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Effects of different storage conditions on quality
of Schisandrae Chinensis Fructus

CHEN Shu-yu",SHI Jing-jing' ,ZOU Li-si',
LIU Xun-hong' “4 TANG Ren-mao” , MA Ji-mei’, YAN Ying',ZHAO Hui'
'School of Pharmacy ,Nanjing' University of Chinese Medicine ,Nanjing 210023 , China;
>SZYY-Group Pharmaceutical Limited , Taizhou 225500 , China

Abstract: The quality of Schisandrae Chinensis Fructus under different storage conditions was evaluated based on simultane-
ous determination of multiplée bioactive constituents combined with multivariate statistical analysis. An analytical method based
on UFLC-QTRAP-MS/MS was used for the simultaneous determination of fifteen components including lignans ( schizantherin
B, schisandrol/B ;schizandrin C,~-schisandrin, deoxyschizandrin, schisantherin, schisandrin, schisanhenol , gomisin D, gomisin
J,and angeloylgomisin H).and organic acids ( (S)-malic acid,D(-)-tartaric acid, protocatechuic acid, and quinic acid) in
Schisandrae Chinensis Fructus under different storage conditions (various package materials and temperatures ) . Samples from
different storage conditions were evaluated synthetically by TOPSIS and gray related degree according to the content of 15
componeénts.. The results showed that fifteen components had good linearity (r > 0.9991) ,and the limits of detection were all
satisfactory. The average recoveries of standard addition for the compounds were between 96.64% and 99.96% ,and the rela-
tive standard deviations were less than 5% . The greatest difference of r, in grey related degree and C, value in TOPSIS method
were 57.5% and 81.3% respectively. The results of these two methods were similar and all showed that the holistic quality of
No.4,No.3 and No. 1 samples was better. The optimum storage condition for Schisandrae Chinensis Fructus was storing in a
cool storage warehouse with a polyethylene sealing bag. These methods were useful for the overall assessment on quality of

Schisandrae Chinensis Fructus,and this study may provide the foundation and support for optimizing suitable storage conditions
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of Schisandrae Chinensis Fructus.
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Table 1  Information of samples under different storage conditions
G 86 %45
No. Storage condition
st R4S BIBIFE 5 ~ 10 C
s2 WA A% S ~ 10 C
S3 VeSS, B S ~ 10 C
4 ROIGEIALE, PIEES ~10 C
S5 BEESHEL, FAEE S ~10 C
S6 A B ARA%  BIBE 5 ~ 10 C
87 LS, B S ~10 C
S8 4%, BAEES ~10 C
S9 HIRJE 10 ~20 °C |, FR4S
S10 AAE-5 ~0 C R4S
S11 VKAE-20 °C , FRA%
S12 HBARIE A0 C | JpR4S

T :S1 ~ S8 I3t T B v B SR R RE A HAE i 5 ST, 89 ~ 812 1)
R4S A0 256 A 825 AN [ U 0T R o

Note ; S1-S8 ; All stored in cool warehouse to research different package mate-
rials;S1,59-S12; All stored in sacks to research different temperature.

FEZSZ 10 mL IR A X B A, B 9 B, 15
B — R YA ) o B TR B 0T B, (23 B
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20 mL, % ], PR, 4 Ab B (T 500 W, B 34 40
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W, 0.22 pom Gl L 8BS kit , TR DR P R P A
B 25 AR RN AL A
2.3 BifgH

3% 4% ; Synergi™ Hydro-RP'100A £ (100 mm
X 2.0 mm.2.5 wm) ; FAAHEA 4 0, 1% ki
W, B 2 NG s B EEVEIR AR Y :0 ~ 4 min 30% ~52%
B,4 ~8 min 52% ~75% B,8 ~/11 min 75% ~90%
B,11 ~15 min,90% ~30% B,15 ~17. 10 min,30%
~30% B:1EiE 40 °C ;73 0.4 mIL/min; #FEE 1.0
plo
2.4 FBUERH
By 2 55 1R (EST) 5 22 SO e il
B AR (MRM) G 3 RS CIAtiE 35 1/min; 254k
AR 55 L/ ming 4 B A 55 L/ miny #2550 i
350 °CsMiigs L IE B TR 5 500 V, g 1At
N-4500 V, 15 MBS BAASHELE 2,

®2 15 M SHRIESTSE
Table 2 "Mass spectrometric parameters of fifteen components
.
- A RE R Pijﬁﬂ WL R
No. Compotnds formula (min) daughter ion ) (V) ESI
(m/z)
1 %5 TMR Quinic acid C,H,,04 0.79 191.05/85.02 -120 26 ESI-
2 W5F 2 D( -) “Tartaric acid C4Hg 04 0.82  148.96/87.00 -55 -16 ESI-
3 L=ESR% (S) -malic acid C4Hg 05 0.84  132.90/114.90  -80 -14 ESI-
4 J& JL A5 Protocatechuic acid C,Hg0, 1.11  152.90/106.00 -85 -16 ESI-
5 T TR Schisandrin CyyHip 0, 5.65  433.30/415.34 146 13 ESI*
6 KK D Gomisin D CosHiy Oy 5.75  553.25/507.32 21 35 ESI*
7 XK J Gomisin J Cyy Hyg 06 5.92  389.34/287.10 156 27 ESI*
8 FFFEZ, Schisandrol B Cp3Hyg O, 6.11  417.30/399.20 131 15 ESI*
9 ML R KFE H Angeloylgomisin H Cag Hig Oy 6.67  501.29/401.20 146 11 ESI*
10 FLWR Tk £, Schizantherin B CyH;, 0 7.34  515.34/415.20 56 11 EST*
11 FLWR Tl Schisanhenol Cy3HiOg 7.63  403.24/340.20 1 27 ESI*
12 FLBEFH 2 Deoxyschizandrin G,y H;,Of 8.83  417.31/316.18 241 31 ESI*
13 FF 2 F y-schisandrin Ca3 Hag Og 9.50  401.32/300.15 231 31 ESI*
14 LB TP 2 Schizandrin C CyrHy, O 9.85  385.20/285.16 201 29 ESI*
15 FLWRFBEH Schisantherin CyoHs, 0y 11.96  537.41/282.30 56 15 ESI*
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Table 3  Liner equations, correlation coefficients,limits of detection”and limits of quantification of fifteen components
o 7 *CEj'c?éfﬁt r Atk Fori B E i fR
Compounds Regression equation orrelation Linear range LOD LOQ
coefficient (ng/mL) (ng/mL) (ng/mL)

1 Y=1.33 x10°X +7.61 x10* 1.0000 133 ~ 13300 2.66 6.57

2 Y=1.24 x10°X +1.19 x 10% 0.9995 3.75~24.9 0.49 1.62

3 Y=2.04 x10°X +1.49 x10° 0.999 1 148 ~29500 2.95 12.42

4 Y=162X +3.1 x 10 0.9997 255 ~ 12800 1.96 9.03

5 Y =21.3X +4. 55x 103 0.9991 11.6 ~9320 1.36 7.84

6 Y=3.77 x 102X +3.49 x 10* 0.9992 10.1 ~506 0.84 6.61

7 Y =739X +7.4 x 10 0.9993 23.3 ~931 1.53 6.07

8 Y.=4.14 x10°X'42.6 x10° 0.9997 107 ~5350 1.92 8.15

9 ¥=2.58 x10*X +6.23 x 10° 0.9991 5.65 ~2260 1.36 5.38
10 Y =240X.+3.64 x 10 0.9998 55.2~2210 2.29 12.65
11 Y=2.9%10°X +1.08 x 10* 0.9999 19.9 ~1194 1.99 5.82
12 Y=2.66 x10*X +2.17 x 10° 1.0000 24 ~2400 2.91 11.21
13 Y=1.57 x10*X +2.14 x 10° 1.0000 15.2 ~4560 1.79 6.92
14 Y=6.41 x10°X +2.43 x10* 0.9991 29.3 ~1470 0.52 1.38
15 Y =25X +1.86 x 10 0.9998 12 ~7200 1.59 5.62
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B £4 S HEREAOREE TN (% 0 =6)
-~ ol Table 4  Precisions, repeatabilities and stabilities of fifteen com-
319‘“ ponents( % ,n=6)
71
! S ~ ~ 4 .
al 5L (atgy)] FH &L RSD P RSD T RSD
23} Compounds Precision RSD  Repeatability RSD  Stability RSD
14
T2 3 4567 835 wN 2z WB® | )4 35 11
Fig. 1 Extracted ion current chromatograms 3 1.8 3.2 1.2
of fifteen components 4 2.3 2.5 3.3
TE: 1 ETRR2. A3, LR IR 4. LR 5. TubR 1 5 3.1 0.4 41
H56. XK D37, Sk 138, IR FBEL ;9. MHBEIEOKF
H10. FR TR 5 11 T0R T8 12. TR T % 13, HIR T2 6 1 R -2
14 TR INE LS. TR F R 7 2.0 3.0 3.0
Note ;1. Quinic acid;2. D(-) -Tartaric acid;3. (S)-malic acid ;4. Pro- 3 26 0.4 0.8
tocatechuic acid; 5. Schisandrin; 6. Gomisin D; 7. Gomisin J; 8.
9 245 1.6 3.1
Schisandrol Bj 9. Angeloylgomisin H; 10. Schizantherin B; 11.
Schisanhenol ; 12. Deoxyschizandrin; 13. y-schisandrin; 14. Schizan- 10 1.0 1.3 2.3
drin C;15. Schisantherin 11 2.6 4.9 1.5
;b ) N . 12 0.9 1.6 1.3
THEIE A, X008 =41, 733 3 A E K
S T 13 1.9 0.5 1.1
(80 % 100 % 120 % ) (1) 45 X BRI O £/, 7
< « ” N 327 14 2.2 3.8 2.5
DAY 2. 27 TR J5 k) A AR DU A
15 0.7 2.2 1.0

VR, 53 ) A 1 g

D%B—IL%‘% 50

x5 15 FEERBTMFERE(% ,n=3)
Table 5 Recoveries and relative standard. deviations (RSD) of fifteen components( % ,n =3)
oy H N ot W PBERINCE  SEEIEICK < RSD
Compounds CongPit in s\mplp §andard added Measured Recovery Average recovery = RSD
(1xg) (pg)
ESeRid 1265.278 1012.700 2273 99.55 99.67 +£0.25
Quinic acid 1265.278 1265. 400 2526 99. 65
1265.278 1519.050 2273 99.83
A iR 1.939 0.998 2.89 95.62 97.01 £1.6
D( - ) - Tartaric acid 1.939 1.996 3.90 98.07
1.939 2.994 4.85 97.34
L- SPEIRR 691.286 553.268 1244 99.92 99.94 +0.05
('S) —malic acid 691.286 691.585 1382 99.93
691.286 829.902 1520 99.96
I LR 1986.512 1589.742 3576 99.98 99.96 £0.04
Protocatechuic acid 1986.512 1987.233 3973 99.96
1986.512 2384.613 4369 99.93
LR TR 1594.700 1276.520 2863 99.36 99.96 +0.25
Schisandrin 1594.700 1595. 650 3187 99.80
1594.700 1914.780 3502 99.63
LAK¥ED 32.444 25.760 57 96. 63 96.64 +2.57
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2252 5 (Continued Tab. 5)

L o E 1t A Wi BRI PR = RSD
Compounds ontent in sample Standard added Measured Recovery Average recovery *+ RSD
(pg) (pg)

Gomisin D 32.444 32.200 64 96.96
32.444 38.640 70 96.33

XK ) 111.065 88.830 199 98.63 98.31 +0.66
Gomisin J 111.065 110. 826 220 98.59
111.065 133. 668 242 97.70

FRTEEZ 631.419 505. 440 1132 99.05 99.01 =0:43
Schisandrol B 631.419 631.800 1256 98. 85
631.419 758. 160 1383 99,13

W EEIE ks H 272.034 218.004 490 99.84 99.59 0.5
Angeloylgomisin H 272.034 272.014 542 99.24
272.034 327.006 598 99.68

TR TR 217.628 173.760 390 99.02 99.11 £0.55
Schizantherin B 217.628 217.920 433 98.98
217.628 261.120 477 99.33

FE T 68.879 54.780 123 98.19 97.92 £1.95
Schisanhenol 68. 879 68.724 137 98.63
68.879 827668 149 96.92

TR FHE 166.465 133,440 297 97.83 98.71 £0.82
Deoxyschizandrin 166. 465 166080 331 98. 86
166. 465 199. 680 365 99.42

FRTFZE 756.206 604. 404 1358 99.63 99.69 +0.18
~ — schisandrin 756.206 755.994 1510 99.75
7561206 907.584 1661 99.69

TR TFRE 162.472 130.074 291 98.57 98.15 +0.63
Schizandrin C 162.472 162.348 321 97.64
162.472 194. 622 354 98.24

TR TFEE R 743. 694 595.149 1338 99.89 99.92 +0.05
Schisantherin 743. 694 743.936 1487 99.89
743. 694 892.723 1636 99.97

3.4 HmEElE M5 @%*ﬁ et ¢ R HEARE & 15 Fsli sy

BCRWR U0 $2 IR LR s -POg A SR IESP R IR 6,
6 HEKTHISHAEE(ng/ gn = 3)

Table 6  Contents of fifteen components in Schisandrae Chinensis Fructus(ug / g,n = 3)

Serial No. 10 8 14 13 12 15 5 11 6 7 9 3 2 4 1

S1 870.78 2526.46 650.09 3025.76 666.07 2975.83 6381.07 275.61 129.82 444.38 1088.48 2766.13 7.76 7948.87 5062.91
S2 800.04 2976.43 636.24 2626.85 676.19 2447.06 6212.54 280.66 86.10 332.60 1148.62 2686.78 6.68 8290.05 5403.52
S3 577.19 3315.36 671.06 3155.58 757.94 2616.34 6580.79 304.57 85.98 624.13 1288.20 2686.24 8. 11 10485.32 4803. 28

S4 616.26 3995.21 853.98 3345.98 774.07 2586.90 6911.71 376.55 115.86 521.37 1448.26 2966.44 7.41 11685.98 5703.16
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%3¢ 6 (Continued Tab. 6)
Serial No. 10 8 14 13 12 15 5 11 6 7 9 3 2 4 1
S5 487.42 2936.48 636.24 2836.60 638.23 2017.58 6102.68 284.66 84.60 406.51 1148.622407.11 6.53 9738.31 4314.82
S6 461.45 2906.51 623.25 2776.67 641.23 1957.65 6032.76 254.69 114.86 483.42 1128.65 2786.66 10.49 9208.95 5103. 88
S7 473.43 2467.04 566.32 2407.11 539.35 15.38 5783.06 255.69 78.61 318.62 961.85 2357.17 6.68 7341.19 4045.15
S8 456.45 2856.57 575.31 2646.82 597.28 23.67 6292.45 232.72 78.01 466.44 1078.712397.12 5.97 7980.42 4115.06
S9 798.88 2895.95 653.09 2766.13 656.08 39.34 5951.67 276.61 117.84 372.48 1158.38 3285.40 6.38 9896.15 6540.84
S10 738.97 2646.30 572.20 2616.34 590.17 98.86 5712.00 233.67 64.01 485.32 1028.56 2616.34 8.61 6620.73  3854.60
S11 500.30 2466.55 545.24 2446.57 541.24 62.21 5592.17 227.68 99.26 288.60 995.61 2846.0211.08 4903. 14 "5522.27
S12 384.54 2307.23 535.36 2297.24 551.34 39.75 5353.58 227.73 68.22 269.68 811.03 2616.86 8.95 4824.21 4874.15
3.5 IxBXEKERFN TOPSIS i& v, FAI L E C; M HARFP (IR T)
F5 IR SCR O A T RO A T, 5B 1 SR
£7 WEHXEM A C, BRI
Table 7 Analysis results of related degree and TOPSIS
TR A SRR BE 1 B s TOPSIS ¥4 Hr 4 4t
- Analysis results of grey related degree Analysis results of TOPSIS
sample A R G, H¥ G 25
i Ranking Differene of r; Ci Ranking Difference of C, (% )
(%0.)

S1 0.5389 3 20.4 0.6537 3 13.8

S2 0.4772 6 29.5 0.5606 4 26.1

S3 0.5714 2 15.6 0.6705 2 11.6

4 0.6769 1 0.0 0.7583 1 0.0

S5 0.4339 7 35.9 0.4864 6 35.8

S6 0.4929 5 27.2 0.5508 5 27.4

S7 0.3163 11 53.3 0.1507 11 80.1

S8 0.3608 10 46.7 0.2358 10 68.9

S9 0.5112 4 24.5 0.4010 7 47.1

S10 0.3703 8 45.3 0.2850 8 62.4

S11 0.3680 9 45.6 0.2644 9 65.1

S12 0.2876 12 57.5 0.1414 12 81.3

T 22 SRR TP R S el PN X R 2505, 25 57 = RIS C; IR RAE-# PRI GOREREE 8 C; ) /5 KB x 100%
Note : Differences of r;or G;were the distance between each sample and the best sample, difference = (MAX r;or MAX C;- r;or C;)/MAX x 100% .

3.6 IREXBLESDHS TOPSIS 53tk

HRAEFE 7, X%F L 2 ANHEF , a7 00K €8 G 1R B A
H1 TOPSIS S Afr &5 A —F, DL S4 #E 2k G i
s, R S3.S1FE G, 4300l o LR &0 % 5
BRSNS R vy S e U Ry L = ST
PURRES R A 2 b1 He) 25 A ) I R PR A i, D
TH T S B B B R S 25 TR AT, LA L 2R
B TR 2E  JUHR I T AR A RE A S12, 7] L
AT I P AR v 5 YRR 22 S0 il ik
$57.5 % 5 81.3 % , [K 1t TOPSIS 4347 g% 5 4 1)

DX R AL 2
4 it

2 1) AR AR foe R UL — Bl 2561 DR AT 7
W ARAE BRI AT A 225 | R AL | B R A 0
SRS A A, AR 2 b 1 i A R T
AT LA AN B DR 2R 244 56 B9 52 ), 9 P i
PRIF R BEXT R TR T~ IR 5 i 2 | S BRIt
W SO RS HE R GO0, AR SRR L 1S MUIRUR o> h %
AR bR, RN [ Il B2 (I B 2 % T vk
AR BN TR et (RRAR IR 2% 1
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REOL R LA BHAR PR GL | AF R ARAR R IBAR A
AR) X TR T2 M R YRR . A E SRR
I g HE DR R S e S A T S A e DN
0.04% AF& (i [E 25 3L ) 2015 i — F A4 1 5 ANl
FR A ILGF LL TR T 1 ORI TR I 2 1 & s 8
AR R LUS LSRR A2 T IR & i o hi
TR AR E TR TR ah PR IR R I A LIRS
15 Bl HARIC 1Y & d AN — 3k LU EDULH] I, PR SR
PR KR E 731 B TOPSIS 73 Ar AT 25 5 VRO, 73
Praf iR, S4 WERS B Rl ROMEHIRA
AR B BEA T LA B A TR
AL R A SN R IE Y S, IX 5 A R 280
255 TR T2 AR R— 8, T B U3 /Y
FEAl S1.S3 HYZES B i G BHS, 75 JBRAR I P 65 T
WRRF BB, RAR B R (4 DR TR A
S, TO R T ) 7 9 P AR P R, — e O T
SN SRS A DB EIEA o KRB &
LS AR A2 SE PR R AR ™ Hoa] A SR . i
TEAGRERIRE AR S ~ S6 £ B B dy, B B U
JE I TR T3l R

AR SR PR (3 - R IR DU AT /4R 1k
BT Bk B (UFLC-QTRAP-MS/MS ) [a] i i 10
THARIRREBAYIIRIIL 15 MERPRaY S i,
LG IR ICIBE 43 B R TOPSIS JRX5A [6] 185 4%
PFILR T2 AT LU T S 28 B 0Oy FIrdESE Y
I Ew LA, AT T IR PR R YR S
P ASBISE AT O T R 1 A R A% R A DI 28 2 4t
HLRITRE
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