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Histopathological effect of far infrared ray activated water on
naturally occurred fatty liver of rockfish,

Sebastes schlegell.

Han Na Lee

Department of Aquatic Life Medicine, Graduate School

Pukyong National University

Abstract

As part of research to get scientific background for biological effect
of far infrared ray activated water, a histopathological study was
performed, using a group of cultured rockfish with naturally occurred
fatty liver. DM bio functional seawater of a company, Daemyung Bio, was
applied as far infrared ray activated water. By rearing the diseased fish
with the functional seawater, the biological effect on the fatty liver was
histopathologically evaluated one, three and five weeks after rearing.
Naturally occurred fatty liver of rockfish grossly showed severely mottled
appearance and microscopically severe vacuolation with large, cytoplasmic
fat globules in HE stain. Each of hepatocytes had nuclei marginally

dislocated. Sinusoidal capillaries and Disse space were barely recognizable.



As early as from one week after rearing, most of livers showed more
even coloration on their surface and reduction of cytoplasmic fat globules
in number and size. 5 weeks after, most of fish became to
microscopically have hepatocytes very close to those of normal in
morphology. The number and size of fat globules were markedly reduced.
Sinusoidal area including Disse space was almost completely restored.
Nuclei of hepatocytes returned to the center which was normal. Hyaline
inclusions suggesting secondary lysosomes were nearly not recognizable in
most of individuals one week after. Restoration of hepatocytes was
consistently accompanied by infiltration of glycogen. On the other hand,
all individuals of conventional sea water group used as control still had
findings of fatty liver both grossly and microscopically even 5 weeks
after.

From these results it is suggested that far infrared ray activated
seawater apparently facilitates the recovery process toward normal from

naturally occurred fatty liver of rockfish.

Key words: far infrared ray activated water - histopathological effect -

rockfish - fatty liver
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A 1, 3 F 5FF] AAE FHAAM, ARATVE SEE & 5 LA
g oo 2y ES uF, A, o, AR, o], IF, 25
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Fig. 1




Fig. 1. Grossly aspect of DM bio functional water manufacture machine
(DMD-1004).

Fig. 1-1. Side aspect of DMD-1004.

Fig. 1-2. Front aspect of DMD-1004.

Fig. 1-2. Inside of DMD-1004. Filter I, II and Il was contained.

Water flow from filter I to I (arrow).
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Fig. 2. Grossly grade of visceral fat

Fig. 2-1. Severe grade of visceral fat. Cause of visceral fat, it is very difficult

to distinguish of each organ’s boundary (arrow).
Fig. 2-2. Moderate grade of visceral fat. Amount of visceral fat is reduced
than severe grade. But, fat still remained around of visceral organs (arrow).

Can discriminate each organ’s boundary, but not clear (arrow head).

Fig. 2-3. Mild grade of visceral fat. Easy to determinate the each organ’s

boundary (arrow head). Very little amount of visceral fat is observed (arrow).
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Fig. 3
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Fig. 3. Histological grade of fatty liver (H&E, x400).

Fig. 3-1. Severe grade of fatty liver (H&E, x400). Hepatocytes infiltrated
remarkably with fatty droplets. Narrow and irregular sinusoids with vascular
congestion (arrow head). The nuclei of hepatocytes are situated peripherally

(arrow). Out line of hepatocyte is very rounding.

Fig. 3-2. Moderate grade of fatty liver (H&E, x400). Hepatocytes infiltrated
remarkably with fatty droplets. But size and number of fat droplets are

reduced.

Fig. 3-3. Mild grade of fatty liver (H&E, x400). Only a few fat droplets are
observed (arrow). Most of hepatocytes get become normal size (arrow head).
Out line of hepatocyte has many sides. Sinusoidal area is more extensive than

severe and moderate grade.
Fig. 3-4. Normal grade of fatty liver (H&E, x400). No more fat droplets in

hepatocyte. The nuclei of hepatocytes are situated center. Sinusoids are

classified very easy.
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Fol BT+ (Table 4).
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A 2 AZY AFHe] Holux, AZUR Solz w Ca”'7F I &
7} AEE B4 G A Ak (Niwa, 1992; Dombrowski, 2007).
I AA W gsde Ves STMIAAM AAUAE AHHOR FAA

2]
71, A3t g o] =of f-8l2kyZ (Free radical) o] At} (& 2002).
5]

(NMR ; Nuclear magnetic resonance)? AZS =A4s}= W 2313+
g5 ZAstc ORP (slghdd o)) wbiie] 7Hg ®ol AMgEHI ot
(Niwa, 1992; %, 2002). S¥| &7 A3l 4bsia2l g o] wof A2Ad<
Ueldl= 82 "0 NMRe] 41Ze] #a, ORP o] avkx &eix
(Niwa, 1992; &, 2002).

2 Ao A8E A898 Sl 7)) Ax7Ie (F)tgnto]
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o] endocytosisol & #YFF HAY thrl 2 AADA ANA ] A4 =2
Al AEAHA =4 Hg ol e M2 Yehvde 23834
Aol Fejoltt (H} 2003). Ak FRHF AWM (smooth endoplasmic
reticulum, sER)OIA ZFAAHo=w AL, HHAARWAT (rough
endoplasmic reticulum, rER) ol 4] Y o} &1l (apoprotein) 3 233 H,
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Fig. 4. Gross and microscopic findings of rockfish liver in control group.

Fig. 4-1. Gross finding of rockfish liver in control group. Liver shows severely

uneven surface coloration due to congested and fatty parts.

Fig. 4-2. Gross finding of rockfish liver in control group. Liver shows milky

white color.

Fig. 4-3,4. Microscopic finding of rockfish liver in control group. Hepatic
parenchyma is severely vacuolated with intracellular large fat globules. It is
very difficult to differentiate the boundary among hepatic cells. Nuclei of the
cells are dislocated eccentrically. H&E, X400.

_35_



Fig. 5.
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Fig. 5. Gross and microscopic findings of rockfish liver one week after rearing.

Fig. 5-1. Gross finding of rockfish liver in conventional sea water group. Liver
shows uneven surface coloration due to severely fatty parts. Milky white
area is part of fatty change and lightly brown area normal part. Reddish

area 1s congested area.

Fig. 5-2. Gross finding of rockfish liver in conventional sea water group. Liver

shows milky white coloration, strongly.

Fig. 5-3,4. Gross finding of rockfish liver one week after rearing in functional
sea water group. Liver shows nearly homogeneous coloration with minimal
white milky area suggesting the area of fatty change. It looks almost lightly

brown color.

Fig. 5-5,6. Microscopic finding of rockfish liver one week after rearing in
conventional sea water group. Most of cells has large size inclusion in
endoplasmic area. Inclusion is eosinophilic and granular. Sinusoidal capillaries
cannot be easily differentiated. Nuclei of the cells are dislocated eccentrically.
H&E, X400.

Fig. 5-7,8. Microscopic finding of rockfish liver one week after rearing in
functional sea water group. The level of fatty change is little relieved. Size of
fat globules decreased significantly. Sinusoidal area is easily differentiated.
H&E, X400.
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Fig. 6.
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Fig. 6. Gross and microscopic findings of rockfish liver three weeks after

rearing.

Fig. 6-1. Gross finding of rockfish liver in conventional sea water group. Liver
shows uneven surface coloration due to severely fatty parts. Milky white

area is part of fatty change and lightly brown area normal part.

Fig. 6-2. Gross finding of rockfish liver in conventional sea water group. Liver

shows milky white coloration, but not stronger than Fig. 5-2.

Fig. 6-3,4. Gross finding of rockfish liver in functional sea water group. Liver

shows very homogeneous and almost lightly brown color.

Fig. 6-5. Microscopic finding of rockfish liver in conventional sea water group.
Size and number of fat globules decreased a little. Sinusoidal area is slightly
differentiated. Nuclei of the cells are dislocated eccentrically. H&E, X400.

Fig. 6-6. Microscopic finding of rockfish liver in conventional sea water group.
Most of individuals shows a few amount of inclusion. Only one inclusion is
observed in this stage. H&E, X400.

Fig. 6-7,8. Microscopic finding of rockfish liver in functional sea water group.
The level of fatty change is prominently relieved. Size and number of fat
globules decreased significantly. Most of cells look like hypertropy stage.
Sinusoidal area is easily differentiated. Nuclei of the cells are comback to the
central location, slowly. H&E, X400.
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Fig. 7.
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Fig. 7. Gross and microscopic findings of rockfish liver three weeks after

rearing.

Fig. 7-1. Gross finding of rockfish liver in conventional sea water group.

Liver shows still uneven surface coloration but it is very small part.

Fig. 7-2. Gross finding of rockfish liver in conventional sea water group.
Liver shows lightly brown color like functional sea water group. Most

fishes show this color in this group.

Fig. 7-3,4. Gross finding of rockfish liver in functional sea water group. Liver

shows very homogeneous and almost lightly brown color.

Fig. 7-5,6. Microscopic finding of rockfish liver in conventional sea water
group. Again, size and number of fat globules decreased a little. Sinusoidal
area 1s slightly differentiated. Nuclei of the cells are dislocated eccentrically.
But nuclei of the cells are still dislocated eccentrically. H&E, X400.

Fig. 7-7,8. Microscopic finding of rockfish liver in functional sea water group.
Liver is almost normal. Nuclei of cells are located central area of cell. Cell
boundary is many sideness shape. Sinusoidal area is easily differentiated. H&E,
X400.
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Fig. 8
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Fig. 8. Microscopic finding of rockfish liver stained by specific stain method.

Fig. 8-1. Microscopic finding of rockfish’s oil red o stained liver that three

weeks reared in conventional sea water group. oil red o, X400.

Fig. 8-2. Microscopic finding of rockfish liver that three weeks reared in

conventional sea water group. H&E, X400.

Fig. 8-3. Microscopic finding of rockfish’s oil red o stained liver that three

weeks reared in functional sea water group. oil red o, X400..

Fig. 8-4. Microscopic finding of rockfish liver that three weeks reared in

functional sea water group. H&E, X400.

Fig. 8-5. Microscopic finding of rockfish’s oil red o stained liver that five

weeks reared in conventional sea water group. oil red o, X400.

Fig. 8-6. Microscopic finding of rockfish liver that five weeks reared in

conventional sea water group. H&E, X400.

Fig. 8-7. Microscopic finding of rockfish’s oil red o stained liver that five

weeks reared in functional sea water group. oil red o, X400..

Fig. 8-8. Microscopic finding of rockfish liver that reared for five weeks in

functional sea water group. H&E, X400.

Fig. 8-9. Microscopic finding of rockfish’s PAS stained liver that three weeks

reared in conventional sea water group. PAS, X400.

Fig. 8-10. Microscopic finding of rockfish’s PAS stained liver that three weeks

reared in functional sea water group. PAS, X400.

Fig. 8-11. Microscopic finding of rockfish’s PAS stained liver that five weeks

reared in conventional sea water group. PAS, X400.
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Fig. 8-7. Microscopic finding of rockfish’s PAS stained liver that five weeks

reared in functional sea water group. PAS, X400.
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Fig. 9. Microscopic finding of rockfish gill.

Fig. 9-1. Microscopic finding of rockfish gill in control group. Parasite was

observed in under epithelium of gill primary filament. H&E, X400.

Fig. 9-2. Microscopic finding of rockfish gill one week reared in conventional
sea water group. Some tricodinas were observed between secondary gill
filament. H&E, X400.

Fig. 9-3. Microscopic finding of rockfish gill one week reared in functional sea
water group. Few tricodinas were observed between secondary gill filament.
H&E, X400.

Fig. 9-4. Microscopic finding of rockfish gill three weeks reared in
conventional sea water group. Many numbers of tricodina were observed
between secondary gill filament. H&E, X400.

Fig. 9-5. Microscopic finding of rockfish gill three weeks reared in functional

sea water group. Shows normal condition. H&E, X400.

Fig. 9-6. Microscopic finding of rockfish gill five weeks reared in conventional
sea water group. Nember of tricodina was reduced significantly. But, parasite
was observed in under epithelium of gill primary filament, remain. H&E,
X400.H&E, X400.

Fig. 9-7. Microscopic finding of rockfish gill five weeks reared in functional

sea water group. Shows normal condition. H&E, X400.
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Fig. 10
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Fig. 10. Microscopic finding of rockfish heart.

Fig. 10-1. Microscopic finding of rockfish heart in control group. Area of black
line means epicarditis. H&E, X400.

Fig. 10-2. Microscopic finding of rockfish heart one week reared in

conventional sea water group. H&E, X400.

Fig. 10-3. Microscopic finding of rockfish heart one week reared in functional
sea water group. H&E, X400.

Fig. 10-4. Microscopic finding of rockfish heart three weeks reared in

conventional sea water group. H&E, X400.

Fig. 10-5. Microscopic finding of rockfish heart three weeks reared in

functional sea water group. H&E, X400.

Fig. 10-6. Microscopic finding of rockfish heart five weeks reared in

conventional sea water group. H&E, X400.

Fig. 10-7. Microscopic finding of rockfish heart five weeks reared in functional
sea water group. H&E, X400.
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Fig. 11
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Fig. 11. Microscopic finding of rockfish spleen.

Fig. 11-1. Microscopic finding of rockfish spleen. in control group. H&E, X400.

Fig. 11-2. Microscopic finding of rockfish spleen. in conventional sea water
group. H&E, X400.

Fig. 11-3. Microscopic finding of rockfish spleen. in functional sea water group.
H&E, X400.
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Fig. 12. Microscopic finding of rockfish kidney.

Fig. 12-1. Microscopic finding of rockfish kidney in control group H&E, X200.

Fig. 12-2. Microscopic finding of rockfish kidney in conventional sea water
group. H&E, X200.

Fig. 12-3. Microscopic finding of rockfish kidney in functional sea water group.
H&E, X200.
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Fig. 13
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Fig. 13. Microscopic finding of rockfish stomach.

Fig. 13-1. Microscopic finding of rockfish stomach in control group .H&E,
X200.

Fig. 13-2. Microscopic finding of rockfish stomach in conventional sea water
group. H&E, X200.

Fig. 13-3. Microscopic finding of rockfish stomach in functional sea water
group. H&E, X200.
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Fig. 14. Skin and muscle
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Fig. 14. Microscopic finding of rockfish skin and muscle.

Fig. 14-1. Microscopic finding of rockfish skin and muscle in control group
H&E, X100.

Fig. 14-2. Microscopic finding of rockfish skin and muscle in conventional sea
water group. H&E, X100.

Fig. 14-3. Microscopic finding of rockfish skin and muscle in functional sea
water group. H&E, X100.
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