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Background: 2-Ethylhexyl diphenyl phosphate (EHDPP) is widely used as a flame-retardant plasticizer in the Accepted June 12, 2024

production of polyvinyl chloride, adhesives, and food packaging. This chemical has been frequently detected

in water, sediment, and indoor environments, and its lipophilicity raises concerns about bioaccumulation.

Objectives: In this study, the effects of EHDPP on the development, behavioral changes, and growth hormone Lo
Highlights:

- 2-Ethylhexyl diphenyl phosphate
(EHDPP) significantly decreased
body length and weight in larvae.

- EHDPP reduced the concentrations

(GH) endocrine system of zebrafish larvae were investigated.

Methods: Fertilized embryos were exposed to various concentrations (control, solvent control, 0.07, 0.7, 7, 70,
and 700 pg/L) of EHDPP for 96 h. Developmental toxicity endpoints were observed daily. Behavioral changes
under light-dark-light conditions and changes in hormones and genes related to GH/insulin-like growth
factors (IGFs) axis were determined. of e () ard s
Results: Significant decreases in survival, body length and moving distance were observed in zebrafish like growth factor (IGF)-1.

larvae exposed to 70 and 700 ug/L EHDPP. The concentrations of GH and IGF-1 were significantly decreased - GH and IGF-1 were well supported
in zebrafish larvae exposed to 70 and 700 pug/L EHDPP. This change was well supported by changes in the

by changes in transcription of genes
transcription of genes involved in GH, IGF, IGF receptors, and IGF binding proteins. involved in GH/IGFs axis.
Conclusions: Our observations showed that exposure to 70 and 700 pg/L EHDPP could disrupt the feedback

circuits of the GH/IGFs axis, ultimately leading to developmental toxicity, hypoactivity, and mortality. *Corresponding author:
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Table 1. Concentration in the water, sediment, and soil environment of 2-ethylhexyl diphenyl phosphate

Media or biota Location N  DF (%) Concsntration . Sampling time Ref.
mean (min-max) unit
Surface water ~ Shihwa Lake, Korea (creeks) 13 65 9.87 (1.91~59.2) ng/L May, 2015 Y
Shihwa Lake, Korea (inshore) 16 65 1.25 (<LOQ~14.0) ng/L May, 2015 ?
Shihwa Lake, Korea (offshore) 65 17.3 (<LOQ~94.8) ng/L May, 2015 ?
Shihwa Lake, Korea (near WWTP) 65 2.14 (KRLOQ~14.1) ng/L May, 2015 Y
Taihu Lake, China 25 100 2.80(0.88~12.0) ng/L Nov, 2016 o
Luoma Lake, China 14 88 1.86 (<LOD~3.39) ng/L Nov, 2016 7
Poyang Lake, China NA NA NA (<LOD~3.85) ng/L Sep, 2019 Y
Northern Lake, China NA NA NA (<LOD~0.65) ng/L Sep, 2019 8
Southern Lake, China NA NA NA (<LOD~0.49) ng/L Sep, 2019 8
Yangtze River, China NA NA NA (<LOD~0.45) ng/L Sep, 2019 Y
Xiushui River, China NA NA NA (<LOD~0.95) ng/L Sep, 2019 8
Ganjiang River, China NA NA NA (<LOD~9.31) ng/L Sep, 2019 Y
Fuhe River, China NA NA NA (<LOD~0.49) ng/L Sep, 2019 8
Roahe River, China NA  NA NA (<LOD~0.51) ng/L Sep, 2019 9
Taihu Lake, China 9 44 NA (<LOQ~0.252) ng/L Jun, 2016 K
Songhua River, China 17 100 NA (4.30~94.0) ng/L NA 10)
Haihe River, China 28 NA 0.88 (<LOD~13.88) ng/L Nov, 2017 R
Yangtze River, China (mainstream) 16 87 11.9 («LOD~22.1) ng/L Jan, 2019 12
Yangtze River, China (inflowing rivers) 88 84 11.3 (<LOD~29.6) ng/L Jan, 2019 2
Nalén, Arga, and Besos River, Spain 32 31 NA (<LOD~46) ng/L 2012 (spring) 9
Victoria Lake, Uganda 72 100 31% (7.7~730) ng/L NA W
Tap water New York, USA 58 3 0.29 (<LOQ~16.7) ng/L Jun, 2016~ Sep, 2017 )
Sediment Naldn, Arga, and Besos River, Spain 21 57 NA (<LOD~63) ng/g 2012 (spring) 9
Soil Open burning site, Vietnam 3 33 69 (<LOQ~69) ng/g Jan, 2012 18
E-waste recycling workshop, Vitenam 10 70 24 (<LOQ~67) ng/g Jan, 2012 10

*Median concentration.

DF: detection frequency, LOD: limit of detection, LOQ: limit of quantification, Iw: lipid weight, NA: not available, Ref.: reference.
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Table 2. Physicochemical properties of 2-ethylhexyl diphenyl phosphate

Characteristics Contents
CAS number 1241-94-7
Physical form Liquid
Molecular formula C20H2704P
Molecular weight (g/moL) 362.4
Melting point (°C) -60
Boiling point (°C) 375
Water solubility (mg/L) 0.050 (at 23.5°C)
LogKow 5.87 (at 25°C)

https://doi.org/10.5668/JEHS.2024.50.3.212

ChFet 2R gt WA R FHHE AAEEY] & e 3 Aol Aj$-(Primo aquaculture, Deception Bay,
AF=E dhot HsteAo A 3 E WEEE GHE F2 oRF Queensland)2} GEMMA Micro (Skretting, Tooele, UT, USA)
o] A4 AT} Festa giatel] Tojsitt? GHE olF 7+ & 9oz FFstrh

2. RHEL S

A E 717171 (Organization for Economic Co-operation
and Development) A[FA 3 236°"& Y% S45t0] A% 5=
AHES 24-well ZF|0] E(ThermokFisher Scientific)2] Z} wello]
st HiA]ekth g s A AolA B E3H
% A% =R ESNA ) 94.8 ng/L AE)9F AP AT
(preliminary test) & &l A75t3{ch HiotE tixt, &1f o
Z7HDMSO 0.01%), EHDPP 571 5%=<(0.07, 0.7, 7, 70, 700
png/L)ol 96AIZE keESHRIeh 2t st o 207 9] HHE A
(22 240H])S Folom, 3/ ¥hE: A¥S 33l & 60
np2]o] REE (22 720 9] WHEh)& ShEskeirt o
2 Hiore] &7 of f, F3} o, 7|gEA oS FelSkAAL,
%2 A= EQl5t= SA] AASHIH. ko] TaH Fol=
du|go] F2E A2 ARRS 2 & IMT iSolution Lite
software (IMT Inc., Burnaby, BC, Canada)E ©]-&5}o] A%
Sotelet. 7 RHE HE 150124 9] X|ojF 1.5 mL FE
(Eppendord)o] BT, 54 243 5 S 9l
< Z75P] H7HA] -80°C W5l Btk

GH®} IGF-1& S7357] 913t Alas 719 & AE
£ v=o] A 7 st T 7500 (7 vhEt
2500+ 4 3709] HHEH)E FUtt =R &1 dx
<, EHDPP 0.07, 0.7, 7, 70, 700 pg/L)°ll 96AI1ZF &3t 1L,
GH 241802 7} 5t T 5401tH2|(ZF ¥hE< T 1807
A 379] ¥HEL), IGF-1 £480.8 7t 5 & 601H2](Z
W g 2004 3719 WHE ) S st

3. 3 Z0f| mE WS Bt Al

Daniovision ¥ EthoVision XT 4 E ¢o](Noldus, Wageningen,
Netherlands)} & AH83}0] 1 2703} o5 2712 3] W
71 ABnja Fole] FE WolE ZAHUY 7 BEE T
129ke]] g Solom, 30) Wi 4HE B3] & 36
upEfe] Nhat& ghetoltt. 2k, Britist, EHDPP &
T=20.07, 0.7, 7, 70, 700 pg/L)°ll 96AIZF &3t A Bt
4] AolE FEE AA AR 96-well E|O|EQ] Z} wello]l
3 el 93 ARRANA 1A7E A B9IT 1087} ol
2704 AP BT F, 2087 9 272087 ol &
220870 ¥l 24 WSS F ol5AeY Srg &
shotek

ox |

GH % IGF-1 248 Al2E 3153 7 PBS 250 uLE ¥l



2-Ethylhexyl Diphenyl PhosphateZ} M| 2 2}T| 4| X|0{2| it

et B 22 Aol o)X 4R

Table 3. Sequences of primers for the gene measurements

Function Name Accession no. Full name Sequences
Reference actbl NM_131031 beta actin E: TGCTGT TTT CCCCTC CAT TG
R: TCC CAT GCCAACCATCACT
rpl8 NM_200713 ribosomal protein L8 ETTGTTGGTGTTG TTG CTG GT
R: GGA TGC TCA ACA GGG TTC AT
Growth ghl NM_001020492  growth hormone 1 F: TCG TTC TGC AACTCT GACTCC
hormone R: CCG ATG GTC AGG CTG TTT GA
ghrh NM_001080092  growth hormone releasing hormone F: TGG AAG ACA TGC TGA TGC CA
R: TCCACATCT TGCTTGTAGGTGT
ghra NM_001083578  growth hormone receptor a F: GGCCGA AAATTCCTITACT GTT
R: GCT GGC GTT GCT GAT TGT
ghrb NM_001111081  growth hormone receptor b F: GCT GCG CTCTGT TGATAATGT
R: GGC GGA GGG AGG TGG AT
Insulin-like igfla NM_131825 insulin-like growth factor 1 F: AGT GTA CCATGC GCT GTCTC
growth R: AAA AGC CCCTGT CTC CAC AC
factor igflra NM_152968 insulin-like growth factor receptor la F: GCC CGT GGA GAA GTC TGT GG
R:GTGTGC GAAAGT GTT CCTGGT T
igflrb NM_152969 insulin-like growth factor receptor 1b F: ATCCTCCCGGCCTTACTGTT
R: CCT GTCATT GTTTCG GTT CTT GT
igf2a NM_131433 insulin-like growth factor 2a F: ACA GGCTCT TCA CAA GGA CAC
R: TTC GGG CCA ACA GAATGG AT
igf2b NM_001001815  insulin-like growth factor 2b F: AAC CTG CCA AGT CAG AGA GGG
R: GGA CCT CCT GTT TTA ATG CGG
Igf2r NM_173283 insulin-like growth factor 2r F: TCACGG ACAGCTCCATTTCC
R: TTG CTG GAG GAG CCGATTTT
igtbpla  NM_173283 insulin-like growth factor binding protein 1a  F: AAC TCC AGA CAG CCCTTG AC
R: TGT TTG TCG CAG TTT GGC AG
igfbplb NM_001098257  insulin-like growth factor binding protein 1b  F: GTC ACA ACT CAA CGC CAT CC
R:GAACTT CTCTCCCAA CGCCT
igfbp2a  NM_131458 insulin-like growth factor binding protein 2a  F: TAC CGC TCG CTC AGA AAT GG
R: ACA ATCTCT CCG CACGTCTC
igfbp2b  NM_001126464 insulin-like growth factor binding protein 2b  F: CGG ACG ATG CGA GAA CAA AG
R: GACCGC GTGCCATTTACT TC
igfbp3 NM_205751 insulin-like growth factor binding protein 3~ F: GTG GGT CGT CTC ACC CTT TG
R: TGA GAC AGC GAC ACA AGT CC
igtbp5a  NM_001098754 insulin-like growth factor binding protein 5a  F: CCA TGC GAA AGG ATC GGA AG
R: TCT TCG GCA TGG ACC AAT GT
igtbpsb NM_001126463  insulin-like growth factor binding protein 5b  F: CAG GGG AGT GTG TAC GAA CG
R: AGT CGT GTCTGG CTT CACTG
igfbp6a  NM_001161401  insulin-like growth factor binding protein 6a ~ F: TTC AGG AGG AAG CAG TGT CG
R: CAT CGCTTC TCC TAC GGG AC
igfbp6b  NM_001161402  insulin-like growth factor binding protein 6b  F: GGG GTC TCG AACTCA CCATT

R: CTT TGA GGA CCG ACA CTGCT

F: forward, R: reverse.
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Fig. 1. Effects of 2-ethylhexyl diphenyl phosphate on embryo coagulation, hatchability, larvae survival, hatching time, body wet weight, and body
length. The values represent meanztstandard deviation. A total of 60 larvae (20 larvae with triplicates, treatment and solvent control groups) or
72 larvae (24 larvae with triplicates, control group) was used for assessing coagulated embryo, hatchability, larvae survival, and time to hatch. A
total of 45 larvae (15 larvae with triplicates) was used for investigating body length. Body wet weight was measured by pooling 15 larvae, and the
values of three replicate groups were demonstrated. The asterisk (*) indicates significant difference between solvent control and exposure groups

(p<0.05).
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Fig. 2. Effects of 2-ethylhexyl diphenyl phosphate on (A) growth hormone (GH), insulin-like growth factor (IGF)-1, and (B) transcription of 19
genes related to GH/IGF axis. The values represent mean+standard deviation. A total of 540 larvae (180 larvae/replicates with triplicates) and
60 larvae (20 larvae/replicates with triplicates) were used to analyze GH and IGF-1, respectively. The asterisk (*) indicates significant difference

between solvent control and exposure groups (p<0.05).
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