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Georgia Roberts’, Timothy Fennell2, Amy Brix?, Michelle Cora', Karen Elsass*, Dawn Fallacara*, William Gwinn', Scott Masten', Jamie Richey?,
Barney Sparrow*, Heather Toy*, Suramya Waidyanatha', Nigel Walker!, Matthew Stout'
'DNTP, NIEHS, Research Triangle Park, NC, USA; “RTI International; *Experimental Pathology Laboratories, Inc. Research Triangle Park, NC, USA; “Battelle, Columbus, OH, USA

Background Test Article Characterization

Compounds Found in Plasma and Urine

Evaluation of Systemic Exposure

. There is potential for widespread exposure to E||:322 Size Characterization Plasma and Urine Samples . Afselectbsurglrjnary of corgpogndsl,, t_entagivelyl;dlentif@ed inb:olasma and urine
c_rumb rubber due to use as infill in synthetic turf | | « Characterization data are summarized in Table 1. « Individual animal samples: (5 animals per route per group; n=30 urine and . Iod Cr:;me tr_un er erxlorcr)]sed anl_rrr]\ag, ltss owrr:1 teﬁw T Trz; e 3.nd
fields. | | S CRinfil - Particle size for the 400 mesh fraction was determined by scanning n=29 plasma) o © rTI1I(;16tI I? iv;/]etet iderlésrl fg r ana ase Malches to mass a
* Crumb rubber manutactured from recycled tires - | electron microscopy using an JOEL (Peabody, MA) JSM-7600F. - Pooled samples (1 per route per group; n=6 urine, n=6 plasma): Based on a? Is/l slof’tho.j it'f'ad en? © (r:]eds. had multile potential match
contains potential carcinogenic and toxic & B * Particle size of the combined fraction was determined by optical availability of individual animals samples, equal volumes of samples within . Com ané’ O.n Te t|3| 63' 'f (.:On.fpouml > na <0 1“ "T N pto de .n'?r ? 3 ers'
substances. Modified from Cheng et al. 2014 microscopy using an Olympus (Tokyo, Japan) SZK12 stereomicroscope. a group were pooled. ompounas in 1abie s are signiicantly (p<0.1) elevated in treated groups
_ _ _ _ _ compared to corresponding controls (fold-change > 2).
e The Natlongl Toxmology_ Program is conducting researC_h to Improve the Table 1. Crumb Rubber Particle Size Summary? Chemical Analysis « Some compounds were identified from the targeted analysis of
understanding of potential human exposure and _healj[h impacts following Study Fraction Size Range  Avg. Length Length Range % Total by S | q 4 bhased vei _ constituents known to be found in crumb rubber (in red).
crumb rubber exposure, focusing on these questions: . Used (Hm) (Hm) (Hm) Weight ampl)oels were prepareh ora L?Vﬁ 'se Ip 'aseUIEI? g ﬁg’ usihga « Other chemicals were identified in the untargeted analysis; those
. Whatbeprebnmentsl models_;llre usefltJ_It for ;:h?aracterlzmg the toxicity of Oral gavage 400 37 - 170D 46.0 83-167 034 ;nne;an eo c;?\;gsi ﬁ)gggg) on a high resolution - system (positive listed are either anticipated to be related to crumb rubber exposure or
. f,\r,lﬁ]r;t r(r)lljjte: l;)fo rexlcz)iﬁzs;rle ?ng(;? ﬁéelfe?osr-esun in svstemic Dosed-feed Combined Greater than 170¢ 2135 500 - 4400 99.66 . Watgers Acquity UPL(IZ and a Synapt G2-Si ESI-Q-TOF mass had yery large fold changes between control and treated groups.
. P y y Mixed-bedding ' soectrometer: chromatoaranhic separation was accomplished on an It is important to note that fold-change does not equate to
. \e/\>/<r|c])osure. : f b rubb bi ible. bi ilabl 2 Size characterization was performed on 65 and 23 particles for the 400 mesh and combined fractions, A?I uit HSS—I’_B C18 coISmr?(Z 1 XplOO mm. 1.8 m) P abundance; Compounds with very Iarge fOId'ChangeS may be
al constituents of crumb rubber are bioaccessible, bioavailable, or respectively. quity . "  ~OH . present at low levels in plasma/urine of exposed animals.
both? Elemental Composition « Spectra of samples were imported into Progenesis QI software (Nonlinear
- How does the bioaccessibility or bioavailability of constituents vary P Dynamics, UK) to determine differentiating features between treated and Table 3. Compounds Found in Plasma and Urine
bas_ed on route _of exposure? | | . Energ_y dispersive §pectro_scopy analysis for both size fractions qf_ control samples by route. Tentative Compound Identification Fold Change
 Is biological activity or effect evident following exposure to crumb material were obtained using an EDAX (Mahwah, NJ) ApolloX Silicon Data Analysis Plasma
rubber? o Dritt Detector. | | Oral Gavage  5-[4-(Heptyloxy)phenyl]-2-(methylsulfonyl)pyrimidine 1080.5
* Presented here are the results from 14-day studies in B6C3F1/N female « Spectra of ten particles from each size fraction were analyzed and the * Principal component analysis (PCA) was conducted using SIMCA 14.1 6-Acetamido-2-naphthalenesulfonic acid 1077.1
mice exposed to crumb rubber on mixed-bedding or dosed via feed or oral weight percent of the detected elements was determined (Table 2). (Umetrics, Umea, Sweden) N-Acetyl-s-1,3-benzothiazol-2-yl-I-cysteine 151.5
gavage. « These results are consistent with preliminary results of the « Fold-changes between treated and untreated groups were obtained with 1,2-Dihydro-2,2,4-trimethylquinoline 12.6
« Endpoints focus on evidence of systemic exposure through detection characterization of the constituents of the original crumb rubber test SAS (p-values using an Exact Wilcoxon Rank Sum Test). ;ggftegt'tt“lﬂﬁbf”;"q“'T’”e e evelonexadion. ‘2"3
of chemical constituents in biological fluids, and by using conventional article received from OEHHA (Cristy et al. Abstract #2415). + Fold changes were calculated for each compound by comparing the 3’5:D:ft_er'?—t>)/u)t_yl—_ 4—>lh;(cj);((§/>;y;2r?za)ll d'er’]y;jcgco A
methods to detect biological effect. Table 2. Elemental Composition (weight %) of 400 mesh and median values of the treated and untreated group. | |
Combined Crumb Rubber * In the presence of a near-zero median value, the median value of the Dosed-Feed 6-Acetamido-2-naphthalenesulfonic acid 635.1
Element 400 Mesh Combined non-zero group served as the “pseudo” fold change.
C 81.9 + 1.90 80.0 + 5.20 « Compound Identification: Mixed-Bedding  (2R)-2-(Benzyloxy)-3-heptanone 5491.8
_ : : : 6-Acetamido-2-naphthalenesulfonic acid 609.2
I\/Ieth Od g Q 9.67 + 1.86 10.5 + 1.10 « Untargeted: In-house Retention Time library, In-house Exogenous 1-Hydroxy-4-[2-hydroxy-5-(L-hydroxy-2-{[6-(4-
Si 0.17 + 0.15 3.60 * 5.22 database, HMDB, T3DB, EPA Toxcast, and EPA DSSTox. IDs were phenylbutoxy)hexylJamino}ethyl)benzyl]-2-naphthoic acid 65.3
Material S 3.90 + 1.21 2.53 + 0.67 accepted based upon their exact mass, isotope ratio, fragmentation, Urine
Zn 3.64 + 1.71 223+ 1.21 and retention time (if available). Oral Gavage 4-{[2-(1-Cyclohexen-1-yl)ethyllamino}-1-butanol 15,380.2
« Crumb rubber, received from the California Office of Environmental Health Al 0.11 = 0.15 0.39 + 0.65 « Targeted: match exact mass isotope distribution and fragmentation in 2(3h)-Benzothiazolethione 4631.22
Hazard Assessment (OEHHA) (Cristy et al. Abstract # 2415), was used In Ca 0.07 = 0.08 0.35 = 0.64 public databases for components identified in crumb rubber 2-lsobutyl-4_-met_hyltetlrahydr0-2H-|oyr~am-2-olb 3259.4
these studies. cl 0.33 % 0.13 0.26 % 0.30 Neodecanoic acid® 3259.4
« Benchtop work (Richey et al., Abstract #2417) was performed to Mg 0.16 %+ 0.07 0.14 + 0.06 3-Phenyl-2-thioxo-1,3-thiazolan-4-one 032.8
: o ers : : . . : 2-(Carboxymethylthio) benzothiazole 326.5
determine the feasibility of performing in vivo studies; based on this work Ti 0.00 = 0.01 0.01 = 0.02 : |
_ _ _ _ _ U ﬂtar eted An al S | S 0-(2-Benzothiazolyl)phenol 97.4
the material was size fracyonated for use n these studies. | g Y N-[3-(L,3-Benzothiazol-2-yl)phenyl]-3H-purin-6-amine 3.9
« The smallest size fraction, 400 mesh (Figure 1), was used in the oral 2-Ethylhexyanoic acid 2.2
gavage studies and the combined size fraction (Figure 2) was used in Chromatogram - -
- - - - - - - Dosed-Feed exana :
the dosed-feed and mixed-bedding studies In-Life Data and Toxicol oJe] cal End points » An example chromatogram from the LC-MS analysis for oral gavage
- in Ei Mixed-Beddi 3-Ami ine-2,6-dicarbonitril 112.6
Figure 1. Image of 400 mesh Crumb Rubber Figure 2. Image of Combined Crumb Rubber _ ) 1250 mg/kg pOOl and 0 mg/kg control pOOl S Shown In Flgure 4. S 1_Mrgtlyr:;fg;?rzc;n;2_ace;icca;(;?;I " 6.1
Su rVIVaI and BOdy Welg htS Figure 4. Example Chromatogram (Positive lon, Plasma, Oral Gavage) 4-Oxocyclohexanecarbaldehyde 51
« There were no effects on survival or bOdy WEightS (Figure 3) fO”OWing 1250 mglk_g Corn Qil pool e srasages 1635 T TOFMSESY Compounds in red were identified using targeted analysis, matching the exact mass isotope distribution and fragmentation
100 N 3813232 8.57e6 for compounds known to be found in crumb rubber.
exposure to crumb rubber by oral gavage (1250 mg/kg/day), dosed-feed 08 a Highest fold change of three features identified as 2(3h)-Benzothiazolethione.
. . ' 17.74 b The same feature was identified in the targeted and untargeted analyses and given different identifications.
(50,000 ppm) or mixed-bedding exposure (50/50 wt./wt.) for 14 days. » SR 806 6092
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293,193 418 786.6433  In these studies, exposure to crumb rubber was well tolerated in female
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Study Design 9 1p8.0007 282 M\J » Due to apparent avoidance of crumb rubber in the dosed-feed study, it is
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« Design Rationale: T b T at0 T ebo e Do 000 1200 1400 | 1600 | 1800 | 2000 | 2200 feed.

 Female mice were selected to conserve test material in gavage .. .
studies, compared with rats, and in the dosed-feed and mixed-bedding Crumb Rubber Consumption Principal Component Analysis Evidence of Biological Effect or Systemic Exposure
studies compared to male mice (individual housing) or rats.

Dose selection for the gavage studies was selected based on
availability of 400 mesh crumb rubber.

For dosed-feed, 50,000 ppm was selected as the exposure
concentration as a limit dose.

For the bedding studies, a 50/50 wt./wt. bedding mixture was selected
to provide a high environmental exposure, while still including
absorbent bedding; this mixture extended the length of time between
cage changes, conserving crumb rubber material.
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- Qualitatively, the feces from animals exposed to crumb rubber by oral * Representative PCA score plots for plasma and urine, using positive ion » Based on our preliminary review of data, there were no treatment-related
gavage and in feed appeared darker in color (dark brown to black) analysis, are shown in Figures 5 and 6, respectively, for oral gavage, effects on in-life data or toxicological endpoints.
compared to feces from control animals. dosed-feed and mixed-bedding individual animal samples, as well as - Based on tentative identifications, the metabolomics analysis of urine and
- When viewed under microscopic magnification, feces contained pooled treatment and pooled control samples. plasma from animals exposed to crumb rubber revealed evidence of
black particulate not typical of rodent feces. The dark color of a Using PCA, data did not reveal a clear distinction between control and systemic exposure to compounds likely originating from the test materials
subset of feces and the presence of black particulate suggest treated groups, suggesting animal to animal variability was higher than (e.g. benzothiazole compounds).
crumb rubber passed through the gastrointestinal tract. variability between treated and control groups. * Due to the low levels of these compounds present in the native test
By observation, fecal output from 1250 mg/kg animals was similar to Figure 5. PCA Plots, Positive lon, Plasma material, it is likely that systemic exposure levels were very low for all
controls, indicating crumb rubber did not obstruct movement of ingested Oral Gavage Dosed-Feed Mixed-Bedding routes of exposure.
« Groups of 15 female B6C3F1/N mice were exposed to crumb rubber for material. | _f « While compounds potentially from crumb rubber were identified, PCA
14 days via oral gavage (0 or 1250 mg/kg/day in corn oil), dosed-feed (0 Feces from 50,000 ppm animals appeared black in color on study day ] plots were unable to differentiate treatment from control groups.
or 50,000 ppm) or mixed-bedding (0/0 or 50/50 wt./wit.). 4, but much lighter than day 4 on subsequent observations, indicating |

avoidance of crumb rubber in feed compared to early in the study. .
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* Following the seventh dose (for gavage), animals (n=5 per group) were « Hematology, bone marrow cytology and histopathology of all major | e1lipse: Hocellfp: o.57 R o - 0151 0 1 ese: woneT Ly
transferred to metabolism cages for overnight urine collection. In the organs and glands were performed as tools to assess whether systemic Figure 6. PCA Plots, Positive lon, Urine
morning, animals were returned to their home cages and resumed exposure to crumb rubber constituents occurred and if there was Oral Gavage Dosed-Feed
dosing/exposure. evidence of biological effect following crumb rubber exposure. !
* On the final day of dosing (for gavage), animals were euthanized and Preliminary review of hematology and bone marrow cytology data '
plasma was collected. iIndicate that no biologically relevant changes were observed following
exposure to crumb rubber.
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« On the day following the final dose (for gavage), the core animals (n=10
per group) were removed and the following endpoints evaluated:
 Hematology and bone marrow cytology
« Histopathology of major organs and glands
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