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Abstract : Paeony has pharmacological activities such as anti-inflammatory, anti—allergic,
anti—bacterial, central inhibitory, gastric secretion inhibition, and antispasmodic activities. In addition,
its antioxidant activity and whitening effect being reported, thus it is being explored as raw materials
for cosmetics. We compared the changes in the contents of paeoniflorin and paeonol in Peony
extracts, depending on the changes of extracting solvents, temperature and time. The HPLC method
was set up for simultaneous analysis, the system suitabilities were confirmed by using the calibration
curves and the QC samples for each assay batch. Paeonol was detected only in roots, and paeoniflorin
was higher in leaf and flower than root. Higher concentrations of both ingredients were extracted
when the root was used after grinding to a suitable size, and when 30% 1,3-butylene glycol was used
as the extraction solvent. Also the concentrations tended to increase at higher temperature and longer
time, but the increase was gradual at over 75°C and 4 hours. The ratio of root, leaf and flower was
determined to be 2+2+1g/0.5kg of batch, reaching the contents criteria of paeoniflorin and paeonol.
Finally, we selected as the best extraction condition when the raw materials are mixed with
2+2+1g/0.5kg and extracted with 30% 1,3-butylene glycol as an extraction solvent at 75C for 4
hours, considering both the concentrations of two components and the cost of raw materials and
manufacturing process, The extraction units were scaled up to 10 kg under this condition.

Keywords . cosmetics, Peony, Paeonia suffruticosa Andrews, solvent extraction, paeoniflorin, paeonol,
HPLC
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Aol Atgd mIE mEQl/E7], Eim,
BE BES GpidaboleeA uf F 40T
olgtell A 7%t F IETe] Yol H¥styrt
A8 7+ 2 g& 100C, 1h ZAoA FEZH7
(FD-610)2 &8 =745t 20% ol A
S FQI5k AMESI REel/E7]9 Fees
7.5 ~ 85 %, RHE] Fg-2 9F 9.0~16.9%,
Eotn] o] 482 10.2~11.1%2 A
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2.1.2. AJ¢F

F2o AgE gl 23Rt AlYkg
1,3-butylene glycol(A3Z(F), A&, =<
ARg-5H T

g B0l AREE 8uiel Aok HPLCE
acetonitrile # &3 AR JT. Baker
(Phillipsburg,  NJ,  USA)ellA Attt
Paeoniflorin(Paeoniflorin—2015, 99.7%) 3%}
paeonol(Paeonol-2007, 100%) EFEL A]Z9
oFE oA A (Osong, Korea)ZHE AJoF | mAJE
BEES 2oFdol ARgSH
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2.1.3. 717)

FZ7](COSMOS-660, A4 E&P), &317]
300 LEAIEE FE519en, HE@absfi)+=
12z}, PP 1 um-PP Pleated, 10", Nom 1 um,
EPDM Gasket, 22}, PP 0.2 um-PP Pleated,
10", Nom 0.2 um, EPDM Gasket, 32}. FDM
0.5um-FDM Pleated, 10", Abs 0.5um, EPDM
Gasket, 42} PES 0.2 um-PES Membrane
Pleated, 10", Abs 0.2 um, EPDM Gasket 5&
AHgSte] o] sttt

HPLC AA®E Waters 2690 HPLC
separating system (Milford, MA, USA), UV
detectors= Waters 2487 Dual A Absorbance
Detector (Milford, MA, USA)E AF&3sl910H,
C18(2)
column (250 x 4.6 mm, 5 pum, Phenomenex,
USA)E AHg-otaict.

249 ZAHYL  Phenomenex Luna

22. FE2H Az
FE70 dAE} =&
0.5 kg@ & sto] F&7] QoA o8] =& x1
st &% & FEAS 020 pm HWEHQ o
E](Pall Life Sciences, Ann Arbor, MI, USA)=
ojiste] AFdEEE AZoH AlFAEES Al
ol FrEE 7177 ¥, AFET St
qduidoez FZ8u| FHI IF, GAE F9
ko] Aol HeE|o] AId 3719 FFS HlwsH=
A FEZAS 80T, 6 hoez 3lgon,
I 3 oAy FE2EAY FE HlusH] ¢
s 45C, 607C, 75C, 281 90C7A HESHA
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Alstdehs, 6, 14-171.
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Table 1. Conditions for making Peony extracts

= SEER: Faad
— = 15, 30, 45% 1.3-BG W3]+ ol + 2 2+2+2g/0.5k
=2 Q- ol =, 3 ) s T o X g g
L 728 4E (1.3-BG) 80°C. 6 h
A=A 1g/0.5kg, 4g/0.5kg
Hond LT 7 ma) ol ,
2 7o sE HE el Sl % 30% 1,3-BG, 80, 6 h
el 2t AR AL 4g/0.5k
3 mao] An AR AR (crude) i A

ZH A2 ({1mm)

30% 1,3-BG, 80T, 6 h

e, A, =

I W

= 4g/0.5kg

=z A °
4 T2 A& 45, 60, 75, 90C 30% 1.3-BG. 6 h
. ol Z JHx% 4g/0.5k
ZZX 7]. A —'_E] g g
> FEANT AR 2.4.6,8h 30% 1,3 BG, 75T
Ba+ol+4
6 sPue AE  2+2.5+0.5g/0.5kg 2+2+1g/0.5kg 30% 1,3-BG, 75C, 4 h
2+1.5+1.5¢/0.5kg  2+1+2g/0.5ke
4+4+2¢/1kg
7 Scale-up H7} 8+8+4g/2kg 30% 1,3-BG, 75C, 4 h
40+40+20g/10kg

* 1,3-BG: 1,3-Butylene glycol

Table 2. HPLC conditions for the analysis of paeoniflorin and paeonol in Peony extracts

Column Phenomenex Luna C18(2) column (250 x 46 mm, 5 um,
Phenomenex, USA)
Column oven 30° C
Detector UV 230 nm
Flow rate 1 mL/min
Injection volume 10 L
Run time 20 min
A: 0.1% Acetic acid in distilled water
B: Acetonitrile
Time (min) A (%) B (%)
0 78 22
Mobile phase 3.5 78 22
7 40 60
14 40 60
14.1 78 22
20 78 22
2) EFg9 2 AHA =A4 (& A& Z+zF 400, 200, 100, 50, 20, 10, 5 «
Paeoniflorin @ paeonol E&Eo] Hst E&8 g/mL)¥ QCEF AE Z+zZF 320, 80, 15 4«
B2 acetonitrile2 1.0 mg/mL sE9] ZFHH g/mL)E ANE XA § SHFE 28] A5t
& 2SO WHHBET) AT A B otk gebRAs S oie R 239 AR
£ FF8RE 2Rt T AlE A5t HEA + acetonitrile® 28] 3]4% & 2| 7Aoo A}



AdS Gelstdon 489 Jgdel=
o3t ZdrH18-20]. (1) BEEHHFALE 74 &
24 SAEARGTA 2D P EA= A
9] calibration point® Z/dE oo} st ZAH
calibration point®] ¢AFEH FEE AL}
+15%E ZIokA] ¢om LLOQOIAE 20%7t
Z sggit, olmf EE A AHAL (D)
£ 0.99 ololojof gt} (2) QC Alae &%
67 A& F 2 4olA F=E=TF £15% oW
of lofof s, 6719 QC A= FellA 2747t
HAE "ol A AR e FEoofF gt
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3. #at ¥ nF

3.1, BMY HB

2 AddoMe Bt Fo] 4R 24l #Rt
PYAF[1,3,41& FaLste], HPLC-UVE ©]&%
paconiflorin®} paeonol®] FAEA z2HS A
Sk olo] gt HEFS TS

oAl 0.1% acetic acid in distilled water
2} acetonitriles 7]-&7]-83(gradient) X7
2027t 527 5t paeoniflorin® paeonolS

Ha], 2Istytt. Paconiflorin®] 5.58] HEH
%11l paeonolo] 12.58¢f HEES] A% 145171-
o] ZH Qlo] R ddnaz HEHUS ¥
A&, paeoniflorin ¥ paeonol BEE 29,
il AEEES Bt FE99] tj®:2]Ql HPLC
chromatogram< Fig. 1] YEeRH STt

O_>|J.4 r—|—4 r_>|:

L]o

A
=== |
o] '.
B |
(B) | Paeoniflorin Paeonol
1 5.5 min 12.6 min
) |
(O
@ red] Paeonol
=] 12.6 min
- [
== Paeoniflorin
_ B 5.5 min |
1 |
4 |
Fig. 1. Representative HPLC chromatograms of a blank (A), mixed standard solution of

paeoniflorin and paeonol (B), and Peony extract (C).
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= RN 47

T

FA e 5«

g/mLo|y,  BEHFAY  AAAFC)E
paeoniflorin®} paeonol®] ZE batchollA Z+zt
09990 olyo Fo AL wat oA

AXo=HE AiESt HAFH X9 AUz
(precision)® A # o‘ﬂﬂ oA paeoniflorine
7.7% ©ls}, paeonol2 5.3% olstg UEMTLE
AihEt A T2 Hgk(accuracy)+= A
A AN A paconiflorin®  98.43%-101.8%,
paeonol> 94.98-101.8%=% 7|F H3kst Axt
E Uedlo], 4T 5 e Be FE2A F F
AR nZ7HA] AE 2 Aol 7Hestit
St RE batcholA 3 %=(15, 80, 320 xg/mL)
o] QC Al®&9 HYUEE paeoniflorine ZZ+
5.4, 3.0, 3.3%, paeonol2 ZYz} 5.0, 4.9, 4.5%=%
Uepgton, QC A9 AT = paeoniflorin
98.89%~100.4%, paeonol 100.4%~100.9%=
7|l ARt s =Holrh

3.2, £& =0 wE A Hsl

D &8 AE
w9, £ 7ZF BR1E 2+2+2g/0.5kg of

B2 2ZHA paeoniflorin} paconol Al A &4 4 AE dr] FA¢ & AHE T

batch2 #igstel &, 15% 1,3-BG, 30%
1,3-BG, 45% 1,3-BG 4712 FZ&&ujoA 8
0C, 6 h & F&3to] Sz vt A3t
£ Table 20 YetHSitt, Sl 1,3-BGE
Sz AES o FE2NY F paeoniflorin,
paconol BF © E2 FEE Hh 1,3-BGY
Tt 2255 FER 5 F ARY 2t =
2 AFE HYou 30%%t 45% THll= ot
ztolE YeRRA] ottt 30% 1,3-BG -SHjollA]
80C, 6 h &9 59| paconiflorin?} paeonol®]
S 47y 1235 + 4466 pg/mll, 1175 +
7.939 pg/mLle]3ith.

2) B3 Bod =& HE

B, 9, 2 ReEE & A paeoniflorint
paconol?] Bk £&E& oI5| 5] Z+ Hold
2 30% 1,3-BG FZ&&mielA 80T, 6 h &<
FEolo] £ AR T E AR ZATE Table
3o Uetiglel. A= ZF B9 A= AR
o1 gt 4 g F oz 220 Azsgr).
Paeoniflorin& 2zl ot oflz} o oAk
tigos EAste Hejo] Hls| o, EAlA H
E2 L5 H WM, paconol> FE|ofAT

Table 2. Concentrations of paeoniflorin and paeonol in Peony extracts for different extraction

solvents
Solvent Paeoniflorin Paeonol
Mean (g g/mlL) SD Mean (uxg/mL) SD
= 77.04 10.81 81.21 10.17
15% 1,3-BG 99.97 5.144 100.3 12.29
30% 1,3-BG 123.5 4.466 117.5
45% 1,3-BG 118.2 7911 120.2 8.850

* 1 batch contained 2, 2 and 2 g of root, leaf and flower, respectively

Table 3. Concentrations of paeoniflorin and paeonol in Peony extracts of different parts

Paeconiflorin Paeonol
Amount of
materials Parts Mean SD Mean SD
(ug/mL) (ug/mL)
Root 18.44 3.916 52.64 7.679
1g/0.5kg Leaf 42.39 4.300 - -
Flower 28.65 2.936 - -
Root 45.99 9.842 188.7 12.54
4¢/0.5kg Leaf 124.9 12.17 - -
Flower 81.83 6.640 - -

* 30% 1,3-BG, 80C, 6 h
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Z71e AEHA LSk |

=29 %% 1 g°1 A 4 gog ZeFsto]
Ho|HA  paeoniflorin®}
sub-proportionaldt7] Z7}sf

e
FEAS

paeonol®] FL7
= FFE Bk

—_

3) ®a By 27] HE

zz0 o5 AME g Ee AAge] £
7t 37] B B ALt % F paeoniflorin
7} paconol®] o] x| ﬁ—% B7¥st7]
slo] olet e Itz 2201 cm), 2+
Feiz 2A 24 9 2 —wﬂ( 7é‘<lmm)ﬂ a8
? 48 A7 ARSI 05 kg WA 712 F
zole Az 1:} F&2712 30% 1,3-BG *
Glell A 80T, 6 h B F&stPen 1 ﬂﬁr
2 Table 4oﬂ uetiolch. defo] fe 2=

A& Ao Hig) AT & FERE W ==
=9 F B FxUt o =9er paeonoliﬂ}
paeoniflorin®] FZollA 1 xto|7} FRMUCE I
A B 2 B4t A FolAe paeoniﬂorinQJ
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= 6048 + 8964 ug/mlL, 64.74 + 5707
wg/mL, paeonol®] FZ& 2080 + 8.677
g/mL, 199.8 + 6.928 ug/mLZA oFHEHT} 2}
o7} F3aA gobd] Bae] sk TR
Feol mAe dFol 22 @2 o=z T
o,

4) FELro 4E FYE JE9 &

FE& 258 45T, 60T, 75C 4 90C= &3
sto] &S A 5 paeoniflorin¥ paeonol®] &
£ Blushy] fisto], #e, ol = 7 FedE=
4g/0.5kg of batch 27|12 st 30% 1,3-BG F
gl A 6413 Ft FESHACHFig. 2).
?—l, wm pc ngEy} Losrg = HHo|

T T= =T T
=7t ol 3FE gl T5Ce He 9
0CelME golst Wists mold ety 932

2H A3t 7:105 oAtk 75T oA 2ZEdt AojAl
paeoniflorin®}  paeonol®] FZi& B
62.58+4.440 pg/mL 2 2055 £ 5200 pu
g/mL, Ui ZoJAE= paeoniflorintt HEE o]

Table 4. Concentrations of paeoniflorin and paeonol in Peony extracts for different root size

S Paeoniflorin Paeonol
ize
Mean (ug/mL) Mean (ug/mL) SD
e A 38.77 5.012 184.5 9.544
IA BX
(:]r]ude)JH 60.48 8.964 208.0 8.677
27 B
ﬂ(?l]m;:)H 64.74 5.707 199.8 6.928
* ma] 40/0.5kg, 30% 1,3-BG, 80T, 6 h
(A) Paeoniflorin (B) Paeonol
250+ 250
= I 45°C = Il 45°C
E 200 60°C £ 200- BT 60°C
2 M 75°C 2 M 75°C
é 150 i 90°C § 150+ 00°C
E 100 E 100+
g 50 T b - g 504
o 3]
0 0 T T
g & et 5 >
9 N Q\o.g\ q90 \P'b o <&

Fig. 2. Concentrations of paeoniflorin and paeonol in Peony extracts under different extraction

temperatures. (A) paeoniflorin, (B) paeonol.
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Fig. 3. Concentrations of paeoniflorin and paeonol in Peony extracts under different extraction

times. (A) paeoniflorin, (B) paeonol.

Table 5. Concentrations of paeoniflorin and paeonol in Peony extracts for different mixtures of

parts

Paeoniflorin

Paeonol

Mixtures of parts Mean (ug/mL)

SD Mean (ug/mL) SD

2+2.5+0.5g/0.5kg 136.2 5.522 110.9 16.40
2+2+1g/0.5kg 124.7 9.506 118.5 10.86
2+1.5+1.5g/0.5kg 115.2 4563 124.4 8.775
2+1+2g/0.5kg 109.3 12.467 117.5 9.333

*30% 1,3-BG, 75C, 4 h
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Table 6. Concentrations of paeoniflorin and paeonol in Peony extracts during scale—up

Paeoniflorin Paeonol
Scale Mean D Difference Mean D Difference
(ug/mL) (%) (ug/mL) (%)
2+2+1g/0.5kg 124.7 9.506 - 118.5 10.86 -
4+4+2¢g/1kg 123.0 9.651 -1.4% 120.4 6.478 1.5%
8+8+4g/2kg 117.8 8.948 -5.6% 116.3 9.214 -1.9%
40+40+20g/10kg 127.6 12.59 2.3% 122.9 7.200 3.7%

*30% 1,3-BG, 75C, 4 h

Table 7. Concentrations of paeoniflorin and paeonol in Peony extracts under the refrigerated

storage condition for 4 weeks

Paeoniflorin Paeonol
Period (ié;?rﬁ) SD Difference (%) (ﬁg?iﬁ) SD Difference (%)
1 day 124.7 9.506 118.5 10.86 -
1 week 123.5 11.97 -2.6%~1.3% 122.0 9.485 1.2%~4.3%
4 week 120.8 9.961 -4.4%~-1.8% 115.5 11.99 -4.2%~-1.7%
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