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H E Be.ZamEmT ARAK TR RS TR30.50.70 °C) BT FFE5 X TFEBILF 4R R o450 7 ik F ATt
B R AR R TRy XA T 2R o420 ®n, it L TRy X, 7k RABGRRMEE ], &%) Waters
ACQUITY UPLC BEH Cus, #3148 4 TAF-0.1 % B8R /K 78 i (B B 6 L), i ik 5 0.3 mL/min, A2 5% K % 230 nm, A2 % 35 C, it
HEH 1 ple RS MIE 5 & (TOPSIS) &5 4441 ik L A R TR X5 A F ke RIS (C) , B 8 e TIRT %
SR EMBEFAF T GERE ()RS E-4-0-4-D-F) 2 b 4 Al A 2 09 20 B 231 4 0.007 5~0.037 7,0.027 4~
0.137 2,0.001 9~0.009 5.,0.005 6~0.028 8 pug(r¥ KT 0.999) ;45 % & A& 24 (32 h) \ & F K509 RSD ¥/ T 2% ; heAf wpl &
5% 4 97.27% ~102.53% . 100.53% ~104.11% .98.45% ~104.02% ,98.66% ~104.82% ,RSD ¥ 1> F 3% (n=3) . A% 5 3 A
1.645 8~4.987 9.11.730 2~20.978 0,0.875 5~2.005 0.2.366 0~5.535 7 mg/g. HEMEEHF A0 CHAETRELERG, FT.
(+)-#M 5 & -4-0-p-D-F) )b F ¥ AL 2 AR TIRE 2 F R &, £ MF U0 CHETIRE S ERG. TOPSISHH 4R 2T,
FAF A AR A T IR(30.50.70 °C) B -F 49 4% 4 0.079 9.0.553 5.0.495 4.0.503 8.0.157 9.0.217 2; C:HE /5 A4 A= b
HTIE>50 CHATIE>30 CRATIR>ET >70 CHRA TS T. & rdesn e 7k T84, TA TR
M E I AT RS0 o RIS AR AR TR KA, 2R A 50 OB T2 30 CCIR A T IR, AR A W T F= )k
FHT0 C, B AT,

KEER HEMAL; TR AT R TIR ASAA TR, mT

Effects of Different Drying Methods on the Main Components of Forsythia suspensa Flowers
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ABSTRACT OBJECTIVE: To establish the method for the content determination of 4 components in Forsythia suspensa flowers
by drying in shade, vacuum freeze-drying, oven (30, 50, 70 °C) and sun, so as to evaluate the effects of different drying methods
on the main components of F suspensa flowers and screen the optimal drying method. METHODS: UPLC method was adopted.
The determination was performed on Waters ACQUITY UPLC BEH C; column with mobile phase consisted of acetonitrile-0.1%
phosphoric acid aqueous solution (gradient elution) at the flow rate of 0.3 mL/min. The detection wavelength was set at 230 nm,
and column was 35 °C. The sample size was 1 uL. Euclidean closeness (C:) of different drying methods was calculated by TOPSIS
comprehensive analysis method, and the optimal drying method was defined. RESULTS: The linear range of forsythiaside A,
rutin, forsythin, (+)-pinoresinol-4-O-8-D-glucopyranoside were 0.007 5-0.037 7, 0.027 4-0.137 2, 0.001 9-0.009 5, 0.005 6-0.028 8
pg (all #>0.999). RSDs of precision, stability (32 h) and reproducibility tests were all lower than 2% . The recoveries were
97.27% -102.53% , 100.53% -104.11% , 98.45% -104.02% , 98.66% -104.82% , respectively; and all RSDs<<3% (n=3). The
contents were 1.645 8-4.987 9, 11.730 2-20.978 0, 0.875 5-2.005 0, 2.366 0-5.535 7 mg/g. The content of forsythiaside A was the
highest after drying at 30 °C, rutin and (+ ) -pinoresinol-4-
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O-f-D-glucopyranoside were the highest after vacuum
freeze-drying, forsythiaside was the highest after drying at
50 °C . Results of TOPSIS analysis showed that C; of F
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CONCLUSIONS: Established method is simple, reproducible and can be used for the content determination of 4 components in F.

suspensa flowers. The samples are preferably dried by vacuum freeze-drying, followed by 50 °C oven drying, 30 °C oven drying,

and then dried in the sun and oven at 70 °C and finally in the shade.

KEYWORDS Forsythia suspensa flowers; Main component; Drying in the shade; Oven drying; Vacuum freeze-drying; Drying

in the sun
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RO ALY HHET, TR R 248 i TR S0 i
TP UE Al A 2 B A I OC T g AE
B S AR/ X F B DR TR IR . A
WEFEHR AT B A2 o3 5 i AR S R B AL
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Tab 1 Source information of 30 batches of F. suspen-

sa flowers sample

&5 FoEH FAEnti
$1,86.511.516,521,526 MEERFIETERK 201843 A
§2.87.512.,817.822.827 WAL 2018441
§3.88.513,518.523,528 I B T B 2 201844 /1
$4,99,814,519.524.529 WAL T 201843
§5.510,515,520,525,830 WA RETETHERR R 201843 A
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AN, F 20~25 CTHROEET 5K, HART
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THEHL A (FL25 B R 600 Pa 32 VRifEE S —56 C ) T
12 ho BEFE T8 (45 S11~S30) K5 A T4l T4 4
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S15)F 4 10 h 50 C (4’5 S16~820) F 5 h .70 °C (4
5 821 ~S25) fH I ST T4 2 he WY (45
S26~S830) K iZe BAEF-4 THERL N , B AR AEZ [A] AT 7]
B, BT 35~40 CHHYE BN 10 ho % 2020 4 hit
2 0) (G0 ) 380 0] 0832 7K 43 5 v 8 12 (HE T3
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Tab 2 Results of content determination of water in 30
batches of F. suspensa flower samples with dif-

ferent drying methods

45 KL% fi Bk, % b5 Hk, %
1 597 i1 446 $21 6.08
$2 540 si2 48 0 559
$3 5.15 s3 533 N 501
s 484 si4 428 s 467
$s 403 15 428 $25 425
6 465 $16 457 $26 5.2
§7 587 N 439 s27 469
$8 495 SI8 494 $28 543
$9 436 $19 451 $29 398
510 462 820 431 $30 407

22 MEEH

Il Waters ACQUITY UPLC BEH Cy; (100 mmx 2.1
mm, 1.7 pm) N @354, DL 2 (A)-0.1% i R K 75 K
(B) A i shAHEA 76 PR (0~3 min, 5% A ; 3~6 min,
5% A—15% A; 6~9 min, 15% A—20% A; 9~18 min,
20% A—30% A) , it # 4 0.3 mL/min, £ 3% £ 4 230
nm, A1 35 °CL, YRR 1 ul,
2.3 BRNEE
2.3.1 IREXMIEI RSB ARIBOE R AT
AT L (+) -FANE 2K -4-0-p-D-71 25 W Wt BT ) BR G 3
i, 70T 25 mL S N 70 % HYRERS AR T 2 i
s B4 e R 435 A 1.886 2,1.372 1,0.956 8,
0.144 2 mg/mL [ B— X BE 0t It 25 V5 G 28 W B0 iR 4%
B3 BE AR T A5 S e, BT 10 mL I, i 70% H
P R I 25, ) B AR 1 3 o VR 3 43 3124 0.018 9
0.068 6.,0.004 8.0.014 4 mg/mL AR & XF IR S, 48
0.22 pm LI REE T, IS8, RIS
2.3.2 (AR B TR 0ERERE R (G =
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S, MRy 0.1 g, KEEEFRE , I 70 % HE 25 mL, FRE
Joi i, A AR P 30 min, BV, FRRFRE BT EL, F 709% H
P A 6 G R, 5T, 42 0.22 um B FL BB IR g A, B
SEUEW, EN1S .
2.3.3 AN PL70% FHEE R ES U BRI
24 RGERAMERE

Be2.37 UM IR A% A AT BRI S U L 2S L)
MRS WA 15 o, 35 2. 27 WU T A A A I A |, 1 s £
R SR EMERTT A T T (H)-MIR
3 -4-O-B-D- % ML B 11 15 5L AH 908 € 8 e 1) 43 15 B
BIRT 1.5, HSAREEI AL T 8 000, 25 X5 RETE O
ETLTH, TEILA 1,

¢, min

AR IR A
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3 0,()12:
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t,min
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Note: 1. rutin; 2. forsythiaside A ;3. (+) pinoresinol-4-O-B-D-gluco-
pyranoside; 4. forsythin
1 EREEREAEMRA HilafzaxRE
B REBIEE
Fig 1 UPLC chromatograms of mixed control, test
sample and blank control of F suspensa flow-
ers samples
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1.4.1.8.2.0 uL, #2“2.27 Wi T 4 35% S5 R AR E | Do 68
TR . DA FR I AR o R B (X, g ) R AR AR | U 1T AR
(Y) IARFRIEA LA N, S5 W3 3.

China Pharmacy 2021 Vol. 32 No. 8 - 923 -



R3 EAEETAFIMFURSHEEFAFRSLIEERE
Tab 3 Regression equation and linear range of 4 com-

ponents to be determined as forsythiaside A

A Bl r I, g

R A T=1150 2% 10X—5.0870%10° ~ 1.0000  0.007 5~0.0377
BT Y=5.6219x 10°X=7.095 1 x10° 09999  0.0274~0.1372
T Y=1233 8 10X=13529%10° 10000 0.0019~0.009 5

(4)-IMEZ4-0-p-D-BIIHHET  Y=54572x 1042105 110 0.999 6
2.6 BEEEIXK

R BRI 2.3. 17 I MR A R B R, 452,27 I
S A SRR A 6 YR, iC I, 455, g
AT G5BT L (+)-FAE K -4-0-B-D-H5 %5 Mk I b 11
I TAT AR (% RSD 43 51 4 0.32% . 0.33% . 0.15% . 0.28%
(n=6) , RIULAHEHE RUF
2.7 BEMIKE

F B PR HUZ T8 0 3 B AR S K (45 S1 24
0.1 g, 64, 4%°2.3.2" W T Jr ik il g5 sl i i i,
“2.27 T T R SRR | 10 SR UG TR BRI He b v 4R
POt i S5 HERERTT A T G L (+)-
i B 2 -4-O-p-D- 4 % ML W % 17 % & 19 RSD 4371l
0.92% .1.05% .1.26% .1.10% (n=6) , F W] J5 L& & 1t
47,

2.8 fEMILE

He2.3.27 A (g5 S1) , il TR T
JE 0.2.4.8.16,24 .32 hilh, 42,2751 | ik & F ik ke
M e SR E A, S5 BT A S T BT .
(+)-Fi fE 2 -4-O-B-D- 7] 255 ML FRg % 1 U4 TRT R 1) RSD 4351l
HF1.21% 1.06% .1.19% .1.30% (n="7) , FZRH L 5L
WAL R 32 hINFA Bk BT,

2.9 INEFE R

e 2 AR A5 1 A AR S Y R (S5 ST &Y
0.05 g, 390, Al b 1:0.5,1: 1,1 LA MA—7&
HATRA T ISR TR (F“2.3. 17T F Jr kil 4, 4 R
A3 14 J5 v E 43 1A 0.27 .3.22.0.09.,0.18 mg/mL) ,
F242.3.27 TR Jy il g sl i VA, PR 2.2 T A
SRR E SRV TR RR I E AR A T3, 25 SR D
4,

2.10 HmEENE

B PR 30 Hib 28 T i 3 AR AR i Ky R 29 0.1 g,
% “2.3.27 0T Jy il 25 sl i R, PR 2.2 U 8
TSR RN A, 0 S0 T BRI Hie b o P 2V A
i, RRREA AT EPIR BOFME, 25 R WK 5,

LA I B4 19 5 i (mg/g) A xE 4, 2R FH Origin 8.0
TR % SR T A S5 4 BRI AR A3 75 it AT AR I 5 R
FH SPSS 25.0 A X % F AL H 8 4 s 0 i 53 1464 7 20 [
R 5 2550M1, P<0.05 R 22 A Gt S, 45 R LA 2.

H L 2 AT AN ) 0 X0 i A v 4 s 0k

0.005 6~0.028 §
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T4 EAEEE AZFATENA S BN E Y R IE 5
R(n=9)
Tab 4 Results of recovery tests of 4 components to be
determined as forsythiaside A(n=9)
- ke, CHgE, AZ, WEE, MEEE, FHIERLE, RSD,
A g mg mg mg % % %
TR A 00501 01203 00673 01893 10253 10228 063
00504 01195 00673 01877 10134
00511 01228 00673 01917 10238
00502 01157 01345 02524 10164 99.95 147
00507 01233 01345 02564  98.96
00508 01251 01345 02586 9926
00506 01183 02018 03208 10035 927 175
00502 01212 02018 03175 9707
00509 01246 02018 03268  100.20
00501 06977 0322 10299 10310 102.19 141
00504 06783 03222 10100 10295
00511 06927 0322 10166 10053
00502 07003 06443 13503 100,88 10177 145
00507 07201 06443 13868 10348
00508 06956 06443 13460 10095
00506 07134 09665 16980  101.87 10297 109
00502 07041 09665 1690  102.94
00509 06963 09665 17025 10411
T 00501 0.0427 00216 00643 10000 10093 2.00
00504 00461 00216 00676  99.54
00511 00431 00216 00654  103.24
00502 00417 00431 00844 9907 0147 229
00507 00455 00431 00893 10162
00508 0.0437 00431 00884 10371
00506 00447 00647 01084 9845 0124 275
00502 00429 00647 01084  101.24
00509 0040 00647 01113 10402
(+)-MAlgZ-4-0- 00501 01614 00893 02534  103.02 103.10 141
SDHEILHEE 00504 01613 00893 02521 10168
00511 01607 00893 02541 10459
00502 01648 01786 03507 10409 10353 159
00507 01696 01786 03512 10168
00508 01661 01786 03533 10482
00506 01623 02679 04399 10362 10054 268
00502 01600 02679 04261 9933
00509 01654 02679 04297  98.66

Gy BERYSE R 0 FLrh 4 R T A 28 30 CHLAR T A
Je S ey, LN 50 CCHERS T FN L 2s ¥ v T4, il
THIT0 CHEFE THREAR, B TR AR(P<0.05) ., 7 T7E
HA RGO i HL 3w T HAb T =, DA
30 CHLAS TR EAR (P<<0.05) . ETFLL50 CHEE T
W, 30 CHEAR THRIR ., 70 CHER T4 T E2s
RURTEICH 225, BT /A (+)-Fa B8 2 -4-0-B-D-
P 2 VL MR B L 25 8 VR T M e ey LS 3 v T LA T
1872 (P<<0.05) , Hofth T4 7 X W B 25 % (P>0.05) .
2.11 TOPSIS 347
2111 AFPFRRI A EE S RARE A

K HISPSS 22.0 B A XA [m] -4 5 =i AR Hh 4 Fp
FFOU AL A3 LA 74307 5 >R F DPS 7.05 B Ab 38 R et
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x5 B0#tEMEHERPEARETAFIMEUR S
ERNNELER (mg/g,n=2)

Tab 5 Results of content determination of 4 compo-

nents to be determined as forsythiaside A in 30

batches of F suspensa flower samples (mg/g,

n=2)
5 EEETTA BT A (+)- BB E4-0-p-D- R A Mg B 1
S1 23763 13.8601 1 08755 31792
2 18174 148580 1.0420 24448
$ 16458 15,0332 09189 23773
S4 1.903 4 13.508 6 1.0947 27976
S5 20846 138253 0.9977 2.366 0
S6 31331 20.404 2 1.260 8 49575
7 3.0647 209780 12224 46650
S8 2.580 1 205740 1.0569 46827
9 31782 206537 1.0951 51471
SI0 2.6850 202519 11902 55357
St 47314 13.484 5 13753 27531
S12 49879 124678 1.3845 28437
SI3 43641 117302 14261 32153
S14 45644 124040 1.2045 31069
SIS 44311 117746 12714 29952
S16 30577 157577 2.0050 28509
S17 33030 147079 1.9813 26264
SI18 32527 15.969 2 17726 31573
S19 3555 147794 1953 5 3.0312
20 35607 151967 17122 2.868 3
21 25176 13.169 7 1.1146 24958
2 24m 133115 10703 26866
23 28187 144283 1.196 0 28556
S24 23571 142115 1.1252 27642
S25 26293 13.143 4 1.0576 24116
26 26950 152160 1.1053 27675
Q7 2451 15,9357 12862 27124
28 25528 146930 12132 29307
$29 23132 145376 11030 30081
30 27984 163917 1.1403 28538

25 =
A &t A

20 4

N
2777, 772

A\

BT FUAd T 30 CCHVRTTHE 50 CHWA T 70 CHH T miT
B2 ARFERAXTEARTI4MHEURTIHNEE
2%
Fig 2 Content comparison of 4 components to be de-
termined in F. suspensa flowers with different
drying methods
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il B SE 45 SR UEAT TOPSIS 0 #r , LA A2 4 Fh 150

B & ME R IE A2, 2= (Z3, Zi - Zin) VR0 B
MUE[Z ,Z =(Di,DiDi)]", Hid i FoR kA (i=
1,2, m)’j%éﬁjrg;ﬁ(ﬁ(jzl,& ...... Wl)o éﬁ%,z‘:
(0.563 0.,0.485 4.0.498 0,0.460 3),Z =(0.239 7.0.291 9,
0.260 4,0.2425),
2.11.2  RRaUMGIT R AR I BARE AN 67 BARE, 3% 40
B w2 s M NCIRE el E o 127w i)
(D") 5 I E 0 E (D) K O i R EC U T B
(CH:

C= PR
Di+D;

A 0<C<<1, CHBRFRIRN B 1 AR i e/ N DU
FORMRIC B AR AT 25 AN TR U AR
J5 8 B4 AR B HE P Ol LA VR VR TR >50 CHEAE T
Ji >30 CHUFE T4 > WG+ >70 CHAE T >+, 1
6.

F6 30HLZEMEREMA TOPSIS & ITMER
Tab 6 Results of TOPSIS comprehensive evaluation

of 30 batches of F. suspensa flower samples

TR () D D G ¥
BT (s1~85) 05610 0.0487 00799 6
BT R(S6~510) 03154 03910 05535 1
30 CHEFI(SII~SIS) 03737 03669 04954 3
50 CHASTHE(SI6~5200  0.3393 03445 05038 2
70 CHATTB(S21~525)  0.5004 0,093 8 0.1579 5
i T-(526~530) 04612 0.1280 02172 4
3 ITig

AR A i 43 50 6 Y EE-0.1 9% B R K VS W &
5-0.1 % W R K VTR . 21 -0.5 % WEBR K I W h W sh AR E
1T 7258, 855 AP B E G i o B LT
R, HIEZRTAR, 0.1 % BRI K IO B TEAL T 0.5 %
BAEBR K IR, e 3% 2 I -0.1 % B BR K IS W T 3h A .
XX 200~400 nm AP HAT T, 45, 7E 230 nm
PR A TR R HIETE AT, B 4% 230 nm Al 4

TR R PRUE 25 it o ) EE B, 2 R 2R
TN A — AN AT AT B s 2
M f , 23 B b — Se g v | 5 Ak KOs e
BLATRE E DRLE TH S SE  T rh 256 1 o i 4
il 2 S E R R TR A B T A AR (H
FERTHAS , HAER A MAER] T 4500 T 5 K 85 728 o s WG 1
W25 5 2 S A s, Bt B 2 AR IR 2 4%
il 5 70 SCHEAR T4 i T B T B8R e, (EAS ) T B gl
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KA R A RAF™5 3050 CHER T8 XT 143 1) 5%
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