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TPHP and IPP Lactational and Fetal Transfer TPHP Levels Following TPHP and IPP Exposure

Organophosphate flame retardants such as IPP and TPHP are increasingly used in consumer TPHP Results | Dose TPHP from IPP
products. The National Toxicology Program performed perinatal dose-range finding toxicity studies e 48 L“éle'r‘::fe’_mL Stab“izgagzg(zgmggenize . Lactational Sample (Ppm) TPHP (ng/g)/(mg/kg)>° (ng/g)/(mg/kg)>°
following exposure of Harlan Sprague Dawley (HSD) rats via feed to IPP and TPHP. The IPP test NaF added in 10:1 ratio (v/w) Tissue (100 rgg) W GD18 Maternal Plasma Transfer GD18 Dam Plasma 1000 0.042 0.132
article used was an isomeric mixture of mostly mono-(36.9%), di- (21.9%), and tri-(8.5%) isopropy! = PND4 Maternal Plasma 10.000 0.104 0.124
substituted phenyl rings and TPHP (21.5 %). The objective of this work was to develop a method to l 6000- bt ! ' |
quantitate TPHP and IPP isomers simultaneously in rodent matrices to assess maternal transfer and PNP4 Pup (male) PND4 Dam Plasma 1000 0.0418 0.101

their potential to cross the blood brain barrier (BBB). Standards were prepared by spiking 100 pL of 2.75M Formic Acid (5 uL) Acidify Sample = 4000- PND4 Pup (female) Eetal 10,000 0.046 0.112

rat plasma with IPP or TPHP and 3C,,-TPHP (internal standard). Samples were extracted with 13C,g-TPHP IS (10 ng/mL) Add IS Rest 15 min on ice 2 W PND28 Pup Plasma (male) Transfer Amniotic Fluid 1000 0.0074 0.051

acetonitrile, the supernatant was passed through a phospholipid removal filter, and analyzed by LC- Acetonitrile (285 uL) Extract IPP/TPHP 2 3 PND28 Pup Plasma (female) 10.000 00058 0013

MS/MS. The method was linear (r 2 0.99, 8 -150 ng/mL), and accurate (relative error < = 15%) with 2 209" l ! 005 '

the limit of quantitation of 8 ng/mL for all analytes. HPLC-MS/MS Method Parameters 5 ool - GD18 Pooled Fetus 1000 0.031 0.061

The method was applied to samples from dose-range finding studies following exposure of HSD rats Instrument Exion AC HPLC with Sciex AP 4000 % | actational 10,000 0.654 0.032

to IPP or TPHP via feed at 0, 1000, and 10,000 ppm. In animals exposed to IPP, all isomers (IPP and Column (Temp.) | Phenomenex Kenetix C18 51 150 x 2.1mm (45°C) Protein Precipitation £ 400~ Transfer PND4 & Pu 1000 0113 396

TPHP) were quantifiable in GD 18 dam plasma with combined total isomer concentrations of 2120 Injection Volume | 10 piL o P : '

(= 690) and 15,900 (* 1370) ng/mL for 1000 and 10,000 ppm, respectively. All isomers were also T —— | ~ 300 —— 10,000 0.441 --P

quantifiable in GD 18 fetal (450 (= 370) and 3340 (= 510)) ng/g 1000 and 10,000 ppm, respectively) ! g . Centrifuge - Tromeres PND4 9 Pup 1000 0.133 1.40

and PND 4 pup homogenate (5230 (% 5190) ng/g for 1000 ppm)) demonstrating maternal transfer. Mobile Phase B | Methanol with 0.1% Formic acid o 10.000 0447 b

Isomer pattern changed from that of the test article administered suggesting differences in disposition Gradient 50%A hold 1 min; 50% A to 5% A in 10 min, hold 10 HPLC-MS/MS Paz?gfg:];gﬁ'grze?;‘r’;'m 100- : :

between isomers. Regardless of developmental stage, as the degree of substitution increased, the @ FlowRate | min; 5% Ato 50%An 1 min, hold 3 min @ 0.2 ml/min gnalyes " canridge ) PND28 & Pup Plasma 1000 0.0085 0.0077

concentration increased with tri-IPP > di-IPP > mono-IPP > TPHP. Maternal transfer was also lonization Positive electrospray onization (+£51) ° n e 1000 ppr— 10,000 0.022 -

observed in animal_s expo_sed to TPHP via feed. AII isomer_s were also quantifiable in the brains of Dose Groups PND28 ¢ Pup Plasma 1000 0.0082 0.0062

pups on PND 28 with IPP isomer brain:plasma ratio decreasing from ~20:1 to ~ 1:1 as the number of 10.000 0.018 X

substitutions increased. Our data shows that IPP and TPHP are transferred from the dam to pups IPP Results ! ' -

during gestation and lactation and also cross the BBB. Qu antitative Meth Od Featu res — TPH P an d ||D|D PND28 & Pup Brain 1000 0.026 0.133

mmm TPhP GD18 Dam Plasma 10,000 0.037 --b
TPHP Solvent and Spiked Plasma Curve Plots &3 Mono-IPP GD18 Dam Plasma .
IPP (32 ng/mL in solvent) — Total lon Chromatogram . 3 ?ijll';';%%1188%am Fl;llasma PND28 ¢ Pup Brain 1000 0.023 0.143
0004 | Mono-IPP g 10000+ mm TPHP GD18 Fetus 10.000 0.043 --b
= 8.5e4 | I_L\ © 2 . ® mono- etus ,
I N t o d U Ctl on T4l el - -1 5 e Gt Lt a Normalized data. TPHP dose normalization based on ppm dose and percent TPHP in IPP (21.5%). TPHP dose
7 1= < . 2 L actational FEN tri-IPP GD18 Fetus equivalent to 1000 ppm IPP dose = 215 ppm.
S 6.0e4f _ £ S s TPhP GD 25 Dam Plasma b :
. : : : : : Z s55e4| Di-IPP g I = Transfer S mono-lPP GD 25 Dam Plasma No 10,000 ppm samples received.
IF;FI):.IS a CO{n p.l.ll\? ;(ST(T)]IXtU(;e tﬁ ed prlmanly.als ﬂa flame tretjard;ant_atnd IS 3_.|_(F3)(|)_IITFI)pOn_eI1':]t E 2504 s il ® Spiked Plasma Curve = E > di-IPP gD 25 Dam Plasma ¢ Stability of reported analytes in each matrix was not known at the time of the analysis.
4.0e4 Tri-IPP . Sl = [ =9  tri-IPP GD 25 Dam Plasma . . . .
0 |re_ma|s °f ar; 9 deC:_t(_:omtme_trua ame rf? ardan t m(;x utre_s ' | e)c(lls > Fos e 2 TPRP PND 4 Male Pup « Dose-normalized internal TPHP exposure was higher in IPP-dosed
as a single isomer and in addition to its use as a flame retardant, is also used as o LJ : 2 cotal = monoPP PND.4 ke oy animals than in TPHP dosed animals.
a plasticizer in many consumer products, including nail polisht. s 0w  sm 1000 1500 2000 2500 3000 3500 4000 S Transfer : "5 triiPP PND 4 Male Pup _ _ o
R e Analtical Concentration (ng/m) = v i TPhP PND 4 Female Pup « Dose-normalized TPHP concentrations were similar between the 1000
_ _ 0 40 50 60 70 80 80 100 110 120 130 140 15,0 160 17.0 16.0 15,0 200 21,0 22 : . o omale Pup ~ COTIER _ vele
° The major Components Of IPP are IISted beIOW Time (min) Mono-IPP Solvent and Spiked Plasma Curve Plots Trlzlig‘ler E E ‘®-< di-IPP PND 4 Female Pup or 10,000 ppm dOSGS* IndICatIng |Ineal‘ k|net|CS
mber ragmen ision 1.8 -r P £ tri-IPP PND 4 Female Pup
« Unsubstituted: triphenyl phosphate (TPHP, ~22%) S CategaF “leopropyl. | Retention Time iy ons | Energy g . . | EE | : *Except GD18 fetus and PND28 male and female pup plasma.
Substituents (min) ’ (WA (eV) 5 » . :j CF t.E E
* Mono-substituted isomers: m-, o-, or p-isopropylphenyl diphenyl phosphate TPHP 0 105 321 A o “‘“ : ’ E} S
(mono-IPP, "‘37%) Mono-IPP 1 12.0-126 369 iég (252 %22 I . 1 0 w : 10000 ppr; .
Pz & O ROISISORIGRYIPTENY) Bheny! priosphate I Rl R IR T s e Conclusions
- y 0 Tri-IPP 3 14.3-15.3 453 327 45 8o Y . 1l ' ' ' . _
327 45 Stallolllt_y of the Ireported abnalytzs In egch rréatrlx was not known at the time of the . An HPLC-MS/MS method was developed and qualified for the analysis of
1 1 1 . 1 - Analytical Concentration (ng IPP/mL . .
 Tri-substituted isomers: m-, o-, or p-tris(isopropylphenyl) phosphate Transitions in bold were used for quantitation " e ee/mi) analysis, so values may be underestimatea. TPHP and IPP component isomers in HSD rat plasma, fetus, pup
tri-IPP, ~8.5% L . . _ . . .
( : 0) . Aquantitative LC-MS/MS method was developed and qualified for TPHP and 4 isomeric I_}_/Ilglt_lelgnal ;rarl}sle_r from 'Hle rat dams to fe(tjufsesI sgd pups was demonstrated for homogenate and brain matrices.

« There is limited toxicological data available showing some evidence that IPP may classes of IPP components in rat plasma, fetus and pup homogenate, and brain. ahdall # 1SOmETIC Classes measured 1or 1 + The analysis method was applied to samples from two dose-range finding
TPHP is similarly scarce, but a few studies have demonstrated endocrine with the limit of quantitation of 8 ng/mL for all analytes. Isopropy! substitution. SsteV‘gfigHgS; s ;‘”2;’ rr?nonter?tlris(c)) rﬁglsngro:srg]dgtﬁgsbt%fdnb?;i r?(l;t::lr?enr and to
disrupting effects34, and receptor-associated expression of mMRNA* in zebrafish . - _ di. 3 - * Unsubstituted IPP (TPHP) yielded the lowest matrix concentration followed b P '

Peaks corresponding to mono-, di- and tri-IPP classes, were composed of multiple

Results of the analysis demonstrated maternal transfer during gestation and

embryos. Acute oral toxicity for both compounds is relatively low in rats, with
lactation for both TPHP and IPP components.

LD50 values of >5000 mg/kg and >3500 mg/kg for IPP and TPHP, respectively.

* Due to the potential for wide human exposure and the relative lack of toxicity data
available for both chemicals, the National Toxicology Program (NTP) has begun a
series of tiered developmental and developmental neurotoxicology studies of IPP
and TPHP in Hsd:Sprague Dawley®SD (HSD) rats.

Measurement of internal dose and potential maternal transfer, as well as the
potential exposure to the brain, is important in understanding the outcomes of

these studies. ?
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isomers. mono-IPP, di-IPP, and finally tri-IPP with the highest concentration. .
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« Plasma and tissue concentrations of di-, and tri-substituted IPP isomers were
higher than unsubstituted or mono-substituted IPP isomers, suggesting
differences in the metabolism or distribution of the IPP isomers based upon
substitution patterns.

mono-IPP
~37%
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O—T=0

TPHP and IPP Brain Results

No sex differences were observed in any matrix.

Brain:Plasma ratios from IPP-dosed animals were generally >1, suggesting

TPHP @1000 and 10,000 ppm distribution into brain.

El PND28 Pup Brain (male)

Il PND28 Pup Brain (female)
10000 ppm

IPP @1000 ppm -

ANFemale Di- and tri-substituted IPP isomers had lower Brain:Plasma ratios than mono-

substituted IPP isomers or TPHP.

Comparison of dose-normalized TPHP matrix concentrations from IPP- vs.
TPHP-dosed animals showed generally higher TPHP matrix concentrations
resulting from IPP dosing.
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IPP Component (ng/g)

Dose-normalized TPHP matrix concentrations were similar between the 1000
and 10,000 ppm dose groups suggesting linear TPHP kinetics.

o
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TPHP Concentration (ng/g)

IPP Isomer Ratios: Neat IPP vs. Plasma IPP

* Present the chemical characterization results for the complex mixture, IPP. The analytical method is undergoing validation and stability of the analytes
will be assessed in multiple matrices to support planned definitive toxicology

studies.

—— PP Plasma Standard (128 ng/mL})
——GD18 Maternal Plasma 1000 ppm

Tppp
7

* Develop and qualify an analytical method to determine concentrations of TPHP
and multiple IPP isomers present in Hsd:Sprague Dawley®SD® (HSD) rat plasma,
GD18 fetus and PND4 pup homogenate, and PND28 pup brain.

Di- and Tri-IPP occur in much greater amounts
In plasma from dosed animals than in neat IPP Control
relative to other IPP isomer groups.

——PND28 Female Pup Plasma 1000 ppm

1000 ppm
Dose Groups

mono-IPP di-IPP
IPP Component

——PND28 Male Pup Plasma 1000 ppm

TPHP Mono-IPP Di-IPP Tri-IPP
TPHP Mean Mean (%RSD) Mean (%RSD) Mean (%RSD) Mean (%RSD)
(%RSD) ngl/g ng/g ng/g ng/g ng/g

TPHP DRF IPP DRF IPP DRF IPP DRF IPP DRF
10,000 1000 1000 1000 1000
373 (18.8) 28.7 (26.2) 57.2 (38.2) 106 (36.4) 97.1 (21.6)
215.0 (29.9) 1.7 (1.8) 14.6 (8.2) 69.9 (45.0) 223 (122)
1.72:1 17.2:1 3.9:1 1.5:1 0.44:1
432 (32.0) 30.9 (81.7) 51.0 (54.8) 86.5 (41.2) 83.3 (20.3)
177.6 (31.6) 1.4 (2.1) 12.9 (10.8) 57.3 (41.9) 174 (95.4)
2.43:1 22.6:1 4.0:1 1.5:1 0.48:1

TPHP Mean
(%RSD) ng/g

Study TPHP DRF
Dose (ppm) 1000
PND28 & Brain? 25.6 (42.9)
PND28 & Plasma!  8.5(69.2)
& Brain:Plasma 2 3.01:1
PND28 Q Brain? 23.2 (41.9)
PND28 @ Plasma* 8.2 (59.4)
Q Brain:Plasma 2 2.82:1

« Using samples from the NTP dose range-finding studies:
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 Determine maternal transfer.

« Determine the potential for TPHP and isomers of IPP to cross the blood-brain
barrier.

Materials

1 Stability of the reported analytes in each matrix was not known at the time of the analysis.

2 Brains were not perfused. Experimentally determined blood:plasma ratio was found to be ~1:1 for
TPHP and all IPP isomers, so plasma concentrations were used to calculate ratios.

GD18
GD18 Amniotic
Fetus Fluid

GD25 Dam
Plasma

PND28
Pup Plasma

1178 1208
1:1.4 Q 1:2.5 Q

10,000 1:4.9 1:4.2 1:4.0 2. --2 --a

Dose GD18
(ppm) Dam Plasma

* Triphenyl phosphate (TPHP)
« CASRN: 115-86-6 .

« Isopropylated phenyl phosphate (IPP)
CASRN: 68937-41-7

(accessed 2/6/2019).

IPP Peak Ratio

Peak 3:Peak 5
(mono:di)

Neat IPP PND4 Pup

1.56:1 1000 1:5.7 144 1:3.7 1:5.5 _ _ .
Detectable concentrations of TPHP and all 4 isomeric classes of IPP were

measured in male and female PND28 HSD rat brain.
No sex differences were observed.

Brain to plasma ratios were generally >1 suggesting distribution of the isomers into
brain.

Differences in the uptake of IPP isomers was observed.

« Higher substituted IPP isomers (di- and tri-IPP) were present in plasma and
brain at higher concentrations than IPP-derived TPHP and mono-IPP.

* Brain:Plasma ratios of the IPP isomers were reversed, with TPHP and mono-
IPP ratios > di-IPP ~ tri-IPP.

* Molecular weight: 326.29 g/mol * Molecular weight: 452.53 g/mol

Peak 3:Peak 10

(mono:tri) 1000 1:18.3 1:6.8 1:3.8

. 2. 1:3.
1:16.9 2. 1:5.
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Major IPP Isomers by GC/MS

Area %

26.01
®) 32.50
[ 2.24

| | 17.78
4.13 Tris(isopropylphenyl) phosphate

10,000 1:16.6 1:6.8 1:5.7 1:14.7

Isomer
Peak 5:Peak 10

(di:tri) 1000 1:3.2 1:1.6 1:1.0 1:3.1
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Triphenyl phosphate
Isopropylphenyl diphenyl phosphate 10,000 1:3.4 116 114 1:3.1
Bis(isopropylphenyl) phenyl phosphate

Bis(isopropylphenyl) phenyl phosphate « Within an isomeric substitution group (e.g. mono-IPP) the proportion of each
Isomer present in plasma changes relative to neat IPP.
« More substituted IPP is present at higher concentrations in plasma than neat IPP.

118 | Tis(isopropylpheny) phosphate - Plasma concentrations are in the order of: TPHP = mono-IPP << di-IPP = tri-IPP.

6.53 Tris(isopropylphenyl) phosphate
2.79 Tris(isopropylphenyl) phosphate
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