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Abstract: The direct peptide reactivity assay (DPRA) was used to determine the skin sensitization
potential of six fragrance ingredients of unknown sensitizing activity, including farnesol, which may
be added to cosmetics. The test and control fragrance ingredients were incubated with reaction sys-
tems containing cysteine and lysine heptapeptides, respectively. High performance liquid chromatog-
raphy (HPLC) was used to detect and calculate the peptide depletion rate for sensitization evaluation.
The reliability of the assay was validated by testing seven known fragrance ingredients (including posi-
tive and negative controls) with established sensitization results from the murine local lymph node as-
say(LLNA), yielding a 100% consistency rate. Among the test compounds, two ingredients (includ-
ing cinnamic acid) showed peptide depletion rates less than 6. 38% and were classified as non-sensi-
tizers, while the remaining four ingredients (including farnesol) were determined as positive sensitiz-
ers. The DPRA is a simple and accurate alternative method for evaluating skin sensitization potential.
Key words: direct peptide reactivity assay (DPRA) ; skin sensitization; high performance liquid
chromatography (HPLC) ; fragrance ingredients
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Table 1 Information of 11 perfume compounds

No. Compound CAS Purity/% || No. Compound CAS Purity/%
1 Lily aldehyde (4% >4 %) 80-54-6 98.0 7 Galaxolide (f£R B ) 1222-05-5 87.5
2 Lyral (B4 2 8%) 31906-04-4  99.5 8 4-Methoxybenzyl alcohol (5 7 i) 105-13-5 99. 8
3 Geraniol (F M%) 106-24-1 96. 8 9 Menthol ( 74 fif il ) 89-78-1 99. 4
4 Coumarin(FHE %) 91-64-5 99.9 10 Cinnamic acid ([AFERR) 621-82-9 99.9
5 Cinnamy] alcohol ( PIE:fE) 104-54-1 92.0 11 7-Methylcoumarin (7-H 25 E %) 2445-83-2 99. 8
6 Farnesol (4 A Wi ) 4602-84-0 88.6

1.2 XBWHZE
1.2.1 ZRAMESERRIRERRAE S
SO rp PR 22 BREA A 0 B ) i A R BRI R, A7 (R AR, DU A . FRRIE R A 43
BN £ IKGE 2 R 1 D 208 22 AR R ), ) B 25 L B IR BRI 00 B 0 il F8 (RO 2
JUR At B RIS I 22 R R 39
12,101 FREE S IR KR pH 7. STEIRIRZE P . BUAIR S ANA 18 mL 5 0. 1 mol/L i
TR AN 82 mL A5 I He pH B, IR — SN ORI IR S AN AT pH 2.7, 5+0. 5,
B A FRE—E AR 2 Ak, FH pH 7. 5 BOBEBRER 22 nh i T I ) vk 2 >4 0. 667 mmol/L
VAR o
FRARIA: BZNE2 mL 5 pH 7. 5 BEERERZZ 0P 8 mL IR A RIS .
1.2.1.2 #&A® %KAM xER  pH 10. 2 BERRERZZ 0PI . FREVESER 4% 1. 542 g, JN/K 200 mL iz f#
M pHAE, MHZUKIENT pH £ 10. 2,
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B WB: R —EENIEIR 2k, FH pH 10. 2 BB 2z whig BE 6 ik 2 4 0. 667 mmol/L Y
AT

PRI B: BZHE 2 mL 5 pH 10. 2 BERRERZ MM 8 mL IR A RIS .
1.2.1.3 BB R A A T B 43 FH R R (0 AR A7 351 A VR R 791 B I ) ik B ok
0.567 0, 0.2835, 0.1418, 0.0709, 0.0354, 0.017 7 mmol/L B Z Ik R VFRIEIE .
1.2.2 XPERHNZXYA KO H

FREC— 5 B RS ARz R, F ST i B2 4 100 mmol/L ¥
1.2.3 WAERAEF
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PRI 2 R En FREIN A 0 22 R W) s . SRR T F 22 X 38 S BEC ], 25 1 6 BRORD
Vo R} RS R AR ) o AR 3R 2 IO IR 2 BRI R 2R, FRIMTE 30 s HIR A 39%), 1625 “CT ik
N 24 ho MEERVETE DRSS, SOV ATA DUE WNTe it BEFeR , AHER Y 5 & A DUTE R
i U5 2R FH 100~400x g AR 250 JE R H: 18

2 RPN . 23 6 R FEPE RO IR

Table 2 Configuration table of test sample, blank control and co-elution control

Detection system Reagent VL
Test sample Blank control Co-elution control

Cysteine system Stock solution A 750 750 0
Diluent A 0 0 750

Test sample solution 50 0 50
Acetonitrile 200 250 200

Lysine system Stock solution B 750 750 0
Diluent B 0 0 750
Test sample solution 250 0 250

Acetonitrile 0 250 0

1.2.4 SEHEGEESRHE

iRty = Agilent InfinityLab Poroshell 120 EC—CIS(Z. 1 mmx100 mm, 2.7 um); MEMHA: 540.1%
() =R FREKIERG B B: 5 0. 085% (AR50 =M BRI S, Wi#E: 0.5 mL/min,
Frigs . ZARERES(PDA)KTIN &, A4 220 nmo BEEEVEMLFRF : 0~10 min, 5%~15% B; 10~12
min, 15%~90% B; 12~14 min, 90% B; 14~15 min, 90%~5% B; 15~22 min, 5% B,
1.3 #iE4aiE
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Rh CTEER” . LR T Z IR AR SR 2 I SR BEI,  E DL 2 KA 2 I FE R A T
HE, HIE BN,

%3  DPRA Filjfiz
Table 3 The prediction model of DPRA

Average percentage of cysteine and lysine consumption (x)/% Reaction grade Prediction result
O<x<6. 38 No or minimal reaction Negative
6. 38<x<22. 62 Weak reaction Positive
22.62<x<42. 47 Moderate reaction Positive
42. 47<x<100 Strong reaction Positive

2 HR5TiL
2.1 HHEBIEEFGNMRL

S (IFE) BB S AE RS, SEE % %X [ Agilent InfinityLab Poroshell 120 EC-C (2. 1 mmX100 mm,
2.7 wm, FE 1) Agilent InfinityLab Poroshell 120 EC—C,,(2. 1 mmx150 mm, 2.7 pm, ¥£2), RHELEFH
P (0.5, 1.0 mL/min) T HIELEI, L IR 1 050 B RCREF, 1T 1. 0 mL/min 37 HEHS A0 H DGR ) 2%
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H A5 SR 2 BRI 1 [ R R85 2 J:‘uﬁﬂijao.smL/mmﬁq“m&}f;&tz% MR Z HKAE 11. 4 min BI%, 6
IR IRAE 7. 2 min RUECINE 1) o RIS A 1. JEER 0. 5 mL/min VB A ARE 54
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Fig. 1  Chromatograms of cysteine and lysine peptides at 0. 5 mL/min flow rate

Rt: retention time
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11.6%; 23 A6 HE A E MK BE . 0. 45~0. 55 mmol/L, 25 [ % HR R 3 006k BRI T AR Y 48 S R (CV) <
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78 S B8y v 2 I S TR R 2 R R 22 BKAE 0,017 7~0. 567 0 mmol/L 315 [l P 1 b 4 il 26 7 43 ] Ay
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Table 4  Detection results of 6 flavors and reference compounds

Percentage of cys- Average percentage

. Percentage of ly- Reaction DPRA pre- LLNA refer- .
Compound teine consump- | . of two consump- . Compliant
X sine consumption/% . grade diction result ence results
tion/% tion/%

6-Methylcoumarin 0 1 0 No or minimal ~ Negative Negative N
Cinnamal 62 54 58 Strong Positive Positive v
Lily aldehyde 74 14 44 Strong Positive Positive v
Lyral 18 1 9 Weak Positive Positive N
Geraniol 4 18 11 Weak Positive Positive N
Coumarin 4 15 10 Weak Positive Positive N
Cinnamyl alcohol 10 26 18 Weak Positive Positive v
Farnesol 92 4 48 Strong Positive - /
Galaxolide 33 21 27 Moderate Positive - /
4-Methoxybenzyl alcohol 4 9 7 Weak Positive - /
Menthol 0 92 46 Strong Positive - /
Cinnamic acid 0 2 1 No or minimal ~ Negative - /
7-Methylcoumarin 0 10 5 No or minimal ~ Negative - /
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DPRA IG5 5 A e brife v 4 A0 e 75 2 2R JL PRI B xE o 3853 1 I 4 o vT REAE R 5%
PR B £~ 5 B ) 5 2 e 2R 2 KRS 2008 2 KA R) A oL, sl i 8, ELDUAIT S8, A
PRI R R BB BE LS, I 6-H AR SR A IR IR IR R Bk 3R 2 e i ot B
LS R LI 2, FE2S O HECH (SOUIN 2] 2 e 2R 20 RG5O A 2R rpop I 381) 52 7 I 1 = e 2R %2 K
W 5104 6- B FE 7 G206 LB R ORI Y 6- FR LA S R A%, SLPRION R 5 48 O R £2, 3
R AAEES, HIREIICYER . £ A KEESS FTHR L MR8 W AR 28 R P Bt BRI g4k
DL 3, 25 0 e b ) 2 e 2R 2o IR A 06 TE RRUZE R 7 R 2R WP e S i/, R MH P e SR il AR o SRR
L A RE I B 4 A ) fa kg, S AR E S, R IILILBERL .

a: Blank control
b: Test sample
c: Co-elution control

a: Blank control
b: Test sample
c: Co-elution control
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eyl it i ] Fig. 3 Control diagrams of farnesol blank control, cysteine
Fig.2  Control diagrams of 6-methylcoumarin blank control, system and co-elution

cysteine system and co-elution

2.5 MEZRIILL
AU BN B CH RS AR, R4S K DPRA SEER A5 SR | LLNA KB/ 2 053, 2
(WA R L) 8 1 RHEC A RIS 5 . (b Js0RE H 57 (2021 48R0 ) (TRl H 5% )
AL i B IS0 H 5% ) AT TR, WAES.
5 AR IRE LR

Table 5 Comparison of the experimental results of perfumes compounds

i BGR  LINA O gy gm0 INERTRREER LR 0 R
i H %) L% P73 S A%
6-Methylcoumarin No or minimal - N Prohibited Oral products: pro- - - -
hibited at 0. 03%
Cinnamal Strong Moderate N - N 0.016 -
Lily aldehyde Strong Moderate J - Prohibited - - -

Lyral Weak Moderate v Prohibited Prohibited - - -
Geraniol Weak Moderate N - - N - 0.8
Coumarin Weak Weak N - - N - 0.04

Cinnamyl alcohol Weak Weak J - - J - 0.005 1167
Farnesol Strong - N - - N - 3
Galaxolide Moderate - N - - - - -
4-Methoxybenzyl alcohol Weak - - - - N - 0.1
Menthol Strong - N - - J - 3
Cinnamic acid No or minimal - - - - N - 2
7-Methylcoumarin No or minimal - - Prohibited - - - -

*the percentages in the table are all quality scores (&A% H1 9 43 H 15 5 2 43400

Horp 6- LA G200 7- R L% A 2 R0 b 2 SR AR B, (EO A s B 0k . i
HE— RGN By R Yy, FELE FAMR I G 2 5 R SRAEEZLZ ), 7-H B AR G 30 B A A
P TRy 22 REAGE R 22 A Sy H (A i A AR, (ELEE P E A HOR e 22 it
1T RGE, 25785050 M0 T 2% R B b 258 B A Bt
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PUEERE . MR, 75 SRR RN AR 2 RS R A B, TEIR IR T 7 bR
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TR E R PR 7 A BR AR S AR, 2 S ™ (EECBAEAS Il T R BE 1 B i A 4 5 A
RARRE AR TN by, W SR IS R ARG Tl B AEH e 5 ZEAE AR TE e Al L. H DPRA 33
RN B — P RE I U, {H Omeragic 557 R BUHOM KA il 00 ZC A E W AR T,
PRLIG P RE DPRA G 1E— 4 ) T T R SRR I A R PRSI, DA A SR Aot i ) 22 4 VP Ak S A1 B T
IR o

FEORERT . e KT K 5 LINA 8RB0 ot (H AW Sk i b . 2% A 500
Bl , S KB AIEAT I A SR By, 7ECC MU H ) P IRIEAE, R IR E ok — P Bk . it
IREFE WO E Sy, i i H A W SO ) 1 Ve A PR €

1] 7 R AR R AR B SN W S5 7 B EL e (e A SR Wit (H SR 30 250t Sl s 1 5 195 v
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