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Pertluoro Toxicity (LC;, inhalation) in Rattus and Mus species using QSAR

QSAR Research Unit in Environmental Chemistry and Ecotoxicology, DBSF, University of Insubria, Varese, Italy. e-mail: paola.gramatica@uninsubria.it

Introduction

» PFOS and PFOA are a class of perfluoro alkylated compounds which are categorized by US-EPA and EU-REACH as toxic

Results and Discussions

log 1/LC., = -12.76 + 1.87 (0.20) Jhetv + 11.43 (+1.27) PCR - 0.60 (+0.12) MiogP - 1.41 (+0.40) BO2[CI-Cl]

— — 2_ — - - 2 —
i e, n=52, s=0.82, r’=78.14, F=41.99, Kx=23.55, Kxy=30.86, R, ,.,=7-64
» Other perfluoro alkylated compounds are widely distributed in environments, few are classified as ‘emerging pollutants’ Response Descriptors Splitting | Compounds R? Qroo | O%oor | QPext FI | QPext F3 | RMSEry, | RMSEpyr | Riverm
(Compounds) | Input | Selected criteria
» Few experimental data on environmental and bio-toxicity are available
SOM 28.5% | Train: 40. 82.99 | 78.09 75.46 71.62 64.46 0.61 0.69 10.32
» Toxicity profiles are found different for types of animals and species used. Mouse 537 | X3wv: Predict: 16 %
Inhalation H-048: Random by | Train: 44. 77.07 71.73 69.89 85.11 85.11 0.70 0.78 8.99
» This class of chemicals is studied in the European FP7th Project CADASTER. LCs, MlogP: | Activity Predict; 12
. . . . - . (36) FOL[C-C] | 20%
» QSAR is applied to understand the inter-species toxicity of short and long chain perfluoro alkylated compounds by Full model without splitting 083 | 7631 >3 38 : : .68 0,74 1ov) =03

modeling inhalation (LC;,) data on Rattus (Rat) and Mus (Mouse).

Data Set

log 1/LC;, = 4.21 - 1.27 (+0.31) MlogP + 1.43 (+0.46) X3v + 0.38 (¥0.13) FO1[C-C] - 1.14 (+0.37) H-048
n=56, s=0.717, K,=42.34, K,,=50.40, RMSE,,,;,=0.68, R*(Yscram)=0.394,

ChemlIDplus Advance database: Mus 56 and Rattus 52 compounds used.
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Response Descriptors Splitting Compounds R’ C’Loo | O%soor Q7ext F1 | Q%ext F3 | RMSEq, | RMSEpr | Riveram
% Training and Prediction set were prepared by splitting using: Self Organizing Map and random selection through activity (Compounds) | Input | Selected | criteria
; . . : - 0 C ; SOM Train: 43 78.36 72.99 71.93 73.47 79.67 0.80 0.89 875
sampling [6]. 250 congeneric per- fluorinated chemicals with no toxicity data were predicted. Rat 160 Thetv: 18.87% Test: 10
1t : 7 rain; 43 . 73. 74. .7 73.: .77 , 9.9
MOLECULAR DESCRIPTORS: Inhalation PCR: Rall'd(')m b) Train; 4 80.01 5.21 4.12 66.70 5.41 0 0.86 1
LCs, MlogP: Activity Test: 10
% 0D to 3D molecular descriptors including Quantum-chemical were calculated by DRAGON [3] XYZ coordinate and (32) BO2[CI-CT} | 20%
) Full model without splitting 78.12 73.83 73.26 - - 0.79 0.86(cv) 7.64
HYPERCHEM package [4]| respectively.
QSAR Modeling and Validation Descriptor Analysis, Mechanistic Interpretation and Applicability Domain
% GA based Variable Subset Selection method for descriptor selection [5]. Ordinary Least Squares regression (OLS) based
RAT rTTTT— aessnasssssssissnesnesnanssnnnas . Applicability domain plot for Mouse LCy, inhalation
Mutiple Linear Regression (MLR) models.  bondmultplicity the heterostoms and 4 A '| | | | |
sl : 1 Jhetv NI | .
* Prediction set was selected based on a) the structure and b) the responseModels were developed by following OECD 4 PCr i Conventional bondrorder D number b | .
Hreetleneehressasentiarnesserraiosesvessaneasss . ¢ o o
principles for QSAR validation [7]. Applicability Domain (AD for 250 PFCs) was verified by leverage approach. Bohgiglgill e | 0 | L
- peemmizttmnnne et e MiogP P .
% Internal (Q? 50, Q?goors R?*Y.ram) @and external validation (Q2%ext-F1, Q%ext F3, R%ext) were checked. Do o doutle \a( X3v - . \i et oL
. o . e —— . — S R et Foi[c-C] % 2 Sl o
% Residuals and Williams plot to check the quality of best models and to find compounds which are out of AD presence/absence of Cl __total number of C-Chond H-048 6 é%y .o
opological distance § il
% Mechanistic explanation based on the selected descriptors. ik
i formal oxidation number of C-atom which isthe sum of the E %%%@ © !
: formal bond orders with electronegative atoms 2 . |
.................................................................... 3, ! \ Gompounds Studed
a o ¢ Compounds Predicted
. | . . . o potf s Predicte
= - 0.267
Common Outliers observed in Mus and Rattus QSAR study Principal component analysis plot of Exp.+Pred. LC, F RFRF O RFRFRF O FFEF O S F ORFRF o o "0 Hat ll-:lues = =
] : - <‘> cE;Xp.+F’red.=180 dene \©/J<F FMOH F e FFFFFF or HOMOH F e ES
EFFF 3 ommon compounas=
EFFFF FEF F | 98-16-8 307-24-4 335-67-1 336-08-3 375-81-5
EW%/\ E E oL 0 F_ LF RFRFO FRFRFFF O O FFFRF O FF O MDS plot on 7 molecular descriptors which appeared in Mouse
FFPFFFFFD | b . o : Lp DU ST i P o o o and Rat LC,, inhalation QSAR models
FFFFFF F FFF FFF FFFF O FFF F 0.8 . . . . . . .
4151-50-2 H 98-46-4 375-85-9 876272 376-50-1 876738 i Ez&;z:?g.ompounds ©
306-91-2 60433-12-7 1t . R FE o FEFEFEF ® Predicted compounds #1066 o
: o r5 N o F 0 RFRFRF O 2 RS § 0.6 1 0 “a
RFRFRFRFRFRF F o FFRFRF FFRF Fo I A QOAAQ ! FJ - MOH FM’S\F EWNHZ /\Owo/\ oA N piss_ SH164
lIz P F : 7 F 0 - © & !O N= F a 377988 423507 ] 423-54-1 424-40-8 04r 2 o S
FFFFFFFFFFFFF - FF FeE FFFF FFFFFF N i o | 376-53-4 A AT ° o . o o
307620 PR D I o, ! FoN ? RFRF Lr FWN RS IR T . Ogo ° oo o © Q
51204-16.7 56523-43-4 - i La i N ) i \AoWF FL fFFFFF EWAOH me 0.2 1 ¥ Ao oo . N “ ’
a4t . . SKpFF FFFFFF F FFFF F FFF o 4 R & o
I | 559-11-5 647-12-1 e — a© S Lo & 2 ©
7&M\Ao}/< +M\/\ \//MJQF M\g | ' 376-69-6 647-42-7 678-77-3 N oo} .° S a . o
F F F F FIF | F F FF . oAt o o °
F o F F I F 0 : [ | T FlFRF on F RFRFRFRF o N o © o #121
: I B | F = F F A £ %
L F 15 F 2 F ' Fe O~ FW 0 5 . #176 U < o %o A ° °
" ° " " F oF F i | Fji@\/lz EME " F no " F>Fr WF)\F e FFFEAFFF g on FF'I‘FF 0.2 o ng i %@ ‘e o e 8
29778971 65150-94-9 29809-35-6 16517-11-6 - | F © FEF &0 g 8 © N PFOA
I | #1076 273-82-0 813-44-5 918-21-8 1187-93-5 1763-23-1 7783-66-6 a - © ° e g.‘/
3t : 04t o o N ®
| | % RFRFRF F RFRF O ° e o o
| SNk ~
i Principal Component Analysis FFFEF FF Fwo % % °
) ) ) ) ) Cum.E.V.%=100% (PC1=74.8% 17527-29-6 41430-70-0 ®
-3 -2 -1 0 1 2 3 4/~ Prioritized highly toxic compounds within the AD of QSAR models . . . . . . .
N PC1 developed on Mus and Rattus LC;, data 1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
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