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Yok DEHP {35 B 2 B8 o 2575 %A 42 > ¢ 35 DEHP % % (10 mg/L
¥ 100 mg/L )22 ¥r 41 = (Fish water 22 DMSO %) - DEHP % % 10 mg/L ¢ 100
mg/L ek B EH » £.%F DEHP 54 %8 T Kk AR 30 300 & A 4o
= % 3 3 DEHP % & (100 mg/L) % 4 £ £ 22 (5 =8 7g x4 P &g T 5 (P < 0.05) -
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Effects of Plasticizers on Development and Swimming behavior

in Zebrafish

Abstract

Di(2-ethylhexyl) phthalate (DEHP), one of the well known endocrine disruptors
for environmental pollutants, is widely used as plasticizers in the manufacture of
polyvinyl chloride to improve flexibility. The aim of this study was to establish a
zebrafish model to detect the impact of DEHP in environmental health. In this study,
the zebrafish embryo and adults were randomly divided into 4 groups of DEHP
exposure (10 mg/L and 100 mg/L) and controls (fish water and DMSO). The selection
of DEHP concentrations is approximately 30 and 300 times higher than the levels of
DEHP-contaminated ground waters (300 pg/L). A significant decrease was observed
in the body and post-abdominal cavity lengths in the group of embryo-larval exposed to
100 mg/L of DEHP (P < 0.05). We observed a significant effect on body and
post-abdominal cavity lengths in transgenic zebrafish as compared to the wild-type
zebrafish (P < 0.05). We observed that differences in swimming trajectory were
significant; however, there were no significant changes among the adult wild-type
zebrafish of 4 groups (P < 0.05). In conclusion, our results suggested that this new
developed model can serve an alternative platform to assay and evaluate the
environmental toxicity of DEHP on vertebrate for development and behavior. This
study will provide significant implications of understanding the environmental impact

and health risk assessments for the plasticizers.

Keywords: Zebrafish; Plasticizers; Development



i W3
(Introduction)

- ~ @3 #4 (Motivation of Study) :

BENEE CGASERT A F AT IHERIFD S r 7 it bl
VA R B - Y AR PR HP R R F - PR (2-¢ &
© B)Fa(M A= DEHP)™ £ 8 o it A g 5 dgint LIF | 5 onds 70 G Lo J
FRHRFREE AP AR PP 2011 £ 57 5 S E Ry DEHP 422 & 42
T A4~ 8RB AR F S d A R B 4 5lASE% Mt - DEHP ATk
PAARRRF G S G IEBART R L EE NGRS RS K
gz P AR E ToRIESA 0 BEr DEHP i PR Y o - A 3 0 5 %
FfE s o TRIERFF o LEKY S MRGEL T 0 T g

£3

g A AMES A NE T REN IR APERSF - BRREE T
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T HERERZER G F R A5 Tk DEHP k& ¥ & 7] 300 ug/L >
Ak BER AT Y T  DEHP £ & ik A 10 mg/L 2 100 mg/L 4 5

%75 % 7 -k DEHP jk & th30 & 300 & o

~  F&% B ¢ (Objectives of Study) :

iy

(-)22mB 445 ks DEHP $1 5 £ & 2 7 -
CE)HFEF 2 FERGODEHP LA REBHIE A 042 EF T 288
(Z)vwRAFEA2 mf A DEHP 2 4 £ # 7T £ 3002 s 47 F o

(2) LR DEHP 5.2 #3058 4 & g5k g+ S 2 B8 .



Fo AL AER

(Materials and Methods)

- “F 31 &A% %2 B4 (Experimental Facility and Equipment)

1 wkg
2. AP
3. T 4
4. 12
5. Mg F

6. & kEACE
7. A R8P4 73088 (TSView 10.0)
8. E# & iE B A 17 3088 (Tracker-4.82)
9. -4 47 5048 (Excel 2010 2 JMP 4.0)
= ~ ¥ %FHE (Chemicals)
1. A% - 7 ph- (2-2 A A)fy [Di(2-ethylhexyl) phthalate, DEHP]
2. = 7 A& 7. (Dimethyl sulfoxide, DMSO)
3. 3-mAYYE
= ~ R b BAE (Experimental Animal Maintenance)

(— ) EG—-A% ,é'. Eﬁ’éﬁj%
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VR ok G B 3 4m 30%15%245cm hd A o ks B L 12 ) P

T TRER b E p s = =Rl R kR 2 g b 26-28°C ¢

(Z) =B g2 Hnreich

COEEHRAACRA S AP - G- TR s 0P § A%
> A= A T 120 R (3 B R T AL Tl 4
R R RAAT el L AR R # S0 P 100-200 57 ¢

Adrs g & e fifc b A 0 TSR S (Fl- B) ¢
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F 3 K3 (Study Design)

T ER AL 5 AR TORDEHP ER T 5 300 g/l AFY kR
ERATHPBYEE DEHP £ & =k & 10 mg/L 22 100 mg/L 9 5 % 75 4+

= -k DEHP ik & 5130 £ 300
1. @¥=- %5k % DEHP 32 (Wild-type 5.5 4.)

o E R s E e e X anrie T DEHP & & o DEHP & & @ *
12 34 4 4w 5 24 fe(Fish water) ~ #2412 (DMSO 1 %o) ~ DEHP % & #(10
mg/L)~DEHP % & % (100 mg/L)> & &3x % 53F“P a3 £4f > - e 1537 o
PP 1S % 0,10, 34, 58, 82, 106, 130, 154, 178 |- pF(hour post-fertilization,
hpf)ie 7 Toafnd £ 5 £ (F 12 R ERPE EE /50 % 3% B

L E p‘wiﬁ‘\ L S EwF) Bl = F%BLFF%% DEHP >+ 12 3t

2. R5= twiik f DEHP 5k (A A AS 4)

AT S 45 ¢ PRt B2 4 78 (Tg(H?A:dsRed) ™), 2 —
B CRBACERE T AR B DB RN E N k2w A (Rl2)e @
g BEACAE Y AT A S 40 FEES % 4 ch?rie 7 DEHP % & - DEHP
@ v 12344 & w5 g4 = (Fish water) ~ £24] 2 (DMSO 1 %o) ~ DEHP %
% (10 mg/L) ~ DEHP % % (100 mg/L) » & %% % 53gr a3 €4 » — w2
15 3 9F o 309 P5-2% 4 % 0, 10, 34, 58, 82, 106, 130, 154, 178 -] I (hour
post-fertilization, hpf)i& i= " 32554 £ 5 R, (F 12/ PR ERTE £ E

$3XF4EELE s“aig-\ —‘739“};;-1{, N <n/§§for) Bk PRk -k
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(=

IMLDEHP ¢ £ * # 5% % ¢ h= fo4= DEHP /3 /% :

& £ (W)/82 7 (M) = 0.99 g /1 mL = 990 mg / 0.001 L

=990,000 mg /1 L =9.9%10° mg/L

@)

d 99.9% DEHP - x mg/L DEHP # & 89 mg DEHP/ 1 mL DEHP /3% >

10,000 mg DEHP/ 10.11 mL DEHP /% j% 7= 92~ 11 10.11 mL DEHP 7% % >

4t » DMSO 7] 1L - 10,000 mg/L e+* ;% o B~ 2528 mL DEHP %

®& > 4> DMSO 3] 250 mL #-3 10,000 mg/L e* j&

(3) #o- 29 % - nek & DEHP sa% ma pest 6] (-9 1000 #)

o | DEHP # j% )k & |-k 48k & | DEHP * 2 # 4 A
41 % (Fish water) 3 pL fish water | 2,997 L fish water
324 2 (DMSO) 3 uL DMSO 2,997 L fish water
10 mg/L ‘e 10,000 mg/L | 10 mg/L | 3 uL stock solution | 2,997 L fish water
100 mg/L & 100,000 mg/L {100 mg/L | 3 uL stock solution | 2,997 L fish water

(4) Sz % APRGED SRR DA b

¥ ﬁ
) DEHP ik /& |k 47k & | DEHP i 4 f ff ﬁj‘g
#2241 % (Fish water) 3 mL fish water 297 g'(;glrsnhl_\;vater
f74] 2 (DMSO) smLDMsO |27 ?3"65 ';]hL‘;"ater
30 uL (0.03 mL)
, stock solution 299 mL fish water
1mg/L ‘& 10,000 mg/L 1 mg/L +970 uL DMSO (300 mL)
(£ 1mL)
300 L (0.3 mL)
10mglL &= | 100,000mg/L | 10mg/L | ok sowon 1290 g'ag 'rthL‘;"ater
(& 10 mL)




(=) 9 % =42 (Flow Chart of Experiments)

- - __ Control group __ ® Embryo cumulative hatching rate
E:;‘fyi"lz‘rf;t 1: (Fish water) = Number of hatching embryo/Total
?xpc_:sed to D_EHP —r_ e number of embryo
in wild-type fish e 4 ® Embryo-larval development :

. DEHP group Body length,

e Experiment 2: | (10 mg/L) [ Front-abdominal cavity width,
Embryo-larval L Front-abdominal cavity length,
exposed to DEHP DE'&"]P gr?ll_lp u Post-abdominal cavity length at 10,
in transgenic fish — | mg/L) 34,58, 82, 106, 130, 154, and 178 hpf

Control group
— (Fish water)

®Experiment 3: Control group

— A — ® Frequency of swimming activity
Effects of DEHP on (Fish water)
swimming ® Velocity and acceleration of
behavior in male || DEHP group swimn?irn activity

. (1mgll) .

adult wild-type fish

__| DEHP group |[_|

(10 mg/L)




I~ d £ 5 £ R|(Measurement of Embryo Growth and

Development)

* 12 @R REE(BI) $ 3R E L E S EEE s B EEE

S E 0 E 0 A RER RIA 15 B (TSView 10.0)3 7 %6 ¢ & 7 £ Rl(W )

BT : £ & (body length)(L1) ~ + "2 %% (front-abdominal cavity width)(L2) ~
W "g 9= £ (front-abdominal cavity length) (L2) -
is "L 7z £ (post-abdominal cavity length) (L4) & 7] -



A~ B dsed S 4 A 5 2 F B (Experiment of Swimming
Behavior in Male Adult Wild-type Zebrafish)

FREE A ER NP ERT S el b h G R E LT

Flea BES AEAERS 2% o

B

(-) 2 hgF @MU EERERY S RTEG Y

(Calculation of frequency for fish swimming across the central line)

d FALBLRAD T d920 RINP SR HE AN A F 44T M I BRI
PO Sl RIEFLmE g g2 A BER A (K4 4) Bl R
el h AR 4 2 AT 2 BB Y > # AINE 4 5 11cm* 11cm=121cm?>
BT 42 kR 5 300mL 0 ckehB B 25eme d 32 IR 100 mo/L ek R v

MmB o NP HE-DEHP % B 2 kR T 5 Img/lle* 2zt = d kg 56 &

i = Eﬁ%”-%i;};ﬁ_ Bl b g R L BT (=B S AR P B S RIAR
TRl SR RSEE RIpELE) -

Table 6. The frequency of swimming across the central line in adult male wild-type fish
was observed from the top and beside of glass experimental chamber.

(=) PR EEE R A 4T

(Analysis of swimming trajectories and computing swimming velocity)
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dEEMAIRAT RN 20em hg R o AP KB RAPE 0 d SR
RApHEDLS G2 PFAR R o b T VA hak R 4 47 ol (Tracker-4.82)

AT E AR Y R RSB R AT

= ~ 353t 4 47 (Statistical Analysis)
A&7 & * Excel 2010 & JMP 4.0 i3+ #c4l » 47 DEHP J & 308 4 (¢ 455
2 f 21 A F) s FA)RFLE 2 g4 g T B G (A R)FA S EEp- - LI

3]

AT P RBRE FKEREP AT

() %% ) % DEHP 3% : f %38 v = DEHP b % i 2 2 o 4 f6(% 2 46
LA AAE) 2 AN RO B LA S R R T BRI (LT

R R Lt A P LY e AP S ST E L

(Z) ¥ hdpsiEdd F%: p B ire 2 DEHP R B if i 2 sgw| %98 © &%
BoawAPFAEE A () R RLE R R R R R

JB o

(=) 2+ = & 477% (chi-square analysis)~ 17 7 I+ DEHP & & if i £ 7 25 5

fu

AR5 20 R fE it oo 4 Student’s t-test A 4707 2 A A F|Eg A S 4
2 -2 g 2 EETERER L LR NHARRE 72
(one-way analysis of variance, ANOVA) » 17 % I+ DEHP % &% i * £ % 82 58
ME AP AL T EEE L AFAER S R Iy T
e+ &R L (mean+£ SD)4 1 > 02 P<0.05 42 8 F P2 &

¥L1E -
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5o FEHREHS

(Results and Discussion)

~ N EE ARTE T MARSRRRE

(The microscopic observation of embryo-larval growth and

development)

Bl- 538 4% %% 2DEHP #4 ¢ » 2 5w » : DEHP 100 mg/L ~ DEHP
10 mg/L ~ DMSO 0.1%(# 41 %) 22 Fish water(¥3#1 &) > I &% & hpf p* & g(12hpf -

24hpf ~ 48hpf ~ 72hpf)dp 3 5 & -

DEHP
100mg/L&
DMSO 0.1%

DEHP
10mg/L&
DMSO 0.1%

DMSO
0.1%

Fish water
(control)

0 lemm

i
Bl- -5 g%k B3 FIEAE DEHP » 4 v ‘e @ F4) % (Fish water) ~ 4741 &
(DMSO)~10 mg/L (= ~100 mg/L ‘> %% F hpf PR ghip se B 4 92723 e 3
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= “DEHP B2 is % P PR 920 R it 2 3

(Effects of DEHP treatments on cumulative hatching rates)

v

A ipezg 3 DEHP @m 100 mg/|_ = \g] B ﬁxn‘&m“*' fhu@,u S (70 7%) H =% 5

DEHP r® 10 mg/L 23 73.3% o @ & 3] maip Ps Boff mit 50 B 4

86.7%( Fish water )27 85.3%( DMSO ) » v ‘o f¥ i F| %2+ 2 &% % B (P = 0.029)

(#-)-

22 RERPDEHP K3 R A BHE 2 nend BT
(Effects of DEHP treatments on embryo-larval development)
T4 e AT B g - 424 15 0 3 I DEHP % & (100 mg/L)9a s
d 106 /] pFEF] 178 | pF2 L £ 2 i v T ARR S gl i § PR T MR eD
Foho Pk AR H - H DEHP B 8m 3 28 7 R M(B A ) -0 4 fhr A v
S A AR BB Al bl BT AR AT f bR 3 (R

1)e

o BFd B R TFIEARE bt BT 2R
(Comparisons of effects of DEHP exposure on development

between wild-type and transgenic larvae)

» 14F3T = DEHP R & 7™ » AFEAz b 42 2 R 7 AT EH L A f

A AT o it i DEHP 100 mg/L f % ™ » AF|Easa b g 202 For f g 0 &
178 /| PEend £~ s Ve S (SE I VER B E R 2 T o BRI A i
A S A L R BRI PP RS A (R AC) L AR
ZREERE R R A A d b L R(B D)y s A e R B

tp i (B -+ B) °
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7 DEHP % BHATIHARSE d 2 L5 7T 2 HE:

(Effects DEHP exposure on development in transgenic zebrafish)

AL LAY A TS b FIT kRS DEHP K3 &

DA IR S 4 rs(178 hpf)end K b i vE K 3 E R A
5 49275178 hpf)eh 2 & & DEHP % & 2(10 mg/L) £ % & 2(100 mg/L) » ' & % v
B eyl R E(Fl - A)e ottt AT S b2 75 (178 hpf)chts S i & &
DEHP % & (10 mg/L) ~ % % (100 mg/L)¥s DMSO #:+#] - * & ¥ ¢ Fish water
AR e(B - B) Aa W2 s §ars(178 hpf)ad & 58 2 L4 7 1%
Bl# 7 % DEHP %8 o
% — ~ DEHP B2 18 7 Fe P 49270 B i S enl BB

(Table 1. Effects of DEHP cumulative hatching rates at different hour post-fertilization,
hpf)

b e PR PER R A He(2) R A (%)

(Groups) 10 hpf 34 hpf 58hpf 82 hpf P =0.029
412 (Fish water) | 0 0 65 65 65/75 (86.7%)

@ (DMSO) 0 0 63 64 64/75 (85.3%)
10 mg/L ‘e 0 0 48 55 55/75 (73.3%)
100 mg/L = 0 0 46 53 53/75 (70.7%)

R o= i e
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4.15

4.1 ‘/‘
4.05 _%
4
V/ _ -
— 3.95 v =100
£ Lo y/4 et
E sae // / —=—10
38 /// / ——DMS0
3.75 [// ——fish water
3.7 {
3.65
106 130 154 178

hpf

BEIG AR B A HRENRIEEN LR | B

1

0.975 -
= e/ —"
——100
= 0.925
£
£ / / —&—10
E o009
0875 / / —4—DMSO
0.85 / —==—fish water
. ¥
0.825
106 130 154 178
hpf

BN 2 RERGODEHP KB R A BEHTT 308 do2inan b L BB 7 A8

R

(Figure 8. Effects of exposure of DEHP on development in all embryo-larval zebrafish)

PR LR NEERE AR BEEAERE
DEHPHY B R ELE:
435
43 —o— BFA:FH100
425 Al HE
42 —8— §p4:fE10
415
41 A —A— FFLEFEDMSO
405
T4 K/ —m —— 4 filfish water
E 395
39 %/Ll_ —- SR 100
3.85
/4 —o— ELINESE 10
38 //./ PRI
3~37 3 B —— HREFEDMSO
3362 ——— LR fish water
106 130 154 178
hpf

Bt 2 FRRSDDEHP K3k B2 GO AT WA S forinhd L5
AR 2 B o

(Figure 9. Effects of DEHP exposure on body length of transgenic and wild-type
larvae.)
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8 =
> £
S E
[=]
m 3.8 =}
B 051
A
36 &
[T
. . 0.4 : .
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1.1 0.4
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£ E Il
=
= 3 03
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= =
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5 o 024
° =
m [ =
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[=] o
g -'?1 0.1
% 5
o [N
0.8 . ' 0.0 . '
Wild-type Transgenic Wild-type Transgenic

B+ : % % DEHP 100 mg/kg =% # f 27 A Flgg s § 4 % 4t 178 hpf «h2 £ 3
T2 e *E T A fEa S b R E I E LR (p<0.05); Fre IS fEm b e
MR EREFARME<OOL; ¥ md ol b ot FIRAF LR (p<0.001) -

(Figure 10. Comparisons of effects of DEHP exposure on development between
wild-type and transgenic larvae at 178 hpf.)
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4.6

4.4 .
*
4.2 - T [ # #

]

3.8 1

3.6 1

3.4 A

Body length (mm)

3.2

3.0

Fish water DMSO 10 mg/L 100 mg/L

Group (Transgenic zebrafish at 178 hpf)

1.10

B
1.05 H1
1.00 - w *
0.95 1
*
0.90 - -[

0.85 A

0.80

post-abdominal cavity length (mm)

Fish water DMSO 10 mg/L 100 mg/L
Group (Transgenic zebrafish at 178 hpf)
Bl - 2k EARDDEHP KRB R & & A FIH S 4 7275(178 hpf)ih ¥ & (A)
&2 isxprg e £ (B)2 B2 8- * ¥ Fishwater vt i & Ll ¥ £ B (p <0.05);#& DMSO
R EILEE LB (p<0.05) -

(Figure 11. Exposure to DEHP decreased body and post-abdominal cavity lengths in
transgenic fish at 178 hpf.)
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* ~DEHP % 2 51 8 d 22 & g 4547 5 2 38

(Effects of DEHP on swimming behavior in male adult wild-type

zebrafish)

GRRSR SRAE  Ficd s BU)-R-STRAEE S Sy
(Calculation of frequency of swimming behavior in male adult wild-type

zebrafish)

LR AT L RINY A P E S RS A BT I BRERY o

%Q\'kﬁ;:’ 3 Llpﬁ% a?r 2 &,\(Pﬁvd (‘”/A;\ﬁ) o 3\ 'FH’%I&
L 4 e % (T IO RE R B R B

2. DEHP10mMQ/L % & ‘e cnf 5k @ LI F| § — B 4538 » 73 7% 4218 3| DEHP
g (gt 0 PFE R 0 AREFH O DARITES T > FRE K I
XA a e AL P T AL g o b AnE R B AN HHAREN > S A A1
FREAIBGTAZIET CRTRI LA A E RPN g A

) _’rfj"‘ _‘_.—l: o

2
5

3. drdkZfrmow B h2 TiaEE 4 (/A ) A B S i) e (Fish water)
4 181+84 -} +#]% (DMSO)¥_17.1+7.4-DEHP 1 mg/L 2§ 11.2+53 -

DEHP 10 mg/L =& _7.8+4.8 -

S EF IR DEHP = g5 R AR R PR T 2 o
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- ~DEHP 27 2 e or 8 4 = 4754 7 5 2 8

=~ —
(Table 2. Effects of DEHP exposure on swimming behavior in male adult wild-type

zebrafish)
&%) (Groups)
7% %7 adle il DEHP% # &= DEHP# & = P
(Parameters)  (Fish water) (DMSO) (1 mg/L) (10 mg/L) -
(b #cp =6) (4 #cPp=6) (% #pP =6) (% % p =6)
PEACRE A AR E
(k14 48)
Frequency of 18.1+8.4 17.1+7.4 11.2+5.3 781438 0.043
swimming
activity(1/min)
i R
(£ A 1%))
Swimming 138.7+18.7 1126+ 145 105.4+64.8 1025+ 155 0.603
velocity
(mm/sec)

(Z) FERIEZEER A7
(Analysis of swimming trajectory and velocity)

SN2 A 37 3088 (Tracker-4.82) » A 45508 A ¥ BT @38 B 2 £ T 3 IR
DEHP % & (1 mg/L) s DEHP % & ‘(10 mg/L)~ % £ #- 41| = (Fish water) +* #& >
HEAE®PRERLI XU P2 SBEA 0 X DEHP 258 A a5 4
AiEF LAY AMBF(B L))oz ts* MAES A5k A > PR
oA b 2 T rapgiGE R (F L)~ W s #dl e (Fish water) £ 138.7 + 18.7
T A /F) ~ #2412 (DMSO)4E_112.6 + 145 % /§) ~ DEHP 1 mg/L = ¥_105.4
64.8 %t /§; ~DEHP 10 mg/L = &_102.5+ 155 % }/§) - ki3t % % % 3 DEHP
¥ % 2 (1mg/L)2? DEHP % & (10 mg/L) = g T a5k ¢ A 22404 = (Fish
water)4p 1t A 5| 4T % 24%2 26%(% - ) - e £ 1 ANOVA A {5 2L B >

B (42) e APl T i LT A o] R FA

B A if st b eBE E
B(EXIF)ftRt ALFIN ¥ LR >

(EREs R RN SR = D3P 3

© BRI DEHP J 7 § 7 colld o A kMR BB R £ B LR
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AAET S dpth Ao A2 2 3D A AT h R KA T E b eh W B

AT B EERBAIMEEMN S DR

Fish water group-1

L EHE ik L T o

DMSO group-1

= 1
IR}
il |
l—F..f-! m—’ﬁ : g -4 .i‘;
¥ e e fu ]

[ W - 0o CN W R
Fish water group-2
- -q#

e
= N RLE
= § Al

e

L X5 -

g o e
3 vy
BN 8
=T
| L : ;

—

b e oan

L
f
'

T
- -
Rl - -
. .
A i
i
1
>
\ |

--------

s bk e st
DEHP 10 mall. lfoug-!
= ! 5 I A
= i

DEHP 10 mg/L group-3

2] Rl

...... -

D3 P ERPDEHP KA R E BE RS 456 R TE o

(Figure 12. DEHP exposure and analysis of swimming trajectory)
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Ie
4

5 & 33 (Discussion)

B S U R sE e PR AT Y 25 % 0 BARSEAA J (tr A2 fogs

fe% @i oaRMEfE S fed N H

rehx @y DEHP 22 % 5 o 3534 5.9 #%c

e

dkengrid > Flpt DEHP R & #F R 2B WA FHKE R > 7
HFFPALHEF - T FRERF L2 2K DEHP EAR 7 £ 3] 1009/L > @
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