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Changes in Terpene Lactones of Ginkgo biloba and Its Relation with
Chlorophyll Fluorescence Characters
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Abstract: In order to understand the relationship between contents of terpene lactones and photosynthetic
characters in Ginkgo biloba leaves, the contents of terpene lactones were determined and chlorophyll fluorescence
features was studied. The results showed that the changes in terpene lactone contents were significant at different
harvest time. In general, bilobalide and ginkgolide contents were low in May, then increased gradually, reached
peak in August, and afterwards decreased until the end of October. At the same time, the photosynthetic pigment
content and chlorophyll fluorescence parameters in leaves showed periodical changes. The contents of bilobalide
and lactone had significant positive correlation with chlorophyll fluorescence index of Y(NPQ). So, it was
suggested that bilobalide and lactone contents could be forecasted by chlorophyll fluorescence parameters.
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AR AP I NG AL R T (PAF) I P AR A
- HCYI (T PR GBE) A H IR AR I IR 3z T
TBIT B TERUR 00 AR A7 e R AE A et
PIis B AR O AT R G HLRERER ARRES . A
GELE I, AN [ ARE HA S31) AR0 SRe MAC 1] %) R A5 - A g
S B B AR R e AR Bk A
RS I (4] B AR 1] 388 75 D0 v e 4R
A NEE S, T A AR, TR T R 4
HTAb B, X AR A Ry, ME LA 2 H A
P DR IHER R 38 o B R R P AR A T
[LiEiens 1! o s VAT SR TR N L 2 & /7 e WA= =
VE R S e AL B Pk B BRAR R AR AN R E 72
RN e Eh 1 2R R B A VR I
T R G G RE AR A3 | 43 B FFE B 7
A MEEER , © OB & AR B fg
KA ARSI BT e fE 1 A BAR PR AT A B
AR R [ A AL R 38R A1 A
WHAEE Ao P W A FH 7= A ) v ] 7 4 2 25 P A )
Hs, B SER) A AT AR R R B W B M R A
Yo XS TR R A AR AR 2
S R S AR A A A R R A
BRI BRI, AR RS RS R A T
A A RS WA . AR SCR &
JERCRE- 6 AT I ] BT 3% 56 FH(UPLC-TOF-MS)HZ A
XTERAS IR IR 50 52 , [ g - 4R R S
BOCEORS &, IFAIr A TR AECHE:, y SEB R
IR AT PG 2 AR AR R A AR

1 MBI
1.1 #7#

R (Ginkgo biloba)F # T BUE M Ak B 2%
WEFE FT B A ], - e ki ae, + 2R, i
Mg s, AL Sk 355 g kg 'L Bl AL S N
136.9 mg kg ', 4 &WE & 0 23.0 mg kg, AL A
T 1167 mg kg o 2 Hb JE ML AL O ARG 2
DAY Ly MR MRS A, DO 243 B VR 22 W, AE R T
ik 1600~1800 mm , AH X 12 B N 80%~85%; FH
FE 0, 4F H BBIFEGA 1300~1400 h; SR A, 4E 15
SRK 16.4°C, IR 3 °C ;s 24FETCFE A 265 d;
AR AR IS TR AR,

BRATIR A 1S ARA IR W A IE R
o 201345 A% 11 A, 8T L4 8:00-8:30

RFE 1R, RAERS A1 Bl it Fr, A6 45 T (6 e B
KN E] e — 3 e ot B, BT T
FERL S5, Wi LI 20 A R0, RS T IS0 00 =, 76
0.5 h N e R 2O S R e, >
s T SRR BRI, R R 105 CHERE
AT 15 min, % 2 80 CHET 2 1HE, & 40 H i~
FELETRAS AL BR PN E

1.2 X85, 255, iRkF

Agilent 12909 AH {4 3% F1 € A7 I 8] J1 3% 1Y
(6224 TEI)JC A5 F W% 35 L BS (EST) U5 AR SR Ak 24
2 JH(APCI); >k F Agilent Masshunter T/ 3 F1 4
P b SR 5 A TR AR R A 2

WA INTE A, B AT C K F N BEBB)XT i
f I 19 H ) 24 A A RS T, LS A
110862-201009 . 110863-200508 . 110864-200906
1 110865-200605 ; H R A1 £t 35 Ry a4l it T )
B R T LB R 4 b4l s 5258 K K
47K (Milipore, Bedford, MA, USA),

1.3 Fi&

MERERWRSHONE  RAMEE Walze
Z3 F)AE PR ) Mini PAM R 48 54 i 4 R 960
FEN R LR R DS D BB B— 30
RS, M E 24 AR I B U A i P I 32
20 min, JEIREFREINE(<0.1 pmol ms™), FEHR ST
Ak 63000 pmol m™s™), il5E Fy. F./F, i, 4T
FFNTEDEAE(33 pmol ms™), BEAA G FASHE LT
ARG, M PS T S bR Gk 340 (Yield) , 20
A LT AL HR(ETR) OB 2E 3 K R 8 (qP) R
HeAL K ZEU(QN), L BS80S B M T
BEE, PSRy M B AE HLAY & F 7= B[ Y(NPQ)]
AR VAT P RE AR U B T A [ Y(NO) 15 AR B
Y(NPQ)=1-Y(11)-1/[NPQ+1+gL(F, /F,~1)]f1
Y(NO)=1/[NPQ+ 1+gL(F, /F~)iT+&",

MHERESEMNNE PSRN E
AH [R)S7 R0 & 7 B BB i e, FH DR R 2 i B
LRSI O NI WOE, TR R R
a. b BHIE N FEAEMGE SR,

MAENBENE  KFRBURA I R 2.0 g,
IAGE i 50% BRI E TR LRI T 70°C
FEUL 2 h, B HNHHIE, UEH M 50% £ B W PR IR
P 2 hy G IFMIREEBURTE G 28k 2T, 885
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10 mL Z& 18 K F1 0.3 g £ B2 #M i i, in A 55 R
LR ORI 2 K, B IFANAMIE AR ZE T,
H BRI E A 2 10 mL. SRR A 2,
g [ Agilent 23 7], ZORBAX 2.1x50 mm 1.8
Micron, AN ZME-0.1%(F R : /K), B EE VR, 7E
5 min N CIEFIEUN 20% etk ETHE] 45% , 4
U 25°C R R 02 mL min' . BRI AMT S544  ESI
B IR, TSR 350°C, i 10 L min '
AR IE ) 45 psig, BAIE HLIE 3500 V, BANE H
FTHL T 150 V, HEFLERL R 65 V, SR A2 1.5 spectras ',
TEHE B T (BIC)R 5 7 20, 70 F 85 F[M-H] 1) JiT faf
64500 GA (407.15). GB (423.154) . GC (439.12)

1 AR VLA I H 79 R N R R A IR & ik (ug g )

BB (325.11). RHSMREHITE R,

2 BRI M

2.1 BRPMEEFRET NBEERIZE

DA T ] UL, R T SR ISR [ SR i i R A ot
Hh AR PN TR R PN TR i D R P T B AR
FHERP<0.05), BA L, 5 HOATH &R
i, UGz BTE, 2] 8 A& ik 8l i s, ek
R, 2] 10 HIEMERIRAL. WE 1 0E AN
SRS TRD AR A I 7 e g 2R A TR R P R 1) L A7)
W B 3 25 55 (P<<0.01), 5B IE B AR A N TR AL B

Table 1 Bibobalide and ginkgolide contents (ug g ') in leaves of Ginkgo biloba at different harvest time

i ] AN TR HLA TS Ginkgolide A
Date (M/D) Bilobalide A B C Total
5/15 112.4+8.4d 71.3£3.2¢ 55.7+2.4¢ 99.9+7.5b 339.3+21.5¢
5/30 159.4+13.1¢ 85.2+5.6ab 79.1+4.6a 128.7+8.8a 452.5+31.7ab
6/14 195.3+6.8ab 83.5+2.4ab 64.0+2.4bc 104.9+2.8b 447.8+14.0ab
7/14 160.8+4.8¢ 80.5+1.8bc 58.6+2.2bc 103.0£5.8b 402.8+13.8b
7/29 207.7+5.4ab 77.5+1.2bc 57.4+2.1bc 106.8+2.5b 449.4+11.3ab
8/28 225.6x16.1a 92.6+6.8a 65.5+4.4b 108.5+8.5b 492.3+£35.3a
9/12 193.6+8.5b 83.8+3.2ab 57.5+2.2bc 103.4+6.8b 438.4+20.5ab
9/27 111.8+11.1d 48.5+2.2d 46.4+3.7d 97.5+8.4b 304.3+24.4cd
10/12 91.5+5.8d 34.1£3.9¢ 38.1+4.8d 67.6+7.2¢ 231.3£20.1e
10/27 84.9+8.1d 41.0+4.0de 44.1+4.7d 95.0+11.2b 265.0+£27.9de

FIFNEHR G AR R RR 22 573 835 (P<0.05), TR,

Data followed different letters indicate significant difference at 0.05 level. The same is following Tables.

C 114 B3] Bl R AL ] A J 35 28 k(P << 0.05)

22 XEBENTL

2 AT UL, R[] RS B AR A 1 - e A (0
EoEEFNBEP<0.0]), K42 a SHAE 6
A E] 10 A iR EARGEREARRRRE K, 10 S
B TR AR E b S e 5 ARk, G2
LT, #) 9 A ikt s, BEERET R AR R ab
MIFEREASRION 2 TR, JEAE bRk
5 b BAR—FE, 7 ART SRk, Hn B -
T+, B2 10 A P AR — R SR )G R

23 MR RASHITL
I RO BF(F, /R ) B e PS TR g Y

TR EREE AR AN, B RN SRy PSR s R 1Y)
Fabr, SEBROBAEACR(OPS TR B it
i PS TS o H O 43 & PR 0 T B S B S ' g
TR e T2 16 M 5 AR U
P2 A] L, AS R R A (R ER A 0 B 19 F /F,, AT AE
—E 225 IR IR AT 10%. 1 F/F, AN,
SRR (R ER A 1 - Y (DPS T A7 25 25 57
(P<0.05), \ 5 A BYEARAEIF GG T, 6 A
KB e, S W R R, B 8 AWK, AR
BB [RIER AT it 7 A L A% 388 R (ETR) 28 S W ik 3%
(P<0.01), 7 HIIKiLE &, AR5 218 T %, 2] 10
H A S5k

AR FZE(qP) e T PS I HL 745 3 %
PEVTS B 3 0] DL, AS [R] SR AL s [i] 4R A5 1 A A qP
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Fig. 1 Ratio of bibobalide and ginkgolides in leaves of Ginkgo biloba at different harvest time
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Table 2 Photosynthetic pigment content (mg g ') in the leaves of Ginkgo biloba from different harvest time

Datﬂeﬂ‘(lsl D) Chla Chlb Chl a+b Chl a/b ;ké:foﬁnf;f
5/15 1.33+0.05ab 0.37+0.02¢ 1.70+0.06ab 3.64+0.10b 0.29+0.01cd
5/30 0.98+0.02d 0.26+0.01d 1.24+0.03¢ 3.84+0.06a 0.24+0.01e
6/14 1.26+0.02bc 0.39+0.01bc 1.65+0.03ab 3.25+0.02¢ 0.28+0.01cd
7/14 1.42+0.04a 0.41+0.01bc 1.83+0.05a 3.49+0.03b 0.33+0.01a
7/29 1.36+0.06ab 0.42+0.02b 1.78+0.08ab 3.23+0.03c 0.34+0.02a
8/28 1.30+0.04bc 0.41+0.01bc 1.7140.05ab 3.22+0.04c 0.32+0.01ab
9/12 1.28+0.02bc 0.47+0.01a 1.75+0.02ab 2.72+0.05¢ 0.22+0.02¢
9/27 1.26+0.05bc 0.40+0.02bc 1.66+0.07ab 3.18+0.05¢ 0.33+0.01a
10/12 1.20£0.07¢ 0.40+0.02bc 1.59+0.10b 3.02+0.02d 0.32+0.02ab
10727 0.94+0.06d 0.30+0.02d 1.24+0.08¢c 3.15+0.01cd 0.28+0.02d

H 22 7 AK0.7 Z247), VAW PS 1T L 4% 3 1% 1 7
ERAS I RS AR 55 i K-

AR FER R BN e T PS IR 5
WA ERE LAIABERE R RE J) . &1 3 W, AN
SR TE] R qN 22 0 12 35 (P<<0.01), 5 H 3 6
A gN B3 TR, SR 22108 L e R fr ke e

K89 A FRE, 10 HIRKERIRAL. X%
] 6-8 H Al F BA 5 AR RE F1 59 H et A
FERZ O CREMIRE ST TR, LBt it 7 & B K
Aok m B

PS 1T 38 45 M fig 2 FE #0277 Y (NPQ) L
K, RIDERS R, HAEY A G 8 B 50
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Fig. 2 Changes in photochemical maximum efficiency (F,/F,), actual
photochemical efficiency (®PS ) and apparent photosynthetic
electron transport rate (ETR) of leaves of Ginkgo biloba
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Fig. 3 Changes in photochemical quenching coefficient (qP) and non-photochemical quenching coefficient (qN) in leaves of Ginkgo biloba
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Fig. 4 Changes in quantum yield of adjustment of energy dissipation [Y(NPQ)] and quantum yield of non-adjustment energy dissipation [Y(NO)] in

leaves of Ginkgo biloba

R 3 AR AR SRS SR R A S

Table 3 Correlationship between lactone contents and photosynthetic parameters in leaves of Ginkgo biloba

AL P g HRAY N iR SRS MR B IR/ AR P TR
Bilobalide Ginkgolides Total terpene lactones Ginkgolides/Bilobalide
Chl a 0.443" 0.312" 0.558"
Chl b 0.342° 0.516"
Chl a+b 0.463" 0.3017 0.626"
K N & Carotenoid -0.279"
FJF,, 0.302° 0.353" 0.346*
OPS 11 -0.370 -0.419” -0.417"
ETR 0.585" 0.581" 0.618" 0.3917
Y(NPQ) 0.470" 0.462" 0.494™ 0.333"
Y(NO) —-0.532" —0.481" -0.537" —0.424"
QN 0.515" 0.508" 0.542" 0.365"
qP ~0.394" -0.347"

" P<0.05"

1 P<<0.01.
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