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Abstract

The ocean acidification from global warming is affects marine life in the
ocean. In particular, fish is subject to various physiological changes in the
body even after minute changes in the pH of the water, resulting in
respiratory and osmotic pressure control disorders. Since the ocean
acidification 1is rapidly progressing as CO, emissions continue to increase
In recent years, it is very important to understand the effects of ocean
acidification on marine life and to cope with it in advance. In this study,
we investigated the effect of ocean acidification using M. cephalus. M.
cephalus of about 14.8 £ 3.4 g were used in the experiment and the pH
in the water bath was adjusted with 6.0, 6.5 7.0 and 8.0 (natural
condition), respectively. Four experimental groups were set up in 25 per
experimental groups and were kept for 15 days, food did not supply.
After the end of breeding, the survival rate and body weight were
measured respectively. By sampling the blood and liver of each
experimental fish were performed blood biochemical analysis, osmotic
concentration measurement and antioxidant activity analysis. As a result,
the decrease of the survival rate and the decrease of the body weight
were confirmed as the concentration of the pH decreased. In addition,
AST, TP and TG showed a significant difference between the
experimental groups as the pH decreased, which is presumed to be
caused due to the stress by change of low pH. As a result of the
osmotic pressure measurement, it was confirmed that the osmotic
pressure value was significantly higher in the pH 6.0 experimental group.
In addition, SOD, CAT and GSH measurement results, which are defensive
mechanisms to remove active oxygen, SOD showed high values low pH
environment condition, but CAT maintained a rather low wvalue, and GSH

showed low activity in low pH environment condition. In general,



antioxidant enzymes have been reported to be sensitive to osmotic stress.
Therefore, in this study, it is considered that the lowering of pH also
causes a change of antioxidant enzyme activity by acting as a stress
factor by inducing osmotic pressure control disorder. In conclusion, it is
considered that when M. cephalus is exposed to acidification of pH, it
induces changes in the blood constitution and osmotic pressure control
disorder of the body and it induces in reduction of survival rate and
inhibition of growth causing physiological stress in the body due to the

effect the antioxidant enzyme activity.
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HZ A g 9 AAA AR s AR ARgo] FUEstel whet

A S7Fetar Avk(Solomon et al.,

2007). 53] AR dAaol o3 WE=E WrTY COrx Gz F55

ek (carbonate) 2 S E4F (bicarbonate) S A Al Hl™ o= <13k &9

Tarol2s =) Ta7t Y AHdskocean acidification)E  Z st
(Gattuso and Buddemeier, 2000).

dutg oz 2AMEH s(eF 35 psu)e] pHE 7.8 - 8.29 HAZ LAH3H

FAE™, pH7F 1 olst® Wef7ke RS S8 =EAARE, A AT %o
CO9l W= S7F= A 7159 Wshrh sfde]l pHE A Aol wet 2
TAE o7l Aoz AAA I Ath(Knutzen, 1981). ol s 2bdst= A
AAA] TAZA dFsa 9lom, 2000 dt] ZREEEH 437 sl A&
= G #e A7t F243% F7Fska Ydvk(Gattuso and Hansson,
2011).

Fool Mt = Y e pHZF vveHA Wststol: ~EH 20 g
oA AA Agsto] veket Aests e ob71skAl "k (Portner et al.,
2004). @AA A AHsIF Aol (Mustelus  canis), A(Oncorhynchus
gorbuscha) 2 2 7WAaL7](Gasterosteus aculeatus)®} &S olFo| A A4 A
s, ZZ7ls &4 2 A dgsd Ve wsle % s wst T uFet
ol E et EEgEAAd TS HA 7Y TEF B ALTFEI]TY
AstE 7M. = Aoz Huy i Jri(Dixson et al., 2015; Ou et al., 2015;
Lai et al., 2015; Portner et al.,, 2004). webx] A &4 Y A=
AejA o] HE A 292 vUEbd £ g o2 Z(Arrigo, 2007),31% AHA 3
7F g el PAE FEE dotste], A& 0w Wstele Ao Y A
of mlg] tiHsl= Bo] w9 8T oz AAZ TS F(species) T
Al (population)Z+e] 3] s we} s Frbd stz Aol mA= S
A gdebd 5 7] wiEel oF
A tH(Portner, 1998).
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Fig. 1. The constitution of experimental tank used breeding

experiment by pH concentration in grey mullet (M. cephalus).



Fig. 2. The pictures of experimental tank used breeding experiment by pH

concentration in grey mullet (M. cephalus).



pHel W37} oA o] Ao v X= S ZANSH] flste] Ad WAl A
o} As Fa Ao ZF AFolo AlTS FAHST. FAH Aldle AAAE
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kst &4 FA4s fH APTE ¥ 74 A¥LY ivenS BET
ik 24 AES AF AF 50T B
Aol AF8-3}TE Superoxide dismuate (SOD) A EAE& A
¥ A8 kit (Sigma)E o] &3t3lom 4 W vhe 2o

HA ZF Agate] F 22 0.1 g& AEste] kit (Fig. 3)o Z3HE o] )
+ buffer solution®2 A3} 3t} ©]F 10,000 goll A 103 AA=
gl A& ATds MER sto] AlzAbe] Wl weEh AHEskglon,
75 mlola® ZdolERHE ©]&35te] 440 nm 3gelA SOD €44
=74 33Tt

xanthine
O, 20, WST-1 formazan
XO
H,0, 20, WST-1
uric acid

SOD

0, + H,0,

Fig. 3. Principle of the superoxide dismutase assay kit



4-2. Catalase (CAT) &4 ¥4

Catalase (CAT) €4 &4 &gk 7} A3 ZHliver)E ©]&3dto] AA|
sl A MZ o 0.1 g¥ AEE BioVisionAtY kit(Fig. 4)o] X
e o] gl Assay buffer 0.2 m(= @23} a9ttt ©]% 10,000 g A
1587 dAwEeste] AL FSNE o]dste] BA4E A #4S

AzAbe] WRjel wel Jgsiglon, trls vojar ZHEdHE ]
}\

reacts -———— o=

Catalase ) _|:|_O_2_ _:

OxiRed™ probe

Fig. 4. Principle of the catalase assay kit (Biovision).



4-3. Glutathione (GSH) &4 &4

Glutathione (GSH) &4 T3t 7z} Agojo] Fh(liver)Z &= ©]-8-3}¢]

qe AAsa BAS A8 Adele 1 24 01 g2 4% AFE 7,

5% 5-Sulfosalicylic Acid (SSA) 0

8000 g oAl 107+ YAl st oo 2 A
AlBkgth 418 Dojindooll Al Al¢E] = kit (Fig. 5)& o]&3ke] 1 a3}3]

o 7% wlo]lAR ZHolEFUYE o]&3sle] 415 nm FFo|A GSH

249 S

Sample : GSH  GSSG |
)

l Glutathione reductase

GSH

Glutathione reductase

TNB DTNB

Fig. 5. Principle of total glutathione quantification kit
(Dojindo).



5. 7 A4

B AFe] »nE Al SPSS version 21 (SPSS Inc., USA)E &85}
One-way ANOVA-test 2 F7 45 AASkh dlolg #he] #olah=
o] =A3sg o, /X0.05 oA

ol

Duncan’s multiple test AFS-3-A1S 214

$olge paEhgch
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2 Fx9 pH 3AdAN AW cephalus)s 1597 AFS 3 o
A FA L AEES] RgE Sty 1 A¥, 1597k A ¥ TR
S 271 FA 14.8 £ 3.4 g Ao+ pH 6.0, pH 6.5, pH 7.0 % pH
8.0 ¢ F% Z7to] wt 14.54 + 4.22 g, 14.52 + 4.10 g, 14.74 + 4.12
g % 15.08 £ 3.99 g o2& yepon 7} A7k FoAHA Apo]=
Elubx] ek9kti(Table 1, Fig. 6, £20.05). Wbl A& pHIF AstedS:
5 AEEo] o= Ao #FEHJAHTable 1, Fig. 7).

Table 1. Effects of low pH on survival rate (%) and experimental fish weight

(g) in grey mullet, M. cephalus

pH concentration Survival (%) Start weight (g) Final weight (g)
pH 6.0 48 148 + 34 1454 + 422
pH 6.5 64 148 + 34 1452 + 4.10
pH 7.0 80 148 + 34 1474 + 412
pH 8.0 100 148 + 34 15.08 + 3.99
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Fig. 6. Effects of low pH on final average weight (g) in grey
mullet, M. cephalus.
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Fig. 7. Effects of low pH on survival rate (%) in grey mullet, M.
cephalus.



2. Aagsiety B4 Az

2-1. g As}stz W)

AukA © 2 Aspartate amino transferase (AST)¢t Alanine amino
transferase (ALT)T HE &40l Feoll& ek aa=A] & AT
A ASTE S5A4F 23 pHY s&7F Astds= o FX7F Fo4 o=
e Aoz FAHATHXK0.05). 53] pH 6.0 ¢ AST Fk-> 30.67

+ 8.76 U/LZ yeht dwkAl Adsl5 pHollAl AF3eF pH 8.0 A
©] 90.80 + 58.71 U/Lel Hl3l frojAo= vtd As vepitk(Fig. 8,
FX0.05).

ALT® 7% pH 6.0914 11.00 £ 1.41 U/L, pH 6.5914 11.25 +
2.82 U/L, pH 7.0014 13.22 + 5.33 U/L 2 pH 8.0°14 13.33 + 2.87
U/LZE dvept 72 Azt folAel atels vehA] 9dth(Fig. 9,
P>0.05).

Total protein(TP) gt FF 229 A H AR 2A AFEH AW, &
A Ay} pH 6.0914 1.20 £ 0.40 g/de, pH 6.591A4 1.74 £ 0.67 g/dt,
pH 7.0°14 2.09 + 0.81 g/d¢ % pH 8.0°14 1.93 + 0.86 g/d¢= L}e}
v AST Ao} wizt7hA 2 pHEE7F 7hashel] wep X471 ghiste 4
&S VFER SATHZX0.05).

Triglyceride(TG)E pH 6.0°14 14.20 = 10. 89 mg/de, pH 6.5 4]
28.29 + 13.71 mg/dl, pH 7.0914 32.13 + 13.34 mg/de 2 pH 8.0l 4]
26.68 + 15.50 mg/d¢= el pH 6.0 Aol A diZzatel vla] #<4
oy FAE YEldthFig. 11, 7X0.05).

Glucose®] ¥4 ZA¥+=, pH 6.0914 21.00 £ 4.00 mg/d¢, pH 6.591 4]
22.38 + 5.32 mg/de, pH 7.0°14 24.00 + 6.67 mg/dl 2 pH 8.0°1A
22.89 £ 7.39% YyEhd 7 AFFIF FoHQd Aol dERUA ekskth
(Fig. 12, 2>0.05).

T3t phosphorus+= pH 6.0°014 11.88 + 1.95 mg/dl, pH 6.59]4

o

Y

ol
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13.40 + 1.32 mg/d¢, pH 7.001A 14.28 + 2.13 mg/dl 2 pH 8.0 4]
11.99 £ 2.93 mg/dt= Yeptow, 7 A3 Fo 4l Aol YE
=] er¢kth(Fig. 13, 2>0.05).
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140 -
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100 -

80 -
B0 ab

40 - = T

20 ~

Aspartate aminotransferase (U/L)

0 . .
pH 6.0 pH 6.5 pH 7.0 pH 8.0

Fig. 8. Changes of aspartate aminotransferase in grey mullet, M.
cephalus exposed to various pH concentrations. Data are
expressed as mean * SD, different superscript letters (a, b, c)

indicate significant difference between the values (/X0.05).

- 14 -



20

15 +

10

Alanine aminotransferase (U/L)

pH 6.0 pH 65 pH7.0 pH 8.0

Fig. 9. Changes of alanine aminotransferase in grey mullet, M.
cephalus exposed to various pH concentrations. Data are
expressed as mean * SD, different superscript letters (a, b, c)

indicate significant difference between the values (/X0.05).
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Fig. 10. Changes of total protein in grey mullet, M. cephalus
exposed to various pH concentrations. Data are expressed as
mean =+ SD, different superscript letters (a, b, c¢) indicate

significant difference between the values (£<0.05).
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Fig. 11. Changes of triglyceride in grey mullet, M. cephalus
exposed to various pH concentrations. Data are expressed as
mean =+ SD, different superscript letters (a, b, c¢) indicate

significant difference between the values (/X0.05).
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Fig. 12. Changes of glucose in grey mullet, M. cephalus exposed
to various pH concentrations. Data are expressed as mean = SD,
different superscript letters (a, b, c¢) indicate significant difference
between the values (/X0.05).
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Fig. 13. Changes of phosphorus in grey mullet, M. cephalus
exposed to various pH concentrations. Data are expressed as
mean =+ SD, different superscript letters (a, b, c¢) indicate

significant difference between the values (/<0.05).



AHESE 54 A3 Fig. 149 YEUle™, pH 6.0 A@aelA
358.88 + 0.89 mOsm/t o= yE} v Aol vlal 2 43S U
BRIt ddtd oz ditolie] I ol AHFEe 280-330 mOsm/¢
o7 oo} pH 6.0, pH 6.5, pH 7.0 2 pH 8.0 3ol 4 316.13
+ 1.85 mOsm/¢, 312.90 + 2.40 mOsm/¢t 2 309.60 + 5.26 mOsm/¢
o= 7}7F vy pH 6.0 Aol ARE A AHESE Al A et

A et AL et 4 AAUTHFig. 14, £X0.05),

350

H

330

340 A

320 A a

320 A

Plasma osmolality (mOsm/L)

230 +

250 ; .
pH 6.0 pH 6.5 pH 7.0 pH 8.0

Fig. 14. Changes of plasma osmolality in grey mullet, A
cephalus exposed to various pH concentrations. Data are
expressed as mean * SD, different superscript letters (a, b,

c) indicate significant difference between the values (/<0.05).

- 20 -



3. ksl &4 W3l
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3-1. Superoxide dismuate (SOD) &4 o] W3}

2 AFoA pH w& Aol wE offF 7HgelAe] SOD 4L 7+ 4
R pH 6.0914 93.64 £ 3.97 U/ml, pH 6.5914 102.18 +0.89 U/
me, pH7.0°14 97.58 £ 1.54 U/mt 2 pH 8.0914 91.40 + 4.20 U/ml
o2 Yeiy pH 6.5 2 pH 7.0 A3TolAl SOD &Aool A3 A =2
F215 YERAtH(Fig. 15, £<0.05).
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80 . .
pH 6.0 pH 6.5 pH 7.0 pH 8.0

Fig. 15. Changes of superoxide dismutase activity in grey mullet, M.
cephalus exposed to various pH concentrations. Data are expressed
as mean = SD, different superscript letters (a, b, c¢) indicate

significant difference between the values (/X0.05).
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3-2. Catalase (CAT) &4e] W3}

CAT 249 A5+ pH 6.0914 0.12 £ 0.04 mU/ml, pH 6.514

0.08 £ 0.03 mU/m¢, pH 7.0°14 0.03 £ 0.03 mU/m(L

1.08 + 0.55 mU/m= 7}7F e

o3 YA T dYdolA 5 &

(Fig. 16, /X0.05).

1.8

2 pH 8.0 A]

Akl sja=2] pH]l pH 8.0= A

T

o 42

A& HERH AT

1.6

14 -

1.2 1

1.0 H

0.8

0.6

Catalase activity (mU/mL)

0.4

0.2 a a

a

0.0

pH 6.0 pH 6.5

pH 7.0

pH 8.0

Fig. 16. Changes of catalase in grey mullet, M. cephalus exposed

to various pH concentrations. Data are expressed as mean = SD,

different superscript letters (a, b, ¢) indicate significant difference

between the values (/X0.05).
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3-3. Glutathione (GSH) &4 ¢] W#H3}

GSHe| &7 w3t A3+ pH 6.0°14 14.06 £ 4.06 pmol/e, pH 6.5l
A 30.94 = 5.13 pumol/e, pH 7.0914 50.14 £ 4.36 pmol/¢ ¥ pH 8.0

oA 50.73 £ 4.00 pmol/t o2 e} tjxzT¢] vs] pH 6.0 %
6.5°14 FejHow e FAE Yeh Atk (Fig. 17, £X0.05).

60

50

40

30 -+

o

20 ~

Glutathione activity(umol/L)

10 ~

0 T T
pH 6.0 pH 6.5 pH 7.0 pH 8.0

Fig. 17. Changes of glutathione activity in grey mullet, M. cephalus
exposed to various pH concentrations. Data are expressed as mean
+ SD, different superscript letters (a, b, c¢) indicate significant
difference between the values (/X0.05).
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2 AT 7] 98 X9 pH @AHANA oA cephalus)e 1597t
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