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Determination of Biflavones in Ginkgo biloba Leaves of Different Ages by UPLC-TQ-MS
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[ Abstract | Objective: To establish an ultra-high performance liquid chromatography coupled with triple
quadrupole mass for the determination of five biflavones. Method; Chromatographic separation was carried out on a
ACQUITY UPLC BEH C; column (2.1 mm x100 mm, 1.7 pwm) with gradient elution of acetonitrile and 0. 10%
formic acid at a flow rate of 0.3 mL + min~', and the column temperature was set at 35 °C. Result;
Amentoflavone, bilobetin, ginkgetin, isoginkgetin, sciadopitysin showed a good linearity within the ranges of
0.02-13.20 mg-L ™" (r=0.996 3), 0.05-23.60 mg-L™" (r=0.9955), 0.09-18.60 mg-L~" (r=0.9927),
0.10-21.00 mg-L™" (r=0.998 8), 0.06-16.00 mg-L~" (r=0.996 7), with average recoveries of 101.50% ,
98.78% , 97.59% , 97.24% , 101.09% , and RSDs of 2. 7% , 2. 7% , 3.1% , 2.8% , 1.3% . The contents
of amentoflavone, bilobetin, ginkgetin, isoginkgetin, sciadopitysin ranged between 121.30-434.74, 268.39-
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847. 14, 251.80-1 297.10, 195.87-691.10, 477.48-3 003.90 pg-g '.

1 474.45-5 635.40 pg-g .

The total biflavones ranged between

It shows a certain regularity that the low-vinegar leaves contain higher total

flavonoids, and the total flavonoid content gradually decreases with the increase of tree age. Conclusion: The

method was simple, and can be used for qualitative and quantitative analysis of biflavones.
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Table 1 MS parameters of 5 investigated compounds

UPLC-TQ-MS; Ginkgo biloba leaves; biflavones; tree age

3T IT R AS [) B R A 1 eh S0 R o 2 AT
ST, LARH A B A I 0L R 28 Ak A B o 4
Rt —EMSHER
1 &

ACQUITY #1 UPLC % 4t (445 MU JC & % 7 &
4t AEL AL A B i FE 2%, Xevo TQ A6 I 4%, 56
[E Waters 2y ) ; BT125 B 1/10 T i 7 R (i H
FEZ AN W) s KQ-250E Y 7 1 1 Uk a4 ( B L A B4R
BAAIE/ANF]) s Anke GL-16G T B9 85 .0 L (L ¥ 92 ==
BEALART) o

FEAEAZACEE (1), R R (2) AR (3),
SRR (4) , S BUEER (5) Jy A 5250 % R A V%
e Ay B 45 3] 4l BE 26 HPLC A6 0 46 35 34 > 98%
BRI SR AL E] 2 2017 4F 10 A b s VLR 8, B
A4y 1,3,6,10,15,20,25,30,50, 100,300 4%
(R A A 0 AR A Rl 3% T A L 1 487 PN B AR 0 0 i
FERHEHE) .
2 HEE54ER
2.1 faiE%f RH ACQUITY UPLC BEH C, {4
FEAE (2.1 mm x 100 mm, 1.7 pm) , JFBAH 0. 10% H
PR (A) -2 (B) BB FE BRI (0 ~ 3 min,60% A
3~4 min,60% ~50% A;4 ~6 min, 50% A;6 ~
8 min,50% ~O0A),%i# 0.3 mL-min~", FEiR 35 °C,
PEREE 1 ul,
2.2 B Z2 W M (MRM) 4507 5 B
VR I 700 AR B 4 i ol 150,550 C, BN B
JE 3.0 kV ;T8 0 HE AL AL SRl 3 A3 i 4 0 R
1 000,50 L-h ™' F10. 15 mL-min~",5 /> ¥ & i i ji&
FRILE 1, MRM (3% & DA 1,

5y HAXT 93 F o e MRM i & 1 HEFL AR/ il f# BE /e V PR B 1 ] / min RN
1 538 537.28 ~375.07 48 40 1.45 EST~
2 552 551.28 ~519. 19 52 30 2.29 ESI~
3 566 567.28 ~120. 94 70 44 4.89 ESI*
4 566 567.28 ~134.94 70 44 5.15 EST*
5 580 581.35 ~134.93 68 44 7.25 EST*

T SRFE A3 0. 049 s,
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I 2.5 Jrikeisg
BRI B 251 ZRHEXCFR R I A I R O S A R 5
S L 22, 152, 2000 F 19 €5 05 5 06 4% P AR i L
N S S Iy S S TR 0 A T X TR R A A T, 26 [
SHAN l SRHT THELH 56 2505 LOD 1 LOQ 43 375 135 5 % 1k
T3 T ¢ p T > : HHAE(S/N) Ry 3 A1 10 B g, g5 S 0% 2, FlAE
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B1 $R&EMF S AWEE MRM
Fig. 1 MRM chromatograms of five compounds in Ginkgo

biloba leaves

2.3 X HRSVAWCE S R BRIS O A
HALR DU IR R B R RRERSEMMN
i 5 B vk BB 4y ] A 13.20,23.60, 18.60,21. 00,
16.00 mg- L' fy 38 & X BE 5 I 45 9 . BUAS [l 44 B

R2 SAMEMATHILMEEIIFHER LOD 71 LOQ U E

FZRGE R ER R R CFEA R SR
A3 RIFE 0.02 ~13.20 mg-L ™' (r =0.996 3),0.05 ~
23.60 mg-L ™' (r=0.9955),0.09 ~ 18.60 mg-L "'
(r=0.9927),0.10 ~21.00 mg-L ' (r=0.998 8) Fl
0.06 ~16.00 mg-L ™' (r=0.996 7) 2 14 3¢ & B iF,
A1 ~5 BB 43 5 & 0. 70,0. 41,1.35,0. 38,
0.40 pg-L ™' @R 4510 2. 28 ,1. 34 ,4.21,1. 27,
1.26 pg-L°',

Table 2 Linear regression data and validation of developed method for 5 investigated compounds in Ginkgo biloba leaves

R4y 2Pk 77 T r ML/ mg- L KR/ gL~ SEREBR/pg- L7
1 Y=2256X+5 672 0.996 3 0.02 ~13.20 0.70 2.28
2 Y=11347X +12 673 0.9955 0.05 ~23. 60 0.41 1.34
3 Y=6 735X +5 367 0.992 7 0.09 ~18. 60 1.35 4.21
4 Y=11572X +7 852 0.998 8 0.10 ~21.00 0.38 1.27
5 Y =125 723X +11 568 0.996 7 0.06 ~16. 00 0.40 1.25

2.5.2 WEWEIREE OB 2.3 R 89X IR 5L WE
SEiERE 6 Yk, LA RR T A, 5 A 143 0 i AR B A 1H
() RSD (n =6) 535K 2.1% ,1.8% ,2.6% ,1.7% ,
1.9% o i WA E5KG % B2 R AT

2.5.3 EEMRE 2.4 FHFEHRS6 5
AT (R o 1 ARAR) Al s W 3 LR Oy
Bor b, A R AR A it 5 A Rl A B R A By T A E
2 Bk 0.025% , 0.075% , 0.070% , 0.044% ,
0.086% ;RSD 4% 1.5% ,1.8% ,1.2% ,1.9% ,
2.2% UL A%y R AT

2.5.4 fRaEtis  BCES R b8 — 0 f#i
MW, AN T A5 fE 0,2,4,8,16,24 h RN 5E .
GEHLS AR W T AL RSD 439K 1. 6% ,2.5% ,
2.1% ,1.3% ,1. 7% . % B4 4 5 o W = R i &

24 hfase .,

2.5.5 mAEmE R S R R A et
(RS R 1 AEA ) B 0.1 g 226 6y, 23 BIHERG I A
SRR S AN B3 BT A X 00 0 R A W, e R
D ¥R T DR o R AR AZ BT | R
R AR R FHEAE b B R 00 R 4y
Sk 101.50% , 98.78% , 97.59% , 97.24% ,
101.09% ,RSD 4> %K 2.7% ,2.7% ,3.1% ,2.8% ,
1.3% , 45 95 W3 3,

2.6 FEMDE  # EIRJ5E R AR, AR AR
R (1) , R BR (2) AR (3) , AR
(4) , G BLE R (5) /)&, 45 R WFR 4, IS
XU T W A2 45 9L 7E 121,30 ~ 434.74 pg-g ',
10 AFEA AR A i i e AR, 3 AP AR R A M B it i 5
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Table 3 Recoveries of five components in Ginkgo biloba leaves

v g - e, ¥
o FRbESE FRf i AR AR MR [;:W% RSD
/g /g /g /g /% o /%
(2

1 0.1021 25.55 25.00 50.65 100.39 101.50 2.7
0.098 5 24.65 25.00 50.69  104.16
0.0979 24.50 25.00 50.55 104.19
0.102 1 25.55 25.00 51.16  102.43
0.1027 25.70 25.00 50.89  100.75
0.1035 25.90 25.00 50.17 97.08
2 0.1021 76.93 75.13  148.70 95.53 98.78 2.7
0.0985 74.22 75.13  149.87  100.70
0.0979 73.77 75.13  150.46  102.09
0.1021 76.93 75.13  148.87 95.76
0.1027 77.38 75.13  151.21 98.28
0.1035 77.99 75.13  153.36  100.33
3 0.1021 71.88 70.03  141.80 99.84 97.59 3.1
0.098 5 69.34 70.03 140.56  101.70
0.0979 68.92 70.03  138.40 99.22
0.1021 71.88 70.03  137.92 94.31
0.1027 72.30 70.03  139.82 96.42
0.1035 72.86 70.03 138.73 94.05
4 0.1021 45.05 44.11 87.04 95.20 97.24 2.8
0.098 5 43.46 44.11 88.35 101.78
0.0979 43.19 44.11 86.99 99.29
0.1021 45.05 44.11 87.81 96.96
0.1027 45.31 44.11 87.64 95.96
0.1035 45.66 44.11 87.24 94.25
5 0.1021 87.48 86.00 173.97 100.56 101.09 1.3
0.098 5 84.40 86.00 172.26 102.16
0.0979 83.88 86.00 171.84  102.27
0.1021 87.48 86.00 175.12 101.91
0.1027 88.00 86.00 174.52  100.61

0.1035 88.68 86.00 173.87 99.05

e #FAI AE 45 F AE 268,39 ~ 847,14 pgeg',20
AR AR A I I, 6 AR AR AR A B R AR
ZE 0 5 25 HE A 251.8 ~1 297,10 png-g ' ,20 4F4E
BRAY I & B AIG, 10 AR AR AR A i i R s SRR AT
20 4 45 SR AE195. 87 ~691. 10 pg-g ™' ,25 4EAE 4R
A I R IR, 300 AF A BT B B e e 5 A A LT
T %) I+ 45 SR AE 477. 48 ~3 003.90 pg-g ' ,25 4EAE
BRAS I & BRI, 10 AFA R A M S i . RUIA
- 148 -

(7] AR 1 Xof R A - v RSO T 5 S S M AR . 4 2R AT
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Table 4  Determination results of 5 terpene lactones in Ginkgo

-1

biloba leaves of different ages ng-g
MEOBEY nmmx mex wmsx DN wwm
1 250.24  753.48  703.98  441.19  856.84 3 005.74
3 434.74  831.09 870.56  378.84  607.55 3 122.77
6 316.03  847.14 1028.13  301.05 653.81 3 146.16
10 121. 30 535.00 1297.10 678.10 3 003.90 5 635.40
15 257.17  489.06  532.74 514.78  826.32 2 620.08
20 139.88  268.39  251.80 283.14  531.24 1474.45
25 158. 86 457.25 581.97 195. 87 477.48 1871.42
30 179.32  293.01  341.64 392.51 553.44 1759.92
50 127.34  698.89  267.15 395.09  759.49 2 247.95
100 204.92  369.96  376.18  425.51  624.95 2 001.52
300 266.11  339.55  373.29  691.10  771.32 2 441.36
3 g

K AR R B 5 T AR IO ¥ AN ] 4 X
Vs R A [] 4 BB R s R X XS R 0 1 5 e [
I b A A3 AT DL A A ) 3t 20 A 2R 8 0 H 52 ey d 44
e AR 70% HEE 50 mL 75 $2 0L 10 min, 3 30 4H
0.10% W R WL (A) -Z 5 (B) B EVEME (0 ~3 min,
60% A ;3 ~4 min,60% ~50% A;4 ~6 min,50% A;
6 ~8 min,50%0A) ,

AR (1,3,6,10,15,20,25,30,50,100,300
AR ) AR I BT B A L A 25 S AR, O
HEWA BTS2 B 1 474.45 ~5 635.40 pg-g B BR
BA — e R PE , BIIRRE 8% B A 5 S R0 I 45
(R, B AR B R DU AT T BRI R A HLERL
IR TE 25 4F 3] 300 4F Z [ AR AN K, AT RE S B o
B 5 B ) R BT I A, S R B B B TR AL,
A H2 ' BE BT OB RRAIT, o 1 HOB A 1R R,
o IR AR AR 25 L A5 0 2 In) TS 30

BRA B IR AR IR A AR Tz B Y R, S
Wiz TR A A R B 2 R
BRI Z — o 2 XA A M v A SO B L N TR



5525 55 18 4 RELEATFZERE Vol.25,No. 18
2019 49 H Chinese Journal of Experimental Traditional Medical Formulae Sep. ,2019

3 DA B B AR A R 2 A B W 1 F SR X 4
R IRAN R 15 6T 2 T | PN R 28 B o3 DA R o T AR A TR
FALE YR & R I B IR I AR A o i R
TR 1 PN R 55 o AR O o HR AR 22, LA [R) 7
ZFIRE K HH i A — sk 2
OGRS AG A W 00T o8 AT H AR SC HOR
3 BTN TR AR 2 Xof R T 5 2t 1 5% ), R AR AR R
T, R B 10 AR I AR A I o XU R 28 43 R )
B R B AT ik 0. 563% |, S WU HE i 2 i 43 A A
T 2015 A g (e E 24 ) B ) AR A e s P R
It P HOUUEE R 28 o0 8 O BT — S 1 T RIS .

[ &% 30k ]
[1] LUO Y.

Alzheimers  disease, the  nematode
caenorhabditis elegans, and Ginkgo biloba leaf extract
[J]. Life Sci,2006,78(18) :2066-2072.

[ 2] Hogan D B. Progress update: pharmacological treatment
of alzheimer’s disease [ J |]. Neuropsychiatr Dis Treat,
2007,3(5) :569-578.

[3] SHIC,LIU J,WU F,et al. Ginkgo biloba extract in

from action mechanisms to medical

107-123.

Alzheimer’s disease:
practice[ J]. Int J Mol Sci, 2010,11(1) .

[4] LINL Z,CHEN P, Ozcan M, et al. Chromatographic

profiles and identification of new phenolic components of

Ginkgo biloba leaves and selected products[ J]. J Agric
Food Chem, 2008 ,56(15) : 6671-6679.

[ 5] Hasler A, Sticher O, Meier B. High-performance liquid

of five

determination widespread

1990, 508

chromatographic
flavonoid aglycones [ J ].
(1):236-240.

[ 6] #kdE,BeF ARFHLL, 5. UPLC-MS/MS Jl & £ A5 - 42
By s g R AR [T, b B S 7 M e Ak,
2017,23(18) : 174-179.

[ 77 ks, hscse, FAEAE, A ALAY M b DY IS 26 0043 1 F
Fet R[], spE H 2 44,2018 ,43(7) :1384-1391.

[ 8] B&m, %I, 2dm e, 5. i ZOR A B R I e A
M 1R B [T ] E 25 2 R, 2017, 42
(5):931-935.

[9] Ewerm, Fad, mpch, 5. (b E 258 ) S 42 I
Py 5k b o 55 5% R 24 L) (IR 245 38 ) 19 X 1L 23
[J]. o S0 07 7 24 2% 75,2017 ,23(18) ;180-185.

[10] Chiu HL,LIN H,YANG T. Determination of ginkgolide
A, B, and bilobalide in Ginko biloba L.
microdialysis-HPLC[ J].

J Chromatogr A,

extracts by

Anal Bioanal Chem,2004,379

[11]

[12]

[13]

[14]

[16]

[17]

[18]

(3): 445-448.

Dubber M J, Kanfer I. Dtermination of terpene
trilactones in Ginkgo biloba solid oral dosage forms using
HPLC with evaporative light scattering detection[ J]. J
Pharmaceut Biomed Anal,2006,41(1) . 135-140.
Pushpinder K, Abha C, Bikram S, et al. Optimization of
extraction technique and validation of developed RP-
HPLC-ELSD  method for

determination of terpene

trilactones in Ginkgo biloba leaves [ J]. ] Pharmaceut
Biomed Anal,2009,50(5) :1060-1064.

XIE J C,ZHU L L,LUO H P,et al. Direct extraction of
specific pharmacophoric flavonoids from gingko leaves
using a molecularly imprinted polymer for quercetin[ J].
J Chromatogra A ,2002,934(1/2) . 1-11

Mary-Jean D, Isadore K, Mshicileli N, et al. The

s

simultaneous  determination  of  selected flavonol
glycosides and aglycones in Ginkgo biloba oral dosage
forms by high-performance liquid chromatography-

electrospray ionisation-mass spectrometry [ J ]. J
Pharmaceut Biomed Anal, 2005,37(4) . 723-731.
Pamita B,Neeraj K, Ajaip G,et al. A rapid RP-HPTLC
densitometry method for simultaneous determination of
major flavonoids in important medicinal plants[ J].J Sep
Sei,2007,30(13) :2092-2096.

YAO X,ZHOU G S, TANG Y P, et al. Simultaneous
quantification of flavonol glycosides, terpene lactones,
biflavones, proanthocyanidins, and ginkgolic acids in
Ginkgo biloba leaves from fruit cultivars by ultra-high
performance liquid chromatography coupled with triple
quadrupole mass spectrometry [ J ]. Biomed Res Int,
2013 ,doi:10. 1155/2013/582591.

YAO X, SHANG E X,ZHOU G S, et al. Comparative
characterization of total flavonol glycosides and terpene
lactones at different ages, from different cultivation
sources and genders of Ginkgo biloba leaves[J]. Int J
Mol Sei,2012,13(8) : 10305-10315.

W%, Wk . UPLC-MS/MS I i B 45 it $2 e b 10
AT 26 R 1 & R (). P I S8 7 R o AR R
2017,23(24) :90-95.

WANG Y, LIU Y, WU Q, et al. Rapid and sensitive
determination of major active ingredients and toxic
components in Ginkgo biloba leaves extract (EGb 761)
by a validated UPLC-MS-MS method[J].

Sci,2017,55(4) :459-464.

J Chromatogr

[=EHE BET]

- 149 -





