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Application of New in Vitro Test Method to Evaluate the Oral Mucosal Irritation for
Toothpaste and its Ingredients

Sun-A Cho, Yoo-Jin Kim, Chan-Ho Kim, Young-So Kim, Su-Sun An’
AmorePacific R&D Unit, 1920 Yonggu-daero, Giheung-gu, Yongin-si, Kyonggi-do, 17074, Korea

ABSTRACT. Oral hygiene products,

such as toothpastes, are essential for personal hygiene. However, these

products contain substances that cause mucosal irritation but are essential to maintain functionality. Until now,
there is no in vitro animal test to evaluate oral mucosal irritation for oral hygiene products and its
ingredients. Moreover, oral hygiene products are classified as cosmetics in EU, thus the irritation test for these
products and its ingredients are prohibited. In Korea, oral products are classified as quasi-drugs now, but there
is a high possibility to change to cosmetics according to global trends. So we needed to set up the in vitro
test system to evaluate oral mucosal irritation and we studied the oral mucosal irritation for toothpaste and its

ingredients by agar diffusion test. In the evaluation of ingredients,

the use of surfactant, tooth whitening

ingredient and some functional ingredients affect the increase of cytotoxicity. In addition, when diluted to
25%, the toothpastes showed the broad range of irritation and it was appropriate to judge the level of
irritation. From the results, we can set the evaluating method for toothpaste and its ingredients and internal

criteria for the mucosal irritation at same time.
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Table 1. Lists of test materials for in vivo data
correlation

in vivo Chemical

Iritant  SLS 1%
NA*  SLS 0.5%
Iritant  Triton X-100 1%
Imitant  Hydrogen peroxide 30%, 3% (active)
Iritant  Ethanol 100%
NA*  Ethanol 30%
NA*  Sorbitol 100% (active 70%)
Negative control (media)

*NA: Not assessed. However, it is an approved raw
material for use in oral products.

2. Agar diffusion assay

2 AEE g8 7)71e] AAF 817F oA sk
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Table 2. Lists of ingredient that used in oral hygiene product

Category (n) Test material Test concentration
Fragrance/ Flavor (20) Fragrance/ Flavor mixture no. 1~20 t 1%, 10%
Sodium lauryl sulfate Active 1%, 0.5%, 0.1%
Sodium lauronyl glutamate Active 1%, 0.5%, 0.1%
Lauamidoporpyl betaine Active 1%, 0.5%, 0.1%
Surfactant (4) . . .
Cocaminopropyl betaine Active 1%, 0.5%, 0.1%
Sodium methyl cocoyl taurate Active 1%, 0.5%, 0.1%
Potassium cocoyl glycinate Active 1%, 0.5%, 0.1%
Hydrated silica* Supernatant of 20% extract
Abrasive (3) Calcium carbonate* Supernatant of 20% extract
Silica* Supernatant of 20% extract
) . Sorbitol (70% active) 100%
Formulation composition (2) .
Glycerine 100%
Argine 5%
pH modifier (4) CiTri.c Od(.j %
Sodium citrate 1%
Phosphoric acid 5%
Sodium alginate 20%
Cellulose gum 10%
Viscosity modifier (5) Hydroxyethyl cellulose 20%
Xanthan gum 10%
PEG-32 50%
Stevioside 5%
Potassium acesulfame 5%
Sucralose 5%
Sweetener (7) Xylitol 5%
Sodium saccharin 5%
Cyclodextrin syrup 50%
Erythritol 100%
Sodium chloride 20%
Tocopheryl acetate 10%
Calcium glycerophosphate 2%
Hydrogen peroxide 8.57%
Potssium nitrate 1 15%
. . Dipotassium Glycyrrhizate 0.1%
Active Ingredients (12) .
Sodium monofluorophosphate 0.76%, 7.6%
Sodium fluoride 3%
Tetrasodium pyrophsphate 3.4 %, 34%
Cetylpyridium chloride 0.05%, 0.5%
Camellia sinensis leaf extract 0.004%
Titrated extract of Zea mays L. unsaponifiable fraction 0.002%
Zeolite/ Titanium dioxide (Cl 778%91)/ Menthol/
Hydrated silica / Mentha piperita (peppermint) 80%
extract / Eucalyptus globulus leaf exfract
Granular powder (4) Titanium dioxide (CI 77891) 3%
Hydroxyapatite 2%

Jugins regia (walnut) shell powder 3%
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Category (n) Test material Test concentration

Pueraria lobata root extract 1%

Panax ginseng root extract 1%

Scutellaria baicalensis root extract 1%

Prunus persica (peach) kernel extract 1%

Olea europaea (olive) fruit oil t 10%

Thuja orientalis seed exfract t 1%

Morus alba bark extract t 1%

Angelica acutiloba root extract 1%

Camellia sinsesis leaf extract 1%

Chamomile oil t 1%

Extracts / Oil (21) Rosmary oil 1%
Lilum candidum bulb extract 1%

Pine Oil t 1%

Zingiber officinale (ginger) root exfract 1%

Lemon oil 1 1%

Citrus junos fruit extract 1%

Cocos nucifera (coconut) oil 50%

Aloe barbandesis leaf extract 1%

Rose Extract 1%

Malic acid 1%

Lavandula angustifolia (Lavender) flower water 1%

Emuilsifier (1) PEG-60 Hydrogenated castor oil 100%

Preservative (1) Sodium benzoate 0.3%, 3%
Chelating agent (1) Disodium EDTA 0.05%, 0.5%
2 B8 EAERE 20%FERE wlAol A ste] 37Tl 24A3F St FE3 F NS F2 4TS ol&std B
12 d8A E4=Z olive oildl o] Hr1gt

Table 3. Formulation compositions for evaluation of irritation effect by raw material

Formulation No.

Ingredient
#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 #14 #15 #16 #17 #18

D..Water 49 47 44.6 29 27 24.6 40.43 38.43 36.03 48.24 46.24 43.84 45.6 43.6 41.2 48.95 46.95 44.55
Sorbitol (active 70%) 45 45 45 45 45 45 45 45 45 A5 45 45 A5 45 45 45 45 45
Glycerine 55 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
Cellulose gum 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Sodium laury sulfate .2 . 2 2 2 2 2

Mixture of Sodium
lauroyl glutamate and . . 2 2 2 2 2 2
Lauramidopropy! Betaine

Sorbitol (active 70%) . . 1.7 1.7 1.7 1.7 1.7 1.7
Sodium chloride .. . 20 20 20

Hydrogen peroxide
(active 35%) .. . 8.57 8.57 8.57

Sodium

monofluorophosphate 0.76 076 0.76

Tetrasodium
pyrophsphate .. . 34 34 34

Cetylpyridinium Chloride 0.05 0.05 0.05
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Table 4. Reactivity Grades for Agar Diffusion Test.
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2 E EZo|A agar diffusion assayolA]9] H
zone®] 8 mm oA =%

(moderate) oJArS] A=S Ho|W AA|ZE in vivo Y
ool 43S G, T 30%9] ethanol
I} 0.5%2] SLS9] A= in vivo Hog 7} ¢lo] A
A ol & 4~ QO agar diffusion assayoAl=
It decolorization zone®| 5 mm oA =S H
gl Agar diffusion assay Z} A|g 7+ 9 AMEZ
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2. Agar diffusion assayg ©|8%t A% Arg
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Agar diffusion assayS ©]|&3}e] =x ¥ Hrlsh
A= Table 6] AASHAT, &=, AF Y=, pH
244, A= 24=A. A, FJra uoH, F3HA,
HEA, 55 718 98352 AME 5% 1049
AE FATE oo ﬁﬂ]ol%‘xﬂ“’l sodium EDTAE
Ab& =% 10vjo A decolonization zone 1 mm ©|3}
of vlokgt Aol RO} A BEeIAE TAGE
wolt, F2 ANA} 2R st A3
S5l a2 FARS A= hydrogen peroxide
(active 35%),
rasodium pyrophsphate, cetylpyridium chloride”}

sodium monofluorophosphate, tet—

Grade Reactivity Condition of Culture
0 None No detectable zone around or under specimen
1 Slight Some malformed or degenerated cells under specimen
2 Mild Zone limited to area under specimen and less than 0.45 cm beyond
3 Moderate Zone extends 0.45-1.0 cm beyond specimen
4 Severe Zone extends greatfer than 1.0 cm beyond specimen

Table 5. The comparative study for results of in vivo data and agar diffusion assay

Decolorization zone (mm)

in

vivo Chemical Run 1 Run 2 Run 3
Mean SD Grade Reactivity Mean SD Grade Reactivity Mean SD Grade Reactivity
Irritant SLS 1% 10.7 0.6 4 Severe 103 0.6 4 Severe 11.0 0.0 4 Severe
NA* SLS 0.5% 50 00 3 Moderate 53 0.6 3 Moderate 57 0.6 3 Moderate
Irritant Triton X-100 1% 9.7 0.6 3 Moderate 9.7 0.6 3 Moderate 10.7 0.6 3 Severe
Iritant Hydrogen peroxide 30% (active) 14.0 0.0 4 Severe 140 0.0 4 Severe 140 0.0 4 Severe
Iritant Hydrogen peroxide 3% (active) 14.0 0.0 4 Severe 140 0.0 4 Severe 140 00 4 Severe
Irritant Ethanol 100% 140 00 4 Severe 140 00 4 Severe 140 00 4 Severe
NA* Ethanol 30% 8.7 0.6 3 Moderate 90 00 3 Moderate 90 00 3 Moderate
NA* Sorbitol 00 00 O None 00 00 O None 00 00 O None
NC (media) 00 00 O None 00 00 O None 00 00 O None

*NA: Not assessed. However, it is an approved raw material for use in oral products.
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AHE oA H4t decolonization zone®| 4 mm %
o] FFEY A=S Eloh EB3 A A ol A
Fol= AMBAEA Y FFel et 1% F=ollA
7t decolonization zone?] WH{|7} 0.67~10.22 mm©S
= mloF (Slight)ollA] A3t (Severe) 9| theFgt gt Ap=
FES B9t 24 AE 1% 5% (active 1%) 7|

© & cocaminopropyl betaine (10,22 mm), sodium

ot

lauryl sulfate (7.78 mm), sodium methyl cocoyl
taurate (7.78 mm), lauamidoporpyl betaine (4,44
mm), sodium lauronyl glutamate (1,56 mm), po—
tassium cocoyl glycinate(0.67 mm) <£AZ A=0]

oy shelstant
3. 989 MP A3 IYET A2 B

S el H7F Al AME FROlA FEE oY
A=g Hol= dmol ths) A ZoF AFNA Y A
£ #rpstaA, 7l AoF Hr o)A A
o2 A AUGAHA = 25 1 ¢
4 B4 6FoE ot 239 18F9 AFE
A2+ (Table 3)3}il 10%, 25%, 50% L= 3|4 3d}o]
agar diffusion assayS 435} th. olo] djst A}
= Table 79 AAsI Tt ARLSAHA Y FFe =
of wef 2= g=Eo] Apol7t weon (AP #1~3),
SLS 2% &= 39 AFgHEtl:= lauramidopropyl
betaine?} sodium lauroyl glutamate &3+ |3 o]
Aol dAs] @ AyE Horh ®3F BAiksE 4
2ol ofgt FFA oAM= A a T Al A0
A8 Adedo] BEEJY (HF #1 & 7). o] A
oA AHZGA M7t Al SLS 2% A= A7 &
& (synergic effect)& FASHA HojFi 9lglont
(e # 7~ 8), 37} lauramidopropyl betaine2}
sodium lauroyl glutamate &g+ n|oFsl A= Al
S HYth (AY # 7 & 9). Sodium chloride, sodium
monofluorophosphate, tetrasodium pyrophosphate,
cetylpyridium chloride®] 7%= A|goA A= Al
anrt gloom AuggA el 2= A7t A&
< HolA gt EI AFE s HY =9 Aol
£ HekS o, 10%2} 50% Hx9 AQHTE 25% 5
E7F AHEEA Y] TRl e AP E AF9 Aol
g FEoHA B & 4= itk

4. NE Noje| AT 4F = B

o I

AR = Lloll A=Al Q= & ok tisf 79
3l 10%, 25%, 50%2] ==& 3]A35}o] agar diffusion
assayS Y ZAIF= Table 89 AAISHFTE 10%,

[e)
%4
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25%, 50%2] =L oA= decolonization zone WY
= 242 0~6.7 mm, 0~11,7 mm, 0~13,0 mm &
o[gltt. Algoll AMEH Aok HAQE BEE ot
T glo] 24 AEE of= AoF (T38-79)2 TAHLR
A EH o]do i APFAAY FF A+
Zykel e AFES Hovh AHBAEA AAoNA
SLS 2% THE 3HS X|OF (T38~60, T65~66, T77~
79)Xt}=  lauramidopropyl betaine I+ sodium
lauroyl glutamate &3 2 2% AFE X oF
(T67~76)0lt AFBGA7E A So7HA @2 ofd
o] Ao (T61~64)0] VAT e A4FE BT, G
Taksl 47 FE w 2)oF (T57~59, T65~66)
9] AL #A 7|3 WH3}sIA] ko L} decolorization
zoneo| A5dhs AWE Bk I3 Al x|k
AE e 9 BEE mw 25%9 Swold B A
ohefgt A= £2 @ HE 2 (Fig 1),

E.garose decolorization (nﬂn)

o 2 4 &
Agarose decolorization (mm)

o 2 . 6 ] 10 iz
Agarose decolorization (mm)

Fig 1. Distribution of lengths of decolorization area by
sample concentration

The length of the decolorization area was assessed at
concentrations of 10% (A), 25% (B) and 50% (C)
following exposure to 79 commercially available
toothpastes for 24 hours. Three samples per test group
were performed, fogether with a toftal of three
replicates.
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Table 8. The results of irritation for toothpaste
Decolorization zone (mm)
Toothpaste 10% 25% 50%

Mean SD Grade Reactivity Mean SD Grade Reactivity Mean SD Grade Reactivity
T-1 0.0 0.0 0 None 2.0 0.0 2 Mild 3.0 0.0 2 Mild
T-2 0.0 0.0 0 None 0.0 0.0 0 None 0.0 0.0 0 None
T-3 0.0 0.0 0 None 0.0 0.0 0 None 2.0 0.0 2 Mild
T-4 3.7 0.6 2 Mild 8.7 0.6 3 Moderate 113 0.4 4 Severe
T-5 0.7 0.6 2 Mild 3.7 0.6 2 Mild 53 0.6 3 Moderate
T-6 0.0 0.0 0 None 0.0 0.0 0 None 0.0 0.0 0 None
T-7 3.3 0.6 2 Mild 6.3 0.6 2 Mild 8.3 0.6 3 Moderate
T-8 0.0 0.0 0 None 0.0 0.0 0 None 0.0 0.0 0 None
T-9 2.0 0.0 0 None 2.3 0.6 2 Mild 2.7 0.6 2 Mild
T-10 2.0 0.0 0 None 4.3 0.6 2 Mild 7.7 0.6 3 Moderate
T-11 2.0 0.0 0 None 7.3 0.6 3 Moderate 7.7 0.6 3 Moderate
T-12 2.3 0.6 0 None 4.7 0.6 3 Moderate 6.0 0.0 3 Moderate
T-13 2.3 0.6 0 None 8.0 0.0 3 Moderate 9.7 0.6 3 Moderate
T-14 6.7 0.6 3 Moderate  11.7 0.6 4 Severe 13.0 0.0 4 Severe
T-15 0.0 0.0 0 None 1.3 0.6 2 Mild 3.0 0.0 2 Mild
T-16 0.0 0.0 0 None 4.3 0.6 2 Mild 6.7 0.6 3 Moderate
T-17 1.0 0.0 2 Mild 3.0 0.0 2 Mild 3.0 0.0 2 Mild
T-18 3.3 0.6 2 Mild 5.3 0.6 3 Moderate 6.7 0.6 3 Moderate
T-19 3.7 0.6 2 Mild 5.3 0.6 3 Moderate 7.3 0.6 3 Moderate
T-20 0.0 0.0 0 None 2.0 0.0 2 Mild 4.7 0.6 3 Moderate
T-21 4.7 0.6 3 Moderate 7.3 0.6 3 Moderate 8.7 0.6 3 Moderate
T-22 4.3 0.6 2 Mild 7.7 0.6 3 Moderate 8.7 0.6 3 Moderate
T-23 4.7 0.6 3 Moderate 5.3 0.6 3 Moderate 2.0 0.0 3 Moderate
T-24 0.0 0.0 0 None 0.7 0.6 2 Mild 2.0 0.0 2 Mild
T-25 5.3 0.6 3 Moderate 5.7 0.6 3 Moderate 8.0 0.0 3 Moderate
T-26 4.7 0.6 3 Moderate 7.0 0.0 3 Moderate 8.0 0.0 3 Moderate
T-27 4.0 0.0 2 Mild 5.0 0.0 3 Moderate 8.7 0.6 3 Moderate
T-28 4.3 0.6 2 Mild 7.3 0.6 3 Moderate 8.7 0.6 3 Moderate
1-29 1.0 0.0 2 Mild 40 0.0 2 Mild 7.0 1.0 3 Moderate
T-30 3.7 0.6 2 Mild 5.0 0.0 3 Moderate 8.0 0.0 3 Moderate
T-31 5.7 0.6 3 Moderate 6.7 0.6 3 Moderate 8.0 0.0 3 Moderate
T-32 5.7 0.6 3 Moderate 9.7 0.6 3 Moderate 13.0 0.0 4 Severe
T-33 5.0 0.0 3 Moderate 5.7 0.6 3 Moderate 8.3 0.6 3 Moderate
T-34 4.7 0.6 3 Moderate 6.3 0.6 3 Moderate 8.0 0.0 3 Moderate
T-35 4.3 0.6 2 Mild 7.0 0.0 3 Moderate 8.0 0.0 3 Moderate
T-36 4.7 0.6 3 Moderate 6.0 0.0 3 Moderate 7.3 0.6 3 Moderate
T-37 4.7 0.6 3 Moderate 4.3 1.2 3 Moderate 6.3 0.6 3 Moderate
T-38 2.0 0.0 2 Mild 5.3 0.6 3 Moderate 8.0 0.0 3 Moderate
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Decolorization zone (mm)

Toothpaste 10% 25% 50%

Mean SD Grade Reactivity Mean SD Grade Reactivity Mean SD Grade Reactivity
T-39 2.3 0.6 2 Mild 5.3 0.6 3 Moderate 8.7 0.6 3 Moderate
T-40 3.0 0.0 2 Mild 6.0 0.0 3 Moderate 8.3 0.6 3 Moderate
T-41 2.7 0.6 2 Mild 5.7 0.6 3 Moderate 8.3 0.6 3 Moderate
T-42 3.0 0.0 2 Mild 6.0 0.0 3 Moderate 8.3 0.6 3 Moderate
T-43 2.7 0.6 2 Mild 5.7 0.6 3 Moderate 8.7 0.6 3 Moderate
T-44 2.3 0.6 2 Mild 5.7 0.6 3 Moderate 8.7 0.6 3 Moderate
T-45 2.3 0.6 2 Mild 5.7 0.6 3 Moderate 8.7 0.6 3 Moderate
T-46 20 0.0 2 Mild 5.3 0.6 3 Moderate 8.3 0.6 3 Moderate
T-47 2.3 0.6 2 Mild 5.0 0.0 3 Moderate 8.0 0.0 3 Moderate
T-48 3.0 0.0 2 Mild 5.3 0.6 3 Moderate 8.3 0.6 3 Moderate
T-49 23 0.6 2 Mild 5.3 0.6 3 Moderate 7.3 0.6 3 Moderate
T-50 2.3 0.6 2 Mild 5.3 0.6 3 Moderate 8.0 0.0 3 Moderate
T-51 2.3 0.6 2 Mild 6.0 0.0 3 Moderate 8.0 0.0 3 Moderate
T-52 23 0.6 2 Mild 6.0 0.0 3 Moderate 7.7 0.6 3 Moderate
T-53 3.0 0.0 2 Mild 5.7 0.6 3 Moderate 8.0 0.0 3 Moderate
T-54 3.0 0.0 2 Mild 5.3 0.6 3 Moderate 7.7 0.6 3 Moderate
T-55 3.0 0.0 2 Mild 5.7 0.6 3 Moderate 8.0 0.0 3 Moderate
T-56 2.7 0.6 2 Mild 5.7 0.6 3 Moderate 7.7 0.6 3 Moderate
T-57 4.0 0.0 2 Mild 6.3 0.6 3 Moderate 2.0 0.0 3 Moderate
T-58 5.0 0.0 3 Moderate 8.3 0.6 3 Moderate 9.7 0.6 3 Moderate
T-59 4.7 0.6 3 Moderate 8.3 0.6 3 Moderate 13.0 0.0 4 Severe
T-60 3.0 0.0 2 Mild 53 0.6 2 Mild 8.0 0.0 3 Moderate
T-61 0.0 0.0 0 None 0.0 0.0 0 None 1.3 0.6 2 Mild
T-62 0.0 0.0 0 None 0.0 0.0 0 None 1.0 0.0 2 Mild
T-63 0.0 0.0 0 None 0.0 0.0 0 None 1.0 0.0 2 Mild
T-64 0.0 0.0 0 None 0.0 0.0 0 None 1.0 0.0 2 Mild
T-65 4.0 0.0 2 Mild 7.0 0.0 3 Moderate 8.7 0.6 3 Moderate
T-66 4.0 0.0 2 Mild 6.7 0.6 3 Moderate 8.7 0.6 3 Moderate
T-67 0.0 0.0 0 None 0.3 0.6 2 Mild 43 0.6 2 Mild
T-68 0.0 0.0 0 None 0.3 0.6 2 Mild 4.7 0.6 3 Moderate
T-69 0.0 0.0 0 None 0.3 0.6 2 Mild 4.0 1.0 2 Mild
T-70 0.0 0.0 0 None 0.3 0.6 2 Mild 4.3 1.2 2 Mild
T-71 0.0 0.0 0 None 0.0 0.0 0 None 4.3 1.2 2 Mild
T-72 0.0 0.0 0 None 0.0 0.0 0 None 5.0 0.0 3 Moderate
T-73 0.0 0.0 0 None 0.3 0.6 2 Mild 4.0 1.7 2 Mild
T-74 0.0 0.0 0 None 0.3 0.6 2 Mild 4.7 0.6 3 Moderate
T-75 0.0 0.0 0 None 0.0 0.0 0 None 4.0 1.0 2 Mild
T-76 0.0 0.0 0 None 0.3 0.6 2 Mild 4.3 0.6 2 Mild
1-77 2.7 0.6 2 Mild 5.7 0.6 3 Moderate 8.0 0.0 3 Moderate
T-78 2.3 0.6 2 Mild 6.0 0.0 3 Moderate 7.7 0.6 3 Moderate
T-79 23 0.6 2 Mild 5.7 0.6 3 Moderate 8.3 0.6 3 Moderate
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