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Studies on Nutritional Myopathy Syndrome in Cultured Fishes-VI
Feeding Study with Oils extracted from Silk-worm Pupa
and Fishes on the Carp-i
Vitamin E deficent Diet based on Defatted White Fish Meal

Teruo Mivazaxi and Saburch S. Kusora

Faculty of Fisheries, Mie University

The authors performed a feeding study and prophylactic examination on the carp
(Cyprinous carpio), The feeding study was performed with a vitamin E delicient
diet based on defatted white fish meal and containing one of the oils extracted from
the silk-worm pupa, the sandeel (Ammodytes personalus) and the Japanese anchovy
(Engraulis japonica). Carp fed on the oil containing and vitamin E deficient diet,
underwent sekokeosis after feeding for two or three months. Diseased fish exhibited
characteristically atrophy of the back. Histopathological characteristics were represe-
nted by myopathy of systemic skeletal musculature, ceroid and hemosiderin deposition
and nephroses which were extensive in cases exhibiting intensive sekokeosis.

The prophylactic examination was performed with administration of vitamin E
at a rate of 25mg per 100g of the previously described diet. Prophylactic effect was
tested on oils extracted from the silk-worm pupa and the sandeel. After feeding
for seven months, no carp underwent sekokeosis and exhibited histopathologically
myopathy and nephrosis except for ceroid deposition in viscera.

Based on results from this study, it was judged that the myopathy representative
of sekokeosis was identfied as nutritional myopathy caused by vitamin E deficiency.
Characteristics of this myopathy were similor to those of nutritional myopathies of
the carp fed on rancid pupae of the silk-worm, the yellowtail and the puffer fed on
the raw sandeel and anchovy., The authors pointed out that vitamin E deficiency
was an important cause of those myopathies.

Keywords : carp, silk-worm pupa oil. fish oil, vitamin E deficiency, ,myopathy,

ceroidosis, nephrosis
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5 O RSN & S h A IR EN S ook AR Lo WEAS (1966) (LBIIEILEE 3 — v
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oG Tl dm&®%wﬁﬁwkokt,é6mff\/L%m L0 S HEROFER OT
BER G FTvs, B A, AT Z RS DT 2V TR~ %,

MBI B LOHE

HeEt U TR, 1 » o = (Ammodytes personatus) lt, # 2 v 94 v >~ (Engraulis japonica)
W, LU =T = —F 4 ClilE Lt ¢ — 4 ok Table HICHL Lico 1 hrTihE& 22
FA 7 PPNEE D F F LS, IO 2, AN SR TRA L OB LA 59 150meq/Kg

CHT b DR M too R OMMRIBUIRILY: ¢ — 2 60g, a7 v 7 v30g, §ilir1og, &7 ik
A(Uﬁwhum020 L, 23 vERBRE 2 3 viRGHE 0.2g OBIG TR Lo ¥4
3 VIRETHIOMBILEIE, HAS (1966) DMPIZHE -t 1§ & WHERIBED 7 DB Lt D
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GT, RARAEME T r B E Lico 2O/, 1 & AR CHE s REAFIIL, ¥ 2 4E

Tahle 1. Characteristics of oils and meal,

QOils Meal

Oils and Meal Pupa of Japanese ’ Defatted
; Sandeel
silk-worm® anchovy i white fish meal

Vitamin E (mg%) — e — 6
a-tocopherol (mg%) — e - 6
Acid value 27.5 17.5 4.4
Peroxide value (meq/Kg) 19,1 78.3 28.0
Iodine value 133 176 205
Nonsagonificant (%) 1.42 0.61 0,49
Crude protein (%) 45 .6

# :oxidized with earation to increase peroxide value to 150 mey/Kg before preparation
of the diet.
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Table 2. Occurrence of sekokeosis in the carp.

Experimental Silk-worm Pupa oil Sandeel oil Oil of
groups pupa oil + vitamin E Sandeel oil + vitamin E Japanese anchovy
Numbers of carp 50 50 30 50 50
Body weight
initial, mean (g) 5.6 20.6 17.3 12.7 5.5
percent gain 8o 75%% 26% 204w 75%
Occurrence of 0% — 30% - 30%
sekokeosis after 90 days after 60 days after 90 days

Vitamin E administration @ 25 mg per 100 g of diet

Diet : Defatted white fish meal 60g, «-starch 30g, Oil 10g, Mineral mixture 2g, Vitamin
mixture 0.2g

Mineral mixture : USPX salt mixture 100g, AICly 15, ZnSO, 300, CuCl: 10, MnSO, 80, KI
15, CoCly 100 mg

Vitamin mixture : Thiamine nitrate 10, Riboflavin 80, Pyridoxin hydrochloride 20, Cobalamin

0.02, Ascorbic acid 300, Nicotinamide 150, Ca-pantothenate 100, Biotin 2, Folic acid 6,

Choline chloride 400, Inositol 400, P-aminobenzoic acid 80, Menadione 8 mg, Vitamin A 4000,

Vitamin Dy 800 IU per 2 Kg diet.

¢ at the point of occurrence of sekokeosis

#* 1 at the 120th day

¥ at the 210th day

ES
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Table 3. Summary of histopdthologxcal findings in the carp.

Experimental Sitk-worm Pupa oil Sandeel oil Oil of
groups pupa oil 4+ vitamin E Sandeel oil + vitamin E Japanese anchovy
Myopathy + -+ + A+ - -+ + - - +
Deposition
of pigment¥
Spleen o~ + g~k e~ ek de~t e~ o~
Kidney e~ + e~ b i el R ol o o b~ o e~
Liver o~ + e i e e - - -~
Pancreas d~ + ket - t~t + i s
Nephroses —e~d e~ - —r~+ R - E~t A+t e~

*: include lipoprotein, ceroid and hemosiderin,
Pigment deposition within macrophages in the spleen, renal hematopoietic tissue and the
pancreas, and within hepatocytes in the liver.

— i no change, = very slight, - : mild, ++ ! moderate, -+ '@ severe
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Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5
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Explanation of Plate I

Carp suffering from sekokeosis. They have thin bodies accompanied by extremely
atrophic backs. -They fed on a diet which contained oil of silk-worm pupa and was

deficient in vitamin E for five months.

A cross section of the lateral white musculature exhibited a moderate degree of
myopathy. The fish fed on a diet which contained oil of silk-worm pupa and was
deficient in vitamin E for three months. Every muscle fiber undergoes extreme
atrophy, atrophy accompanying appearance of sarcoplasms, splitting and necrosis.

The interstitial connective tissue initiates a production. Azan stain, X200

A longitudinal section of the same musculature. Azan stain, X160

A longitudinal section of the lateral musculature exhibiting severe myopathy. The
fish fed on a diet which contained oil of silk-worm pupa and was deficient in
vitamin E for five months. The white musculature is damaged markedly but the red
musculature sustains mild damage. In the white musculature, intensively atrophic,
tiny fibers remain and the interstitial tissue is produced, acconpanied by infiltration

of ceroid-laden macrophages. Azan stain, X20

A cross section of the lateral white musculature exhibiting a moderate degree of
myopathy. The fish was reared with a diet deficient in vitamin E and containing
oil of Japanese anchovy, for three months, Every fiber exhibits simple atrophy,
extreme atrophy, atrophy accompanying an appearance of sarcoplasm, and necrosis.

The interstitial tissue initiates a production. Azan stain, X160



oot g SR W

Plate 1

141



142

Fig.

Fig.

Fig.
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Explanation of Plate II

A longitudinal section of the white musculature same to that shown in Fig. 5
of Plate I. Atrophic muscle fibers exhibit central nucleation and invasions of

macrophages. H-E stain, X160

A cross section of the lateral musculature exhibiting severe myopathy. The fish
fed on a diet deficient in vitamin E and containing oil of Japanese anchovy, for five
months, Every myomere of the bilateral white musculature exhibits severe damage.
Azan stain, X20

A cross section of the lateral white musculature exhibiting a moderate degree of
myopathy. The fish fed on a diet containing sandeel oil and deficient in vitamin E
for three months. Every fiter undergoes various kinds of damage; simple atrophy,
atrophy accompanying appearance of sarcoplasms, extreme atrophy, vacuolization,
cloudy swelling accompanying vacuolization, and necrosis, The interstitial tissue

is produced, accompanied by infiltration of macrophages. Azan stain, X200

A longitudinal section of the same white musculature, All of fikers exhibit various

kinds of damage. Azan stain, X50

The liver of the fish with severe myopathy, fed on a diet containing sandeel oil
and deficient in vitamin E for three months., Ceroid deposition is extensive within
all hepatocytes. Hepatocytes exhibit no nuclear alteration. Sudan Black B stain
X200
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Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5
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Explanation of Plate III

The spleen and pancreas of a fish with severe myopathy, fed on a diet containing
sandeel oil and deficient in vitamin E for two months. Ceroid and hemosiderin-laden
macrophages accumulate within the splenic pulp and around the pancreatic acini.
Sudan Black B stain, X 160

The kidney of a fish with severe myopathy, reared on a diet containing oil of
the silk-worm pupa and deficient in vitamin E for five months. In a corpuscle,
glomerular capillary is dilated markedly. Renal tubules exhibit a formation of casts
within the lumen and a deposition of gluco-lipoprotein within the epithelial cells,
The hematopoietic tissue is replaced by connective tissue accompanying large numbers
of ceroid-laden macrophages. Casts, deposised matter and the ceroid are positive to
Aldehyde Fuchsin. Aldehyde Fuchsin stain, X 160

The kidney of a fish with severe myorathy, fed on a diet which contained oil of
Japanese anchovy and was deficient in vitamin E for five months., Renal tubules
are necrotized and lost, Remaining corpuscles undergo diffuse glomerulosclerosis
and necrosis, Markedly demaged area is replaced by connective tissue accomranying

fat cells and ceroid-laden macrophages, H-E stain, X100

The lateral white musculature of a fish reared with a diet containing sandeel oil
and vitamin E for seven months, Muscle fiters exhibit no alteration. H-E stain,
X160

The kidney of the same fish, Ceroid-laden macrophages increase in numbers in the
hematopoietic tissue. The glomerulus and renal tubules exhibit no obvious damage.
PAS reaction, X320
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Explanation of Plate IV

Large Langerhans’ islet of a fish reared on a diet containing oil of silk-worm pupa
and vitamin E for seven months. B-cells have large amounts of Aldehyde Fuchsin
positive granules within cytoplasms. Other cells exhibit no alteration. Aldehyde
Fuchsin stain, X320

Large Langerhans' islet of a fish reared on a diet containing oil of silk-worm pupa
and deficient in vitamin E for five months. The amount of Aldehyde Fuchsin
positive granules within B-cells is less than that of B-cells shown in Fig. 1. B-cells

and other cells exhibit no alteration, Aldehyde Fuchsin stain, X320

Large Langerhans’ islet of a fish fed on a vitamin E deficient diet containing sandeel
oil for two months. B-cells have considerable amounts of Aldehyde Fuchsin positive

granules. B-cells and other cells exhibit no change. Aldehyde Fuchsin stain, X320

Large Langerhans’ islet of a fish fed on a diet containing oil of Japanese anchovy
and deficient in vitamin E for five months. The amount of Aldehyde Fuchsin
positive granules within B-cells is less than that shown in Fig. [. B-cells and other

cells exhibit no alteration, Aldehyde Fuchsin stain, X320

Large Langerhans' islet of a fish reared on a commercial diet in a pond rich in
plankton. The amount of Aldehyde Fuchsin rpositive granules within B-cells is
obviously less than that shown in Fig. 1. This fish manifests no myopathy and no

nephrosis. Aldehyde Fuchsin stain, X320
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