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Simultaneous Analysis of Bioactive Metabolites from Lonicera japonica
Flower Buds by HPLC-DAD-MS/MS

Sungkwang Ryu, Ju-eun Jeon, Gyoung Won Kang, Sam Sik Kang and Jongheon Shin*

Natural Products Research Institute, College of Pharmacy, Seoul National University,
San 56-1, Shillim, Kwanak, Seoul 151-742, Korea

Abstract — A high-performance liquid chromatography (HPLC) with diode array detector (DAD) and electrospray ion-
ization mass spectrometry (ESI-MS) was established for the simultaneous determination of chlorogenic acid (1), sweroside
(2), luteolin-7-O-glucoside (3), (E)-aldosecologanin (4) and 3,5-dicaffeoylquinic acid (5) from Lonicera joponica flower buds.
The optimal chromatographic conditions were obtained on an ODS column (5 pm, 4.6x150 mm) with the column tem-
perature 25°C. The mobile phase was composed of (A) water with 0.1% formic acid and (B) acetonitrile with 0.1% formic
acid using a gradient elution, the flow rate was 0.3 m//min. Detection wavelength was set at 250 nm. All calibration curves
showed good linear regression (r?>0.994) within test ranges. The developed method provided satisfactory precision and
accuracy with overall intra-day and inter-day variations of 0.05~1.95% and 0.15~2.26%, respectively, and the overall recov-
eries of 97.71~103.65% for the five compounds analyzed. The verified method was successfully applied to quantitative
determination of the three types (phenolic compounds, iridoids and flavonoids) of bioactive compounds in 21 commercial L.
Japonica flower buds samples from different markets in Korea and China. The analytical results demonstrated that the con-
tents of the five analytes vary significantly with sources.

Keywords [ 1 HPLC-DAD, Lonicera japonica flower buds, iridoids, phenolic compounds, flavonoids
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Fig. 1 - Chemical structures of five compounds in Lonicera japonica flower buds.
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AE L Ale}

YA B2 ARE3E chlorogenic acid(l), sweroside (2),
luteolin-7-O-glucoside(3), (E)-aldosecologanin(4) ~1¥]1l 3,5-
dicaffeoylquinic acid(B)= & A7l 23] 22325 H F=,
2], FAlslo] UV, IR, MS, 'H-NMR, “C-NMR 55 Fd +
Z 574% 3o HPLC-DADE °l83t = A3 A7} 95% ©|
30 5 BAYS RIS U EEEAR 3,4,5-trimethoxy
benzoic acid(Sigma-Aldrich, USA)YE AR5t
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Ak, F=A) 21F 5 1589 w23 AlEe As AEAE, o
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HPLC system ¥ condition

Ag 7415 98k HPLC= Agilent 1200 series®4] auto-
sampler, column oven, binary pump, DAD detector(Agilent
Technologies, Waldbronn, Germany), degasser(Agilent Tech-
nologies, Tokyo, Japan)& AF2-5151.01, software= Agilent A}
©] Chemstation software(Agilent Technologies, Avondale,
CA, USA)YE AME38ISItE HPLC 2702 AY B9 2%+
25°C, B34S 250 nm, 542 0.3 mi/minS AFE-81G 1L, Z
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Table I - Solvent gradient condition for HPLC-DAD

Final time (min) Flow rate (ml/min) A? BP
0 0.3 85 15
10 0.3 80 20
30 0.3 65 35
35 0.3 65 35
40 0.3 85 15

*Water with 0.1% formic acid.
bAcetonitrile with 0.1% formic acid.

]2 ShiseidoA}2] Capcell Pak ODS UG120(5 um, 4.6 mmX
150 mm)E- ARE-SIIT), o1 FAR> A £92 100% 33} <2
B &) 100% cHEYVEAR 242} 0.1% F24Me J7Fske] A
g3l or gk §i71&7] 88]=A Table ol YERHSITE

HPLC-MS system % condition

Z&-417])3= HPLC(Agilent 1200 series)E inlet® = AR5}
R0, m/zh] 20007F41 2] HLE 783 4 91 Finnigan
electrospray source’} Z 3% Finnigan MAT LCQ ion-trap
mass spectrometer(San Jose, CA, USA)E Al-8-3lo] £24313
11 softwarer= Xcalibur(Finnigan MAT)E ARSIt} 2aE-A
o] 21& 7 x4l HA9 s voEl =dEE U

o] 2751t (Table D).

AlZe| Fd|

BEFAEE ARds A el 47 ke 3|45t
385 1, 55 4, 8, 15, 20, 25, 30 pg/ml, 2~4= 1, 2, 4, 8,
15, 20 pgmiCZ 7} FEE 23 A5E 089t

T3t A RE AddE AR BT FEE vk &
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Table II - Analytical parameters for HPLC-MS/MS

<ESI source> Method 1 Method 2 Method 3 Method 4 Method 5 Method 6
Sheath gas flow rate (arb) 80.00 80.00 80.00 80.00 80.00 80.00
Aux gas flow rate (arb) 20.00 20.00 20.00 20.00 20.00 20.00
Spray voltage (kV) 4.50 7.00 4.50 7.00 4.50 4.50
Capillary temp (°C) 250.00 250.00 250.00 250.00 250.00 250.00
Capillary voltage (V) -2.00 24.00 -47.00 1.50 9.50 -47.00
Tube lens offest (V) 55.00 6.00 -25.00 -17.00 -15.00 35.00
<Jon optics>
Compounds 1 2 3 4 5 IS
Octapole 1 offset (V) 4.50 -2.00 3.00 -2.75 -1.75 4.50
Lens voltage (V) 22.00 -34.00 20.00 -18.00 -22.00 70.00
Octapole 2 offset (V) 9.50 -4.50 6.50 -4.50 -5.00 6.50
Octapole RF amplitude (V p-p) 400.00 400.00 400.00 400.00 400.00 400.00
Table III - Comparison of effectiveness by extraction solvent (ug/g, n=3)
Compound 100% Methanol 70% Methanol 100% Ethanol 70% Ethanol
1 69488.93+307.60 69525.45+106.27 19857.91+90.08 77510.59+354.62
2 3615.87+22.01 3581.86+6.44 2889.23+5.95 3597.65+5.19
3 1460.84+8.65 1270.94+2.34 263.77+3.14 1450.35+3.52
4 2321.43+11.32 2375.71+3.40 1706.46+5.20 2622.68+2.41
5 35714.24+163.02 23862.10+51.04 13408.34+25.03 34990.49+53.44
Table IV — Comparison of effectiveness by extraction time (ug/g, n=3)
Compound 10 min 20 min 30 min 60 min 90 min
1 73889.98+133.69 71645.51+193.94 74305.82+156.66 72021.47+133.77 74792.45+65.41
2 3457.85+7.72 3271.61+9.73 3355.39+7.31 3391.05+6.65 3517.58+1.97
3 1544.64+4.51 1427.27+5.82 1566.15+4.38 1913.11+3.96 1189.94+2.48
4 2334.98+5.64 2248.30+6.99 2332.22+6.79 2575.35+4.49 2360.86+5.60
5 33210.09+68.46 30797.87+86.79 32691.63+65.61 33058.63+62.95 33654.07+36.77
Table V — Comparison of effectiveness by extraction method (ug/g, n=3)
Compound Ultrasonication Vortex Reflux
1 152216.64+231.54 147877.99+114.27 150993.09+361.54
2 3598.10+3.97 3533.19+6.05 3558.71+8.81
3 1339.12+2.08 1231.14+2.03 2340.25+3.16
4 2668.40+2.66 2332.75+2.41 2360.06+7.05
5 34213.34+9.46 32908.29+33.11 29670.60+63.41

ARgERT #HA el & WS s S8 70%, 100%
B, 70%, 100% Wghe-S ARgsle] & - Ao 2 g
H 2% §-8-3(Table I, 10, 20, 30, 60, 90% 747} 5% - &
Ao g FE AIME F&F 5-8S(Table IV), sonication,
reflux, vortexfl 0.2 7} A5 % - FA%Io 2R 5 WY
W 33 58-S vwsIItiTable V). 2 A3} Pojx Hake] >
o] gl 70% olgkE, FEAIF 60, 18] sonication]
S FIsIT) 1g)ste] vhalgk AR 200 mgell 70% of €2
10 mis ¥ ¥ 60i-7F sonicationdto] FE3+ ¥ ©]E 0.2 um

membrane filter® 13}, WH-¥52 10 pg ¥71st 3 HPLC
o) ARgSISITt

Al
=

oo

dn % ng

Z[&Xo| HPLC-DAD Z=719| ErAM

Mz U 3 T AR ds sl EElsh] flEl of
2 $MZHES A3 A3} ShiseidorF2] Capeell Pak C18
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Fig. 2 - HPLC chromatograms of standard solution mixture (A) and extract of Lonicera japonica flower buds (B).

Table VI - Calibration curves, LODs and LOQs of five standard compounds

Compounds Range (ug/ml) Conversion equation” ? LODY (ug/mi) LOQY (ug/mi)
1 4~30 y=0.01226x-0.01638 0.997 0.06 0.17
2 1~20 y=0.07545x+0.01128 1.000 0.03 0.09
3 1~20 y=0.05220x-0.00121 0.997 0.03 0.10
4 1~20 y=0.08436x-0.02008 0.999 0.02 0.07
5 4~30 y=0.01261x-0.02576 0.994 0.09 0.27

@y: peak area, x: concentration of the analyte (ug/m/).
YLOD, limit of detection. ¢) LOQ, limit of quantification.

100% 3%} <77, B €1 100% o HEYEZRR 27} 0.1% * Table VII — Precision and accuracy of the five standard compounds

RS AUl ARgsH, A QB0 25 E 25°CE 43} Spiked Intra-day (n=5) Inter-day (n=>5)
S ] 4 AJI7F 358 oufjol] BE EFEA ] peakEo] g Compounds ~ amount  Recovery RSD  Recovery ~ RSD
HAct, T3 7} compoundEe] HAI SHES 2= B4 o) v %) %) %) %)
, . 4 10005 115 10268 149

ZFo. E]—/\ﬂ pe = =a=iy3Ke) =0 Z
&5 SAE Ay} 250 nmell M BE EFEA) peak5ol 4 1 8 9997 086 9991 056
ol A zH= A5 & 5 99tk Fg. 20 £33 22524 12 101.69  0.69 101.24  0.76
°] chromatogram¥} 5->3} |5l thgt chromatograms | 2 103.65 0.66 10145 094
JRpe 2 4 10131 1.05 10064 061
Jetsick. 8 9958 0.5 9955  0.15
o 2 10199 051 99.79 092
AMY, e, HESH 2t HESH 3 4 98.81 1.19 97.71 226
AERAS o5t Ao R 7t HFEEAS v Erw 5 8 9889 029 9952  0.29
A3l E3hgonS HlEHEAS Table VI 22 A7E A9 2 99.73 0.27 100.47 0.31
Lo el iy o qﬁ i 4 4 10016 054 10068 184
4 3¢l 250 nmel|A] 72 EFEAY S3 =l uet 1, 5«1 8 9841 021 99.33  0.16
78 4~30 pg/ml F50] H91E Asislon, 2, 3, 49 74 4 9871 195 9936 136
20 pg/ml®] % W2 sl 2AAw 7} u?,:.%z% 1—1"_} 5 8 9964 162 9997 116
12 12 10149 032 10136  0.40

Al 0.994914 1.0009] gke] 32 VIS vEhglon, A
A} el AlTE o wmolz=m] 3119 10: 124 747}
0.02~0.09(ug/ml), 0.07~027(ug/mhe] 352 A=F HERSlcE. duf ¥k Addsle] B2 Sl-gv 4] dids 574
s Wl BFEE Ha 97.71%04 ) 103.65%7A4 &
HMEMT M Aepde ekl o A EFEHAHRSDYE H 4 0.05%14
Fst Algel WA A s BEEAE ¥ F A3, ol 1.95%=A 93 dAdE UERITK Table VID.

X
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450 R i L R
100 5 Table IX - Content of five compounds in samples of twenty-one
905 4 A) commercial products from diverse sources (ug/g)

oo Samples 1 2 3 4 5
7] An-dong 1 3456.77 92617 61499 175.73 2885.57
8 . An-dong 2 7989.60 1157.86 1023.19 257.97 5566.93
I Bong-hwa 3601.50 804.81 949.01 - 4292.22
2 e Bu-yeo 4909.73 107191 874.65 187.30 3681.06
Ewg Cheong-song 10126.69 1438.64 1228.70 323.25 7447.40
a0] Geo-jin 354225 866.89 619.49 161.65 4042.88
w0 3 Go-heung 2881.87 534.02 949.01 - 4292.22
3 Goon-wi 423096 659.26 1366.43 132.24 3929.51
3 " J HN!L Hong-cheon 5924.49 1156.15 67424 32516 4870.20
P rﬁr""’fﬂ AWZS“JJ"‘ P Yang-yang 2221.00 457.22 633.02 133.30 3238.51
100 Time (min) Kyo-yi 6475.80 1011.85 822.01 320.28 5442.21
] Mt. seolak 5851.42 668.13 748.63 22691 6665.29
mé ﬂﬂL B) Nak-moon 2941.07 834.07 740.00 172.01 2613.17
100° = Ui-seong 6637.39 1154.31 1185.49 293.86 5306.25
s w3 A Ul4in 2866.85 589.57 471.12 80.10 3274.00

z 3 JL China (unidentified) 3144.18 1532.69 807.89 401.76 3611.50

2 100’ Hanam 1 (China) 2815.78 788.32 521.13 120.07 2335.76

2 = yl Hanam 2 (China)  64247.89 3120.63 750.17 2562.84 29177.90

3 n; JL Mil-hyun (China)  62441.82 3297.94 705.81 2523.07 27465.54

1o Sandong 1 (China) 43840.90 1559.03 1560.76 606.95 29747.88
50 - J\ Sandong 2 (China) 59194.80 2635.71 908.53 2639.58 26975.64
10 = 1: chlorogenic acid, 2: sweroside, 3: luteolin-7-O-glucoside, 4:
E J (E)-aldosecologanin, 5: 3,5-dicaffeoylquinic acid.

50 —

o 5T T 0 '( ‘a?' TR T A T 31 0]Z H|wEAE ksl AlFA Q= AEr) BEsk) 18
Time (min

2 2 Aol BYat H29) BARE Eojz A 215

Fig. 3 — Total ion chromatograms of Lonicera japonica flower buds in
SIM mode (A) and SRM mode (B).
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Table VIII - HPLC-DAD-MS/MS Data of the five bioactive compounds in Lonicera japonica flower buds

Peak No. MW MS (m/z) MS/MS (m/z) CEY Ion mode Identification
1 354 353 191 26 Negative chlorogenic acid
2 358 381 219 40 Positive sweroside
3 448 447 285 34 Negative luteolin-7-O-glucoside
4 758 781 549 58 Positive (E)-aldosecologanin
5 516 517 501 25 Positive 3,5-dicaffeoylquinic acid

“Molecular weight.
PCollision energy.
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