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The Effect of Dissolved Cement Powder on Carassius auratus

Myung-Ja Shin, Jong-Eun Lee and Eul-Won Seo*

Deptpartment of Biological Science, Andong National University, Andong 760-749, Korea

Abstract - In this study, we studied the effect of dissolved cement powder on Carassius auratus by
analysis of the morphophysiological changes. The gill exposed to dissolved cement powder showed
the thickened primary lamellae and the activity of chloride cells and mucous cells was also signi-
ficantly increased and the proliferation, separation and clubbing of gill filament was observed in
the secondary lamellae. In the kidney tissue, the space in Bowman’s capsule was widen and the
arrangement of dermis was irregular due to the thinned epidermis in the integument tissue. The
activities of antioxidant enzymes and LDH tended to increase with the duration of cement expo-
sure. It was confirmed that the up-regulated proteins were identified as involved in glycolysis and
energy metabolism and down-regulated proteins were myofibrillar proteins which were involved
in muscle contraction by the cement exposure to the integument. With these results, dissolved
cement powder was thought to be a big threat to the survival of the fish because it causes the mor-
phological changes and weakens the physiological activity in C. auratus tissues.
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Fig. 1. Effect of cement concentration on survival of C. auratus.
The 96 hr-LCsp was estimated to 92.08 mg L.
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Fig. 2. Ultrastructural changes of C. auratus gill. A: normal gill, B: gill exposed for 2 day in dissolved cement powder, C: gill exposed for 4
day in dissolved cement powder, D: gill exposed for 6 day in dissolved cement powder. The gills exposed to dissolved cement powder
showed thickened primary lamellae and irregular space between lamellae, and it was observed the epithelial cell proliferation in
secondary lamellae (arrows). Scale bars: A-D=75 um. PL: primary lamella, SL: secondary lamella.
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Fig. 3. Histologiacal changes of C. auratus gill tissue. A: normal gill, B: gill exposed for 2 day in dissolved cement powder, C: gill exposed
for 4 day in dissolved cement powder, D: gill exposed for 6 day in dissolved cement powder. The activities of chloride cells and
mucous cells were increased in the gills exposed to dissolved cement powder, and the proliferation, separation and clubbing of gill
filament were observed in the secondary lamellae (arrows). Scale bars: A-D =20 wm. PL: primary lamella, SL: secondary lamella, BV:
blood vessel, EC: epithelial cell, PC: pillar cell, CC: chloride cell.
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Fig. 4. Histological changes of C. auratus kidney. A: normal kidney, B: kidney exposed for 2 day in dissolved cement powder, C: kidney
exposed for 4 day in dissolved cement powder, D: kidney exposed for 6 day in dissolved cement powder. In the kidney tissue, the
number of glomerular endothelial cells and red blood cells in Bowman’s capsule reduced by longer exposure to dissolved cement
powder, and Bowman’s spaces expanded widely due to the glomerular contraction (arrows). Scale bars: A-D=20 um. BS: space, GL:

Glomerulus, DT: Distal tubule, PT: Proximal tubule.
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Fig. 5. Histological changes of C. auratus integument. A: normal integument, B: integument exposed for 2 day in dissolved cement powder,
C: integument exposed for 4 day in dissolved cement powder, D: integument exposed for 6 day in dissolved cement powder. The
epidermis of integument thinned due to longer dissolved cement powder exposure, and arrangement of dermis was irregular and the
boundary of basement membrane was unclear (arrows). Scale bars: A-D=50 um. EL: Epidermal layer, DL: Dermal layer, BM:
Basement membrane, CP: Chromatophore.
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Fig. 6. Activities of anti-oxidant enzymes (A, SOD; B, CAT; C, GPX) and LDH (D) in C. auratus tissues exposed to dissolved cement
powder. The values are mean+SD (n=5). *P<0.05 indicates significant difference between the control group and the cement
exposed groups.

Table 1. Up-regulated (spot 1,2,5) and down-regulated (spot 3,4,6) protein list identified by the reference map.

Spot no. Protein identified NCBInr pl MW (D) Cov(%)  Score E-value
1 Pyruvate kinase isozymes M1/M2 [Danio rerio] NP001003488 6.88 58887 35 118 7.7e-07
Beta-enolase [Danio rerio] NP999888 6.25 47841 42 174 1.9e-12

3 Ectonucleotide pyrophosphatase/ XP006805682 8.94 40164 28 79 0.0063

phosphodiesterase family member
7-like [Neolamprologus brichardi]

4 Tropomyosin alpha-1 chain [Danio rerio] NP571180 4.70 32760 32 87 0.00095
5 Adenylate kinase isoenzyme 1 [Cyprinus carpio] P12115 6.64 21532 61 208 7.7e-16
6 Troponin C, skeletal muscle-like [Takifugu rubripes] ~ XP003978215 391 18216 27 91 0.00037

W 1,2, 59 spot-2 o] ZrlEE Zloz FEY X www.matrixscience.com) Ao ES E3) whuizle] zw
3,4,69 spot2 o] ZHAEE Hloz FelF. o Z Folaldd £8¥ AWE 20 ol wel ¢ o]
o ulg} "z AJTA] AA A=A zpo]E Ho| Z7}= gkl A pyruvate kinase isozymes M1/M2, beta-

= 6712] spots FZ3}9ith (Fig. 8). ]S MALDI-TOF enolase, adenylate kinase isoenzyme 102 2ql= ¢l 37, vt
I AEAAY S AH EAHS F Mascot (http:// o] Ztax whlae ectonucleotide pyrophosphatase/

o



The Effect of Dissolved Cement Powder on Carassius auratus 15

A 0 day 2 day 4 day 6 day B 0 day 2 day 4 day 6 day

C 0 day 2 day 4 day 6 day D 0 day 2 day 4 day 6 day

Fig. 7. Zymograms of LDH isozyme in C. auratus tissues. A: gill, B: eye, C: brain, D: integument. LDH-1 was commonly detected in the
tissues of gill, eye, brain and integument, and LDH-2 and LDH-3 were additionally expressed in integument.

Fig. 8. 2-D gel images of the integument tissue. A: Control integument, B: Integument exposed to dissolved cement powder for 6 day.
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phosphodiesterase family member 7-like, tropomyosin al-
pha-1 chain, troponin C, skeletal muscle-likegl o= %

¢l= 9o} (Table 1).

| &
3P 2 34 59 e @] AMSEHI gl AW
= @A A ghos & e A Het ofe
A xZF] e AHEE £ £ AE
2 714 3 Yx FA4EE FHske YT ol
AEL A7ZE 4 o] xZ2Hel wel MM
7 $0 7 ol Lo7}A Huh AWECA FE e
fal 2o wwst veke g ol 40 A
sHe= °L‘H T*g"“’ﬂ 72 ke A=A o

s
A ow, ARl E Fwrt FolAH 4317 2] pH
*7ZE| 3} Hol oprfu]E H3 A o] o] Fof
A o el AT HAbel ol2A Hrkw BI1F e
2le} (Lee and Hur 2005). £ &1 Foll A4 = 300 ppme] A|wl
E oA AMEE Holt 72417 ool = At}
Aoz veh} s AREE offl o) Az
Moz otdibg wlA pAEe] AEL Y 2
ez ad 4 9l e AN At
o] F2] olrtulE 7}’&5} o]l xx4, Ak - 97] =4
9 oA 58 dete 7|22 (Evans 1987), 42817 ¢]
2gdE™ op7in] AuAEE 2A) wte, o) 4EA B H]
A3} ol dojub AFeo] 7= s HAM =z
7} o)A} Z2)8}7| = st} (Mallatt 1985). =3 =2 o] 9
dEe] obZes} = oprin] A 7)ol = AAA
E7} o)k vlHlE A A 27} Bt sE 2=
02 FHAES doy)7|= gt} (Boyd 1998). £ ol o
= g7t AlWlEe x=Z57] AzEHE olrin] Az]A
Z2] FAte}t wte]rt RAE o, =F7]7 o] HojAH
Aede] $EE Aoz EMHME} o3 A=z H
of AWMEE SEALy ES
Ed 2z 2Hgeb, A 0}7}‘1]4 _71:79, Hae =
gl AR 24 Ao o 3FFNE HHE 5 9

& Aes 2335
1:}

X r{r o & Mo Lo Ad o &

_QL' rlr

il

AT 915 5 AAe] el 4 gle], 4F A% o
F HA e Y9le] H7|= 3 (Gill et al. 1989; Schwai-
ger et al. 2000). =3+ B $ut F71-e mA I Ha Y

S 53 A3E HAE WHelEolr d¥E Fa gl
B ATelA oo AR AMES] w=ZE7]7ke] Zof
Aol wiet AFFA 7} E2He] Beut Frye] Z7to)
HelAle Fez AFHUS F AEE o]H3 HH
A W3 ZHste] 417 713# A7 T 2
o] Hm FFHoz ofFe] AES s T 29
o

o 449 Aoz Aa
o Fe wa: B, e AR 9ve Aed
r2RE AAE wxehs ZFelAT 9% e
e oefst WHEE Yeplr|x g} Asiatic knifefish
(Notopterus notopterus)7} o}de] xZ=F ™ y|HEH
el gz Aol B 4wzl A5 3
aote] QoA 2ok G ZAshw vda Ak wg
v} glok (Roy et al. 1993). 2 AT = Aldl B =&
9 ole] mA) 22 A7 sk glow, 53 A
- zeA) 9y BpHdoz wdshs How B
Bt web] Pl AME wEe QT 27
WMotz Qlel BeHQ) 2mdag WA so] Axg 2
oo opsle zdlsl Ho) snade) oz d
e Sk ohzEe) dUe) A A% 24 3
o] gole] & 4 g9)S Aoz AlgE

2714 ABeIA Bados YHHE PAALE =

RN
stk o WY °4Xﬂ“‘%% %—i*lﬂ% dlEdz 2}

oo o
o,
K
3.3
_,VL
, &
o4
R
o for
i
0_|.4
O::
10
ot
r-|>-‘4
S
il
i)
lo
2
o

AL X138t A2 Yol AAE FSAALE A A
lel 2222 WA X} (Alscher and Hess 1993;
Dalton e al. 1993). =8 LDHE= o]} 2|t Aboll 4] 225
$) %5 =} 3} (Buono and Robyn 1999). Cus *|2]3t
$o19] 75 LDH S4S obblela] /b 2 B4
BT ZENAM 7Y 2 #4& 23} (Lee and Choo
1973) 3} “ﬂ 7] (Clarias batrachus)2] 73-$- LDH &A]-&

F71 A4k AFZA QD rogorel] 24~ 192A]7F DAE R =F
A7 7% 4817 Tt el el2FH et 96~192
AR Fol ApaE T AALE 2AGA Gl 2
HAAME 2A5l= o=z FAF T (Begum and Vijay-
raghavan 1999). 2 o Fo|AM = AW E »Zof w2 AL
3la4e LDHO A2 22 9 xZ 7|7t ule} &
Aol zlol7} gle Aoz yelgton, LDH isozyme2]
i ZAeA& LDH isozyme gAo] A el



The Effect of Dissolved Cement Powder on Carassius auratus 17

yeplie, oprfrl el &3] A2 AME x=Z7|7ke] 2
A4S Zrhete A"S ve Qo o= 2
2 Hol g8 AlWE BHe YES S8 YA W I
Abta el diAb I &4e] FA4S FAATA =y
AR ES B717F =2Z2FHW o o4 W] AAE fAF
4 9 HA AF i WHE AT TS Al
Absl S gl

Sl AmE B2 AR A4 ~EHAE 2
A H 3 eolell mel B olell Adst7] 9]}
Az el AAS 7HeA7IA "ot old fAAE 2
Aol FAFAY AstEY ol AiHoz Al

o

it

A A Wee Jehb) fek meb waaa) 2
He B8 BAA sl Bl ARHE A |

e FR wAe) opd Ad wWse

FA4% 4 3l

o 1 al
A 3 F §AHAHEIo =z Felo] Erl53F whllz o]
W gl oWy § -’F*—% S5 2Ag 5 9)A #Fx

91t} (Naaby-Hansen oA 23] =
AL EM3 Ao fﬂ"l ZF7hel A2 s 2t
A thAtZA ] FedslE pyruvate kinase isozymes
M1/M2, beta enolase, adenylate kinase isoenzyme 1 52 2
gaolgglon, walo] Aty DMAEL tropomyosin
alpha-1 chain®} troponin C2 ZFol| Fesl= A
FA A3} ectonucleotide pyrophosphatase/phospho-
diesterase family member 7-like© 2 M Z ] pyrophos-
= ¥ = 4= FelHgioh

phate 3 =& &

el Ak s} A= S smdsE 284
Sl e Felsh WAzt 2%e) x| a
& FE e o A4 WskE F 5 ol dew
Z4 .

)T Asfel mFo] wol gaH AWE B B
of 27 Juid WY} A2 )%l ke 2}
of olfte] A At 9qe] ¥ 2oz 4T

& o% Aoz FAH

= Q

B ATE AME wZe] BE olF 240 Yo A
24 Wshe B g8 AUE 2] offe] vl
A dgre zASTA Sk 48 ANE B
w23 opjule A AL 97 5, A2

o A EE FEAA PAel Z7hEw glon, o
A Aol ASAES] F el R 2E
3 WA= WA A% AN 2w Foi

Fbel @A HAHAT, w3 24 w39 FATL
a2 o] BRANAL Aoz Hw
sieh. @At a sl LDHS) 848 27

el GAol 2jol7h gl Ao ekt 9 24
A B AE Skl ofd) 2o }54 bl
RIS

il
shef ol Aze] Ak
ol 2 gelew H47 4 e Aoz A

REFERENCES

Aebi H. 1984. Catalase in vitro. pp.121-126. In Methods in
Enzymology. Academic Press. New York.

Alscher RG and JL Hess. 1993. Antioxidants in higher plants.
pp- 31-58, CRC Press. Boca Raton, FL.

APHA, AWWA, WPCF. 1985. Standard methods for the exam-
ination of water and wastewater. APHA. Washington DC.

Barton BA and GK Iwama. 1991. Physiological changes in
fish from stress in aquaculture with emphasis on the res-
ponses and effects of corticosteroids. Ann. Rev. Fish Dis.
1:3-26.

Begum G and S Vijayraghavan. 1999. Effect of acute exposure
of the oraganophosphate insecticide rogor on some bio-
chemical aspects of Clarias batrachus (Linnaeus). Envi-
ron. Res. Sec. 80A:80-83.

Boyd CE. 1998. Water quality for pond aquaculture. Research
and development series No. 43. International center for
aquaculture and aquatic environments. Alabama Argicul-
tural Experiment Station. Auburn University. Alabama.

Buono RJ and KL Robyn. 1999. Hypoxic repression of lactate
dehydrogenase-B in retina. Exp. Eye Res. 69:685-693.

Chrousos GP. 1998. Stressors, stress, and neuroendocrine inte-
gration of the adaptive response. Ann. N.Y. Acad. Sci.
851:311-335.

Dalton DA, L Langeberg and NC Treneman. 1993. Correla-
tions between the ascorbate-glutathione pathway and effec-
tiveness in legume root nodules. Physiol. Plant. 8§7:365-
370.

Davis BJ. 1964. Disc electrophoresis-1I. Method and applica-
tion to human serum proteins. Ann. N.Y. Acad. Sci. 121:
404-427.

Evans DH. 1987. The fish gill: Site of action and model for
toxic effects of environmental pollutants. Environ. Health
Perspect. 71:47-58.



18 Myung-Ja Shin, Jong-Eun Lee and Eul-Won Seo

Flohe L, A Wolfgang and WA Gunzler. 1984. Assay of gluta-
thione peroxidase. pp.114-130. In Methods in enzymatic
analysis. Academic Press. New York.

Gill TS, JC Pant and H Tewari. 1989. Cadmium nephropathy
in a freshwater fish, Puntius conchonius Hamilton. Ecoto-
xicol. Environ. Safe. 18:165-172.

Hosoya S, SC Johnson, GK Iwama, AK Gamperl and LOB
Afonso. 2007. Changes in free and total plasma cortisol
levels in juvenile haddock (Melanogrammus aeglefinus)
exposed to long-term handling stress. Comp. Biochem.
Physiol. 146A:78-86.

Jee JH, F Masroor and JC Kang. 2005. Responses of cyper-
methrin-induced stress in haematological parameters of
Korean rockfish, Sebastes schlegeli (Hilgendorf). Aquacul.
Res. 36:898-905.

Kim JK, YN Park, WK Kim, JW Kim, SK Lee and KG Choi.
2010. Molecular/ biochemical biomarkers for exposure to
hazardous chemicals in the water environment and their
application to freshwater fish. J. Env. Hlth. Sci. 36:418-
434.

Lee CK and IY Choo. 1973. Studies on the effects of copper
on the lactate dehydrogenase and esterase isozymes in var-
ious tissues of Carassius carassius. Korean J. Zool. 2:79-
96.

Lee JY and JW Hur. 2005. Acute toxicity of cement on morta-
lity of pond smelt (Hypomesus olidus). Korean J. Environ.
Biol. 23:89-92.

Mallatt J. 1985. Fish gill structural changes induced by toxi-
cants and other irritants: a statistical review. Can. J. Fish
Aqu. Sci. 42:630-648.

McCord JM and I Fridovich. 1969. Superoxide dismutase an

enzymic function erythrocuprotein (Hemocuprotein). J.
Biol. Chem. 244:6649-6055.

Mommsen TP, MM Vijayan and TW Moon. 1999. Cortisol in
teleosts: dynamics, mechanisms of action, and metabolic
regulation. Revi. Fish Biol. Fish. 9:211-268.

Naaby-Hansen S, MD Waterfield and R Cramer. 2001. Proteo-
mics-post-genomic cartography to understand gene func-
tion. Trends Pharmacol. Sci. 22:376-384.

Reid SG, NJ Bernier and SF Perry. 1998. The adrenergic stress
response in fish: Control of catecholamine storage and
release. Comp. Biochem. Physiol. 120C:1-27.

Roy RN, LN Roy, KM Vogel, C Porter-Moore, T Pearson, CE
Good, FJ Millero and DM Campbell. 1993. The dissocia-
tion constants of carbonic acid in seawater at salinities 5 to
45 and temperatures 0 to 45°C. Mar. Chem. 44:249-267.

Schnaitman C, VG Erwin and JW Greenawalt. 1967. The sub-
mitochondrial localization of monoamine oxidase. An en-
zymatic marker for the outer membrane of rat liver mito-
chondria J. Cell Biol. 32:719-735.

Schwaiger J, OH Spieser, C Bauer, H Ferling, U Mallow, W
Kalbfus and RD Negele. 2000. Chronic toxicity of nonyl-
phenol and ethinylestradiol: haematological and histopath-
ological effects in juvenile common carp, Cyprinus carpio.
Aquat. Toxicol. 51:69-78.

Whitt GS. 1970. Developmental genetics of the lactate dehy-
drogenase isozymes of fish. J. Exp. Zool. 175:1-35.

Received: 28 November 2014
Revised: 13 January 2015
Revision accepted: 19 January 2015



