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HPLC

73%-100% 3 1

GHS 1B 85
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Local Lymph Node Assay: LLNA

Accuracy 78 Sensitivity 71 Specificity

92% 75
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OECD TG406 Local Lymph Node Assay: LLNA, 

OECD TG429 [3H-Methyl]-thymidine LLNA

RI ATP LLNA:DA OECD TG442A Bromodeoxyuridine

LLNA:BrdU-ELISA OECD TG442B OECD

in vivo  

EU Registration, Evaluation, Authorization and Restriction of 

Chemicals: REACH

Quantitative Structure-Activity Relationship: QSAR in vitro

2013 3

 

Direct Peptide Reactivity Assay DPRA

human Cell Line Activation Test h-CLAT

Myeloid U937 Skin Sensitization Test MUSST

ARE-Nrf2 Luciferase Test Method KeratinoSens

The European Union Reference Laboratory for 

Alternatives to Animal Testing EURL ECVAM

 

DPRA

HPLC

EURL ECVAM Scientific Advisory Committee ESAC

 

JaCVAM DPRA

 

 

OECD Adverse Outcome Pathway AOP

4 Key event 1)  

1  

2 Antioxidant/electrophile response element 

(ARE)-dependent pathway  
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3  

4 T  

 

DPRA AOP

in chemico in chemico
2)-4)  

DPRA

Ac-RFAACAA-COOH Ac-RFAAKAA-COOH 2

24

HPLC

4 High, Moderate, Low, Minimal  

 
5) 

3-1.  

/  

Ac-RFAACAA-COOH 90-95%

pH7.5 0.667 mM  

/  

Ac-RFAAKAA-COOH 90-95%

pH10.2 0.667 mM  

Cinnamic Aldehyde CAS No:104-55-2 95%  

Cinnamic Aldehyde Acetonitrile 100 mM

 

 

3-2.  
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1. 100mM
Acetonitrile Water Acetonitrile Water(1:1) Isopropanol Acetone
Acetone : Acetonitrile(1:1) DMSO: Acetonitrile(1:9)
DMSO: Acetonitrile(1:1)

2-A. 10:1 (n=3)
Sample:
Co-elusion Control:
Reference Control: 

2-B. 50:1 (n=3)
Sample:
Co-elusion Control:
Reference Control: 

2.

3. 24 2 25 2.5
4. HPLC *
5. Peak

Percent Peptide Depletion

Percent Peptide Depletion= 1001-
Peptide Peak Area in Sample

Mean Peptide Peak Area in Reference Controls  -

 

*  

Zorbax SB-C18 3.5 m, 2.1mm×100mm  

30  

UV 220 nm 

0.35 mL/min 

 A 0.1%  

B 0.085%  

 A% B% 

0 90 10 

10 75 25 

11 10 90 

13 10 90 

13.5 90 10 

 

3-3.  

1)  

0.0167~0.534mM 6 0.99

 

Cinnamic aldehyde 3

60.8%~100% 14.9%
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3 40.2%~69.0%

11.6%  

3 Reference Control A, B, C Reference Control 

A n=3 HPLC  Reference Control B

n=6 Reference Control  Reference 

Control C n=3

Reference Control A 0.50 0.05mM 9

Reference Control B C 15.0%

 

2) Sample  

14.9%

11.6%  

3 Reference Control C 0.50 0.05mM  

 

3-4.  

Percent Peptide Depletion

DPRA 1 5)

Low Moderate High No or Minimal
6)

Co-elution Percent Peptide Depletion

 1:10  

 

1    

 1:10 1:50  
  DPRA  

0% 6.38% No or Minimal   

6.38%< 22.62% Low   

22.62%< 42.47% Moderate  

42.47%< 100% High  

 1:10  
  DPRA  

0% 13.89% No or Minimal  

13.89%< 23.09% Low   

23.09%< 98.24% Moderate  

98.24%< 100% High  
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EURL ECVAM 2 24

 

4-1.  

16 P G Ricerca IVMU EURL ECVAM

3 P G Ricerca IVMU DPRA

DPRA

Standard Operating Procedure: SOP

HPLC

 

 

4-2. 3-1  

15 3 S NS P&G

73.3%, Ricerca 100%, IVMU 86.7% 85

P G P&G GHS 1A 6

1B 3 2 Benzyl Salicylate R(+)Limonene

Minimal, Low, Moderate, High 4

P&G 66.7 Ricerca 100 IVMU 73.3%  

 

4-3. 3-2  

24 3 S NS 75%

80% 24 Beryllium sulfate

Nickel chloride

2

82% 24 Minimal, Low, Moderate, High 4

62.5%  

 

 

2 24 EURL ECVAM

LLNA  

24 3

Sensitivity 70.8% Specificity 91.7% Accuracy 77.8%

1 P&G 68.8% 100%

79.2 2 Ricerca 68.8% 100% 79.2

3 IVMU 75 75% 75

P&G 86

14
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80 89  

24 Beryllium sulfate Nickel chloride

22 3

76.2% 91.7% 81.8%  

5

Dihydroeugenol Chlorpromazine HCl Benzylsalicylate Benzylcinnamate R + -Limonene

Dihydroeugenol Limonene

 

Chlorpromazine HCl Benzylsalicylate

Benzylcinnamate 3 Benzyl alcohol

Methylsalicylate 2

3 cLogP

3.2

2-Mercaptobenzothiazole cLogP 3.42

SH
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2 6) 

No. Chemical Name CAS State cLogP* LLNA
LLNA

potency
category**

GHS
potency
category

1 Benzoquinone 106-51-4 Solid 0.96 + extreme 1A
2 4-Phenylenediamine 106-50-3 Solid 0.43 + strong 1A
3 Kathon CG (1.2% CMI) 26172-55-4 Liquid - + extreme 1A
4 Beryllium sulfate 7787-56-6 Solid - + extreme 1A
5 Formaldehyde 50-00-0 Liquid -0.69 + strong 1A
6 Chloramine T 127-65-1 Solid - + strong 1A
7 Chlorpromazine HCl 69-09-0 Solid 4.89 + strong 1A
8 2-Mercaptobenzothiazole 149-30-4 Solid 3.42 + moderate 1A
9 Dihydroeugenol 2785-87-7 Liquid 2.84 + moderate 1B
10 1-Thioglycerol 96-27-5 Liquid -0.5 + moderate 1B
11 Imidazolidinylurea 39236-46-9 Solid -1.28 + weak 1B
12 Methylmethacrylate 80-62-6 Liquid 1.14 + weak 1B
13 Benzylsalicylate 118-58-1 Liquid 3.2 + moderate 1B
14 Nickel chloride 7718-54-9 Solid - - no category 1B
15 Benzylcinnamate 103-41-3 Solid 3.89 + weak 1B
16 R(+)-Limonene 5989-27-5 Liquid 3.01 + weak 1B
17 Glycerol 56-81-5 Liquid -1.33 - no category NC
18 2,4-Dichloronitrobenzene 611-06-3 Solid 3.06 - no category NC
19 Benzyl alcohol 100-51-6 Liquid 1.02 - no category NC
20 Methylsalicylate 119-36-8 Liquid 1.46 - no category NC
21 Isopropanol 67-63-0 Liquid 0.38 - no category NC
22 Dimethylisophthalate 1459-93-4 Solid 2.12 - no category NC
23 4-Aminobenzoic acid 150-13-0 Solid 0.78 - no category NC
24 Xylene 1330-20-7 Liquid 3.01 + weak NC  

+ LLNA - LLNA NC GHS  

* ChemBio Draw Ultra 11.0 (Cambridge Soft)  

** ECETOC Technical Report #87  

Direct Peptide Reactivity Assay (DPRA) , ECVAM Validation Study Report EUROPEAN 

COMMISSION, 2012  
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3-1 6) 

Exp 1 Exp 2 Exp 3 Exp 1 Exp 2 Exp 3 Exp 1 Exp 2 Exp 3
Kathon CG (1.2% CMI) +(1A) SLYS SLYS SLYS S S S S S S
Beryllium sulfate +(1A) S S S NS NS NS NS NS NS
Formaldehyde +(1A) S S S S S S S S S
Chloramine T +(1A) SLYS SLYS SLYS SLYS SLYS SLYS S S S
Chlorpromazine HCl +(1A) NS NS NS NS NS NS NS NS NS
2-Mercaptobenzothiazole +(1A) SLYS SLYS SLYS S S S S S S
Benzylsalicylate +(1B) NS NS NS S S S NS NS NS
Nickel chloride +(1B) NS NS S NS NS NS S NS S
Benzylcinnamate +(1B) NS NS NS NS NS NS S NS NS
R(+)-Limonene +(1B) S NS S S S S S S S
Methylsalicylate -(NC) NS NS S NS NS NS S S S
Isopropanol -(NC) NS NS NS NS NS NS NS NS NS
Dimethylisophthalate -(NC) NSLYS NSLYS NSLYS NS NS NS NSLYS NSLYS NSLYS

4-Aminobenzoic acid -(NC) NS NS NS NS NS NS NS NS NS
Xylene -(NC) NS NS S NS NS NS NS NS NS

P&G Ricerca IVMU
Chemical

Reference result
(GHS category)

 
+ LLNA - LLNA NC GHS  

SLYS NSLYS Co-elution

 

S: NS:  

Direct Peptide Reactivity Assay (DPRA) , ECVAM Validation Study Report EUROPEAN 

COMMISSION, 2012  
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3-2  6) 

Chemical 
Reference result

(GHS category)
P&G Ricerca IVMU 

Benzoquinone  +(1A) S SLYS S 

4-Phenylenediamine  +(1A) S SCL S 

Kathon CG (1.2% CMI)  +(1A) S S S 

Beryllium sulfate  +(1A) S NS NS 

Formaldehyde  +(1A) S S S 

Chloramine T  +(1A) S S S 

Chlorpromazine HCl  +(1A) NS* NS NS 

2-Mercaptobenzothiazole  +(1A) S S S 

Dihydroeugenol  +(1B) NS NSLYS S 

1-Thioglycerol  +(1B) SLYS SCL SCL 

Imidazolidinylurea  +(1B) S S S 

Methylmethacrylate  +(1B) SCL SCL S 

Benzylsalicylate  +(1B) NS NS S 

Nickel chloride  +(1B) NS S NS 

Benzylcinnamate  +(1B) NS NS NS 

R(+)-Limonene  +(1B) S S S 

Glycerol  -(NC) NS NS NS 

2,4-Dichloronitrobenzene  -(NC) NS NS NS 

Benzyl alcohol  -(NC) NSLYS NS S 

Methylsalicylate  -(NC) NS NS S 

Isopropanol  -(NC) NS NS NS 

Dimethylisophthalate  -(NC) NS NS NS 

4-Aminobenzoic acid  -(NC) NS NS NS 

Xylene  -(NC) NS NS NS 

+ LLNA - LLNA NC GHS  

LYS CL Co-elution  

S: NS:  

*  

Direct Peptide Reactivity Assay (DPRA) , ECVAM Validation Study Report EUROPEAN 

COMMISSION, 2012  
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Gerberick 82 4

LLNA Weak sensitizer

5 -Hexylcinnamaldehyde, -Amylcinnamaldehyde, Oxalic acid, Benzyl benzoate, 

2,2,6,6-Tetramethyl-3,5-heptanedione  Modelate sensitizer 1 Nonanoyl 

chloride DPRA Minimal

 

4-Phenylenediamine

 

 

4 82 7) 

Chemical Name EC3 value
LLNA

categoly

Reactivity based on
Cys(1:10) and
Lys(1:50) data

Chemical Name EC3 value
LLNA

categoly

Reactivity based on
Cys(1:10) and
Lys(1:50) data

Diphenylcyclopropenone 0.0003 Extreme High Oxalic acid 15 Weak Minimal
Oxazolone 0.003 Extreme High Benzyl benzoate 17 Weak Minimal
Benzoyl peroxide 0.004 Extreme High 4-Allylanisole 18 Weak Low
Kathon CG 0.008 Extreme High Lilial 19 Weak Low
Bandrowski's base 0.008 Extreme High Cyclamen aldehyde 22 Weak Low
5-Chloro-2-methyl-4-isothiazolin-3-one 0.009 Extreme High Imidazolidinyl urea 24 Weak Moderate
p -Benzoquinone 0.0099 Extreme High 5-Methyl-2,3-hexanedione 26 Weak Low
Tetrachlorosalicylanilide 0.04 Extreme Moderate 2,2,6,6-Tetramethyl-3,5-heptanedione 27 Weak Minimal
2,4-Dinitrochlorobenzene 0.05 Extreme High Ethyleneglycol dimethacrylate 28 Weak High
Glutaraldehyde 0.1 Strong High Ethyl acrylate 28 Weak High
Fluorescein isothiocynate 0.14 Strong High Hydroxycitronellal 33 Weak Low
Phthalic anhydride 0.16 Strong Moderate Glycerol Not calculated Non sensitizer Minimal
Lauryl gallate 0.3 Strong High Hexane Not calculated Non sensitizer Minimal
Propyl gallate 0.32 Strong High Diethyl phthalate Not calculated Non sensitizer Minimal
CD3 0.6 Strong High Octanoic acid Not calculated Non sensitizer Minimal
Trimellitic anhydride 0.6 Strong Low 2-Hydroxypropyl methacrylate Not calculated Non sensitizer Low
Formaldehyde 0.61 Strong Moderate 1-Butanol Not calculated Non sensitizer Minimal
Metol 0.8 Strong High 4-Hydroxybenzoic acid Not calculated Non sensitizer Minimal
2-Hydroxyethyl acrylate 1.4 Moderate High 6-Methyl coumarin Not calculated Non sensitizer Minimal
Glyoxal 1.4 Moderate High Methyl salicylate Not calculated Non sensitizer Minimal
Vinyl pyridine 1.6 Moderate Moderate Chlorobenzene Not calculated Non sensitizer Minimal
2-Mercaptobenzothiazole 1.7 Moderate High Lactic acid Not calculated Non sensitizer Minimal
Nonanoyl chloride 1.8 Moderate Minimal 1-Bromobutane Not calculated Non sensitizer Low
2-Methyl-2H-isothiazol-3-one 1.9 Moderate High 2-Acetylcyclohexanone Not calculated Non sensitizer Low
1,2-Benzisothiazolin-3-one 2.3 Moderate High 4-Methoxyacetophenone Not calculated Non sensitizer Minimal
Methyl-2-nonynoate 2.5 Moderate High Ethylbenzoylacetate Not calculated Non sensitizer Minimal
Cinnamaldehyde 3 Moderate High Ethyl vanillin Not calculated Non sensitizer Minimal
Phenylacetaldehyde 3 Moderate Moderate Isopropanol Not calculated Non sensitizer Minimal
Benzylideneacetone 3.7 Moderate High Propylene glycol Not calculated Non sensitizer Minimal
2,4-Heptadienal 4 Moderate High Sulfanilamide Not calculated Non sensitizer Minimal
Squaric acid 4.3 Moderate Moderate Isopropyl myristate Not calculated Non sensitizer Minimal
Trans-2-hexanal 5.5 Moderate High Benzaldehyde Not calculated Non sensitizer Minimal
Diethyl maleate 5.8 Moderate High Methylparaben Not calculated Non sensitizer Minimal
2-Phenylpropionaldehyde 6.3 Moderate Moderate Nonanoic acid 21 (False +) Non sensitizer Minimal
Perillaldehyde 8.1 Moderate Moderate Propyl paraben Not calculated Non sensitizer Minimal
Palmitoyl chloride 8.8 Moderate Moderate Rsorcinol Not calculated Non sensitizer Minimal
1-(4-Methoxyphenyl)-1-penten-3-one 9.3 Moderate Low Salicylic acid Not calculated Non sensitizer -
a-Hexylcinnamaldehyde 11 Weak Minimal Sulphanilic acid Not calculated Non sensitizer Minimal
a-Amylcinnamaldehyde 11 Weak Minimal Vanillin Not calculated Non sensitizer Minimal
2,3-Butanedione 11 Weak High Coumarin Not calculated Non sensitizer Minimal
Farnesal 12 Weak Low Vinylidene dichloride Not calculated Non sensitizer Minimal  
 

 

HPLC

in chemico

3Rs DPRA

LLNA 1 LLNA
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10 DPRA 1 1/10

LLNA

 

Acetonitrile Water Acetonitrile:Water (1:1) Isopropanol Acetone Acetone:Acetonitrile 

(1:1) DMSO:Acetonitrile (1:9) DMSO:Acetonitrile (1:1) 100mM

75

1/4

 

 

1 LLNA moderate weak  

LLNA weak sensitizer 5 -Hexylcinnamaldehyde, 

-Amylcinnamaldehyde, Oxalic acid, Benzyl benzoate, 2,2,6,6-Tetramethyl-3,5-heptanedione  

Modelate sensitizer 1 Nonanoyl chloride DPRA Minimal

 
2  

Dihydroeugenol Limonene  

3  

Chlorpromazine HCl

 

 

DPRA

 

DPRA

90

Minimal, Low, 

Moderate, High 4 62.5%

 

DPRA
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DPRA  

3 1

GHS 1B

 

75

DPRA

 

90

 

Minimal, Low, Moderate, High 4

62.5%  

DPRA

LLNA 1/10 in chemico

LLNA

 

 

21
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