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Abstract 3-month PD effects in trachea (rats) Conclusions (3-month PD respiratory tract effects) Summary (adverse tracheal and lung effects in vivo)

P . . . . . . . Wistar Han rats O ppm |6.25ppm|12.5 ppm| 25 ppm | 50 ppm |[100 ppm L . . . . . : . _ . _ . _ . .
Artificial butter flavoring (ABF) is used in the food and beverage industry, including in the Mol - Significant adverse respiratory tract effects in rats and mice after 3-month inhalation H'Stzpaf'?‘:c'log'c Elige] 33 i“ltaf‘e‘i'_one _ 33 ';elm?‘”?d'o”e _ 33 ':elxa_”e‘_j'o_”e Acetoin
processing and production of microwave popcorn. Highly volatile organic components of Trachea 10 10 10 10 10 10 exposure to PD at concentrations of 50-100 ppm included inflammation, necrosis Tracheal Inflammation (inhalation’ rats or mice) . (inhalation; rats or mice) (inhalation; mice) NA
ABE include 2.3-butanedione (BD or diacet |) 2 3.pentanedione (PD) 2 3_hexanedione Inflammation. acute Or 0 0 11.0) |o 3 (1.0) _ . _ _ ! i ’ Lung inflammation V (IT1, OPA, or inhalation; rats or mice) v (inhalation; rats or mice) v (inhalation; mice) NA

’ _ _ YU, ! P P Epithelium h)’/perplasia . 0 0 0 ' 0 g &2 5) ulceration, degeneration, squamous_metapla&a, hype_rpla5|az an_d/or regeneration of Tracheal atrophy, necrosis, ulceration, erosion, | (inhalation; rats or mice) NA v (inhalation; mice) NA
(HD), and/or acetoin. Inhalation exposure of microwave popcorn plant workers to BD Epithelium. metaplasia, sqUAmoUs N . 0 0 5L the nasal, laryngeal, tracheal, bronchial, and/or bronchiolar epithelium. denudation, and/or degeneration
vzg||c_)ors has tt))een rf:\_sci_o_0|ated with trrl]e dEveIopmth of small_alrwag/ ﬂbros::s. In the form of Epithelium, regeneration O+ 110 |10 o g+ (1.4) |10 (2.8) I&ungdat[_ophy, r(lje/crodsis, ulcer?tion, erosion, |V (ITI, OPA, or inhalation; rats or mice) [V (inhalation; rats or mice) |V (inhalation; mice) NA
: : : : enudation, and/or degeneration
obliterative bronchiolitis (OB). PD nas been used as a major su stltuFe or BD In some Female » In mice, hyperplasia and squamous metaplasia of the laryngeal, tracheal, and Tracheal hyperplasia V (inhalation; rats or mice) v (inhalation; rats or mice [A]) |V (inhalation; mice) NA
ABF but has been shown to exhibit similar toxicological potency with regards to the Trachea 10 10 10 10 10 10 b hial epitheli idered atvpical tentiall st _ e , _ . _ _ . _
induction of airwav fibrosis. Other substitutes in ABE include HD. Whole-bodv inhalation Inflammation, acute o* 0 0 0 0 2 (1.0) ronchial epithelium were considered atypical (potentially preneoplastic). Lung hyperplasia \ (OPA or inhalation; rats [A] or mice [A]) |V (inhalation; rats or mice [A]) [V (inhalation; rats or mice [A]) [NA
y ' _ ' y Epithelium, hyperplasia O+ 0 0 1(2.0) |0 4* (3.0) Tracheal squamous metaplasia v (inhalation; rats or mice [A]) V (inhalation; rats or mice [A]) [V (inhalation; mice) NA
exposure to >150 ppm BD or PD for approximately 2 weeks has been shown to Epithelium, metaplasia, squamous 0* 0 0 0 0 2 (1.0) - - : G : : : : Lung squamous metaplasia V (inhalation; rats or mice [A]) v (inhalation; rats or mice [A]) |NA NA
recapitulate OB-like ai fibrotic lesi - ts similar to th : d K o . . » No bronchial/bronchiolar (OB-like) fibrotic lesions were induced in rats or mice. : n — : N — : "I —
pitulate IKE alfway TIorotic 1esions In rats sSimiiar to those 1IN eXxposed WOrkers. Epithelium, necrosis 0 0 0 0 0 2 (1.0) Tracheal regeneration (inhalation; rats or mice) (inhalation; rats or mice) (inhalation; mice) NA
Furthermore’ in vitro human air-“quid interface (AL|) airway ep|the||a| culture models have Epithelium, regeneration O** 3(1.0) 0 0 7** (1.6) |10** (3.0) Lung regeneration | . v (!T| or i.nhalation; rats or mice) \ (inhalation; rats or mice) NA NA
been applied to help elucidate the mechanisms of airway fibrosis induced by these *p < 0.05 by the Cochran-Armitage (trend) or Fisher’s exact (pairwise) test (vs. 0 ppm); **p < 0.01 ¢ Likely due to the PD exposure concentration being too low (<150 ppm) for rats (based ;rachcre]ql lsubbmucosa flfl?)br08|§ z//?nﬂa:a’:!on {; yr}i ra’;s or m!ce; EI EI E1
: JRp : : : v on comparisons to previous shorter-term exposure studies) and species-specific ronchial submucosa 1brosis Inhalation |2 yrj, rats or mice
Chemlca_ls' The_ Obje?tlve herein was to review Fhe current understanding of t_he II’_] VIVO differences in mice Bronchial/bronchiolar (OB-like) fibrosis V (ITI or inhalation [ >2 wk]; rats) V (inhalation [ >2 wk]; rats) NA NA
and in vitro toxicological effects of these four major components of ABF, especially in the 3 month PD effects in trachea (mice) . Bronchiallh e ; tocts in the | el ‘0 OB (distal Interstitial fibrosis v (inhalation [ >2 wk or 2 yr]; rats) V (inhalation [ >2 wk]; rats) NA NA
context Of the Iung, InC|Ud|ng a presentatlon Of NeEw In vivo NTP StUdy data fOf the acute * brrgrzlghill?aro:]cz;(i:ollgsa;rstr\llsrtsaer g’[ :I('[:GSS ;Qr Og) ung are most reievant 1o ( ISta *Hisltopath.ologic e.ffects §hown reported in gt least one study in rgts and/pr mice exposed by inhalation, ITI, or OPA (inhalation: 6 hr, < 2 wk, > 2 wk, 3 mo, and/or 2 yr; ITI or OPA: 1 dose).
and sub-chronic inhalation toxicity testing of acetoin, for which there is no inhalation g ' [Al. including atypical lesions; NA, not applicable; NT, not tested in 2 yr bioassay
toxicity data, and the sub-chronic inhalation toxicity testing of PD. Whole-body inhalation B6C3F1/N mice 0 ppm [6.25 ppm| 12.5 ppm| 25 ppm | 50 ppm | 100 ppm
exposure to >50 ppm PD for 3 months induced adverse respiratory tract and ocular Male _ _ _ _ _ _
effects in rats and mice. The pulmonary effects of PD included airway inflammation along Taches _______ e b Nen ™l % as” Review of the tracheal and lung effects of BD, PD, HD, and acetoin Review of in vitro ALl airway culture models
with squamous metaplasia and/or hyperplasia (with atypical lesions in mice) of the Inflammation, chronic active . 0 0o 0 0 5% (1.2)
_tracheal, _bronchlal, _and/or bronchlola_r eplthellum: The ocular effegtg mclud_ed ac_ute Epithelium, metaplasia, squamous, atypical o:: 0 0 0 1*£2.0) 10** (3.3) 2,3-Butanedione (14 studies) 2,3-Pentanedione (5 studies) ALl cultures derived from primary human tracheobronchial epithelial (TBE) cells
inflammation, ulceration, and/or epithelial hyperplasia of the cornea. Minimal toxicological Epithelium, regeneration 0 0 0 0 8™ (2.9) |0 e TP Toxicy Remort (G073 7008 6 e Teieased SUbehiona
) ) - - . Female cGraw et al., oxICity Repor -96 10 be released; sub-chronic Reference Exposure Histopathologic effects Cytokines, chemokines, and GFs [Other end-points
effects were _obs_erved af_ter _aCUte (2-week) or 3-month mhala_tlon exposure to acetoin. Trachea 10 10 10 10 10 10 WBE; 1 hr/d for 5 d; female C57BL/6J mice WBE; 6 hr/d, 5 d/iwk for 3 mo; WH rats and B6C3F1/N mice Langel et al., 2022  [BD (25 mM*); Loss of cilia and flat dysplastic ML1B transcript Cilia injury/dysregulation; 1 hypoxia- and sterile
Overall, the in vivo an(_:I In vitro data sugge§t_ that the potentlal adverse human health Inflammation, suppurative O** 0 0 0 0 5** (1.6) Lung effects (200 ppm): Minimal histopathology (day 19) Tracheal and lung effects (50-100 ppm): (POSTER) vapor cup (1 hr) epithelium ({ acetylated tubulin); inflammation-associated pathways and
effects of BD and PD with regards to lung toxicity are of greater concern compared to HD Inflammation, chronic active 0** 0 0 0 0 3(2.0) _ [day O, 2, and 4] relocalization of keratin 5+ basal cells J expression of anti-viral IFN-stimulated genes
and acetoin Epithelium, hyperplasia, atypical O** 0 0 0 0 3(2.0) Ghio et al., 2021 Morgan et al., 2016 like RSAD?2 (transcriptomics)
] Epithelium, metaplasia, squamous, atypical O+ 0 0 0 1(1.0) 8** (3.1) ITI (125 mg/kg bw, 1 dose); male SD rats WBE; 6 hr/d, 5 d/wk for 2 wk (+/- 2-wk recovery); male WH rats I CD14 (associated with TLR4-mediated LPS
Hhali : xok ung effects: Bronchial/bronchiolar inflammation and fibrotic polypoid lesions (day ung effects -200 ppm): Bronchial necrosis, ulceration, squamous metaplasia, an ianal
Epithelium, regeneration 1(1.0) |0 0 0 10** (2.8) |0 L ff Bronchial/bronchiolar inl | d fibrotic polypoid lesions (day 7) h Iff_ b(150h'20IO : I) BI E T t'. _ 1I‘I | hivtimalinertine: | -I nd signaling) and HAS2, ITGA2, VEGF2, WNT7A,
yperplasia; bronchial and alveolar chronic active inflammation; bronchiolar hyperplasia; and PTGS2 transcripts (positive regulation of
. House et al., 2021 bronchial (OB-like) fibrosis; interstitial fibrosis (recovery group) epithelial cell migration GO pathway); T™THA
I A t o d u Ctl on WBE; 6 hr/d for 5 d; male SD rats Wang et al., 2021 BD (25 mM); NA NA A Ubiquitin proteasome system, endosomal
. Lung effects (200 ppm): Mixed, granulocytic inflammation with bronchial lymphoid Morgan et al., 2015 vapor cup (1 hr) reticulum transport, and response to unfolded
: : e : : bronchial wall thickening and ECM deposition (day 12 and 19) Lung effects (200 ppm): Bronchial ulceration, inflammation, hyperplasia, and Hatian. : :
Occupational exposure to volatile components of artificial butter flavoring (ABF) via BALF- /F lymohocytes, neutrophils. and IL-17a egeneration: bronchial (OB-like) fibrosis oxidation-reduction pathways (proteomics)
- - : : : - PR : ' ’ . : : McGraw et al., 2020 |BD (25 or 50 mM), 1 Basal cell inury (intra- and NA Basal cell markers: { keratin 5 (58 kDa); 1~cross-
Inhalation has been reported to be associated with airway fibrosis in the form of Wistar Ban rats 0 ppm [6.25 ppm| 125 ppm] 25 ppm | 50 ppm [ 100 ppm [\ inflammatory cytokines/chemokines in non-fibrotic bronchi of exposed rats. 1 TGF- Vapér cup (1 hr) ) ntercellular C,eaﬁn(g with cytoplasmic linked keratin 5 (116 kDa): 4 A,\(,p63a )
obliterative bronchiolitis (OB), mostly in workers in the microwave popcorn packaging and Valo Wang et al., 2021 B2 (and downstream genes) and genes for collagens and ECM proteins in fibrotic hypopigmentation in the |
flavoring industry exposed to 2,3-butanedione (BD, also commonly called diacetyl). OB is Lung 10 10 10 10 10 10 WBE; ifhf/d for5d (14-d ;icove"y): mﬁ(e S|D as bronchi. Altered expression of genes for peptidases and peptidase inhibitors | basal/suprabasal layers)
. i . . . . : : : *% *% Lung effects (200 ppm): fibrotic (OB-like) lesions (day 19 i U _ P
a potentially fatal lung disease that is frequently found in lung transplant patients and is rflamination, eosihopll_____ FL0 S0 1200 sA0 SEO 070 SALE: 1 neutﬁophif;p ) oeke) ey ) Morgan ot al. 2012 T rasined ubiqutin: TeorlP of tbiquiin € and
: : : : : : : : . ronchiole, epithelium, hyperplasia o : ** (2. ' - , eratin
characterized by bronchiolar wall inflammation and fibrosis resulting in constrictive Bronchus epiF:heIium hy[}algrplzlsia . 0 0 0 0 (1.0) 5+ (1(6) ) [Increased ubiquitin-C expression and proteasome activity] WBE; 6 hr/d, 5 d/wk for 2 wk; WH rats and B6C3F1 mice Proteasome 20S (day 3). Tkerafin 5 (58 kDa)
bronchiolitis with restricted airflow. Acetoin and 2,3-pentanedione (PD) are also highly Bronchus, epithelium, regeneration 0 0 0 0 11.0) o (2.8) L“rt‘g fff‘?CtS (goo ppm, rt‘_"‘ts_):bBro”Chf“‘"}'/g‘ecmf"?’l”'Cecr)aB“‘l’,E' '“]f,'g‘mm_a“"”' squamous and keratin 5 (116 kDa) with MG132 (day 3)
volatile components of ABF. PD has been used as a major substitute for BD in some ABF Bronchus, epithelium, metaplasia, squamous o o 0 0 0 3(1.3) Morgan et al,, 2016 mielaplasia, and regsneration; tronchiabonchiotar L 5-ke) ibros's TLDH and cleaved caspase 3/7 release and
. _ o _ o Femalo - : ’ WBE; 6 hr/d, 5 d/wk for 2 wk (+/- 2-wk recovery); male WH rats BALF: ™ PMNs and MCP-1, MCP—S, CRP,'FGF—9, flprmogen, gnd QSM | LTEER (50 mM)
due to concerns about _the respiratory toxicity of BD. However, P_D_ IS str.ucture_llly similar to Lung 10 10 10 10 10 10 Lung effe.ct.s (150-200 ppm): Bronchial necrosis, ulceration, squamous metaplasia, gnq Ir_eur;?]:rf;?igtnsj Elloogc)i—bZr(()JOSir;pm, mice): Bronchial necrosis, ulceration, inflammation, and Thimra ot al. 2019 |BD (L, 3, 10, or 30 ppm); |NA ATNF and TIL6 transoripts: ~"NFKB transcript
BD (both are alpha_d”(etones) and has been shown to exhibit tOX|COIOg|CaI potency Fibrosis. focal o 0 0 0 0 2 (1.0 hyperplz_;\5|a, bro_nchla_l and _alv_eolar C!’]{’OI’\I_C actlye inflammation; bronchiolar hyperplasia; g ) SIS chamber (30 min) 2MAREG protein
similar to BD in the induction of airway epithelial injury with OB-like fibrotic lesions in rats nflammati inophil 13 300 |a@o 3@ |50 i '()1 7) pronehial (OB-like) flbrosts; Interstitial fibrosis (recovery group) PALE. T PMNS and fibrinogen IGSTAL and PTGES?2 transcripts (oxidative
- , nflammation, eosinophi ** (1. : . : : ** (1.
following acute (2-week) inhalation (whole-body) exposure, that are similar to the OB Alveolus, infiltration, cellular, polymorphonuclear 0** 0 0 0 0 2(1.0) Hubbs et al. 2016 Hubbs et al., 2012 stress markers) —
lesions observed in occupational exposures. Another potential ABF replacement is 2,3- Bronchiole, epithelium, hyperplasia o= |0 0 0 0 (1) WBE; 6 hr; C57BL/6N WT or Dexr-KO mice WBE: 6 hr; male SD rats 22%;9 "R el oSN (1R L G
i _ i : .. ’ Bronchus, epithelium, hyperplasia o** 0 0 0 0 4* (1.5) Lung effects (100-300 ppm): bronchial (vacuolar) degeneration with apoptosis Tracheal and lung effects (318 ppm): Tracheitis and bronchitis _ :
hexanedione (HD); however, it too is structurally similar to both BD and PD. Bronchus, epithelium, regeneration Or* 0 0 0 0 8+ (1.8) lIncreased bronchial ubiquiin. role of a-carbonyl group in protein damage- autophagy] JAnti-protease SLPI transcript (30 ppm) but
Bronchus, epithelium, metaplasia, goblet cell O** 0 0 0 0 3(2.3) TSLPI (1 ppm); TSLPI protein (10 ppm)
No LDH release
: : .. : Hubbs et al., 2012
To date, the inhalation toxicity of PD has been reported for approximately 2-week (and ’ Kelly et al., 2019 BD (25 mM); NA IL-8 protein (EGFR-depend NA
! _ _ _ ] _ WBE; 6 hr; male SD rats y & (25 mM); T protein ( ependent)
shorter) whole-body exposure studies in rats with a main focus on adverse respiratory n )’ . _ Tracheal and lung effects (240 ppm): Tracheitis and bronchitis — \éaé)pc()zr;t:: w%g? —_—— e O T T L S e TR e TR
tract effects. Therefore, the objective was to evaluate the 3-month inhalation toxicity 3-month PD effects in lu ng (m|Ce) " . . o T e it o o
. . : : i . HD (10 mM*); 1 apoptosis/necrosis, atropy, IL-1a, and sIL-1Ra and MMP-7, and TIMP-2 proteins by BD but not HD
Palmer et al., 2011 (also Kelly et al., 2014
of PD vapors within the respiratory tract and other target organs (including the IT1 (125 mg/kg bw 1(dose)' mile 3D rats ) 2,3-Hexanedione (2 studies) vapor cup (1 hr) erosion/denudation, and basal cell Jfractalkine proteins by BD but not |except TIMP-2 [FT model]; TMMP-1 and TIMP-1
eyes) in Wistar Han rats and B6C3F1/N mice, including airway/lung lesion : Lung effects: Peribronchiolar and mixed intraluminal inflammation (day 1 and/or 3); NTP Research Report 10 (Morgan et al., 2019) fe 0, 2 singl 4] effects (basal/suprabasal spongiosis) |HD except fractalkine [FT model]; |and {MMP-2 and MMP-7 [non-FT model]
- - " B6C3F1/N mice Oppm [6.25ppm|12.5ppm | 25ppm | 50 ppm | 100 ppm : : - - - - by BD but not HD [FT model ML-8, TGFa, IL-1a, and sIL-1R
formation following 3 months of whole-body exposure. In addition, the 2-week and ol : : bronchiolar erosion and regeneration (day 1 and/or 3); bronchial regeneration and mild | |\WBE; 6 hr/d, 5 d/wk for 2 wk; BEC3F1 mice 3 ED a0 ekl [P imeiz) - o o I"’;’T n;()";‘j’e"a” sik-tha
i : . .. : : . . : hyperplasia (day 3); bronchial/bronchiolar (OB-like) fibrosis (day 3 and 7) Tracheal effects (100-200 ppm): Squamous metaplasia, hyperplasia, degeneration, i
3 monthl ml::a(lja’[_lon ttOXICI;[jy O]_c ace;\om ’dv(\jll!"‘[l'Ch k:asbnott!oeen pretVIOUSW(;nveStlgatec:l’ Iéung e il o I 5 I 0 10 0 10 0 10 0 10 0 10 5 (1 0)10 BALF/lung: 1 neutrophils, CINC-1 (Kelly et al., 2019), and AREG (Kelly et al., 2014) and regeneration; chronic active inflammation TLDH release by BD but not HD [FT model]
was evaluated In rats and mice. An aaaditional objective was to provide an overa ronchiole, infiltration, cellular, polymorphonuclear i * (1. Lung effects (100-200 ppm): Bronchial hyperplasia (including atypical) and Foster et al., 2017  |BD (25 mM); Loss of cell-cell and cell-BM adhesion [NA Altered expression of proteins and
review of the current understanding of the in vivo and in vitro toxicological effects oronchio e epnelum. degeneration S : : ° w0 - ggg Hubbs et al., 2008 degeneration; chronic active inflammation e (1 dh;)] ?d”dlorzresenge ‘t))f Tg’;ﬂiz\eﬁt“res phosphopeprides suggestive t‘?ft!oss(“’f cha "".”d)
- S U - ronchiole, epithelium, hyperplasia * : * (L WBE; 6 hr or 4 x 15 min exposures over 6 hr; male SD rats [3-month sub-chronic study was not conducted.] ay v, 2, and 4], onor-dependent); N Increased squamous difrerentiation (proteomics),
(|n rodent moc_lels and for human air |IC]UId Interface (AL|) al rway approaches) of Bronchus, ?nfiltrationz cellular, polymorphonuclear O** 0 0 0 0 o** (1.1) Tracheal effects (>224 ppm): Necrosis, loss of cilia, denuded BM, suppurative to Morgan et al., 2016 multiple donors (4) ciliated cells and il’.l basal cells.; hyperphqsphorylation and cross-linking of basal
these four major C0mp0r_lent5 of ABF (BP, PD, _HD, and acetoin) with regards to Bronchus, mf!ammaﬂon, chronlc- (0 0 0 1(1.0) [6**(1.2) |9**(1.2) fibrinosuppurative inflammation (with neutrophils) | WBE; 6 hr/d, 5 d/wk for 2 wk (+/- 2-wk recovery); male WH rats TTGM1 and RPTN in basal region cell keratins
tracheal and Iung effects in the context of inhalation exposure and OB. Bronchus, epithelium, degeneration 0** 0 0 2(1.0) [9**(3.0) [8**(2.5) Lung effects (>294.6 ppm): Bronchial necrosis, denuded BM, nuclear pyknosis, Lung effects (200 ppm): Bronchial hyperplasia and minimal squamous metaplasia; — —
O Bronchus, epithelium, hyperplasia 0 0 0 0 2 (2.5) 0 suppurative to fibrinosuppurative inflammation minimal bronchiolar hyperplasia; minimal bronchial fibrosis *'Fscs;ﬂl_lMA grslt:e_ll_r;\l (C|I|a-§pec:(|f|c rzarker?;
Bronchus, epithelium, hyperplasia, atypical 0 0 0 0 7**(2.1) |0 an proteins (markers o
O O Bronchus, epithelium, necrosis o** 0 0 0 0 3(2.0) Morgan et al., 2008 squamous differentiation)
O Bronchus, epithelium, metaplasia, squamous, atypical |0** 0 0 0 0 10** (2.6) WBE, nose-only exposure, or OPA; male C57BL/6 mice Brass et al., 2017 BD (25 mM); See above (Foster et al., 2017) JFBLN3 and DDB1 and TECM1 |Altered expression of proteins associated with
Bronchus, epithelium, regeneration O** 1 (1.0) 0 1(1.0) [8**(3.5) |[7**(2.3) WBE (6 hr/d for 4 d or 6 hr/d, 5 d/wk for 12 wk); nose-only (1 hr/d, 5 d/wk for 4 wk or 15 vapor cup (1 hr) and GDF15 transcripts matrix remodeling, including degradation,
HO Female min twice per day, 5 d/wk for 2 wk); or OPA (400 mg/kg bw, 1 dose) [day O, 2, and 4]; assembly, and new matrix organization and of
O Lung 10 10 10 10 10 10 Lung effects (WBE, 100-400 ppm; nose-only exposure, 400-1200 ppm): multiple donors (4) modifiers of EGFR-signaling (analysis by
O Bronchiole, infiltration, cellular, polymorphonuclear O*+ 0 0 0 0 3(1.0) Peribronchial/peribronchiolar lymphocytic inflammation; bronchial atrophy, necrosis, secretomics of apical rinse and basolateral
o Bronchus i’nfiltrati on ;:ellular ’polym orphonuclear O 0 0 0 0 9% (1.3) denudation, and regenerative hyperplasia with karyomegaly; focal fibrohistiocytic medium)
. | | | Bronchus’ inflammat;on chro,nic . 0 0 0 4 (10) |om (1:6) (proliferative) lesions with minimal inflammation (OPA, day 4) Acetoin (2 studies) Zaccone et al., 2015 |BD and PD (>25 ppm); |No effect on cell morphology (25 ppm) [NA Inhibited active ion transport
2,3-Butanedione (BD) 2,3-Pentanedione (PD) 2,3Hexanedione (HD) Acetoin Bronchus’ epithelium dé eneration . 0 0 0 9 (1.8) |8** (2.8) chamber (6 hr)
(no a-dicarbonyl) Bronchus’ epithelium’ meq[a lasia. squamous. atvoical |0** 0 0 0 0 ' 10%* ('2 1) Hubbs et al., 2002 NTP Toxicity Report (2023) [TOX-98 to be released; acute and sub-chronic] Metabolites acetoin and 2-hydroxy-3-pentone
ChemSpider Bronch ’ p'th i ’ Pasia, 54 1 VD 0 0 0 0 2 (1.0 ' WBE; 6 hr; male SD rats WBE; 6 hr/d, 5 d/wk for 2 wk or 3 mo; WH rats and B6C3F1/N mice detected in basolateral medium (DCXR activity)
ronchus, epitheliim, necrosis - (1.0) Lung effects (285-371 ppm): Multi-focal, necrotizing bronchitis (with denuded BM) Tracheal and lung effects: None exposure-related (POSTER) Cell death (60 and 100-360 ppm); no changes in
Bronchus, epithelium, regeneration 0 0 0 o** (2.4) |9** (2.1) BALF: hi i thelial R val 25 or >60
Bronchus, epithelium, ulcer 0 0 0 0 2 (1.0) T neuttrophils ransepithelial R values (25 or 260 ppm)

EX p erl m en tal DeS | g n (P D an d aC eto | n to X St u d | es) [Exposure to complex mixture (diacetyl - marker of exposure concentration)] Kelly et al., 2014 \I?a[;((J?;SCLrI;I\/(Ii " 1 AREG protein NA

NTP Technical Report (2018) [TR-593; sub-chronic] [day 0O, 2, and 4]

WBE: 6 hr/d, 5 d/wk for 3 mo; WH rats and B6C3F1/N mice Toxicological potency in trachea/lung BD (20 and 40 mM); NA 1 AREG protein
\ TP R N Tracheal effects (100 ppm, rats): Necrosis, hyperplasia, and regeneration (inhalation) applied apically (30 min)

In the 2-week (acute) studies, male and female Wistar Han rats and B6C3F1/N mice AT & _ . . . _ . . . | _ _
P o N A 3‘5 ", Figure 1. Atypical squamous Figure 2. Bronchial hyperplasia . Tracheal effects (50-100 ppm, mice): Atypical squamous metaplasia, hyperplasia, *25 mM BD and 10 mM HD applied to vapor cup equivalent to ~1000 ppm

were expc_)sed via i_nhalation (Whole-body exposure, WBE) to acetoin vapors at - - ,,', Lzt metaplasia in larynx [Male mouse (50 ppm)] 22 = : degeneration, and regeneration; chronic active inflammation BM, basement membrane; FT, full-thickness (model includes donor-matched primary fibroblasts in ECM); DCXR, dicarbonyl and L-xylulose reductase; NA, not applicable
concentrations of O (air), 6.25, 25, 1OQ, 400, o_r_800 ppm for 6 hours per day, 5 days per S ft.;ﬂ-:; R [Male mouse (100 ppm)] 4R 7 i Lung efff_cts_ élOO phprr rr?ts): Blropchiau necrosis, hyperplasia (including atypical), and BD,PD > HD > Acetoin
week, for 2 weeks plus 2 (rts) or 3 (mice) additional exposure days for a total of 12 (fats) o &) N e o o e St i sty st w .
or 13 (mice) exposures over a period of 16 (rats) or 17 (mice) days. In the 3-month (sub- SR e N iR | (3 (N and regeneration; chronic inflammation and infiltration of PMNS Sum mary (I n vitro human ALI al rway app roach eS)
chronic) studies, male and female rats and mice were exposed via inhalation (WBE) to SN & ey NN £ MY A AN ;

: : : G SRR §rge % A AR e : e - *Dose and species-dependent (rat) for OB-like
acetoin vapors at concentrations of 0 (air), 50, 100, 200, 400, or 800 ppm, or to PD BNR ™ R TN S gt e R L P NTP Technical Report (2018) [TR-593; chronic] rote e et
vapors at concentrations of 0 (air), 6.25, 12.5, 25, 50, or 100 ppm, for 6 hours per day, 5 \N g 8 % e A R R : ' WBE: 6 v, 5 diwk for 2 yr; WH rats and BeCIFLN mice |
days per week, for 13 to 14 weeks, ’Con.1p’lete’ nécropsies Were serformed on ol L AN R N ok R ey A e k. lgg‘izg:Lg‘;;etfgifr?rfnﬁgnaéﬁ\tfe)mﬁgm:‘gugicrsousfmEﬁ%irg'ﬁz'r%jg“amous metaplasia, inhalation toxicity of BD vapors in vitro. [One published study also tested PD and one

_ _ i T _ G X W % .‘“‘_;, ., . 1 R i Ao e - N ] = : : _ . . . . . : : i
animals. Endpoints were body and organ weights, clinical observations, ‘ SR ! S Saaviie " 2eit T T et s Tracheal effects (50 ppm, mice): Necrosis, hyperplasia, squamous metaplasia, and also tested HD (in addition to BD).] The toxicological effects of BD in vitro include
.. . . . . (Al AR AL G A B Y B e R R L piat Sy regeneration; chronic active inflammation; submucosa fibrosis and carina submucosa those to:
hematology and clinical chemistry, histopathology, and genetic toxicology. a7 At L NG TRt Y - LR L EN s S R OGRS S N vt fibrosis
— e - : Pr— e Lung effects (50 ppm, rats): Suppurative and granulomatous inflammation,

peribronchial chronic active inflammation; bronchial atrophy, hyperplasia, and > Basal epithelial cells (keratins and cell-cell/cell-basement membrane adhesion)
regeneration; bronchiolar and alveolar hyperplasia; bronchial submucosa fibrosis;

interstitial fibrosis % Keratin 5 effects have been shown to be linked to hemidesmosome-associated protein effects

Res U ItS 3_m ont h (S | g N |f| can t) P D effeCtS | N ey es Lung effects (50 ppm, mice): Bronchial regeneration; suppurative inflammation of the (e.g., ITGPR4) using an in vitro human (non-ALlI) airway model (Kim and McGraw, 2022)

lung, pleura, and mediastinum; chronic active inflammation of the mediastinum; _ _

bronchial submucosa fibrosis Correlates with chemical N
[Some evidence of nasal cancers including squamous cell carcinoma (rats) and reactivity (arginine) » Cilia
adenocarcinoma (mice)] (BD, PD > HD)

« Multiple published studies have used TBE-ALI models to assess human-relevant

Histopathology tables are shown for parts of the respiratory tract (trachea and lung).
There were no exposure-related adverse (iﬂClUdinq hiStOD&thOlOQiC) effects in rats Male rats: acute inflammation, neovaSCUIarization, and eplthellal vacuolation of the WBE, whole-body exposure; IT, intratracheal instillation; OPA, oropharyngeal aspiration 7 ) ) ) ) )

or mice exposed by inhalation to acetoin for either 2 weeks or 3 months (data not cornea (100 ppm) | » Pro-inflammatory signaling (e.g., cytokines/chemokines)
shown). The following findings were observed in rats and/or mice exposed by inhalation 1
to PD (at 50 and/or 100 ppm) for 3 months (data not shown). Clinical observations were
abnormal breathing, sneezing, and eye abnormality. Nasal effects included suppurative
iInflammation, olfactory epithelial atrophy, hyperplasia, squamous metaplasia, necrosis, ppm)
and regeneration of the respiratory epithelium, turbinate atrophy and necrosis, and -
necrosis and perforation of the septum. Laryngeal effects included chronic active Female mice: acute inflammation, mineralization, ulceration, and epithelial 1020 40 6090

inflammation, necrosis, ulceration, hyperplasia and squamous metaplasia (atypical in hyperplasia (100 ppm) reaction time (min) S » Tissue injury/repair and ECM remodeling pathways (e.g., MMPs and TIMPS)
mice; see Figure 1), and regeneration. Exposure-related histopathologic effects in

other organs (besides the respiratory tract and eyes) were not observed.

Female rats: acute inflammation of the ciliary body (50 ppm) and cornea (50 and 100 > EGFR-signaling (e.g., AREG)

GST activity
(% control)

» Protein damage/proteasome (protease) pathways
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