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Toxicity effects of phthalate substitute plasticizers used in toys

Mutsuko Hirata-Koizumi’, Mika Takahashi, Mariko Matsumoto, Tomoko Kawamura, Atsushi Ono
and Akihiko Hirose

Phthalate esters are widely used as plasticizers in polyvinyl chloride products. Because of human health concerns,
regulatory authorities in Japan, US, Europe and other countries control the use of di(2-ethylhexyl) phthalate,
diisononyl phthalate, di-n-butyl phthalate, butylbenzyl phthalate, diisodecyl phthalate and di-n-octyl phthalate for the
toys that can be put directly in infants’ mouths. While these regulatory actions will likely reduce the usage of
phthalate esters, there is concern that other plasticizers that have not been sufficiently evaluated for safety will be
used more frequently. We therefore collected and evaluated the toxicological information on di(2-ethylhexyl)
terephthalate (DEHT), 1,2-cyclohexanedicarboxylic acid, diisononyl ester (DINCH), diisononyl adipate (DINA),
2,2 4-trimetyl-1,3-pentanediol diisobutyrate (TXIB), tri-n-butyl citrate (TBC) and acetyl tri-n-butyl citrate (ATBC)
which were detected at a relatively high frequency in toys. The collected data have shown that chronic exposure to
DEHT affects the eye and nasal turbinate, and DINCH exerts effects on the thyroid and kidney in rats. DINA and
TXIB have been reported to have hepatic and renal effects in dogs or rats, and ATBC slightly affected the liver in
rats. The NOAELs for repeated dose toxicity are relatively low for DINCH (40 mg/kg bw/day) and TXIB (30 mg/
kg bw/day) compared with DEHT, DINA and ATBC. DEHT, TXIB and ATBC have been reported to have
reproductive/developmental effects at relatively high doses in rats. For DINA and TBC, available data are
insufficient for assessing the hazards, and therefore, adequate toxicity studies should be conducted. In the present
review, the toxicity information on 6 alternatives to phthalate plasticizers is summarized, focusing on the effects after

oral exposure, which is the route of most concern.
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VO RN R LT D E RIS D A,
— 5T, REMENR3ITEMN S 40TV il R AT
ROEAPMEE S LD FTREME B IR E S LS. FEERIT, &
FEHORETHIRENTVD R b e =V -OEESE
WA & Twv D AT AN, 3212 2,2,4-trimetyl-1,3-
pentanediol diisobutyrate (TXIB), acetyl tri-n-butyl citrate
(ATBC), diisononyl adipate (DINA), di(2-ethylhexyl)
terephthalate (DEHT), 1,2-cyclohexanedicarboxylic acid,
diisononyl ester (DINCH), tri-n-butyl citrate (TBC) T
BV, TENVBEZATVEIIEH I T RN &3
LT, 2T, fxid, TRORY e =
NVFRESLE N DR SN /AR D 5 6, FRHBEEN
R @ o o 72 6 % B (DEHT, DINCH, DINA,
TXIB, TBC, ATBC) 22\ T, & bBR&RIN D #HBER
BT b o8 0 RIS X D EMER IR DA IDUE -
I, K4 OWEZ LIcETHTZ1T - 7.

1. Di(2-ethylhexyl) terephthalate

Di(2-ethylhexyl) terephthalate (DEHT, CAS No. 6422-86-
2) &, NUBUBROSNTAIAED A VAR F VIR
& L 7= terephthalic acid & 2-ethylhexanol & O ¥ X 7 LK
THY (Fig.l), —->?2-ethylhexanol’® 4 /L ML B /L
RF NI AT VS L T-DEHP O IE R T H
%. DEHTOFFMEIZ W TR, RNENRE, SuEmEME, X
G, BEEE, BRAER O - JAmEI
BT ML TOmYHEINTNDS.
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Fig.1 Chemical structures of phthalate substitute plasticizers

100 mg/kg bw»ODEHT % SD 7 » Mol 05 Uiz
fR, B R ORI A~OEL LRG0 b i, #Eh
P HIEE L L TDEHTORZEALE (5B DKI140%) 73,
SR H s B 3 terephthalic acid (% 5- & D #950%) D i,
DEHT, 2-ethylhexanol } TF mono(2-ethylhexyl) terephthal-
ate DALY, 77 v CERBE RIS IR e
AR ENZ""Y. DEHT#SDT v F i HfL L=
FEVHA—REA UF aX— FIHfES, DEHTIX
2-ethylhexanol }z O'terephthalic acid~NA 3 fi# L, =i
115335 L H S,

Ty RO U A ZHERE A Lo etk g i T
I, FHZEH5000 mg/kg bw M 3200 mg/kg bw D H & F
THERBE SR -7, Ty b EFVTZ90 H IR
EE R GBRIC B VT H1.0% (561 mg/kg bw/day) O &
F O BIIRY b2 —F, F344
Z v 2015, 0.6H L < 1%1.2%DDEHT % 1041 [ 12 F
5 U7zl T, 0.6%LL o> 51 TRl i s ks g
DOWEROFEEEE S L ITEBELRINL, 1.2%% 5
HECIX SRS BE O SR T AT D FEBUBEE & 8n L7217
S BT, 1.2%& G TIEIAFIRM AR D Y o /S EREE
(portal lymphoid foci) M OV H A D 4tk f AR O E
BEEEDSEEIN L 72

Salmonella typhimurium% F\ 1= 18 )7 225828 s, &
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BWELOF B DD ST VTR bRETH 727,
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2000 mg/kg bw/day ODEHT % 15 H 5@ 5 L= 7
v R BEEL L 72 JRIZOV N TSalmonella typhimurium %
W AR 2E IR BB 2 i L 7o KSR, S9 mix RS-
glucuronidase &z (aryl sulfatase ¥ iSINOF 2B 577, 24
SRS BRI ORI A SR - 72" ko T v b &
FAW - 104E R EE B 53R T, W Oldigsic b il
PR S IR S e p o 721,

CD(SD)IGS BRT v 120.3, 0.6% L < 1%1.0%DDEHT
B ET R G 2 2R CIE,  1.0% % 5.8
DFOMEENH3/3008 K OF 1EEN A 7/30V8 75 e D RfEFL#%2~8
HIZFET S L IRIEIRAE L 22 o 72, & 51T, 0.6%LL
Lo HERIZBWTFOL L IEFIBED ORE~DE
BNRD BV, PR, AR R, R, =
G, SR E R L OYRELET R~ OB H 72 )
o, HARBRROAFRIZOEIITA bR T
23, 0.6%LL EOEGHTCIIROKRENMIMEEZRL, &
%21 B O RE LR R O i oD A s 28 B DA R 72358
O BT, CD(SD)IGS BR7 » b DIEHROH 22520 H IZ
0.3, 0.65 L < 1X1.0%DODEHT % IRAF % 5 L 7236k Cid,
B F AR R W CRIENM O RERIEMEMEI 235580 i,
RERRIREIINE CE14MF) 263 5 IBIROEIE AR E
CHIM LY MR, EERE, BRI, RILE
B, AREIHERE, RN O I D FE A4 5,
RO R OF BRI BILA LN o T,
CDI(ICR) ¥ 7 A & AW =38 AR F kiR (TR0 5 18 H
120.1~0.7% DY JE TR ) TlE, FERT A—X
~OEBIIRD LN -7, F£1=, SDT v b DI
BE14 H 2> HIHE3 H % T750 mg/kg bw/day O DEHT % F
P& Ol U7 ikBR ClL,  BEVR O A THERFEE~ D R L A
S o=,

YL Eo@EN S, DEHTOZMR 03Iy o
LDs,: > 5000 mg/kg bw (7 > ), >3200 mg/kg bw (=7
2)] L& Z b=, DEHTOKE#53HMEICE LT
Z v N ERWTEEREERERICB VT, B, IRR O
FA~OEENRRINTEY, ThbOPEE LI
M E130.15% (102 mg/kg bw/day) & B & 7z,
DEHTIZ&FE Din vitroi@{nma i BRIZ B\ TRtk ih B 4
IRLTZZ ERHE SITWDN, in vivolg {niERER O
WEIE o7, ERoRBEFEERBROSEREG,
DEHTIZIA72< &b T v R CTREENBAMEEZ RS 720 L i
S, AEFEEMEICB L TIE, Ty R EHW 2
BHFMERBRIZB VT, AR~ ORENRD L
STZ D, EHARETHH1.0% (447 mg/kg bw/day)
NEHFEELE L CETEB 2 o7, BAEFHICHLT
1%, T v MOWERIICE G LZRBRICB W T, JEHRKE
RN OFHERNEIN L7223, BEOELTHY, —i@

PO EEZ END Z LD, AERETIIZRN L
Wi L7-. DEHTORAFBMEIC T 2 Mg R, Fibko
2HACESE B R TR S N RO RESCHRE B
DOREE I, 03% (182 mg/kg bw/day) 23 Y] & A]H;
7=, DEHTOAFE - FAEFERE CIX, 72 A Bx
AT NMEICOWTIE S TWA X 5 Aok, #a
LR HEYE D L FE AR T~ D Y 13D bR >
7=. ko v, DEHTIZDEHP DA BAERCTH 5 13,
DEHPME(LEN TIEERBM EBE X DL TNDLE /=
AT VRIS S 5™ Dlzxt L, DEHTIZE /&
Z1F & o EA R 7712 2-ethylhexanol & terephthalic acidiZ
MR END 7=, DEHP L (TR mMET 07 7 4
NERLTEBDEEZ BN,

2. 1,2-Cyclohexanedicarboxylic acid, diisononyl ester

1,2-Cyclohexanedicarboxylic acid, diisononyl ester
(DINCH, CAS No. 166412-78-8, 474914-59-0) %, DINP
DOKRFIMETH S (Fig.1). DEHPS°DINPIZfX 5 AR
Ui b e = VA #AIE LT, BASFIZL W B S
72", DINCHO #PEICEI L TiE, BASF2 %< Ok %
1To TV, (kNEhE, StkmtE, KERSEE, B
e, FERAMEROVESR « AT OWT, LUFO
WM E STV D.

Wistar 7 v b 2"CTHE#% L 72-DINCH (“C-DINCH) 20
mg/kg bw Z IR OG- U755, 48WR 1% £ TlTs7~
58% 8 # P I HEE X, 28~30% 23 R R IC HEE X
722, —J5, 1000 mg/kg bwx $ 5 L7-RETIE, 84~93%
MIEFICHRME S A, JRPHRERITIB L Z5% TH -T2
“C-DINCH (20% L < 131000 mg/kg bw) % 58 H|# 0 %5
L7=Wistar 7 v ks OFEHI7)> 51X EIZDINCHD R LA
B &, IR A A B IE 1T 1,2-cyclohexanedicarboxylic
acid?2VH &L=

Wistar 7 » k{25000 mg/kg bw ¢ DINCH % B[] 5 il #%
A#eh LofE R, U oREOZiTBE sz
S KEHREFMEICEL TIE, Wistar 7 v R I
DINCHZ /BT 5 L7z, 28H K, 90 H M K& U241
BhEERR L2 RBEHEERBR AT T
%70 28 AfMEER (B 5 0.06, 0.3, 1.5%) T,
1.5% $ 58 O 7L JR oS 1 B R e B o 80 28 A 5
i, AEGREOM TG 0p-7 V2 IV T AT
= 7 —1 (glutamyl transferase: GTP) JEMEDHIIN & e
VILEVREDOIRTRREO b, 90 B FEER (& 52!
0.15, 0.45, 1.5%) TiL, 045K U1.5%F% 5REDBEZ R
HR LR M OVZEMEREAT BB D IS - B 41, 1.5%
¥ 51 O ME T id L y-GTP K O IR i il i s v &
(thyroid stimulating hormone: TSH) L /L D 1237
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Hivlz. 15% % G- CIEH R ORI E &M L
0.15%LL E OB HREDHE K DN 5% 5 O <138l E
B RER TG R DR BB N FEM L7, 0.15%Lh Lo s
FE D [ Mo OML.5% 45 5- T 00 M T I3 o B B f D BN 23 78
DB, 045K 5% E GO ClXaur v 7 ) V&
& (B RE O RME R K ORME e o B
DMLz, 2Oz, 0.45%VN.5%E% 5 FEZ BV TH
KHFE RO GTRD BV, FFlE o i B 52 AT A
WZEIF A DN D o 7o, AERNRATR G0 (B G- 5
40, 200, 1000 mg/kg bw/day) TiX, 1000 mg/kg bwf5-
BEICBWT, MPHREYLECDERTET LD YRR
7 % — (alkaline phosphatase: ALP) K& O%y-GTPi& 4 D
BN A B30, 200 mg/kg bwll EO B HEEOREIZRILAE
POZEMERAT ERGHA, R P AE KON B Rt P AR o
HEINSFE O AL, 2005 TN000 mg/kg bwik 58 TIIT
fiie e YRR R OO AE et B S 28 BE AN L, IR ARG A b pe i
DOFEBLE NG L 7=. 1000 mg/kg bwik HGHETIE I 512
FODR ARG R M A D T e D 38 Bl & N L 7. 2 {2
pEPERER (58 100, 300, 1000 mg/kg bw/day) T
1%, 300 U000 mg/kg bwfk 5-HEIZ 3B T il Hy-GTP D
Hn, #e Ve s o N R UHEHTEEO IR
ST, 100 mg/kg bwld b B E5HE D MEREFE %) B &
ORI B H, 300% V1000 mg/kg bwik G-#EDHEIZ R
A R ZERE S BIZR S iz, & 512, 1000 mg/kg bw
B GREOMECIT R ORI E R ML, A REFED
7ol R K2 D RER AL O AFE O BT,
Salmonella typhimurium }¢ (NEscherichia coli Fi\ 7218 J7
TR IR, T ¥ A =— AN LA X — VML E
T G 2R BB (HPRTRER) K OF v A =—X
NI B— [l ORERHEER I (V79) & o Gt R g
R OR R, REEEEOFEIC 2D LTV
LEatETH - 72 NMRI= 7 2 12500~2000 mg/kg bw
DODINCH % JEHEN#E 5- U 7= in vivo B B/ IMZRER T, /)
BOBEIIIH BRI 722,

ik o2 BB T, M, RT3 T R
— %, REKOZIRE, MERE, ROLEFESR, FEK
O A~ DL b2 0> 722, Wistar7 & b D
ARG H 2> 5 19 H 12200~1200 mg/kg bw/day ? DINCH %
SRR 4% 5 U 72 8 AR TR R K O"Himalayan ™7 5 % 0
ARG H 2> 529 H 12102~1029 mg/kg bw/day ® DINCH %
IREES - U7 BR T, SEI%, AR, AIRALHIR
B, WL OVEER R, RIREREINEE, Pk
M OVEWEE,/ EROBEFRICEELIA LR NS
7=, &5z, WistarT v b OIEIE3 A 26 HPE%20 0 F
T750% L < 131000 mg/kg bw/day % S&il#E 0 £ 5 L 7258
BCb, HERE, WoAGFR, FEEOMEREOM,
PSS D RSB O IR BT RLSoKs - D IEENME IS & 52T 6

niehnot-2,

UL EDOHES S, DINCHOAMER O #M iy [
FLDsy: > 5000 mghkgbw (7 v M) &Bxohi. KIE
B MEICBE L TE, Ty MERAWRAER SRR
W, IR, BORER L VB iR~ O B BER S vTe. T
Clx, BRI L& b e VOB E B ORI
W b, BT 5280 & LT y-GTPIEE DN &
MR E U AL EREOKTARD 7. DINCHIE
vy a BRI 21X U &1 D BROATRY
BEEEMOFELF| X/ T2 e RREShTWVEY
ZEMnD, IO OEAGITIEMRBIERIG M OFFEI L
STHEEZSINHDOEEZ LN, FIRIRTIRIER
ERERABTER A 5] & 2 &4, 90 H 3B Cidim
TSHL L0 G580 57z, DINCHZ # 5 L /=
WistarZ » b CI, WERET U U LRI LD FRR
MO M ~D I UEORHIIRD v o722 &Nl
BmENTWAY, 5T, DINCHIZ 7 = / 7L E X — )L
ERERICHIRIR AR VE L DR Z TS E D Z 212k
MAFTSH L~V Z BN &S, FURARIE KB % 5 &
EZ LN E 2 bz, Big~omE L LT,
HEZ > MZRWT, JRPOZEN BRffe, ERAfarEn
FE, BRI OISO IRME LR OB S
7-. 90 H MIAEBRCTIX, JRMIEICHET » MTREMNRa2u
7ra7 ) OEBPHEKENICRD bNIZZ &N
DINCHIZ £ 2 B~ 2L, b MIAMFTE 20 A
= ALTH ERZ SN RN S5, L, 90H
B2 B IR BR T, MW CLBERED
BMMARD S5l=Z L5, DINCHA b b OB [EICE
Br L2 LAREESETH I EILTERNEEZZLN
7. DINCH® E# 5 MEC B 2 Mark 8T, 2450
TRAT 538050 O fi 7 540 mg/kg bw/day & HIlr Sz,
DINCHIZ, &FiDin vitrofk Nin vivold{s iRz B
TR E R Uz, BORAMICEH LT, 7y M2k
W HUR RS E R BRIEAS | & i = S iz 2 & SR &
nNTnza2, Eikoi@bv, DINCHIX, HEMAH SR
TEVER M L CHRIALVE L O IS TS 2 b
IZEY, FRBICEE S KIFTRREEAE 2 O, &
M FRAR AR LT > LU D 2R B 6 L C ERE AR R
HitEZ R L, FRIERLE S LV ICERT S
TSHOFE T P TiIEEZFICI< W I &ML T
2. FDD, ZORNAMRBRTED b FRER
JEDO e N ~OSMEEIZITEMNA S S, Ty hEHWE
2HARBIH MRS, 7> N U XA VR A
PERERCUE, A0 - BAEFHRIEIA DR R o7 2 Eh
B, G - FEAFEMEICRE 9 2 MEEMER1X1000 mg/kg bw/
day 2% b) & B 2 ST,
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3. Diisononyl adipate

Diisononyl adipate (DINA, CAS No. 33703-08-1) I,
isononyl alcohol & adipic acid ® ¥ = 2 7 /LK T&H %
(Fig.1). DINADFEVEICHOWTIE, ArEdrE, KE®RS
ML OIS FMEIC BT 2 ®S TRRo@ v HiEsh T
W5,

F v MBI O &G U ArE Rt T, 1450
mg/kg bw DL b D £ 5 BE T AR FE S0 W IR #3822 X
AL, 5000 mg/kg bwlh EDOFELGRFEDIKREZME T L72h3,
10000 mg/kg bwi 51 T & AT IEFRD Hivie o 722,
7 v M HWCIBEMRER GRR T, REHETH
%500 mg/kg bwiGEEHC BN T, X EEORMNAE
D HNTED, BB AT A bR
722 05, ©— A RE W3 BREE SRR T
1%, 3.0~6.0%BEREHCBNT, BREOIKT, AFHE R
DN, FESR L -OLORIMIINZ, TR OV i o> 555 2
MRk BlE S,

Salmonella typhimurium % P\ 7= 18 )7 925K 78 FLalBR e Y
~UAY 74—~ TKREBR T, REHEE Lo F i
I B PLE BB ORINZERD b so=" . Y
T VNI AL —RHIE R O o AR MESE AT (BALB/
3T3) MW icfilaEimBR OB RE S, BETH-

719 27)

DL ED®E/N D, DINAOAMERE O FEIEssy [
LDy, > 10000 mg/kg bw (T > B)] B2 b, K
PG FMEICE L TIE, A XIS THINE R OV i oo 5 1
MM LN &S Szl s, BEMEER
1.0% (3 X %274 mg/kg bw/day) EHIErSn7-. Einw
PEIZBE L i, MIE 2 W IR 2R BB, <~ &
U v 7 — < TKRUBR P T B s 3R 12 s W TR PR 2R
DIFHNTND A, Yetb RIS/ MERRII T
TR, FE e, BB AMESATE - BAEFEICET 51
WHipnolzZ b, 5% LR BOFEMMNE F
no.

4. 2,2,4-Trimetyl-1,3-pentanediol diisobutyrate
2,2,4-Trimetyl-1,3-pentanediol diisobutyrate (TXIB, CAS
No. 6846-50-0) 1%, 77 /L2 —)LCH 52,2 4-trimetyl-
1,3-pentanediol & -2 Misobutanoic acid & O T AT LR T
b% (Figl). TXIBIE, {LFMEOHFA K CRLEE OH
HNCBI T Bk (LR 108 2B L 22 et
KR 0 77 LOHRYETHY, BEAFEHEIZED K
1EI G- - AT A FEORE B, M 4 W 7218 )R
GRS K O FLAR RS 2 M e 2 I T e R B
BN ER S TWEY. Zhboff#E &, TXIBO

RNEpRE, SRR, RERGEME, BEEkOE
G - FEABMEICET D IE WA LT ISR,

30O R A& UCTHERE L 723-C-TXIB (236~283 mg/
kg bw) ZHoltzman7 /L &/ Z » MIfilfE Q&5 L=
LA, 2HUNICE X Z30~40%78 R H I HEHE S N,
15~35% 2 # o gt S =, #2513 EICTXIB
DREAMELE ) AT RIS, RPN 51
2,2,4-trimethyl-1,3-pentanediol, 2,2,4-trimethyl-3-hydro-
xyvaleric acid°ENH D 7V 7 1 g L < IHEE G
KA S 7.

Z v F122000 mg/kg bw DTXIBZ # 5. L 7= AL 1 75
PEEBR ClE, NLFPIVEZSEAL ORISR S0, £ 0
i — RO A HNT, FEAERIC S BE LA
S no72". T v R T800~3200 mg/kg bw, ~ 7 A
(2400~6400 mg/kg bw D TXIB % # 5 L 7= &ML 1 1k
RERICBWTHIETITRD b o727,

SD7 » M & AW KB G- - AR A RIS
ABRCIE, 30, 150% L < %750 mg/kg bw/day® Fl £#:CT40
~53 H [MsHlR Q&5 L7oRER, 750 mg/kg bwik H-HEIC
BOTRERINIMSEIA 2 5, 150 mg/kg bwll Lo 5.
HECIERE A O MIRAEFRAEMEOZE N (s, 7
INT I, ZULTF=r, REULECOEMNRE) B
B HNTY . 750 mg/kg bwik GREOLETIE, FHHE®E
|ENHIINL, BRI ORIR, JRME LR D)
VAL R O T A ME O EESFE 088N, SITALRANE E
B OBEEE, mALRME QPR &k OB L3 Bl S h
7o & BT, 150 mg/kg bwbh b o & 5 #E 0 It K V750
mg/kg bw# 58 O MO FHFERE2SHEM L, 750 me/kg
bw % G- RO HECIXAFAL O IER A BIZZ S ul-. CD(SD)
Z v BIZ30, 150F 7211750 mg/kg bw/day D TXIB % & #¢
AT 290 H 8] 5- 2 7- 38R TIE, 750 mg/kg bwis 5-1F o i1k
Tl =2 L A7 v —/L K OYFEEOHEMN, [F#&5HEO 1
TR YL ey, Mh7 LT F=r RO EEDOR
MRFRD BN, SREERAEORKE, T To#
GREOHEEF OB o2ur 0 7 ) o OERICTE H 72D
W FEABE SN, & 51T, 750 mg/kg bwik 5B ot
TIE, @MEEITHERE ORBUBE SN L 72, v =27
Ki20.1, 035F721%1.0%DTXIBE & T 290 H ] (6H
() Gz T-RER, —MCIREE, RE, JRBRAERE, Mk
TR O AEA L AR A G, 4 E K OV B 7T 52
ICREIIED bR » o 7Y,

Salmonella typhimurium } (NEscherichia coli% V> T-18
RGN AR K O F v A =— XA A X — P %
PV 7-HPRTHIHEZZSIRZE BB O K5 R, RHHEME(LOF
BIZO DO TERBEOHEMIBD R0
7280 F e f == A A2 il (CHLAIU) K&
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OFPEAIRD 2 VD2 e RSB O R , RGN
LOFEIZ b TR TH - 722 .

FIRDOSDT v b E RO ER OGN - AR
AR TIE, KRR, ZHE, HmEE FK
%, PR, MEARE, ROtk OAER4E 04
FREICE LIZ A BNT, oA EREK N EHZRIA D
T, TXIBRGIZCED EZEZ N D BEIIEES
72 o 722 BB O R R Ty R K OV PR S T
RICH BT A LN -> 7=, CD(SD)IGS BRT v k%
AW AgigAEwmtEA s UV —= 73 Bk (0.15,045F 7=
1Z1.5%DTXIBA IR 5) CTliE, EIC1.5%E&E 5 HEOH
I B O WD CHEE TR B, 1.5%% 5-RE O it
B CI3ATIR20 A DR AMEME 2% L2 2. SEiRR,
BT M OER N AT 2 IR D3> 7228, 1.5%
B G RECIT RS N OVER O O AF REME T M &
TL, HEREROAERAH QLRI E IR E 2R
L7z, WoMRE OEEIIEE TR bR hoT2. Bl
T ORER L OFER LARE &, IR, RHEEKOWER LR
OFBEFTICEBIIALNT, BIREMEICDH,
TXIBEGIZ LD EBZ 6N L2G8EEZEIIRD LN

STz

VL EDE#®EN S, TXIBO AR O EMETIy [
MLDs,: > 3200 mg/kg bw (7 >~ K), > 6400 mg/kg bw (=
v R)] LHErEn. KEEGREEICEL T, Ty
FMTRWNT, B R OSFFHs o0 995 BEAL AR A0 ZE (L N B 28 &
7. 90 H RERATE Gk cHlgt S hizaur a7 ) v
OFEREILE S BT, BT v MORERNRZETH Y
EMIAMETE RN EEB X BN 5T, TXIBOX
EE G-I A MErE R, SERGFE - RS
AR R CEIER S ATEEORIN & mikd b
IRT A= DOEAITFE S &30 mg/kg bw/day & HIEF X U
7. TXIBIX &M Din vitroB s MERBRIC I CTRatEs
RAaRm LT, in vivol (B HEMECHE DS AERBR O WA 1
otz AR - BAFBHICELTE, Ty MBW
T, HEEER, EHRBSEFRBEA~ORENRRD N
Lo h, WEMERIL045% (276 mg/kg bw/day) & HIET
Sz,

5. Tri-n-butyl citrate

Tri-n-butyl citrate (TBC, CAS No. 77-94-1) 13,
Ebutanol®d kY = 2T AR TH % (Fig.l). TBCOEME
B LTI, (RNERE, ST ORE &R 53T
WT, FTRRO LI RIERPHESNTND.

citric acid

TBC (100 ug/mL) %t FOMEPICHEML, A %
a2 — F L7ofER, TBCIREITFREBI%mIICE L, F

WA L B s n . [FREDTBCE T v hD
AT R— & A v Fa— | LIzEBRTIE, TBC
IRISALINICTEAR L, 2R3 2 2 i c&in
7232,

SPERMICBE L TIE, 2 EOTBC [10~50 mL/kg bw
(10~52 glkg bw) ] %7 v F RO 2 IZHHlR O &S L
TREBRPITONTEY, BEHBRICAIERE, M, BED
MO IRMEN T BTN, BB A2 R 3 2R3
BENRPoTZ ERFEERTHEY,
U AN IEREN G L 72 3B TlE, LDsi$2900 + 210 mg/
kg bw & B H &7,

REHGFEICE LT, TAMIA KT A4 020
b RdBRisE S cuniy., Tieom 7 v b
ROV = % T2 RS 1 G a3 BR A 2 S T
D, fEHE A7 < BB AT DV THERER O
FENT T HOI TR, 21HEROE T v MI5% s L
<1Z10%DTBC % & To il & 6~ 8 M 5- 2 724t 5, 10%3%
HEZRBWT, FHIBSBESn, REEIMEMIT Lz
D5, IMERE K OVp BAR AR 2 RS B L A b e o
7= % =25 mL/kg bw/day (5210 mg/kg bw/day) @
TBC %27 A Mk 0 5 L7255,  FH&k QYR B
TARD BTN, JR M MLk AL A e Bk T
HEIHR LN ZOMIT, < 7 Z12580 mg/
kg bw/day DTBC % 14 H [ IEEN & & L 7o iR 23 T o
TWAY., ZOREE, RERIMEINED bR, K
MER R OV Bk, BEERRRSo~E Vo B Lo s
RIZA BT, £7z, e, BN O B 2
LRI N o 7.

Swiss albino~

PLEoi@by, TBCOEMICE L TIX, E@EMEDE W
WRNIFEALEATTE o7, 2o HEEEsEn
[#% 0 LDs,: >10000 mg/kg bw (7~ F) ] & & % Hii=3,
TEHEMED B S5 BR O FE BTl ST
V. E BT, TBCORNEIREIZEE T 5in vivoskBRIZAT D
NTELT, Blagmtt, BORAMLOETE - AR
B2 HLME SN TR, 20w, S5725R
BROFERPLEND.

6. Acetyl tri-n-butyl citrate

Acetyl tri-n-butyl citrate (ATBC, CAS No. 77-90-7) 14,
TBC & acetic acid& D = A7 LK T&H 5 (Fig.1). ATBC
OFFMEICE LTI, BNEEE, Sk, RER5E
M, BARTEME R OVESHE « BAEFMEIZOWTTRO L 972
WENRH ST,

SDJ v 270 mg/kg bwDATBC (“CTHER% L 7-ATBC
) A HAITRERROES LR, ATBCITHESH
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(THRIL S Ay, i R IR 3 4 ] & Ao 7 .
B 5 U2 URRE D60~T70% 23 R Pz ki &, #Ed (25
~35%) RFFRF 2%) ~OHE LR bz, EE
72 R A 1X, monobutyl citrate Td > 7243, SR H >

5 X % O fih |Z acetyl citrate, acetyl monobutyl citrate,
dibutyl citrate<Cacetyl dibutyl citrate7s & &l Sz, #
T2y B IXATBCO R BB DM, D7e < & 3O
MR LTz,

AMEFEMEICBE L CIE, Ty PEOR 2IZL EDATBC
[10~50 mL/kg bw (10~52 g/kg bw) ] ZB&HIRE &5 L
ERBOMENDH DY, ZORBR T, BEHICRE
%, T, BEOHROKERALNTR, 2EEEE
RIBT DIERITEER I N o T2 F72, Ty P RO
7 21225000 mg/kg bw D ATBC % Jiifil ¢ 0 #: 5 L 7= 7k Bk
Th, HLIFRO LAY,

CD BR7 v k% A\ 7290 H RIEAT B G5k (e 55
100, 300, 1000 mg/kg bw/day) T, 1000 mg/kg bw
GEEOHEZ JRpH DAL T M OV A ALPIE 4 D B 23 7 &
AU, 300 mg/kg bwH 5T D M & 181000 mg/kg bw 51
OWMERETIIARIFRBEOR MM A LY. &6,
1000 mg/kg bw s 5-HE 0O 7 T 134 3 & & O FE
DAV, RBRRR ST RSB G BEE L 722 biE A D
Menno Tz, ZZBLHTAME 2> & 3EHRE & OV B 458 L
TATBC (100, 300% L < 121000 mg/kg bw/day) % IR £H
¢ 5 U /=Han Wistar 7 ~ » O W2Eh# (2 [7] H & D ATBC %
1338 PR AT 5 L 7= 7Bk 1L, 1000 mg/kg bw % 5-#E(C
BT, BRERREINME, FFEEOHM, FEKRH
BlERE N, 300 mg/kg bwll EOEERETRE DO~V A4 F
Y — WHITEANERD B,

Salmonella typhimurium % F\ T2 187 229K 28 BRI K O
F ¥ A =— AN LA Z =R EME 2 72 HPRT#RER T
i, RS OB B b b FREFE RN G LR
72329 o2 7 —<TKRBRICELTIX, =5
ORBERDBESH TS, 2095 —2>DRBRT
1L, REHEMHEALOTFE FIZB W TIHWEBE/RRENE LN
723, ATBCODIRANGE EE A B DAL ORI E D
AR TH 27, BloRBRTIX, RINEMALOIFE
TROHEAAE FIZRB W TERBE OIS bR -
200 Ty bV Bk E AT Y R B R T
RENF AL DA DD b FIRMERE R N G S,
ATBC% H[ERHIRR OG- LT v R baif L= ok
ER B P MR 2 W 72 R EWIDNA G GRBRIC I WV T,
Fathis R EE S Tn5™.

ik >Han Wistar 7 v b & 72 IR AF# 558 T,
BEOMEE, R, S, TR O ~0%
BT HNT, FIENRE, B OEFEER, KERD
FIRATRIC BB bIZ A bR -2, &5, Roj

PHA A S R R, MR, HER OILIRIRFEE, KT
ERERICHEBIIADNR o720 100,300 L < 1
1000 mg/kg bw/day D ATBC%SD 7 » MMIIRAEE 5 L 722
A BTE T MR ER TIE, 1000 mg/kg bwik S REIZ BV T
FOESEN) DITHR21~22 H DR MG Z < L, 3004 OF
1000 mg/kg bwi G-HEDF1HEENY (AE) DO E S Fre
ANCARIE 2o~ L2, B, 2R K OV IR~ 338
O BTN, 300 mgkg bwll EOFEEREZIHB VT
WORTRNEECHEML, WOKRELBREICEKTL
7-.

Yo ns, ATBCOAMER O mMEgs v [FRo
LDy, : >25000 mg/kg bw (7 v O~ )] &5z
b, 7w MEAVZ90 A R 53R T, 1000
mg/kg bwik G- HEIZ 36 TIRE K DI~ D233
BN Z 0D, ATBCO B HGHIEICB 5 MaEH vk
713300 mg/kg bw/day & I Sz, B, XV KWS0
mg/kg bw/day D ATBC % Wistar 7 »» MI2H MO G L
7RBRICEB W T, BFOCYP3AIZEEL L~V L 7=
TERHE SN TWS®Y, ATBCIZAT 1A RXZAE
(Steroid and xenobiotic receptor: SXR) % /1 L TCYP3A4
RCYPIAIZFHE T D Z LR EATVSY, SXRT =
=X hEEHHEEG LZE FTlHEX 2 DLV
TR B B O REE N B STV DR,
ATBC % #% 0 ¥ 5- L 7= Wistar 7~ ~ TUZ/N <2 ik o
CYP3AIFEH L~ L ~DEE TR ST 72
W, D EHLATBCOR O ZTEICE L TIL, MME»5
W S 415 B X X DORH~D BT DA alRatkn
E R BTz, ATBCOBRFEMEICEA L TIE, K Din
Vitroi RBR M THON TV AR, AR BEEETRED b
TV, REHDNASG SGERERLISMN (Zin vivold s i iE
B O I, BRAMEIZOWTHEHEEO VR
BOME LT Ty M AW T2 RS R
BT, VORI EME DB FENGEO b
Zlmn, AR - REAFMICHET 2 EEMEEIT100 mg/
kg bw/day & HIF S du7z.

TED

7 N 2T VRO R REH &L CE R ORI
NTHIENDFED W HEFICHONWT, RORBRICL L
BICERZ Y TT, BHEEREIE LR, WIiho
Ve b BRI EBRHL N E o T IERE
FEICBI L C, MEEED L IdR/IEERERET D
LM TEREEEORE VRO R A Table 1IZFE & 6
72. DEHT O PMEFMERER CIX, IR, SH OO
PRARRR 2 2L 3 Bl52 S iz, DINCHO B % G-tk
B CII AR RO B i~ D 2%E, DINAK OTXIBIZEI L T
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Table 1 Repeated oral dose toxicity of 6 alternatives to phthalate plasticizers

Animal Exposure® Major toxic effect

Di(2-ethylhexyl) terephthalate (DEHT)

SD rat '¥ 90 days, diet 561 mg/kg bw/day -
F344 rat '9 2 years, diet 102 mg/kg bw/day  Eyes — loss of outer nuclear layer of retina
vascular mural mineralization (sclera)
Nasal turbinates — prominent eosinophilic inclusions

Liver — portal lymphoid foci

1,2-Cyclohexanedicarboxylic acid, diisononyl ester (DINCH)

Wistar rat % 28 days, diet 318 mg/kg bw/day Urine — increased numbers of degenerated epithelial cells
Wistar rat 2 90 days, diet 107 mg/kg bw/day®  Urine — increased number of abnormal transitional epithelial cells
and blood
Thyroids — hypertrophy/hyperplasia of the follicular epithelia
Wistar rat > 2 years, diet 40 mg/kg bw/day Thyroids — adenoma and hyperplasia of the follicular cells
Wistar rat 29 2 generations, diet 100 mg/kg bw/day Thyroids — hypertrophy/hyperplasia of the follicular epithelia

Kidneys — vacuolization of the tubular epithelia

Diisononyl adipate (DINA)

Rat 429 90 days, diet 500 mg/kg bw/day -
Beagle dog 26) 90 days, diet 274 mg/kg bw/day Decreased body weight
Liver and kidneys — histopathological changes

2,2,4-Trimethyl-1,3-pentanediol diisobutyrate (TXIB)

SD rat 40~53 days®, gavage 30 mg/kgbw/day  Liver — swelling of liver cells
Kidneys — necrosis, tubular dilation and fibrosis
Blood — increased levels of albumin, creatinine and total bilirubin
CD(SD) rat 30 90 days, diet 150 mg/kg bw/day Kidneys — chronic progressive nephropathy
Blood — increased levels of cholesterol, total bilirubin and creatinine
Beagle dog 2942) 90 days, diet 296 mg/kg bw/day -
Tri-n-butyl citrate (TBC)
No reliable data
Acetyl tri-n-butyl citrate (ATBC)

CDBR rat *? 90 days, diet 300 mg/kg bw/day  Liver — increased weight
Blood — increased level of ALP
Han Wistar rat *> 90 days', diet 300 mg/kg bw/day  Reduction in body weight gain

Liver — hypertrophy

-1 no toxic effects

a: duration, route

b: no observed adverse effect level

c: lowest observed adverse effect level (LOAEL)

d: the strain is unknown

e: combined repeat dose and reproductive/developmental toxicity screening test

f: Animals were given ATBC in the diet for 90 days from approximately four weeks of age, but they could be exposed to ATBC in utero and
from birth until the start of this study because their parent animals were given ATBC in the diet, beginning 4 weeks before mating and
throughout the mating, gestation and lactation period.
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Table 2 Genotoxicity of 6 alternatives to phthalate plasticizers

Test system End point Result”
Di(2-ethylhexyl) terephthalate (DEHT)
Salmonella typhimurium TA1535, TA1537, TA1538, TA98 and TA100 '” Reverse mutation -/-
(histidine biosynthesis)
Salmonella typhimurium TA1535, TA1537, TA1538, TA98 and TA100 '® Reverse mutation ® -/-
(histidine biosynthesis)
Chinese hamster ovary cells (CHO-K -BHy) 1n Forward mutation -/-
(6-thioguanine resistance)
Chinese hamster ovary cells (CHO-WBI) 1D Chromosome aberration -/-
1,2-Cyclohexanedicarboxylic acid, diisononyl ester (DINCH)
Salmonella typhimurium TA1535, TA1537, TA98, TA100, and Reverse mutation -/-
Escherichia coli WP2 uvr A *? (histidine or tryptophan biosynthesis)
Chinese hamster ovary cells ke Forward mutation -/-
(6-thioguanine resistance)
Chinese hamster lung fibroblasts (V79)24) Chromosome aberration -/-
NMRI mouse (intraperitoneal administration)ﬂ) Micronuclei (bone marrow) -
Diisononyl adipate (DINA)
Salmonella typhimurium TA98, TA100, TA1535, TA1537 and TA1538 2N Reverse mutation -/ -
(histidine biosynthesis)
Mouse lymphoma cells (L5178Y) 2" Forward mutation -/-
(trifluorothymidine resistance)
Syrian hamster embryo cells >” Morphologic transformation -/n.d.
Mouse embryonic fibroblasts (BALB/3T3) *” Morphologic transformation -/n.d.
2,2,4-Trimethyl-1,3-pentanediol diisobutyrate (TXIB)
Salmonella typhimurium TA1535, TA1537, TA98, TA100, and Reverse mutation -/ -
Escherichia coli WP2 uvrA *® (histidine or tryptophan biosynthesis)
Salmonella typhimurium and Escherichia coli © 30 Reverse mutation -/-
(histidine or tryptophan biosynthesis)
Chinese hamster ovary cells *” Forward mutation -/-
(6-thioguanine resistance)
Chinese hamster lung cells (CHL/IU) 28 Chromosome aberration -/-
Chinese hamster ovary cells *” Chromosome aberration -/-
Tri-n-butyl citrate (TBC)
No data
Acetyl tri-n-butyl citrate (ATBC)
Salmonella typhimurium TA98, TA100, TA1535 and TA1537 32 Reverse mutation -/-
(histidine biosynthesis)
Salmonella typhimurium TA98, TA100, TA1535, TA1537 and TA1538 3 Reverse mutation -/-
(histidine biosynthesis)
Salmonella typhimurium TA98, TA100, TA1535, TA1537 and TA1538 39 Reverse mutation -/n.d.
(histidine biosynthesis)
Chinese hamster ovary cells 32) Forward mutation -/ -
(6-thioguanine resistance)
Mouse lymphoma cells (L5178Y) 3 Forward mutation -/ wt
(trifluorothymidine resistance)
Mouse lymphoma cell (L5178Y) 32 Forward mutation -/-
(trifluorothymidine resistance)
Rat lymphocytes32) Chromosome aberration -/ -

Han Wistar rat (oral administration) 32

Unscheduled DNA synthesis
(Hepatocyte primary cell culture)

-: negative, w+: weekly positive, n.d.: no data

a: result without metabolic activation / with metabolic activation

b: bacterial mutagenicity testing of urine from rats dosed with DEHT
c: the strain is unknown



42 YA U S T O T O | T #1307 (2012)

Table 3 Reproductive and developmental toxicity of 6 alternatives to phthalate plasticizers

Animal Exposure” Major toxic effect
Di(2-ethylhexyl) terephthalate (DEHT)

CD(SD)IGS BR rat ' 2 generations, diet 182 mg/kg bw/day Reduction in pup body weight

CD(SD)IGS BR rat 2” GD 0-20, diet 747 mg/kg bw/day -

CDI1(ICR) mouse *” GD 0-18, diet 1382 mg/kg bw/day -

SD rat 2" GD 14 - LD 3, gavage 750 mg/kg bw/day -

1,2-Cyclohexanedicarboxylic acid, diisononyl ester (DINCH)

Wistar rat > 2 generations, diet 1000 mg/kg bw/day -

Wistar rat 29 GD 6-19, gavage 1200 mg/kg bw/day -

Himalayan rabbit >¥ GD 6-29, diet 1029 mg/kg bw/day -

Wistar rat*” GD 3 - LD 20, gavage 1000 mg/kg bw/day -

Diisononyl adipate (DINA)
No data
2,2,4-Trimethyl-1,3-pentanediol diisobutyrate (TXIB)

SD rat ¥ PD 14 - LD 3, gavage 750 mg/kg bw/day -

CD(SD)IGS BR rat **-*! PD 14 - LD 4~5, diet 276 mg/kg bw/day Reductions in the number of corpora
lutea, implantation sites and live
pups

Tri-n-butyl citrate (TBC)
No data
Acetyl tri-n-butyl citrate (ATBC)

Han Wistar rat > PD 28 - LD 21°, diet 1000 mg/kg bw/day -

SD rat *? 2 generations, diet 100 mg/kg bw/day Increased mortality and reduced
body weight of pups

GD: gestation day, LD: lactation day, PD: premating day

-: no toxic effects on reproduction and development

a: duration, route

b: no observed adverse effect level

c: The F1 male and female offspring were then provided the respective treated diets for 13 weeks (from approximately 4 weeks of age).





