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Analysis of Ultraviolet Absorber Benzoic acid, 2-[4-(Diethylamino)-2-hydroxybenzoyl]-,
Hexyl Ester in Cosmetics by High-performance Liquid Chromatography

Yoshiaki Tkarashi®, Ken-ichi Yoshizawa™ ", Kimio Shimamura®?, Katsuhiro Takano*®, Takashi Kojima™*,

1

Nobuo Sato™”, Masahito Hayashi*®, Nahomi Oonuki*’, Norimasa Miyazawa™®, Hiroshi Sakaguchi*?,
Makiko Fujii*'* and Hiroshi Tokunaga

The purpose of this study was to examine whether benzoic acid, 2-[4- (diethylamino)-2-hydroxybenzoyl]-,

hexyl ester (Uvinul® A Plus, UAP) could be analyzed using our method that was reported in Bull.
Natl. Inst. Health Sci., 125, 65—71 (2007). Ultraviolet absorbers were extracted from cosmetics with

tetrahydrofuran (THF) by ultrasonication. A sample solution was injected into the high-performance

liquid chromatography (HPLC). The separation was realized using an ODS column with a mixture of

THF and water that acted as the mobile phase. The peak corresponding to UAP was close to that

attributed to 2-ethylhexyl p-dimethylaminobenzoate (EDB) in the chromatogram; however, UAP was

selectively detected at the wavelength of 354 nm, at which EDB had no absorption. A linear relation

was obtained between the peak areas and the concentrations of all the ultraviolet absorbers in the
range of 2—100 xg/ml. The lowest concentration of quantification (LOQ) of UAP in the injection
solution was 0.08 xg/ml in the gradient elution mode. At the isocratic mode, the LOQ of UAP was 0.01

rg/ml The method used enabled high-percentage recovery of UAP from creams or milky lotions and

showed reproducibility.

Keywords: ultraviolet absorber, benzoic acid, 2-[4-(diethylamino)-2-hydroxybenzoyll-, hexyl ester,

cosmetics, HPLC
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Table 1 Abbreviations and retention times of the 10 ultraviolet absorbers tested

Chemical Abbreviation  Retention time (min)
Ethyl p-aminobenzoate EAB 59
2,244 - Tetrahydroxybenzophenone THB 77
2,4-Dihydroxybenzophenone DHB 10.0
2,2-Dihydroxy-4,4-dimethoxybenzophenone DHDMB 10.9
2-Hydroxy-4-methoxybenzophenone HMB 126
Benzoic acid, 2-[4-(diethylamino)-2-hydroxybenzoyl] -, hexyl ester UAP 19.7
2-Ethylhexyl p-dimethylaminobenzoate EDB 20.2
4-tert-Butyl-4-methoxydibenzoylmethane BMB 210
2-Ethylhexyl-p-methoxycinnamate EMC 22.3
2-Ethylhexyl salicylate ES 4.2
The HPLC conditions are described in Fig. 1
(a) 310 nm (a) UAP
2.0
DHDMB EDB
~
EAB THB DH7 HMB
1.5
0 1|0 20 3lo g
S 10
Time (min) 0
(b) 354 nm
0.5
DHDMB UAP BMB
TH
/ oL ‘ ‘
pus | mvB 220 250 300 350 400 nm
0 10 20 30 (b) EDB
Time (min) 2.0
Fig. 1 HPLC chromatogram of 10 ultraviolet absorbers
The concentration of each chemical in the injection solution was
approximately 25 pg/ml 15
HPLC column: CAPCELL PAK C18 UG120 (46 mm id.X 250 mm);
column temperature: 40°C; obile phase: solvent A = water, solvent .
B = THF (gradient timetable is described in the text); flow g
e 1.0
rate: 1.0 ml/min; injection volume: 10 plL
EAB = ethyl p-aminobenzoate
THB = 2,2’ 44-tetrahydroxybenzophenone
DHB = 24-dihydroxybenzophenone 0.5 o
DHDMB = 2,2"-dihydroxy-4,4"-dimethoxybenzophenone
HMB = 2-hydroxy-4-methoxybenzophenone
UAP = benzoic acid, 2-[4-(diethylamino)-2-hydroxybenzoyl]-, 0
hexyl ester (Uvinul® A Plus) 220 250 300 350 400 nm

EDB = 2-ethylhexyl p-dimethylaminobenzoate
BMB = 4-tert-butyl-4-methoxydibenzoylmethane
EMC = 2-ethylhexyl-p-methoxycinnamate

ES = 2-ethylhexyl salicylate

SrEEAS BT L7z, 13 & A EOWE ORFERHIZE
{7y, —HOWE TIIRFFRH OB R S5z

310 nm THEHY L 72354, EDBIZUAP & 13BN % 2SEMC
LHp o7z 354 nmTHRINL72E E THUAPLBMBE

Fig. 2 Ultraviolet absorption spectra of UAP and EDB in
teterahydrofuran

The concentrations of UAP and EDB were 1295 xg/ml and
10.21 pg/ml, respectively.
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(a) 310 nm
EDB + EMC
THB EAB DHB DHDMB HMB
l UAP BMB|| ES
1 \ \ ﬁ A
0 10 20 30
Time (min)
(b) 354 nm
THB DHDMB UAP BMB
A DHB HMB
. i ‘\ \
0 10 20 30
Time (min)

Fig. 3 HPLC chromatogram of ultraviolet absorbers using a
gradient mixture of acetonitrile and water as the mobile phase

The gradient timetable is the same as that described in the text.
Other HPLC conditions are the same as those described in Fig. 1.
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2. BRERLTERR
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L 720, UAPIZMo SRR & FRRIZ 2 ~100 pg/

(a) 310 nm
EAB THB DHB EDB

UAP|| BMB EMC ES

N
0 5 10 15 20 25 30
Time (min)
(b) 354 nm
UAP
THB BMB
DHB DHDMB
l HMB
0 5 10 15 20 25 30
Time (min)

Fig. 4 HPLC chromatogram of ultraviolet absorbers when a
mixture of THF and water (50:50) is used as the mobile phase
The concentration of each chemical in the injection solution was
approximately 25 pg/ml
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Table 2 Reproducibility of the peak area of UAP by repeating the injection test

Concentration Peak area (n=5)
(pg/ml) Mean SD RSD (%)
2.59 134453 540 040
259 1360456 5381 040
Table 3 Recovery of UAP from creams and milky lotions
Exp. 1
Sample Code Added (%) Found (%)*
Mean SD RSD (%)
Milky lotion EM-1 1 0.985 0.002 0.17
EM-2 0.1 0.101 0.000 0.29
Cream CR-1 1 0.993 0.002 0.25
CR-2 0.1 0.099 0.000 0.33
n=5.
Exp.2
Sample Code Added (%) Found (%)**
Mean SD RSD (%)
Milky lotion EM-1 1 1.041 0.006 0.55
EM-2 0.1 0.104 0.001 091
Cream CR-1 1 1.049 0.004 0.38
CR-2 0.1 0.101 0.001 0.81
*n =4-5,

The sample (05 g) was dissolved in 20 ml of THF by ultrasonication. After centrifugation, 1 ml of the supernatant was
diluted to 10 ml with THF. The sample solution was injected into the HPLC, and the peak area of UAP was measured.
The concentration of UAP in the sample solution was derived from the calibration curve, and the amount of UAP in the

sample was calculated. The HPLC conditions are described in Fig. 1.

7)) — L KOOI S OINGRER Z21T > 7. Fig. 6 1213
UAPELE &£ AR O THFKBEME /275 b
FMCBTB7a b S LA RR L. WTEROREO
7u< b7 ATHUAPORAIC LAY =725 HHL
- FLIRH TBISR SN2 Y — 2 (peak 1) DOERFREER
WZEMCORFEM & —F L7z, 4h2-37 /33T 7=
ST IS2-T VR T F VAN F VIV R T OVIZIEREY)
BEaHoTHELT, 7Y —A8ATHOY—2 (peak 2)
WZOWTIRFFIRFRIIC X AEEIXTE R o7z LaL

UAPEEDR 7% HCR-1ECR2THOUAPIINTAHI DY
— 7RI S#E 2 DL, T2 T 33V 722
VT ENQET VLT F UAFIIVT AT IVCTH B hE
B, UAPEAZ ) — 2 RO Z 3B & L TR
DR LRERZ 1T o 7265, wWER b v < FIER T
B s 2 Rm L, ARREREO BRI 2 HEESHER S
72 (Table 3).
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Fig. 5 Calibration curves of 10 ultraviolet absorbers
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EM-1 CR-1
UAP Peak 2
Peak 1 UAP
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Fig. 6 Typical chromatograms of cosmetics containing UAP
EM-1: milky lotion containing 1% UAP; EM-2: milky lotion containing 0.1% UAP; CR-1: cream containing 1% UAP; CR-2: cream containing
0.1% UAP.

Peak 1 was attributed to EMC. Peak 2 was thought to correspond to 2-cyano-3,3-diphenylpropa-2-en acid, 2-ethylhexyl ester.
The HPLC conditions are described in Fig. 1.
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