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APPENDIX B A calibration curve of all the analytes

Table 35 A calibration curve of hydroquinone standard solutions in the range of

1.5015-60.0600 pg/mL (n=5)

Concentration Peak area Average SD % RSD

(ng/mL)
15015 25059 24562 605 246

13.0030 44083 44211 237 054

6.0060 93565 93694 324 035
93876
93536
94160
93335

12.0120 188501 193680 5834 3.01
189254
190895
198254
201494



Table 35 (Cont.)

109

Concentration

(ng/mL)
24.0240

36.0360

60.0600

Peak area

407936

418010
380956
395620
385256

| 1556175

533928
531246
526488
526876
823344
818884
791609
816751
797147

Average

397556

530943

809547

SD % RSD
15465 3.89
"M265 § = 0307 fF _

14186 L7 F S
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Table 36 A calibration curve of retinoic acid standard solutions in the range of

0.0513-2.0538 pg/mL (n=5)

Concentration

(ng/mL)
0.0513

0.1027

0.2054

0.4108

Peak arca

28981
28914
28918
27644
27481
51249
50156
48855
49103
49086
114420
114994
115502
117731
111836
237224
229576
217039
223315
239972

Avcrage

28388

49690

114897

229425

SD % RSD

756 2.66 - N
o 1007 = 2.03

2122 1.85 -
9524 415



Table 36 (Cont.)

111

Concentration

(pg/mL)
0.8216

12323

2.0538

Peak area

460393
468272
464753
470700
463218

725744

699419
648158
693004
650292
1160590
1187920
1161190
1112060
1176430

Average

465467

683323

1159638

SD % RSD
4079 0.88

33466 4.90

28935 1350% JiF
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Table 37 A calibration curve of betamethasone standard solutions in the range of

0.4067-16.2688 ng/mL (n=5)

Concentration Pcak area Average SD % RSD

(pg/mL)

0.4067 39657 39159 960 2.45
39689
40017
38784
37650

0B~ | L74642 | T | 74535" %4 47 YT P
75031
73865
74620
74517

1.6269 164862 163918 1622 0.99
162009
162600
165965
164155
3.2538 318793 325991 13019 3.99
319464
314349
330731
346620




Table 37 (Cont.)

113

Concentration Peak area

(ng/mL)

6.5075

16.2688

640148
638571
650940
644732

637233

Average

SD

642325

5585

962948
955625
956016
949721
957049

1592790

1605960
1570890
1569650
1555300

956272

1578918

4706

20198

0.49

P
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Table 38 A calibration curve of betamethasone 17-valerate standard solutions in

the range of 0.1053-4.2112 pg/mL (n=5)

Concentration

(pg/mL)
0.1053

10.2106

0.4211

0.8422

Peak area

17333

16548
16045
15584
15840
33450
33517
33409
34184
33626
73824
73294
72814
74668
73732
149142
147705
147395
157295
155129

Average

16270

33637

73666

151333

316

689

4567

0.94

0.94
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Table 38 (Cont.)

Concentration Peak arca Average SD % RSD
1.6845 310452 ST R T Y TO e
314136
316638
312677
312748
25267 471203 467789 3188 063
469442
469228
463302
465771
42112 793151 781205 14473 185
792999
788912
766553
764411
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Table 39 A calibration curve of dexamethasone standard solutions in the range of

0.4168-16.6704 pg/mL (n=5)

Concentration Peak area Average SD % RSD
(ng/mL)
04168 47103
46916
45422
43691
43232
86359 86508 144 0178
86645
86345
86591
86600
1.6670 183566 182557
181177
179829
187247
180965
133341 362039 368593 14563 3.95
364307
354158
369848
392615

45273 1786 394

0.8335

2080 .~ [\le2



Table 39 (Cont.)
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Concentration Peak area Average SD % RSD
(pg/mL)

6.6682 733040 szl DEdEs W04,

740202

739015

736454

732601
110.0022 1130070 1117144 7918 0. 7
1117120
1115510
1108550
1114470
1831290
1830270
1807020
1806250
1793150

16.6704 1813596 16631 0.92
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Table 40 A calibration curve of hydrocortisone acetate standard solutions in the

range of 0.2075-8.3008 pg/mL (n=5)

Concentration Peak arca Average SD % RSD
02075 30107 28942 T T T
29382
29018
28261
27940
0.4150 58890 58886 300 ¥ 0518
58511
58696
59048
59283
0.8301 123688 123945 1442 I.16
124472
121726
125676
124165
1.6602 251603 253302 9646 3.81
251763
239232
258866
265048



Table 40 (Cont.)

119

Concentration Peak area

(ng/mL)

13.3203

49805

8.3008

497220
513778
512431
515002
507438

756572

750550
750433
745619
745948
1244430
1248700
1226200
1215580
1203180

Average SD
509174 7275
749824 4448

1227618 19178

% RSD

B "

1.56
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Table 41 A calibration curve of prednisolone standard solutions in the range of

0.2028-8.1112 pg/mL (n=5)

Concentration

(ng/mL)
0.2028

0.4056

0.8111

1.6222

Peak area

Foi? 7]

24204
23941
23315
23187
45654
45803
46351
46777
46278
102057
101540
100610
104201
101310
202353
202539
205615
208583
219382

Average

R

46173

101944

207694

Sl % RSD
496 208 LY
o™ BT
137 o K77
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Table 41 (Cont.)

Concentration Peak area Average SD % RSD
(pg/mL)

3.2445 400105 408390 7646 W 87
412116
415077
414550
400103

4.8667 608051
600251
593078
593545
593509

597687 X 6516% = 1.09

Rl 990310 983774 1250d5Ree® # 177
997653
986393
979935
964578
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Table 42 A calibration curve of triamcinolone acetonide standard solutions in the

range of 0.2038-8.1520 pg/mL (n=5)

Concentration Pcak area Average SD % RSD

(ng/mL)

0.2038 28620 27052 740 2.67
28415
27623
27053
27051

0.4076 52850
52862
52953
53013
53039

0.8152 118059 g4z T o8 e %7
118525
116811

52943 86 016

118835
118981

1.6304 237109 237012 6868 | 277
236461
226952
239508
245031



Table 42 (Cont.)

123

Concentration

(ng/mL)
3.2608

4.8912

8.1520

Peak area

446902

457148
459466
459858
460821

685184

678288
679376
671293
673051
1083470
1096020
1083570
1065380
1058760

Average

456839

677438

1077440

SD % RSD
5716 1.25 3
5511 0.81
151 1.40




APPENDIX C Measurement uncertainty

Table 43 Measurement uncertainty of hydroquinone

Components

Cx
Psld

my

P,
Co
Precision

Recovery

Combined relative uncertainty

Value, x;
99.5
0.01042

10

1.00944

10
1.0

JL.1725

100
100

Combined uncertainty

Expanded uncertainty

Content of HQ (% w/w)

Unit

% wiw

g
mL

mL
mL
mL

- 1.046518036

u (x;) u (xi)/ x;
P 0.008963228
0 0
0.000079903  0.007668244
0.017418860  0.004266732
- 0.001825513
3.26917E-05  0.000653834
0.000130767  0.000653835
0.000292347  0.000730868
0.000438520  0.000730867
0.007122500  0.001187083

©0.000162635  0.000161114
AR Sl 003478865
0.036543353  0.000730867
0.017418860  0.001741886
0.002921330  0.002921330
1 0.463432068  0.041479711
0.010465180

0.004363561

10.044063534

0.024384759
0.048769519
0.5534




Table 44 Measurement uncertainty of retinoic acid
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Components Value, x;
G -
P 99.6
Mg 0.01047
Vi« -

10
25
P -
0.05
0.2
0.4
0.6
m, 1.00944
o L
50
10
P, 1.0
Co 0.6602
Precision 100
Recovery 100

Combined relative uncertainty
Combined uncertainty
Expanded uncertainty

Content of RA (% w/w)

Unit u (X;) u (xi)/ x;
- ~0.009652159
% w/w 0 0
g 0.000079903  0.007631624
- : 0.003995623
mL 0.017418860  0.001741886
mL 0.022279007  0.000891160
- - 0.004354020
mL 3.26917E-05  0.000653834
mL 0.000130767  0.000653835
mL 0.000292347  0.000730868
mL 0.000438520  0.000730867
mL

g ~0.000162635  0.000161114
e . 0003478865
mL 0.036543353  0.000730867
mL 0.017418860  0.001741886
mL 0.002921330  0.002921330
pg/mL 1 0.007049636  0.010678031

T 1.060660172  0.010606602

= C0.227215023 0.002272150
N 0.018356896

0.000600271
0.001200541
0.0327




Table 45 Measurement uncertainty of betamethasone
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Components Value, x; Unit u (x;) u (X)) /x;
Cx e - - _ " 0.009093615
P 993 % w/w 0 0
Mg 0.01014 g 7.99031E-05 0.00787999
Vi - - = 0.003995623
10 mL 0.017418860 0.001741886
25 mL 0.022279007 0.00089116
P - - - 0.002152808
0.05 mL 3.26917E-05 0.000653834
0.2 mL 0.000130767 0.000653835
0.4 mL 0.000292347 0.000730868
0.6 mL 0.000438520 0.000730867
4.0 mL 0.006586350 0.001646588
m, 1.00944 g 0.000162635 0.000161114
vV, g, W Y 0.003821322
50 mL 0.036543353 0.000730867
10 mL 0.017418860 0.001741886
P, 1.0 mL 0.002 0.003321772
Co 23984  pg/mL £ 0.024238081  0.010105938
Precision 100 ~ 1.180868325  0.011808683
Recovery 100 % 0.278854801  0.002788548
Combined relative ﬁncertainty - : ©0.018619164
Combined uncertainty 0.002211957
Expanded uncertainty 0.004423913
Content of BM (% w/w) 0.1188




Table 46 Measurement uncertainty of betamethasone 17-valerate
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Components
o
I)sld
Mid

Vi

P4
Co
Precision

Recovery

99.7
0.01012
10

25

0.05

0.2

0.4

0.6

1.0
1.00944
50

10

1.0
1.1972

100

100

‘Combined relative hnccnainty

Combined uncertainty

Expanded uncertainty

Content of BMV (% w/w)

Unit u (x;) u (x;)/x;

- - ~0.00942138

% wW/iw 0 0

g 0.000079903  0.007895560

. - 0.003995623

mL 0.017418860  0.001741886

mL 0.022279007  0.000891160

- - 0.003233810

mL 3.26917E-05  0.000653834

mL 0.000130767  0.000653835

mL 0.000292347  0.000730868

mL 0.000438520  0.000730867

mL 0.002921330  0.002921330

g 10.000162635  0.000161114

e Al e 003473870

mL 0.036543353  0.000730867

mL 0.017418860  0.001741886

mL 0.002921330  0.003321772

pg/mL 10.005382840 0.004496190

- . 1.173797260 0.011737970

% 0619677340  0.006196770

‘B ©0.017242000
0.001022451
0.002044901
0.0593




Table 47 Measurement uncertainty of dexamethasone
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Components Value, x; Unit u (x;) u (xi)/ x;
Cx Y B A geage - 0.009033608
Pgd 99.7 % wW/w 0 0
Mgy 0.01023 g 0.000079903 0.007810665
Vi = . - 0.003995623

10 mL 0.017418860 0.001741886
25 mL 0.022279007 0.000891160
B - - - 0.002152808
0.05 mL 3.26917E-05 0.000653834
0.2 mL 0.000130767 0.000653835
0.4 mL 0.000292347 0.000730868
0.6 mL 0.000438520 0.000730867
4.0 mL 0.006586350 0.001646588
m, ©1.00944 g 0.000162635  0.000161114
Vi - L Al gl003478865
50 mL 0.036543353 0.000730867
10 mL 0.017418860 0.001741886
P, 1.0 mL 0.002921330 0.002921330
Co 2.5054 wg/mL  0.028980705  0.011567297
Precision oS- | 0869741341 0.008697413
Recovery 100 % 0.211723090 0.002117231
Combined relative uncerrlai»ril_}ilwr = = B 0.017540369
Combined uncertainty 0.002176760
Expanded uncertainty 0.004353520
Content of DM (% w/w) 0.1241




Table 48 Measurement uncertainty of hydrocortisone acetate
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Components

C.
Psld
Mgd

Vi

my

P,
Co
Precision

Recovery

Combined relative uncertainty

Combined uncertainty

Expanded uncertainty

Content of HCA (% w/w)

Value, x; Unit
99.1 % w/w
0.01028 g
10 mL
25 mL
0.05 mL
0.2 mL
04 mL
0.6 mL
2.0 mL
1.00944 g
50 mL
10 mL
1.0 mL

123762 pg/mL
100 = '
100 %

0.000079903
0.017418860
0.022279007
3.26917E-05
0.000130767
0.000292347
0.000438520
0.006242596
0.000162635
0.036543353
0.017418860
0.002921330

0.015288271
1322289681

u (xi) / X

©0.009383246

0
0.007772675
0.003995623
0.001741886
0.000891160
0.003415528
0.000653834
0.000653835
0.000730868
0.000730867
0.003121298
0.000161114
0.003478865
0.000730867
0.001741886
0.002921330
0.006433916
0.013222897

0.369224412

0.003692244

0.018167188

0.002138278
0.004276556
0.1177




Table 49 Measurement uncertainty of prednisolone
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Components

Cx
Pstd
Mg

Vi

Precision

Recovery

100
100

Value, x;

99.4
0.01054
10

25

0.05

0.2

0.4

0.6

2.0
1.00944
50

10

1.0
2.4025

Combined relativemuﬁ'ccrtainty

Combined uncertainty

Expanded uncertainty
Content of PRL (% w/w)

mL

mL
mL
mL

pg/mL -

%

- 0.000162635

u (x;)

0.000079903
0.017418860
0.022279007
3.26917E-05
0.000130767
0.000292347
0.000438520
0.004258717

0.036543353
0.017418860
0.002921330

0.060327323

1.018233765

0.291764745

u(xi)/x;

~0.008938296

0
0.007580939
0.003995623
0.001741886
0.00089116
0.002541161
0.000653834
0.000653835
0.000730868
0.000730867
0.002129359
0.000161114
0.003478865
0.000730867
0.001741886
0.002921330
0.025110228
0.010182338
0.002917647

© 0.028891830

0.003438128
0.006876255
0.1190




Table 50 Measurement uncertainty of triamcinolone acetonide
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Components Value, x;

Cx -
P 99.8
Mg 0.01051
Vi -

10

25
Py -

0.05

0.2

0.4

0.6

2.0
m, ©1.00944
V. »

50

10
P, 1.0
Co 23358
Precision 100
‘Recovery 100

“Combined reldtiviéwl'i'ncrerrtaihty
Combined uncertainty
Expanded uncertainty
Content of TA (% w/w)

Unit

% wW/w

mL
mL

mL
mL
mL
mL
mL

mL
mL
mL

' pg/mL

Yo

u (x;) u (xi) / x;
- 0.008956657
0 0
0.000079903  0.007602578
- 0.003995623
0.017418860  0.001741886
0.022279007  0.00089116
2 0.002541161
3.26917E-05  0.000653834
0.000130767  0.000653835
0.000292347  0.000730868
0.000438520  0.000730867
0.004258717  0.002129359
0.000162635 0.000161114
y 0.003478865
0.036543353  0.000730867
0.017418860  0.001741886
0.002921330  0.002921330
0.028982176 0.012407816
1.279863274 0.012798633
0.660989158  0.006609892

0.021302575
0.002464708
0.004929416
0.1157
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APPENDIX E The presentation

Simultaneous determination of hydroquinone, retinoic acid and corticosteroids

in whitening products by HPLC-MS

1, 2 1
Laweng Nilmanee, Sukkid Yasothornsrikul and Nawaporn Anantasinkul
1
Department of Medical Sciences, Ministry of Public Health Nonthaburi 11000

Tel 0-2951-0000 Ext. 98120 Fax 0-2591-5436 E-mail: tim2513@gmail.com
2
Office of the President Naresuan University Phitsanulok 65000

Tel 0-5596-2344 E-mail: sukkid@gmail.com

Abstract

A new method for simultaneously detect, confirm and determine hydroquinone (HQ), retinoic acid
(RA), betamethasone (BM), betamethasone 17-valerate (BMV), dexamethasone (DM), hydrocortisone
acetate (HCA), prednisolone (PRL) and triamcinolone acetonide (TA) in whitening products using
HPLC — MS is described. The sample was separated by HPLC on a BDS Hypersil C8 column (150
mm x 3 mm, 3 pm) using acetonitrile and 0.1% formic acid in water as mobile phase, and the
analytes were determined using electrospray mass spectrometry in positive mode. The validation
data showed the system linearity over the concentration range of 1.5-60 ug/mL for HQ, 0.05-2 pg/mL
for RA, 0.4-16.3 ug/mL for BM, 0.1-4.2 pg/mL for BMV, 0.4-16.7 pg/mL for DM, 0.2-8.3 pg/mL for
HCA, 0.2-8.1 pg/mL for PRL and 0.2-8.2 pg/mL for TA with correlation coefficients (r) higher than
0.995. Average recoveries ranged from 95.5-109.3%. For repeatability, relative standard deviations
ranged of 0.84-1.81%. There is no significant difference between test results of different time
(p>0.05). Limits of detection were from 0.0001-0.003% w/w and limits of quantitation ranged from
0.0004-0.01% w/w. The expanded relative measurement uncertainty ranged from 3.03-8.86% of
reported concentration at 95% confidence. The validation data was within the specification of the
analytical method and showed the validity of the method. The HPLC-MS method developed was
successfully applied to the analysis of cosmetic product samples.

Keyword: Hydroquinone/ Retinoic acid/ Corticosteroids/ HPLC-MS

*Corresponding author. E-mail: tim2513@gmail.com

The 4th Science Research Conference. 12-13 March 2012. Faculty of Science, Naresuan University.
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