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A Possible Simple in Chemico Test to Identify Skin Sensitizers and Non-Sensitizers by Using
Low Molecular Weight Compounds Containing Thiol Group

Geon Ho Kim, Dong Ho Cha, Hyung Mo Gu, Jae Sung Park, Jae Hoon Jeong,
Jin Sum Hwang, Mahesh Raj Nepal, Tae Cheon Jeong’

College of Pharmacy, Yeungnam University, Gyeongsan, Korea

ABSTRACT. For the initiation of skin sensitization reaction, a sensitizer should react with endogenous
proteins. During the haptenization of a sensitizer with proteins, it is also possible for a sensitizer to react with
small molecules that contain either amino or thiol group, indicating a possibility to develop a simple skin
sensitization test using the reactivity of test compounds with thiol-containing low molecular weight compounds.
In the present study, 10 compounds that contain a thiol group were pre-tested to determine whether the
reactivity with a thiol-detecting monobromobimane would be in concentration-dependent manners. Subsequently,
among thiol compounds, a simple spectrofluorometrical method to identify skin sensitizers in chemico was
tested with glutathione, an endogenous substance that contains amino and thiol groups. To flurorometrically
quantitate the remaining thiol-containing compounds following a reaction with skin sensitizers, monobromobimane
was employed. The conditions optimized included: incubation conditions of thiol compounds including
glutathione with monobromobimane, molar ratios of thiol compounds to monobromobimane, optimal concentration
and incubation time of monobromobimane, and pH and incubation time with test compounds. With a
tentatively optimized conditions, 4 skin sensitizers and 2 non-sensitizers were tested to know whether the
method could correctly identify skin sensitizers and non-sensitizers. The results indicated a good possibility.
Although further optimization is required, it would be a useful screening tool for determining skin sensitization
potential of test compounds, because the present method employs a simple endogenous thiol compound as an
acceptor for sensitizers with a spectrofluorometric detection system requiring neither experimental animals nor
cell cultures.
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Materials and Methods
1. M&

Glutathione& H|E3$H £ 95% ©o|A49 10F A&
3135, 2,4—dinitrochlorobenzene, cinnamaldehyde,
lactic acid, 121l isopropanol-2 Sigma—Aldrich (St,
Louis, MO, u|=)oj|A 95}t Monobromobimane,
eugenol, 183l dimethyl sulfoxide (DMSO):= TCI
(Tokyo, QE)olA Fahe,
Baker (Philipsburg, NJ, #ml=h)o|A Y3+t 1
wre AlobE AT St Aok ALgaigen], 2t s
=& HEo AA Y glo] iz Aol ARkl

acetonitrile2 J T.

no
=t

=

£ 3IEE1 monobromobimane 2]
& HngL

[

2|2 e dA =x=(100 uL)E 0.1 M potassium
phosphate &=8M(pH 8) XX 0.1 M ammonium
acetate 58 (pH 10)o] Hof FF Mol ¢l
S Mol 96-well plate (Greiner Bio—One GmbH,
Frickenhausen, =)o 5311, A|FEZ = A
HEZS 9 fuf(acetonitrile = DMSO, 50
mL)E F713F ok, 9 2= A 9 A

s
FHS BESAIF T o] W ¥RgAIZE
5 o pas

A =X 9 monobromobimane (0.1 M potassium
phosphate, pH 8, 50 uL)& 7}3to] 3087F HF-S-A]A
Hob e A&S3AES FEA(Tecan Spark MI0
plate reader)E ©]-&3}o] 465 nm IAH(excitation,
360 nm)oj|A ATt IEE FFLi= relative
fluorescence unit (RFU)Z Ai}lo]] FA|SFATH
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3. AgHM L =% 4 e Y gl Faskiith Glutathiones:
H 23k A& =Y dA&S A% Yo 54
AlF 52T} vh-e & ouk-3-9] glutathione< mono— EHI PFEY T oot WHol AAE Qloh
bromobimane™ HFSA]#A AL FFZHRFU) O ZHE (Ellman, 1959; Rudyk and Eaton, 2014), &3 &= =
Tote] o A& o]&sto] AdEA Ysto] FaH g RS ol8ste dAAEY A Al EAsHE o
glutathione®] & AF&35}QTH % ZhA® = 100 x g EAE Fole o AFERS MA 9%t
X - YV)/X, olnf ‘X’= Lujte] FGghol dgsigl e R A5 B AFEA HEo] ErtsdlAs A
o, Ve AdEATY Fageld. 19 % Hda < agste], £ AtolA = FFHE o8 A& 3}
2ol 0 mykel AL 002 100 23l A< 1002 = dEUe A= 2 ZdRAE E5
2 7F8t] AAbskach monobromobimane2 2A|27] A& Ao FE MeEsH
T} (Rudyk and Eaton, 2014).
Results and Discussion UA monobromobimaneo2 AT SAUEL I
o2 HET 4 U=AE FRIsh] Hste] glutathione
HRHAZA BESo 4 spx|o] F@ WA = AEa} = B 8% IAES BUFHIth(Fig. 13} 2). o
dag AT A AT A% mR AUME SRS A HEES pH 10 2004 AFEL o)
o] B3} =x|AF A|Eol| o3t g TE W T-A &2 AR DMSO (20%)EA4 3fe] monobromobimane
Eo BASe] og g4 Weel WA dolyr  BUT WSAYL YRS Z4T A mE A
i odul-2- o] olFo|th(Kimber et al., 2010; Nepal et SRR 100 uM7HA] A4S Holw FF=rt St
al., 2018). webA], A whMAo] 7pA AJAHQ # ohe AE U 4 d%len, 100 uMol oA e i
719 2&719F A2 B AFe mRARy ve dEe 2RE YEHFig. 2). o3 A=
o] W4 @40, OECDO|A 7<% DPRA A= ¢ 32 A& IREY v HYoAE AFH A
A4 HE|EE o83 A=A vHAS ol o] 7hsdE omlsto], ARz A3 & A
3l HF¥ o] th(Gerberick et al,, 2007a; 2007b). #|< E4Ho WMEAEE w2 =R FAFT & US5S
sigtE AAd 24 719 vheAE Brhekr] fsiA oujsh= AR ks gl
= HA ¥ & Joldle A e ARHeR 4
0
HOJK:/\SH H NH. HsC SHO
N o, HS\)\WOCHC{ + HCl HeC OH
T CHe o) NH;
O CHs
Boc-cys-OH L-Cysteine methyl ester HCI L-Penicillamine
O
H NH, HS/\A)LOCHg f
HS O -CHs +HCI HN\H,(:H3 HS OH
o} o NH
L-Cysteine ethyl ester HCI N-Acetyl cysteine methyl ester L-Cysteine

0
.
H3C

N-Acetyl-D-penicillamine

Fig 1.
tested in the present study

Glutathione (GSH)

Structures of low molecular weight compounds containing thiol group
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Fig 2. Reactivity of thiol-containing compounds with monobromobimane. Given concentrations
of thiol-containing compounds in 0.1 M ammonium acetate buffer, pH 10, with 20%
DMSO were incubated with given concentrations of monobromobimane in 0.1 M
potassium phosphate buffer (pH 8) for 30 min in the dark at room temperature. The
reaction was conducted in a black 96-well plate with 150 ul glutathione and 50 ll
monobromobimane. The relative fluorescence unit (RFU) was determined at 465 nm with
the excitation at 360 nm. Each value represents the mean RFU + S.D. of triplicate
determinations
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Fig 3. Effects of temperature on the stability of 4 thiol-containing compounds. Four
thiol-containing compounds (100 pM) in 0.1 M ammonium acetate buffer (pH 10) with 20%
DMSO (A, B) or in 0.1M potassium phosphate buffer (pH 8) with 33% acetonitrile (C, D) were
incubated for the given time intervals at either 4°C (A, C) or room temperature (B, D). And
then, 200 uM monobromobimane in 0.1 M potassium phosphate buffer (pH 8) was incubated
for 30 min at room temperature. Each value represents the mean + S.D. of triplicate
determinations
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Fig 4. Reactivity of glutathione (GSH) with monobromobimane in the presence of acetonitrile. (A)
GSH at 100 yM in 0.1 M potassium phosphate buffer (pH 8) containing 33% acetonitrile were
incubated with 200 uM monobromobimane in 0.1 M potassium phosphate buffer (pH 8) for the
give time interval at room temperature. Each value represents the mean *= S.D. of triplicate
determinations. (B) The given concentrations of GSH in 0.1 M potassium phosphate buffer (pH 8)
containing 33% acetonitrile were incubated with the given concentrations of monobromobimane
in 0.1 M potassium phosphate buffer (pH 8) for 30 min at room temperature. Each value
represents the mean * S.D. of triplicate determinations
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th2of+= glutathione W cysteinel} Tj&E©] cysteamine
I} homocysteine & Yol AL 3}gtE 27HAE =
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Balgion, WeAo] Zhees bAAo] 14
St @ HAT SUe BEE LA DMSOS
2713t 97} acetonitrile XH o} vR2-0] oFF
e fAEHE A & & A T, AL =
Ae T &) 25o] tiste] glutathione?] oF4
Ad o8] §AEHE ASZ Ygyt o, glutathione
o A9 T G B4 24 AT FoIE ol A

A

HALE S35l 9lo] 4 FFE = glutathioned

o|-§3t AIFZRY A3} AFE HA AAst= Ao
E AAsHGH. ., & 8 2% A{rbsAdo] &
o] & AFoA= WA acetonitriler ©]-&3F A
TFE APsklar, =3 DMSOE o]&3t A+ XY
g oAoln, 1 A= 5 Bug ool

o]oj A glutathioneZ acetonitrile &xj 3s}of AJ7F
o] W= monobromobimane¥}o] WHEAJS AlwE Z
T} g 208 FRE ADUYS HERfE AS Sla)
9, WS AT T ORI AT S Hol A

oz Ugyth(Fig, 4A). E3 glutathione2 33%
acetonitrile &2 d}o] pH 8oA = 100 uUM7Z}A| HF-$-
ol MAMHE Holt AL SHUASATHFig. 4B).
BA, ol% Py BAS BASHE AHA 100 WM
9] glutathione (pH 8)2 33% acetonitrile A|PE
ol i3t &ujE ARESlo] 4°CoA REGAIX TR,
u—o]—

)= glutathioneS monobromobimanes HHEA|

=
7 Agksl= Aoz AABFIY I, monobromobimane}t
o]

=2
o uhge AT PANE Telste] 30RO UY

[o

acidE H|AHA B2 2 AASF glutathioneZ}o] Hh
4L s At HE Hrbs) Eokth(Fig. 5). &,
100 uM9] glutathione¥} AJFEZE 1:15, 1:30 2 1:60
9] H|&(acetonitrile?] EHr= 7z}t 5 10 ¥ 20%) 2 &

gtoto] LAY S WA H, monobromobimane

I} 9k A A AP ERI} glutathione 7HO] WHS-o] A
L5 glutathione®| % Ao R AFES| Hokth 1
1L minr
o0 =G hr

- 024 hr
£ 80
E |
5
T n
8 40

L | ewes | e | omen | L
130 1260

Fig 5. An optimization of concentration of test
compounds and incubation time with glutathione
(GSH). GSH at 100 yM was incubated with either
molar ratio of 1:15, 1:30, or 1:60 of test compounds
in acetonitrile for either 3, 6, or 24 hr at 4°C. The
final concentrations of acetonitrle in  GSH:test
compounds of 1:15, 1:30, and 1:60 were 5%, 10%,
and 30%, respectively. And then, 200 uM
monobromobimane was incubated for 30 min at
room temperature. Each bar represents the mean %
depletion of GSH + S.D. of friplicate determinations.
The % depletion of GSH was calculated with the
formula of (X-Y)/Xx100, where X was mean RFU of
control without test chemicals but vehicle and Y
was the RFU of test chemicals. DNCB,
2,4-dinitrochlorobenzene; LA, lactic acid

r3
E=1

GE5H depletion (%)

CA EUG LA IPA

Fig 6. Effects of pH on the depletion of GSH by 6
test compounds. GSH at 100 uM in either 0.1 M
potassium phosphate buffer (pH 7.4 or 8.0) or 0.1
M ammonium acetate buffer (pH 10) was
incubated with a molar ratio of 1:60 of individual
test compounds in 20% acetonitrile (final) at 4°C
for 24hr. And then, 200 uM monobromobimane
was incubated for 30 min at room temperature.
Each bar represents the mean % depletion of GSH
+ S.D. of triplicate determinations. DNCB,
2.4-dinitrochlorobenzene; GA, glutaraldehyde; CA,
cinnamaldehyde; EUG, eugenol; LA, lactic acid;
IPA, isopropanol
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