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Abstract: The hair nourisher products are used for prevention of hair loss and classified as quasi-drug in Korea.
As concerns about hair loss has been increased, the demand for hair nourisher products has been growing. It is diffi-
cult to analyze their main ingredients because they contain various ingredients including natural plant extracts, vita-
mins, preservatives and exfoliators. The purpose of this study was to develop and validate simultaneous analytical
methods of active ingredients in hair nourisher products such as nicotinamide, tocopherol, salicylic acid, dexpanthenol
and benzyl nicotinate by HPLC. The active ingredients were separated on a Cis column by using acetoni-
trile/phosphate buffer as a mobile phase, and detected at UV 220, 270 and 300 nm. The calibration curve showed
linearity in the range of 12.5 ~ 800 ug/mL and the recoveries were 97.3 ~ 1035 % (RSD 0.9 ~ 2.8 %) in liquid
matrix and 101.9 ~ 1159 % (RSD 0.7 ~ 7.7 %) in shampoo matrix. Validated method was applied to hair nourisher
products obtained from distribution market. Fortunately, all samples met their criteria. This study might be expected
to provide the method for determining active ingredients in hair nourisher products and lead to promote a rapid mar-
ket entry.

Keywords: hair nourisher products, quasi-drug, HPLC, simultaneous analytical methods, UV-dioarray
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A el A A “elobET o 2 ok A
“ojorelE 0w Welsy gow, wuAL A v
HHoMe= pdEor ey Q. d42Q Q9w

Hio] Avjele] AEAAR A% FE S TR A}
54 o] HolA A LRA} Al Sl v A}

gl Z7eta glet

FuAS] FHLOZE UmElto}n] =, d g,
el ZAETAE, oldsle e, W ow Fo F
2 AHEEIE, 2 el E thekt BORFE RS A, A
WHAA, WEA 5 10 ~ 4000 1A 9] Theke Aol
Ego] Gk A JeREen} ShFFEAA FF A4

d7S HPLCE 248 =2 Ao 1-11] Aok
Z5=0] E3 FEA NN Tt RS w8 =
& A ZEpGitt ofof] whet i AT FEA T2
AECE AR E = YaRAbol & dagteis, A
Ab ZAE TS, Yzead 5 2 ARSS 2%
=E 5 FuR st JE 56 HEe FARMY
S JPEslict o] WP o R FARAS Ea EAAIZE
S GHA7]3 FA el s Wo] HEE s1glo
o A Hes T TS ASsith

2. HE ¥ MY

2.1. Alef

mEEor Yauielu= Aelalil 2AbE 79%,
]_
=

95]\
oA, 1-IAEEANERS 5 Sigma-Aldrich
(USA)ALelA #]etelon, ol EYE™Y S HPLCH
S AHgEITh EgAldo) AR SRA SRS
A2 et LT W, AFE FE ] 7AlE ot
Al el AFwkgiet

2.2. 717

HPLCEA 2 A 8AbsTY8A], tol e =ojglo]dE
71(DAD) 7} 944% US/2695-Alliance (Waters, USA)
& Aol S AAsglon, #4d 3= Empower
waters data system AZE o] (Waters, USA) & A&
sto] AbESHSITH
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2.3 EEZM/SA|R M| Z=H|

231, SAIAY- T
ARl AHg

cail
AE A=
=

o
S, o] g 1/200% #Ajste] UsmRitolr] = 125

E 50 ~ 800 ug/mL W] EFNE 5714 Ak
FAE NS SHlE AFSH oMHMEYEHR sto] 43}

Atk

giboln| = diAgy &, Aeldql YzEsbad
T, QAT Mo =o] 200 pg/mL
(Hzexboln = Yze ki 2) 2} 400 yg/mL (922
=

e, o] PdAS 1/2u)

o
1=
Mo QlAto| L AZE 136 g2 & 1,000 mLel Yo
I 1 mol/L QAo 7 pHE 277 ZA39t) FAE
L g7 ALY QxS o7 dlo] BAE3IT)

241, SAEZMY-1T

a5

TA 25S AAZ st HA 9 1.0 g FUHA Lo}
SMHMEUEY Agdegs dof 2532

thg oMEYUEYS o] 50 mLE 3 HS o 3}5fo]
ANo= 3t

sElsobul =, B ave)s, e A, Uaasg
S GRS PRA 0TS AL sl A o 10 g2 A
Wabl gob ANALF AP Yol 2T TR
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25.1. SAEMY-1

GFRA FAgo] HFEA e A 71l 1 g& 50
mL AT FHeka YF'Ate = 50 ug/mL, e
AAF 100 pg/mL, ZAYEFHAE 200 pg/mL7F {52
7hstal SHEYE-S &% Yol o] 251E o] &3t
of #Aslsttt oMMEYEZLS 1 Yol 50 mLo] H&
% 3t oj st HPLCE #4138kt

2.5.2. SAIEMY-TI

GRA| FAdHo] A 9 A TIAISE AR 7]
A Z47F 1 g& 50 mL kAol Fsta Yagatet]
= 20 pg/mL, 9= 40 pg/mL, A2 AAE 40 g/
mL, YEEAIA 20 ug/mL7F =5 H7letal ik

FA e o] 15 cm, W 4.6 mm, YRF7] 5
um<l XTerra® Cis (Waters) ZHdS A3, ©%
AL oM EYERAS 01 % 1-FAEEAYES SH-3)
0.01 mol/L J14+AeHE (pH 2.7) = AHE-3F3itH(Table
1). o]l R AMEEH JAA}FT AL QAlo| AT
1.36 g¥} 1-MAEZAYEF 1.0 g& & 1,000 mLol ¥
o] 0|1 1 mol/L QIAFC. R pHE 272 FA 3] %A
sFeiTh,

. =]
AEIgS Yzelitopu| =, g]aal, AR IS
o] R & < e 220 nm oA EAsl o

EEo) W oS 20 UL F5t0] BA3kcH Figwe 1).

[RUI U

g =, g E, Ak Y
FeIAHA 7} Adio] AEE ¢ IESE 220 nm (Y&
&), 270 nm (UFEEAolu| =, Yzeakl=), 300
nm (22]Aah) sk 2495190 220 nmol A = A
T B2 AEH7]E shu ZAe & Al gal A
= 5ol 9ol o] dARHES AQs v 7 A
2o EolQl uA Bt BTl W HAs
20 LA Fd8ke] FA3F tH(Figure 1).

Table 1. Gradient Profile Program of the Mobile Phase

0.01 mol/L phosphate
Time buffer containing 0.1 % Acetonitrile Flow rate

(min)  hexane sulfonic acid (%) (mL/min)
sodium salt (%)
90 10 0.7
90 10 0.7
Method 7 80 20 10
1 13 &0 20 1.0
23 0 100 1.0
30 0 100 1.0
0 100 0 12
100 0 12
12 70 30 12
Method 17 70 30 12
2 23 30 70 12
25 30 70 12
30 100 0 1.0
40 100 0 1.0
3. 2 ¢

3.1. ZMM(Linearity)

311 SAIEMY-T

Yaglabolm =(125 ~ 200 ug/mL), e AAH(25 ~
400 pg/ml), ZAYE FHZ(50 ~ 800 ug/mL)S 571 &
T EFNS 7HA AL 33] BAste] I A A
2% Figure 29} Table 20 YERYSITE 3714 A& &
T 09992 ©]7e] A HERITE

31.2. SAIEME-I

YzElabeln =(125 ~ 200 ug/mL), 9A3E=(25
- 400 pg/mL), 2] A4H25 ~ 400 ug/mL), YA A
WA (125 ~ 200 ug/mL)= 571 FE2 RFdS 7HA
1 33] BAsle] I HaFA v A4S Figure 29
Table 20 YERISITE 4784 AdE B 0.9996 ©]72
248 YERSlT

3.2. A2 (Precision) 2t Xfi&d4d(Repeatability)

3.2.1. SAIEMY-1

B RAA A AUE(ARY) IRE S 9
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Figure 1. HPLC chromatogram of standard solution. (a) method-1 (220 nm), (b) method-2 (220 nm), (¢) method-2 (270
nm), (d) method-2 (300 nm).
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Table 2. Results of Linearity Test

171

Compounds Range Equation for regression line Correlation coefficient

Nicotinamide 125 ~ 200 y = 86469x + 215025 1.0000
Method 1 Salicylic acid 25 ~ 400 y = 42425x + 14938 0.9999

Tocopherol acetate 50 ~ 800 y = 26983x + 279643 0.9992

Nicotinamide 125 ~ 200 y = 24240x + 24371 0.9999

Despanthenol 25 ~ 400 y = 1670.1x + 709.85 0.9999
Method 2 L .

Salicylic acid 25 ~ 400 y = 22310x + 22522 0.9999

Benzyl nicotinate 125 ~ 200 y = 9993.6x + 17770 0.9996
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15000000

Area

10000000
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Figure 2. Calibration curves of standard solutions. (a) method-1, (b) method-2.

3l 3714 ”HPJ 2FNE 5 w282 ¢ Y(intra-re-

peatability) % 2 7h(inter-repeatability) 334 #2413t

Ay} AA g A EF=H2E= 059 ~ 3.68 % (%l o) 2
083 ~ 343 % (4 7H 9 HAAZ vl¢- g &

213t Table 3).

3.2.2. SAIZMY-TI

2 R A2 AAE(ARY) o PE

=337 9

3 4714 AR xRS 5/ FEEE Y Y(intra-re-

peatability) @ < ZH(inter-repeatability) 33|14 #4]3%F

A HAZE A EFH X} relative standard deviation,

RSD)= 062 ~ 741 % (4 1) 2 064 ~ 591 % (&

he HeRE s & 5 AAH(Table 3).

3.3. &M (Accuracy)t sl=2(Recovery)
3.3.1.
= EA—N:L—]J XJ_Q_EH)\]— ‘j?ﬂgq

2 AW VAR AlEE

EAIEME- ]
2o ¥ AFS F
AReH, & 74 Y

Rt =, Al 2AEFHE A4S APA
9ol F7F =Rl 50, 100, 200 pg/mLell SFE =%
H7ksto] 38] A Aok 1 $)5&-2 Table 4¢1 YHe
i npel o] Yzeatopn| =, A il 2ATE T
Z}7}F 100.0, 100.0, 100.5 %At

332 SAIEMYE-T

= =AY A8d =4 230w @ AEe F
Z e ZIA EE ARE ZA R R Al AL 9IS
om, & ZAlel] Yagitolv] =, HlAagkeiE, e da,
U= /‘\l— WA ZhzES ek W) o)A 20 40, 40, 2

ug/mLel AFEHTEE Hrlste] 33] 413 Ay 34
S WA 7)AO|A 97.3 ~ 1035 %, AEF 7] A oA 1019
~ 1159 %= Table 40 Y}eRA ulo} )

3.4. MEo2| M-Z(Application)

A A1 FEA| Al ol Al FE|e} A
B 115S 2% WHoE #2438 A9E Table 50 »}
Eiglom, A 25 s (EA Oib] 90 % o]
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Table 3. Results of Intra- and Inter-Repeatability Test
(A) Method 1

Nicotinamide Salicylic acid

Tocopherol acetate

Concentration Concentration Concentration
(ug/mL) Intra RSD Inter RSD (ug/mL) Intra RSD  Inter RSD (ug/mL) Intra RSD  Inter RSD
(%) (%) (%) (%) (%) (%)
125 0.60 3.00 25 3.68 1.82 50 0.60 0.98
25 2.17 0.83 50 1.74 3.43 100 0.46 2.52
50 2.38 094 100 2.02 1.69 200 1.90 0.85
100 1.24 1.79 200 0.60 1.37 400 0.59 1.16
200 2.28 091 400 1.27 1.34 800 0.82 1.5
(B) Method 2
Concentration Nicotinamide Dexpanthenol
(1g/mL) Intra RSD (%) Inter RSD (%) Intra RSD (%) Inter RSD (%)
125 593 3.65 741 4.30
25 0.68 3.90 4.04 2.21
50 0.68 2.98 405 3.31
100 0.62 4.55 3.62 3.87
200 0.79 245 4.13 1.07
Concentration Salicylic acid Benzyl nicotinate
(ug/mL) Intra RSD (%) Inter RSD (%) Intra RSD (%) Inter RSD (%)
25 1.67 1.29 6.12 2.02
50 3.81 2.22 222 3.33
100 433 2.9 219 343
200 3.99 0.64 2.65 591
400 3.37 2.22 240 351
Table 4. Results of Recovery Test (n = 3)
Nicotinamide Dexpanthenol Salicylic acid Tocopherol acetate Benzylnicotinate
(%) (%) (%) (%) (%)
Method 1 (liquid type) 100.0 + 20 - 1000 + 24 1005 + 2.8 -
Method 2 (liquid type) 1023 + 1.0 1031 + 09 973 £ 25 - 1035 £ 19
Method 2 (shampoo type) 1019 + 0.7 1024 + 1.3 1072 + 7.7 - 1159 + 2.8

. 11
2 EHSHE AR08 ~ 7 AR B EA5
4.1 of THHSkE ASFER FF FRAZ AT ER
H2E ST glo] BAuE L FHA WelN &
M B RAge grAeld Agsbsw sumy 80l AT ® S G
ol HPLCZ #47Fs 3 Al 4o ggs ¥4
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Table 5. Results of Products on the Market

o

dr
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offl
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Mz
2
3
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Products Nicotinamide Dexpanthenol Salicylic acid Tocopherol acetate Benzylnicotinate
(%) (%) (%) (%) (%)
1 1257 - 1132 1445 -
Method 1
2 118.0 - 107.0 1114 -
3 1259 133.0 - - -
4 98.7 103.7 - - -
5 100.8 %.2 - - -
6 - 9.1 989 - -
Method 2 7 - 94.0 95.8 - -
8 - 106.7 112.2 - -
9 - 9.4 96.2 - -
10 97.2 - - - 92.4
11 1004 - - - 96.7
ZHAle] 2 robotic system coupled to reversed-phase (RP-18)

s 200995 AR ofeRa by AN A

£1(0910138E272) ofl 28 S EAHY

# o

Mo
0
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445 (2009).

. A. el-Gindy, F. el-Yazby, A. Mostafa, and M. M.
Maher, HPLC and chemometric methods for the si-
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Biomed. Anal, 35(4), 7033 (2004).
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