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[ Abstract]  Objective: To establish the optimum extraction technique and high
performance liquid chromatographic ( HPLC) method to simultaneously quantify nine
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compounds of gallic acid, hydroxy-paeoniflorin, catechin, albiflorin, paeoniflorin,
pentagalloylglucose, benzoic acid, benzoylpaeoniflorin and paeonol in Paeoniae Radix
Alba. Methods: Linear gradient elution was applied using water containing 0. 1%
phosphoric acid and acetonitrile as the mobile phase with a flow rate of 0. 8 mL/min,
column temperature of 30 °C and wavelength of 230 nm. The method of ultrasound
extraction was used. Methanol and ethanol were used as extraction solvents, and three
factors and three levels of orthogonal experiments was designed using L, (3*) table to
investigate the effects of solvent concentration, ratio of liquid to material and extraction
time on the total content of nine components of Paeoniae Radix Alba. Results: HPLC
method was verified to have high specificity, sensitivity and accuracy through
methodological validation, and it could be used for simultaneous quantitative analysis of
nine components of Paeoniae Radix Alba. The results showed that the optimum
extraction technology of nine components of Paeoniae Radix Alba was using 70% ethanol
as extraction solvent, ratio of liquid to material was 200 mL/g and ultrasound extraction
time was 30 min. Conclusion: HPLC method for the simultaneous determination of nine

components of Paeoniae Radix Alba is established, and the optimum extraction

technology is confirmed.

[ Key words ]

Orthogonal experiment; Ultrasound extraction

Paeonia; Chromatography, liquid; Technology, pharmaceutical;

[ J Zhejiang Univ (Med Sci) , 2020,49(3) :356-363. ]

AT B RRHMEY AT 25 00 TR, 130T
(AT L2E) AT 8 7 ML 2255 DAL
BCEAT ) T 22, e 245 ] B AT vh R D s
ST/ NN 6 P AN NS B i 2]
BAUE L EHT, AT SRR ST S PR T 5
BT 2 o (i 2 5 B4 B S 4R T
ZBEIE, FRT AT ATA R ZE S, RSO I
fest ), DA BT TR 1 AT 14 ) T il 0 2 B
IRe I I BNk ol R I EL DR 7S TAE iR i

S ENE 8 AN 5 1 AR A HAT 2N REE
I AT T3 AR BUEE i 2 B R e R AT
M, 2 TR AR IR SERE T A S N [ e
ISE AT AT 9 i 322 Aoy B R ROBOAH 18385 vk
(high performance liquid chromatography, HPLC) ,
PO Fh i od it PR R A , s T IE SS i i
T BESRUR TIPS IR RE RO L AR Bt
)X AE AT 32 8 B o3 G 75 ek A 52 ) B e A 1k
BLEAATHIERICT 2,

1 #R5EFEE

1.1 BRI
BUAAT 2R R AR DT R 2O A R

AL A WL X B IR R TR (it
5171106, R >99%) FRIEAT A (LS
170603 , i3t 7340 > 98% ) JLAE & (Ht5 171028,
FTit o8 > 99% ) AT BE T (iS5 171226, it i
S > 98%) AT (LS 171229, i & 4 B >
98% ) 1.V 1 Ik A A M (L5 170930, 3T & 43
> 98%) K R (L5 171024, T & 43 %1 >
99% ) A FHEEAT 254 (L5 170526, i 50 %L >
98% ) FIF} Kz [y (L5 170721, i HE 234K > 98% ) 14
N I ROR S 25 B4 K SR A BR S R i 5 F R
CINER R i, Sy 25 82 Ak 3X00 A R A A
P AR R oA,

Agilent1260 %Y /&5 &% W AH 4 5% 1 Ok 3£
Agilent 23 F) 7 i g 28 4% RE52-99 2 B ifg 1
FAAALES 7 KQ-50E BUH R I i ve g B
LU 75 AR A BR A | 7 s+ 0 4y 2 — 4 i
K- (XS105 DualRange ) A i+ Mettler Toledo 2y
F2 A B ELOHL CF-10 956 E Daihan 2 8 7™
it Cascada LS 8 4l /KA Ky 3& [# Pall 23 &) 7= i
Vortex Genius 3 W BETR & #F & 5 E IKA 2\ #) 5=
air s SHB- T A fFA /K 3K 22 F B0 28 58 S #08M K 3nk Bb

B BN =



- 358 - WHT R/ (R4 /R) Journal of Zhejiang University (Medical Sciences)

1.2 HPLC fai %1%

{0 1%+ 9% FH Agilent XB-C18 (4.6 mm x
250 mm,5 pm), FBIA A FA 0. 1% 8 R K%
W (TRIEE R 2.7) ,C M NG, Sethph B v .
0 ~5 min,10% ~ 15% )i ;5 ~25 min, 15% ~22%
2N 325 ~ 45 min,22% ~70% Z. it ;45 ~ 46 min,
70% ~ 80% . Ji ;46 ~ 48 min, 80% £ M. TiiE N
0.8 mL/min, K% 44 230 nm, HiE A 30 C,
HEFEE R 10 plL,
1.3 X RS A5

G3HEOT BRI IR R AT 2 LA
R ATHNERH AT IR E B A R
PR A EAT 245 15 R R 19 35 o RS PR, A
A 80% H SIS B 45 2 1 mL, 1545 % IR 5 ik 4%
T, 3R 2 A G BR i A TRGE TR
F£H 80% FFEIA W E A 2 1 mL, £ A X4 I i
W,
1.4 $RHOERWIL Tk

ST SRR BT AT T By R 45 0.4 ¢
(k40 Hif) , & THIEH S, 2 A 40 mL 50%
H B MRV E A AR G 3R, Herp—17 R A 100 °C
PRSI 1.5 h, 55— 13735 C Tl (T%EN
100 kHz) $2H¢ 30 min, ¥ & E =, D IHFRE
FEAME BT i, 0. 22 m fCFL U8 B U8 B2k UE
W, 1.2 R g & 4T HPLC Rl % L
PRSI 15 T A5 9 b Ak 4o 04 s e 1T AR, W] I
A UUT A4 1843 1 e e T AR T m 44 [l
PRI, PR F R S R B TF I T — 2%
1.5 R AR il 25

KPR AT BIK 0.4 g(1d 40 HIf) ,
B THIEHE S, A — @ iR BUA R, e i,
35 °C T #EA (B3 100 kHz) $2 00— & e, #
BRSNS UE, 1SR, B AR
B AR I — 25 2R R e e 78 R A e A T e 28 vk
a4 AFRE . R FAE N AR A T R R TR,
FEXRAZES mL, 100 wL ZE R, A 500 wL
AR $E ARG RS TR 2T ,40 000 x g 5.0 5 min,
RO 0.22 wm GALUE RIS, ICEE IR
RIS S
1.6 JrikegEsg

LR 2 43 B RE 70% B 70% H
TR X R 5 Y AN B 11 AT At 5 U T, B AR
HPLC # Jy i & @k . T RN M 1l

5B I — 7 o TR B 1 T B X R A VR 80%
B2 A B, FR A MR L 100 131, 5 48 1 00 s
O DRen Tl N S R S P WU SR e s - e 753
B B FE b BR 0 & o e L 5 P
— R v B R A6 B TR, SR HPLC
G3HT, VAR L3 i W (X)) SRR AR AR, 2% J 0
TRLCY) ARG L 1 5 B ARG % B
G M — 2 VR B TR A % IR TR GE 1, SR
HPLC # 2L R 6 IR, 158 06 T AR %) A X 47 7 i
2:(RSD) , BEE MG Fe ik i 3 W i 48 7 1
PR BIRIG , /r BIE 100 pl BB, & A
250,500 #1750 pL 4B 5 (70% £ B ) Hi ke i
B, AR A 3:2: 1Ay & AR = Fh
Pt AW, TR R AT R £ =y, >R HPLC
DU 5 oy e AR BT Wk B JF 1 H 5 RSD A,
P Nzt 2 = s o Lok =S I (A & LD =57 4
JEE AR A %o IR VA VL, I 2 2 I A% A T
B s A BRI BT A TR A =, I 45 AR
gyven o R BT R UREE THRR AR R S A o Y
DU AEL , AR TR A5 X F 0 45 18 20 1 00 {5 3
(B FE ARSI DGR (%)
1.7 IEACAERIT

VEH Ly (3%) B iHIE 35, DL ek 2
Pt Ay H U 0] 43 i) 2 B2 0 0 Wk B OB L R R
i [] =A™ PR 3R X 2 B R A 52 ), B I R i
BHEAKE(ERD) UERR &K AT
Aoy ) A K S S W, SR B HPLC I 2
9 PR I B R B O i — 2P AR AT 2
O Ffr A 1 R B, AR 1 R R O A e A 4
BT 2%

R DI B LB N P BRI A 1RSSR T 58
Table 1 Design of orthogonal experiments using methanol or

ethanol as extraction solvent

K BRIREE (%) R (mL/g) R S E] ( min )
50 50 10
2 70 100 20
3 85 200 30

1.8 Site#hik

D722 S % R A RSD /7R, T i %
B = bR (v +5) Fom, I 22 F LR
e K56, P <0.05 N2EREAGIHFE L,
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Figure 1 High performance liquid chromatography of 70% ethanol (A), 70% methanol (B) , mixed standard solution ( C)

and the prepared sample extracting from Paeoniae Radix Alba (D)
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Table 2 The linear and lower limit of quantification of nine components of Paeoniae Radix Alba

W [l 975 LIPSV LRI (ug/mL) SE R (ug/mL)
WA TR y =19. 630x + 105. 700 0.9977 2.172 ~139.0 2.172
FRHATNH y=2.416x +19. 241 0. 9968 1.641 ~105.0 1. 641
JLR#E y =30. 524x +21. 984 0.9971 0.8062 ~51. 60 0. 8062
AT N TR y=13.139x —6. 099 0. 9997 3.469 ~222.0 3. 469
SERED y=17.135x —33. 984 0. 9990 6.734 ~431.0 6.734
FB AT F ok A A y=24.812x -5.225 0. 9999 0. 1650 ~40. 00 0. 1650
R y =66. 120x —49. 208 0. 9999 3.422 ~219.0 3.422
IR BT 251 y =25. 562x - 38. 283 0.9998 4.844 ~310.0 4.844
F Bz y =50. 046x +51. 925 0. 9984 0. 3981 ~25.50 0. 3981
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Table 4 Range analysis of orthogonal experiment for ultrasound extraction technology of Paeoniae Radix Alba

e 22307 FH A 5 541 R
L7 IR WAk A ] % peasiiltidE R R 7 IS ] W%
K, 0.0996 0.0885 0.0957 0.1046 0.1149 0.0878 0.0880 0.0935
K, 0.1138 0.1029 0.0934 0.0965 0.1135 0.0937 0.0952 0.0971
K, 0.0841 0.1062 0.1085 0.0965 0.0544 0.1013 0.0996 0.0923
K, 0.0332 0.0295 0.0319 0.0349 0.0383 0.0293 0.0293 0.0312
K, 0.0379 0.0343 0.0311 0.0322 0.0378 0.0312 0.0317 0.0324
Ky 0.0280 0.0354 0.0362 0.0322 0.0181 0.0338 0.0332 0.0308
W2 0.0099 0.0059 0.0051 0.0027 0.0202 0.0045 0.0039 0.0016
—— —— HIEE -
0.05 S 0.05 —— g
,;D 0.05 —— % /;D —— 2% :D e Zﬁ;
£0.04 £00.04 £00.04 %
gz 003 3z 003 g gz 003
430.02 410,02 41 0.02
it iz} pic
80— 85 05 200 T 30

e 1O
IR (%)

~ 100 20
R (mL/g) A ) (min )

B2 DLl LW 0 I R e B RORE EL RS I TRD X O bl B i A R M

Figure 2 The influence of solvent concentration, ratio of liquid to material and extraction time on the total content of nine

components using methanol or ethanol as extraction solvent

RS HUHATHEARICT 2RSSR 270 sl R

Table 5 Variance analysis of orthogonal experiment for ultrasound extraction technology of Paeoniae Radix Alba

VE-n FH A 5 541 BRI
eIy peesiilkidi WOEH R (] R 2 peasiiltidE WEHE R R[] R 2
2 1.47x107% 5.93x107°  4.46x107° 1.47x107°  7.96x10™* 3.06x107° 2.29x107° 4.20x10°°
A H 2 2 2 2 2 2 2 2
T 7.36x107°  2.97x107°  2.23x107°  7.33x107°® 3.98x10°* 1.53x107° 1.15x107° 2.10x10°°
FAE 10. 0405 4.0433 3.0385 — 189. 60 7.29 5.46 —

“—" AR
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TRERLHEIFFEL(P>0.05), FESLE
Fb F e IR, DR BL AR T 98 56 B LA 2B R
FHIAT R EUE 7

R R BT 2550, B UCR T S BE R
PRI A P Fh e A T2 2 A tE A T (AT B S
BG I 9 F ko3 () o B i, B R SR AT A%
343, LA T70% LEERFEBUARIRAFHEAAT 9 Fhk
O3 E AR TR 50% LB $RBUR I3RS
X E AR, IR 6, 5 50% LA HEBUA I
B AT FORE P BRI AR TR TE 70% &
P A R IO 7T AT LASRA B R A R LS £ (P <
0.05), P, AR EDT AT 9 Tl EEE R 1Y
B HERIUT. 2500 R 70% B A HEBUGA , H
B 200 mL/ g, B HEEETE] 4 30 min,
3 it it

B TR FH AT Al o e fHHS T 4%
AT IR AR Rk BR 1 A B R 4 Sk DG 7
i dF R o BUEA FEES AT AT KT
P AT 24 S Bl 1 2 W B TR JLAS R Sk
B R S H At o o R B AT B = b AT
PP TR 1Y A AT E Y, AR E Y E O
HPLC [RIHHI 22 BT (AT 9O F 32 28 Wl o0 & 1, &80
e Y F W B A 57 09 O 1 LA R i R S
R FAER I, 7T LU T0 AT 200 10 e
ST, ST AT B J5T R 4 i RN O A A
BARBE, RIS DFoR 45 R R I AT h A 24

T AT R 75 (3.6 mg/g) , DK TATZ
(9.5 mg/g) AT NBEH (4.9 me/g) T
(4.9 mg/g) FIF A T HEA A4S (3.8 me/g)
T AL 14T B MG e b 0 HeAT 26
S 7 5 AR SRR | AT L 11 A5
WAL S AR R AT T REAETE 2 5, RO
SHF T L 174 15 A M A ) R L
VP — B 5

RIS 145 1 2 LRI 2, PR LR 1
e AR I TSR 6 5 TR T i
BT 25 SRR R R ™, B8N B P2
SIHFHOR R IR X v 25 S BT 19 % SR P
A — A S A 86 1 153 W H b O AL S U i
T2 B 60 L o 24 2 R 5 4 A 5 4,
LT FEAB BT 202 R
AT O BB B At 5 A SR S R, b
AT T 2 & AT AR AL, 36T 7 SO
| LR A 2 B R ORI T I %
SOKTRIIE AR, %5 T AR ROk AT
PRI TIXBL A O RS 3 A RS, BIF e
SRR A I 445 S R 1 4 R
SISEAC , OV R He 8 P BT X b 14 3 %
PR AR MEO N, R, R E 5 ik
SEHUASHTIERIE T HL AT B R AR T2 4
BILRFF 70% 2R S B0 7 HORHEE 200 ml/g, 8
PRI ] 30 min, £ T 240 R, AR
A5 % AT A R, AR BFE AT A AT 5

R 6 LISENPRIBGH A PR TT P BT AT 9 Rl i

Table 6 The concentration of nine components extracting from Paeoniae Radix Alba using ethanol as extraction solvent

(x£s,n=3)
VES! VE Y
B 5
J i B (ug/mL) T (g/g) Ji AR g/ mL) T (g/g)

WETR 60.79 £2.17 0.0045 +0.0002 65.15 £8.52 0.0049 +0.0006
FRIAT A 50.51 £3.33 0.0038 +0.0002 48.56 £6.02 0.0036 +0. 0005
LR 3.75+0.48 0.0003 +0. 0000 4.81 +0.47 0. 0004 =0. 0000
ISESIATERER 58.07 £3.27 0.0043 0. 0002 65.33 +7.77 0.0049 =0. 0006
SERED 101.60 +6.42 0.0075 +0.0005 126.80 +9.01 0.0095 +0.0007 *
T T A 19.95 +2.70 0.0015 +0.0002 50.14 =11. 14 0.0038 +0.0008 *
AR 10.30 +1.69 0.0008 +0.0001 12.62 +2.77 0.0009 +0.0002 *
IR H AT 25T 7.58 £1.35 0.0006 +0.0001 9.31+1.86 0.0007 +0.0001
P 5z 8.73 +2.53 0.0006 +0.0002 8.71 £2.41 0.0007 +0.0002
MEE(yg) — 0.0239 +0.0018 — 0.0292 +0. 0044

C— L TCAREE. 5 E L, TP <0.05. FE 1 SR N 50% , BORHEE R 200 mL/g, #8 A I E] N 30 min; 5 EE 2 LEEWRE N

70% , R 9 200 mL/g, #ERE AFIE] 9 30 min.
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