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Abstract: Objective To analyze and evaluate the distribution and dynamic changes of chemical constituents from non-medicinal
parts of Chrysanthemum morifolium, and to provide scientific basis for the comprehensive utilization of this medicinal biological
resources Methods  Ultra-high performance liquid chromatography combined with triple quadrupole electrospray tandem
massspectrometry (UPLC-TQ/MS) was applied for measuring amino acids and nucleosides, UV spectrophotometry (UV) was used for
determining flavones, and ultra-high performance liquid chromatography along with a diode array detector (UPLC-DAD) was used for
analyzing flavones and organic acids of root, stem, and leaves of C. morifolium in different growing periods, respectively. Results
There are 13 kinds of amino acids in the root, stem, and leaves, total amino acid content ranges of root > leaves > stem; there were four
kinds of nucleosides in leaves while only tow kinds were detected in both root and stem. Total nucleoside content ranges of leaves >
root > stem; content ranges of flavones in leaves, root and steam were 9.94%—18.66% in leaves; 5.88%—=8.02% in root, and 3.98%
—5.41% in stem, respectively. Content ranges of organic acids in leaves, root, and stem were 2.44%—4.94% in leaves, 1.89—2.64% in
root, and 1.20%—1.48% in stem, respectively. The content changes of flavones and organic acids were the highest after the flowers

were picked with growing. Conclusion There is abundant resources of chemical constituents in non-medicinal parts of C. morifolium,
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especially in leaves, and it reached the highest resource yield after picking the inflorescence. This research results has provided

beneficial reference for the resource utilization of abandoned part of C. morifolium after picking the inflorescence.
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ZBE (Gle, 0833-9501) ) [ H [E 2 i A=l A

SEFT, HEE R M (Cytd, 0001446223), 2°-
B4 M 1 (2°B, 1000851526 ) . v- 4 3 1 R
(GABA). A (Lew). HNAM (Phe). O
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2.1 FEBENFRS D0

211 gL ACQUITY UPLC BEH
Amide 4 3%FE (100 mmX2.1 mm, 1.7 um). 3}
M A-7 5 mmol/L B HE 5 mmol/L ZFRIZFN 0.2%
IR /KW, B-2 1 mmol/L %, 1 mmol/L 4
FRIEF 0.2% IR LIV, BREEUENE (0~6 min,

15~20% A; 6~10 min, 20~30% A; 10~11 min,
30~46% A). KB E 0.4 mL/min, A 35 C.

2.1.2 AT A B ARt BST; Ay s
Z NVATI (MRMD; B HE: 3.0 kV; &7

PIRSE: 150 Cs WEHIAIE: 550 Cs MEH
AUE: 1000 L/h; HEFLAIE: 50 L/ fbES

Jif: 0.15 mL/min.

2.1.3 ORI RS PR A LR 0
a0 ST GoRT HES A . 25 2% VI o
BRI GABA, 2640 pg/mL; Leu, 21.20
pg/mL; Phe, 15.20 ug/mL; Trp, 20.80 pg/mL; Ala,
22.40 pg/mL; Thr, 22.00 pg/mL; Gln, 16.80 ug/mL;
Glu, 27.60 pg/mL; Pro, 26.40 pg/mL; Val, 15.20



pg/mL; Tyr, 9.20 pg/mL; Hit, 27.60 pg/mL; Arg,
15.60 pg/mL. HUAS[FARFR ) b il 2 MK kg
Joio AN [R) A B2 FR o0 FR L

2.1.4 OB BRI RS 0.5 g, K
R, BT 100 mL HIEHEIE T, SN 40
mL /K, %7€, B, & 30 min 5, =EiEA
AbFE 30 min, JHA, AMEIRKITE, #BY), WIRE
L» 10 min (13 000 r/min), HU L3 KHEE 0.22 um Bl
FLUEMEE L, LSRR RNAT o [FIIEI 5 B i 7K
2.1.5  brfEMZRIHIE O RIAR L R HE S v

el “2.1.17 IR a4, T UPLC fehille, %
B R MEVE R Bh: GABA, 0.26~26.40 pg/mL;

Leu, 0.21~21.20 pg/mL; Phe, 0.15~15.20 ug/mL;

Trp, 0.21~20.80 pg/mL; Ala, 0.22~22.40 pg/mL;

Thr, 0.22~22.00 ug/mL; Gln, 0.17~16.80 pg/mL;

Glu, 0.28~27.60 pg/mL; Pro, 0.26~26.40 pg/mL;

Val, 0.15~15.20 pg/mL; Tyr, 0.09~9.20 pg/mL; Hit,
0.28~27.60 pg/mL; Arg, 0.16~15.60 pg/mL.

2.1.6  FEAIIE 23 DR 2 WO BRI 5 A
WA 1 ul, T UPLC ACE, SRR
FHERIEE . SR E 1.

22 HEERUZERS S

221 iSRG ACQUITY UPLC BEH
Amide (4354 (100 mmX2.1 mm, 1.7 pm). 5}
A4 10 mmol/L ZRIEAT 0.8% i R K1 K ¥l (AD
-0.05%ME R NG (B, FAEYENL (0~6 min,

10~10% A; 6~8 min, 10~40% A; 8~9 min, 40~
40% A; 9~11 min, 40~50% A). AR E 0.4
mL/min, & 35 C.

222 ORISR “2.1.27 T

2.2.3 O REARR RIS RS B RREOR 10 B O
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(RIV EE 23514 Gua, 17.80 pg/mL; Ade, 12.30 pg/mL;
Cytd, 13.90 pg/mL; 2°B, 10.00 pg/mL. HUAN[F{A
R IRt A 80N 10% FEREFERE S, AN IR
TR TS R A
224  AEKAERIHS S 92147 T,
225 ARAMEMZRIIHIRE  BUAS IR EE IR TR
Pl “2.2.17 W EIg A, T UPLC A, id
SRR, DA E AR (YD, IS
JE (ug/mL) WRSAEER (XD THEARUAEITZE R 5L,
Gua: Y=331X10° X+1.76 X 10", ZlkJEH 0.18~
17.80 pg/mL, R*=0.999 5; Ade: Y=4.29X10°X—9.26
X 10%, £V 0.12~12.30 pg/mL, R*=0.999 7;
Cytd: Y=6.94X10° X—6.69X 10*, ML 0.14~
13.90 pg/mL, R*=0.999 2; 2’B: Y=4.08 X 10° X—1.02
X 10%, Z&PEVER] 0.10~10.00 pg/mL, R*=0.999 4.,
2.2.6  FESNIIGE A3 DRSO RS A
MRS 1 ul, YA UPLC A05E, M E &
MrEs A, SR WE 1,
23 [EBE. ZEHERSHNER

FEFMR S 25, IR 13 R,
y-2HE TR (GABA) S, 25 L-41%(#& (L-hit)
i, WRAPREmR (arg) B E4 M HR
B 4 FZAT, ZERRR by RS 2] 2 P

MR 1 R0 2 AP, SVEIERR 1 A 5Tk
FR> > 280 B 1) & 2 ATk i > 4R > 2%
SRR 25 W SRR FIAL T IR AEAN A AR K
HEOBATT SR, HEURAE
24 EREREVBRER S5
240 SRR

(1) AR A RS RRIO T 0

3.68 mg, EH 10 mL &N, AR, MRS
ZIRE, 4%4), BN 0.368 mg/mL 7= ] RN HE S VAT o

MR REBR S

Table 1 Contents of amino acids in different growing periods

TR EL ) %

A T & =
09-27 0.2300 0.095 0 0.360 0
10-08 0.2500 0.170 0 0.680 0
10-20 0.2000 0.097 0 0.690 0
10-28 0.1800 0.0770 0.5100
11-05 0.2500 0.0910 0.5300
11-15 0.2100 0.1100 0.3800
11-27 0.260 0 0.084 0 0.590 0




%2

HAR SRR, =,

M2 EESHN

Table 2 Contents of nucleosides in different growing periods

T FRNE 1 %
I S i
09-27 0.0370 0.003 0 0.004 4
10-08 0.024 0 0.003 2 0.004 2
10-20 0.0320 0.002 9 0.004 9
10-28 0.0310 0.002 6 0.004 4
11-05 0.0330 0.003 6 0.003 4
11-15 0.0310 0.003 8 0.003 5
11-27 0.0310 0.003 8 0.0051

(2) gl DR RL 025 g, K
EROE, E 100 mL HIEEHEET, MEINA 80%
HEE 50 mL, %%, FRFE, #E 30 min, =i
FEAREE 20 min, JEGA, AMEIRKTIE, BRA), Wl
B0 10 min (13 000 r/min), HU EIEWRENTS . (Rl
D B b 7K B

) brRAE M I hl e A2 SIS T IR
0.4. 0.8, 1.2, 1.6, 2.0 mL, 4} '& 10 mL =i,
FMAKA 2 mL, #6459, I 5% WAHRR A 1 mL,
fEIRA], TCE 6 min, I 10%ASREVAEW 1 mL, #2
A, JBCE 6 min, INEEAAHNAM 5 mL, FNKE
ZIEE, #2457, CE 15 min, UAHNAIRFIN A, 76
510 nm Kb EBOGRE, CUBOGEE YR (1),
BT R (mg/mL) ARARR (XD, bk
M2 Bl 7R Y=1.25 X—0.000 7, ZPESal N

0.147 2~0.736 0 mg/mL (R*=0.996 1)

(4) FERIE BN 0.5 mL, 4% LA
TR GE S £
242 2 PEEEIZEE Ko 5 R HLER S By o B
ST AR 25 AN R AR K AR IR IR L Bt IR R 1, 5-0-
TUNHEBEE TR . FARAIR AL RERIR By KB
B, FARZ 7-0-p-D AT B L A ik
GYHEAT T 08T

(D it 41 ACQUITY UPLC BEH C,5 ffifi 4t

(100 mm X 2.1 mm, 1.7 pm). AN L (A)-0.5%
BSTR/KHR (B), BREELEEA 0~3 min, 7~10% A; 3~
4min, 10~16%A; 4~6min, 16~16%A; 6~7 min,
16~15% A; 7~8min, 15~20% A; 8~10min, 20~
20% A; 10~13 min, 20~100% A . /AFR & 0.4 mL/min,
FER 30 °C, KM 326 nm. RS LA 1.
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L-4J5R 2-FaE R 3-ARRETT 41, 5-0-ZUNHEBEE TR S-RARIEIR A 6- ARSI B 7-FM KR 7-0-B-D MM
3- Luteoloside
7-Diosmetin-7-O-B-D glucoside

E1 MRB&E5#ME UPLC-UV &iLE
Fig.1 UPLC-UV chromatograms of standards and samples

1-Chlorogenic acid 2-Cryptochlorogenin acid 4-1,5-0O-dicaffeoyl guinicacid 5-Isochlorogenic acid A

6-Isochlorogenic acid B



) PRI T BB RZ) 0.25 g,
FE#FGE, B 100 mL HIEHEIEHT, R A 80%
FIlE 50 mL, %7€, PRENE, §HE 30min, =8
FEALTE 20 min, A, AMERCORTURE, RS, RS
A£> 10 min (13 000 t/min), H{ B34 0.22 um filfL
JENEIEIL, SIS RIS . R R K

(3) NFHESRIVR A A BRI 0 R i
1, I 80% T VA MR IC A BE 1 mL % 4% )52 50.0 pg,

Bask R 9.20 pg, 1, 5-O0- WnmE®E4s 71K 32.7 ng,
FEEEIRIR A 121 pg, SRR B 100 pg, AR
101 pg, FMHARZE 7-0-p-D HIZ BT 22.2 ug MR A
SXof HEL i ity 45 90 o

(4) bRk Mg pyhl s G0 S il #5980
80% R BEAN IR AL, 2 it (1) T4
¥, T UPLC AP HERE 1 pLo DABTER R W REARE,
W TR R ME I AR bR 2, 45 S L 3.

RI BMXFR

Table 3 Linear relationship

X R LV / (pgmL™) EIEpE: R?
2 AR 5.00~100.00 Y=10762.7 X+6 629.2 0.998 6
Kozt s g 0.92~18.40 Y=6464.6 X—898.5 0.999 2
RS 10.10~202.00 Y=6443.4 X+721.0 0.999 9
1, 5-O-—WnHEmE 2 TR 3.27~65.40 Y=8123.8 X—860.1 0.999 8
SRR A 12.10~242.00 Y=8489.6 X—4 326.7 0.999 9
FLEHATR B 10.00~200.00 Y=9001.6 X+1051.7 0.998 6
FINAKE 7-0-B-D HAEFETF 2.22~44.40 Y=6990.4 X+575.6 0.999 9

(5) KEEFERY RS RO A S 1
ul, ELERE 6 Ik, SRR, % o T AR 1)
RSD fH7E 0.1%~1.2%, Z5RE, K% R,

(6) mREMRE R —HE 6 47,
3 0.25g, arnlde (2) TN ERAE S &N S A
HEFE 1 pL, ARSI, & oA Y RSD {H
1E 0.7%~1.9%, SREKHATIEEZERL.

(7 FoEtikss  ArE— e 12h
BERG 2 h HERE 1R, Il SRIETIARR, & Rear VTR
RSD fH7E 0.8%~1.4%. ZiREWH, MRLE 12 h
WS

(8) IiFERIe RS RS oE O IR
FHY 6 47, FE0Y 0.125 g, 52 SN I8 f [R50 T it i
s A2 AR ) A% v o A IV, DA (1) UPLC
SAFNE, IR, TECFRIBCR . [FfeR
7 95.5%~100.4%, RSD {H7E 0.8%~2.0%.

(9) FEfME  BAFEAEKIRAEMFES, 4
e (2) Tifless g, (1) Ik A
NI R AR BE T AR KRR A A
25 MR T B R B, SR WER 4.

25 HEREMENEBRERSENSHER

HI2¢ 3 W LUE Hh, S B2 i 1) 4 AT i
>R >2K, b B B RSy o ) E
M 9.94% ~18.66% , M it & 4 F R 5.88% ~

8.02%, ZEHFENEN 3.98%~5.41%; . 2.
e 5 b A LR IS B 23 H B o i R I ot 73 B8 1) 40 AT
IR A >~ 28, 1, 5-0- - WmMEEZE 7 % 5T 4
B AT it = > 28 LR A B R 53 B0
AT Ry >R > 2K ¥ S P LIRS sy AR N
RS A PR DT o 2, Hoo Ay b i >4 >
2, R BEAE 2.44%~4.94%, W RSB
1.89~2.64%, =i 3HCRN 1.20~1.48%.

S AN ) A K 30 3 R DS RAT HLIR 28 B o B AR Ak 1F
170307, GBI R ML 25, b R b
AR AR R G, T 11 S HAE 11 H 15
H [R)A B 5 s A e 2 Fof i i 24 s o0t A AH 7] 1
AR 5 FAHUER o s 5 b B AR K
FEK TR, T 11 H S HIE B 5 PR, 11
J1 15 25 b 5t 2 4 H08 31 85 e S FRAIC
3 g
31 SthAFE

AN S50 SR FH R v 0 AH - — T DU AT T 0 16
1 (UPLC-TQ/MS) & 28 FER AL T 1M J7 i A
SEIG B, Z 7 VA LT HPLC v 58 N R
HERf AT, AT T [R5 2 s SRR IS A% 2K
J4) o

(rhE 2y 2010 4ERi K H HPLC ¥, H <&
JIES - ot 2 7K s 5 0 e 3] o 00 2 2 e v 5 SR R, e 5



x4 FAREKHIR, =,

M EAERENBRERS DT (n=3)

Table 4 Contents of flavones and organic acids in different growing periods (n = 3)

DA dRE

TR/ %

LURIR AR 1, 5-0- TR TR FERIR A RERIR B OKBEH AR 7-0-p-D WA BT

I 09-27 0450  0.066 0.470 2.640
10-08  0.840  0.055 0.490 2.610
1020 0310  0.037 0.290 1.370
1028 0.780  0.035 0.550 2.010
11-05 1.200  0.041 0.660 2.300
11-15 0970  0.035 0.580 1.270
1127  0.840  0.019 0.510 1.480
E 09-27  0.180  0.044 0.210 0.400
10-08 0270  0.043 0.210 0.320
1020 0300  0.040 0.230 0.300
10-28 0260  0.033 0.210 0.350
11-05 0310  0.032 0.300 0.460
11-15 0350  0.041 0.250 0.400
1127 0330  0.028 0.230 0.330
ind 09-27 0280  0.079 0.430 0.650
10-08 0380  0.080 0.440 0.700
1020 0460  0.073 0.490 0.650
10-28 0430  0.073 0.500 0.770
11-05 0470  0.064 0.570 0.830
11-15  0.540  0.071 0.560 0.900
1127 0470  0.043 0.500 0.720

0.870 0.260 0.320 14.970
0.610 0.190 0.420 13.950
0.470 0.320 0.470 9.940
0.730 0.420 0.530 16.400
0.740 0.420 0.600 18.660
0.540 0.470 0.370 15.160
0.440 0.430 0.480 13.590
0.3800 0.023 0.040 3.980
0.360 0.022 0.060 4.100
0.370 0.024 0.059 4310
0.350 0.020 0.058 4.190
0.390 0.023 0.072 5.410

0.44 0.027 0.059 4.900
0.350 0.024 0.068 4.040
0.450 0.011 0.012 5.880
0.440 0.011 0.019 6.740
0.490 0.011 0.017 6.440
0.520 0.010 0.018 7.170
0.590 0.013 0.026 7.950
0.560 0.011 0.023 8.020
0.360 0.008 0.014 6.640

1 A R B R (1) 6, AR S0 T 50 R FH e 7y v
KA HARLE IR, SRR A, 1, S-ZImHEREZE
TREARBEFARRA R E . ARSI
K UPLC ¥, H &G - LIRK B FE DM, K #E 6~
7 min K ZIE LB, 7~8 min K,
BLF & B ik 3143 B . UPLC AT HPLC Kok
[ S o R T P 0 & 5/
32 AEEFMLUERS 5T

FRIE AR AN EAE T nT R A e 2 S
ZE R AT WA SRR, AR, 25 Hhg
UL o0 S HAE oy oy AT 22 3K, S
2 F BB A %5 Ay s B e B R s AR
A A E WG UEE Sy, JUHE S WA MR K oy
HEEETHAR, SRRy, 4TS R
WA R PUE e . Ui . 0 i R )
SR SR S A LR 2 4 B O L AR
PO P RV A E . AR T R A

FARBUEAT SO I 5995 7 T R DA i 55, LA
R4 I N AN

Ak, gt 25 R R vz TR
L-HATRFORS I8 B AT — R AN E, y-2 5
TR AT I I, (R BEREIR, 1993042 S 4 I,
L-HAMR M) LI HERR, INRERIT 0 R 2
1% 2 H AT RIS 40 ) Dy R 2 2 k1, R
A B O NI B SRR LR g e U,
TR FE TR ] T ORISR, A R
2 FHB A T A SR SRR R T W = B
33 FEEKBAUERDHTINE

S 25 AL A TS R s 5 Y,
FRGURIEAE A ARSI AN R AL 2R 38 B R 43
iy hARLRATIN, SRR W: R, 20 0
R RAR A 11 B 5 B OFED £ 11
H 15 H CSFTEWD 8 EiA 3w, shIE 4 2
TFAE, AR IR ™. 316 KA 5 AR



25, MR &R AR RIA B, Rk, fERAEK
W 4l A JE S RI SRR 25 F A I F I AR, AN kE
o T ORURIR B, ELREIG NS TRk AL AT Ak
A S A o

34 FHIEHAIIAF LA
S AT R AR AR 75 BT I ) SR PR AR P ey HEpk = T IA

1 m Zidy, JRFFMEAR Y 84 10 K5 T4e)7 -

i KL, AR B+, HA RIFW

TERMAEFN FHT 50 ARSEZIRAEFLE K, fe

KGR 22, s e APRE. &

FERRR BT REF KRR o o TEPEVEDY

FWIPIg R s IS LIRSS S BT R

PrEaf. P SGE OISR AEER . [RIZRIFSTIR

XKW, A0 A R AR 25 BB A7 2 HAA KA H

Wi, A= A2 ORI R IR 7 4 3 55 2L

i S R T 24 il 7, BAT P BRI ROR

WELE AR T =B8RI A4E T &dr st

DL 5 25 5 i Ay 3 OB B e 2 i

e, BATIT SR e, T, T4

524 FH A 1R 8 YA AR T A 50 B R R A R e T R

HHEEMRFEE XK EE X, A d Rk

AT A LR A R SR S A At T

—E MR NS

S 30k
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