42.5 289 —
13 t i1.5 45,8 295 —
13 t 7.0 30.0 218 -
13 t 8.2 34.7 229 e

7 13 t 9.1 37.0 237 -
i3 t 13.5 28.3 355 -
13 t 12.7 50.5 303 -
i3 t 91 34.5 229 -

8 13 t 8.1 34.5 226 —
{3 t 1.5 41.6 321 -
13 t 9.7 37.5 258 -
13 t 8.6 33.3 257 -
13 t 8.8 31.9 213 —

A); Hemoglobin volume

B); Hematcerit value

C); Red blood cell count (cells/mm3)

*! trace
#®#..v non, --; slight, -+, moderate, - - --; heavy.
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Table §. Summary of histopathological findings of the Japanese eels exposed to
nitrite. ammonia and nitrate. (Experiment 2-1)

Plot No. 1 (cont.) 2 3 4 5 6 7 8
Exposure time (days) 13 13 i3 13 13 13 13 13
MHb proportion

(% of total Hb) t¥  t~34.2 t~13.5 t~13.2 t~22.3 ¢ t t
Gill

thrombosis R — - — — — —

hemosiderosis —— — — — — —_ — -
Spleen

erythrophagocytosis e B L I S B = —_ — —

hemosiderosis = T S - B R i T LIPS
Kipney

erythrophagocytosis e - P e e - e —

hemosiderosis in

hematopoietic tissue - e e B T R P
Liver

hemosiderosis — — B e e e e — ; .

¥ 1 trace

##  —+ none, o-; slight, +; mild, - --; moderate, -----; heavy

® B 2 — 2

HRHOHKR

W FY D AR ERMLEB 2K T BicMoBa 4B, ho2ToMlEmos
R MEEIR DI 6 Nlndr o oo



=R Y XA BRI A b e e v EO IR 1 143

MBERENFHR
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W2RBLOE 3K TE LR, TREh A MERMB2T. 7%, 13.9%LwHfHEiRLIc, £,
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Table §. Proportions of methemoglobin (MHb) to total hemoglobin (Hb) of
Japanese eels exposed to nitrite, ammonia and nitrate. (Experiment 2-

2)
Fish No. 1 2 3 4 5 6 7 8
Plot No. methemoglobin as (%) of total hemoglobin
1 (cont.) t s t t t t t t t
(14y**  (14) (14) 4 (14) (14 (14 (14)
2 t® t 21,7 t t t t t
(%) (14 (14 (14) (14) (14) (14 (14)
3 [ SR ! t 13.9 t t t t
(14 (14) (14) (14) (14) (14) (14) (14
4 t t t t t t t t
(14 (14) (14 (14) (14) (14) (14) (14)
5 t t t t t t t 5.3
(4 (4 (14) (14 (14) (14) (i4) 14
3 t B t B t t t £ t [ 9 ]
QL)) (10 (14 14) (14) (14 (14 (14)
7 9.3 t t t t t t t
(14) (14) (14) 14) (14) (14 (14 (14)
8 e A e AD t t t t t t
(13 (13 4 (14 (14) 4 (14) (14)
9 e 43 t® t t t t 7.3 t
(9) (9) 4 (14) (14 (14) (14) (14
10 t B t B t t t t t t
(9 a3 a9 (14 (14) (14 (14 (14)
{1 t t t t t t t t
(14 (14 (49 (14) (14 (14) (14) (14
12 t t t t t t t t
(14) (14) (14) (14) (14 {14 14 (14
* 3 trace

*% : Period of exposure (days)
A) : dead fish
B) : moribund fish

2 B 2 -3
HEMNMRR
BB 2 TOREETH S O BE S Ryl d - 72,
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Table 10. Proportion of methemoglobin (MHbL) to total hemoglobin (Hb) of
Japanese eels exposed to nitrite, ammonia and nitrate. (Experiment

2-3)
Fish No. 1 2 3 4 5
Plot No. methemoglobin as 9% of total hemoglobin
1 (control) t# t t t t
(14 (14) (14 (14) (14)
2 [ t B t t t
(10) (10) (14) (14) (14)
3 t t £ t £
14 14 (14) (14 (14)
4 t W t t t t
1))} (14) (14) (14) €X))
5 S t 1 t t t
(9) €8] (14) (14 (14)
6 e A t t t t
(8) (9> (14) {14 (14)
# 1 trace

## ¢ Period of exposure (days)
A) i dead fish
B) : moribund fish

3. HEMEr MU OLCEWEEMEMIBE

WA Gt~ 7 0 C U It ARERER T L AL 7~ a g b ) Wi~ s m g
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LA Lty & A, BRI A 1T - oo

E S B& 3
MElsLUHE
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vEz T RBLOBTH S tMﬂTb)VAiSQ,ﬁMTF Ut S & UCHERE AT
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DRIBK & Uiz, FEBBREROKETE Table 11 (0§ & i,
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Table 11. Water chemistry in static biocassay aquariums used to occurrence of
methemoglobinemia (MHb-emia) in Japanese eels. (Experiment 3)

Plot No. Setting concentration (ppm) Water temp. DO pH Numbers of eels
NOy-N NH;-N NOz-N SO3 S (&) (ppm)

I 20 0 0 5 0 25.0 6.8 7.4/7. 5% 5
2 20 0 0 10 0 25.1 6.9 7.5/1.5 5
3 20 0 0 0 5 25.3 7.0 8.6/1.6 5
4 20 0 0 0 10 25.3 7.0 9. 1/1.7 5
5 20 10 1.3 10 0 25.3 6.3 5.1/7.2 5
5 20 10 1.3 10 0 27.0 5.9 5.9/ 5
6 20 10 6.7 10 0 24.7 6.5 7.1/7.4 5
7 20 10 0 10 0 24.7 6.9 9.4/1.7 5
8 20 10 [1.3 0 0 25.1 7.1 5.0/7.3 5
9 20 0 0 0 0 24.9 6.9 7.2/7.5 5
10 (cont.) 0 0 0 0 0 24,6 7.1 7.5/1.2 5

Water volume : 20 litters. Tank water was renewed every other day.
#* Left is of renewed water. Right is of water after exposure for two days.,
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ToERI LT, THREET M) v 2CHEERET MY v s MA el 1, 3 2 R mingEe- + Y
VBN R (Al AN (PR i ,“4Miﬂy%%ﬁﬁ%<:%IMﬁwZHH_eJ%ﬁk
fkicmoTEREO bR, B2RTEAHK L VDY fo | BXRMEEI LTz, 20
floie A5 A 2 R fe s o oo

mEEMHAR

A Mo ERRE Table 12 2, WX T4 B 3 BAI5~25% L LLIEME W 457 L
TWize FHESEROSEBICHE RO RS A MEBRWETE QD - 208, MORBDEELL
B CRRED £ MeEEI L T s Bbh s, LL, 2002w T~ n o
MEERD BN h o oo MIEECHMNTE -2 i, MEOEEEEI LAY IR0 | BB

O 5 KoM &6 NS I Lo i RO R CH 5. S 0B mﬁﬁwﬁij&w
LEIBRC B L TR Y, MR I et R EED © 033 6 41, FRIIERIC & » Tz o fidh
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Table 12. Proportion of methemoglobin (MHb) to total hemoglobin (Hb) of
Japanese eels exposed to nitrite, sulfite, sulfide, ammonia and
nitrate. (Experiment 3)

Fish No. 1 2 3 4 5
Plot No. methemoglobin as 9% of total hemoglobin
1 S} e ) £ oEm LB t®
(2 ) (%) (6) (9) (14
2 t By t B3 t B) t t
(7) (8) (8) (14) (14)
3 t t t t £
(14) 14 ¢L)) (14 (14
4 2 t B ot t t
(2) (4) (14) (14 (14
5 A e A e A ' e A
2) (2) (2) (4) (5)
5 20,3 24, 81> 15, 48 9,78 ¢
(1) (1) @D H (1
6 —A) B t t t
Q1)) (I (14) (14) (14
7 £ B) t® t B) e £33 t
(4) (6) (6) (11) 14
8 Y t B e &) t B t
(5) (95 (11 (12) (14)
9 t B t® t B t By t
(7> (8) (8) (10) (14)
10 t B RS £ t t
an (12) (13 (14 (14)
* 1 trace

*# 1 Period of exposure (days)
A) i dead fish
B) : moribund fish
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Fig 1.

Fig 2.

Fig 3.

Fig 4.

Fig 5.
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Explanation of Plate- |

Blood smear taken from an eel having MHb-proportion of 32.6 % and exhibiting ane-
mia which was exposed to 30 ppm of NOy~N for 20 days. Polychromatocyte and nor-
mochromatocyte increased in numbers. May-Giemsa stain x 400

Gill of an eel having MHb-proportion of 22.2 9 which was exposed to 15 ppm of NO;
~N for 6 days. The lamellae undergo thrombus. Hemosiderin-laden macrophages appear

within the gill lamellae. H-E stain x 100

Spleen of same sample shown in Fig |. Large numbers of hemosiderin-laden splenocy

tes accumulat around the veins in the splenic pulp., Berlin-Blue stain x 160

Kidney of an eel having a MHb-proportion of 18.7 % which was exposed to 15 ppm of

NOy-N for 20 days. Reticuloendothelial cells lining the sinusoids exhibit deposition

of hemosiderin. Hemosiderin-laden macrophages appear in the vein. Berlin-Blue stain
x 80

Blood smear taken from the eel treated in Experiment 2-1, and the plot No. was 4,
the exposure time was 13 days. Degenerated erythrocytes are increased extensively.
May-Giemsa stain x 320
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Fig 1.

Fig 2.

Fig 3.

Fig 4.

Fig 5.
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Explanation of Plate-

Blood smear taken from the eel treated in Experiment 2-1 and the plot No. was 5,
the exposure time was 13 days. Round shaped young erythrocytes are dominant. May-

Giemsa stain x 320

High power view of the same blood smear. The erythroblasts showing mitosis are

appear in circulating blood. May-Giemsa stain x 800

Spleen of the eel treated in Experiment 2-1 and the plot No. was 2, exposure time
was 13 days. Degenerated erythrocytes are phagocytized by splenocytes within splenic
pulp. H-E stain x 480

Kidney of the same sample showed in Plate | -5. Reticeloendothelial cells phagocytized

degenerated erythrocytes. H-E stain x 320

Blood smear from a coma fish treated in Experiment 3 and the plot No. was 5, expo-
sure time was 2 days. Needle crystals appear from the cytoplasm of poikilocytes.
May~Giemsa stain x 800
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