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Methemoglobinemia in Japanese Eel

Saburoh S. Kusora, Hideomi Amano, Mamoru IcHIOKA,
Teruo Mivazaxi and Makoto Niwa¥*

Faculity of Fisheries, Mie University

The authors investigated biochemically and histopathologically spontaneous and

experimental methemoglobinemia in the Japanese eel (Anguilla japonica).
1. Spontaneous methemoglobinemia.

The disease occurred in Japanese eels reared in culturing ponds using a water
recirculating system which had high levels of nitrite (7.8~10.5ppm) in the winter
of 1980, in Mie Prefecture. Twelve sampled fish had chocolate brown colored blood
and liver characteristically. A few of them were accompanied by dropsy and jaundice.
The blood of nine fish had high proportions of methemoglobin to total hemoglobin as
33~70%. Histopathological findings were varied with the levels of methemoglobin.
In fish having 61~70% of methemoglobin levels, degeneration of erythrocytes in the
blood, erythrophagocytosis in the spleen and thrombosis of gill lamellae were distin-
ctive. In fish having 33~47% of methemoglobin levels, degeneration of erythrocytes
was mild and hemosiderosis was intensive in the spleen and the kidney.

2. Experimental methemoglobinemia,

Twelve eels were exposed to a nitrite concentration of 20, 30 and 40 ppm, using
a flow-through system of aquaria, for 3! days. The fish exhibited methemoglobinemia
and had 4 ~66% of methemoglobin to total hemoglobin. They manifested histopatho-
logical characteristics similar to those of fish suffering from spontaneous methemogl-
obinemia. Based on results from this study, it was judged that nitrite poisoning was
a representative cause of methemoglobinemia.

Keywords: Japanese eel, methemoglobin, methemoglobinemia, hemosiderosis,

erythrophagocytosis
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Table 1. Water chemistry in a recirculating eel culture pond in which
methemoglobinemia (MHb-emia) occurred.

Date February, 13 February, 15 February, 16 February, 28
NOy,-N (ppm) 7.8 trace® 0.89 10.5
NH,-N (ppm) 3.8 trace® 0.24 19.9
DO (ppm) — — — 7.0
pH 6.1 6.5% 6.8 7.0

Water temperature : 25°C

Feb.13 : Occurrence of mass mortality.

Feb,15 : Ground water was supplied, *Quality of ground water.

Feb.16 : A decrease in the number of dead eels. Eight diseased eels were sampled. (First
sampling)

Feb. 28 : Mass mortality occurred again, Four diseased eels were sampled. (Second sampling)

Table 2. Water chemistry in a flow-through system of aquaria used to test
the occurrence of methemoglobinemia (MHb-emia) in Japanese eel.

Setting concentration of NOy-N (ppm) 0 (control) 20 30 40
Numbers of eels 3 4 4 4
Net concentration of NO,-N (ppm) 0.02 18.5 27.4 35.6
NH,-N (ppm) 0.34 0.29 0.40 0.39
DO (ppm) 4.6 5.0 3.5 4.2
pH 7.2 7.1 7.14 7.1

Flow-through system : 126 //day. Water temperature : 15.2°C~21.6°C
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Table 3. Proportions of methemoglobin (MHb) to total hemoglobin (Ib) of Japanese
eels suffering from spontaneous methemoglobinemia.

Fish No. total MHb (%) F component (%) S comgonent (%)

First saspling
1 36 34 40
2 67 61 76
3 2 3 i
4 47 46 48
5 1 1 1
6 65 60 74
7 70 63 79
8 3 1 3
Second sampling
10 61 61 63
i 33 31 36
12 63 63 63
13 33 31 36

Table 4. Proportions of methemoglobin (MHb) to total hemoglobin (Hb)
of Japanese eels exposed to nitrite,

) 2 O S
Setting concentration exposure time MHb as 7 of total Hb

of NOz-N (ppm) (days) total MHb (%) F component (%) S component (%)

0 (control) 14 1 0.4
31 3 2 4
31 1 1

20 14 54 50 60
29 33 51 39
31 5 3 8
31 4 2 6

30 14 39 33 48
17 66 64 71
31 31 27 37
31 17 13 25

40 4 44 39 52
14 65 59 A
31 33 31 37
31 17 12 22
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Teble 5. Summary of histopathological findings in the spontaneous
methemoglobinemia (MHb-emia),

Fish No. 1 2 3 4 5 6 7 8 10 It 1213

M P iy % 67 2 4 1 6 10 3 6 3B 6 33

Total bilirubin (mg/dl) 3.6% 8.0% 0.4 1.9 1.5 2.7 1.4 0.4 0.2 0.1 6.1*0.1

Spleen

erythrophagocytosis e i i -4 + - i + t

hemosiderosis + - ! . i + o -
Kidney

hemosiderosis in tubules 4 + - - + + - + + +

e omataiotia tissue bR b
Liver

atrophy of hepatic cells H e + + + X + — + + i

edema e - — — — — — — . . i
Gill

thrombosis - - —_ — — s + - _ o

hemosiderosis b BN - + — + 4 - + +

*Appearance of jaundice
— ¢ no change, = : very slight, -~ : mild, : moderate, {# : severe
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Table §. Summary of histopathological findings in the experimental
methemoglobinemia (MHb-emia).

YRS 0 omr 5 x :

Exposure fime sy 14 31 31 14 29 31 31 14 17 31 31 4 14 31 3
V“ggﬁg§%$;$?ﬁﬂ I 3 1 54 33 5 4 39 6 31 17 44 6 33 17
Total biliryhin, 1y 0.9 2.6 1.8 0.8 1.9 0.9 0.3 1.5 1.1 2.0 2.3 0.9 1.0
Spleen

erythrophagocytosis £ & B 4 M i He b
hemosiderosis T A L S N S N N
Kidney

hemosiderosis in _ _ _ _ _ - — - — — — - — — —

tubules

hemosiderosis in I L s L s — N A .
hematopoietic tissue ~ oA i coot ot P
Liver

atrophy of _ _ [ T T T A . " ; . — .

hepatic cells t ' 4 K ' K + *

edema —_ - - - - - - - - - - - - - -
Gill

thrombosis B T T = =
hemosiderosis — = e e e e e e e e e

,,,,, 1 no change, -+ : very slight, + : mild, + : moderate, # i severe
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Fig. 1

Fig. 2

Fig. 3

Fig. 4

T - CHPTRET - ] W - ETREIAME - R DR

Explanation of Plate I

Blood smear taken from an eel suffering from spontaneous methemoglobinemia
(MHb-emia) with a methemoglobin (MHD) proportion of 67% to total hemoglobin
(1b). Ghost cells and degenerated erythrocytes accompanying karyopyknosis,
karyorrhexis and loss of the nucleus, increase numbers. The number of young

round erythrocytes increases. May-Giemsa stain, X320

Blood smear taken from an eel after exposure to 27.4ppm of nitrite nitrogen
(NOy-N) for seventeen days. This fish has a MHb-proportion of 66% to total Hb,
Degeneration of erythrocytes characterized by karyopyknosis and loss of the nucleus

are extensive, May-Giemsa stain, x320

Blood smear taken from an eel suffering from spontaneous MHb-emia with a MHb-
proportion of 36% to total Hb., Young round erythrocytes and polychromatic
erythrocytes increase numbers. Small numbers of degenerated erythrocytes and

poikilocytic erythrocytes are contained. May-Giemsa stain, X320

Blood smear taken from an eel suffering from spontaneous MHb-emia with a MHb-
proportion of 2% to total Hb. Spindle-shaped and teardrop-shaped poikilocytes are

extensive. May-Giemsa stain, X320
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Fig.

Fig,
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Explanation of Plate II

The spleen of the fish shown in Fig. | of the Plate 1. Degenerated erythrocytes
are phagocytized by splenocytes extensively. Hemosiderin is deposited within

phagocytes slightly, H-E stain, X320

A high-power datail of the same spleen, Erythrocytes phagocytized within splenoc-
ytes exhibit various shapes of alterations; karyopyknosis, karyorrhexis, loss of nuclei,

debris and various stages to hemosiderin, H-E stain, X500

The spleen of the fish shown in Fig. 2 of the Plate 1. Splenocytes phagocytize
degenerated erythrocytes markedly within splenic pulp. Experimental fishes having
high proportions of MHb realize extensive erythrophagocytosis within the spleen.
H-E stain, X320

The spleen of the fish suffering from spontaneous MHb-emia with a MHb-proportion
of 33% to total Hb, Hemosiderin-laden splenocytes accumulate extensively around

veins in splenic pulp,  Erythrophagocytosis is slight. Berline Blue stain, %160
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Plate 11
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Fig. 1

Fig. 2

Fig. 3

Fig. 4
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Explanation of Plate III

The spleen of the fish shown in Fig. 4 of the Plate 1. In pulp which hemosiderin-
laden splenocytes markedly accumulate, the mesh-work stroma composed of argyrophil

fibers are destroyed. Silver impregnation, x 320

The spleen of an eel after exposure to 18.5ppm of NO,~N for thirty-one days. This
fish has a MHb-proportion of 5% to total Hb. Large numbers of hemosiderin-laden
splenocytes accumulate around veins in splenic pulp. Erythrophagocytosis is very
slight. Insted of a low proportion of MHb, hemosiderosis is extensive. This
finding demonstrates occurrence of degeneration of erythrocytes in the past. Berline
blue stain, x 160

The kidney of the fish shown in Fig, 4 of the Plate 1. Hemosiderin deposition is
extensive within epitherial cells of renal tubules and within reticulo-endothelial

cells lining sinusoids of hematopoietic tissue. Berline blue stain, %320

A gill filament of an eel suffering from spontanecus MHb-emia with a MIHb-
proportion of 65% to total Hb. A lamella exhibits thrombosis. Hemosiderin-laden
macrophages migrate within the thrombus and lamella capillaries.  Berline blue
stain, X320
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Plate II1I






