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Antioxidative Activity and Flavonol Glycosides Analysis in
Callus Derived from Leaf Tissue of Ginkgo biloba L
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Abstract - This study was carried out to establish an in vitro culture method of callus having a high antioxidant activity from
Ginkgo biloba L. Leaf explants were cultured on Murashige and Skoog’s medium supplemented with various growth
regulators. The explants were incubated in the dark or 3,000 lux cool-white light. Methanol extracts from incubated callus
were evaluated for scavenging activity of the free radicals using DPPH. The best callus growth rate was achieved in MS
medium combined with 10 UM NAA and 5 uM kinetin in the light condition. Total antioxidant activity of cell aggregates in
suspension culture [MS medium supplemented with 10 uM NAA in the light] was up to 80% of ascorbic acid. By means of
HPLC analysis, quantification of the quercetin dehydrate and keamperol profiles from suspension callus was compared.
Contents of quercetin dehydrate and keamperol from leaf extracts were 0.07 and 2.24 ug/20ul, and those from callus 0.56

and 0.18 ug/20ul, respectively.
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Table 1. Rate of callus formation from Ginkgo leaf disks in the light condition

Plant Growth Regulators

Percentage of Callus

Plant Growth Regulators

Percentage of Callus

Formation Formation
NAA(LM) BA(UM) 2,4-D(uM) BA(UM)
0 0 0 0 0 0
0.5 0 0.5 0
5 0 5 0
50 0 50 0
1 0 40 1 0 30
0.5 40 0.5 30
5 50 5 20
50 20 50 10
10 0 80 10 0 80
0.5 70 0.5 70
5 60 5 70
50 30 50 70
100 0 30 100 0 10
0.5 40 0.5 30
5 10 5 40
50 10 50 50
NAA(UM) Kinetin(uM) 2,4-D(uUM) Kinetin(uM)
0 0 0 0 0 0
0.5 0 0.5 0
5 0 5 0
50 0 50 0
1 0 50 1 0 20
0.5 60 0.5 20
5 50 5 20
50 30 50 0
10 0 70 10 0 90
0.5 70 0.5 70
5 80 5 80
50 50 50 40
100 0 50 100 0 10
0.5 50 0.5 40
5 60 5 60
50 40 50 30

“Callus were grown on MS medium supplemented with various growth regulators after 4 weeks of culture in the light.
YEach value represents the average of 4 determinations.

*Index of callus formation rate(%) was estimated from the proportion of callus to leaf explant area.
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Table 2. Rate of callus formation from Ginkgo leaf disks in the dark condition

Plant Growth Regulators

Percentage of Callus

Plant Growth Regulators Percentage of Callus

Formation Formation
NAA(LM) BA(UM) 2,4-D(uM) BA(UM)
0 0 0 0 0 0
0.5 0 0.5 0
5 0 5 0
50 0 50 0
1 0 30 1 0 20
0.5 60 0.5 10
5 60 5 40
50 50 50 10
10 0 70 10 0 70
0.5 70 0.5 80
5 70 5 70
50 60 50 50
100 0 20 100 0 20
0.5 50 0.5 10
5 50 5 20
50 60 50 20
NAA(UM) Kinetin(uM) 2,4-D(uUM) Kinetin(uM)
0 0 0 0 0 0
0.5 0 0.5 0
5 0 5 0
50 0 50 0
1 0 30 1 0 30
0.5 50 0.5 10
5 50 5 10
50 50 50 10
10 0 70 10 0 10
0.5 80 0.5 40
5 80 5 50
50 70 50 50
100 0 40 100 0 20
0.5 50 0.5 40
5 30 5 40
50 40 50 20

“Callus were grown on MS medium supplemented with various growth regulators after 4 weeks of culture in the light.

YEach value represents the average of 4 determinations.

*Index of callus formation rate(%) was estimated from the proportion of callus to leaf explant area.
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Fig. 1. Various morphology of callus derived from Ginkgo
leaf cultured in the dark (A~D) and in the light (E~H).
(Bar = 0.5 cm).

A~H: friable callus formation, B, C: small ball shaped
callus induced from 10 pM NAA in the dark; D: white and
friable callus induced from 100 uM NAA in the dark;
E: friable callus induced from 10 uM NAA/0.5 uM kinetin
in the light; F: translucent callus induced from 10 uM NAA/
0.5 uM kinetin in the light; G and H: Browning of callus
after 3~4 times subcultures.
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Fig. 2. Microscopic view in suspension cultures in the light and dark. Callus was cultured in MS medium supplement with
10 uM NAA.(A, B); Cell aggregates in the dark(C, D); Cell aggregates in the 3,000 lux. A and C are expanded to 100 times
of B and D.(E) Growth curves of callus induced from Ginkgo leaf disks in MS medium supplemented with 10 pM NAA(A).
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Aejart Ao Waly] AZkskgich Ay s 27]= 4
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e}z 7to]| o] Foj Tt ERF WAV HA 07 W=
oA wjekelo] fMo R EejRe S Hlow,
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1 mm o|&}e] w|Agt A2 A7} 217 2~4 mme] WHE 24
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DPPH assay

Ao A 224 0 2HE FABHS 24| Yste] 27
o] 4] 10 UM NAA, 10 pM NAA©]| 0.5 pM BA ¥+= kinetin
o] A 7|2 MS iAo A Feuljofet A AE o
g3}, 747} 0.15, 0.2, 0,25 ml/ml —Lanﬂ/q a}r:Pg EN
e AT 27} 80%
o}, 2, 23 H$- 0.5 ml/ml szowE a}u]ﬂ
2750 12%2 7| ey DPPH assayol| gt gH4tst
L 2743 mRAEH 0] gAlslert 7| ooz &

=5t AeATt AA] w2 kS vehith 53], 10 uM
NAAZ} T A 2] g v z|ofl A 2het e 2of 29 %%%4

2 0.026 ml/ml #2]A] ascorbic acid 0.01 ml/ml¥} Z+
AE 2ol 7H =A UehtH(Fig. 3). o9k Z2 E‘L]—
= 8 =9 ascorbic acid”7} Zt+ FAKSFS9] oF 50%
off sttt E3F, SQtoR SRk Ao e 9 A
Aol Al YEPUE A2 23 429 cytokinin
ol whet oh=A yebgdth 10 uM NAAOﬂ 0.5 uMe
A2 Fol A At Aol 25 0,046 ml/
ml-Z A Z5}9-2 W ascorbic acid 0,01 ml/ml¥} -2 &
= YelYo] ascorbic acid?] oF 25%°) df@dl= A
359 HAT BA 23 A2 Fol|A] Ak Ay Ao Ao
0.102 ml/ml-& AH2Jelets f B2 a3k YERfo] ascorbic
acid7} ZH= SHAISR=0] OF 10%0] ekl BHAkslE S
gt weba AEHs I EA AAlko| BA E} kinetin
= APetE o 2uf o) XA o] rk(Fig. 3). 10 uM
NAA T Zg]Alof| = A2 0] ufjedta]of et eHitslks
2 o2 yelgoh @ ajoke] 4% 0,15 ml/ml, 114
i Fel - 0.5 ml/mlZ A28t wf )z &750]
80%5 ‘dol AelAE ARl sllS o aLAufFe] H
sto] of 4uff &2 ket S Holh AlEAollA Hitet
28-S ol A=A slsE 22 A] flavonoidst ARLA T

kinetin
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Fig. 3. Inhibition rate of hydrogen donor activity measured
by DPPH method. Callus was grown in MS medium
supplemented with three growth regulators combinations.(a)
N;10 uM NAA/0.5 uM BA, 7NK;10 uM NAA/0.5 uM
kinetin, 3N;10 uM NAA(b) antioxidant effect according to
the suspension and solid medium culture of 3N(c) antioxidant
effect according to the light condition of 3N.

L on 71ET 28 A AEY Ao ot ®lo]7| RS
2 AR23HH(Ellnain—Wojtaszek et al, 2003), Z&A &
ERl e 7B wdb7]of ofjt ] ERF A AEY A0
ShLtE ARg-sto] ARl o)A vRekRt el o] B HeE
et el 2214 BABHEIo] A e A0 A
FHT AU 02 flavonoidst Wof| oJ5f AJAdo] Ex1E )
3l A3 Q) Oow(Kim et al., 1998), Lee et al (1993)&
Ginkgo biloba Al|3EH[ ko) 4] flavonol glycosides A gHA]



ChFig. 3). %Ed-‘ﬂ 7é—°r 0,15 ml/ml, %*5691 73‘—°r 0.5 ml/
ml& A2/ %&
o] ez HIOH oF 4uf =7 WeRstT E3, F=ollA
a‘*‘ﬂﬂ‘* %‘—"r %Xﬂﬂl/ﬂ et des FE3E9

Flavonol glycosides ¥

Quercetin dehydrate @ kemperolS EEE2 2 AL
sjol HPLOZ: o] §}o] B4 A}, 217} 28,997, 30,386
so pickrt Ueht £ Ba0] Bt /sae SHlse
t} &, AR 20 & F93le] HPLC spectrum= £A35t
A1}, 23§ 919 AL quercetin dehydrate”} 0,072 pg/20

ul HEEo] Al29] 0.013%5 AA|EHS
2.24 ug/20 W AEE o] AlR9] 0.39%5 A6 tHFig. 4).
234 9l Bl 9] 79 quercetin dehydrate, keamperol

o] Z}Z} 0,556, 0,157 ug/20 Wl HET] Al72] 0,97, 0,027%

, keamperol->

239l 2 o2 HE Rt AAo Alshs B Suhis uidA]
£ A5} tHFig. 5). Lee et al (1993)2 quercetino] H]
3]l keamperol @] Aol WO| FgFo| Arfal HIsHG] o,
F 204 FERE A} oF 0,06 mg/L2| keamperol
= HEITAL 3} Kim et al,.(1998)> 234 &

callusE o83t &Er vjefol A 0.015 mg/L2] keamperol©]
ASEE Haskct ®3 9, 2% UV 9] flavonol

glycoside AJAte] mA]= kS 2ARSE A3} keamperol AY
AgFo] oF 0.05 mg/LE FAES Hagh vl Qi) I8
= ﬁ"qoﬂfﬂ Z£3% keamperol2 0,785 mg/LE Lee2}
Kimo] AX3IA| 9L A A 2 g& ZZAEE AFES A
&0 44 14 58 e e, £te 5
of 3§ &4 9le.

Q- quercetin
dehydrateoﬂ H| 3] keamperol 3‘%&0] 31u] =A YERgT
oloj ulal 234l G AT A2 A quercetin dehydrate
7} keamperolo| H|3f| 358} A= A Ut F+ EEE
Aol Heul} o) o) 22 O PAE ot olo}
A 29l ff A 2olA LRI SaAE
Z}ol= Kim et al, (1996)0] K 113} upe} Zo] E
HAEA A flavonoid®] AHHddt TdH
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Fig. 4. HPLC chromatogram of quercetin dehydrate and keamperol in the extract of Ginkgo leaves. Coloum: C-18 (5 um,
4.6 mm LD. x 250 mm); injection volume: 20 ul; injection concentration: 29 mg/ml; flow late: 1 ml/min; peak identification:

quercetin, RT = 27.2; keamperol, RT = 28.6.
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Fig. 5. HPLC chromatogram of quercetin dehydrate and keamperol in callus extract. Callus induced from Ginkgo leaf disks
in MS medium supplemented with 10 uM NAA on light in suspension culture. Coloum: C-18 (5 um, 4.6 mm L.D. X 250 mm);
injection volume: 20 ul; injection concentration: 29 mg/ml; flow late: 1 ml/min; peak identification: quercetin, RT = 28.1;

keamperol, RT = 29.2.
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