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[ Abstract] Objective: To study the effect of flower removal on the content of three alkaloids in
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different parts of Fritillaria thunbergii from different regions and at different growth stages. Method: The
content of peiminine, peimine, and peimisine in the bulb, root, stem, and leaf of F. thunbergii after flower
removal and with flower un-removed at different growth stages and in different regions were determined
simultaneously by ultra-performance liquid chromatography-evaporative light scattering detection (UPLC-
ELSD) method. The UPLC was conducted on ACQUITY UPLC BEH C,, column (2.1 mm x 150 mm, 1.7 pm)
with the mobile phase of 0.02% triethylamine aqueous solution (A) and methanol (B)elution gradient(0-2 min,
45%A; 2-5 min, 45%-25%A; 5-7 min, 25%A; 7-17 min, 25%-10%A; 17-20 min, 10%A), flow velocity of
0.20 mL-min™", column temperature 35 °C, sample room temperature of 20 °C, and injection volume of 3 pL.
The ELSD was carried out at drift tube temperature 45 °C and with the sprayer parameter of 40%. Result: The
flower removal significantly increased the yield of F. thunbergii. At the budding stage, the alkaloid content in the
bulb of F. thunbergii from Ningbo in Zhejiang, Pan'an in Zhejiang, and Nantong in Jiangsu after flower removal
were significantly higher than that of flowering un-removal treatment, while it showed no significant difference
between the flower removal and un-removal treatments for the samples from Fengjie in Chongqing. At the
flowering stage, the alkaloid content in the bulb of F. thunbergii from Nantong in Jiangsu after flower removal
was significantly higher than that of flower un-removal treatment, while it showed an opposite trend for the
samples from Pan'an in Zhejiang and Fengjie in Chongqing and had no significant difference between the two
treatments for the samples from Ningbo in Zhejiang. At the bulb expansion stage, the alkaloid content in the bulb
of F. thunbergii from Ningbo in Zhejiang and Pan’ an in Zhejiang after flower removal were significantly higher
than that of flower un-removal treatment, which was opposite for the samples from Nantong in Jiangsu and had
no significant difference between the treatments for the samples from Fengjie in Chongqing. At the harvest stage,
except for the samples from Pan'an in Zhejiang, the samples from the rest 3 regions showed decreased alkaloid
content in the bulb after flower removal compared with that of flower un-removal treatment. The alkaloid content
in the leaf was higher than that in the bulb of F. thunbergii at all growth stages and from different origins.
Conclusion: Flower removal can increase the yield of F. thunbergii. The alkaloid content in the bulb of
F. thunbergii with flower removed was higher than that with flower un-removed at the budding stage, while this
trend was reversed at the harvest stage. Both the yield and the alkaloid content of F. thunbergii from Pan'an in
Zhejiang were increased by flower removal. The above-ground part of F. thunbergii has a potential development
value.
[Keywords] Fritillaria thunbergii; origins; flower removal; alkaloid content; ultra-performance liquid
chromatography-evaporative light scattering detection (UPLC-ELSD) ; different growth stages
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Table 2 Effect of flower removal on drying rate and total fresh

weight per 10 m? of Fritillaria thunbergii from different origins
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T b M A ™ i 7 kg PrT2/%
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KA 46 3.390+0.256" 35.664+2.965"
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KAHAE 5.640+0.428¢ 23.620+2.500°
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Table 3 Effect of flower removing on the alkaloids content in
different parts of Fritillaria thunbergii from different origins in T1

period (n=3) mg- g’

iy WAL DUREER U185 v LB wit

S1 %25 1.863=£0.002" 0.796£0.004' 1.863+0.004° 4.523+0.025"

»
b=

H 2.339+0.002° 1.893+0.003" 0.689+0.002" 4.922+0.021"

0.919+0.003™ 0.654+0.002% 0.919+0.001" 2.492+0.023™

BN

o 2.282+0.002¢ 2.520+0.004° 2.058+0.001¢ 6.859+0.022°
S2 %25 1.773£0.003% 0.750+0.003' 0.350+0.003° 2.873+0.016*
MR 1.398+0.002' 1.143+0.004' 3.091+0.003" 5.632+0.024"
2% 1.009£0.003™ 0.674+0.002% 1.009+0.003" 2.693+0.025'
o 1.648+0.003" 3.262+0.003¢ 2.893+0.001" 7.804+0.024*
S3 %25 1.684+0.004" 0.440+0.001™ 0.189+0.001" 2.313+0.015™
AR 1.653+0.003" 1.171£0.002" 0.089+0.004° 2.914+0.016"
25 1.504£0.002' 0.956+0.001" 1.504+0.002° 3.964+0.018'
it 4.087+0.003" 2.228+0.001° 3.911£0.003" 10.226+0.029"
S4 %25 1.687+0.001" 0.542+0.003' 0.358+0.003* 2.587+0.013'
AR 1.358+0.001% 1.314+0.004" 0.193+0.003" 2.866+0.021"
25 1.494+0.002° 0.981+0.001" 1.494+0.002° 3.970+0.021°
it 2.47140.003° 4.105£0.001° 3.937+0.001* 10.514+0.028"
S5 25 3.848+0.002° 1.626£0.003% 0.671+0.003'  6.144+0.025"
AR 1.737+0.001% 1.703+0.005" 0.243+0.003™ 9.683+0.023°
22 1.460£0.001" 1.342£0.002" 1.460+0.001° 4.261+0.021"
i 1.96640.002° 4.460+0.002° 2.837+0.001° 9.26240.016°
S6 25 2.206+0.002¢ 0.951+0.003" 0.302+0.003"  3.459+0.026'
M 1.730+£0.004% 1.623+0.003% 0.202+0.001™ 3.556+0.021'
25 1.408+0.004' 0.928+0.002" 1.408+0.003" 3.745+0.015'
it 2.70740.003" 4.9434+0.003" 4.09140.002* 11.74140.013"
S7 25 2.345+0.002° 0.637+0.002% 0.342+0.002% 3.32440.013
R 1.313£0.003" 0.763+0.001' 0.170+0.002" 2.246+0.015™
ZX 0 1.102£0.004™ 0.543+0.004' 1.102+0.002" 2.747+0.021%
M 1.738+0.0028 3.525+0.001¢ 4.000+0.002° 9.263+0.014°
S8 %25 1.931£0.003° 0.690+0.003% 0.402+0.003' 3.023+0.022*
R 1.988+0.004° 1.278+0.002" 0.227+0.003™ 3.493+0.019'
2£ 0 1.205£0.001' 0.549+0.003' 1.205+0.002% 2.959+0.016"

M 0.95140.003™ 2.31640.003° 2.37440.002° 5.64140.026"

M) L Bl SRy WV T Uk (ST, S2) AT T % (87,
S8) Fy #r D1 B i 25 vh 3 2B 2 B L 1 R 7R K S B
N TR AR AL (P<0.05) , HE K ZE 5 (S3.84) 1Y
W DU B i =5 v 3 A A B A A AR A 3 S 22
SIS B VL (S5.S6) 1 #ir DU RE 4% 46
Ab R % =25 3 b A 4 e B I AT R A AR A
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R4 BELENT2HAREMESRNSLAEBLENHSENF
fa (x+s,n=3)
Table 4 Effect of flower removal on alkaloids content in different
parts of Fritillaria thunbergii from different origins in T2 period
(ks n=3) mg-g’
s WAL DLRERH NHERC IRHE S Gt

S1 %25 0.746+0.003" 1.047+0.002¢ 0.438+0.003% 2.2310.021%

M 1.245+0.004° 1.241£0.003° 0.458+0.003% 2.943+0.023¢

1.025£0.003% 0.541+0.003' 0.166+0.002' 1.732+0.015'

N

o 2.158+0.003" 1.768+0.003" 0.737+0.002° 4.663+0.023"
S2 @25 0.846+0.004° 0.993+0.002¢ 0.378+0.003" 2.216+0.025%
A 1.107+0.001¢ 0.889+0.005" 0.219+0.001* 2.215+0.016%
25 0.583+0.004" 0.253+0.004' 0.054+0.002" 0.891+0.026™
i 1.773£0.001° 1.008+0.002¢ 0.344+0.002" 3.125+0.029"
S3 525 0.674+0.0028 0.920+0.002° 0.461+0.003% 2.055+0.026"
AR 1.322+0.002° 1.124+0.003 0.346+0.002" 2.792+0.025°
25 0.876+0.003° 0.392+0.003% 0.201+0.003* 1.469+0.012
o 1.520+0.002° 0.871+0.002" 1.844+0.001° 4.235+0.024°
S4 25 1.216+0.001¢ 1.092+0.002¢ 0.501+0.002" 2.810+0.024°
A 1.215+0.001¢ 0.675+£0.003" 0.328+0.005" 2.217+0.026%
25 1.079+0.004° 0.727+0.003% 0.245+0.004" 2.051+0.026"
i 1.187+0.002 0.661£0.003" 0.5160.002" 2.364+0.024¢
S5 %25 0.811x0.001° 1.053£0.002% 0.451£0.003% 2.315+0.023¢%
MR 1.019£0.003% 0.942+0.002° 0.187+0.003" 2.147+0.018"
25 1.185£0.001% 0.396+0.002% 0.287+0.002' 1.867+0.023'
i 1.485£0.002° 0.897+0.002° 1.244+0.003° 3.627+0.025°
S6 25 0.628+0.001% 0.621£0.003" 0.271£0.003' 1.521%0.023
MR 1.164+0.002¢ 1.081+0.003¢ 0.287+0.0011 2.532+0.022"
25 0.820£0.002° 0.253+0.001' 0.187+0.004' 1.260+0.013*
i 1.6240.001° 1.447+0.003" 1.607+0.001" 4.677+0.018"
S7 25 0.482+0.004' 0.630£0.005' 0.313£0.003" 1.425+0.014*
R 1.486£0.003° 1.174+0.003° 0.897+0.003 3.557+0.024°
25 1.241£0.003% 0.253+0.004' 0.097+0.003™ 1.591+0.025'
i 0.513£0.003' 0.251+0.003' 2.758+0.003* 3.522+0.023°
S8 25 0.633+0.004% 1.054+0.003% 0.813+0.004° 2.500+0.023"
AR 0.798+0.002° 0.517+£0.001' 0.299+0.003' 1.614+0.015'
2Z 0 0.506+0.002" 0.363+0.002% 0.200+0.002* 1.069+0.012'

I 1.417+0.003° 1.418+0.002° 1.110+0.004° 3.946+0.023°

FE(P<0.05) . WiVL T Y Wi D1 RE 8% =5 vp DURE 2R H A
DUBEZR By F 5 75 4 A6 AL 315 BT s T oK dE AR AL
B, DU B B TR 4 A6 AL BRI AT oK 4 A Ak
TR o R 0 T DL R 5 2K ob 3 b AR W Y R T
1 A6 AL PR IS 22 S S JCGE T S VL5 e T A
DURJ: 5 25 v DURE 2R T A9 5 S 6 4% 48 4b PR AT IS 22 5+
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Tgeilad L, WBER & & BEAE AL A B]US IR TR
A AEAL B, DU RE S 55 i 7R AE A PR S & TR 4 AL Ab
F 5 W VL L 0 W DL RE 8 25 v 3 F A W A B TR A
FEAL B B TR AE AL PR o 22 BOak PR A 7 DL RE
v AR R e T =R OF BLA S R L AR
Wy 8 e i R A Ak T DR 6l 2K b A e
THRFIZE

x5 WELEBEXNTIHABMHERNBAEBUENHESENE
M (X+s,n=3)

Table 5 Effect of flower removal on alkaloids content in different

parts of Fritillaria thunbergii from different origins in T3 period

(X£s,n=3) mg-g’

His WAL VIREERA IR 2 Nes =4 it

S1 {525 1.614+0.001° 0.928+0.004° 0.424+0.004' 2.966+0.026"
iR 0.656+0.004% 0.229+0.002' 0.120+£0.001° 1.004+0.012™
25 0.684+0.003% 1.668+0.004° 0.494+0.003' 2.845+0.025"
i 2.095+0.003° 2.459+0.003" 1.702+0.003° 6.256+0.026"
S2 25 1.111£0.003° 0.603+0.001" 0.585+0.002" 2.298+0.023"
MR 0.448+0.001° 0.231£0.001' 0.192+0.003" 0.871+0.013"
2% 0.155£0.003" 0.042+0.003" 0.034+0.003" 0.232+0.018°
o 1.108+0.003° 1.418+0.003" 1.389+0.003° 3.915+0.029°
S3 25 1.534+£0.001° 0.964+0.002¢ 0.521+0.002° 3.019+0.026"
MR 0.575+0.002" 0.255+0.001% 0.336+0.002" 1.166+0.015
25 0.29740.005% 0.38420.004' 0.286+0.003' 0.968+0.008™
it 1.979+0.003° 1.124+0.003° 2.029+0.001°¢ 5.132+0.024°
S4 25 1.549+0.002° 1.004+0.003¢ 0.492+0.003" 3.045+0.024°
MR 0.586+0.004" 0.200+0.002™ 0.119+0.004° 0.904+0.012™
25 0.278+0.002" 0.076£0.002° 0.049+0.003" 0.404+0.009"
i 1.533+0.003° 1.328+0.004" 0.798+0.002" 3.660+0.019°
S5 %25 1.311£0.003% 0.841=0.002" 0.566+0.003" 2.719+0.024*
AR 0.321£0.003% 0.149+0.003" 0.058+0.003" 0.528+0.008"
25 0.361+0.002' 0.215+0.002™ 0.500+0.002' 1.075+0.012'
- 0.800+0.003" 0.343+0.002' 3.009+0.001" 4.152+0.026°
S6 f2E 1.377£0.002° 0.975£0.002¢ 0.507+0.003" 2.859+0.019"
A 0.352+0.003' 0.211£0.002™ 0.051+0.003" 0.614+0.011°
25 0.238+0.004™ 0.413+£0.003' 0.406+0.003' 1.056+0.023'
M 2.605+0.004" 1.144+0.002° 4.067+0.003" 7.816+0.029"
S7 25 1.277+£0.004% 0.655+0.002¢ 0.393+0.003' 2.325+0.014"
JHME 0.315+0.003% 0.103+0.004° 0.055+0.002° 0.473+0.005¢
22 0.238+0.003™ 0.113£0.002° 0.264+0.001™ 0.616+0.008°
o 0.541+0.002" 0.287+0.001% 0.649+0.002¢ 1.478+0.012!
S8 {25 0.944+0.002" 0.563+0.002" 0.246+0.001™ 1.753+0.021'
A 0.351£0.002' 0.160+£0.003" 0.120+0.003° 0.631+0.007°
25 0.485+0.002' 0.43240.003" 0.624+0.003% 1.541+0.015’
i 1.02240.003° 0.216+0.004™ 0.303+0.003' 1.541+0.013)
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3.6 47 4B AL BT T4 1A [m] M 57 DU R % 25 vp A4z By
B RS B3R 6 WA, 7E T4 W (k) L B
s Ay W VT2 2 (S7.S8) Yt DL B4 Ak Ak 3 S5 48 25
w3 AR R A TR A AR AL BHA I A Ah UE
i DBl 25 v 3 b AR B R B B AE SR AR AL B S AT
KA AEAL B . W V12 2 0 e D1 B 6l 25 v 3 b AR 1y
TR AR AL S 3 TR 4G AR B T LA R
i DUBE 3 i 2R W e R 4 AR AL B S AT R
A6 b B H PR AR T R 2 4 4K A B Y W D1 BE (S4) i
25 v & i 2R W R R o
6 WMEAEWNT4IHEARMERNBHEZEYHEEENF N
(x+s5,n=3)
Table 6 Effect of flower removal on alkaloids content in bulbus of
Fritillaria thunbergii from different origins in T4 period (¥+s,n=3)
mg- g’
s EsS il NEZ 2 NERES Gt

S1 2.0060.001°  0.659+0.003° 0.421+0.006 3.086+0.026°

S2 2.081£0.001° 0.751£0.004° 0.465+0.008° 3.297+0.023"
S3  1.817+0.001° 0.571£0.005° 0.352+0.009" 2.740+0.021°
S4  2.710£0.001° 1.028+0.004* 0.705£0.005° 4.443+0.028"
S5 1.457£0.001° 0.447£0.006¢ 0.235£0.012" 2.139+0.021¢
S6  1.864+0.001° 0.609+0.002° 0.423+0.007° 2.896+0.019°
S7  1.531£0.004" 0.655+0.006° 0.494+0.007° 2.680+0.021"
S8  1.161+0.003" 0.522+0.006" 0.313£0.010% 1.996+0.015*

4 Wit54ie

4.1 J7 26 b O [ DL RE 25 e m AT TR
MOSEI AT B ST 45 S 3 BT 4 46 Ab 3 nT LA Y A
Y78 37 W) 8 i R B R A R L, T £
BT E AT MO R B R
U TEG TR AC AL B S | R % I A A A AR K
FRAH A B S 8, MR AT SN 37.1% 7 4 46 Fn g
Jiti 2 A Ak B ET O G O 2K 7 G i 28.42% 1 B
Wi B AR 5 N T4 46 4b BEA 45 & 7T LA FF 2 00 fef
HETIN 22.82%" 15 2 40 DL A Fik AE b BH S 65 25 A R 4l
TETT 36 8 24.35%" s W) b 2 & B 7= i 7E 4 i Ak
b B b AT DLBA S 0 AR EF 5 R AS [ RO
() 7 DL B 7E 28 52 475 A6 kb B R e A 2K PR R R
05 46 40 B 1A B S, 3R BH A AR Ak B R R T i D
BEAE R W35 35 40 B0 R 0E T 85 25 1 A2 4, e &5
Har N HAb 25 A9 E Ao — 8, A o
SR A ) 20 PR AR K R R, T R B
AN 55 40 AR R B I B K — Y WA, R
Ivi) Fofr Y8 3t 1) 245 FH DL B 8 AR A7 A6 3 S TR B9 4 I R

Ja 3, R A 25 DR Ry i R, DL R BT
LAt B A T S v b I Ay T D 2% 45 1 i DL A 7 47 46
Ak B AT T A AR A AE Ab A TR B A LA T
1, 47 A A B C 5 3 AR R SR A B 5 3 Y KA A
P2 LLORAIE T DURE 38 57 ) [] i) 482 5 4 B 77 ik
4.2 H AR AL B W DL A A My a S B R R A BT
FTAR MWL, 4 A6 Ak B Al DL i AR P 45 9 007 19 S T AR
K, GBS, 2 18 SR —4F AR R 25y AR W)
Fe A BOR S 7 W T Ry (i TR
Wt o B SR W) B A RO 2 B TR AR
Ak BT 245 PR WA R0 o3 R A R e 22 AR K, A
L6 ) T A A Ak RS 5 A BN T AT ROR o A
N S T R B R Y 3 W N T
i A KA A B B B Rk S 2 i AE AL B S i R AR K
A B AR A I A B iy, {EL 3R 20 i Bl 7 2 2
TS0 0 7 e 3 A B o3 i B R AN B- S B
i o AN FE H A () o D540 42 5 R 4 A€ Ak 2R 3 D
RETE A [) Az A IR S0 06 25 rp 2 g el 5 25 S BOK L A
T (BUAE 19) 2 Bcaili 48 b BE A i D1 &F v 2R W 5
It TR AE AL L G AE T4 (R ) 2 Bk A Ak
B DU A 0 A TR 4 AR AR B {EL AR
b oAy T VT 22 1) DU R AE 45 26 5 2 e A U
7 T AR AL A B[] IR A YR A T 2 4 DL R
T8 28 1o 1 46 40 PR B B e B B T TR A T
ARARAEAE BR DA e 32 b IR A0 A RN A AE Ak B
W PR 5o A B SE R AS R]T DLRE Ry v AR
Yk B W] T R T2 P A e R T
25, 5 2Z Y SCHR R — B0, R T HT DL RE
R BA T A M E

25 B RTIR N A AR AL BEAT DL i DL R Y
g, AN TR AR I DL R 2 4 A A B 9 25 A e
i B A W 2 5 AL R 22 B DLR B 30 9 2k AR
Wy 5 e i TR A7 AR Ak BT W A A 25 A ) e
AT O AL AL B DR 3 AR AT SR LR UE A
24 i 5T R IR S VT 22 B4 DL RE 22 4 AE AR PR
Ja 7 e A Wy e e AR A A6 U 4R T 3 R M
N AW AE AL PR W7 DURE M E 3580 AR W) 68055 4 [R) R
B, BA AL R I R AN E . ABIETE i DL EE YR
W TR I R R RS AR
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