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Abstract: To explore the effects of different drying methods on multiple bioactive constituents in Ophiopogonis Radix. A
comprehensive analytical method employed with ultra-fast liquid chromatography tandem triple quadrupole mass spec-
trometry ( UFLC-QTRAP-MS/MS) was used for the simultaneous determination of twenty-nine components including
steroidal saponins ; homoisoflavonoids ,amino acids and nucleosides in Ophiopogonis Radix. Hierarchical clustering analy-
sis(HCA ) ‘and principal component analysis( PCA) have been applied to comprehensively analyze and evaluate the re-
sults of multiple active constituents. The results showed that twenty-nine components had good linearity ,and correlation
coefficients were more than 0. 999 0. The method exhibited good precision, repeatability and stability with the relative
standard deviation (RSD) less than 5% ,the average recoveries were between 97.02% and 102.78% ,and all RSD were
less than 5% . In addition , the results of PCA showed that sun drying and non-sulfurized oven drying samples have better
quality. The established method was accurate and reliable, which could be used to appraise the quality of Ophiopogonis
Radix. Our study can provide basis for revealing the scientific connotation of traditional drying method of Ophiopogonis
Radix ,and may lay the way for optimization of drying method during the processing of Ophiopogonis Radix.

Key words: Ophiopogonis Radix; drying method ; UFLC-QTRAP-MS/MS; multiple bioactive constituents ; hierarchical

clustering analysis ; principal component analysis
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Table 1  The information of samples

%5 No. T4 7720 Drying method

S T Sun drying

2 HP IR Steam drying

s3 + BT Adobe kang drying

54 FIRTHR Cas drying
TEBRHE T (AR LT )

S5 Non-sulfurized oven drying
(Replacement of hot air drying)

S6 HLEHET Electric oven drying

S7 TEFEHLT Roller drying

S8 EL25 T4 Vacuum drying

<9 PRUE R T (50 C)

Hot air constant-temperature drying (50 °C)

1.4 @igRigEs
{34 Synergi™ Hydro-RP 100A 4 (2.0 mm x
100 mm,2.5 pm) ; FBHAH:0. 1% F Rk (A)-0.1%
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HERCHE (B) , BEEEVEN:0 ~5 min,98% A;5 ~ 6
min,98% ~40% A;6 ~8 min,40% ~20% A;8 ~ 10
min,20% A ;10 ~ 12 min,20% ~98% A;12 ~ 15. 10
min,98% A ; 35 30 °C ;i@ 0. 4 mL/min; JF L2

LT3 2 O IR F A =S (MRM) 5 25 11k
VR (TEM) :650 °C . W% HL 5500 V F14500 V;
FAL R (GSI) 65 L/min; S 755X, (CUR) :30 L/min,

PLALBE R PSR 2.

2.0 pL, BT Turbo V; L B ESIT (ESIT; %
R2 29 WS K RERDNSE
Table 2 Optimized mass spectrometric parameters of twenty-nine components
ety o ST b JITH e FEUET
Component olecuiar Mr (min) ass data (V) CE Ton mode
formula (m/z) (eV)
1 CsHgNO, 147.13 0.52 147.08/83.92 83 14 ESI™
2 CeH 4N, 0, 146. 19 0.52 147.11/83.91 66 14 ESI*
3 CeHyN; 0, 155.00 0.53 156.08/110.03 95 16 EST*
4 CeH 4N, O, 174.20 0.55 175.12/70.02 88 18 EST*
5 C3H,;NO; 105.09 0.57 106.05/59.99 67 8 EST*
6 C4HgNO; 119.12 0.57 120.07/74.00 93 20 EST*
7 C4H,;NO, 133.10 0.57 134.05/87.96 59 10 EST*
8 C;H;NO, 89.09 0.58 90.06/44.02 79 10 ESI*
9 CsHyNO, 115.13 0.65 116..07/70.02 68 10 EST*
10 CsH,;NO, 117.15 0.71 118.09/72.06 54 10 EST*
11 CoHy3N; 05 243.22 0.93 244.:09/112.00 61 10 ESI*
12 CsH,;;NO,S 149.21 1.02 150.06/104.03 91 10 EST*
13 CoH3N;0, 227.30 1.07 228.20/112.05 76 13 EST*
14 CeH3NO, 131.18 1.36 132.10/86.05 64 10 EST*
15 CyH, N, Oq4 244.20 1.41 244.90/113.00 103 13 EST*
16 CeH3NO, 131. 18 1.48 132.11/86.05 98 10 EST*
17 CioHys N5 0, 267.24 2.20 268.10/136. 07 86 23 ESI*
18 CyoH )N, 05 268.23 247 269.00/137.07 46 15 ESI*
19 CioHi3NsOs 283.24 2.52 284.30/152.00 62 15 EST*
20 CoH; NO; 165.19 3.04 166.10/120. 05 56 14 ESI*
21 CygH3Ns0, 267.20 3.16 268.10/152.10 61 15 ESI*
22 Cyo HigNo.O5 242.23 4.57 243.10/127.07 61 13 EST*
23 CyysH7005 886.46 7.74 887.40/393.30 110 45 EST*
24 CyyH70044 855.02 8.23 855.60/287.30 30 38 EST*
25 CyyHy 046 855.02 8.30 855.60/253.30 130 45 ESI*
26 CioHj606 340.34 8.71 339.13/130.92 -135 42 ESI”
27 CioH g Oq 342.34 8.76 341.10/178.00 -110 46 ESI’
28 CgHyy 05 328.36 8.90 327.10/178.00 90 41 ESI”
29 CyyHyp Oy 430.31 10.65 431.40/287.10 130 47 ESI*
1.5 WREBARKRSE A HIREAZ A e A VR R AT Be I BB AT

KBRS AR AR R K ETR A
MR KA IR 22T TN AR AR = M
T EER 2 AT S AR R AR
BT U S R TSR 2 AR 2%
ABAT C ZAR D ELRIT D LA

AT X B G T S mL R, i 70%
WL TR0 R 7 T SR AR RN 5 R 43 G Ol 1. 086
0.986,1.022,0.926,0.812,1.087,0.992 1. 044 ,
0.587.0.958,1.017,0.525,1.084,0.650 1.004 ,
0.832,0.568,0.877,0.757,1.061,0.749 1. 103,
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1.015, 1. 115, 0.825, 1.250, 0. 985, 1. 050, 0. 890
mg/mL (3] HE A A A, BT 4 CukAs, DL i
Mo HE it f 2 YRS B, o 70% W SR BOE 4 2 10
L 8 T £ X R VO, T2 O L 15 51— R 51
AN TR B IR £ X RS VAR, A7 T 4 °C L DL i
L6 MiXmiRiksE

WRE AR K (40 H) 1.0 g, K§#FRE, B T 50
mL BLIEHEIHR, RS B U A 70% W% 30 mL, %
P PR 7 Ak B (2% 500 W, 4% 40 kHz) 60
min, GCE A, PR E, AT 70% kb AL 5
UK g, IR, B0 (12 000 rpm, 10 min)
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Table 3  Regression equations, correlation coefficients, linear ranges, LOD and LOQ of twenty-nine target components

way Uﬂjﬁi *E%/%éﬁl ﬁq@?ﬁm il SE R
Component egression Correltion Linear range LOD LOQ
equation coefficient (ng/mL) (ng/mlL) (ng/mL)
1 Y =20.6X +12 300 0.999 2 7.60 ~76.000 2.16 7.20
2 Y =220X +22 000 0.999 9 3.05 ~30 500 0.82 2.73
3 Y=153X +2 410 0.999 6 0.47 ~4 700 0.14 0.46
4 Y =170X +90 400 0.999 3 74.9 <749 000 1.50 5.00
5 Y =31.8X +20 600 0.999 6 7.54 ~75 400 1.51 5.03
6 Y=7.34X +4 190 0.999 5 14.60 ~ 146 000 1.46 4.87
7 Y =76.8X +3 960 0.999 1 3.26 ~32 600 0.33 1.10
8 Y =5.03X+3 390 04999.6 73.10 ~731 000 2.92 9.73
9 Y =801X +24 800 0.999 8 58.70 ~ 587 000 1.17 3.90
10 Y =2 440X +112 000 0.999 7 9.58 ~95 800 0.96 3.20
11 Y =802X +470 0.999 8 1.31 ~13 100 0.30 1.00
12 Y'=27.8X +301 0.999 5 1.05 ~ 10 500 0.26 0.87
13 Y =495X-3"180 0.999 4 7.03 ~70 300 0.22 0.73
14 Y =930X +25 300 0.999 4 0.78 ~7 800 0.25 0.75
15 Y =5.59X +598 0.999 8 10.04 ~ 100 400 1.04 3.47
16 Y=27.7X +8 910 0.999 7 4.57 ~45 700 1.32 4.40
17 Y =6 300X +129 000 0.999 6 4.54 ~45 400 0.44 1.47
18 Y =1 880X +1 400 1.000 0 1.75 ~17 500 0.17 0.57
19 Y =349X +3 180 0.999 5 45.42 ~454 200 0.45 1.50
20 Y =4 320X47 700 0.999 7 14.85 ~ 148 500 0.74 2.47
21 Y =1010X +456 0.999 7 1.50 ~ 15 000 0.15 0.50
22 Y =35.3X +477 0.999 6 0.44 ~4 400 0.13 0.23
23 Y=17.9X +107 0.999 2 1.76 ~ 17 600 0.45 1.50
24 Y =175X +268 000 0.999 6 36.80 ~368 000 0.74 2.47
25 Y=271X+2 270 0.999 7 2.06 ~20 600 0.42 1.40
26 Y =578X +2 360 0.999 2 0.63 ~6 300 0.13 0.43
27 Y =2 550X +121 000 0.999 2 4.93 ~49 300 0.23 0.77
28 Y =4 730X +91 300 0.999 3 3.15 ~31 500 0.11 0.37
29 Y =5 080X +28 100 0.999 8 0.53 ~5 300 0.13 0.43
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Fig. 1  MRM chromatograms of twenty-nine components
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Note: 1. Glutamic acid 2. Lysine 3. Histidine 4. Arginine 5. Serine 6.
Threonine 7. Aspartic acid 8. Alanine 9. Proline 10. Valine 11..Cyti-
dine 12. Methionine 13. 2'-Deoxycytidine 14. Isoleucine 15. Uridine
16. Leucine 17. Adenosine 18. Inosine 19. Guanosine 20. Phenylala-
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Methylophiopogonanone A 28. Methylophiopogonanone B29. Ruscoge-
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Table 4  The results of methodology

o) Fi B2 Precision H &2 Repeatability Fa e Stability JNEE[IK R Recovery
Component RSD(% ) Mean( % ) RSD(% )
1 2:24 3.63 2.14 101.07 0.77
2 1.00 2.98 1.06 100. 35 1.49
3 3.04 3.98 3.38 99.25 2.93
4 0.46 0. 66 1.00 98.59 1.59
5 1.47 1.72 1.22 98.08 1.16
6 2.72 2.48 2.87 99.06 1.45
7 2.46 1.11 0.82 101.55 1.76
8 2.08 1.05 1.60 98.56 2.17
9 2.33 1.34 1.33 102.57 1.71
10 2.46 2.31 1.11 99.61 1.54
11 2.90 3.23 3.20 99.57 2.83
12 1.93 3.01 1.20 98.16 2.84
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2:5% 4 ( Continued Tab. 4)

Ny A5 % & Precision 42 1% Repeatability FasE M Stability HIAE FI 2 Recovery
Component RSD( % ) Mean( %) RSD( % )
13 2.16 1.04 2.24 100. 50 2.67
14 2.64 1.51 1.26 98.76 2.50
15 2.36 1.02 1.09 101.35 2.54
16 2.70 1.17 1.11 97.02 1.28
17 2.62 1.83 2.08 99.46 3.26
18 2.58 2.63 2.14 101. 68 2.76
19 2.56 1.04 2.81 102. 11 1.56
20 2.35 1.09 2.61 101.29 1.25
21 2.67 2.97 2.90 101.87 2.48
2 1.61 1.82 1.21 99. 47 2.20
23 1.98 1.32 1.15 10111 1.88
24 2.67 1.02 1.29 99.72 1.63
25 2.13 3.43 2.27 99.43 2.20
26 1.74 2.74 217 101.47 1.30
27 2.56 1.19 1.81 102.78 2.20
28 0.67 2.19 2057 98.77 2.02
29 1.91 2.79 1.61 99.86 1.60
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xS FRTFRAZEELZH2 HEIPSENELSR (ng/g,mean £SD,n =3)
Table 5 Determination of 29 constituents in Ophiopogonis Radix by different drying methods ( ug/g, mean = SD,n =3)

Cgfnﬁ»i%m S1 S2 S3 4 S5 S6 S7 S8 S9

1 408.1 1.8 209.0+1.2 264.0+1.0 226.0+0.6 399.2+1.8 205.5+0.7 327.1x2.7 234.9x0.8 292.0=x1.2
2 199.3+1.9 103.5+1.0 114.3+0.6 98.1+1.0 201.7=+1.1 113.4+0.5 159.0+0.7 93.9+0.4 181.8+0.9
3 48.3+0.8 29.4+0.4 24.6x0.4 27.0+x0.4 45.6+0.7 30.0x0.3 37.2x0.3 20.7+0.2 34.5+0.4
4 2553.8 +11.8 1598.5 £3.54379.1 +10.4 2355.5 +5.3 3481.4 +8.0 1760.7 £5.5 2541.5 £5.3 2520.3 £6:2  2560.5 +7.8
5 1440.4 +8.5 788.8 £1.4 1160.8 £6.5 633.1+2.8 1170.5+4.8 938.8 +2.5 810.2+2.2 /615.1+2.0 1435.2+4.3
6 1041.3 £5.2 848.8+2.1 875.8+3.0 813.2+2.8 885.4+3.2 800.8+2.0 876.2+3.3 708:1+2.5 1015.1+2.9
7 336.1+3.4 222.2+1.7 222.3+1.9 212.7+1.8 239.2+1.4 244.1+1.1 253.0+0.9. 258.3 1.5 235.8=x1.0
8 1740.5 +4.9 1193.6 +2.4 1709.7 £2.9 921.2+2.0 1131.5+3.1 845.8 2.2 1083.2+3.2 885.1+1.9 1421.2+4.2
9 408.1+3.4 662.8+2.3 1208.8 +3.4 402.1+2.3 759.3+2.4 707.9+2.0 372.1x0.9 210.9+0.6 1293.1+3.5
10 160.0 1.7 88.2+1.2 126.6+1.2 87.6x0.7 131.2+0.8 55.5+0.3" 145.5+0.7 88.2x0.7 144.0x1.0
11 3.2+0.0 1.7+0.0 1.6 £0.0 3.2+0.0 2.5 £0:0 1.8 £0.0 7.0+0.0 4.9+0.0 2.9+0.0
12 102.9+1.9 23.7+0.4 56.1+0.7 38.4x0.4 50.4+£0.8 16.1+0.2. 60.9x+1.0 40.8+0.4 171.3x1.9
13 0.9+0.0 0.5+0.0 0.4+0.0 0.6+0.0 0.7+0.0 0.5+0.0 0.9+0.0 0.8+0.0 0.4+0.0
14 183.7+1.5 95.7+1.1 138.0x1.3 100.5+0.8 170:8+1.4 55.5+0.3 155.7+0.8 82.2+0.3 192.3x1.6
15 282.7+1.4 136.5+0.9 129.3+0.9 1608 +0.7.-192.4 1.1 147.9+0.8 236.2+0.9 124.2+0.8 139.5x0.7
16 633.2+4.0 284.9+1.6 356.9+1.4 342.1+2.2 438.2+1.6 202.2+0.7 591.1+2.1 321.0+2.0 644.1+%2.9
17 30.0+0.5 17.7+0.2 17.1+0.2° 54.3+0.9 19.2+0.3 20.7+0.3 65.1+0.6 51.9+0.6 27.2x0.2
18 7.5+0.0 4.2+0.0 201 £0.0 2.8+0.0 5.1x0.0 3.7+0.0 3.6+0.0 2.2£0.0 4.3+0.0
19 129.0 0.5 59.7+0.2. 90.3+0.4 . 168.3+0.5 80.4+0.4 57.6+0.4 261.4+1.0 153.6+0.9 150.6+0.6
20 105.9+0.5 37.8 #0.2 60.0+0.3 62.4+0.4 56.7+0.3 25.9+0.2 100.8+0.6 58.5+0.2  97.5+0.5
21 4.7+0.1 2.0+0.0 1.4+0.0 4.1+0.1 2.7+0.0 1.9+0.0 7.2£0.1 4.2+0.0 2.7+0.0
22 7.3 £0:1 2.3+0.0 3.2+0.1 4.5+0.1 2.1+0.0 1.7+0.0 7.0+0.0 4.7+0.0 5.9+0.0
23 38.8+071 " 38.1+0.21 36.0+0.2 28.8+0.1 35.7+x0.1 35.7+0.1 27.2+0.1 28.4zx0.1 34.5+0.1
24 50.7-x0.1 14607 £0.6 132.3+0.7 93.3+0.6 130.6+0.7 143.7+0.4 45.9+0.1 54.6x0.2 56.4x0.3
25 3.7+0.0 5.8+0.0 5.3+0.1 3.9+0.0 4.4+0.1 5.4£0.1 3.6+0.0 2.8+0.0 4.5+0.0
26 1.7+0.0 1.0+0.0 1.8+0.0 2.0+0.0 1.2+0.0 1.0+0.0 1.1+0.0 0.8+0.0 1.3£0.0
27 64.5+0.4 61.5+0.2 65.7+0.3 51.9x0.3 64.5+0.4 64.5+0.4 51.0+0.2 33.0x0.1 39.9+0.2
28 30.,0+0.2  41.1+0.3 42.6+0.3 34.8+0.3 39.0+0.2 38.7x0.2 19.9+0.1 17.0=0.1 59.9£0.3
29 0.3+0.0 0.6+0.0 0.6+0.0 0.5+0.0 0.3+0.0 0.7+0.0 0.4+0.0 0.4+0.0 0.4+0.0
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IR 97 TR I AN RO A ke W AR & 5 S3 (- ATHET) (S5 (TR T ) (89
HEATRI AT, SR 2, i 2 vl 0, il AHE [ FARUEIR TR (50 °C) JRE ST M5 2 28 RS &R
T 10 ~ 15 i, iR T 4 RIS H 82 2258 IR ETRAF L & AR I HA 5S4 (KRR
(ZEVR T SO (RBBHET ) FER ISR 1 28, 24 T STORTIHET) (S8 (FL23 T8 ) B A 56 3
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Fig.2  Dendrograms of hierarchical cluster analysis for

Ophiopogonis Radix with different drying methods

AR 1 RBUTTRR R 1A 89. 838% ( >85% ) , BEME
B W Sz AN [R] T HR 07 TR A2 A 2 N 255 Tl i
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®6 MERHNENSHFHEERTHRE

Table 6 Rotated eigenvalue of principal component and contribution rate

TR R R "Jf B
EH R JRF _ RBURRITRE
L. . L Contribution rate Cumulative contribution rate
Principal component Characteristic value o) (%)
0 0
1 12.416 42.815 42.815
2 8.633 29.77 72.585
3 3.308 11.408 83.993
4 1.695 5.845 89.838

B JE A0 A 2% D 1 AT AR
TSI XF A T BRI, BT AT S
M2 SRR RN R £ 1A W IE T,
11168397 T R IO FE a0 A B (0 07 A5 IR

A AR C A L BOBEl B A N 1 380 B 15
2 TR BOR, WS A B e i A R R e A
Ml A B2 T BITE RS 3 4 R PR, U
EIRAG S WX 2 A2 R BRI AR

KT EEUGMPERS RETHREHEFHETER

Table 7. Rotated factor load matrix of each constituent in Ophiopogonis Radix

e F 43 Principal component
Compound 1 3 4
1 0.851 0.256 0.280 0.185
2 0.812 0.417 0. 146 0.111
3 0.734 0.374 0.464 0.076
4 0.204 0.316 0.314 0.762
5 0.563 0.778 -0.088 -0.099
6 0.727 0.620 -0.089 0. 141
7 0.692 0.002 0.488 0.138
8 0.504 0.650 0. 155 0.272
9 0.113 0.782 -0.561 0. 006
10 0.905 0.254 0.172 0.188
11 0.886 -0. 005 -0.029 0.344
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2:5% 7( Continued Tab.7)

F Ay Principal component

Cazx?]

Compound 1 2 3 4
12 0.688 0.331 0.542 0.328
13 0.587 0.586 0.497 0.127
14 0.854 0.396 0.227 0.077
15 0.808 0.030 0.511 0.117
16 0.952 0.106 0.238 0107
17 0.302 0.912 0.158 0.086
18 0.633 0.434 0.547 0.285
19 0.575 0.685 0.377 0.084
20 0.945 0.081 0.277 0.004
21 0.638 0.719 0.105 0.051
22 0.838 0.341 00234 0.073
23 0.035 0.891 0.343 0.138
24 0.763 0.502 0.276 0.186
25 0.559 0.705 0.043 0.038
26 0.245 0.325 0.214 0.598
27 0.116 0.618 0.576 0.401
28 0.138 0,801 0.449 0.269
29 0.921 0.008 0.034 0.020

SR 4 A XA R 4 2R AR A A b AT
fro HIZR 8 AN, AN [) 14 22 & A b B2 40 2% I o
ST MR A T A T AR AR R A SR A
BRI FTT 22 SRR B9 R D PRI BI04 55 ) 1 5T
B 4 AT 1 A SRR B, 45 2 o0 B A
434 :0.4766.0.3314 .0.1270.0.065 1, &% F i,
3 R4 05 AR SR AR RN, 75 4% 22 & B
st L DR A 0 BUMRMRS , 55 i By o AR R

fEm A58 F LA A %Rk F=0.476 6F,
+0.3314F, +0.1270F, +0.065 1F,, 4515
AR, AN F RO R AR LA STOIT) 258 5t
AT, X G A AN T Iz Al AR S TR
Trd—2GSS (LM T) 2ia Bk z , HiZ ik
AR TING Y & = S N O N VA )
5 TR N e A S A B R T

%5 TRTRARELLHNEASBFRBRGEATH

Table 8 Principal component factors and quality evaluation for Ophiopogonis Radix by different drying methods

%}iﬁe Fy F, Fs Fy F %ﬁlﬁg
sl 1.706 0.572 1.220 -0.031 1.155 1
s2 -1.045 0.442 0.592 -0.784 -0.328 6
3 -0.551 0.996 -0.954 1.893 0.070 4
s4 0. 447 -0. 802 -0.453 -0. 690 0. 491 8
S5 0.276 0.738 0.847 0.503 0.516 2
S6 -1.303 0.233 0.861 -0.779 -0. 485 7
s7 1.041 -1.369 -0.045 0.339 0.059 5
S8 -0.379 -1.638 -0.184 -0.334 -0.768 9
9 0.702 0.828 -1.884 -1.496 0.273 3
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