1+&k3] X|[Journal of Marine Life Science] [E = ]

I sra ol 3
M S December 2020; 5(2): 43-50
http://jmls.or.kr

Zinc Undecylenate?l B&dH(Hemicentrotus pulcherrimus)2}t
S22 A (Mesocentrotus nudus)2| O}t 0f

oxl= 54 ¥

=12 ol 1

Hg”. ues' oxg' - og
IRESADY MR S
*REIMT D M DSt

b

ey - ge”

EH /S &7 E

Toxic Effect of Zinc Undecylenate on the Embryogenesis
of Sea Urchins Hemicentrotus pulcherrimus
and Mesocentrotus nudus

Hoon Choi"?, Yun-Ho Park’, Ju-Wook Lee’, Seung-Min Lee', Youn-Seok Choi', Un-Ki Hwang'*

"West Sea Fisheries Research Institute, National Institute of Fisheries Science (NIFS), Incheon 22383, Korea
*Department of Life science, Incheon National University, Incheon 22012, Korea

Corresponding Author
Un-Ki Hwang

West Sea Fisheries Research Institute,

National Institute of Fisheries Science
(NIFS), Incheon 22383, Korea
E-mail : vngil@korea.kr

Received : October 14, 2020
Revised : October 20, 2020
Accepted : October 22, 2020

2 AT daN, SEAH S2f oA S EESI0] LYt SHO 2 AMEE(H, AR E
R2MO| 7Hs40| &QlEl Bt = Zinc undecylenate (ZUYS O| 83| AIQtetA LY 1kt AHIXIE
CHES 2= Qe MSH 25(H pulcherimus, M. nudull THSH SHBIHS MA[SIACE AHA
ZUo|| T3t H. pulcherrimus?t M. nudus®| "8& ECso2, 242 11.27 mgl'at 148 mgl'E Lt

EHGICE E3F HAMHHOF Y E 0| ECy2 2t 0.94 mgl’@f 378 mgl'= LIEHG OO, NOECE=
020 mgl', 0.78 mgl'E LIEHHRICE 2 SHF0M EEE HA 281 SURAE o Aot
AMME 2890 854 ZE 0|83810] Predicted No Effect Concentration (PNEQ)S A AtstS
Cf. PNEC 242 00094 mgl'Z LtEfGen, 9o 242 Zite sfd=td 2P=H0| thst =+
Ho M £EUS 2o 7| =XEE 28 Ao|ct

The aim of this study is toxicity assessment using two types of sea urchins (AH.
pulcherrimus, M. nudus) that can representative primary consumers in potential coastal
environments pollutants, Zinc undecylenate (ZU), which is used for various purposes, such
as pharmaceutical agents and anti-bacterial and anti-fungi. The Fertilization rate and normal
embryogenesis rate of H. pulcherrimus and M. nudus were concentration-dependent
decreased. Besides, ECs, of fertilization rate with H. pulcherrimus and M. nudus were
11.27 mgl" and 1.48 mgl’, and ECsy of normal embryogenesis were 0.94 mgl”' and
3.78 mgl. NOEC of normal embryogenesis were 0.20 and 0.78 mgl”, respectively. In
addition, to find the safety criteria of the ZU on the marine environment. PNEC value was
0.0094 mgl, calculated using the toxicity values of two species of sea urchin derived from
this study and the acute toxicity results of the coastal area through literature research. The
above results will be used as basic data for establishing environmental protection strategies
for marine environmental pollutants.

Keywords: Zinc undecylenate( Gl & 2l £H0HH), Hem/c'enz‘rotus pulcherrimus( 2SS H),
Mesocentrotus nudus(e'32l), Toxicity test(FEAH)
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2020).
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Table 1. Information of the Zinc undecylenate and experimental design used in this study

Target
Toxicants Formula CAS no. Species Endpoints concentration  Manufacturer
(mgl™)
10 min
fermentation rate (%) 0~20
H. pulcherrimus
64 h normal . ) 0~6.25
Zinc embryogenesis rate (%) ) .
[HoC=CH(CH,)sCOzJ.Zn  557-08-4 Sigma-aldrich
Undecylenate 10 min
fermentation rate (%) 0~20
M. nudus
48 h normal 0~6.25

embryogenesis rate (%)

FUAIA MMMl W 9 NS

ZE A= dAS0l B=

3. =7 S AMETe MEEY %

2 Ao AFEE Zu2 AR Hele oHE"EE S5t
0~20 mgl'22 BHE|ACL H pulcherimust M. nudus2| +8E
X HYRY SYE AHM AFBE C{ETE membrane filter
(pore size 045 pym)E OJtEl XtAHS|+E ALESIIICE A[HEN
9| Z%, DMSO (Dimethylsulfoxide, Sigma-aldrich, USA)E carrier
solvent2 AFE3H0, 10,000 mgl'2| 1&= ZU stock solution= Al
o 5|, ZTE AFEE a2 3|M30 ARZSILE. Of
ANEMENH === carrier solvent?| %|E5 &5 0.1%
(NOEC, Non-Observed Effective Concentration) O|SI2 = E&|E2
Z/4SHRICHManzo et al, 2006). Al =Ll 7|2FE W SUHE
A¥sEE Table 12+ ZCH

ke

4 HE L WYY wY

4o

SHE Ao 22 52 10 m¥Y 2FE 6 well platedi|
AQl BAE 1 ¥ 2531 30 minZt =EAIZACE 30 min 0]
well& 100~150702| HAHE 23501 10 min 0| +=F2te| &y
/EE S50 £HES HHBIALHFig. 1).

HHM LMES H2 5=HZ 10 mY 23 6 well plate
Ol miE 10~1574% =82S 2FSIAULE O 2, H pulcherrimus
£ 16+0.5°C, M. nudus= 20+0.5°Co| =X, 100£10 pymol
photons - m?- 519 &A1, 8 Light : 16 Dark®| &F7|0|A] b

SIQACE Z™AIZ|= H pulcherimus?t M. nudus?t Q13+ =

Table 2. Information of experimental design used in this study

Class

Condition

Endpoint

Experiment period
Culture type

Photoperiod

Temperature

Salinity
pH

Test solution volume
Culture medium

Number of repeats
Initial sperm and fertilized
egg density

Acceptability
criterion

10 min fertilization rate
(both species)

64 h normal embryogenesis rate
(H. pulcherrimus)

48 h normal embryogenesis rate
(M. nudus)

64 h (H. pulcherrimus)
48 h (M. nudus)

Static non-renewal

Ambient light condition and
8 2 : 16D period

16°C+0.5°C (H. pulcherrimus)
20°C+0.5°C (M. nudus)

32+1.0
8.0+0.5
10 ml (6 well plate)

Filtrated sea water
(0.45 ym membrane filter)

Over the 3 replicate

1 pl cleaned sperm/ml
10~15 Fertilized egg/ml

Over the 90% fertilization rate
Over the 80% normal
embryogenesis at control

http://jmls.or.kr
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Fig. 1. Normal fertilized egg (A, C) and abnormal fertilized egg (B, D) of H. pulcherrimus and M. nudus, respectively. Normal and
abnormal fertilized egg is determined by the presence or absence of fertilized membrane which is indicated in (A). The fertilized eggs
were development to Pluteus larvae through various stages, such as 4-cells (E), Morular (F), Blastula (G), Gastrula (H) in both sea urchin
species. Normal pluteus larva (I, K) and abnormal development larva (J, L) of H. pulcherrimus and M. nudus, respectively. Normal and
abnormal pluteus larvae were determined by the skeletogenesis, especially, arms development.

pluteus FE2E W= A|7|Ql 64 h, 48 hol| 22 Fst0]

HARM HUES ZHBIQUCHHwang et al, 2014). FARM &

luteus stage R<42| CHEZX HERH SZQl 4749

22 A HESICHEg. 1) 2 AlZoA ALEE

AIZANEIIES HLEESEAI™ZIE H|
of q

SEH=Y AL o750 x|

M2 4-armed

el

AHEZE old A2 SigmaPlot 120 version (Systat Software,
Inc, San Jose, California, USA)2| Student's £testZ H|ul S}HO M,
p7t 005 2 001 0[51Ql AE Rolst o2 THSIAUCE Fe

A LB CHBF EC2t 95% 412 12H95% Confidence Interval;
95% Cl)y2 Toxicalc Z =2 1% (Toxicalc 5.0, Tidepool scientific software,
USA)Q| probit SAHIES 0|83t0 Z43IACE NOEC X LOECE
Toxicalc Z21ZHO| Dunnett's testS 0|23t 2M35|RALCH.
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EIRACHFig. 2). H. pulchermimus?| A< 10 mgt'OllA 84.33% (+875)
pa

Zinc Undecylenate?t 7| 2801 O/X|= SdS% 47

281%UCHp < 001). £8 M nudus2] A2 1.25 mgl'olM 5867%

2 ZAT} LIEFLH(p < 005), 20 mgl 'Ol ME 1667% (£327)2 28 (24282 LT} LIEHLIH(p < 001), 25 mgl'of| A= 9.0% (+898)

120

100 -

80

60

40

Fermentation rate (%)

20

-4~ H. pulcherrimus

Normal embryogenesis rate (%)

Fig. 2. Changes of fertilization rate on two Sea urchin species, H.
pulcherrimus and M. nudus exposed to Zinc undecylenate (*p <

Control  0.625

1.25

25 5

Concentration (mgl")

0.05, **p < 0.01).

120
=@ - H. pulcherrimus
100 4 —— M. nudus
80
60 -
40 -1
20 A
Nk o kK
0 : . : i 1
Control 0.195 0.391 0.781 1.563 3.125 6.25

Concentration (mgl‘1)

respectively (**p < 0.01).

Fig. 3. Change of normal embryogenesis rate of H. pulcherrimus
and M. nudus exposed to Zinc undecylenate for 64 h and 48 h,

Table 3. List of Zinc undecylenate toxicity tests using various marine organisms. PNEC (Predicted No Effect Concentration) values follow

by calculated using the various toxicity values get through litterateur study

: Toxic unit (mgl™)
Toxicant CSpeaes group/ Species name Endpoint References
ommon name NOEC LOEC ECo ECso
10 min-Fertilization
emicentops 1€ G4 5.00 10.00 598 1127
pulcherrimus 64 h-Normal
vertebrates / embryogenesis (%) 0.20 039 0.10 0.94 .
Sea-urchin 10 min-Fertilizati This study
min-Fertilization
Vesocentrons e (9 0.63 1.25 0.75 148
Zinc nudus 48 h-Normal 078 156 0.56 378
undecylenate embryogenesis (%) ' ' ' ’
y
Algae / Diatom fﬁiﬁgg’;’"" ZEOCV';O'(OI)“""“O” 5 10 - 1695 Leeetal, 2019
24 h-Survival
Brachiounus rate (%) >100 >100  >100  >100
Rotifera / Rotifer Jicatili Hwang et al, 2018
pheatis 72 h-Population 6 125 _ 264
growth (1 ' '
Toxicant SPEEEB Elau Species name Endpoint osteliy Yalue AF PNE_C References
Common name (mgl) (mgl")
Zinc Invertebrates / Hemicentrotus 64 h-Normal 094 100 0,0094 Ministry of
undecylenate  Sea-urchin pulcherrimus embryogenesis (%) ’ ' Environment, 2016

ECso: 50% Effective concentration, NOEC: No observed effective concentration, LOEC: Lowest observed effective concentration, 95% Cl: 95%
Confidence Interval, AF: Assessment factor
*PNEC = Lowest ECso or NOEC/AF

http://jmls.or.kr
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2. QAR Bujor HIE

cylenate| FE

ol OJX]= Zinc unde-

H. pulcherrimus@t M. nudus®| 3ot LM E0| D|X|l= zU
o| Ygkg =HQISI| 2/510 0.195 mgl”, 0391 mgl', 0.781 mgl”,
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3. S/3ul2to| g
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