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Abstract — Dendranthema spp are distributed in various regions in Korea. This report is the quantitative results of phenolic

compounds on the 5 resources collected from all over the country. It was known that it has phenolic compounds, as an anti-
coagulant activities and immunoadjuvant activity of contribute to the cardiovascular effects. This was used for quantitative anal-
ysis of chlorogenic acid(CA), 3,5-Dicaffeoylquinic acid(3,5-DCA), 4,5-Dicaffeoylquinic acid(4,5-DCA) and linarin, with
UPLC-PDA and LC-IT-TOF-MS. Extraction efficiency of compounds was compared by using ultrasonic extraction and reflux
extraction with different extraction conditions (methods and time). In 50% MeOH extracs (30 mins) of Dendranthema
zawadskii (Herb.) Tzvelev (SDZ), Dendranthema zawadskii var. yezoense (Maek.) Y.M.Lee & H.J.Choi (NDZ), Dendranthema
zawadskii (Herb.) Tzvelev var. teuisectum (Kitag.) J. H. Pak (GDZ), Dendranthema careanum (H. Lév. & Vaniot) Vorosch.
(HDC) and Dendranthema zawadskii var. tenuisectum Kitag (PDZ), chlorogenic acid contents were 1.14%o, 6.95%0, 7.27%o,
1.47%0 and 2.64%o, 3,5-dicaffeoylquinic acid contents were 3.30%o, 5.60%o, 10.81%o, 2.67%0 and 1.50%o, 4,5-dicaffeoylquinic
acid contents were 0.74%o, 1.93%o, 3.36%o, 0.61%0 and 0.43%o and linarin contents were 3.90%o, 10.15%o0, 0.15%o0, 0.73%0 and
0.21%o, respectively.

Keywords — Dendranthema spp, Quantitative analysis, Chlorogenic acid, 3,5-Dicaffeoylquinic acid, 4,5-Dicaffeoylquinic
acid, Linarin
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Fig. 1. Chemical structures of (A) Chlorogenic acid(CA); (B) 3,5-Dicaffeoylquinic acid(3,5-DCA); (C) 4,5-Dicaffeoylquinic acid

(4,5-DCA); (D) Linarin.
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Collision gasE 2-&3t 2™, 3,5-DCAS}H 4,5-DCA=
[M+H]' 499.11 m/z, 50%, 55%; [M+H]" 319.07 m/z, 60%,
80%; CAS [MHH] 355.00 m/z, 50%, 55%2 MSMS 4]
zAs H;Gg]_oﬂ o}
=M Validation - 8% F4E2] UPLCE o]&3t
SR fginlZekbd o] oJekES AlFHPH wWz]d|o)
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J Al(Quantitation Limit), 24143 (Linearity), ¢l (Range),
Repeatability) & 33 £2] %= (Peak Resolution)s =

L

Table I. UPLC and LC-IT-TOF-MS conditions for quantitative analysis

Instrument

UPLC (Waters, Acquity, USA)
LC-IT-TOF-MS (Shimadzu, Japan)

HPLC condition

Column

Detector PDA (320 nm)

T3(2.1x100 mm, 1.8 um), Acquity UPLC HSS
Column Temp. 40°C
A : 0.1% formic acid in Water

B : 0.1% formic acid in Acetonitrile

Mobile phase Time (min) A (%) B (%)
0 95 5
24 88 12
3.4 85 15
85 15
80 20
10 80 20
13 40 60
14 10 90
16 10 90
Flow rate 0.5 mL/min Injection Vol. 2 uL
MS condition
Capillary voltage 45kV Detector voltage 1.67V
CDL temperature 200°C Block heater temperature 200°C
Collision gas 50% Energy 50%

Nebulizer gas 1.5 L/min

Recorded in the range

100-1000 m/z

Table II. Calibration curves, detection of limits (LOD) and quantification of limits (LOQ) of phenolic compounds

Linear range

Calibration equation

Correlation LOD® LOQ?

Analyte (ng/mL) (linear model®) coefficient (+° b) (ng/mL) (ng/mL)
CA 3.19-127.40 y=19266.19x+6023 0.999 0.08 0.25
3,5-DCA 2.84-113.68 y=21236.03x-7937.69 0.999 0.11 0.35
4,5-DCA 6.92-226.00 y=14617.15x—122688.85 0.993 0.59 1.98
Linarin 5.05-201.88 y=6774. 45x+6023 04 1.000 0.19 0.62

%y: peak area at 330nm; Xx: concentration of the standard (ng/ml);
LOQ Limit of quantification (S/N=10).

curves; © LOD: Limit of detection (S/N=3);

® 4% correlation coefficient for 5 date points in the calibration
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0.09%°] 32, 4,5-DCA (5537 pg/mL)E= 9245, 0.86%,
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22102 9438 B eS HoFTHFig. 3).

TFHEE 8% 589 XEME(Linarin § 43) &% -
UPLC-PDAZE T8 % A3 E(CA, 3,5-DCA, 4,5-DCA,
linarin)e] S Y& A3 A rd 2= 42 1.14%o,
3.30%o, 0.74%o, 3.90%0 B, HE XA 6.95%o,
5.60%o, 1.93%o, 10.15%0, 7F=ATFEZE 7.27%0, 10.81%o,
3.36%0, 0.15%0, EHTZHZE 1.47%0, 2.67%0, 0.61%o,

Table III. The content of Chlorogenic acid (CA), 3,5-Dicaffeoylquinic acid (3,5-DCA), 4,5-Dicaffeoylquinic acid (4,5-DCA),
Linarin for Dendranthema zawadskii (Herb.) Tzvelev (SDZ) by extract solvents (n=3)

Content (%o)

SDZ .
CA 3,5-DCA 4,5-DCA Linarin
MeOH 0.30+0.01 1.43+0.03 0.22+0.01 2.26+0.05
50%MeOH 0.67+0.02 1.71£0.01 0.29+0.01 1.08+0.01
EtOH - 0.23£0.02 0.03+0.00 0.56+0.04

Table IV. The content of Chlorogenic acid (CA), 3,5-Dicaffeoylquinic acid (3,5-DCA), 4,5-Dicaffeoylquinic acid (4,5-DCA),
Linarin for Dendranthema zawadskii (Herb.) Tzvelev (SDZ) by extraction time and extraction methods (#=3)

Content (%o)

SDZ Ultrasonic extraction Refluxing extraction
30min 30min(2) 60min 30min 30min(2) 60min
CA 0.90+0.02 0.80+0.05 0.96+0.09 1.14+0.06 1.09+0.05 1.04+0.07
3,5-DCA 2.67£0.10 2.40+£0.16 2.84+0.27 3.30+0.16 3.10£0.11 2.89+0.17
4,5-DCA 0.36+0.02 0.28+0.02 0.39+0.03 0.74+0.03 0.73+0.03 0.73+0.03
Linarin 2.19+0.04 2.09+0.05 2.31£0.05 3.90+0.10 3.49+0.05 3.85+0.06
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Fig. 2. Typical UPLC-PDA chromatogram of Dendranthema zawadskii (Herb.) Tzvelev (SDZ) and LC-MS IT-TOF spectra and
fragmentation patterns of (A) Chlorogenic acid(CA); (B) 3,5-Dicaffeoylquinic acid(3,5-DCA); (C) 4,5-Dicaffeoylquinic acid(4,5-

DCA); (D) Linarin.
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Fig. 3. Typical UPLC chromatogram of Dendranthema zawadskii var. yezoense (Maek.) YM.Lee & H. J. Choi (NDZ), D.
zawadskii (Herb.) Tzvelev var. teuisectum (Kitag.) J. H. Pak (GDZ), D. careanum (H. Lév. & Vaniot) Vorosch (HDC) and D.
zawadskii var. tenuisectum Kitag (PDZ), Mix standard compounds.

0.73%0, EHATHZE 2.64%o, 1.50%0, 0.43%o, 0.21%0= 1+
EFATH(Table V).
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Table V. Analytical results (%) of 50% methanol in reflux extraction (30min) of Dendranthema zawadskii (Herb.) Tzvelev
(SDZ), D. zawadskii var. yezoense (Maek.) Y. M. Lee & H. J. Choi (NDZ), D. zawadskii (Herb.) Tzvelev var. teuisectum
(Kitag.) J. H. Pak (GDZ), D. careanum (H. Lév. & Vaniot) Vorosch (HDC) and D. zawadskii var. tenuisectum Kitag (PDZ) by
three mix compounds; Chlorogenic acid (CA), 3,5-Dicaffeoylquinic acid (3,5-DCA), 4,5-Dicaffeoylquinic acid (4,5-DCA),
Linarin (#=3)

Content (%o)

Sample —
CA 3,5-DCA 4,5-DCA Linarin
SDZ 1.14+0.06 3.30+0.16 0.74+0.03 3.90+0.10
NDZ 6.95+0.09 5.60+0.06 1.93£0.01 10.15+0.03
GDZ 7.27+0.01 10.81£0.06 3.36+0.02 0.15+0.02
HDC 1.47+0.00 2.67+£0.04 0.61+0.01 0.73+0.05
PDZ 2.64+0.02 1.50+0.05 0.43+0.01 0.21+0.00
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Fig. 4. The quantitative results of phenolic compounds, Chlorogenic acid(CA), 3,5-Dicaffeoylquinic acid(3,5-DCA), 4,5-
Dicaffeoylquinic acid(4,5-DCA) and Linarin for Dendranthema zawadskii (Herb.) Tzvelev (SDZ), D. zawadskii var. yezoense
(Maek.) Y. M. Lee & H. J. Choi (NDZ), D. zawadskii (Herb.) Tzvelev var. feuisectum (Kitag.) J.H. Pak(GDZ), D. careanum (H.
Lév. & Vaniot) Vorosch (HDC) and D.zawadskii var. tenuisectum Kitag (PDZ).
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