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Abstract Since agrochemicals may cause allergic contact dermatitis (ACD) upon dermal exposure, pesticides are
assessed and registered on the basis of skin sensitization testing. Traditional guinea pig-based methods have been
criticized for the use of many animals and the distress caused to them. Non-animal tests have been developed but have
limited applications for pesticide formulations. The local lymph node assay (LLNA), which uses fewer animals and is
associated with reduced pain than guinea pig-based methods, is widely used to test sensitization to pesticides. Our
study evaluated rLLNA that uses only the highest-dose animal group. Using 10 pesticides, the sensitivity, specificity
and accuracy using either rLLNA: bromodeoxyuridine-enzyme-linked immunosorbent assay (BrdU-ELISA) or rLLNA
modified by Daicel based on ATP content (fLLNA: DA) were calculated and compared to that of traditional guinea
pig-based methods. In comparison to the data obtained from conventional guinea pig-based methods, TLLNA: BrdU-
ELISA showed 100% (4/4) sensitivity 83% (5/6) specificity and 90% (9/10) accuracy and rLLNA DA showed 100%
sensitivity, specificity and accuracy. Data from 206 pesticides show that rLLNA: BrdU-ELISA has 90.9% (40/44)
sensitivity 100% (162/162) specificity and 98.1% (202/206) accuracy when compared to LLNA: BrdU-ELISA. Four
cases classified as sensitizers by LLNA: BrdU-ELISA were assessed as non-sensitizers in rLLNA variations because
their positive responses occurred only at low or medium doses. Our study suggests that rLLNA is highly specific in
identifying non-sensitizers. Due to the limitations in the sensitivity of rLLNA, it is necessary to establish guidelines
that include the integration of non-animal testing and prerequisites for utilizing rLLNA.
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Table 1. Comparison of pesticide skin sensitization results using Guinea Pig based Test, LLNA BrdU-ELISA, and rLLNA BrdU-

ELISA (n=10)

T . Guinea p1 g LLNA BrdU-ELISA rLLNA BrdU-ELISA?
est articles based® - 3 - - - - -
Concentrations SI Classification ~ Concentrations SI  Classification
Boscalid.Pyraclostrobin SC (13.6+8%) +9 (50%) 100, 50, 25 1.8,1.8,1.1 + 100 1.8 +
Ferimzone.Validamycin A SC (30+5%) =D (0%) 100, 50, 25 1.0,0.7,0.7 - 100 0.9 -
Amisulbrom.Chlorothalonil SC (6+35%) - (15%) 25,125,625 25,22,1.5 + 25 2.3 +
Ipconazole FS (8%) +(70%) 100, 50, 25 1.9,19,1.5 + 100 2.1 +
Fentrazamide.Pretilachlor EC (1.5+12%) +(84%) 12.5,6.25,3.13 2.1,2.1,1.2 + 12.5 22 +
Difenoconazole.Dithianon WG (4+30%) +(35%) 3.13,1.56,0.78 19,191.7 + 3.13 23 +
Cartap hydrochloride (>95%) - 50,25, 12.5 09,1.0,0.8 - 50 1.1 -
Cartap hydrochloride SP (50%) - 25,12.5,6.25 0.8,0.8,0.6 - 25 0.9 -
Thiocyclam hydrogen oxalate (>95%) - 25,125,625 15,13,12 - 25 1.4
Thiocyclam hydrogen oxalate WP (25%) - 25,125,625 12,1.0,1.1 - 25 13 -

“Buehler test
»LLNA BrdU-ELISA, Local Lymph Node Assay BrdU-ELISA

9rLLNA BrdU-ELISA, Reduced Local Lymph Node Assay BrdU-ELISA

98], Stimulation index
-+, positive skin sensitizer
D, negative skin sensitizer
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Table 2. Sensitization predictive ability of TLLNA BrdU-ELISA

rLLNA BrdU-ELISA
vs Guinea pig vs LLNA
based? BrdU-ELISA
Sensitivity %" 100 (4/4) 100
Specificity % 83 (5/6) 100
Accuracy % 90 (9/10) 100

“Buehler test

®Sensitivity(%e)=[True Positive/(True Positive+False Negative)]*100,
9Specificity(%)=[True Negative/(True Negative + False Positive)]*100
9Accuracy(%)=[(True Positive+True Negative) /Tested Materials]*100

Table 3. Comparison of pesticide skin sensitization results using Guinea Pig Test, TLLNA BrdU-ELISA, and rLLNA DA (n=10)

T . Guinea pig . rLLNA BrdU:ELSIAY rLLNA DA®
estaticles based” Concentrations SIY  Classification SI  Classification
Boscalid.Pyraclostrobin SC (13.6+8%) +9(50%) 100 1.8 + 1.8 +
Ferimzone.Validamycin A SC (30+5%) -D(0%) 100 0.9 - 1.3 -
Amisulbrom.Chlorothalonil SC (6+35%) - (15%) 25 23 + 1.2 -
Ipconazole FS (8%) +((70%) 100 2.1 + 1.9 +
Fentrazamide.Pretilachlor EC (1.5+12%) +(84%) 12.5 22 + 24 +
Difenoconazole.Dithianon WG (4+30%) + (35%) 3.13 23 + 1.9 +
Cartap hydrochloride (>95%) - 50 1.1 - 1.5 -
Cartap hydrochloride SP (50%) - 25 0.9 - 1.7 -
Thiocyclam hydrogen oxalate (=95%) - 25 1.4 - 1.5 -
Thiocyclam hydrogen oxalate WP (25%) - 25 1.3 - 1.2 -

YBuehler test

YrLLNA BrdU-ELISA, Reduced Local Lymph Node Assay BrdU-ELISA

9rLLNA DA, Reduced Local Lymph Node Assay DA
987, Stimulation index

4+, positive skin sensitizer

O negative skin sensitizer
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Table 4. Sensitization predictive ability of TLLNA DA 3 2 rLLNA DAYOIA BIZ2A 0 2 B35 th(Table 3). &
rLLNA DA 719" A&} rLLNA DAANE 237}t X815t Table 4).
vs Guinea pig vs TLLNA
a) _
T o BUURLSA 58 sof MEs m=a%y N 28X B4 2D
SenSI_ fm,ty 0/"0) 100 0 o( p /5)) B4 Az} ¥ 59ES (LINA BrdU:ELISAWS 38
ecifici ‘ _
peettelly ™ A B AR O R 62 FPsste] 100%¢] Sol=g B
Accuracy % 100 90 (9/10) _ -
— a7, 97 90.9%, BT 98.1%= HTHTable 5, 6). ©]
“Buehler test . = v
®Sensitivity(%)=[ True Positive/(True Positive+False Negative)]*100 = OECD 7o =219l 4299} m]=t EPACIA QI SIAL 9l
9Specificity(%)=[True Negative/(True Negative+False Positive)]*100 HIAV = U9 4E AFRSE (LLNAY d=2383 §A)s18

9Accuracy(%)=[(True Positive+True Negative)/Tested Materials]*100 ICCVAM(2009) H740] T2 (L INAY-S Ui LLNA
LY == HT 24

Table 5. Classification of agrichemical products based on the LLNA BrdU-ELISA and the rLLNA BrdU-ELISA by retrospective
analysis (n=206)

Stlmulatlon‘lndex (SI) accprdlng Prediction of skin sensitization
to test article concentrations

No Plant Protection Products hdossLLNA — 1LLNA
Low — Middle  High  "p 4 E11SA  BrdU-ELISA
1 Valifenalate SC 1.175 1.119 1.3 - -
2 Amisulbrom.Valifenalate SC 1.3 1.119 1.175 - -
3 Penthiopyrad.Trifloxystrobin SC 1.575 1.644 1.727 + +
4 Fludioxonil. Hexaconazol SC 1.108 1.133 1.276 - -
5 Fluxapyroxad FW 0.652 0.903 1.366 - -
6 Pyribencarb. Triflumizole SC 1.508 1.74 1.742 + +
7 Abamectin.Emamectin benzoate ME 1.163 1.089 1.587 - -
8 Boscalid WG 1.203 1.379 1.538 - -
9 Polyoxin B WP 2.023 2.286 2.777 + +
10 Fludioxonil SC 0.715 0.689 0.828 - -
11 Indoxacarb SC 0.928 1.153 1.109 - -
12 Fosthiazate GR 0.634 0.814 0.601 - -
13 Lufenuron WG 1.25 1.32 0.806 - -
14 Bentazone.Pyriminobacmethyl GR 0.9 1.1 0.9 - -
15 Benfuresate. MCPA.Pyriminobacmethyl GR 0911 0.701 0.778 - -
16 Bromobutide.Fentrazamide.Pyrazosulfuron ethyl GR 1.382 1.786 2.034 + +
17 Pyrimisulfan. Tefuryltrione DT 0.8 0.8 0.7 - -
18 Bensulfuron methyl. Benzobicyclon. Fentrazamide GR 1.545 1.396 1.123 - -
19 Bromobutide.Pyrimisulfan SC 0.9 1.4 1.4 - -
20 Benzobicyclon.Fentrazamide.Imazosulfuron GR 1.282 1.751 1.967 + +
21 Benthiavalicarb isopropyl. Chlorothalonil SC 35 42 38 + +
22 Amisulbrom FG 0.939 0.763 1.019 - -
23 Azoxystrobin. Tebuconazole WG 0.693 0.988 0.914 - -
24 Oxytetracycline WG 0.789 0.803 0.837 - -
25 Ferimzone.Pencycuron SC 1.2 1.1 1 - -
26 Prochloraz manganese GR 0.941 1.274 1.238 - -
27 Pyrachlostrobin.Fluazinam SC 2.783 2.876 3.555 + +
28 Pyribencarb.Tebuconazole SC 0.6 1 0.8 - -
29 Benfuracarb.Etofenprox GR 1.4 12 1.3 - -
30 Cyantraniliprole SE 1.8 1.9 2.6 + +
31 Abamectin.Acetamiprid WG 1 0.9 1 - -
32 Abamectin.Flometoquin SC 1.6 1.8 1.3 + -
33 Acetamiprid.Pymetrozine WG 1.1 1.3 1.2 - -
34 Zeta cypermethrin DP 1 1.2 1.1 - -
35 Amisulbrom.Dinotefuran WG 1.098 1.003 0.954 - -
36 Tiadinil.Chlorantraniliprole. Triflumezopyrim GR 1.22 1.465 1.113 - -
37 Bentazone sodium. MCPA. Triafamone GR 0.942 1.157 1.63 + +
38 Metalaxyl-M GR 1.1 1 1.3 - -
39 Ferimzone.Validamycin A SC 1.8 1.7 1.3 + -
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Table 5. Continued
Stlmulatlon.lndex (SD) accprdmg Prediction of skin sensitization
. to test article concentrations
No Plant Protection Products e rdossLLNA  1LLNA
Low — Middle  High  "p iy E[ISA BrdU-ELISA

40 Pyrachlostrobin EC 1 1 1.1 - -
41 Bifenthrin DP 1.184 1.349 1.102 - -
42 Chlorfenapyr SC 0.651 0.647 0.834 - -
43 Fluquinconazole.Fluxapyroxad SC 1.172 1.277 1.485 - -
44 Hymexazole.Penthiopyrad DC 1.217 1.655 1.928 + +
45 Calcium polysulfide DP 1 1.3 1.1 - -
46 Abamectin.Sulfoxaflor DC 1.1 1.1 0.9 - -
47 Abamectin.Emamectin benzoate WP 1 1.3 0.9 - -
48 Fluxametamide EW 1.2 1.5 1.7 + +
49 ethylformate GA 0.995 0.654 0.703 - -
50 Glufosinate ammonium. Mecoprop-P SL 0.843 0.801 1.201 - -
51 Benzobicyclon.Oxadiazon SE 0.681 0.75 1.023 - -
52 Benzobicyclon.Florpyrauxifen benzyl.Penoxsulam SC 1.33 1.219 1.121 - -
53 Azoxystrobin SC 0.935 1.31 1.231 - -
54 Azoxystrobin.Difenoconazole SC 0.948 0.884 1.04 - -
55 Tebuconazole SC 1.156 1.041 1.005 - -
56 Fludioxonil SC 0.881 0.889 1.312 - -
57 Indoxacarb SC 0913 1.132 1.793 + +
58 Chlorfenapyr SC 1.343 1.434 1.015 - -
59 Chlorfenapyr SC 1.243 1.248 1.423 - -
60 Pymetrozine WP 0.724 0.605 0.558 - -
61 Glufosinate ammonium.MCPA SL 0.87 0.724 0.763 - -
62 Azoxystrobin.Chlorothalonil SC 44 44 4.5 + +
63 Oxytetracycline.Validamycin A WP 1.1 0.9 0.9 - -
64 Fludioxonil.Isofetamid SC 1.202 1.42 1.217 - -
65 Fludioxonil.Penthiopyrad SC 1.116 1.365 1.628 + +
66 Pyribencarb FS 0911 0.688 1.069 - -
67 Spirodiclofen SC 1.404 1.569 1.706 + +
68 Abamectin.Methidathion WP 0.9 1.1 0.8 - -
69 Tebuconazole.Dimethoate GR 0.818 1.44 1.796 +

70 Tiadinil.Chlorantraniliprole. Triflumezopyrim GR 1.22 1.465 1.113 - -
71 Benzobicyclon.Florpyrauxifen benzyl.Penoxsulam SC 1.33 1.219 1.121 - -
72 Fenoxasulfone.Pyrimisulfan GG 2.059 2.941 5.405 + +
73 Thifluzamide SC 1.5 2.1 1.6 + +
74 Dimethomorph.Picarbutrazox SC 1.2 0.9 0.8 - -
75 Chlorothalonil. Tebuconazole SC 4.15 4.254 4.751 + +
76 Deltamethrin.Lamda cyclothrin WP 0.848 1.076 1.302 - -
77 Lamda cyclothrin DP 0.614 0.66 0.661 - -
78 Abamectin.Spinetoram SC 1 1.1 1.1 - -
79 Orysastrobin.Prochloraz manganese.Fipronil GR 0.978 1.05 1.044 - -
80 Fenoxasulfone.Pyrimisulfan SC 0.935 0.682 0.834 - -
81 Metazosulfuron. Tefuryltrione SC 0.974 1.127 0.564 - -
82 Benzobicyclon.Flucetosulfuron.Imazosulfuron DT 1 1.1 1 - -
83 Azimsulfuron.Oxaziclomefone. Tefuryltrione DT 0918 0.951 1.139 - -
84 Pyrachonil. Tefuryltrione DT 0.627 0.752 0.972 - -
85 Gibberellic acid.Gibberellin A4+7-6 BA SP 1.119 1.13 1.128 - -
86 Pyrachlostrobin WG 2.845 2.868 2.303 + +
87 Propineb.Pyrachlostrobin WG 0.937 1.073 1.198 - -
88 Abamectin GR 1.2 1.3 1.2 - -
89 Abamectin.Spirodiclofen SC 0.661 0.532 0.618 - -
90 Carbendazim.Trifloxystrobin WG 1.5 1.7 1.8 + +
91 Carbosulfan.Tefluthrin GR 1.2 1.3 1.3 - -
92 Pyflubumide SC 1.2 1 1 - -

93 Isotianil.Penflufen.Fipronil GR 0.648 0.492 0.511 - -
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Table 5. Continued
Stlmulatlon.lndex (SD accprdmg Prediction of skin sensitization
. to test article concentrations
No Plant Protection Products Thdose L LNA — 1LLNA
Low — Middle  High g g ELISA  BrdU-ELISA
94 Flazasulfuron. MCPA WG 0.9 1.6 1.2 + -
95 Fentrazamide.Pyrimisulfan DT 1.1 1.2 1.1 - -
96 Bromobutide.Oxaziclomefone.Pyrazosulfuron ethyl GR 1.1 1.1 1 - -
97 Fenoxasulfone.Pyrimisulfan SC 0.935 0.682 0.834 - -
98 Validamycin A SC 0.892 1.041 0.862 - -
99 Benthiavalicarb isopropyl WG 1.1 1.1 1 - -
100 Fluquinconazole.Prochloraz manganese PA 0.844 0.794 0.717 - -
101 Acetamiprid.Lufenuron WG 0.884 0.683 0.758 - -
102 Acetamiprid. Emamectin benzoate WG 0.869 0.922 1.196 - -
103 Cadusafos.Terbufos GR 1.092 1.512 1.187 - -
104 Mecoprop-P.Metamifop ME 1 1.1 1.5 - -
105 Flazasulfuron.Imazaquin WG 1.1 1 1 - -
106 Dazomet GR 1.271 1.069 0.982 - -
107 Fludioxonil SC 0.819 0.82 0.913 - -
108 Metam sodium SL 1.817 2.045 2427 + +
109 Bifenthrin GR 0.988 1.131 1.085 - -
110 Fosthiazate SL 0.643 0.644 0.696 - -
111 Azoxystrobin. Tetraconazole SE 1.753 2318 2.467 + +
112 Dinotefuran.Etofenprox FG 1.274 1.11 1.201 - -
113 Dimethoate GR 0.747 1.483 1.913 + +
114 Cyflumetofen DC 2 2.8 32 + +
115 Hexaconazol. Tefluthrin GR 0.9 1.3 1.2 - -
116 Fosthiazate GR 0.655 0.568 0.967 - -
117 Mandestrobin SC 1 0.9 0.9 - -
118 Azoxystrobin.Tebuconazole SC 0.261 0.401 0.424 - -
119 Oxathiapiprolin SC 1.1 1.1 14 - -
120 Dichlorvos.Lamda cyclothrin DC 0.9 1.2 1.4 - -
121 Bifenthrin.Imidacloprid GR 1.213 1.089 1.077 - -
122 Cyflumetofen.Fenpyroximate SC 1.3 1.6 1.2 + -
123 Orysastrobin.Probenazole.Fipronil GR 1.914 2.057 2.068 + +
124 Tebuconazole.Terbufos GR 1.4 1.2 0.9 - -
125 Thifluzamide. Tiadinil.Fipronil GR 0.668 0.744 0.897 - -
126 Metazosulfuron.Tefuryltrione DT 0.849 0.936 0.876 - -
127 Bensulfuron methyl. MCPA. Mefenacet SC 0.517 0.692 1.017 - -
128 Bensulfuron methyl. Benzobicyclon. Fentrazamide UG 1 1.1 1.2 - -
129 Bensulfuron methyl. Bromobutide. Penoxsulam SC 0.9 1 0.9 - -
130 Benzobicyclon.Imazosulfuron.Penoxsulam DT 1 1.4 1.5 - -
131 Benfuresate.Bromobutide.Penoxsulam GR 1.376 1.278 1.134 - -
132 Azimsulfuron.Benzobicyclon.Oxaziclomefone UG 1.2 1.4 1.4 - -
133 Oxadiagyl.Oxadiazon EC 0.767 0.623 0.54 - -
134 Oxaziclomefone. Tefuryltrione SC 0.992 1.157 1.357 - -
135 Imazosulfuron.Mefenacet. Tefuryltrione SC 0.9 0.9 1.2 - -
136 Penoxsulam.Tefuryltrione DT 1.328 1.156 1.175 - -
137 Fentrazamide.Tefuryltrione SC 1 1.1 1.2 - -
138 Flazasulfuron. MCPA WG 1.259 0.989 1.276 - -
139 Fludioxonil WG 0.321 0.609 0.379 - -
140 Pyrachlostrobin WG 228 2.497 2.842 + +
141 Tiadinil.Fipronil GR 0.901 0.731 1.538 - -
142 Metalaxyl. Tebuconazole GR 1.103 1.05 1.132 - -
143 Oxolinic acid.Oxytetracycline WP 0.618 0.457 0.916 - -
144 Kresoxim methyl. Triflumizole SC 0.508 0.532 0.706 - -
145 Fluazinam.Propineb WP 1.356 1.143 091 - -
146 Pyrachlostrobin. Tebuconazole SC 1.263 1.328 1.247 - -
147 Diflubenzuron.Sulfoxaflor WG 0.986 0.962 0.922 - -
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Table 5. Continued
Stlmulatlon.lndex (SD) accprdmg Prediction of skin sensitization
. to test article concentrations
No Plant Protection Products ThdoseLLNA — TLLNA
Low — Middle  High  "p iy E[ISA BrdU-ELISA
148 Buprofezin.Pyrifluquinazon SC 2.7 2.8 23 + +
149 Bifenthrin.Phoxim GR 0.576 0.969 0.833 - -
150 Abamectin.Chlorfenapyr SC 1 1.2 1.2 - -
151 Emamectin benzoate. Flonicamid WG 1 1 1 - -
152 Chlorantraniliprole WT 1.225 1.232 1.371 - -
153 Flufenoxuron.Sulfoxaflor SC 0.731 0.917 0.629 - -
154 Orysastrobin, Tricyclazole.Fipronil GR 1 0.9 0.9 - -
155 Orysastrobin.Fipronil GR 1.1 1.183 1473 - -
156 Sulfur.Buprofezin SC 34 4.5 6.3 + +
157 Benzobicyclon.Pyrimisulfan SC 1.1 0.9 1.1 - -
158 Kresoxim methyl WG 1.1 1.1 1.1 - -
159 Dinotefuran WG 0.515 0.553 0.519 - -
160 Acetamiprid SL 1.1 0.9 0.9 - -
161 Etridiazole.Thifluzamide EC 0.119 0.988 0.938 - -
162 Chlorothalonil.thiram WP 0.587 0.591 0.686 - -
163 Fluxapyroxad GR 1.2 1.2 1.4 - -
164 Hexaconazol. Tebufloquin SC 1.3 1.5 1.5 - -
165 Acetamiprid AL 1 1 1.1 - -
166 Chromafenozide.Etofenprox EC 2.6 2.8 2.8 + +
167 Glufosinate ammonium. MCPA SL 0.445 0.812 0.814 - -
168 Bifenox.Glyphosate isopropylammonium ME 1.018 1.461 1.574 - -
169 Fluazinam SC 3.5 35 3.6 + +
170 Chlorfenapyr SC 0.651 0.647 0.834 - -
171 Tricyclazole.Fipronil GR 1 0.9 0.9 - -
172 Glyphosate isopropylammonium. Mecoprop SL 0.9 1.1 1.4 - -
173 Oxaziclomefone. Tefuryltrione SC 1.1 1.1 1 - -
174 Azoxystrobin.Propiconazole SE 0.3 0.9 1.9 + +
175 Tricyclazole.Validamycin A SC 0.2 0.4 1.8 + +
176 Azoxystrobin.Difenoconazole WG 1.1 1.1 1.5 - -
177 Famoxadone DP 1 1.1 1 - -
178 Ferimzone.Kasugamycin SC 1.1 1.1 1 - -
179 Fludioxonil.Prochloraz SC 1.227 1.137 1.171 - -
180 Hexaconazol.Tebuconazole EC 1 1.1 1.2 - -
181 Bistrifluron.Emamectin benzoate WG 1 1 1.1 - -
182 Acetamiprid.Buprofezin SC 1.281 1.127 1.315 - -
183 Acetamiprid. Tebufenozide WP 1.5 2 2.5 + +
184 Fluazinam.Acetamiprid GR 1.4 1 0.9 - -
185 Metalaxyl.Imidacloprid GR 1.1 1.2 1.2 - -
186 Tebuconazole.Buprofezin WP 1.1 1.2 1.2 - -
187 Tiadinil.Benfuracarb.Chlorantraniliprole GR 1 1 1 - -
188 Metazosulfuron.Oxaziclomefone SC 1.1 1.5 1.5 - -
189 Benzobicyclon.Carfentrazone ethyl.Penoxsulam ZC 1.1 1.2 1.1 - -
190 Benfuresate.Carfentrazone ethyl, Penoxsulam GR 1.4 2.1 29 + +
191 Benfuresate.Pyrimisulfan GR 1 23 3 + +
192 Azimsulfuron.Benzobicyclon.Oxaziclomefone GR 0.3 0.3 0.6 - -
193 Azimsulfuron.Benzobicyclon.Fentrazamide UG 1 1.1 1.4 - -
194 Fentrazamide.Metazosulfuron DT 1.2 1.4 1.2 - -
195 Pencycuron GR 1.5 14 14 - -
196 Dinotefuran.Methoxyfenozide WG 0.9 1.2 1.3 - -
197 Dinotefuran.Spinetoram WG 0.555 0.955 0.761 - -
198 Abamectin.Sulfoxaflor SC 0.9 0.9 0.9 - -
199 Acetamiprid.Lufenuron SC 0.9 2 2.6 + +
200 Acetamiprid.Buprofezin SC 0.8 23 2.8 + +
201 Glufosinate ammonium. MCPA SL 1.3 22 2.5 + +
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Stlmulatlon.lndex (SD accprdmg Prediction of skin sensitization
to test article concentrations

No Plant Protection Products Tidoss LLNA TINA
. . multidose r
Low — Middle  High  “g gy E11SA  BrdU-ELISA

202 Bromobutide.Propyrisulfuron. Thiobencarb GR 1.124 1.298 1.038 - -

203 Tefuryltrione. Triafamone GR 0.867 0.849 0.783 - -

204 Azoxystrobin.Fludioxonil SC 1.053 1.027 1.414 - -

205 Bentazone sodium. Glufosinate ammonium SL 1.1 1.2 1.5 - -

206 Gibberellin A4+7 PA 1.36 1.959 3.839 + +
Table 6. Retrospective Evaluation of the ILLNA BrdU-ELISA's 49 Eslsty B4, 124 B4, SARHAISH
Predictive Capacity for Skin Sensitization (n=206) = tjorsl glolgl2 ggsjof sttty B sk Q)

rLLNA BrdU-ELISA
vs LLNA BrdU-ELISA
Sensitivity % 90.9% (40/44)
Specificity %" 100% (162/162)
Accuracy %° 98.1% (202/206)

ISensitivity(%)=[ True Positive/(True Positive+False Negative)]*100
Specificity(%o)=[True Negative/(True Negative+False Positive)]*100
9Accuracy(%)=[(True Positive+True Negative)/ Tested Materials]*100

3} BlaL A ASHE 98.7%(465/471), W 98.1%(312/318),
Eo|% 100% (153/153)& BT}

B 2N AToA opnle el Z 2o e dAJEA), )
uhz|thejolAloo] A YA, AP FE I oo
A, Aol EFH ER - H T EAH O] E A
712 LLNA BrdU-ELISA® A 7240 A
Ao} (LLNAROIA &4 B2 2 gelyo]
90.9%0]91t}. o] BHEL HI FollM o] vEl
o] ofe} F7+ e FHA FEOA P ¥ Bl FoF
ATk GukA 07 FokS FAo] ZVIAFE T 5TE0]
7¥ohe 743l vkl & A=HI(EFSA, 2017), & 455
AME Fgol F7Igel mt A=Al 7 E4o] Al
FEO} Hhgate] AFoAHT B Frollx] THAA] Rk
o] YelutS Azt AlE = AT

rLLNA BrdU-ELISACIX 2702 o5 4552 55
FAeh opnjulel-Z 2| B AdEHA|, ZERMAFE Y
Algleo] Y FrSHAl, Ato] ST EX F T EAH o] E Y
A 9] 7% R ER (D] FYEe] oF 9~17%
ojdtt. B3k H Y& W rhuto]dlofo] A= Bt
A=A FRRIATE 02% FHYHo] SshEde] 27 3 &
AJAFEr] TEER(NICS, 2025) 257 IF22 2242 &7
e FEoIdh

=9 A7Aze] mEH ks F994E o8-8 (LLNA
AL 248 1.9-3.3%S HtH(Ezendam et al., 2013;
ICCVAM, 2009). °|& d7ollie FPo= di=Ee =4
o] ILLNAANEIA S0 2 F1E A, o5 ERIsh] 3

©
B

d
¢

o

4
z
fo 12

e
iy
o Hu

A

o\

=
o
oM e oY
oM & 4o 2

<

olN

ol

OECD 7}o] =212l 429014 rLLNAH-S ] 377HAHA]
S dEsk=d 42 F Jdon, AR Addle
2AE AA=SE skl $=H(OECD, 2010), 52F
SR A O AR a2 2AR 28E
ALEE T

AEHOZ (LINAHS 58 AME-S ZolHME =2
o|=R HIZHM BAE WIS § gl 749
8] U T F5 A e A ks ddst
735 (potency)E H7ISIA] o E Z(RDA, 2023) rLLNA
(BrdU-ELISA 5)¢] €8] 7Fsatelet ddte), 2eu o
B2 tisiME RIS 7L S F JeER, olE

BT 5 U B o BsE 2 5484 ol

o ox o

|

1o

(e}
30 Wy =
O, g 2 oo bEooX

fd

H

f
o
o
i

kd ]1m A

o Wa) Fol Basithy AR, £ FF FE 55
9gk (LLNAY 85 fsiMe AlF 7FsAel dist AR
oA, HrrAazte] BARA (border line) 34, $18-4&l o
S Hehiby Fof djgk kel X3 o] i s ojof & ot}

#HAte| =

2 Ate 520 SEsdde wdHAE A
WAL @A E: PI011784)e] Aol Q& 3=
olo] ZA=gut}.

Author Information and Contributions

Youmi jo, Toxicity and Risk Assessment Division, National
Institute of Agricultural Sciences, Senior Researcher, https:/
/orcid.org/0009-0008-6733-7181, Writing-original draft and

conducting the experiments.

HaEun Lee, Residual Agrochemical Assessment Division,
National Institute of Agricultural Sciences, Researcher, https:/
orcid.org/0000-0001-9840-7164, Data analysis and Drafting
the introduction part.



|
—

- E48 - YA - Q0K - @700} - Hof3] - ui
nlm.nih.gov/articles/PMC7010093 (Accessed Feb.18.2025)
EPA, 2011. Expansion of the traditional local lymph node sassy
for the assessment of dermal sensitization potential of end
use pesticide products and adoption of a reduced protocol
for the traditional LLNA(limit dose). http://epa.gov/pesticide-
science-and-assessing-pesticide-risks/use-local-lymph-

Ji-Young Shin, Toxicity and Risk Assessment Division,
node-assay-and-reduced-dose (Accessed Feb.17.2025).
EPA, 2024. Series 870-Health effects test guidelines. http://
epa.gov/test-guidelines-pesticides-and-toxic-substances/series-

32
National Institute of Agricultural Sciences, Senior Researcher,

https://orcid.org/0000-0003-3177-161X, Visualization.
870-health-effects-test-guidelines (Accessed Feb.17.2025).

So-Hye Hong, Toxicity and Risk Assessment Division,
EU, 2013a. Commission regulation(EU) No 283/2013 Setting
out the data requirements for active substances, in accordance
with Regulation (EC) No 1107/2009 of the European
Parliament and of the Council concering the placing of plant

National Institute of Agricultural Sciences, Senior Researcher,

https://orcid.org/0000-0001-9958-5552, Data analysis and Review.

Si Young Yang, Toxicity and Risk Assessment Division,
protection products on the market. http://eur-lex.europa.eu/

eli/reg/2013/284/0j/eng (Accessed Feb.17.2025).

National Institute of Agricultural Sciences, Senior Researcher,
https://orcid.org/0009-0000-7308-969X, Data analysis and
EU, 2013b. Commission regulation(EU) No 284/2013 Setting
out the data requirements for plant protection products, in
accordance with Regulation (EC) No 1107/2009 of the
European Parliament and of the Council concering the placing
of plant protection products on the market. http:/eur-

Review.
Are-Sun You, Division of Animal Disease & Health,
National Institute of Animal Science, Senior Researcher,
lex.europa.ew/eli/reg/2013/283/0j/eng (Accessed Feb.17.2025).
Ezendam J, Muller A, Hakkert BC, Lovern HV, 2013. Evaluation
of the performance of the reduced local lymph node assay for

https://orcid.org/0000-0001-7258-2626, Literature review and
skin sensitization testing. Regul Toxicol Pharmacol. 66(1):

investigation
Development Administration, Senior Researcher, https://orcid.org/
0000-0002-1166-4377, Literature review and investigation
Mihye Jeong, Crop Production Technology Research Division,
National Institute of Crop Science, Principal Researcher,
66-71

https://orcid.org/0009-0007-8724-1059, Conceptualization and
ICCVAM, 2009. Test method evaluation report The reduced

murine local lymph node assay: an alternative test method

Jina Oh, Research Policy Planning Division, Rural
using fewer animals to assess the allergic contact dermatitis

potential of chemical and products. http:// ntp.niehs.nih.gov/
sites/default/files/iccvam/docs/immunotox_docs/llna-1d/
tmer.pdf (Accessed Feb.17.2025).
Jang Y, Kim JE, Jeong SH, Cho MH, 2014. Towards a strategic
approaches in alternative tests for pesticide safety. Toxicol
Res. 30:159-168.
Kreiling R, Hollnagel HM, Hareng L, Eigler D, Lee MS, Griem
P, Dreessen B, Kleber M, Albrecht A, Garcia C, Wendel A,
2008. Comparison of the skin sensitizing potential of

Soojin Park, Toxicity and Risk Assessment Division,
unsaturated compounds as assessed by the murine local

study design
National Institute of Agricultural Sciences, Senior Researcher,

https://orcid.org/0000-0002-2522-3185, Editing and proofreading,
lymph node assay (LLNA) and the guinea pig maximization

test (GPMT). Food Chem Toxicol. 46(6):1896-904.
Kim KH, Kabir E, Jahan SA, 2017. Exposure to pesticides and
the associated human health effects. Sci. Total Environ. 575:

Project administration.*
ol & &2HA|
AAE ol FEA7} G- AT
Literature Cited
525-535
NICS, 2025. Regulation on Classification, Labelling, and
Packaging of Chemicals. Osong, Korean. (In Korean)
OECD, 2022. OECD TG 406 Skin sensitisation guinea pig
maximisation test and buehler test. http://oecd.org/en/
publications/test-no-406-skin-sensitisation 9789264070660-

Aktar MW, Sengupta D, Chowdhury A, 2009. Impact of pesticides
use in agriculture: their benefits and hazards. Interdiscip.
Toxicol. 2(1):1-12.
Anderson SE, Siegel PD, Meade BJ, 2011. The LLNA: a brief
en.html (Accessed Feb.17.2025).

OECD, 2010. OECD TG 429 Skin sensitisation: Local lymph

node assay. http://oecd.org/en/publications/test-no-429-skin-
sensitisation_9789264071100-en.html (Accessed Feb.17.2025).

review of recent advances and limitations. J. Allergy, 2011:
Cooper J, Dobson H, 2007. The benefits of pesticides to mankind

424203.

and the environment. Crop. Protection. 26(9):1337-1348.
Daniel AB, Strickland J, Allen D, Casati S, Zuang V, et al., 2018.
International regulatory requirements for skin sensitization

testing. Regul Toxicol Pharmacol. 95:52-65.
EFSA, 2017. Guidance on dermal absorption. http://pmc.ncbi.



TOfo| mEZAY IS 2ot Reduced Local Lymph Node Assay(rLLNA)

OECD, 2010. OECD TG 442A Local lymph node assay: DA
http://oecd.org/en/publications/test-no-442a-skin-sensitisation
9789264090972-en.html (Accessed Feb.17.2025)

OECD, 2018. OECD TG 442B Local lymph node assay: BrdU-
ELISA or-FCM http://oecd.org/en/publications/test-no-442b-
skin-sensitisation_9789264090996-en.html (Accessed Feb.17.
2025).

OECD, 2023. OECD TG 497 Defined approaches for skin
sensitisation. http://oecd.org/en/publications/guideline-no-497-
defined-approaches-on-skin-sensitisation_b92879a4-en.html
(Accessed Feb.17.2025).

RDA, 2023. Pesticide Control Act. Jeon-Ju. Korea. (In Korean)

Settivari RS, Gehen SC, Amado RA, Visconti NR, Boverhof

XM o

1o =

33

DR, et al., 2015. Application of the KeratinoSensTM assay
for assessing the skin sensitization potential of agrochemical
active ingredients and formulations. Regul Toxicol Pharmacol.
72(2):350-360.

Strickland J, Daniel AB, Allen D, Aguila C, Ahir S, et al., 2019.
Skin sensitization testing needs and data uses by U.S.
regulatory and research agencies. Arch. Toxicol. 93:273-
291.

Strickland J, Truax J, Corvaro M, Settivari R, Henriquez J, et al.,
2022. Application of defined apporaches for skin sensitization
to agrochemical products. Front Toxicol. DOI: 10.3389/
ftox.2022.852856

soro] IRAXY WIS 9

Reduced Local Lymph Node Assay(rLLNA) && ¢4

ZR00' - 0[5}2% - AX[Y! - BA|' - LAY - RO - 2FI0F - HO|5|° - dhpZ™
TEXSH FHEdATY AR S,
FENSH SYsdAEY FAEQAAGE e v,
FENETH FHEAAAEY NE5ANNG Y, 2T A7 A
FENSH A FAEY A e
2 o o) o3 Y277t vElE & om g VRAAAE S T 52 9T F4 Aot 7Yy aE
o]g3sk Al o] Bol] ALEE oY FE g9} ATl tist &84 FA17F Al7]1=]¢] in vitro, in chemico & T&

A o] = YT}, SR FoF F5oll 2-835h7] offrhe dATE o] EE9] ot S AT wheiE
o] &3t LLNAYOC] F2 &85 rh. & Ao 71¥ LLNAEH Tee2it Folahs LLNAS H|w3lo,
ILLNAE 59 F5 37l &8 7FsdA] @eletarat sisith 55 10705 A8k 7IUaa AW e] Zatet
LLNA BrdU-ELISA, rLLNA BrdU-ELISA, rLLNA DA Z3Z H|wa}3 W7 = (sensitivity), 5] = (specificity),
S (accuracy ) S AF813it}. 71U T2 AJ@W HIAL A], rLLNA BrdU-ELISAE 9171% 100%(4/4), E0]% 83%(5/6),
A3 90%(9/10)2 HAL, rLLNA DAY 100%2] =S Bk F=3, woF 5237 &8% LLNA
BrdU-ELISA 206718 £43 Z3} LLNA BrdU-ELISAE WIZE 90.9%(40/44), E°]% 100%(162/162), A&=
98.1%(202/206)% YT 471 EEA = 7]E LLNA BrdU-ELISA®IA %A o|lEt] rLLNAHOME &40 =2
H7HEAT ole ARkSe] $7F e AR T YRt 795tk & AFE B34 (LLNAE H2 5ole=
A 98 Adehe f8eht Wtke] SVt glen=m woF Hrloae] HE Al HAIER ] Wy,
tLLNA &-8-A19] HA| 2.7 5 x|3o] nfd=ofof & Zlo|t},



	농약의 피부감작성 평가를 위한 Reduced Local Lymph Node Assay(rLLNA) 적용 연구
	Abstract
	서론
	재료 및 방법
	결과 및 고찰
	Literature Cited
	요약


