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Abstract: Steroids have a temporary skin improvement and whitening effect by controlling vasodilation, but
they also cause side effects when used for a long time. Therefore, steroids were designated and managed as
raw materials that cannot be used in cosmetics in Korea. However, steroids are continuously being detected
in cosmetics, causing social issues. In this study, we developed a certified reference material (CRM) for the
determination of steroids such as hydrocortisone in cosmetics. A cream-type cosmetic CRM was manufactured
and subsequently certified following the guidelines outlined in ISO Guide 35. Homogeneity, short-term stability,
and long-term stability were evaluated using isotope dilution mass spectrometry (ID-MS). The certified values
were determined by using NIST's primary reference material to ensure traceability. From now on, we intend
to supply the certified reference material as a cosmetic CRM to national and international companies, as well
as research institutes after certification as certified reference material from KOLAS and registering on COMAR.
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Fig. 1. Chemical structure of hydrocortisone.
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2. A7 YUY

21. Al 2 T=

2F4E 4] fot] dAREEERE V=S
Y1 F7]% A7 4(NIST, National Institute of Standards
and Technology) Standard Reference Material?] SRM
N1a9] =2 FZE|EY P4 HFEELS Toronto
Research Chemicals (Toronto, Canada)©] Hydrocortisone-
2,2,4,6,6,21,21-d7& AH&-3FA T

299 S4ES Az Sloe daw 2,
Sf, 22, ZEE, QYRS S5 @
<, Wguletale Sigma-Aldrich (Steinheim, Germany),
3}2t2~= B&T Company (Arcore, Italy), 3| =2 I ZE]
$=-& Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan)=-
ARE-SFAT

FEEFEHY Az B A AL EHE AT
(resistivity of 182 MQrcm)= Mili-Q (Millipore, USA),
g3} oAl Evte] EZS HPLC 5+ 9] Burdick &
Jackson (Muskegon, MI, USA)2] A& A&-3F5 T}

s
S 9EENEH 4 EFEEA T, S8A™Y)
# {5 EHEESTFE, T8, H2gs, 2HE

ERIAZEHE)S 27 £F5
65~70 °C £=olA &3l & 2=& FAS Y= +
2 EFE-S 78 7] (Kinematica, Polytreon PT 2500 E)ol
Yol 5000 vmin 22 EFEHA F4 EFES
A Hrbste] A AY S HEUL 3] ¢85
¥ FHEFELS A2 BRRA 40~50 °C7}
HH BEA G SA S, WY g2 E 3 rtste
ANed F 30 mL &5 T ZZHH (PP, polypro-
pylene) €710l 25 ¢ A AESIH 140719 THRAEFE
AL Azt

=

A AN Trol =gl wet FREEds of
10 g& wHsted g4 X8 0.5 mL, ZE
(1—1,000) 1 mL, W¥& 85 mLE ¥& & 257
FxoA 3027 FETE ©]F 2,500 r/minl A 10
2 AR 5 A4S 4 mL EF skl 3480 %
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Table 1. Condition of HPLC-MS/MS for analysis

Category LC-MS/MS operating conditions
Column Acquity UPLC BEH C18 (100 mm x 2.1 mm x 1.7 um)
Flow rate 0.25 mL/min
Mobile phase A : 0.1 % formic acid in Distilled water
p B : 0.1 % formic acid in Acetonitrile
Time Flow rate Mobile phase
(min) (mL/min) A (%) B (%)
0.00 0.25 70 30
) 2.00 0.25 70 30
Gradient mode 10.00 0.25 25 75
10.10 0.25 0 100
13.00 0.25 0 100
13.10 0.25 70 30
15.00 0.25 70 30
Injection Volume 3 uL

Ionization mode

Electrospray lonization (ESI, Negative)

Scan type MRM (Multiple Reaction Monitoring)
Compound Q1 mass (m/z) Q3 mass (m/z)
MS/MS Hydrocortisone 363 121, 327
Hydrocortisone-d7 370 125, 100

vekEZ A7l ZEAH1—1,000)) 16 mLE 7}t
E W d

g %, 0.2 pm PTFE RWEHQ dHE A3 &4
S FAYAY-AFEHID-MS, Isotope dilution

mass spectrometry)S 2-§-3lo] NI ZvlE 2 v
A 7)(LC-MSMS, Liquid Chromatography-Tandem
Mass Spectrometer) 2 &4 3T A€ 2 2A{F=
Hugel &5d A& AMEalen, ST G9AE &
A 3571 91871 Yske] 539 (gravimetric method)2
&3, 58 &5 d4E 93] NISTY
SRM 92125 AHE-sto] A3kl

241, SUYLEIM-TZEME (D-MS)
Y9N AFEE S B3yt Pt He A
FE Aakels B4 Wy o g A T 3 99 3] (CIPM,

International Committee for Weights and Measures)®l]

A At H49 =4 W (primary method of mea-
surement)©] ™, z} Ugle] ¥ 7] ¥H(NMils, National
Metrology Institute) 2 ¥F=EZ X271 ZH(ISO 17034)
oM AFZRHFEZE JEol F2 AFEHT
FHYLAINAGFEAH L QFELS 59

) J H = S %_7,\_
7ke] &9 4] (isotope ratio)= A H-&S HAA 3}
= WRoR, AR dAjg g B she &4
2 A T 5 9 W oheh FAULH R 2
3l7] W&ol 714 & F(matrix effect) = <13+ 2 F3F
2w o el k.

C _ A/[is—sol,spike XARsample X Zws—sol,stdx Cs—sol (1)

sample VVS XARsth A/[[s—.vol,std

ATNN, My e & FREZER A7H8 5
A% BEEN) BA, M, 5 ZAREE
o e slmeazEEe] A, M, T 24
EEgole] B7he B9 FA, AR, , & T
HEFEFY S4H SEAZE &R FSUa
WA, AR, & ZHEZEY e e
928 WA, €, E FHRFEA BE
W FEEF=E] &S ndtt
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242. DLCMSVS EZEEM X7

SRM 921a¢] 3| =2FZEE 0.01 g 10 mL =&
433l 1,000 mgkg =2 stock solutions
°]& HEEE 10 mgkgd FE=7HA] 348}
[e]

BaAstel WL 89 F 10 mekeo) 5
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4 5 Wivit gae TS J8s 295
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243 &MY (inearity)

AT W e B =4 srdstl ne
2%k Atele] BAIE vEllE AAFAAM Z2AA
FRHE AEFAT =R AZES T A
FE(0.01, 0.05, 0.1, 0.2, 0.5, 0.75, 1.0 mgkg)= A%
T 4 3] Wi Sk

n
B
&
0z

HAZEA(MDL) 3 FEFBHA(LOQ)

FA(MDL, method detection limit)=
& gl Aadel FreA 293
A 2] Fxol dFshe =R
}Oq THE Az F W& S5t
}oﬂ 99 % A Z=oA -TEHES
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T= AAH) W& Azdct #EAHe B 7H
H B4 AT 2 EE 7 AT Ul HE
S YEhd 4 gk #3284 #H7M= ISO Guide 352
Hatel wet et on, AdkE SREFEHY o
A% 05_?011 EH

10007H)L I1SO Gulde 3501]%1 xﬂ Alghe H4 A

#1071 E B A9 S-S Foke] FRE
A 45890,
Ninin = max(10,3/N,,,,,) 3)

2t AT 7 E=H XK (between-bottle variance, Sj;)9¢

FAGEE lH ¥ = 2K(within-bottle variance, S,;)S 5%
2 @)~ 6)° wet A= o, &
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Table 2. Results of method validation of Hydrocortisone using ID-MS

P 2 o —
Compound Linearity (R%) MDL (mg/kg) LOQ (mg/kg) Accuracy (%) Precision (%)
(n=7) (n=7) (n=7) (n=4) (n=4)
Hydrocortisone 0.9911 0.44 1.39 98.63 1.27
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Table 3. Results of Measurement uncertainty

Factor Type Standard Relative standard Effective degrees Contribution rate
evaluation uncertainty uncertainty (%) of freedom (%)
Mis—soispite A, B 0.0002 g 0.0017 18 0.7
ARsample A 0.0238 0.0103 9 24.1
M_soi 51 A B 0.0002 g 0.0017 188 0.7
Cossol A B 0.0002 mg/kg 0.0159 189 57.1
/8 A, B 0.0005 g 0.0005 11 0.1
ARy A 0.0166 0.0086 5 16.8
Mis_so1,5te A, B 0.0002 g 0.0017 188 0.7

Table 4. Result of homogeneity for Hydrocortisone by ANOVA analysis

Source of variation ~ Sum of Squares  Degrees of Freedom  Mean Square F-ratio p-value F-critical
Between bottles 0.6684 9 0.0743 1.1061 0.4020 2.3928
Within bottles 1.3428 20 0.0671

Total 2.0112 29

Table 5. Result of short-term stability for Hydrocortisone by concentration difference between Temperature

-20 °C 25 °C 40 °C
1 Week 9.0202 8.9374 8.9669
Average Cone. 2 Week 8.8577 8.9667 8.9623
(mg/kg) (n=3) 3 Week 8.8164 8.7724 8.9759
4 Week 8.8865 8.7563 8.9375
Average (mg/kg) 8.8952 8.8582 8.9607
SD (mg/kg) 0.1076108 0.1546724 0.1223397
CV (%) 1.21 1.75 1.37
Ry 0.9958 0.9886
g, 0.0167 0.0161
Re ug 0.9792 <1 < 1.0125 0.9725 <1 < 1.0047
r (Stable) (Stable)

A8 Z 7 (sub-sampling) WS AL&3te] 179 TR E A3}, Table 591 7Fo] MEAF7 121~1.75% W=
TEAAA 7379 k9 MES AlxE T 19 F 223 257k WEo] A e AeR gl
AAET 35] HHE 57& 0]'93\‘:]' =49

A7 49 Ak T3 BT 25025 °0)9F 85 S5(-20 °C, 40 °C)
of #AEE  FA9 W] Y QARG B (uy )E T

wrtst A, Table 49} 7¥°l AEFE 95 %4 F-H] A Wl 12 2Fshe AR=E Aekst A3 g H
(1.1061)7} F-712F2](2.3928) Bt} zZtom g fojxdo] 91 A A= ZRIF 5 AU

= A& FRlst] FES 23S T
332 &7| oFyN HIt
33. oFHAM Ty} A7) BEo g Qg M-S FRlskr] flske] o7
331 EP| oryNM HIt 2 B 4xtd ol AX FRHEFEDS 7 A
©7] HA HUbe] & 2 4225 °C), A ANEHY oz 245 Ao st IAHREAS
(20 °C), IL2(40 °C)ollA FHE 143te] 713 A3, Fig 29 Table 63 7+°] n-2
02 F 45 P 5 39 HMEH YHoE A AFEY 95 % AFFEAA p=0.954 W], Student’s

ot MN T
e
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mlo
W
©
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Fig. 2. Results for long-term stability study.

Table 6. Result of long-term stability for Hydrocortisone by
regression analysis

0 month 1 month 3 month 6 month

Average (mg/kg)  8.96 8.98 8.93 8.99
SD (mg/kg) 0.19 0.16 0.18 0.23

CV (%) 2.15 1.76 2.05 2.57
by 0.003
s(by) 0.008
1095, n-2"5(b1) 0.034

b1 < to.95, n25(b1) | 0.003 | < 0.034 (Stable)

t-factor (4.30)o1 4 ZAA T2 71&7] F4 Aoz
|b1] ©1 ty95,2-s(by) HEF 2o} Aoz 594
< AFER e Ao R RIS

34. S ME

+ Aol JiEE A9 sHgEe] slEEAEE
£ JAZHE 107) FREFZED dis) 319 A
d M oR N SAste S date] Aagke
2 ASue AEslon, 543 424, @] M
73, 27 3 thE A A (17)~(18)& A&
o] I EFZE = (ucrmy= ARt F 95 % A FE
odlA EFARHK)St FHRFEREE Foto] HE

FE(Ugp) = AHE319 T

[ 2 2 . 2
UcRM ™ ’\/uchar+uhom+us1s+ults (17)
Ueppr=kxucpyy (18)

AN, & 5938 Aol AAg B A
B35, w24 (heterogeneity)s A
25, ym A7) AT AdE EFES

ro Mo i
f

Table 7. Certified values and uncertainties of the cosmetic

CRM
Description Hydrocortisone (mg/kg)

XcRM 8.92

Uchar 0.1876

Upom 0.1573

U 0.0000

Uyg 0.0615

UcrMm 04115

k (95 % level of confidence) 2
Ucrm 0.8229

g A3} Table 73 7o) ISRT=E] MY =
FAY EE {91 10% olHE F1Eo] (8.92+0.83)
mg/kgs HF ASHE A3t

4.8 B

SE T 2HZRE ENE ASEFEZS T
asl7] A3 8 EFES §4 EFES 44 Az
g & A2 EFsle HEHoE A9Y SAF
THEFEAS IS SREFEL gt &
Az A, oEAd 2 S sl $1eke st
FE T UEEALE EAE stol=ale] B
E99484 AFRAHo 2 319 AZY WS A
ot FEHIEFEA e 4 2 BrE A5t
At

IR EZEA 7= [SO Guide 359 F8E &

ztel] whEt Frret o, ¢dd Hrhe dd wiRE
07 ANFFEE 95%04 F-°]7} F-7]ZHx| 5o} zto}
A3 Aoz gt L3, w7 A Hlol
= @7 P84 AAet EYEE V|EoR 25
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