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A Simple Spectrophotometric Test to Identify Skin Sensitizers and Non-Sensitizers in Chemico

Dong-Ho Cha, Mahesh Raj Nepal, Geon-Ho Kim, Mi-Jeong Kang, Tae-Cheon Jeong’
College of Pharmacy, Yeungnam University, Gyeongsan, Korea

ABSTRACT. For the key event No. 1 in skin sensitization, a hapten should react with endogenous proteins
for the initiation of immune reaction. Although Direct Peptide Reactivity Assay (DPRA) has been developed
as an alternative method for key event 1, artificially synthesized peptides and HPLC should be employed in
performance, which are somewhat inconvenient. In the present study, a simple spectrophotometrical method to
identify skin sensitizers in chemico was developed by using cysteamine, an endogenous substance that contains
amino and thiol groups. To quantitate remaining cysteamine following the reaction with skin sensitizers,
5,5’-dithiobis-(2-nitrobenzoic acid) (DTNB) was selected for the derivatization. The conditions optimized
included: incubation time of cysteamine with test substances, molar ratios of cysteamine to test substances,
stability of derivatized products of test substances with optimal concentration and incubation time of DTNB,
and spectrophotometrical characteristics of the derivatized product. With the optimized conditions, 11 skin
sensitizers and non-sensitizers were tested to know whether the method is feasible or not. Although further
optimization is required, it would be a useful screening tool for determining skin sensitization potential of
small molecules, because the present method employs simple endogenous cysteamine as an acceptor for
sensitizers with a spectrophotometric detection system,.

KEY WORDS: skin sensitization, cysteamine, DPRA, spectrophotometry, in chemico

|ntr0ducti0n et al,, 2000; 2002; 2010), 1 9] t}oFst in vitro
Aldo] JErElo] At} (Jousey et al., 2006; Ryan

SPAE W T AR st FEAY SRt sheE et al, 20015 2005). 2y @A o]&d ¢ e
Ao 55, B7t 57t 9 Agte] digt fFHAAY Al o AN S o5 o EAHS 7L QL
Pog Qs F=9 AHES AR dAAIF o] de t.odlE =9, A8 Sdo =E4d Z_F e HId
AFE 3l itk OECDo|A et A|d & 4= oANM T-AZ2 FA4Z SHse EF WHIG LLNAE
AAFo] 71 d&8o] 22 AlFHoE IR 3o o Hs] =9 A&l £’L:rLElJ—(Anderson et al,,
Y] HIEo] ALYy 9lon] (Basketter et al, 2011; Gerberick et al,, 2007a; 2007b), E3F UXH

1992; 1999; 2000; Cockshott et al., 2006; Kimber A @A HPLCY FAZ FEA7]et o] 11719
348 2471717 =AY, 2HEEY 240

Received: 11 November 2019 U Alzzujeke]l FaAololM FEAFAFO] HAA
Revised: 12 December 2019 HHE 0|83t AXLE 335177} o]y AHo] &4
Accepted: 13 December 2019 o]}

* Corresponding author: Tae Cheon Jeong =~ PAAEHS BRHAgoR de| AN 77| YaiA+=
Gy e o SRS S AY SIS Hastely JHs g eke] s
-+, = N . L
Tel: 82-53-810-2819 Fax: 82-53-810-4654 A= Ao d&8s fAshe Aol Fasith ol

E-mail: taecheon@ynu.ac.kr



40 - Journal of Alternatives to Animal Experiments

3 1
o B¢ AuA FAHBAL GU ke s
el A WA F a3 (key event) B 4+ 9)

& oo
Hr
oy
)
ox.
il
it
o
v
33
Jo
offt
o
fr 1o

HHOPRAIS AZHYAT SEE S} Faut
$ 2 - 4% BT Jlg ARERANBES BliLe)
of @A AME 7Msd 7H b w F shuboltt
(Dimitrov et al., 2016). o] A|goA=, JHEAZ =
7 wAel wesh BAS washel, B4l 8 A|AH)

5 Hpo

Ho Pl SAE ApEos g
ot 2% 117} HPLCE ©]-&3%t £A41A4o] vi=
Al "3t WA o| Qith (Gerberick et al,, 2004;
2009; Urbisch et al., 2016), T3 A|EK 9 o=g
& AlZujke o83 thE WHE Hs AL
2 ogortt, AEE LI olA T

2 o dgeEs dder 4l

N

o =
o ot

)
o
R
N
N
H
—Hr
o
)
ox,
il
i)
i)
Lo e rir
o > ™

>
-0,
PSR DY
o
b
17
)
2
pacs
o

N g
o
B
)
T
olo
ox.

S
N
> 2

N
N
o
av)
=5
=
i
oft
ot
o
—Hr
o
=
ox,
S~
U 0
2o
I‘_Q o]o
1= ok —g -
> 2
oz oy ¥
(o]

(Gerberick et al., 2009), u}ahA],
el @4l dofubs
< Ae7E 7K AEAE

d

2 =2

olo oo

ook B

>,

i
1

o e
st

)

u

H1

N

) >
oX,

|n]

i)

L

B

=2

o Mo
oo &,

= 4
3
., rr
O
o
=
l‘lO r_0|1_"
(]
5
= m.lg
0{1;1 i
=
<L e
_l
3!

2o
2
ot [
o
2
do
(o]
BN
i)
N
olr
]
o
T
=
>,
[

=2
S~
R
ofo

s/ = T 1
N
rlr
au)
_ln:
i)

rlr r_(‘[L

.,
ot
[u{u
N
i)
u)
>
ol
)
ofN
oX

oo
ox, oo

2871
4% & dhgste Aoz FHEHN= H
(Lepoittevin and Benezra, 1991; Ahlfors et al,,
2003), & dto 9FA AlxHopul S FERAR &
o Wold ARA B 300159 APBAL o|§
o & A Aol A= dapsyl chloride®}o] %=
Al A4S HPLC o= Hrkeh % 100%9 1l

Zof 82%9 Eolk Y 93%9 HE}EE Hol= A9

r
4
_IO
ox,
fjo
e
e
R
=}
5
o]
-
)
o
Y

.

) I C Ay . S O

-

ox L

gl

> >
2 oo oot 4 o

4z oMo e 2 H

N
X,
il
i)
o
i
N
N
olr
ox
filo
Aot
o
ol
o
N
o
o

N 2
)
ofN

ox i oY N O X

2

5
g o2 1F Ad=d (
A

¥ Y N o
ofN
<
= Pu
=
0
ata)
ox.
o
i)
w
o
o
2
o
o
u
o oy
N
N
o

oo oo J

Materials and Methods
1. &

ANAEEE ARSSE 392 Table 1o Ue et
A ~H|o}a1(98%, CAS No. 60-23-1)3} 5,5 —dithiobis
(2—nitrobenzoic acid) (DTNB, 98%, CAS No, 69-78-
3)& Sigma—Aldrich (St. Louis, MO, m|=)ofA I
sttt th2-9] 3eEL Duksan Pure Chemicals
(AL, Brd)oA FUsFS T glacial acetic acid
(99%, CAS No., 64-19-7); potassium phosphate
monobasic (99%, CAS No 7778-77-0); potassium
phosphate dibasic (98%, CAS No, 7758—11—-4).
Acetonitrile (CAS No, 75-05-8)& J.T. Baker
(Phillipsburg, NJ, H#]=)o]A, sodium acetate
trihydrate (99%, CAS No. 6131-90—-4)= Tokyo
Chemical Industry(E7, d&)oA z+z A3
ZF SekEe dEo AARY glo] aAtE A A
&35tk

2. NAE[OIEITE DTNB Tt 18 A3
5T 9 BT

Al2HoMS 0.1 M sodium acetate <58 (pH
4.0)e] =] 0-1500 mMZ A|£3FF th5 100 mLE
sto] A2 Ee= vdAd 289 89l acetonitrile
50 mLe} &£%+s}a7, 0.1 M potassium phosphate &
Z8M(pH 7.4)9] AR DTNB(100-500 mM) 50
mLE Flele] WSS fESHALh ofF ALold 20
Hol Ay thS 415 nmo A EFEE 23 AT A
Zopulal DTNB zho| REGAIZMS X2 3}st7] 5t
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Table 1. Information on tested chemicals

No. Chemical name CAS No. Csﬁf)rgliigsl Purity (%) PQ?/OSEOI Sglsveedn’f onCI:USe cofeclgnor\;/ivﬁ_LNA)
1 2,4-Dinitrochlorobenzene  97-00-7  Sigma-Aldrich 97 Solid Acetonitrle  0.08 Extreme
2 p-Benzoquinone 106-51-4  Sigma-Aldrich > 98 Solid Acetonitrile  0.01 Extreme
3 p-Hydroquinone 123-31-9  Sigma-Aldrich - Solid Acetonitrile  0.11 Strong
4 Glutaraldehyde 111-30-8 Alfa Aesar 50 Liquid  Acetonitriie  0.20 Strong
5 Cinnamaldehyde 105-55-2  Sigma-Aldrich 95 Liquid  Acetonitrile  2.00 Moderate
6 Citral 5392-40-5 Sigma-Aldrich 95 Liquid  Acetonitrile  5.70 Moderate
7 Diethyl maleate 141-05-9  Sigma-Aldrich 97 Liquid  Acetonitrile  2.10 Moderate
8 2,3-Butanedione 431-03-8 Sigma-Aldrich - Liquid  Acetonitrile  11.00 Weak
9 Lactic acid 50-21-5  Sigma-Aldrich 85 Liquid  Acetonitrile NC Non-sensitizer
10 Isopropanol 67-63-0  Sigma-Aldrich - Liquid  Acetonitrile NC Non-sensitizer
11 Methyl salicylate 119-36-8 TCl 99 Liquid  Acetonitrile NC Non-sensitizer

CAS No., Chemical Abstracts Service Number; NC, not calculated.

-, purity not specified by suppliers.

o, 600 mM A]AH|olYl 100 mLQ} acetonitrile 50
mL 9 500 mM DTNB 50 mLE &gt F AL %
Aol4 10 & 7HH o= 1 A7 5t 415 nmof| A &3

g SAskAH.

3 I\I/\E-"OI-E“Q' 0|-7(‘|/\1 IH'II--
AL 801 pH 2 & 94

pol w2 Asgolule] SRS BAs] ¢lstel
0.1 M sodium acetate =8N (pH 4.0), 0.1 M
25&H(pH 7.0) 18l 0.1
M ammonium acetate &==8&N (pH 10.0) 5 3%£9]
A5 gole ZuIa o3, ZHzie] 600 mM A Aokl
100 mLo} &2 AFESt acetonitrile = dimethyl
sulfoxide (DMSO) 50 mLE Z3gslal, 0, 3, 6, 18,
24 AIZF ot ¥ 24 (40)d AL 21 (25T0)e
2 ARE FESto] A Bastelen, B4 A

potassium phosphate

7ko] 0.1 M potassium phosphate &80 =9l
500 mM¢] DTNB 50 mLE& &3}slo] 20 & 7+ HI-S
A7l % 415 nmoll A FFEE SHsih olnf Alxt
of e golo] 84 A4S Haslel) o) WS
Az gojzel metEE 0 96-well plated 97| =
2 Agsio
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£729] cinnam aldehydeQ} H|ZH2HA
salicylateS Z+Z} acetonitrileo] &¢] 32 mM (1:30)
EL 72 mM (1:60)2 B3k 29 50 mLALS 96—
well plateo|A] 3, 6, 18 ¥ 24 AJ7F F<F Wb A7l
%, 0.1 M potassium phosphate 2ZoHo] ==9]
500 mM DTNB 50 mLZ 7}3}e] 20 2 3o 415
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600 uM cysteamine, 100 pL
(400 pM, final)

A 2 L 4

Test chemicals in acetonitrile, 50 pL Test chemicals in acetonitrile, 50 pL

(Cysteamine: TCs, 1:30) (Cysteamine: TCs, 1:60)

4T, 24 hr

v
500 uM DTNB. 50 uL
| |

20 min

A 4

| Absorbance at 415 nm |

Fig 1. Experimental steps for testing reactivity of
cysteamine with test chemicals
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Fig 2. Detection of cysteamine complex with 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB). (A) Absorption spectra
of cysteamine. At 400 uM prepared in 0.1 M sodium acetate buffer, pH 4.0. (B) Absorption spectra of DTNB
at 500 pM prepared in 0.1 M potassium phosphate buffer, pH 7.4. (C) Absorption spectra of cysteamine-
DTNB complex following 20 min incubation. (D) Depletion of cysteamine by 2,4-dinitfrochlorobenzene (DNCB)
at 72 mM. The percent depletion of cysteamine by a test chemical was calculated by following formula:
100-(Y/Xx100), where X is the absorbance at 415 nm for control without test chemical but acetonitrile, a
vehicle, and Y is the absorbance at 415 nm for test chemical
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0 T T T T 1 0 T T T 1
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Fig. 3. Reactivity of cysteamine with DTNB. (A) Reactivity of cysteamine with various concentrations of DTNB. Each
value represents the mean + S.D. of friplicate determinations. (B) Concentration dependency of cysteamine
with 500 uM DTNB

oF HIZPAEA B9 methyl salicylate® ALg3te] 4 AW, F 27 BE Ay BAT HRAy 23 2
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Fig. 4. Optimization of reaction time for cysteamine
with DTNB. Cysteamine at 400 uM was reacted with
500 uM DINB at room temperature. Each value
represents the mean + S.D. of six determinations.
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Fig. 5. Optimiztion of vehicle solvents and reaction temperatures in 3 different pHs of reaction mixtures.
Cysteamine at 600 mM was incubated with either acetonitrile or DMSO for the given times and temperatures
in 3 pH conditions. And then, 500 mM DTNB was incubated at room temperature for 20 min. (A) Incubation of

cysteamine with acetonitrile at 4C.
cysteamine with DMSO at 4T.
mean + S.D. of triplicate determinafions.

(B) Incubation of cysteamine with acetonitrie at 25C.
(D) Incubation of cysteamine with DMSO at 25C. Each bar represents the

(C) Incubatione of
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Fig. 6. Optimization of concentration and time for the reaction of 2 test chemicals with
cysteamine. Cysteamine at 600 uM was incubated with 32 mM (1:30) and 72 mM (1:60) of
test chemicals up to 24 hr at 4C. Each bar represents the mean percent of cysteamine
depletion + S.D. of friplicate determinations. The percent depletion < 0 was regarded as 0.

120

100 - -

80~I ] ]

60 - m1:30
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40 ~

Cysteamine depletion (%)

20 A

0 A : . . . , , , ,iH .0

DNCB p-BQ p-HQ GA DM 2,3-BTD CA CTL LA IPL MS

Fig. 7. Depletion of cysteamine by 11 test chemicals. Cysteamine at 600 uM was incubated with
30-fold and 60-fold of test chemicals for 24 hr at 4C. And then, the reactant was incubated with
500 uM DTNB for 20 min at 25T, followed by UV absorption at 415 nm. The percent depletion of
cysteamine by a fest chemical was calculated as mentioned in Fig. 1. Each bar represents the
mean percent of cysteamine depletion + S.D. of six determinations. The percent depletion < 0 was
regarded as 0. DNCB, 24-dinitfrochlorobenzene; p-BQ, p-benzoquinone; p-HQ, p-hydroquinone; GA,
glutaraldehyde; DM, diethyl maleate; 2,3-BTD, 2,3-butanedione; CA, cinnamaldehyde; CTL, citral;
LA, lactic acid; IPA, isopropyl alcohol; MS, methyl salicylate.

Discussion Agel AFHOR BT 4+ gk AFHY Aol 1

AaQl Bxolgich. Wy Wetol=o| et et

B oATE ARERY FRAE oFe AgsA o A WAL 3TN IELo] fuste T
o xAolA MR ARy B4 TEs] 9% AR ¥ 4R ST A AT & dE AL A
of AEYS ®rh ¥ sty AAH wHe A BA G gesk Byel EASh gl
uhaly] ola) 22a)stoitt. =, themo] TWER] tjal  (Gerberick et al,, 2004), A]AHOIIL YelAde] A
of A%sA the ATS AW Ao et Azeld  EA BHAW, @A Ei glutathioned 20| -
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SH 712 7K qlo} whgAol && Aty Baw
A7 WS 4 9 Aol ApAel 7t u
LB Aol Ane 4
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BHE Austel Aystgon, AREYe A 3
a3t Sistel 25 Fv Swule] oF HH% A
T2+ o YolthNepal et al, 2018), Ay %
Aol Alzdotlnt ABEAY WrgHol Mg A
R e Qb WRaay 249 el 3
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wolw, MR wZ Ao} §AHE
W2AS B7) 93 HAs Bgol § BaH Ao

BARANAE F 839 AN BAY 359 vz
A4 BAS YOE ALdolule] 17 JEE 3
stk T A, BE AN B0l ugAy B
A3 wastg e o Axdobyle] ng FEst o 2
A3E BolFglou, 420 p-hydroquinonedt

diethyl maleate= A]AE|o}HS 1z AHE7} Ao
olof tfgt #hHel HAsh BT WS & 4 9
?{th. 53], p—hydroquinone®| 7, ApAl= ¥hE
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