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Abstract This study was conducted to identify the optimal lotion manufacturing conditions with decursin
and decursinol angelate of Angelica gigas Nakai extraction. Lotion was confirmed that it had viscosity
(5,208+112 cPs), assay (99.71£1.01%), and pH (5.62) for 3 months. The optimization of manufacturing
conditions of mixing 4 for lotion formulation were made by 22+3 full factorial design. Mixing temperature
(40-80C) and mixing time (10-30 min) were used as independent variables with three responses(assay, pH,
and weight variation) as critical quality attributes (CQAs). The model for assay and weight variation
identified a proper fit having a determination coefficient of the regression equation (about 0.9) and a
p-value less than 0.05. Bstimated conditions for the optimal manufacturing process of lotion were 61.93T
in mixing temperature and 15.85 min in mixing time. Predicted values at the mixing temperature (60C) and
mixing time (20 min) were 100.69% of assay, 5.57 of pH, and 98.07% of weight variation. In the verification
of the actual measurement the obtained values showed 100.29+0.98% of assay, 5.57+0.02 of pH, and
98.27+0.89% of weight variation, respectively, in good agreement with predicted values.
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1. M2

A= Ax, A% 5 A AARE FEAIA
T o] AEo] AMGSE tfEAQl BdA B T
e St 2= T 582l ojHdoly Ak &
7= A&LR o5, He= ARG B8-S ARt
o F= AR v o] &k thaAge] 2
ol [1]. FH= Aol wet I, 5= I, I&
FAZ v, oA Aok 3= A
(Angelica gigas Nakai)gl EHTH2]. HAgHd=
coumarin g9 o] FFEo] Jlon, I1F 34
£2l pyranocoumarin AE2] HA4l(decursin), Tl
AXE FAF o|E(decursinol angelate), =tHAY
(nodakenin), o]AYHZtEY(isoimperatonin) 59|
A UATH3I 1 F dAX(decursin)} HAARE 2t
A o] E(decursinol angelate)y= ZH9 Eeo] t}zF
REC] UL, o2 BHY TR 4L TS
ToF oA Apdaw, njuag AL S Bt
T4, SFEshEA] 9 HARS o] g thefRt
ofg] 33 7HA= AoE FEA Tl 4,51

OlorE B2 YUdEY FEAY T4 tHS B
5t7] fIste] 5] F8s5itH6]. = FDASE vl A
OF A2 509 o9 &2 9oFE FEE A=
FA 2 Qiek7]. 0] Bhef =l A= 19944
OFE Az 9 F43E 7]=(GMP)o] 73 o]
2 ZrYUE AR 9 FEAI] £ES w2 5
O & Lol ZHA|TL, ofF] AX=o] B|s) £&3 Alo]
AAoI}8]. E3] M= AT L 2 dRoE
9] E35] ttm o= gt 7Hgu|Y 7= Qe Al
SAEoA Bt AAHQ AR AA”F] AAZEE &
AV =K quality by Design, QbD)2] HQ/Jo] H&
5] A71=lo] %THIl. International Conference on
Harmonisation(CH)?IA %= ICH Q8(S|2F& AIA 74
gt Pharmaceutical), ICH Q9(F=E 4 Jaf &,
quality risk management), ICH Q10(99& &4 A|
28 pharmaceutical quality system) % ICH Q8,
Q9 % Q1001 thet dojgHH5= La¥sto] A7
F41=3HQbD)9] R4S ZRekar ItH10-111

AA718F FATESHQbD)= HAE SJoFE
< 9ol JIE E4 FRE Ao A% § Hst ¢
4 Yo THE 75e =2 AF 2 3ol tigt olsf
o HE Fxote N S D10l AEA 7]
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HH9] Quality by Testing(QbT) Al2HIE= th24,
AA71HE 2R 1ESHQbD) A4 ojekE A 1
T35 SHE S 5A 715 9orE £ #E AlAH
oltHe). 9FEY ERAEELIE(quality target
product profile, QTPP)o| JFL n|X &= Fa3 =
4 849 F2EFHAEAH(CQAE AAstaL ESH oo
FH IFE
attribute, CMA) 2 34 ®<(critical process
parameter, CPP)E A17sto] ™3 A4 =45
ARgSt] OJokE FHo I E T U= HAE
Qg & A F7Hdesign space, DS)oIA =S
B7ksto] AT AxFAgo] o]Fo] A 5= = HYE
gl & 4 ATH11L

FE AR JoME = HFE A FF
Ie71EHS Fol FNEAFY) 7o 44 4
A gtiof wgstal IrH12]. wEhA] & AFoA=
A FEEE o835 2HA AzRTH FHES A
OokE A 2FAol AA 79 FAIESHQbD) AlAH
< AEAR SREFEEAH(CQA)I FFE = Aol
g SElE 34 W4(CPP)E A Hfactor)Z A5t
o], A AH(design of experiment, DoF)2 &7
A ol SHQQIEiAM(Q2%+3  full factorial
design)& A&, HA4H SHHS(response)E
AIGES ERlsto] AAFIHD)E EEot] g
=2 e 2AAIY] F40) 9 FA E= A
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2. M3 wy

21 AJF 2 7|7]

F3A FE2200% ok 32) 9 24 A= A
2% Benzyl alcohol, Tefose 63, Cetyl alcohol,
Butylated hydroxytoluene, Kolliphor RH 40,
Light liquid paraffin, Carbomer 940, Edetate
disodium, Sodium hydroxide, FATIFFL @04
g(Cheonan, Korea) 225 AL o} ARL35}9Ich
Ao ARgE A9k Duksan Chemical Co.
Ltd(Ansan, Korea)Z25¥ FUs1ch 248 7|7|=
Agilent 1260 series HPLC system (Agilent
Technologies, Santa Clara, USA)CZ HE7|=
HPLC Photo-Diode array UV/Vis detector, A8
Optimapak-C18(4.6x150 mm, 5 m)}& ARSIt
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2.2 2M M9 HZ=

2A AR #4489 AFH FEEQU dAA
(decursini ¥ dHAAE AHo|E(decursinol
angelate)& ©]-&3}9 O/W 33Hemulsion) ]2
AzxstAa AxHHE o 2k %2 100 gol
] 53H) FAS 80.83 gol ZFHEH(carbomer) 940
0.5 g& ¥o] 60CoA #43}7](homogenizer)E ©|
4319 3,500 rpmOllA] 208 ot #Assitt. 2312)
ojF 2LE 75CE AT ofdEiHedetate
disodium)= A7kt 3 3,500 rpmolA4 10& 5 o
Ast gt E33) 2EE oA 60CE §AA171L
tefose 63 3 g, cetyl alcohol 1.2 g, butylated
hydroxytoluene 0.01 g, kolliphor RH 40 4 g, light
liquid paraffin 6 g& ¥ 3,500 rpmolA 1025<
745} T 252 40-60C 2 Wk T34) g2 =2t
230 FFAFEE 1 g9l benzyl alcohol 2.7 g&
olgst] =9 &AL 3) Wi 3,500 rpmOlAl
10-30% B w43} ghe}. &315) 4)9] E3tdio] th&
EStAFo)A AAG 4 g8 °l8dte] 59 sodium
hydroxide 0.06 g ¥ ¥ 3,500 rpm®llA 102 &<t
A3} Skl £§06) o] ¢ AANIE 0.2 g& Eol A
A WHE K (magnetic stirring bar)® °-&3F 150
rpmOf|A] 5% &<t Wkl 2 4AE AR6HATH13].

2.3 Y HIKRisk assessment)

A3 FEES IR 24 AYY BRAEEE
FEQTPP) TR Hgol= AAZ FLFLER
(CQA)Z HAAl(decursin) ¥ HAAE A olE
(decursinol angelate)®] ¥2H95-105%), 34 &
pH(-7)2F A HAH90% old)E LHHNA 714
TE AAstA13]. 38FEEAH(CQA) L &
= &= W ti5he] failure mode effect critical
analysis (FMECA)& ©]-&3}o] ¥RIZ=(Occurrence,
0), AZx(Severity, S) ¥ A= (Detectability, D)2
o] @ Aol et 1-59] A4E Fojsta 3
94 £=9(risk priority number, RPN=SxOxD) 7
A4S ARESto] JRfe e w2 HSE ERIskIH

2.4 AHQOIHYX|H(22+3 full factorial design)2

37t Al 249] 44 4 S (CQAs)l 7MY 92
X 349 £ 22(0)2 £ AlZHmin)ol ©HE
Az 340 vR]E= JFS Design expert ZZ1H
(Version 9.0.5.1, Stat-Ease Inc, Minneapolis, MN,
USA)o.2 A Q olui x| ¥ (full factorial design)& &
sto] 3749 A 27E RIsth oY, SHHEY
QIFHfactor: € 2E(0)2 £F AlZHmin)= 2
llevel: 2%=(40, 50, 60T)2}F A17H10, 20, 30 min)l°]
A F4H5 AN (decursin) B HIAARE QP ]
E(decursinol angelate)®] $=F (BE#3E: 95-105%),
374 T pHERZL: 5-7)2 A% HAHEHEGL 90%°]
A9 &9 H(response)E &1t oM, Table 1
¥ 2k Aget A 45 Zsh] Ast S4A
= WM pefste] ZERIA] ERI6HITH14L

2.5 A

gAA(decursin) 2 HAAE  FEH|E
(decursinol angelate) 42 Agilent 1260 series
HPLC system & ©]&3l%1, ZHL Optimapak
C18 column(4.6x150 mm, 5 im particle size}&
AR&SEe] 30T oA EA51T.

Table 1. Design of the 2%+3 full factorial design to
study the mixing 4 process

Factors: Process parameters Levels
-1 0 +1
A Mixing temperature (C) 40 60 80
B Mixing time (min) 10 20 30
Responses Acceptable ranges
s Assay (%) 95-105
Y, pH 5-7
Y3 Weight variation (%) Y90

oleAS o&Ed Eo 0.1% ZEZF4iHformic
acide 111 2 gt gAoz JHBujR/gH
(isocratic method)2.2 EAI5}9{c}, 0|54t f&2
1 mL/min® HAETEL 329 nmoA 258 &<t &
YE P53} ojnf £4¢2 10 ulE shitH1s]. &
g FEE00% oFE )9 decursin ¥
decursinol angelateE 93t £#FHL2 MeOHZE 34
ot9om, decursin ¥ decursinol angelate 200 ;g
/mL ¥Z 71202 IHAR AT Hi}p 247} 112
E33t o420l 10 plE columnol FYato] HPLC &
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Ae AAS A= Fig 1B)F 23, EEHH
plotdt ZI}= Fig. 1(A)°] FARF A Zow,
decursin ¥ decursinol angelate®] & W42
Area=8448x-4.9 (R*=0.9998% x=ug/mL)Z &}
Soh 24 A A9 24 AP 1 g L] &
of et 40 mLE 21 60C &4 71 &5
FHA 1087t 7F2sto] &0kl of7]9] HgE 10
mLE go] B4 7HE ES01FHA YZAAXI o
0.45 ym PVDF syringe filter2 oj¥}sfo] 1 ojdl&
HAoZ sto] FRIgt Adk= Fig. 1(C)F 2t

r)'
filo

¥ =8.448x - 4.9
R2=0.9998

Fig. 1. Calibration curve (A) and HPLC profiles
[standard (B) and extraction from Angelica
gigas Nakai [C]] of decursin and
decursinol angelate

2.6 pH, Hx ¥ ZHZ HXt =40

A Az Slo] =0 wE pH FFE st]
flste] 7+ DoE Z2HE 53f ojxl A vixE=
A zotal AL0]4 Ohaus starter 3100 benchtop pH
meter(ST3100, Ohaus, Korea)Z 0]-&3to] 43}t

AT =42 Brookfield viscometer(DV-II, Brookfield
Co., USA)Z spindle LV4E °]-83t0] 50 rpmollA &
“gok3itt.

AFHGA AL thgteld 9 ARt EH(12787%)9]
AFHAA ™| w2} FlstieH16).

27 MZEE 24 Mol ergd &t

AzE 2H AP 2T 251209 Ads:

60450014 BN AL Fls] Slstel
013 7hY 5 % He] o} {9t 7L YF L A
=8 23sto] Falskltt.

2.8 84 =

RE A2 Design expert T2 (Version
9.0.5.1, Stat-Ease Inc, Minneapolis, MN, USA)S.
2 Ay Aot EAHEH(Analysis of Variance,
ANOVA)YS $3st3it.

3.1 MZE 249l oy Hrt

2H AGL Yol =& A BMa} 2 9 3ok &
/go] Wslgto & bYA Aol AA|EofoF gHrH17].
2 AME &% 254209 ASGE 60+5%1A4
o 9 Ak BsE 3709 9 SISl Fig. 2A
o} o] G| FEE0| Zte L 1R M3}
S 24 APS UeoITh 3709 Ft S gl
Al SR g2 TAEA Aokth 24 AP 27
AEE 5210+101 cPsOl, 37H¥(5,208+112
cPs)yEt A9 H3} glis A& Rl stglon kA
HolAE 7] 101.21+£2.1%14 378€(99.71+1.01%)
B¢ A9 WSt gl A Fig. 2B 2ol Elst
ot 24 Ag9 A= dEY8E 7HE A4S 1Ry
ALY 42 13ES do 5 Qo) dubzel oy
o] pH A4 MYE 5.5-6.59] F4AHE 7HAL &2 o
TFolME R0 R 378Y 84 AIE < pHY ®
ste 248ttt 27] 23 pHY <F 5.5004 370Y
(pH: 5.62) B3t A9 #3P} Q= AE gRIE oto] 2
T 9 Fro] o] gle AT AFS Ikt

i } } 106
5000

1025
z
4500 4
<
98

4000

Viscosity (cPs)

P 3500 + + %0

1
Month

®: Viscosity, @: Assay (n=3)

Fig. 2. Description (A) and viscosity and assay
changes (B) of lotion containing Angelica
gigas Nakai extracts with storage time



n>

S 2Rt CIMRl AHO|IA 83 ZME SEt

= =

Angelica gigas Nakai 522 3iQst 24 Hxo| 2M 24 o7 136

3

2y
o] 599 24 AYel Azl 9ol GE

Ml
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E 994 l tj5to] FMECAZ H7}5ko] Table
20 Yep It E3H4)o A &35t 359} 3k Az

ot F8 _11” Z4 EACQAY =2 97 49
(RPN)2.2 B7150] ZgH4)E S 54 ‘3-! e
o} &5k AJ7HS H4] g9loz HAs N

Table 2. FMECA (failure mode effect critical analysis)
risk assessment using RPN (risk priority
number) score for lotion manufacturing process

Process Variable = i

Step Assay (%) pH var\i/;/tei}éihz%)
Low(1*) Low(1) Medium(8)

Mixing 1 Low(1) Low(1) Medium(7)
Medium(6) Low(1) Medium(8)

Low(1) Low(1) Medium(7)

Mixing 2 Low(1) Low(1) Medium(8)
Mixing speed Low(1) Low(1) Medium(8)
Mixf:’gmfime Low(1) Low(l)  Medium(6)

Mixing 3 (min) Low(1) Low(1) Medium(8)
tem'\g:ir’;fure Low(1) Low(1)  Medium(?)

(c) Medium(7) Low(1) Medium(8)

Mixing 4 High(12) Medium(7) High(11)
High(13) Medium(8) High(13)

Medium(7) Low(1) Medium(8)

Mixing 5 Medium(8) Low(1) Medium(8)
Medium(8) Low(1) Medium(8)

*RPN : Low 1-5, Middle 6-10, High 11-15

33 28 MY =8 39 Dok A+

A FE2EZ o83 A AP ARE 5T ¢
44 E29l gAA(decursin) @ HAHAIE FAd o]
E(decursinol angelate)?] £719 D& EILE o]
A AolA gl stTH15]. & Her &ofie= o
0.008 mg/mLZ F2IET w/o emulsion A|Z]
SoE2A7F A7HE 2A AFY R ELEE gx
ool Hlsf oF 2ui7F S7HEE sk ltH15] & A+
N HEERETF S7HE = 24 ABS DoEE &
&oto] HAZAHA2AE ERlsigint. A FEES
23 24 AF Az 3ol UL FFE PlA=
SA(CPP)Q tefose, kolliphor ¥ paraffin 23&
(Z3)0ll vlA4l(decursin) 2 EIAAE A 0|E
(decursinol angelate)s 2JolE FHETLHS

DoEE ol&sto] A9 34 21g skl =%
49 Igo Qo] FAQRMAH(full  factorial
design)}& o]-&3t AAHEF 2=9 T At wE
5H H(response)?] HlAX(decursin) 2 HAARE
ordlF o] E(decursinol angelate)?] $FF, &4 & pH,

A Aol tigt 232 Table 30 HERHAT

Table 3. Experimental results of the 2%3 full
factorial design to study mixing 4
process variables

Factors: Responses
Process variables P

Batch A: B: Yi: Yo: Ya:
No. Mixing Mixing time  Assay pH Weight
temperature (rpm) (%) variation

() (%)

1 60 20 99.24 5.66 98.11

2 60 20 100.43 5.59 99.23
3 60 20 101.19 557 97.47
4 40 10 98.12 561 94.12
5 80 30 104.57 5.56 100.14
6 80 10 99.41 5.68 101.54
7 40 30 103.78 5.62 94.78

- QAR (full factorial design)& B3l £
w20l 20 A2 HojRl 374 HAln 2
A% R%, p-valuegtS Table 401 YR I} —g
s it A ol ol dFY AR

08.12-103.78%% t}oFslA vpeb o), Uukzoel
OFF TAl T 71220 95-105% WA AowE &
Q1E]JTH18]. pHE 5.56-5.62% EHolE|o] Ao] W3}

M

ok

7F QA H3F HARE 94.12-101.54%2 24 AP
o] A% AR 7122 95%C1FoE R SRl AT
(18]. & & &3 Al T (p=0.0035)°1 & F%F
= F9U52 Table 49} Zo] gRlsiqith
Table 4. ANOVA results of the selected factorial
model
Sum of N Mean p-value  R-Squared
Source squares df square  (Probe ) F) (R?)
Assay
Model 0.0721 1 0.0721 0.0035 0.8428
Lack of fit  0.0086 1 0.0029 0.4860 -
pH
Model 0.0001 1 0.0001 0.0408 0.6000
Lack of fit <0.0001 1 <0.0001 0.4732
Weight
variation
Model 0.1045 1 0.1045 0.0006 0.9216

Lack of fit  0.0049 1 0.0016

*Degree of freedom

0.5961 -




=2X| H12# HM3&

SUAES Fig. 3A9] % 2o &3 A7l m}

2 gl AL JFS bl Tz 2
B0l T ST Lok Y ol 2F Mol

S7FE w2t 37tEE As 899 &

T A% #3H(p=0.0000)°N= & FFS éi’iﬂ, pH
+= p=0.0408% 11 &2 "]u|siA|qt o]
o] 9SS ANOVA o2 HE Table 49 Z
g 5 9ict RE wEo] At thgt lack of fit
9] p-valuegt >0.05014 22 ERlxlo] o] tjgt
AR BEE 5 99l Fig 3B ¥ C9) &8 &
o & Al7tol| w2 A WAt 9 pHol v JF
< Ueds IHZolA & 4 SlRo] &8 Azt
I qlo] &8 257 e 445 pHe 7ok 4
TS BT, 257} 28 Z4E 100%0 7HYA =
A= wWAg 2ot

4 50 70 8

@: Center points (n=3)

Fig. 3. Main effect of mixing temperature (C) and
mixing speed (min) on (A) *assay, (B) **pH,
and (C) ***weight variation

olgidt AiE2 BPAWIS gt I ARANEA
(p0.059] ZIAE QIS & Ql%o] F
(R?=0.8428) ¥ Az WAHR?=0.9216)7} 3|HEAE
A4 39 2y AP J=E Yeht &
£ A0 IHY, pHE FAY $FL ofyx|gt
R’=0.60009] #to.& UEeht Az ©E pHe skt
AT o]t A% J3Fo] S-S Table 494 &9l &
< At} Table 49] AlFTH(Sum of squares) ¢S 5

3] pH (0.0001), ¥2K0.0721), & HFHAH0.1045)
<O &2 AS7t A Ut d=FHAt, = pH A=
T8 L7t F AL gRlsiylth 37 89 ®e

(response)o] tist 2k B%F W o222 Table 4

oF Zo] Qith= A& Elskith

34 Hx Y zHst

Ht G A|A|(semi-solid dosage form)?l 24 A|¥
9] dgtx EXoZ 2 2n oA gHo] 7ot 1
JAS HEATE &2 2=olAe dAo] At A4
A& Yl d&=4 A% (rheological behavior)
LFERATH20]. o] =3t A4 AlES] AlE 7 7 AR
Al IS F93 oulE Zh=tH21]. SHHe S 2

T9 T3t Azt 9% e S5 4
e AAsH. & 2= 9 @J’ AlZtell St pH
A9 I AA BEer T @ oldew
AAskal T2 98-102%2 AFHA = 95% ol

FE =S HAe AFS BASH Fig. 4°] U
Wl & Hapol gk sdHs —‘:r 9-013 st
E H9e 3% 25(42.12-81.75C, Bk % 61.9
3C) 9 &% AIZK7.29-24.41 min, ”E} 9? 15.85
min)2.2 FRI=9I}.

35 24 3 =

7 B4 g5 A9E EYE A9 34 24 44
3} A== 32 Table 500 YERASITE 24 A= F
5 P49 gt =g 2 ¢ i@' AZte] F3t
1 60T S 20 minXE SHHLY F 890 Tt
Zo19ltt. o] T 7oA T2 100.69%, pH
5.57, A% WA} 98.07%% A&Eom, LA QolH
AH(full factorial design)ol] 9l dl&H ZAojA
AY & AR 23 =2 100.29+0.98%, pH
5.57+0.02 ¥ A=F WA} 98.27+0.89%2.F 95% 4l
B2t &510] Ao AFE U

A
Jor

ol

il

Table 5. Comparison between predicted and
observed values of response variables
under the optimum values

Predicted Predicted Experimental
Response o
condition value value
Assay 100.69% 00.29+0.98%
pH 60T, 20 min 5.57 pH 5.57+0.02
Weight 98.07%  98.27:0.89%

variation
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3195

26.11

Mixing time (min)

1442

8.58 T T
35:52 48.73 61.94 515 88.36

Mixing temperature (°C)

O: Center points (n=3)

Fig. 4. Design space for mixing 4 process on lotion
manufacturing process containing Angelica
gigas Nakai extracts

4, 28

2 dFolMe FEH e #4401 AA

(decursini %  HAAE HAHo|E(decursinol
angelate)E 3t 24 Ax FH Qo] SHHS

ol JFE & + A+e T4 THE HHAMuAH
(full factorial design)& ©]-&5to] H#Al(decursin)
9 g AAE HAF o) E(decursinol angelate) T,
pH 9 AgHato] tiet 29| 374 245 AAsH7]
flote] &3 2&(40-80C)9F &3k AIZH10-30 min)
S EdseE AAstglnt. ZdojlA AAH 7714 2
08 BHAS AXSIL SHHS| tiste] Ais
gelstalet. Ed4olA9] 2o 29t Rbe oF
61.93C<F &3 A7k 9F 15.85 minO& FRIEGl0
o, Fx EY8sY Hx 44 249 S0 3 =%
2% 60T £ A7t 20 minollA] &4 gholl st
gkl 95% AlZFE ol A9 A<= EelstAd
o 2 A= AA 29 QbD A+E AEIE 4
A& Pilot ¥ SiRFAANFES] QbD A= P85t
ot webA, FWloAE QbD7F FEE QofE gl
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