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Physiological Responses in Korean Rockfish (Sebastes schlegeli)
Exposed to Ammonia
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Abstract - The aim of the present study was to assess the effects of ammonia on physiological res-
ponses in Korean rockfish (Sebastes schlegeli). Interestingly, no mortality were observed when the
specimens (301.1 % 8.0 g) were exposed to five levels of un-ionized ammonia (NH3) (control, 1, 2, 4,
8 mg L") for 3 hours. Furthermore, a significantly higher increase in gill Na*/K*-ATPase (NKA)
pump activity with was detected due to the ammonia exposure. The activity of the fishes were found
to be 4 and 8 mg L™ ! NH3, which was significantly high compared to normal 1 mg L' NH;. Altho-
ugh ammonia exposure had no effect on plasma C1~, exposure to both 4 and 8 mg L' NH;, how-
ever it led to increase in the plasma Nat, K™ and osmolality levels. Also, prolong ammonia expo-
sure cause increase of plasma cortisol and glucose levels. The increase in glucose was accompanied
by an increase in cortisol. The fish exposed to 4 and 8 mg L™! NH; showed significantly higher he-
matocrit than control group than those exposed to 1 and 2 mg L™! NH;. The intensity of cell dam-
age increased with the increase concentration and exposure to ammonia. Furthermore, hyperpla-
sia, separation and epithelial necrosis were also observed in gill tissues. Taken together, the results
showed that direction of changes to the investigated parameters can be used to determine the phy-
siological responses of Korean rockfish to ammonia.
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Ql&l JX] (Paralichthys olivaceus) (Kim et al. 1997), %3]
B-2} (Sebastes schlegeli) (Chin et al. 1998), gilthead sea-
bream (Sparus aurata) (Wajsbrot et al. 1993), €] - (Scoph-
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thalmus maximus) (Foss et al. 2009), 3 -] (Dicentrar-
chus labrax) (Dosdat et al. 2003), 2o (Carassius auratus)
(Sinha et al. 2012)¢} 722 cfAlo}f AAA el ofefdkg n]
Ao} =3 $£39] 373 % (high environmental ammonia,
HEA) Ryl o f2] 7 ¢dryel = (Wilson
and Taylor 1992)¢} oA kmu]o}l ks Z7lA|7I
(Paley et al. 1993). HEAY: o] 72 ~Ef 2~ Q9loz zt
golo] 134 Wsen Y ZEE A5 HLo
(Knoph and Olssen 1994), o]= 23135 o2 FE|ZAFA
FA1 834 (Wendelaar Bonga 1997) #5} o} ohwlz
o] 3}z (Mommsen et al. 1999)3} k= o} A (Ran-
dall and Tsui 2002)& &ZA)Z1Ic}. o] glo|= o}r}m] Ak
]9] Z}2=2] (Benli et al. 2008), AAF=4
Le Ruyet et al. 2003), 22 %A W3} (Dosdat et al. 2003)
§ ofel ZolA A JFE v, B0, =
upAFe), A=) 8 Akl o] A Feh(Ip ef al. 2001).
o1 Adhel ok eblule B o)z w2
% HEA Ztolsfie obblE B2 medol e
d ok 209 Yohdet 3
Solit 9 e FABES ol gy ol 4b
o SIa haiol Y FA% DA A2 o) 55
A} WAYZE 7423 9)ch (Evans er al. 1999, 2005). of
7}u)¢] Na*/K*-ATPase (2™ Na® pump2 % £e]&):= A
tads Agdos Befsie, w2 K*sh NH=
43117 (hydrated radius)e] FU3}7] wjEo] Na'/K*-
ATPase:= Kt tjA] NH st S N oA o}7lu] Aulz 3
3= =23 9&-8 sit}(Randall ef al. 1999; Alam and
Frankel 2006). Nat/K*-ATPase¢]] 2]&] o}7}n] Alul2 &
o] NH "= Na‘t/NH,*-w3H4 & %3] Nate} wikglch
(Evans et al. 2005). wg}A] Na*/K*t-ATPase:= A4 2
NHSh S1% 879 Na*® mabeshe 2488 A 2e
w2 gkmue} ool U Few Azz Bed 4
1k

2 AelNE $ella Fo e =
webe Aoz HEAM 4 =2A7e 9,2 42
2 ukg-o 2 o}rlu] Na'/K'-ATPase 84, 32 2%

o
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Table 1. Experimental groups based on ammonia concentration

Total nitrogen NH,* NH; Groups of ex
(mg L (mgL™) (mgL™) ’ .
0 5 0.37 Control
5 12 0.95 ImgL™!
20 27 2.13 2mgL™!
50 58 4.07 4mgL"!
100 12 7.93 §mgL!

= 301.1£8.0g) = 40v}2]S F-=2L9) =2 Ao} 5709 #
2] FRP =2 (5~474 300L)ol| Z+7} 8uz] 4 & —ro?‘]"’:]
797F AHgAIF . o] 717F Fetk 2 15£0.3°C, GF
& 5% 5.om, 3ol 23 *J"é% Attse T
slovk, ghevjol mg 2442 A
srmuiolel] et AzlEd uhg
AGolrt 87 7 2 AsiEz AR B
NH,CI (Junsei, Japan)< A 7}sle] & HA9] ofo] 47t
0,5,20,50,100mg L"e] F == &3t} o] & 7+ ==
°] pH ¥ NHi'5 FAste] o] &3} HA o2 el
=
=3

NH;E o}l Aoz AALslgon, AAE NH; ==
vlgto v 2 579 APF(NET,1,2,4,8mgL ')
73 8F9d o} (Table 1).

NH; (mg L*l):[NH4+(10PH) (17/14)]/[(Kb/Kw)+ IOPH], 0:‘1
A Ky ghadol BRuAle] ol &ahae, Ku 2]
SEEIP

Al& o] 9] gtwjo}l =22 3A)7to 2 3l¢l on, DO=

6mg L™ o]AFo] 4AH = oojg o] e & Fich Al
1717k BoF BE Ago] AHEFQ

2.8 9 2% 453
o} wFel wE Yo w22 YEAL 7 A

2)
79 mE APels dgoz ANk APl
150 ppm®] tricaine methanesulphanate (MS-222, Sigma,
USA)Z v}#3t o2, heparin sodium 2]2]% FA}7] (3
mL)2 Age]e] mjRdfoz e HHg AFsle] o
F= Ht SA6 ARgsislon, YA e @°C,
10000 rpm, 158)F A& Felste] ¥HA7H#] -80°C
o] A& Yo B3} o}7lu] Nat/K+-ATPase
(NKA) B4& 2A1517] $)3tel, Ade] ofrimle] Apm
(2, 284 BAsk] QAL (-196°08N A F4

QEAZ B —80°Col mselnh w oprbue] =
As wskg BAelr] gkl Ao YBE 10% F
Axadel 343
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.89 &4

1) Hematocrit (Ht)

Htx= g8 wA|$-2] 3 (Hirschmann, Germany)ol] @
o] $14132] (10,000 rpm, 108) s}e] Ht 2 2 (MICRO-
HAEMATOCRIT READER, Hawksley, Co, UK)o.2 =
Bt

2 cortisol EIA kit (Oxford, USA)S A}-&
£ (enzyme immunoassay, EIA) 2 =3]
slgi o, 7teke) Adwsiabd o232 Zt) ethyl etherE
AL&31ed EAF 100 uLEEE] cortisol S FE3+ &, §7)
A} (organic phase) & ¥2] shed o] N, b2z 247
o} Ak &5 100 uLe] 3% buffero] =9l ¥, 0|5 10
uLZ t}A] 990 uLe] FZ bufferel] ©sle] 100w = 3]
AAA o]F AER AHSIET A E = 2589 50
uLZ microplatee]] 2uFE-0 2 do & ==2ko] Cortisol-
HRP ConjugateE H7}sle] 147 FoF ALex] F9)
t}. MicroplateZ A& g &, 150 uL TMB 7122 7+ well
o] Yo & 308 %3t ¥l$-A]A, microplate reader (Ther-
moScientific MultiskanSpectrum, Thermo, Finlan)Z 650
nmol| Al FHe EA skt ZE|Z2] A A] Inter-assay
coefficients of variation (CV) ¥ Intra-assay CV: Z+7z}+
12.1% 2 7.2% ] g}

3) €& AZL0L 2 FIA, 0|2 I HEESE
gato] ofmu]o}, FFF A Nat, CI' 2 A 3}stal5-8Y
7] (Dry-chem 4000i, Fujifilm, Japan)2, AtF-2 e Al
Er=217] (Vapro 5520, WESCOR, USA) & =7A] 314t}

o

4. Nat/K*-ATPase (NKA) 34 B4

o}7}n] NKA 242 Hwang ef al. (1989)2] H}¥ &
Haled Ao e A AR (9F 20~25mg)S
SEI £-9% (200 mM Sucrose, 5mM Na, EDTA, 100 mM Imi-
dazole-Hcl buffer, pH 7.6) 2.2 *=o§ washing3t 3, SEID
g8 (SEI+0.1% sodium deoxycholate) 1 mLe]] F2]S 4
o] ZwAlo}o] A (Pro 200, Pro Scientific Co., USA)E Ein
Aststdet. G422l (4°C, 6000 rpm, SE)ske] A A
=] 10uLE 77} Reaction mixture A (125 mM NaCl,
75 mM KCl, 7.5 mM MgCl, 5 mM Na,ATP, 100 mM Imi-
dazole-Hcl buffer, pH 7.6)¢} Reaction mixture B (mixture
A+10 mM ouabain)®] 200 uLe} &33le] 37°CellA] 308
7+ vke-A171 &, 30% trichloroacetic acid 50 uLE go] Hb

& FAAFAT NKA F4 & 913 2E AJ°F2 Sigma

(USA) Al & A48t Ouabain §-F-of o2 F7]4l
gF2k2 Phosphate Colorimetric Assay Kit (BioVision, USA)

ALg-ste] 650 nmel| A ZA}ehg] o, 22 whil A
22 Pierce BCA Protein kit (Thermo, USA)Z. =43}
o}. & NKA 42 umol Pi mg™! protein h™'2 &}

%

£ 32 o

£

5. olrule) zA8A B

10% A =2 TAF olrlu] A2 A u}
2} el oz Zufsle] S5um FA 2 HHI & haema-
toxylin-eosin ©. 2 M3}l F3+&lm| 7 (Axioskop 2 plus:
Carl Zeiss, Jena, Germany) 3} Z}AF2A] A] 2~ El (AxioVision
Rel., ver 4.6, Germany) 2.2 #2-3}9]c}.

AR Az FFrrEeAT dehige
w, SPSS EA|xz =g 7= (ver. 17.0)& A}8-3}e] one way-
ANOVA 2! Duncan’s multiple range test2 2|42 7
A&kl ok (P<0.05).

25 8ee) B4 gEiiel FEE 939 grmieb)
27Kl mhet ol oz dehortdmg L'

o} 8mg L' Fell M= f2)3 2] 7} 91l (Fig. ).
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Fig. 1. Levels of plasma NHj; in Korean rockfish, Sebastes schlegeli
exposed to ammonia. Values are mean SEM (n=8). Differ-
ent alphabet indicate significant difference (P <0.05).
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Table 2. Levels of plasma Na*, K*, Cl™ and osmolality in Korean rockfish, Sebastes schlegeli exposed to ammonia

Groups (NH3, mg LY Na* (mmol L) K* (mmol L") Cl™ (mmol L") Osmolality (mOsm kg ™)
Con. 164.7£1.5% 3.5£0.2% 160.3+2.3 322.7+9.8°
1 162.5+1.4° 3.6+0.2% 159.0+2.1 332.5+£3.8°
2 161.7£2.5% 3.5+0.2% 159.24+23 334.5+2.6°
4 180.3+1.9° 42+0.2° 156.0+3.1 400.0425.8°
8 178.0+6.1° 44+0.1° 155.5+9.4 426.0+19.9

Values are mean SEM (n=8). Different alphabet indicate significant difference (P < 0.05).

o~ 12 350 c
= c
2 101 ] ¢ o
. o I 3 250
28 b [ E
= a ! g 200
° 6 - T 'Tg
Z b
g E 150
< 3
g 4 p
& 5 100
; a
Y 21 s01 &
Con 1 2 4 8
300

NH;(mg L™

Fig. 2. Levels of gill NKA activity in Korean rockfish, Sebastes 250 r
schlegeli exposed to ammonia. Values are mean SEM (n=8). &
Different alphabet indicate significant difference (P <0.05). 200
g 150 1 b
2. o}7}u] NKA &4
s 100
#2322 NKA $4& wE 4977t fa2yun & o 2
olabrl watew], ARPe) hrlol FEs} woldis j
0 - - . .
2 4 8

ol7bu] NKA 84 w3 Z7bshs a2 nec) 53 4 .
. 1
5 8mg L' 72 NKA A4S tjz7uc} oF 50% 9k .

— o

Plasma glucose (mg dL ")

NH; (mg L™
o} (Fig. 2).
Fig. 3. Levels of plasma cortisol and glucose in Korean rockfish,
Sebastes schlegeli exposed to ammonia. Values are mean
3.8% Na*, K%, CI' ¥ AFA5E SEM (n=38). Different alphabet indicate significant differ-

ence (P<0.05).
z7) 8] A Nat @ K*2 19 2mg L' FoM=

FH -9} 2}o]= Bo|x| ¢ketor} 4w §mgL = o

Ag ol vlste] o8 ik 28y Gl s 2E
Qe7eA Aol o)A bk 4R el A
$-, Nat gl K*eo} U3t H3}=5 B} (Table 2).

l

oo
=

FRI2 G AYT GEUol pEe] Yale] 1 9
A

13 -
B2 $41% Aoz e

5. Ht
4.3% IEE % FIFI2 FE 2s)were) Hin d27 9 1 2mg L 7ol An 328
SEYol xZe] wE 23 EHS] I IE|E Y F +28~34.8+13%=2 M=Z7F 423t zolr} gladort, 4,
232X Fig. 3o Jepfdel ZE]1Z9] A% ImgL™! 8mg L' Fol| = Z+2t 423+1.2%, 43.0+1.0%=
F= thx=Tol Bls) 3wl 2mg L' 7= 4w, 4mg L' A AGTret §-2351A4 EUgv)(Fig. 4).
=520, 8mg L' 6.60] =2 7oz vepgr o
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6. o}7hw) o] =28 w3}

fEvjole] me x3 % oprjule] AsH W
Fig. 53 Table 3¢ vFehgieh 1 mg Lol oz
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b b
=
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Fig. 4. Levels of hematocrit in Korean rockfish, Sebastes schlegeli
exposed to ammonia. Values are mean SEM (n=38). Differ-
ent alphabet indicate significant difference (P <0.05).

- (Fig. 5A)8} mp7A| 2 AAFA QL of7bw] o] ezt
A= 3ot M AFA £ 7354] (epithe-
lial hyperplasia)©] 2% ¢} (Fig. 5B). 2mg L' F-el| A=
AN E AT v Eed, 22k o] o] nHE A=
Z 23} (club-shaped lamella) &A}o] Ytelydt} (Fig. 5C). 4
9 $mg L' FolAE dhai 23paae) Assh vl
of ol YA eH, £ AR )AL} e}
4 AZE Ao} (Fig. 5SD).

Table 3. Summarized histological responses in the gills of Korean
rockfish, Sebastes schlegeli exposed to ammonia for 3

hours

Groups epithelial  club-shaped epithelial epithelial
(NH3;,mg L") hyperplasia lamella separation  necrosis

con. - - - -

1 +++ + - -

2 +++ ++ - -

4 + ++ +++ +

8 + + +++ ++

—: none, +: mild, ++: moderate, +++: severe.

Fig. 5. Gill tissue of Korean rockfish, Sebastes schlegeli exposed to ammonia. (A) control, (B) 1 mg L (©)2 mg L', (D)4 and 8 mg |
CC: chloride cell, CSL: club-shaped lamella, CVS: central venous sinus, EC: epithelial cell, EH: epithelial hyperplasia, ES: epithelial
separation, ERC: erythrocyte, FI: filament, La: lamella. Bars: 25 um. H&E, X 400.
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a #

W o2 whape]g) o] kR el v wAY
TFEH o Felel A= AA A2 NHsx of7tn]
el Al S5 Abel] o8l AHpFoz wvrie, &
A o}7fu]el A 32 NH;¢} H*7} ofriw] e} A3t & (gill
water)ol] 4] NH4t7} = o] 4=4=3 (Bulk water) 2.2 ﬂﬁgﬂ
o. 23 &= 22 dgef= oA NHyE ob7te] 4

Az e} M ZALel o] WAA]E 53l —’F%f—i}/‘&—‘l
2w &, =3 NHyt = ATH 2 2494 e 53 &
ARERE ol Abz]el|A] 2712 8] gl o3 wE
ol XA gAY NHi"= Na'/K'-ATPase (NKA)el| 2]
3 K* djal AIE o] F3Al HH, EA AR Sl
NHst= Nat/NHyt-m3kAlol] 302 w &3 ok (Wilkie
2002). ol Fi olele AAUEE B A Fmol

v Z3h=d], 9 340 Ry ol Fxr) oA KB
& A% 270 duob) ez A ANz
Heoj Ao FrY o}l wiE HFA el oE
g Satel] gl A7 ok 2 ATl e ore] g
2ol wsb yobda® Ageld] BF viohs
F7bele Aoz Jepgoh a8y 49 8mgL '] &
Qtmuo} Hws} 2H2F 1950 ug dL!, 2140 pg dL™' =
Fel7F il &dl, ol ddy °]"j‘4°}7} 49 5

ok (H=F 2000 ug dL o] A A 9\1 2t 4= el
el Z4E 9%ed fHE e
| 5% 5oz wiEshe Ry B “H‘_"] 7
2 Bolth & dAFelA] dRYele] % wE2> NKA
53 o 4 9l NKA 34 Z71= 7‘“”194 &
=7 2T 255 P AIFEE e
o= Hel AW, A RYo} FEI} Folds

A B2 Fh EolAE A Al redel
=5 ZFAA7]7] 918k AElA ubgo® HQlth oA

9]5-2] gFEYoll £445 NKA #4 9] F7he o
AZFFoA Bas 3 ¢)v}(Alam and Frankel 2006;
Chew et al. 2014).

2 QoI Fmrol wFel GE 87 o & 0 AR
15 5S AE A2k Nate] 7% 49 8mg L™ ol A
iz 9 L2mg L'y 2o ASsialed, olE et
T o3 Zo] A AA AW gdEelr}
oA 52 % pjZo] wWolx]4d|, o|u Nat/NHit-1
AL F3l Nate] f9)e] wobx7] wj#d 4= glom,
’/‘H ]Zﬂi 49 8mg L' Fol| A ofrju]e] Abw] He
2 Fa7) HE 5 4] vER) Nate] wjZel] Aol 7}
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Fig. 6. Relationship between plasma ammonia and plasma cortisol
in Korean rockfish, Sebastes schlegeli exposed to ammonia.

= gEuo] xE8Ae W F Nat7h
232 7} A7k b, olel distel A%
ze ﬂ_ﬂroﬂ 54 NH,*7} E21 & @ Na*/NH,"-3
& atE kA E3ka HA] NHt 3 =7] o
8]— a1} (Person-Le Ruyet 2003). o] 3t
7 B, 2 ATl E BE G T
A qkEuiel 1% 3x7F o)l o]n] Nate] Fravl v}
ehton, o) Fo] mEEdss opfu] £4be] w27
AP = o] ARSE A7t dojwkE FheA = wiAd
T o 24 Ko A5 49 8mg L5718 2mg
l:?% olf= AWe] NHs & »i &3}
L' Fol4 b7 NKAS] 24do]
o FobAr o2 I3 dje] K* djil NHs & oA =
2 F9A1A A K7F AH oz gelr ] wE<l
Aoz 48 & 4 oleh
ZE)EE ARSI Sela AAEE
s2pon sEds whg Wb ohlel AEeiEd U
A dabell gl FFA A HFE 3o}k (Wendelaar
Bonga 1997; McCormick 2001). & S FoM= & A3
FolA TEE 5k Zrhelsied, oA rE GE
Yol kel uh FE|E F7hs Aol o FE vRT
o3 o]FoAMx W1F 3 ¢ o} (Ortega et al. 2005; Tsui
et al. 2009; Wood and Nawata 2011). Ortega et al. (2005)
= 355 gtrole)| xZ% =27 40] (Oncorhynchus
mykis)| A WA FEET} furiel e ARAA
Ut s, B AFelME A kR o} Ee}
Aps W7 TEFe) Aosie A¥e) WA e
4 2diet (Fig. 6).
2EFY A vkLo) 23 FE]ZE2 Al 3HA (gluconeo-

genesis) & FA 3= AL s, ol= AT HF IF
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Fno) Aol sxdaz s 45D oAy a7
< = Aoz gl it} (Vijayan et al. 1997).
¥ sEds adel HE W7 TElE R FRase
TS o] w2 oFolA BaE wb glowm (Bar-
ton and Schreck 1987; Robertson et al. 1988; Olsen et al.
1995), & AFHE Guriel 224 o5 FuYs
o) TP vepget.

gutd oz HHEA parameters (Ht, Hb 2 ]3] 74
$)9] WSk 2Edze) 234 hgow vehde Bar
ton and Iwama 1991). Ht:= 83e] & %ﬂ~ 1JrE‘r
W o) ol we} wlg ch=A epdeh 2 o
Eiol 224 WY FE|F Y FRms) w;—% b
HI £ o, Htel 5 =3 A4 £ 5 e 43
gmg L' Folut Aol vhehgeh oA dejol =

otmujo} wZA] Hte] Ayzo] vehls 9)x| gk (Fivel-
stad et al. 1993), darkbarbel catfish (Pelteobagrus vachelli)
AME R ol 2o wE Ht HIl:= glglom] (Lier
d. 2014, B A Aol HE wswel
Hto] Ztaggy vehts ®yE wl $lo} (Knoph and
Thorud 1996). t}a}r] ¢r=mu]o} xZo] w2 Ht W3l
o)l el th= viehde, AR 2L o Folzhe
7). 48, 9 Fol w2 4 glene opazt
Frifolol At AEdA AR HE A7)0
P4 ol gl 9l Aoz el
el Ashe Fqd uRl, £ nEE gEel
shatel] ola) A Zhlel oAl fIHE, Ao g
A ob7bu] NKA 242
o eljels 4Fes WEE Ao e,
G Sl g devebl 45D A4 £
3 s} 25 RepAA 5

A o] WAHY, o]&

A8 AEHAE FElE 8oz FAHG.
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dx7o} Aholg molx] Perert 4, 8mgL T vn
A AYFuS Fola) Fodeh duilel FEsl ¥
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