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Standard Operational Procedure(SOP) for Seed Production of
Sophora tonkinensis Gagnep.

HUANG Yongcai, WEI Kunhua, LIN Yang, MIAO Jianhua,LI Linxuan
(Guangxi Botanical Garden of Medicinal Plant/ Guangxi Key Laboratory of Medicinal Resources Protection and Genetic Improvement, Nanning ,

Guangxi 530023)

Abstract; According to the Chinese Herbal Quality Management Practices (GAP) guidelines, the environmental

conditions, planting methods, field management, harvesting and processing, storage, packaging and transport of Sophora

tonkinensis Gagnep. seeds were studied and regulated to formulate the plant seed production standard operating

procedures (SOP) ,which was important for ensuring the purity and goodness of S. tonkinensis Gagnep. ,providing enough

cultivated seeds,and promoting the standardization production of Chinese herbal medicine production.
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ToF B A SR 425 5 SR A 24 44 B2 U8 & B, B 2 Bl A
VR, TRV, BP A 2544 IR B A B IR B th ok iR > I
SRk FELTE R R MRAE T, T 3 R A6 R BF A R lH 2y
M EIRA K& I E % R R > 2584 3k 26 98 BE A0k
T RE , - Y5AE A 1) ek AR A 5 e 3] I JIE 24 A4 K HOAE 56
HRRZS B K . Sk A6 T8 B (Gentiana cephalantha
Franch. ) F13#0kF 38 JH (Gentiana delavayi Franch. ) 51& 1y
REEFHE R , 2 K3 H % R BRI EAZ .
5% 0% e I8 Sk 26 0 R A0RT e JIBL B4 &% J5 0 5 & 4% ()
P, K FH AR B 30 FE €8 3% 3 (ultra performance liquid
chromatography , HPLC) X 2% I F [F] — 7= i1 A8 & B AH | 3k
A6 R BEOFT e REAR B AR 25 vl B8 R 2 S v Y
TR A IR IR B A BT IR , X Sk AR TR AR Ok
JefR HPLC & 5 I iH HPLC 8 3% & 3 4 203l
A7 Lot 4347 5 [7) Bsf B0 DR 3R Oy 22 4017 0 3R 28 40 R 1%
J BB Sk 763 BB BORE 0 IR & SR AT PR DA Sk AR T
JIE RO e RE R 75 AT A e B 24, DA 3 0 e B )&
FEYIFEIR R 2, S I e AR BEUR R = A BIR
1 #Me5H*®
L1 b

2014 4F 10 H 78 K HM FR B B 7l — 7 b 43 51 R £
FEAEH R IR Sk AE TR NE Ok IR B & SR S AR N
CUAEMTE LU ) BRI Rl . A G PP AL SR 52 T0 0 B
FIFFAERIREAR 30 bR RAEAEMK Z B AR BEA/NF 6 m,
R AR R K B R 27 2R Wi W 3 42 46 78 Dy e B I 0
Gentiana rigescens Franch, .3k #E 8 Gentiana cephalantha
Franch. ¥k W RE Gentiana delavayi Franch. ,5REEHIFERE
Feah 40 CERFA TR 2EE., 7ERBAH LG E J5okF
T HEAR B AR 25 Al B R 2 R 2R SR kR
Ba T 2 B2 I ) B o o BE L e BBURR S AR 25 i A
I CERAFRKBAERD MR 10 BRIBS1E RS .

TR S RS i R AR R X R
(R A Y RH A BRA R #5437 ZJ0701BA13,
M29J4S1,PN1125SA13,206]6S2, 4 $42>98 %) , i R 3L
TROAE B T 12 A B A PR Ry € 1 4l , 7K Ayl 4 7K (Millipore
4K AR G , HAE S R a4t

Agilent 1290 #Y i 15 3% ¥ AH 8 3% (X (G1313A ALS
# 8 3h 3 B %%, G1315A/B # DAD # Ul #%, Agilent
ChemStation % TAFuk-35 FZ AR , AE240 HUH,
TRV G LR -FER 2 A R, FY135 B B 2545
BLOR BT 28 B AR A R A 7)) , SK5200H 75 i3 v
VA CH R 5 A5 A BR A F)D , Millipore 27K 4b 3
R,
L2 Kok
1.2.1 @4 @igh: . Eclipse XDB-C18(4. 6 mm X
250 mm, 5 pm) ; i 3 A A B BE-7K (0~ 60 min: 15% ~
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80 %0 FF D) 5 s AR o ARSI 38 4K 274 nom, B 2F SR i R
ZESEH N e B W A U P K 243 nms HEYR 25 °C 3
.1 mL e min ',

L2.2 XEHEBEHEOEH L FHTTSZ—HET
K43 5K 2 AR BUOR IE 1. 92 mg B2 3w i
1. 01 mg JEZ3EA 0. 50 mg. w BIAERT 0. 49 mg, 435
BT 1.2.10.10 mL S, F BEE B R R 2Z20E,
59,43 BB 0. 40,0. 10,0. 16,0. 16 mL ZE[F—4 1 mL
AR, P EmBEE 2R, BB REEH 2
S RS e e IR BT A B R B 4351 R 0. 768 0,
0. 050 50.0. 008 160.0. 007 840 mg » mL ' IR & %] IR f %

W. 4 CHKFRFREH.

L2.3 MLl m sl & SRIUH & 7 S OOk
(91. 433 HCR Hp AH | 3k 76 0 RE L GOFF 2 ABARE o B3 B 5 2ok
100 H i, 30 CHEAE H T H 2B ] , 43 7K 2 FRICZY
MR 0.1 ghpZ—BFRPF 10 mL F&HHH,
A 2 mL FEE,F 40 kHz.40 ‘CHEALH 20 min, JE4LT
UEL VR 2 mL RS REE A 1 KA 2 K
RIBIEWH 2 5 mL B 2R =R, InH EEA R 22
BE RS, ESS , B SR BT .

L2.4 FELREME #B1L2.1KESEN, 55 E
1. 2. 2 FREYXT R SRV TR 1. 2. 3 R ARG AR S 1 YRR AR T
FE LS EARIE I, X MR SRR B RIF, T T
(1.2,

1
3 4

A

17.39 26.09 34.79
[5}]E) Time/min

T 1P ST 5 2 S 5 3R 2 SR s 4w L BE R .
Note: 1-Swertiamarin ; 2-Gentiopicroside ; 3-Sweroside ; 4- Amarogentin.
1 WEAEIEE

Fig.1 HPLC chromatograms of reference substance
L2.5 MR 0 BE o o BR & VR BE K K B A
1. 536,1. 152,0. 768 0.0. 384 0.0. 307 2,0. 153 6 mg * mL™*,
S ST R R VR BEHOKBLAR 0. 101 0,0, 075 75,
0. 050 50,0. 025 25.0. 005 050,0. 002 525 mg » mL ', ¥ J&
ZESEH X IR SR BE AR L AR 0. 065 28,0. 032 64.,0. 016 32,
0. 004 080,0. 001 632.0. 000 408 0 mg *» mL ' ¥ J¥ fH
TN HE SR BE AR YR BE A, 0. 007 840.,0. 003 920.,0. 001 568,
0.000 784 0,0.000 392 0,0.000 156 8 mg *« mL™ ', 7E
L 2.1 E3E T B BERE 10 (L, 4355000 % J6 H 2
T 2SR R ST o e B R X R T AR, 43
TLASKE R ity AR 5 R () o WS TR AR R A T 40 A [T 5, 22 11
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1
A8 4 . A3 A . '

17.39 26.09 34.79 17.39 26.09 34.79 17.39 26.09
I5}18) Time/min I5}18) Time/min [} 18) Time/min

T A-SR R R 3 B-SK R AE 5 C-AokF B 5 18 2 3084 5 2- R M 3 5 3R 23R s A TR LR Y

34.79

Note: A-Gentiana rigescens Franch. ; B-Gentiana cephalantha Franch. ; C-Gentiana delavayi Franch. ; 1-Swertiamarin; 2-Gentiopicroside; 3-Sweroside; 4-

Amarogent.
B2 #meigE
Fig. 2 HPLC Chromatograms of sample substance

PR, AR RIEIE 7R . RN LGB 3 # 10 Jotn
5 S IR (LOD) Flsg B R (LOQ) , I3 1,

L2.6 MWEERAE 122 PR RaRREL2 1
HEE R T, BRHERE 10 pL, EEHH 6 W

19 0 R R 2R SR SR e e IR R Yy
ISR 4> B % 5 373.746.5.254.0,146. 2, RSD 43 31|k
0.442 9%.1. 312%.,1. 203%.1. 250 % (n=16) , 45 L £ B
K% R AT,

0 = N [— R —X
*1 ZRER 4 Fh3t B AR 2R R S5 EER
Table 1 Calibration curves, LODs and LOQs of four reference substances of Gentiana (Tourn.)L.
KMEHR E3cFi] HBRR SERR
J43 Component MIXRE -
Regression equation Linear range/ug LOD/pg LOQ/pg
FHH¥EH Gentiopicroside Y=800. 04 X-+40. 197 1.000 0 1. 536~15. 36 0.103 2 0. 340 4
WA Swertiamarin Y=1 704. 3X—57. 269 0.999 7 0. 050 5~1.010 0. 015 06 0. 050 15
BT Sweroside Y=3 014. 0X+6. 815 4 0.999 8 0. 001 632~0. 081 60 0.000 473 6 0. 001 577
R EAEEH Amarogentin Y=1 763. 9X+7. 483 0.999 8 0. 001 568~0. 078 40 0. 000 470 1 0. 001 565

L2.7 EEMHKE WHEKRKFE—H#FES 6 5, %
1.2. 3 R B Hl & 6 M HbRAE RIB R ERE R
WA KR 10 oL, M5E 6 M Aabisae sl e
PR S R A e R R R A A &L W
BT ARSI 8 512.329. 9.57. 40.,20. 72;RSD 43
B 2.314% .2. 095% 1. 649% .1. 965 % (n="6) , % B i,

L2.8 fEtEs HBEtARRER L H.7EL21/K

EREAMET BUHERE 10 pL, 237 0.2.4.6.8,10,12 h
HERE 25 SRR R P R B T R S e AR
S 5 e R R A & & AR AL, T 45 S 3 e T R 43 B
7.8 494.328. 8.56. 01,20. 43;RSD 4351 0. 424 9%,

0.493 4% .1. 896 2%.2. 946 7% (n="6) , &% 5 7 B {iL 3,
FEMBRAE 12 h WiaE.

L2.9 [ICRIRE K EREUE —HER AR 2 0.05 g
3 ArBIMAVEEE R 1. 92 mg « mL ™ {0 B w5 X iR
SRS 1. 36.1. 70, 2. 04 mL, FEAE 55 FRER [R] — kYRR S
250.1g 94,83 343 BIIAYREE A 0.505 mg » mL ™
B 2F S 1 0 BB H A UR 0. 18.,0. 22,0, 27 mL, B R 3
B3 53 FIIMAREE 9 0. 051 mg « mL ™ A5 2F 3 X R
W 0.16,0.20,0. 24 mL, 3T/ 3 4350 FINAMREE A
0. 049 mg « mL ™" i35 b AR TS % 8 S W W 0. 24.,0. 30,
0.36 mL,#% 1. 2. 3 MRS AW & kw4, 72 L2119
EREAAET 4300 E shihke 10 pL e Eme, 3k 2.

*2 ZRBHR 4 FhIEFRAX 5 B9 InAE B Y RN IE 45 R (n=3)
Table 2 Result of recovery tests of four index components in Gentiana (Tourn.)L. (n=3)
. R fnA FUEES ¥ [l R -3 g R AR PR 2
Ji{4 Component
m(Background) / mg m(Added) /mg m(Found) / mg Recovery/ % Average recovery/ % RSD/ %
3.237 2.611 5. 848 98. 59
T HH¥H Gentiopicroside 3. 237 3. 264 6. 732 103.6 100. 9 2.511
3.237 3.917 7.179 100. 4
0.112 5 0. 090 90 0.202 2 99. 40
WA Swertiamarin 0.112 5 0.1111 0.219 5 98. 20 98. 03 1. 486
0.112 5 0.136 4 0. 240 2 96. 50
0. 010 50 0. 008 160 0. 020 14 107.9
PELERAF Sweroside 0.010 50 0.010 20 0.021 33 103.0 105. 3 2. 334
0. 010 50 0.012 24 0. 023 89 105.1
0.015 10 0.011 76 0. 025 88 96. 40
T REESH Amarogentin 0.015 10 0.014 70 0. 029 15 97. 80 97.70 1. 282
0.015 10 0.017 64 0. 032 38 98. 90
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L3 TAEME

WisE JRREJE 3 Fh (% 24 FAE AR BAR 25 o e fE
R R ET S RERETNS R, B
st 3 AT .
L4 BdESr

B3R FH SPSS 17. 0 Geit- 3t A7 I £y
0T BRI, ST 3 AR H A HPLC fa 3% & d g 45
IEXF AR B HEA T VR4
2 HRESW
2.1 SEIEN

URFPRE Sk AE IR AR FokE IR A AR B AR 25 B A
Ay IRRHEFE RS R G R R A R
MERIE 3, XU AH(S2) 3k 6 0 IH (S3) Mok fiE
(SDIRFARZEH 4 MBS & BT B &R, 4558

R, I AR RARZE P B 8 B S KR e T i
ZE 57 TR HE B AP SRASHIN 2 0 R I s FEAR AR 25
TS A B (P<<0. ODAR B 2 R TSk AR AR AHoRF J
JIEL, Sk 78 REAR AR 25 288 2 35 o ) 5 B (P<<0. O A
B TR I Ok R AR SAR ZE PR 2 S ) & B
(P<0. O s 25 v T I T AN Sk 7B AH , 8 s AR B AR
2RI A R (P<<0. 05) 1B 3 8 T3k B T I8 fiokr
FEREAR B ARZE o T RE R A & B (P<<0. ODB B & = T
RS R, Sk A REL AR SR AGH I 21 i s REL G 975 A 5 I8 T
JE Sk AL REAR BARZEH 4 A~ B 55 8 (P<0.0D)
A2 v Ok R, IR B AEAR BARZE R 4 > R B
HRELERBETL S E 2R, RIARABFIKAE T IEAR XAR
2R AR R BRI R [ 25 8 ) (2015 4R AR — D I
JeRR AR AR AR 1500 RPREARES

- —] —_— pu—
3 ZRERE 3 MBARGAEYREREFEIERER S AELBS T (n=3,21s)

Table 3 Comparison analysis of the contents of main active ingredient in the roots of three Gentianaceous medicinal plants of Bai Nationality(n=3,z+s)

HEdsh JR A4+ 4 Content/ % BT AR BLEE
Sample FHHH Gentiopicroside 23K Swertiamarin B IEAF Sweroside W JEAESH Amarogentin Total content/ % Similarity
Sl-root ND 0. 027 040. 000 7Cc 0.378 7+0.019 7Aa 0.053 0+0. 002 1Aa 0. 458 7+0.018 4Bb 0. 015
S2-root 8.922 040. 386 0Aa 0.137 240. 005 1Aa 0. 048 0+0. 000 8Bb 0. 006 340. 000 4Bb 9.11340. 391 9Aa 0. 997
S3-root 8. 876 040. 332 6Aa 0.115 440. 001 8Bb 0. 009 14-0. 000 5Bc ND 9.00140. 314 4Aa 0. 997

T SR B/D B 2 R AT 22500, R ALB,C RR2ZE SRR BE(P<0. 0, RIA a,b,c RnZEFBFH(P<0.05), NDRmFH M., SI-HOF I, S2- 1% jH, S3-3k 76

HHE,

Note:A,B,C.a,b,c show significant differences in LSD at the 0. 01 and 0. 05 level. ND represents no detected. S1-Gentiana delavayi Franch. S2-Gentiana rigescens Franch, S3-Genti-

ana cephalantha Franch. .

2.2 AW

PAFR 3 Hp IR g fH L Sk A6 00 I Ok T REAR B AR 25
T RS R 2R S SR e e R B
AR RARYE 3B SPSS 17. 0 34 A Wk HE B i
BE G R FAE LR B, A Ward 33T R BK., RHk
RALER LA 3, %00 H Sk 28 0 I8 HOoR I8 R AR R AR 25
OB B R RS R SR G R A R K
HAEZERRER -BLHEHS R 2 K. 5—-HE%
IR (S2) FE S RH (S3) , 58 — 2 R AR (SD . H
M 3 AL R B B R .
2.3 HPLC oy e g A i g ~r SAR B BE P

PRI 7E o S A R AL 2. 17 @S AT
0 5 U B Sk 26 0 B B0 0 B AR B AR 254 o 1) £ 1
Bl LA R e B, WA 4 0 IR i T 194 05 R W AT I8
£ 274 nm VERRME K 228 H IS H & £ 1 243 nm
VERRG B B % E B ATA 48 R RIE B S AP
2y (i SURITE AR B BE PR R0 (2004A B , R i
S3 A MR, B E 3 FEEEBEA 0. 1 min, X HR B A A4
BT R A B, o 3k S WY B ik e AT 2 SR I, B
BV L, #5703k 76 e R SHORT e AE ) e 3 I B ot
MR A, I LA AR B . X IR R AE L Sk 76 30 AE O
e RAMR AR 25/ HPLC (@it BEAT 44y , Hab A i =X
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TP 4,5 8RR 3k A8 T BR OK e REAR RAR ZE (i KA
9 MNA~DILAHE,10 B34 R I AE (S2) Fisk 18 1E
FE(S) LA ,11,12,13,15,16 S {0 1% 4 g f0kr 1o B
(SD FTisA , 14 Stk o 1 0 18 (S2) Ak 18 B (SD
Pt s Zad 5 %0 IR AR BE A B AR LA, BRIA T 10 Bk
NIRRT 1 B R S AR 2 B R 2SR
14 B0 Ry RE S ot o7 Fé) e , U8 s IR (S2) sk 46 Js
(SR B ARZE (33 B AR U R 25 w8 » AHBUBE 35 0. 997, FkT
FRE (ST BFE AR AR , A RLBE LR 0. 015,
3 #it5itie

MR Sk 78 0 BB BOKF s AELAR S AR 25 A e BE o
R R A B T A,
SLAE T ABAR B AR ZE g JH 2 & 5 IR S AR X, AT
T A A R 25 3) (2015 4F B —3B) IR v JHAR &%
WZEF RS R L 5% BRERER 5 HL2.5TE
WMETIRERLERBEREREZFBEEESE
5. 2450 »iX oSk A AR B AR IR Jp B A Z5 341 T A B A 9 5
THORT J2 HEAR e MR 25 Hh SR A 00 21 s B 35 e 4 2 TR
(e N RAEFIE 25 ) (2015 4F B — 3O AR 00 45 35 B
oK B BER T AR IR I B2y, R B AH L Sk A8 T BEAR
BREREAMBES S BREMH BIEA R BE LR, X
A] BB e R R 2SR R A e IR B
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A CASE 0 5 10 15
lable Num + |

s2 I

S3

1T

S1

C CASE 0 5 10 15
lable Num + + + + ; + +

s2 I

S3

S 1T

E CASE 0 5 10 15
lable Num + + + + ; + +

s2 I

S3

S 1T

B CASE 0 5 10 15
lable Num +--------- + | + t | |

s2 I

S3

S1

D CASE 0 5 10 15
lable Num +--------- + | + t | |

s2 I

S3

S1

T « SI-GORF i R 5 S2- 3K 8 J I 5 S3-1R i I 5 A-J B35 s B 2 S 1 s G 2 36 D e AR 1 - i
Note:S1-Gentiana delavayi Franch, ;S2-Gentiana cephalantha Franch. ; S3-Gentiana rigescens Franch. ; A-Gentiopicroside ; B-Swertiamarin ; C-Sweroside; D-

Amarogentin; E-Total content.

B3 ZERE3SHAKRGAEWREREPEBER BFRXEH BFRXT FLEETNSERESERESN

Fig. 3 Cluster analysis of content and total content of gentiopicroside,swertiamarin,sweroside,amarogentin in

the root of three Gentianaceous medicinal plants of Bai Nationality

2 3
! 1112 3413 14 5 67059 16 N

_L.‘ —

—t

17.39 26.09 34.79
5] Time/min

T 1R SR A 5 2-00 TSR 5 10- R 3 3 5 1435 Je L R 475 3~ 9,
11~13,15~16-AK[F] HPLC {44 5 s R-% #8435 &l ; S1~S3-3 A~ K[
JeRE)E f g .

Note: 1-Swertiamarin ; 2-Sweroside ; 10-Gentiopicroside ; 14- Amarogentin;
3—9,11—13,15— 16-different HPLC peaks R-control peak; Sl — S3-chro-
matograms of three different Gentiana (Tourn.)L.

4 RERE3MBERGAEYRE
Rz HPLC Eig
Fig. 4 HPLC Maps of roots of three Gentianaceous
medicinal plants of Bai Nationality

AR IR RE B AR A AR B R

1 HPLC 2 3% & 3t A 458 =X K A DL BE 40 # 45 R W)
50, U T B 3k 7 e BB A B8R AR DL R B BE 23K
0. 997 , T AWk Je IEAR RLBE (X g 0. 015, 5 IS fH Sk 78 e
JEAE fBLBE A 22 B R, HL 0 1 U ) i 56 B 5 B B I e AL
SAETERR 22 H 2 2% U W oK 2 AR B AR 2K o 7 1 Al 2
P25 I E Sk A AEAR L B BR 22 57, X AT RE B
ENTERIEERS 1 DNA BEHRERA R S ER
RANGER S BHBRREMTEREERY, BRES %
FESE AR Sy — 2, SWOKF T BB 1l DR — 2 3K 15 B K 7
TR 5 U e R B BRI SR G 50 2R 5 Sokf e B U iR
FRGRFZF/N . AT HEWT , 3k 26 IR AT LR AR I e fE
AZy B H T BT A A SRS RS, Bk RS
e HPLC it A7 —rE 2257, BT LISk 8 T ARG
2P TR AR I PRI (S — D IR A BT ST 5 OkF
Je REAR B AR 25 A ARSI 21 e B A RO AN T R 2
JARHE , AREBCIR L IEAZY
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Quality Evaluation and Quality Equivalence of Three Gentianaceous
Medicinal Plants of Bai Nationality

HAN Duo' ,ZHAO Zhilian® , LIU Weihong® , LI Yuehua*,LI Haifeng'
(1. College of Pharmacy and Chemistry, Dali University, Dali, Yunnan 671000; 2, Dali Vocational and Technical College of Agriculture and
Forestry,Dali, Yunnan 67100333, Library of Dali University, Dali, Yunnan 67100034, Dali Analysis and Testing Center of Yunnan Province,
Dali, Yunnan 671000)

Abstract: The contents of gentiopicroside, swertiamarin, sweroside and amarogentin in the roots of Gentiana rigescens
Franch. ,Gentiana cephalantha Franch. and Gentiana delavayi Franch. were determined by HPLC, the quality and quality
equivalence were evaluated by one-way ANOVA ,cluster analysis and chromatographic analysis. The results showed that
Gentiana delavayi Franch. had significant difference(P<C0. 01) with Gentiana rigescens Franch. and Gentiana cephalantha
Franch. in the contents of gentiopicroside,swertiamarin,sweroside and amarogentin in the roots, there was no significant
difference between Gentiana rigescens Franch. and Gentiana cephalantha Franch. ,and their contents of gentiopicroside in
the roots were more than five times the national standard, but the contents of gentiopicroside was not detected in the
roots of Gentiana delavayi Franch, The similarities of the characteristic peaks of Gentiana rigescens Franch. and Gentiana
cephalantha Franch. in HPLC fingerprints were 0. 997, while Gentiana delavayi Franch. was just 0. 015. The contents and
total contents of gentiopicroside, swertiamarin, sweroside and amarogentin of Gentiana rigescens Franch. , Gentiana
cephalantha Franch. and Gentiana delavayi Franch, were similar as shown by cluster analysis,Gentiana rigescens Franch.
and Gentiana cephalantha Franch. were cluster into one group, while Gentiana delavayi Franch. was a separate category.
Gentiana cephalantha Franch. could replace Gentiana rigescens Franch. into medicine,but it needed to have further studies
of pharmacological, toxicological experiments,while Gentiana delavayi Franch. not.
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