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Verification and application of the rat skin transcutaneous electrical
resistance test (TER) as an alternative method to replace the
animal skin corrosion test
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(National Institutes of Food and Drug Control, Beijing 100050, China)
Corresponding author: XING Shuxia. E-mail: xingshuxia2007@ 163. com

[ Abstract]  Objective In order to verify an alternative method for the skin corrosion test by using transcutaneous
electrical resistance ( TER) test, and to optimize the implementation criteria in OECD TG 430 procedure. Methods
According to the OECD TG 430 procedure, Wistar rat skin was used to test the TER values of 16 reference chemicals, and
selected the most optimal standard via different implementation criteria. The program B was chosen to make inter-laboratory
comparison between 5 laboratories by testing 11 chemicals, which were identified as the optimal standard. Results —After
the TER test, the result of corrosion test of 16 chemicals were accordant with the reference data ( Kappa value =0. 64 ).
The program B was the most optimal implementation criteria, and the specificity was 66. 7% and sensitivity was 100% .
There were no significant differences between the corrosion estimations of 5 laboratories, and the concordance rate of the 5
laboratories was 72. 7% . Conclusions Transcutaneous electrical resistance (TER) test is an feasible and efficient tool for
skin corrosion testing, and may become a good interim test to replace the in vivo test with this ex wvivo test in cosmetics
chemical safety assessment, thus, to reduce the animal usage in our country.
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BRI B AR 32 SR B A S0 ) KRRZ&
FHiA 55 (transcutaneous electrical resistance test, TER)
JE A R B 08 i A B R AG D T b e, S5 AR e i K
SAlIAH LL , TER W80/0 sh Wy K s sh W, 75
ARSI T X2 R R A R
FHGE IR A RS IRA T AR S KR
2 41 ( Organization for Economic Co-operation and
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1.1 #&F
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80 g, 1 H £ il 24 i R F 5 e S 0 3l ) DR o
OHRHPE[ SCXK(51)2014 - 0013 ] . sh¥il g R85 5%
4y B R R4 [ SYXK ( 52)2016 — 0004 ], & 22 ~
24°C , HXFERIE 50% ~ 70% , ¥ A Bk, HOGAT
12 h JEBH R BRUB TR I fkt B T 4, S 50 Wi sl W) A
SRS sh W B TR AN 3 d,

1.1.2 k7]

M OECD #EZER 275 4 i S 5250 2 H FH R RS
TR Abol S R R T 16 2 0 R TR v 1Y
2P TAE R 2R, A -2 31,2, 4-— e
(TC) | TF&M (EERIL AR JREHER
(Alorich) YR LM (E 25 E R LT A w)) | id
JEMR ( Adamas) 4-H -2 HI i (TIC) | 5% 79 % (]
P Gl | s /NI DINDE B = A QS P NG e /N
A)) T T SRR R AN (SDS, 20% w/v, Sigma) N,
N-ZHEW 7 5 =% ( Adamas ) AR AL T 528 1)y
(TCI) &8 AL (10% w/v, B 25 4 B A 5 40 2
A BRI (10% w/v, B4 LRI A w]) F R
(E2G5ER AL 534 (1, 2-08 i ([FE 254 A4
BN D) MR (E 5 EE I AR o Dk
fi2 (10 mol/L.8 mol/L) A Ky FHHEXS IR, 28y 7k A

SRR B R, 258 K AR R AR B R A
# (154 nmol/L MgSO,) . % FFH B 4Lkt (10% w/v
SRB) YR HEBGR (30% w/v SDS)
1.1.3 {28

KR B v B Z FE AL 5 A2 78 K A8 = 2 Bl 4
ARRA w WG, XA S 8045 G OECD R 2K (T
YEHLE 220 V,50 Hz, 283 AL, TAERLIR R 2 R 216

PEVEAR AR ), 2 Ik [ 2 2% B vk T SR U 2 06 2 1R
OECD 5 B 2% B /R B IR J RS ERE/E"

1.2 Hi&

1.2.1 KREZEHBHIL 24 h et

PR — H Wistar KEL (29 d) &5 HP 5T A AL
R 7 1k , K Bz JOR 1 22 T B AL, 0 BR B M 2 4%
HIRE DT R AR 2 20 mm BN 5 ~6 B,
W/ IN B 3% H T 1 11 2 7 2R DU 9 20 55 AR i, B9
REZRE IR, 7524 h WA EEH 0.0.5.1.,1.5.2,
2.53.3.5.4.5.6.8.20.22 23 Fl124 h FEF[E] &5, X
KB F AT L BHAE (TER) 35280, 1% FRdi 2 3 Ik,
GiitahiR,

1.2.2  KRERZ AR

BEHT 22 d W& A Wistar BEVEA R, 1) 275 56 A0
4L, IR 3 d LS Pt RE iR L EBIX 2 K,
5529 KA B (R BRI 42k B 1) A0 A0 FE 565 28 ~
30 KW, B B X Bk, /N3 R KT B i, 3%
B 1 DA B [ 1 R R B f BEL AL A 2 R [
ERE F(RMUMOIHE ), B R 2R Ak, X5y
AP 1 mL B B2 BE W (154 mmol/L) , 2 -
HLBM E TER {8, KT 20 kQ HATH,

W Z W) 150 pL EAEIMAE N A £
AT, AR SZ 384 e A S 1 Ak, U i (29 100 mg)
AR A b BN 150 L 58 /KR, InRERY 2
R RS 24 h 5 DL K5 28 vk DL 25 B 223k
Yy, PRI ) 2 7 2 1 2 AR B4 B0k 70% 1Y
CWE,S s JEEBR OB, FLLR KT UE, Rm L bR
ZIRPE , AT 1 mlL BRERBE VA I, 42 L rL A
%€ TER {H, ic 5% TER HJ5, Z<BRE T AY B AR B
VW, IR KA 20 5 W2 R I A 1
1.2.3  Z I B(SRB) YRz 5 Bl &

A5 PN & - F TR AN 150 wl 10% SRB /K %
W, BIERE 2 h, IR e, KB 2
) SRB, /N B2 R BCT , A 8 mL XZEIK (1)
BB PRI S min, H T A RGEK B L
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1R ¥ K Bt A 5 mL 30% 19 SDS /KW b, 60°C
I PEBGE R, 2Bk K B, TR AR BUA LA 1900 r/min
B0 8 min (AHXTESLF 175g) , B E W 1 mL il
4 ml30% SDS ERZE S mL, MIEE (N = 565 nm) ,
1.2.4  Z5FHERRUE T 5

FrfEIT % S 3% OECD TG430 HIHIEFEF , TER
> 5 kQ AR (NC) ;% T TER < 5 kQ HA
RS K A W S 45 4 S il (C) s TER < 5
kQ H RS B oA B 45403 1) 20 A7 YL b g i
I E ; YRS & KT a5 T 10 mol/L ERFRAY K
C,JephizE /N 10 mol/L ERFRIKN NC,

W TR AT IR TR S, i e FHE R
15 kQ.
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HRIRWE K A W i #Eh C;TER 5 ~
15 kQ HAIRWLEE K2 B o WL @ 45 40 1, 83 A F
FFRER TER {75 FHE (515 kQ) bR sh iy sk Ay iR
AT UL R Y At A A A A R BE G O, 7 AT
PRB SR, B B E K T %ET 10 mol/L
B A C, BB ERE/NT 10 mol/L R 1Y
i NC,

W CRBIPRITE S, MY kb2 & A
FRUEN 8 mol/L LR .

T E D FFFTE A, MYRHES 3 A
FRUEN 8 mol/L LR .

VTR ERIF R E B, Wi YRz 5 2 A
FRUEN 8 mol/L LR .
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24 h J5F5ELE 15 ~30 kQ, 3 IREE IR TER {H48
feiash—3,
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Note. E1-3 shown the repeated 3 times respectively.

Fig.1 Results of the 24 h TER stability analysis
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WRHEAS A1 20 Wy 75 22, >R ] TER J7 % 16 #
S YR T I R R, S5 Rk 1 PR, S %)
R PE SR 55 5 TER (B A7 7F — & 2B, TER
R LB S, BPEXT R (XLZE7K ) TER F
PIE M 18. 36 kQ, £54 OECD #:AEF5F 195 % i
(10 ~25 kQ) , BHM:XF R 10 mol/L LR Y TER ¥4
{H 3. 93 kQ,8 mol/L LR 1Y TER F¥{H 3. 35 kQ,
W& T OECD B2 % %445 (0.5 ~ 1.0 kQ) ., OECD
PRVETE B AR UEA E Jr M E Y TER > 5 kQ B,
H K RIIRER TC A b 35 47 , 32 300 42 0 Al
JE M FEARRIEST KRR 2R R H LA A 13 45
L ARZ B S YR TER KT 5 kQ HIA
ARLER 2 B Je i 43, (B &l 3 % PRI B Y fa)m, g
MBBsE K THESBAMRERZBER, T4
OECD X} FHEH B Yo 25 S g i M i ) 2, LAk,
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A P, W — R, I, BT AR
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PR (22 Fiam ), FRRE LR 5 58 1400 5 45 SR 3 I %
7 KI5 16 TP S 25 W) 0T 19 2 B B RS ol 1k B
FHLG, TR B Ml C ZRTEEM(P> 0.05), D
B U5 W RLRE fie i, B SRR 66. 7% , HUBME K
100% , E. A — 2 1 ( Kappa = 0.64), & b, {L LA
TER {E/Z /N T 5 kQ FIBr 32300 00 65 il e 2 AN 6%
B, AT 2 B I B Y R B BRAE IR
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Tab.1 Comparison of the results of reference chemical skin corrosiveness

KR L8 Bz i B IR G 25 51
TER results
N 7 i itk
D) CAS  Reference e BT RIS
Chemicals . TER (kQ) APERE peE .
Corrosion D O The results from different programs
ye content .
(M +sd,n=3) dise Obvious
(pg/disc) ) e S A B C D E
BT 7K Deionized water NC 18.36 £7.25  9.68 £6.28 No NC NC NC NC NC NC
AL S AW
4 z:«% 1,2,4-=3, " 584-134 NG 10.85 £4.60 34.47£19.64  No NC € NC NC C NC
4-Amino-1,2 ,4-triazole
T T4 Eugenol 97-530 NC 10.48 +2.49 104.01 +51.03  No NC C NC NC C C
IR Z 3P Phenethyl bromide 103639 NC 26.20 +6. 54 - No NC NC NC NC NC NC
VU454 ZH Tetrachloroethylene 127-184 NC 9.34£1.60  25.05 £8.12 No NC C NC NC C NC
SEREJEIR Tsostearic acid 2724-58-5 NC 36.63 +12.40 - No NC NC NC NC NC NC
4- PP - PP
4 Methylthio) -benzaldehyde 3446-89-7 NC 14.81 +4.14 172.58 £91.90  No NC C cC NC C C
SPAEE Isopropyl alcohol 67-630 NC 8.83+0.53 138.95+95.54  No NC C cC NC C C
AH:ER Lauric acid 14307-7 NC 18.00 +5. 88 - No NC NC NC NC NC NC
+ TR RSN SDS(20% ) 25155-30-0 NC 7.10 +0.78 245.97 £142.94  No NC C C ¢C C C
#h/% HCL(10 mol/L) 7647-01-0 C 3.93+1.08 115.89 +86.36  Yes C C C cC cC C
457 HCL(8 mol/L) 7647010 3.35+0.37  37.75+1.05 Yes C C C c C C
ST H NI =
NN i %W ek i ﬂﬁ, 10563-29-8 C 8.64+0.21 251.72+56.19  No NC  C ¢C NC C C
N, N-Dimethyldipropylenetriamine
ABAUT IR ED 2-tert-Butylphenol  88-18-6 C 42.67 £12.69 577.27 £30.06  Yes C C C c cC C
AL KOH(10% ) 1310-58-3 C 6.81+0.25 167.51£21.22  No NC C ¢ NC C C
WA H,S0, (10% ) 7664-93-9 C 5.09+0.51 52.19+13.45  Yes C C C cC cC C
R Octanoic acid 1240702 C 11.03 £1.51 345.19 £214.33  No NC C ¢C NC C C
1,2-I8ZJ# 1,2-Propanediamine  78-90-0 Severe 5 28.0.08 223.55%61.98  Yes c ¢ ¢ ¢ ¢ ¢
corrosive
PIIRIR Acrylic acid 79-10-7 C 8.05+0.49 209.26+144.79  No NC C C NC C C

TE: C it s NC JE it s 2 32U 22 BB T Sy UN GHS H S T I 508 58 94528, 5 No « AR MEE B B2 )7 151405 ; Yes : MUER 21 B F #5403 5

- ARIE

Note. C; Corrosive. NC; None corrosive. The corrosions were obtained from UN GHS catalog based on in vivo results. L8] No. There is no obvious damage

on skin slice. Yes:There is obvious damage on skin slice. — : Untested.

|2 AHETT SRR B IR 45 R 5 Y LSRR AT (% )

Tab.2 The authenticity characteristics analysis for TER results by using different program interpretations( % )

VES TR PR EUSTEES R Rt _
Programs False positive rate False negative rate Sensitivity Specificity o ctest
S 0(079) 57.1(4/7) 42.9 100 P=0.01
A 66.7(6/9) 0(0/7) 100 33.3 P=0.00
B 33.3(3/9) 0(0/7) 100 66.7 P=0.12
C 11.1(1/9) 57.1(4/7) 42.9 88.9 P=0.08
D 66.7(6/9) 0(0/7) 100 33.3 P =0.00
E 44.4(4/9) 0(0/7) 100 55.6 P=0.03

T TR SRS SRS I By L

Note. “. All results compared with the reference corrosive parameters of the tested substance.

2.3 LIWEEITER

Wt 4% S EEE , B — R T & B X% 11
Fh 225 000 1) JE b PR AT 0, S5 SRk 3 TR,
FLrhSEgsaE 1 ~4 SR PR R B i BHAY At o
WG RIS A AL AL RS L= 5 S | E R
K Z R BHAY T S ] e S5 R R, TF
Tl SEAEEA 20% SDS 745 I BHAE 25 5 PR, 48

BT HR A RIS R B, RS H Y B B
JRIE Bt A € —BOT 5 2% Y oA B 19 6 b A
¥, A S YA 5 L= i — Rl
72.7% . H20% SDS 16 i A S50 = Hh Bk o
R PE T, AT RESE TER J5 32 %22 2 i i 1 75 264 i ik
FEFNW X 45 S 56 22 0 o 4 SR AT — BOR W P
b (3R 4) 4565256 5 0t 6] — Fh 2 25 W) 5 A0 6 ol 1 )
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E—FCRIE 72. 7% ~90. 9% , Vi W 52 56 25 W] & 42 Pk
L2y T S5 Wi~ R ALY/ il O R R T2

N o KB 22 S TC R ETE(P > 0.05) , U4
S0 2 0 S W) O Tl s G SR T

T3 SR PRS2 (] L2
Tab.3 The skin corrosiveness results of different laboratories
s SEMBIE gy ogmewa wmEs wkwe umEs
Chemicals N LAB 1 LAB 2 LAB 3 LAB 4 LAB 5
reference
£ B F 7K Deionized water NC NC NC NC NC NC
T T Eugenol NC NC C NC C NC
VU4 2 )5 Tetrachloroethylene NC NC NC NC NC NC
SEIRER Tsostearic acid NC NC NC NC NC NC
4-H R HE- 2K T 4-( Methylthio ) -benzaldehyde NC NC NC NC NC NC
S Isopropyl alcohol NC C C NC NC NC
AR Lauric acid NC NC NC NC NC NC
T TR EEER RN SDS (20% ) NC C c c C C
£hAR HCL(10 mol/L) C c C C c c
b1 HCL(8 mol/L) c C C C o C
SR T HEFE ) 2-tert-butylphenol C C C NC C C
AL L KOH(10% ) C C C o o o
Tk H,S0, (10% ) C C C C C C
1 ,Z—W:)ﬁ" 1,2-Propanediamine Severe corrosive C C C C C

TE: C B ARIB 1t s NC AR S RRIE 1 ™« &2 2 BUE Iy UN GHS H S BE TR N Bl F 2 iy 2281

Note. C. corrosive to skin; NC. non-corrosive to skin.

2007) (18]

R4 G ] — B XTES

*. The results were obtained from UN GHS catalog based on in wivo results. ( UN GHS

53T (% )

Tab.4 The reproducibility analysis for TER results between different laboratories

SCIGE 2 K] SHE 4 SIRE S
LAB 2 LAB 3 LAB 4 LAB 5
SRE 1 90.9 81.8 81.8 90.9
LAB 1 (10/11) (9/11) (9/11) (10/11)
PG 2 72.7 90.9 81.8
LAB 2 (8/11) (10/11) (9/11)
SR 3 81.8 90.9
LAB 3 (9/11) (10/11)
Sega 4 90.9
LAB 4 (10/11)
NI e P AR BB ( TER ) KT 5 kQ, SR FE
3 itig

R JER JE b S e ol i B A TN R
A A K N 2 —  OECD #RAEF5 7 b J2 ik
S/ B b e AR R 3 2 R i i B
R (OECD TG 430) M {4 HM B ik 8 ok vk o 8 1
20N R Fz AL (OECD TG 431/439 ) 102
ARSI Bz 18 bk B 5 B 336 ( OECD TG 435) '
SEG sl A L, TER J7 k82> shi
IS A G e 3R JE N 5 A
OECD A AT (B AR IR AH L, TER J7 vk A /R
i 50 A 50 bR 25 5 RIS . TER
5% B B T R R 07 S b SR Y 4 i, AEL X TS
TP 55 To ik AR

H4E OECD TG430 My bR, H e 2 il W) & 15k

SRR 2 PR, (5 FH AN R EIURIF 42 10 R B 22 iz L B
ASC, G PH A9 5 B H B A A R F 5 kQ, HIAHR
TRAMEST R o 5 5 BE AT Y BB 15 B 1R 2
5 R A BEAGE G A G . 7E OECD 4344
FemE XA R 2R R R R A 2 BB R Oy B M
HLF , fiff FH IE 5% 587 % A i A3 50 ~ 1 000 Hez,
HSEBRAE AL ASAIF & & B, A8 T FEL AR 2 5 il 132 40
R E B BGE R i OECD BUAE Y B A9 R 452
T, BRARAR S v T o8 FH 1 22 Bz R BELAS 45 0 2 8508
¥4 OECD (48 223K, AERS I H %) e BEL A 132 25047
SR B, 55— 7 1H , OECD 48 M N 48
HR T AR A SRR 1 9 DRy (L, R O A S
P EEST TER IR58 7 75 I, R 38 2 A 2 2% ) 5 1)
L BEAE, I 43 B 52 36 % 9 225 1 o3 R ) R 4 19 2
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P 30 PR AR R L X AR SE IR Y KRR 8
B BEAY, 28 55k A B Al 43 B, IA A W AE TER B2
5 ~15 kQ H AR AR WEE 2 B 5 i i), AS45 i 2
FHI B Q2D BR , W 45 G YL RS % 5 1 45 i —
AR AZ X TS i | AN A AT R A s LA
5%, LS B IR A IS ok i) 8 B, DA SRR il vk 7 45 SR
FIWr, AHHETHBEUEXT TR 16 F1=%
YA A, KT AR 2% P 0T 1 el v S R S
I OB A G A R E AR R ORISR
il FEREHS W) T, N [R) s 25 fE 2= o i 2
PEPE T (A ALER  JCAHLIR W AA | [ 5 | 3R T8I 7% M 51
A e EA WA AR kot B 2 A 2 T I Sk F
() H R, 7RIS AT R A AR
OECD #fE## Y B X5 B4R 10 mol/L #1118, {H
TESZHG R &% L 10 mol/L R R 725 5 v il iz Fr 1 24 1
oA T BAPEXT B 1 G 4, 5200 32 1) e RS i
SEAHE , PR3 AN 2 Tl 28 R R 1) B e R R Wk
& CUNABFFER) 8 mol/L $hFR4H ) 5 A BHM:XT B4,
AR, KB i BT i 4 ) S ELAE YL BE 19 24 h T
RE IS ()0 B WT RE S B R IRES , NTTTSE e TER B
(AR, 3 S5 TS A etk — 2D A AR
(Bt B T 2K BT ) WV AE 12 5 2 A B BT
FEBE T ARA BRSO T E R R ER A R B S
K pucy 2 5 P B AT S50 5 ) A, ekt B KR
24 5 A TR O AR ST B S 4 )
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