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Cytotoxicity of chemicals used in household products: Estimation of eye
irritating potency of 25 chemicals tested during 1991 - 1996

Yoshiaki Ikarashi®*, Toshie Tsuchiya and Akitada Nakamura

Cytotoxicity potential of chemicals was evaluated by determining the concentrations inducing 50% re-
duction of neutral red (NR) uptake into Chinese hamster fibroblast V79 cells compared with control cul-
ture (ICso). The results of cytotoxicity test for surfactants with the data produced by the in vivo Draize
eye and skin irritation test were compared. There was a good correlation between cytotoxicity and eye
irritation score obtained from the Draize test. In contrast, no correlation was observed between Draize
skin irritation score and cytotoxic potential of chemicals. Therefore, the NR cytotoxicity test was regarded
as a possible 7 vitro model for predicting eye irritation. Based on the ICso values in the NR cytotoxicity
test, the eye irritation classification (weak, moderate and strong) for each chemical used in household
products has been established. We evaluated the cytotoxicity of 25 chemicals used for antimicrobial, rub-
ber accelerator, rubber antioxidant, ultraviolet absorber efc . in household products, and estimated the
eye irritating potency of these test chemicals according to the criterion. '

Keywords : cytotoxicity, household product, eye irritation, classification
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Fig. 1. Correlation between cytotoxicity /n vitro and eye irritation in

the Draize test

ICs value is the concentration that reduces the absorbance by
50% of control with neutral red cytotoxicity assay (ref.9).DS
20value is the concentration of each chemical extrapolated
from the dose-response curve giving a Draize test score of 20 in
the rabbit eye (ref.4). Draize rank (ocular irritancy classifica-
tion) was based on Draize test scores according to the scale of
ref. 12 (ref.4). The regression coefficient is y= 0. 93.
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Table 1. Draize eye and skin irritation in vivo and 1Cy values in neutral red cytotoxicity test in vitro for 13 surfactants

Chemical Abbreviation Draize test ” Cytotoxicity test
Eye irritation Skin irritation ICso (ug/ml) ®
Score Draize rank Score Draize rank
Cationic surfactants
Stearyl dihydroxyethoxyethyl hydroxyethyl ammonium chloride (20% solution) SDAC 543 Severe 3.0 Severe 25.8
Steary| trimethyl ammonium chloride (63% solution) STAC 85.7 Severe 4.5 Severe 4.0
Alkyl benzyl dimethyl ammonium chloride (50% solution) ABAC 853 Severe 3.0 Severe 124
Benzethonium chloride BC 96.7 Severe 5.7 Severe 10.7
Anionic surfactants
Sodium lauryl sulfate SLS 55.7 Moderate 8.0 Severe 30.7
Sodium polyethylene laurylether sulfate (3 E.O.) SPLS3 21.0 Slight 2.0 Moderate 138
Sodium polyoxyethylene laurylether sulfate (12 E.O.) SPLS12 57.0 Moderate 3.7 Severe 330
Sodium tetradecenesulphonate (37% solution) ST 367 Slight 43 Severe 263
Potassium laurate PL 853 Moderate 42 Severe 36.1
Nonionic surfactants
Polyethylene laury] ether (9 E.O.) POE-LE 63.0 Severe 1.2 Moderate 233
Polyethylene nonyl phenyl ether (10 E.O.) POE-NPE 57.0 Moderate 0.7 Non 23.5
Sucrose laurinic acid ester (38% solution) SLAE 21.0 Slight 3.0 Severe 147
Amphoeric surfactants
Laury! dimethylaminoacetic acid betaine (31% solution) LDAB 61.0 Moderate 3.0 Severe 126
¥ All Draize eye and skin irritation data of test chemicals were qoted from the data of Kojima et al. (refs.13, 14).
Eye irritation score was maximal average Draize eye score from 3 rabbit after application of 10% solution of test chemical.
Skin irritation score was average Drazie skin score at 1 h after 24 h closed application of test chemical.
b ICy, was the concentration that reduced the absorbance by 50 % of control with neutral red cytotoxicity test.
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Fig.2. Comparison of cytotoxicity with Draize skin score (a) or Draize eyescore (b) for 13 surfactants
Draize test data were quoted from refs. 13 and 14.
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Table 2. Classification of chemicals into three different ranks of cyto-
toxic potentials judged from the 1Cs0 values in neutral red as-

say
ICs (Mg/ml) Rank of cytotoxicity Prediction of eye irritancy
=35 Strong High possibility to induce a strong eye irritancy
35~350 Moderate Possibility to induce a moderate eye irritancy
=350 Weak Scarcely possibility to induce an eye irritancy
Table 3. List of test chemicals
Chemical Abbreviation
Antimicrobial
1,2-Benzisothiazolin-3-one BIT
2-Hydroxy-4-isopropyl-2,4,6-cycloheptatrien-1-one HICHO
Isobornylthiocyanoacetate IBTA
Methyl-N -(2-benzimidazoyl)carbamate MBIC
3,4,4-Trichlorocarbanilide TCC
2,3,5,6-Tetrachloroisophtalonitrile TPN
Rubber accelerator
N ,N'-Dibutylthiourea DBTU
N ,N’-Dilaurylthiourea DLTU
N ,N'-Diphenylthiourea DPTU
Zinc dibutyldithiocarbamate ZDBC
Zinc diethyldithocarbamate ZDEC
Rubber antioxidant
2,5-Di-tert -amylhydroquinone DAHQ
2,5-Di-tert -butylhydroquinone DBHQ
N -1,3-Dimethylbuty}-N’-phenyl-p -phenylenediamine DMBPPD
N ,N'-Dimethylphenyl-p -phenylenediamine DMPPD
6-Ethoxy-2,2,4-trimethyl-1,2-dihydroquinoline ETMDQ
2-Mercaptobenzimidazole MBI
o-Methylbenzylphenol MBP
Poly-2,2,4-trimethyl-1,2-dihydroquinoline PTMDQ
UV absorber
2-Hydroxy-4-methoxybenzophenone HMBP
p-tert-Butylphenylsalicylate PTBPS
2-(2'-Hydroxy-3"-tert -butylphenyl)-5-chlorobenzotriazole Tinuvin 326
2-(2'-Hydroxy-5'-methylphenyl)benzotriazole Tinuvin P
Solvent
N N -Diethylethanolamine DEEA
Synergist
2,3,3,3,2',3',3,3"-Octachlorodipropylether OCDPE
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Table4. Results of cytotoxicity tests 10000
Chemical NR assay Colony assay 1000+ [ ]
1Cso (ug/ml) Classification  ICso (ug/ml)
Antimicrobial E s

BIT 4.03 Strong 0.20 [=J 1004 °

HICHO 29.0 Strong 0.76 3 .

IBTA 323 Strong 1.45 o% ™ . o

MBIC 23.1 Strong -0 = 10+ o

TCC 407 Weak 3.4 ]

TPN 0.65 Strong 0.034 o L4 ° e
Rubber accelerator > 1 :

DBTU 518 Weak 19 S

DLTU 1825 Weak 1260 S °

DPTU 366 Weak 75 1 .

ZDBC 2.30 Strong 73

ZDEC 1.36 Strong 0.087 L4
Rubber antioxidant .01 r - v r

DAHQ 5.40 Strong 32 R 1 10 100 1000 10000

DBHQ 350 Strong -

DMBPPD 152 Strong NR assay ICs, (ug/ml)

DMPPD 6.60 Strong -

E}ngQ 33‘3‘3 &‘:g;’m 23 Fig.3. Comparison of ICx values in neutralred (NR) assay with those

MBP 190 Strong 278 in colony assay for 17 chemicals used in household products

PTMDQ 118 Moderate 29
UV absorber

HMBP 87.8 Moderate -

PTBPS 533 Moderate -

Tinuvin 326 226 Moderate 59 . . .
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