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A study of blood component and the wound healing in olive flounder,

Paralichthys olivaceus induced dietary liver hypertrophy

Ji—Won Park

Department of Aquatic life medicine, Graduate School,

Pukyong National University

Abstract

The liver is an organ responsible for the processing, storage, transportation,
and detoxification of metabolic intermediates in vivo. Decreased liver function can
cause many clinical problems. Liver hypertrophy is likely to cause hypoxic
damage in hepatic cells, resulting in mechanical distortion and obstruction of
surrounding sinusoidal capillary and Disse space. If structural abnormality in the
liver occurs, it will cause functional impairment on the basis of structure function
relationship, which will result in a condition that is vulnerable to secondary
infections or external stimuli. In fish, identifying and managing the health status

of the liver is very important and it is thought that there is a need to study
how histological changes in the liver affect the fish. Therefore, in this experiment,
we wanted to make sure that the high fat diet could artificially change the

histological structure. At the same time, we observed the process of wounds



healing as part of an effort to see if the abnormality of liver induced by the high
fat diet was negatively related to the health of the fish.

After feeding 2%/fish body weight of the feed containing 24% lipid in olive
flounder for 2 week, three wounds on back with a 2mm biopunch. After the
wounds were cut, the samples were sampled on the 1, 7, 14 and 21 days to
observed a change in the wound and blood component for 3 weeks.

As a result, A liver hypertrophy appeared in the 2 weeks after fed and was
formed in most fish in the 4 weeks. The Total cholesterol was significantly high
in the 3, bweeks in groups(HF, HF—injury). As a result of comparing the
recovery of the wounds between liver hypertrophy and normal, there was no
significant difference. The thickness of the epithelial cells showed no difference
between the two groups (HFI, FI) and the wound recover process in HFI and FI
groups was shown in the order of re—epitheliaization, inflammation and
remodeling, and the cell components and processes that appeared in each process
were the same. There was no difference in wound healing process between 2
groups, and so a state of liver hypertrophy which is a pre—stage of fatty change

does not seem significantly to affect the healthiness of fish.



AeEElA 2 A Wl @4 (homeostasis) & A 8L = A AR A
AR S A, A%, FF 2 s T T Vles HEke VHowR
R A ] e e o T o P e F ==l e R R LI

HEb W R oAk, B2

i
=
=
T
B

{o

g

>
4]
B
ofo
ol
O
N
1o,
=
>
B
ofo
o

W IR oAl QREE AP T e G, Aesy, dejsy

Arejel &7 A EZE AMEE T (Takashima and Hibiya 1995; Bilton and Robins

1973; Segner and Juario 1986; Sheth and Bankey 2001). 18|22 7+ A

&34 47 (Sheth 2001) 2 BHA I 71 7152 AA WA fX9 24 3o

o Tlsol AstE™ ofE. fddA  EAZE @ASA du. cd® delA

g

H] 452 A H(INAFLD) & @™, v Ql A4 tjA}, cytokines/adipokines
ZA% )9k o] Z a1 (Watanabe et al. 2008), H]|<Z4 AW (NAFLD) $H#19]
90% o)delld AddA A, nivt 9@ 28 Iy T3 g gAd A3 Hols
Roz d#A (Marchesini et al. 2003) 3+ A3 ATt #AZ A
FQ3skA Q2 H a3 9t Zebra fishellAl NAFLD % § dxw#e] Ad #AE
A3 Abel (Oka et al. 2010) & KW ol FolA L 1+ W37p iS5t #ho)

o 0% BAEARE ofo] thek A= obF vEd Aol



7%l

}4

914 o]

%l

L
T

#A

Aoz e

[e]

1ol 23

=

O] A}
[

A

o]

-

71

A A

=
AHel] (Caraceni et al. 1999) 7} ®t}. whabr o Fo

T2 ol 7144 WA AT (R

o

™
W

ul

1998;

o 84 Z7he 39

hyA
s 8

=olo] &3 ZAoeR vl Hi YW (Fontagne et al.

2002; Z8M, #H3vl, and BEHD) A

T

)
el

s}

Caballero et al.

&3tz 9

el

W
Jail

N

—~
o

=8

=
=

Fol 7h9] ulAl " A<=3 (microcirculation) o 7ol

s

T3 9ttJjaz et al. 2003; McCuskey et al. 2004).

ol

o

7H#2 portal triad”}

o} 59

o] Bl

3L
-

32 & (Polakof et al. 2012) ZHA

o]
=

1o

}golas 99s AT



AA Hole BNk, uAES, wAANgEd, 3o ovd, AR

’ L

O+
~
o

do7le

rl

delow, 2k e WE A < ole 7P AR Aeligelnt o

4z
Mo
1o

al. 2009; Nakamura and Terauchi 2013; Chao et al. 2014)), o5l Y=
FAYFolE Fa AR A FFEFo] WA L (Oka et al. 2010), AAE

AEE offrel ot Y dAd2 d™e] v AdoME lE v (R AN,

a3 A A iR 2 ofFolsd EdA YEhd (Fontenot and
Neiffer 2004), FepH o2 FAH= ofFe 5, A8, WA, A3 22 uIed

AEHA QAAbe] w=FEHo] Qi A7 B 7 ®rti(Jensen et al. 2015).

~
ofr
o
Jo
N
>
[
_|VL
&

Jr

o>
o,
)
rlr
i
oF
oz
2
=2
=}
r
o
ry
(e
o
30
k2
Rl
Rk
>
)
flo
=
illg

&AM RS AAe 22 AEs dovla AAEAGS HAES I AZs
At (Quilhac and Sire 1999). g3 352 FAP=L of 7ol Qo] A& LA

Hol Sl T AFe EAolth. dubARl o 7ol A3 E2 AT} (re—
epithelialization), <<= (inflammation), <°}% 2! (granulation tissue) ¥} fibroblast
JA4E FwstE AlX S22 (proliferation), =& AFA (remodeling) YWAZE
o] Fo] Xt} (Richardson et al. 2013). 22yt &9 A A58 el we,
aa v ERY Af 718 FRY 2H4Y fAel we dds] & AolE

A A G= Basl 3y ow olu|w Ak AbA, F4 w)Ek uu|g, H]EhY 59

v, vl w1 T,

ANUAE o7 3R 3| E Ao o] doke F23t Q<lojtf(Jensen et al



oy
tlo
oy
B
<0
To
;OH

<

b

Njo

2015; Kumari et al. 2017).

4 9 =4 (Kavalukas and Barbul 2011).

=
R

|
[l
=

=
oz g

=
o

TORH A

}-

3l

o 4ol

of, elFA=el o

=
=

HEE okshA

713 o1 A ¢

o]

A Hmz A g 5o

[<]

[e)

[¢)

HA R

°©

)

ke

1

o
fES

Tor

EERIERCEE R

ofiy
700

BO

0

B

=

o
B
"
Tor

i

)



Az 8 Oy

II.

™
e

[y

;0U
<

Al gA9] EAE 87.87

AR

o] = (FI),

=9

A

H

+15.27g ©]

2 vhrgleh A

E=Ne)
n —

TIA B Fo]l = A A - (HFD Yl 1

s

AW 7 A g2 ol 7 (HF), A

122cm x 122cm x 30cm ¥ o] PVCAMZ 4% 47)

O~ L
FTEC

4

=
=

9 9)E 377 (EF—1300, Philgreen) S AX3 9 £ 21-23T

A 20w

3

s

59l

% o8

e ot FALE (Extruded pellet, EP: & of ~)

TEEF AT 2%=

o)rul o
=2 oN T

Fol oJAZ(50-100g) % & (227T)

S

o =
a4

s

e g

=]
=

o2

L
R

7} A2 E F, FI#ol

33

}9l 3, HF, HFI o A

s

==
A

ol A5l

AEE o

&

of

bt



Table 1. Proximate composition of the extrude pellet (EP)

Component %

Crude protein 55.0
Crude fat 8.0
Crude fiber 5.0
Ash 18.0
Ca 1.0
p 2.7
Others 10.3




2. Wounding® AZ4H

— Wounding @ Hg¢] xZ8h4 #z-& s9S o Wyt vEebd AR Fol
274 HE o FI, HFI & &2 MS—222 100ppmol.Z nl#H3H =S4 9o 5&

o] 2mm biopuch® 3719 A ZE With(Figure 1).

Figure 1. Photographs of three wounds made in dorsal skin after 0d. ( left :
wound—induced), right : Carried into the tank after a wound ).

- sy AAE A H L7 14,2190 2 3 SrkEl e AEE AFH A,
BE AN SRR T4 s AF A A MS-222 100ppmO.F wH & 7 T
A, A, AL S nRRel AYS @ 7 ARstel 4712 HF ook
AFFAFHSDE Tt fal AFAE A e 4 AVE 102 $4 22T
ol skt AP AFAE 3 needle holder (BD) 2F multi draw 21G needle
(Greiner) & Ab&stolom, AdA FHE BD Vacutainer SST tube (Becton,
Dickinson) ol ®©3l, tube& 3,000gS.% 203 AT dHS skt o]
32 2 BAS Y 2 240 ofE® BF -80=9 Yz A HytESl

ct.
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— ZFo]l Wz 8t H 7= =i (Bernet et al. 1999) & <Q1&3lo v T2

1. Liver index

Liver index = ¥,3,(4 rpalt ¥ Wrp alt)

rip alf



2. Reaction index
Eeaction index = EIZA rp alt x Wrpalt)
elr

* rp = reaction pattern, alt = alteration, A = score value, W = importance factor.

2) Masson’ s trichrome 9

- A REe ¥ A% Ars

gt

ol 3}7] Y3fA] Clear View Staining
Trichrome Stain Kit Masson, Aniline Blue (BBC Bio, USA.) & A3} Masson’ s
trichrome @& A Akt

3) Oilred O &4

— TAEE AW FdFe BEs] A& 2 EA7] (Leica CM1850) E ©]83 7-
8xm2 2 AAL AFsAL Oil red OF M-S WA

— Oil red O stain method

(1) Store the fixed(10%NBF) tissue in 15% sucrose solution for 2 days, —4TC.

(2) Cut fresh frozen tissue sections at 7—8 ¢ m thick and mount on slides (silane
coating).

(3) Air dried for up to 90 minutes at room temperature (RT).

(4) Sections were washed three times in PBS and fixed in calcium formal (4%

formaldehyde and 1% calcium chloride) for 1 hour at RT.

(5) Rinse 60% isoprophyl alcohol.

(6) Stain in Oil red O solution for 30 minutes.

(7) Differentiate in 100% isoprophyl alcohol for 2—5 minutes.

(8) Rinse in 2 changes of distilled water.

(9) Stain in Mayer’ s hematoxylin for 30 seconds.

(10) Wash thoroughly in running tap water for 3 minutes.

(11) Place slides in distilled water.

(12) Mount with aqueous mounting medium.
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Table 2. Histopathological assessment tools for liver, (Bernet et al. 1999)

Importance Score
Reaction pattern Alteration Index
factor value
Circulatory
Congestion Wlcl =1 Alcl Ilc
disturbances
Regressive
Atrophy Wirl =1 Alrl
changes
Hypertrophy Wir2 =1 Alr2 Ir
Fatty liver Wir3 =1 Alr3
Necrosis Wire = 3 Alr6
Inflammation Hepatitis Wli3 = 2 Ali3
Il
Pericholangitis Wli6 = 2 alib
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5. olulA] 24

— oln|x]9] $XA3= BT Image—Pro Plus 4.5 software(Media Cybernetics,
Silver Spring, USA) & ©] &3} =433t}

(1) ZHAE 727 =74

ZHAE A7) 2 2249 dA 799 WAS ROSE AAse], AAe 199 A
A WAE A Yo YAt AE FE FFEESY sy HAE a7
=EST
(2) A =74
A F9 4 TS ROSE A3 5 HSIANA HMER)E 243t 59 14
o} Mo] T FES FE3 H A A7|E SIS

6. BAH &4

A Ay SPSSE ol f3te] ZF Adtuitd HFy BFAAE AANSIL p-

value<0.05FA ANOVA test¥ Duncan's multiple range test®l 2]
A<= (HSI) 9} cortisol Turkey HSD multiple range testel &3] z}

a3

o

9

=

A AS
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m. 23
1. A= =4
A AR Fel 2,3, 4, 5 FAkel 7 7 F ovkE Y ST Stk A
vl w A3 A3 A, do], Condition factorollA] 2]zl xfo]7} v}ed
P A = (HSD &= AW 7MA R Fol o (HE, HED ©] Y RkA}
A BRI 53] 4, 5FAIAE B f

S

it

M
WA sttt (Table 3).
SwolE (F, FD Rt 2, 354t

¢l zx}o]lE HA}(Figure 2).
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for 2, 3, 4, 5 weeks

Table 2. Effects of feed oil on weight, standard length and condition factor of olive flounders fed the experimental diet

Sampling time (weeks)

Parameters Group
2 3 4 5
HF 95.84£19.34 106.40£15.42 95.70£18.75 118.22%£12.64
Weight (2) HFI 90.50*£16.35 98.98+t14.54 102.98£6.40 118.98*£11.72
FI 88.04*t11.44 111.20£29.24 94.20*£21.94 117.78£24.45
F 82.62£7.31 111.40£17.92 99.48+14.77 127.08£18.69
HF 21.16£1.52 21.9+1.14 21.08%£1.38 22.78%£0.77
Standard length (cm) HFI 20.90£1.28 AMOEES 1 716 21.28%£0.58 22.80£0.39
FI 20.94=*0.79 22.24%1.67 20.72£1.05 22.82%11.42
F 20.44*0.68 22.04£1.62 21.70%£0.87 23.40£1.17
HF 10.06+1.02 10.10£0.69 10.12%+0.63 10.00£0.82
Condition factor! HFI 9.84%+0.38 9.72%0.35 10.69+0.42 10.02%+0.58
FI 9.55%£0.40 9.91%+0.45 10.42%+0.92 9.80%x0.41
F 9.66£0.43 10.39£0.89 9.67%0.33 9.88£0.63

All data are presented as means = SD. (n=5, number of tanks per group).
1. Condition factor = ( Weight (g) / Standard length (cm) ®) x 100

- 13 -
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Figure 2. Hepatosomatic index (HSI = liver weight (g)/body weight (g) X 100)

in Olive flounder, fed the experimental diet for 2, 3, 4, 5 weeks. Values are means
£SD. (n=5, number of tanks per group). Small letters (columns) indicate

statistical differences between the HF, HFI, FI, F groups (P<0.05).
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%okl 573k HFIo] F98 07 #2 25 YeErWlt (Figure 10). 2+ Ad +
oA 7+ AEE B Fa RS W (Figure 11—graph 1,2), d¥AlE FoloS Fo)

27 1% Tk, A 3ehelh HREYL, 3R AF 4, I 6, 4FA

=

= #F3, 44 1, 55l S5 1, B4 ovkelE BEEHo wol @5 AN
FEIZE Eol dEHAT Wi AHIALE TS 25 Akl 915 2, A4 5, H
37F #EE A FolE ¥ gl 3ol 35kl B4 3, vtk 7, 45 Bt 10, 5
FAFel 7 3, vld7® Aak w7 wol Kol S Holth whebA 4gelA 7}
AT +HH R BFHE 3 A (AR Fold -84, AHTMERCIT

—Hlg) el wet A =272 vl wste] KBtk (Figure 11—graph 3,4).
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Figure 3. Photomicrographs show liver of four groups fed the experimental diet
for 2weeks, A: F, B: FI, C: HF, D: HFI, (Oil red o stain x 400).

HF HFI

Figure 4. Photographs show liver of four groups (F, FI, HF, HFI) fed the
experimental diet for Sweeks.
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Figure 5. Liver cell size(um2) in Olive flounder fed the experimental diet for
2,3,4,5 weeks. Values are means =SD. (n=5, number of tanks per group).
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Figure 6. Photomicrographs _$_Elow liver with F groups olive flounder fed the
original diet for A: 2, B: 3, Ct 4, D: 5 weeks (H&E stain x 400).

Figure 7. Photomicrographs show liver with FI groups olive flounder fed the
original diet for A: 2, B: 3, C: 4, D: 5 weeks, (H&E stain x 400).
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Figure 8. Pho_t-c.)micrograph h HE groups olive flounder fed the
experimental diet for A: 2, B: 5 : 5 week , (H&E stain x 400).

Figure 9. Photomicrographs show liver with HFI groups olive flounder fed the
experimental diet for A: 2, B: 3, C: 4, D: 5 weeks, (H&E stain x 400).
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Liver histopathological index
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Figure 10. Liver histopathological index, Olive flounder fed the experimental diet
for 2,3,4,5 weeks. Values are means = SD. (n=5, number of tanks per group).
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Graph 1(Normal feed) Graph 2(High fat feed)

H Atrophy ~ ®Normal m Atrophy B Normal M Hypertrophy
g I I I I a I I I I
e}
S £
c >
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weeks weeks
Graph 3(Normal feed) Graph 4(High fat feed)
m Atrophy ™ Normal "M Atrophy ® Normal M Hypertrophy
@ -
e E
c -]
- (=
w < /
&= 0
L
weeks weeks

Figure 11. Liver status classification, Graph 1: normal feed group in the whole
sample, Graph 2: High fat feed group in the whole sample, Graph 3: normal feed
group in the wound sample, Graph 4: High fat feed group in the wound sample.
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LFERSETE

AST¥ 1DPI(1days post—injury)el4 HFI, FIZelA A4 debgon v
Al el A= el Al zfol 7k vrERA] Skokt.

ALTE 1DPICIA = HF, HFIZ7F % 3kA%F 21DPICIA = FL F7F A YErskt.

ALP+= 1DPIClA+= HF, HFI7} %8 43S X313l 14DPIe|A HF, HFL F7}F 3
< AFgS B3 om 21DPIA = HFo] =7 JErskt.

Glucose 14DPIA HFo| =4 YERS

Total cholesterolS 1DPI, 7DPI¢ll HFI, HF,FI, F&£ 9% %9k1 14DPI, 21DPI
ol HF, HFI, F, FI 21DPI®l+= HF, HFI, F, FI 22 EA4 JErsto

Total protein& 1DPI®lA HF, HEIZ} F, Flo| Hl&] #9207 %A vehgx
s AR eA = FY 2] Aol 7F YA kST
AST/ALT+ 1DPIS} 14DPICIA FIwte] 7] vebstal, 7DPIelA = 2 2]l &}o]
21DPIlM = HF, HFI7} 2 A 32 ¥ (Figure 9).
Cortisol- 1,14,21 DPIeIA &= w£7k8] pol7k glSlal 7DPICIARE HEIZF 71 =7

A=}, (Figure 10).
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Table 4. Effects of feed oil on serological characteristics of olive flounder, fed the experimental diet for 2, 3, 4, 5 weeks

sampling time (weeks)

Parameters Group
2 3 4 5

AST(U/L)? HF 41.2 £ 11.1* 59.2 £ 27.22 39.6 £ 11.08 48.4 = 25.59
HFI 75.6 + 24.71° 37.2-%=-9.23 29.6 £ 4.56 59.6 £ 45.81
FI 77.6 £ 24.43° 85%6 T W58 51.6 £ 31.48 66.4 £ 62.73
F 33.6 = 4.77¢ 456 = 47.32 35.6 =+ 8.41 30 £ 8

ALT (U/L)? HF 8 =A% < A58 =i | 8 £ 2.83 3.2 £ 1.792
HFI 6.4 + 1.67°° 4.8 £ 1.79 8.8 £ 1.1 4.8 £ 1.1#b
FI 4 + 1.41° 4.4 £ 0.89 6.8 £ 1.1 6 £ 1.41b
F 5.6 £ 1.67*b 5.6 £ 1.67 6.8 £ 1.1 5.2 = 1.1b

ALP (U/L)® HF 496.4 + 271.79*P 289.2 + 92.17° 385.6 £ 188.52 243.6 + 44.98°
HFI 694 + 266.75" 288.8 + 74.68° 230.8 = 52.3 180 = 12.08?
FI 304 £ 174.292 155.6 £ 12.99? 262.4 £ 256.08 162.4 £ 71.48%
F 218.8 £ 102.71° 275.2 + 138.43*P 173.6 £ 32.51 155.6 £ 23.68%

All data are presented as Mean*SD. Small letters (a,b,c) indicate statistical differences between the HF, HFI, FI, F
groups; P < 0.05 (n=5, number of tanks per group), 1. AST(Aspartate aminotransferase) 2. ALT (Alanine
aminotransferase) 3. ALP(Alkaline phosphatase).
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Continue

sampling time (weeks)

Parameters Group
2 3 4 5
b
Glucose HF 48.4 + 10.43 44 + 11.58 80.4 *+ 30.77 96 *+ 81.65
(mg/dL) HFT 52.4 + 18.08 66.8 + 32.73 50.4 + 6.39° 42.4 + 11.95
FI 56.8 £11.1 58.8 + 48.86 47.2 + 10.06° 38 *+ 8.25
F 68 + 28.91 60.4 + 14.17 51.2 + 9.01° 40.4 + 7.92
a,b b c b
Total cholesterol HF 327.6 = 109.52 318 + 37.04 416.4 *+ 36.51 369.2 + 23.52
(meg/dL) HFI 367.6 + 142.64° 356.4 + 36.12° 358.4 + 6£3.16°¢ 347.6 + 47.23°
FI 236 + 26.83*P 247.6 £ 27.84% 268 + 48.08° 277.6 £ 41.34%
F 22102 @ 7732 260.4 £ 53.392 302 */56.37%P 341.6 + 31.6°
b
Total orotein  1IF 9.08 + 1.01 7.24 + 0.48 7.44 + 0.43 6.28 + 0.23
(g/dL) HFI 8.92 + 1.29° 7.36 =+ 043 6.92 + 0.3 6.48 + 0.33
FI 7.4 + 0.73% 6.88 + 0.23 6.76 * 0.68 6.52 * 0.44
F 7.12 + 1.14° 7.32 + 0.66 7.32 + 0.87 6.44 * 0.59

All data are presented as Mean=®SD. Small letters (a,b,c) indicate statistical differences between the HF, HFI, FI, F
groups; P < 0.05 (n=5, number of tanks per group).
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Figure 12. AST/ALT (Aspartate aminotransferase/Alanine aminotransferase)
in Olive flounder, fed the experimental diet for 2,3,4,5 weeks. Values are
means£SD. (n=5, number of tanks per group). Small letters (columns)
indicate statistical differences between the HF, HFI, FI, F groups (P<0.05).
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Figure 13. Cortisol in Olive flounder, fed the experimental diet for 2,3,4,5 weeks.

Values are means £SD. (n=5, number of tanks per group). Small letters (columns)
indicate statistical differences between the HF, HFI, FI, F groups (P<0.05).
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Figure 15. Wound size in two groups (FI, HFI). Values are means*SD. (n=5,
number of tanks per group).
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Figure 16. Epithelial cell thickness in two groups (FI, HFI). Values are means
£SD. (n=5, number of tanks per group).
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Figure 17. At ldays post wounding. (A) Photographs of wound healing at 1days
after injury. (B) Masson’ s trichrome staining of longitudinal sections (x40). (C)
Hematoxylin and eosin (H&E) staining of longitudinal sections (x40). (D—G) H&E
stain, (D)re—epithelial (x200), (E) Edema (x100), (F) Trombocyte

aggregation (x400), (G) skeletal muscle necrosis (x400).
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Figure 18. At 7days post wounding. (A) Photographs of wound healing at 7days
after injury. (B) Masson’ s trichrome staining of longitudinal section(x40) :
dermis is not completely divided. (C) Hematoxylin and eosin (H&E) staining of

longitudinal sections (x40). (D—G) H&E stain(x400), (D) re—epithelialization, (E)



skeletal muscle necrosis and exudate (fibrinous), (F) Exudate (purulent), (G)

neovascularization, skeletal muscle regeneration, fibroblast.




Figure 19. At l4days post wounding. (A) Photographs of wound healing at
l4days after injury. (B—C) Masson’ s trichrome staining of longitudinal section
(B, x40) and new connective tissue (C, x400). (D) Hematoxylin and eosin (H&E)
staining of longitudinal sections (x40). (E—G) H&E stain(x400), (E) MMC in

epithelial, (F) granulation tissue. (G) skelectal muscle regeneration.
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Figure 20. At 21days post wounding. (A) Photographs of wound healing at
21days after injury. (B—C) Masson’ s trichrome staining of longitudinal section
(B, x40) and new connective tissue (C, x400). (D) Hematoxylin and eosin
(H&E) staining of longitudinal sections (x40). (E—I) H&E stain(x400), (E)
MMC below the centre of the wound. (F) Scale pocket formation, (G) MMC in

epithelial, () Connective tissue, (I)Inflammation.
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