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Physiological Changes in the Cichlid Fish Maylandia lombardoi
according to Various Calcium Concentrations in Rearing Water

Hye-Na Moon and In-Kyu Yeo*
Department of Marine life Science, Jeju National University, Jeju 63243, Korea

We investigated physiological changes in the freshwater cichlid, fish Maylandia lombardoi in response to different
calcium concentrations in rearing water. Four different calcium concentrations (0, 2, 4 and 8 mM) were prepared in
rearing water by the addition of ionized calcium (CaO) to examine the effect of various calcium concentrations in
rearing water on physiological changes in the cichlid fish, M. lombardoi. Total calcium concentrations in plasma and
body increased in a calcium concentration-dependent manner and reached the maximum at 8-mM calcium concentra-
tion. Stress-related cortisol was significantly decreased in the 8-mM group compared to the control group (0 mM).
Lysozyme activity also significantly decreased in the 8-mM group. These results suggest that CaO in rearing water
increases calcium uptake in fish and affects the body by decreasing stress and improving immunity in fish.
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Zpol -2 thokel AeehA] AlA"Y] Fagh 4] a0
o, A 75t AES A8l i T8 s JEt
CH(Herberger and Loretz, 2013). A& o172 2 ZaSr
713 opztujo|w, ofrtulof| EAfjet= AFANE7L A2 W Z
FrES 2T AT of= o= 4 A qick(Payan et
al., 1981; Perry and Flik, 1988; Perry et al., 1992). o] 7+= A%
3 HAE Slato] 2|42 07 S50l ZATHE 2HS A8t

 EH019] 79 AFS 4 i lo]o} 28 e nja) e
245 25010 B 2HTE oF 24 mmol §A Tk Flik
and Verbost, 1993).

ARt o7 ol T 4 dEol moRglen ofF
= Aopke w8t Zast FY| e el RREH AR
Tl Aog g3 oy ofE|7t AlEE| =(Cichlasoma
urophthalmus) ¥ U< gztm| ol Oreochromis niloticus) &
9] ofFoll M= F7HAQl A ol DA% A =E Uit

(Chavez-Sanchez et al., 2000; Shiau and Tseng, 2007). E3F 4|
W=z Ste Zdadel R E] 7] tlwell 44719 44
7) o] 2 207k A3 7SR A719 ol 2 g B
Z517] flsto] AU Z22 7 vzl Z4s &5 5t
|8 3= Aoz A A Ick(Flik and Verbost, 1993).

A& oF= AW 2] oF 95%7t wiet vlso E3tE o
A= Aoz dHFOH(Flik et al, 1986), G012 49 =
5-0)(Carassius auratus), <-A2](Fundulus heteroclitus) 2 5
2|7 %:0)(Oncorhynchus mykiss)o| A AFet7] 9} 22 EAA|
710 vl A Zgo] AES H= Ao ® Bkl Qltk(Car-
ragher and Sumpter, 1991; Mugiya and Watabe, 1977; Persson
etal, 1994, 1995). Z1efut o] A F wie} vl 5ol A 2 F2lo]
o] ol A|A| = H g o] o3} Flo] Aol A gEo] o}
Atk o) BgstiA AbRel 24& Wrlehs A7 charel
Al XYL Qo ARE T3 Aagae dolA olFoA|
= 0.2 oA Qi W, Hol RO R e o] 2
7} A 9] o] FofX|A] rom T8 opytu|E Foll Ao 7t
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O]Ro| A= Ao g BT QIth(Furuichi et al., 1997; Hos-
sain and Furuichi, 1999; 2000, Nakamura and Yamada, 1980).
IYER g0l B9, AR ETH AR W9 Ze w1 Hst
7F AW Z F5oll 83 F3E v Ao ' of A, A
S5 ol AHA o7 L 5E=E HIPAA AR k= 7
]k Aol

wheba] 2 Atol A= AR W] 2 wol e WIS
T2t 517| §l5te] w0l el Al Ew] =(Maylandia lombardoi Y&
o]-gsto] Aele AAISHT AlZ 2| =(M. lombardor )= Z|*
U ol A Aol T gl =A] 77 o] F o8, =7
Al g el gagt Zow B H yd "eluloKO. ni-
loticus)2} 22 M- 5E(chordata) 7|0} (actinopteryg-
ian)of] &8} ofFolrh o] T Z[df 15 cm7}A] Apeh uhg-
2 B St WA F o8 ofprt Ao m Sk = 540
Uom, o] gL Akso] ZHHRE R o] Q17] wi<zol| & ¢+
o H= AlEE =(M. lombardoi) s ©|-8-5t0] Aol 2 5
=5 AR eR 2GS o Uit oY 2B A 9
HAsHA | WS vtk
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U 7 THE Bl A ALS T AR E B0 A2 wa)
£ ) Slstel ABHOR ST Alxsle] Aol A
L3tk AR A2 Chen et al. (2003)2] H-1E 215}
12} %520 MgS0, NaCl, K,HPO, KH,PO, % CaOS 242+
Hrkstol A2kt Cavol A7bE AFEL F A 1O
22 LY AR5 ool CaOE 2 mM, 4 mM 2 8 mM O] == 3
7tsto] Aol AHgaIGIT BE 1EO) Mg, K % Na'e 5
Azt ko & 77k H71ekel o m(Mg, 0.1 mM; Na*, 0.5 mM;
Ka*, 0.02 mM), control-2 Ca?*2 71314 &9krt.

M3isE U AR

& Aol ARGE A d ol Hintell A Fx AL 4-67114

il
22| =(M. lombardoi)#| o1& ARSI AAUR %
3d

ot >

F AR 71 H Agof ARgERL). o] % A
sto] control- 1} Z X7} w0l wHE 2 mM+t, 4 mM
2 8§ MM O 2 o] 28 X 28 X 28 cm?e] 4=%o ot o+
S 20mt] Y o] Fatolet. g A T AR AES 1497 2
=]l o ARE: 717t F3F ofojd|o| ATt ATk A|&H o=
AAFAIL, AF 717E Bt AR 222 26-28C, B
7l 12L:12DE G258ttt Ak Fo] Al AR AbRE Al
Soll kg oz =i 9l ddjo] M-8 AbE(tetra bits,
tetra)S AMS-3F 01 1Y 23] Fo| sttt A o]e] Hat A
A2 2.94+0.06 cm, B A2 0.88+0.1 cm L H4f A=
0.57+0.04 go] itk
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6 nte]e] AglolE A
= wW=A Adgt H, -80T ] 25t o|% 54 A
(PVTFD 10A)Z ol §3to] 7% F B ez £afstaict.
0|3 B2 AE 717102 g& A4 10 mLe} T2 (elec-
tronic grade) | mLE AM-5}10] PTFE digestion vesselo]] 71
%, 100-180°C oA 7=l A|Zit}. Blank solutions© 2=
10 mL 84k} 1 mL SAFERE EHsto] ALg-allr.

Zr4+ 5412 Agilent 7700s ICP-MS (Agilent, USA)S AR
sfol 7gatairt. RAFT4L 1500 W Agakgon], o2
L7420 &= 0.5 Lminl 2 24550, wlofE 2312
Agilent mass hunter software for ICP-MS (Version A.01.02)
2 ARg5to] A5t
oY L 2ts ROl wal

AR A ER 3 7F 1859 140te] o] A% o] 2 2-Phenoxy-
Ethanol 200 uL/LE ©]-8-3}0] 31 52t 3| 3, heparineS *]
25t | mL A7) o ste] u]5 Hulo] 4 Bole fs}3]
T} o]% 3,000 gollA] 384 Yl &, S HS 2otk
80Col 4 FAte] B4 171 BB,

N Y Z o 2412 Abs 2417] 8- Car* 5788 Al ek(of
REA kS AFgo1o], A ZAYe] 24 whlof ket Absket 247
(CH 100 PLUS)& =435}t

Cortisol 2| H3t

Zgol AEY A S22 cortisolo]] H| 2= FFS 2elst
7] f15to] ol 1 cortisolitAS AlY5F3ATE. Cortisol &
cortisol kit (R&D system)®]] Z3Hel AR5 AFR-5Fo] A 2 AL
O] A ol wpe} M8y = ek, -4 RD5-435 o5t &
ol AWZ-5- 4001} 3|4 A7 F, conjugation A|2F2 50 uL H7}
gF %, antibodyE 50 uL 2555Fo] 2417t 59t 44-20]| 4] shak-
ing (300 rpm)3} ™ HE-- AT}, 0] plateE washgt 5, HHAY
A 2FQ1 color regentE 200 LA 2k Al Eof| 3 7Fsto] Bl-g Aok
Sk ol A 3027 W3- AlFiT. o] % BEg-Z HE|F+= stop
solutions 50 uL3d 713t F ELISA (enzyme-linked immuno-
sorbent assay) readerE- ©]-8-5}%] 450 nmof| 4] &5} 0,
Soft max pro Z 2 13- o]g-5}o] A5}

Lysozyme activity H3}

o] v 5014 HY Al lysozymeZ/d ol 1| A= P o
QIst7] 15te] lysozyme 42 AASIATE ZF Aol &
A 15 uLE 96 well plated]] £33 & 150 uL micrococcus
Iysodeikticus solution (0.1 M phosphate buffer saline, pH 6.8)
= 92 F 25T oA 5 E4F RS & 540 nmol A FHEE S
7g8kaL, A S 7Rk AT o] & AT aol M FE =
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25 24519} One-way ANOVA-test2 =
o, o]l 719] f-2]2H= Duncan’s multiple test
SHAS AATSITE s S A A 32 P<0.059 4 12

B oA 84 22l CaOE o83t AR Yol
AFH s g =5 2E81%8e W AZ2=(M. lombar-
doi) oA WfollA Yehts ks Aeld ez EA8kgic) 9
A oA W Z g @ W 2 S 4 278k A
S W &] CaO7} oA ol S 5= A =S Thofshitt.

oA Wf T 2+ el MskE 5435 A3, controltol A 9]
24 392 50.71 £4.5 mg/Lo| 90w, 2 mM Z H7F A
3]0l A= 46.52 £4.98 mg/L, 4 mM Z4 H 7} Alg ol A=
52.5+3.54 mg/L, 8 mM Z<5 37H Aol A= 53.92+4.36
mg/LE 8 mMZs H7F Aol 7MY =& A5 Y
Ao ZF gk o)Al Atol= fIick(Fig. 1, P>0.05).
Wk ol Dol 1 o Z4 e HIskE 543 A1, controltol A
L 150.50+0.29 mg/Lo| .01} 2 mM Z4 A7F Aol Al
165.50+2.6 mg/L, 4 mMZ+ 37} Addtoll A 175.0+2.89
mg/L 12|31 8 mM Z 37 A Ttell A 175.05+2.86 mg/L
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Fig. 1. Total calcium amount of whole body in cichlid fish Metri-
aclima lombardoi acclimated to artificial fresh water with control
(0 mM), 2 mM, 4 mM and 8 mM by inductively coupled plasma
mass spectrometry(ICP-MS). Data are expressed as mean+SE.

2 SR Al 8 mMZHE 7 A gt
24 TS U= A 21 4= lSlth(Fig.
2mM, 4 mM 2 8§ mM9] s Z7[EE

Gl | Z ot 4 il A 5 =AY f-91 3l Zfol 7}
el =90 (P<0.05), & L4 H7F A tollA] controlit
of vl Zo] s YEH o ® FUIsh= Ao UEHH S
Th(Fig. 2). YHHA © & thofsial g 9Jeh 5 S of| A A4
Sl o 7o A ek 22 AR 2 a9l 5ol 9
alo] 9J3ke WA B 71 © & oFed ZHChen et al., 2004). 0|
A3t 5 ol Ak de2 8 tHibw(CaCo,) >
2 AHE FE 7)ol o2& FEjo]7] iizoll o] 74 o W
B S5k Aol ule- Al oot wetbA o) f= 457
= 84718} ol A a7 SIS Al7]ole WLt vl
oA ZAEE Agrsto] HE53 e B s 2R B
I E At Carragher and Sumpter, 1991; Mugiya and Watabe,
1977). 12t & Atoll A =84 A2l CaOE ©]-8-5to] A
W2 Fd 24 Bisks s 23, CaO7F L2 24
= AW ZdEol 7t A& 2Rl 4= gl o, o] A2 o]
23HE o] ZICaO7F Aol Hot 434 S=rElo] ofA|
W 25 5771 8ol5HA o] FolA Fke SEX o= L 25
Fol F7ret Autz wetEh 7o A3 2 a7t 57t
Shi= A171Q1 <719} 47719 alfAte] \d X|(Paralichthys oli-
vaceus)°l| CaO7} 7Hel AFRE a7t 23, AW=S] 2+
F7t BolsHA o] FolA HlzolA L FHo] o] FolX|A]|
oro 7 o & vt Moon et al., 2014). & Lol A & o]}
S U Hol )l AlS 2 =(M. lombardoi)E CaO| 4|3
A2 Sp7F&ol5HA o] Foi Xl A& Fheld 4= gl uf
2hA o] % A<37] o 75 2= Sto] CaO7}F 23 AR
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Fig. 2. Analysis of calcium concentration in plasma of cichlid fish
Metriaclima lombardoi acclimated to artificial fresh water with
control (0 mM), 2 mM, 4 mM and 8 mM. Data are expressed as
mean+SE, different superscript letters (a, b, ¢) indicate significant
difference between the values (P<0.05).
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oA 47 B A%, B 40733 STl A=) 2
& 542 W] fEsho] woh uls oA o] 24 o] o]

& SrE
A A] Sk AW ZEwFE A A A= 7drt.
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Cortisol2| 3}

2EAE TS o} 70 A9 EF cortisol #H]|7F 57 &
7] ol 2E 8|2 F7HA| 2 A] =2 cortisolo] AREE 04|
11 Qlth(Barcellos et al., 1999; Nakano et al., 2013; Wendelaar
Bonga, 1997). UHHA 0 2 o] Ffi= o]l AL 917] wfiZel o
G AEY A Q8150 Y mE o] flon, AE A of
ol A7l sel MalE o] Wo7|sE Asti7= 2ew
& Hth(Espelid et al., 1996; Pickering, 1998). 12} A EE|
25 TR o WA o 7fE FEthe A vl o7 7] dii
2| 2ol o 7o) 2B A A= 240} 9 QMY S} Rreof| gt
L7} A8y =) 21 Qlth(Volpato and Barreto, 2001).
e AU e FAXNATE EE2A, 2EH A
W2 79 Al o] A Aol Bt o] 2EH o= <l
PARF 2B A B A ZAPE S T o= Ao ATt
(Ermak and Davies, 2001). whepA] & Aol A= Zgo] of
A W 2B 2o mX]= Gk atetstr] 918) cortisol 4]
= AAlsto] I WSS Hlwsiinh & A A Aol A7t
%] 9kC control-9] 7% 227.14+7.11 pg/dL, 2 mMZ
A7} AFTolA 182,66+ 1641 ug/dL, 4 mM 2 d7} A
F 2o A 182.00+ 18.13 ug/dL 12)31 8§ mM 245 H7} A%
oA 166.54+11.31 ng/dLO =2 YL} HE 2 H7FAY
|4 control wtofl HJ8f F-0] 4 o= W 2 F LERl itk
(Fig. 3, P<0.05). ool Al AU g2kt o] o A9 E5
cortisol =27} FolRl = Ao =2 U A Qlck(Barcellos et al.,
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Fig. 3. Cortisol concentration in plasma of cichlid fish Metriaclima
lombardoi acclimated to artificial fresh water with control (0 mM),
2 mM, 4 mM, and 8 mM. Data are expressed as mean+SE, differ-
ent superscript letters (a, b) indicate significant difference between
the values (P<0.05).
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1999; Nakano et al., 2013). webA] & &1L 4] Zr<zo] H71E
Aol 4] controlitol H]8l 524 02 WhL cortisol A&
UERd 212 Zhgo] AlWo] SHg3kE frmatel 7| wfitol| ofA|
W cortisol 2] 4|7} 7h4 ¥ A 0 & whhE T

Lysozyme activity H3}

ol Y] lysozyme activity?] HSH= controli-e] ¢
933+0.97 UmLoZ YeRton, 2 mMZs H7F Ad
oAM= 7.73+0.73 UmL, 4 mMZ< 271 AdolA
= 77+ 144 UmL 22|31 8 mMZ<s A7} AdiolA=
44+0.52 U/mLZ Z}Z} e th(Fig. 4). Lysozymes 2|5
2200] 27] Wolelahg ol wlSo|d WejBA S o= Ao
2 A7 v 5o H HAA =, 71 F o] 7ol A= lysozyme
© =2 %l calcium-binding lysozyme (c-type lysozyme)>
743k ARSHE 592 7443 QckSaurabh and Sahoo,
2008). 0|71 2] K.itof| w2, 2] 501(0. mykiss)2t LY
g7 oK O. niloticus)®] lysozyme©] AE | A0 &]&E5l= 7
o B%3 ¢l om(Caruso and Lazard, 1999; Mock and
Peters, 1990; Yildiz, 2006), 2E A #8 & 229] cortisol
R RR| R AEYAE vhe A9- GAdo] STHE T Al
7ho] 3.2 & 7kAsh=s A2 B Eo]glt(Ma et al., 2013).
B Lo A 9] lysozyme activitydA] 1w 2] 8 mM 2
& HA7F ATl A fod o2 e 2dS UEhd S Sl
o UL H(P<0.05), cortisol S Ao}t FUTT 7
e et

o)e] A+ AuE Ko EH % oA CaO7} &
420191 X122 =(M. lombardoi) AU 22] Zr¢x T545 F7HA]
7)3 sEa kol ol Wolel g S 7 BTHE AL A
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Fig. 4. Lysozyme activity in plasma of cichlid fish Metriaclima
lombardoi acclimated to artificial fresh water with control (0 mM),
2 mM, 4 mM, and 8 mM. Data are expressed as mean+SE, differ-
ent superscript letters (a, b) indicate significant difference between
the values (P<0.05).
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