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Abstract: A high performance liquid chromatographic (HPLC) method was established for the determi-
nation of 9 self-heating compounds, including capsaicin in cosmetics. The samples were ultrasonically
extracted with 80% methanol, and then filtered. The target compounds were separated on a Symme-
tryShield™RP18 (250 mm X 4.6 mm, 5 wm) with a mobile phase consisting of acetonitrile and 0. 5%
formic acid by gradient elution, and analyzed by HPLC with a PDA detector. Under the optimal condi-
tions, good linear relationships were obtained for nine compounds in the concentration range of 0.2 —
100 pg/mL, with correlation coefficients () not less than 0.999 5. The limits of detection (LODs)
were in the range of 0. 001 0 — 0. 003 4 mg/kg. The spiked recoveries for water, lotion and cream ma-
trixes at three levels of 0. 004, 0.02, 1 mg/kg ranged from 75. 6% to 115%, with relative standard de-
viations (RSDs, n =3) of 0. 083% — 7. 0%. This method is accurate and sensitive, and is suitable for
the qualitative and quantitative analysis of 9 self-heating compounds in cosmetics.

Key words: self-heating compounds; cosmetics; high performance liquid chromatography (HPLC)

UEAFEOR, FHE NATH BEORIER G, 2 HBORME E B SRR AINE, BA LDtk
RS2 bk o 2 Attt S E B, AN . AT, A b B S IS P
BN, AT AT LA B2 T N g, ARG, JFHA B THERA M, R 2 EL i sE
R AR bt TS DRGSR s 2R, (b I A ER, A A
W T B A — S At i R 8 S A IR ZR ) BURGRIE S AT R R T ISR B4
TG PRIEREIZE AR . 8GR ), TR AESE (R 2L THE . B2 Olt), XY
ROEM ., 6-Z0M5), DILR PN (B-AENN . WIRGR . HIREBIRN ) &%, X280 RE S 2t 1LY

WFEEHEE: 2023-01-19; {EEIHHA: 2023 -02-28
« BWAIEE . 28, Wid, TR, WF5EJ7m: il 5047, E-mail: 377907942@qq. com



642 SrHT AR 5424

TER, DR BT ASHAGE , A& X Le 2l At i, FlAN AR BE SR, REV AL Bk R THT
PR, HIZA AT R, W AR AR RIPE, MR ARGR Rt XL sy
W R RS A SR I Iy, Xk B k2o 7 A — i A B o DR RS N — e[ 00 R Pt PR
Tk HAEET L.

FURT, Aetbil s s sl B R 3 S SR 60 — BRIRBGIETE ™ . WO 0 — BRI TL
e R TR . SR IVESH RO AT AR OGAE Y, SRR R 2 TE . B
. AARERSE, AR O R IVEGR AR . SR B LI T 4-(Q I AL -2-H
SR LW -l . A-MPIEORERTE . KRR . B-A0EK ) B R IN R DLARGE , ARSCR
FH e O i TR At X 9 R 7 BEAT RIS INRE , I T Tivdg ARt R

s

1.1 #E, KFIS50=H

HEE ., OB (g, £ Honeywell A1), ZEE(rral, HZ5ERFRFERLAR]), HEg
(Pegga, PR TIRAIA R A ) s bRifEsh: BB (98. 4%) . B 0 (97. 2%) . KAH IR H Bk
(99.9%) . ZEW(98.5%) . 6-ZEMEM(99.2%) . 4-HiPIHEIR Bk (98. 3%) . B-4HEH5i (99. 9%) W) B 23 23
A), HEAETEE(98%, Ll RAEMBHE B AR AR, 4-(ZEFEH ) -2- A JEAE; (98. 0%,
B TR AR A0 ) 5 S23 F K345k Milli — Q Integaral 3 ZH7KAIL (B va s PRS2 Iy 2 3% 55 ( H i) TR 2
A)) il AR Atk .

Ultimate 3000 = $0RAH EREAL, B AR FES IR I 2% (GEE FE8k K20 F]) 5 TB - 215D T i K P
(3E[E Denver 24 7)) ; PMS5 — 2000TD &8 75 i i Y g (928 PRIMA 53350 7)) 5 IKA® R BEdRZas ()M
AR} SEE B H AR AT ) ; MULTI - FUGE X1R GRS HE ONL(CEREFE8 AT,

1.2 XIGFHZE

1.2.1 BREREROEIE KSR 10 mg &HUEGIFRiE S CKETH%] 0. 000 01 ), ¥ T 10 mLZH
i, HH RS ERZ2Z2E, E ARG

1.2.2 HERIIBHROFAE HEEREAREE ST 2. 00 mLE 20 mL A MY, HHEEREZ
B, RS, BB R E A 100 we/mL W BRI AW . BRUOPRE G I WOE =, N R AR R bR
2N, BIECHLA .

1.2.3 HRBTAE FREGREEZ0.5 gURFIIZE 0. 001 g) T 15 mL B ZEHRL S0 g, I 2. 0 mL3RHR
ARG, WERZ 30 s, NIRBUERIERZZE, B30 minf5, .05 min($353 4 10 000 r/min),, HX
FIEWGS 0. 45 pm JERR, DEEAE D REIE T .

1.2.4 Bi%&EHEF OikFE: SymmetryShieldRP18(250 mm X 4. 6 mm, 5 wm), BCEFRLEREFE; Rl
$£: 280 nm; JEE: 1.00 mL/min; fE: 30 °C; #FAER: 10 pnL; JiaIAHA 4 0. 5% B R/KIEH, sl
HB ARG, BEEEVEMIFRF: 0~ 30 min, 70% ~50% A; 30 ~ 45 min, 50% A, 45 ~46 min, 50% ~ 70%
A, 46 ~55min, 70% A,

2 HR5ITE

2.1 HRALEFERNERE

EHCHEE . 2. 80% HIEE, 80% LK. 50%HIEE. 50% LM . LEMENIREUEN], H5AmFRE
P AR AL S 9 Fh PSR U R 520, 25 R SR I 4-( LA RS WAL ) -2- H AR R s 7 R /K T A
FPEBUSCR T, 6- MM E B /K A S /K b g B s, LR RIETE %8, HEH80% HIfiE
VEAFESHI PRI . AR EE T 8 A I R BOSCR 20, 258 8RR 15 min J&, $REGHCR
R BAR R, HOEE R R R SR BN )4 15 min.
2.2 BIEFHHIEE
2.2.1 WMGEKHIERE  7EIEK 210 ~ 400 nm JE [ A 9 FhPUBGRIE THA . 4500, B, —
SR, LA TR 4-(CHFEH L) 2-H S W . L. 6-Z MRl 4-45 VI 575 B ik 7 Frh kst
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B Foe KW ML I8 1 2 280 nm, T /K A% T2 HH i 1) 55 R W SCIBE 4 o4 300 nm, - B4 = i 114 5 R W WAC i K Ay
320 nm, ZESHRE, BEEL280 nm ME ARG K

2.2.2 RHHEBIEEERE H5E 7 4FHEFERE (250 mm x 4.6 mm, 5 pm) 8 C SO A REAE (Symme-
tryShield™RP18, Xtimate® C,,, CAPCELL PAK . Supfex AQ — C,,) %} 9 Fh sl il 23 B 20, 45 SRl 1
Pime SRR KGRH IR SE 2R T B-A0-Fik SBm . —E RS -0 P9 228 H kX 3 )
AW OR B I TEHEIT, BSOS 1, {HHAE SymmetryShield"RP18 4%+ FIJRESCBIIEZ S5, HIEE X}
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Fig. 1 HPLC chromatograms of 9 self-heating compounds mixed standard solution on different columns

1. zingerone; 2. vanillyl ethyl ether; 3. methyl salicylate; 4. vanillyl butyl ether; 5. B-asarone Injection; 6. capsaicin;

7. dihydrocapsaicin; 8. 4-allylanisole; 9. 6-shogaol
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Fig. 2 HPLC chromatograms of 9 self-heating compounds mixed standard solution in different mobile phase systems

the numbers denoted were the same as those in Table 1
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Fig.3 HPLC chromatograms of 9 self-heating compounds mixed standard solution at different column temperatures
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the numbers denoted were the same as those in Table 1
2.3 ZMESEESHKHR
TERACSEAE T, X O FhESRI A TR RIBUEH S, LUEMELL (SIN) g 3R AR R o 43l )
FEREE 0. 2 ~ 100 pe/mL RYIbRIEZT, LB RSP0 B SR E ARAAPR (X, pe/mL), W NAEAY
WETE A VR FR(Y), Z2ilbRiER 2R, 25 R ER, 9RPHURFILE0. 2 ~ 100 we/mL JEFE N &6 R B IF,
MRRE ) IIA/PNT0.999 5, FiHFR(LOD)>40.001 0 ~ 0. 003 4 mg/kg( W 1),
F1 OFESHIN RN T e . PTG AR REL(F) Tk R

Table 1 Regression equations, linear ranges, correlation coefficients(r*) and LODs of 9 self-heating compounds

No. Compound Regression equation  Linear range/(pg-mL™") r LOD/(mg-kg™)
1 Zingerone (£ ) Y=0.1832X-0.0124 0.2~ 100 0.999 6 0.0015
2 Vanillyl ethyl ether(4-( Z A JEF 5L) -2-F A KB ) V=0.217 6X +0. 007 2 0.2~ 100 0.999 5 0.0010
3 Methyl salicylate (ZKA% 2 H i) Y=0.246 6X -0.013 3 0.2~ 100 0.999 7 0.001 3
4 Vanillyl butyl ether( 7223 T it ) Y=0.1314X +0.006 0 0.2~ 100 0.999 6 0.002 0
5 B-Asarone Injection (B-41 /I ) Y=0.1029X +0.007 1 0.2 ~100 0.999 5 0.0027
6 Capsaicin (BT ) Y'=0.097 0X - 0. 002 4 0.2~ 100 0.999 6 0.0029
7 Dihydrocapsaicin ( - ZHARH%) Y'=0.097 0X - 0.009 7 0.2~ 100 0.999 9 0.003 2
8 4-Allylanisole (44 5 32 F fif ) Y=0.098 5X - 0.009 3 0.2~ 100 0.999 9 0.003 4
9 6-Shogaol (6-ZE W19} ) Y=0.097 0X - 0. 004 9 0.2~ 100 0.999 6 0.003 4

2.4 [ERERSHEIMIRERE

HISE TR HETRE, PR3 FIRATEAKIESE . L. BRI B3R, e, B AR
3AKPHREE . FEHR FORPT R T, AR WAR 2. 2 0TAN, O FMESRIHEAS ] IR/ T i [l
W H75. 6% ~ 115%, AHAFRIEMRZZE(RSD) A70. 083% ~ 7. 0%, FeHHiZ 7 15 BA B S F1 RSD,,
2.5 FiEHREMN

H g8 T R ) SR (5 pe/mL)FER] 1 HPELL6 RIMNE (0. 4, 8, 12, 24, 48 h), idsk&4lyy
BT A, FFIHEHRSD, 45 R ER, WEREAAY RSD ¥/NTF 5. 0%, 0 9 RhHUBHILE 48 h N FaE i
KUt
2.6 LERERBNE

S HAR T BT R) 30 et SR SR BEA TR, 4-( LI 3K ) -2- H AR BE R RN B- 21 S i 4 A AS:
i, RS S AL KT H R . 0. BRI, R S R m AL A KA R, R
1.0%, HUCHEZETHE, 40.8%, 9FhHUSGILL s Bk ML L3 3,
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2 Attt O FhREGH B BRI WS AR B AR bR R 2 (n = 3)
Table 2 Recoveries and RSDs of 9 self-heating compounds in cosmetic samples(n = 3)
. Added 0. 004 mg/kg Added 0. 02 mg/kg Added 1 mg/kg
Matrix Compound
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
Water Zingerone 103 1.8 91. 1 2.7 82.1 0.25
Vanillyl ethyl ether 90.7 4.6 99.5 2.1 75.7 0.50
Methyl salicylate 114 3.8 106 6.6 101 0.18
Vanillyl butyl ether 110 3.1 106 6.3 102 0.20
B-Asarone Injection 87.2 3.3 98.6 6.4 99.3 0.12
Capsaicin 87.0 3.0 98.9 3.9 102 0.16
Dihydrocapsaicin 104 4.7 101 7.0 111 0.20
4-Allylanisole 103 0. 86 105 4.2 99.5 0.28
6-Shogaol 91.6 3.8 109 4.9 97.9 0.083
Lotion Zingerone 98. 1 2.6 86.8 2.4 81.0 1.4
Vanillyl ethyl ether 93.1 3.7 99.7 2.2 75.6 2.3
Methyl salicylate 108 3.7 84.3 3.8 98.3 1.6
Vanillyl butyl ether 81.5 0.78 96. 4 2.5 99.9 1.4
B-Asarone Injection 90. 6 4.0 95.6 4.9 97.5 0.92
Capsaicin 83.6 1.3 96.5 3.7 99.4 0.82
Dihydrocapsaicin 115 2.4 112 3.8 109 1.5
4-Allylanisole 109 1.7 95.4 4.5 96.0 1.6
6-Shogaol 97.5 2.6 103 3.4 96.5 2.2
Cream Zingerone 89.7 4.8 87.6 1.4 81.2 0.85
Vanillyl ethyl ether 101 2.3 102 3.9 77.4 1.1
Methyl salicylate 93.4 4.6 90.0 4.8 97.6 1.1
Vanillyl butyl ether 89.2 3.1 98.5 2.3 100 0.84
B-Asarone Injection 92.9 5.0 95.7 4.0 98.8 0.94
Capsaicin 101 4.2 90. 8 4.7 101 1.0
Dihydrocapsaicin 107 4.1 110 4.8 115 2.5
4-Allylanisole 89.4 2.3 85.8 4.1 94. 1 1.6
6-Shogaol 100 4.7 99. 1 4.6 96.0 0. 87
3 SEBR R PEGRE B AORE 25 R (%)
Table 3 The detection result of self-heating compounds in the actual samples(%)
Sample No. Zingerone Vanillyl butyl ether Methyl salicylate Capsaicin  Dihydrocapsaicin 4-Allylanisole ~ 6-Shogaol
1 0.19
2 0.10 0.11 0. 05
3 0.13 0.23 0.01
4 0.03
5 0.11
6 0.19 0.02
7 0.12 0.02
8 0.03 0.02
9 0.02
10 0.17 0. 005 0. 005
11 0. 005 0. 06
12 0.01 0. 004
13 0.25
14 0.03
15 0. 07
16 0.8 1.0
17 0.01
18 0. 04
‘
3 &

ARSCIENT 1 (e 8RR €35 ) o AR 00 P oH v+ SRR 552 O b BAVRGRI 5 BN 05 7 o %07 i ki
FESATALBRERAE T, 200, HOPELE . REUER, EHTE LG, FUR2E. BRi%
Pt it H RIS O TP PAEGRI R e 1 5 5 AT

ariny

s



646 ST IR w540 3%

Sk

(1]
[2]
(3]

[4]

[11]

[12]

[13]

[14]

[15]

Vogel EM, Bronoski M, Marques L L M, Cardoso F A R. Braz. J. Biol., 2022, 82: 241025.

LiYY. Capital Med. (ZEEH, EHEEZ), 2006, (9): 35-37.

ZhaoTT, LiHY, Tan]JH, Xiong X T, Zhao Q W, Zhang KD, XiaZ M. Anal. Instrum. GEAHE, 2525 Eg
15, RE/NEE, FRIESC, skalse, EEEL AHTIXEE), 2014, 193(3): 40— 43,

Zhao TT, LiHY, TanJ H, Xiong X T, Zhao Q W, Zhang KD, XiaZ M. Mod. Chem. Ind. GEXHIH}, 22588 {H
e, e, RS, KA, BEM. BRI, 2014, 329(3): 163 - 165.

LuoDX, ChenSY, LiZH, LiHG. China Pharm. (B1ERE, BRI, 279, Z50RE. JEZT), 2008, 106
(11): 1321 -1323.

Zhang J, ZengM S, Lai JM, LiSY, Yan X H, Ding Y. J. Instrum. Anal. (5K#F, S0, Witsfg, Z=08, ™
AN, TR A RTINREER ), 2022, 41(6): 916 - 920.

LiangZ Y, LiangZH, MaYF, Luo HT, Huang F, Wu H Q. J. Instrum. Anal. CRFEFE, BkEsE, D3y, PHE
., W7, BHEE. FINAEER), 2022, 41(11): 1591 - 1599,

Chen Y G, Zhang P L, TanZZ, Wang HH, XiaZ M, Tan J H. Anal. Instrum. (BEESE, skmisk, Eegt, £2
i, B R YR, 2020, 232(5): 11-16.

Huang H, Liao Y Z. Food and Machinery(B5HE, B2 . &5 S5PUK), 2022, 249(7): 80-84, 114.

SunLJ, LiHQ, Cai RB, Zhuang]JY, Tang Q Q, Tang Y Y, ZhongJ, Huang W. J. Instrum. Anal. (FpE I8, &
LR, FRIEN, FEFEZ, FEERER, FEDEDE, fheE, W odrinRAER) . 2023, 42(1): 89-95.

Wang Y, NieM X, JiaF, LiangW Y, LiXY, WenJL, XiaZM, Tan ] H. J. Instrum. Anal. (7Ez, SWE, &°
35, WESCHE, AT, CEEMK, BB e rIRsAR), 2022, 41(12): 1746-1750.

Liang R, ZhaoJ, Sun Y, Gao H, Hai Y. Food Sci. Technol. (#:¥g, #X%, #MBL, SlE, . B,
2021, 355(5): 285-289.

ZhengZY, GuiSY, LongZJ, Zhou X T. J.Anhui Univ. Chin. Med. ROz, HEXUEE, Jo 1L, @R, Z#h
B2 R4R), 2015, 175(5): 87— 89.

Wang S P, Xia Y B, PengJ, Zheng Y Y, Xiong K, Yang F, Lu W W. Chin. J. Anal. Lab. ( EREME, HiEid, #
HE, FREREE, RERL, Mg, KETL. obmikERE), 2007, 26(12): 39-43.

Wu CS, Wang B, LiangM, Xian Y P, WuY L, Wang L, ChenJF, Guo XD, LiuD H. J. Instrum. Anal. (R7%E
M, o, R, sk, REZE, ER, BRINE, A, X oAbl . 2019, 38(8):
985 — 989.

(AL it REH)



