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Abstract

Ginkgo biloba L., a native of China, enjoys unrivaled fame in the plant world, owing to its multipurpose
characters. Ginkgo leave extract contains high levels of flavone glycosides and terpene lactones, which are
widely used in orthodox or traditional medicine to treat diseases. However, there are few good Ginkgo varieties
for leaf application to date. In this study, we collected fifteen core Ginkgo resources including the variety “Anlu
17 from different locations in China. Through “’Co-y-ray irradiation of “Anlu 17, a variety named as “ZY 1” with
good properties was cultivated. Field test assays showed that “ZY 1” has obvious advantages compared with
“Anlu 17 (control). “ZY 1” grows faster and has no branches but higher leaf yield. More importantly, its leaf
extracts contain higher flavonoids and terpenoids contents but lower undesired components such as ginkgolic
acids. These results indicated that the variety “ZY 1” may have a high value of leaf application for clinical
medicine, health care products and cosmetic.
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1. Introduction

Ginkgo biloba is one of the oldest living tree species in China. This tree is slow growing, reaching maturity at
20-30 years of age and bearing seeds at 30-40 years of age. It shows high resistance to environmental stresses,
microbial diseases, pests and gaseous pollutants ozone and SO, (Hori et al., 1997). These distinguishing features
make the ginkgo an ideal tree for afforestation, greening and ornament. More importantly, leaf and seed extracts
of the ginkgo has been widely used for clinical medicine, health care products, foodstuff and cosmetic
(Weinmann et al., 2010; Zuo et al., 2017). The global sale of Ginkgo biloba extract (GBE) is in the range of
USS$ 1 billion, of which US alone accounts for quarter of the amount (Van Beek & Montoro, 2009).

Ginkgo leaf extract attract contains many benefit components, including flavonol glycosides and terpene lactones,
that have therapeutic actions in controlling cerebral blood flow, protecting against free radicals, and delaying the
progress of dementia and diabetes (Dubber & Kanfer, 2004; Singh et al., 2008). In Ginkgo leaf extract, flavonol
glycosides are present in their glycosidic forms of quercetin, kaempferol and isorhamnetin, and terpene lactones
mainly comprise of ginkgolides A, B, C and bilobalides. In contrast, the ginkgolic acid derivatives from Ginkgo
leaves extract are defined as the undesirable components. They provoke allergic reactions to humans (Liu &
Zheng, 2009). The overall five individual common components in ginkgolic acids, namely 13:0 ginkgolic acid,
15:0 ginkgolic acid, 15:1 ginkgolic acid, 17:1 ginkgolic acid, and 17:2 ginkgolic acid are determined. Currently,
a key issue in Ginkgo leaf application is how to control the contents of these medical properties effectively.

%Co-y radiation is a DNA damaging agent with high mutagenic potential in plants (van Harten, 1998). It not
only causes DNA damage through strand breaks but also induces secondary DNA ionization through the

induction of oxidation of by-products (Manova & Gruszka, 2015). This technology has been widely used for
plant mutation breeding. For instance, a yellow-leaf mutant with chlorophyll-deficient is selected from the
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progeny of an irradiated japonica rice variety “Jiahua 1” (Liu et al., 2012). Several wheat-alien translocations are
produced from pollen irradiated by ®Co-y (Cao et al., 2009). Recently, Pan et al. (2017) identified some
%Co-y-induced differentially expressed genes that are responsible for regulation of chromatin states in rice.
However, there are no reports about the Ginkgo varieties generated by **Co-y radiation.

Currently, there are few good Ginkgo varieties for leaf application, which severely hinders the development of
Ginkgo-related industry. In this study, we cultivated a Ginkgo variety “ZY 1” via ®°Co-y radiation. This variety
has obvious phenotypic advantages compared with the control (“Anlu 17, a core variety for leaf application in
China). Particularly, “ZY 1” leaves extract contains higher levels of flavonoids and terpenoids but lower
ginkgolic acids contents. Thus, the variety “ZY 1” presented here may be useful for leaf application in clinical
medicine and other industries.

2. Material and Methods
2.1 Cultivation of the Ginkgo biloba Variety “ZY 1" by *’Co-y Radiation

Two-year-old “Anlu 1” plants were selected for “°Co-y radiation at dose of 100 Gy in Shandong academy of
agricultural sciences. The irradiated plants were grafted at appropriate sites of two-year-old rootstocks (the
variety “Damaling”) grown in different sites from Taian County (Shandong province, China). After two years of
growth, a branch of an irradiated plant displayed phenotypic alterations and was then propagated by cuttings. Its
phenotypes were consistent and stable in three-year field tests and named as “ZY 1”.

2.2 Measurement of Growth Parameters

The scions of the varieties “ZY 1” and “Anlu 1” (control) were grafted on three-year-old rootstocks in Jimo
county (Shandong province, China) in March 2014. The parameters (area and weight) of leaves were measured
after two years of growth. Ten grafted plants and twenty leaves at middle part of the main stem in each plant
were selected for analysis.

2.3 Samples Collection and High Performance Liquid Chromatography (HPLC)

Thirty green leaves of “ZY 1” and control (“Anlu 1) plants were sampled at middle part of main stems in
October 2016. After collection, the samples were dried in oven at 60 °C for 48 h, grinded into fine powder with a
grinder, and kept in a refrigerator until analysis.

Flavonoids, terpenoids and ginkgolic acids of Ginkgo dried leaves were extracted and detected with the HPLC
method described in China Pharmacopoeia (Chin, 2015). The analysis was performed on a Waters 1525 Alliance
HPLC system (Waters Corp., Milford, MA) equipped with binary pump (Waters 1525) and autosampler (Waters
2707). The raw data of flavonoids and ginkgolic acids were detected by an UV/Visible detector (Waters 2489),
and terpenoids were detected by an Evaporative Light-Scattering Detector (ELSD, Waters 2424). Quercetin,
kaempferol, isorhamnetin, ginkgolide A, ginkgolide B, ginkgolide C, bilobalide, and ginkgolic acids were used
as reference compounds and purchased from Yuanye Bio-tech (Shanghai, China). HPLC grade methanol and
acetonitrile were purchased from Kermel (Tianjin, China). Two independent control measurements were used for
validating the HPLC method. At least three replicates were carried out to make sure the accuracy of the results.

2.4 Extraction and Measurement of Flavonol Aglycones Content

The dried powder (1.0 g) was put in soxhlet extractors and refluxed with petroleum ether (60-90 °C) for 2 h. The
residual was then added into methanol, refluxed for 4 h, and evaporated to dryness again with a rotary
evaporation. A 25 mL mixed liquor of methanol and 25% (v/v) muriatic acid (4:1) was added and refluxed for
0.5 h. The acidic extract was diluted with methanol in a 50 mL volumetric flask and filtered through a 0.45 pm
membrane filter. HPLC separation of flavonol aglycones was achieved using a ZORBAX SB C18 column (250
mm X 4.6 mm, 5 um) (column temperature: 35 °C). The mobile phase was a mixture of methanol and 0.4% (v/v)
phosphoric acid solution (52:48). UV/Visible detection wavelength was 360 nm and the flow rate of the mobile
phase was 1 mL-min . Standard solutions containing 30 pg quercetin, 30 pg kaempferol and 20 pg isorhamnetin
were dissolved in 1 mL methanol. A 10 pL extract solution and reference solution were transferred into liquid
chromatograph, respectively. The contents of quercetin, kaempferol and isorhamnetin were calculated according
to the peak areas. Total flavonoid content (g/kg) = (quercetin content + kaempferol content + isorhamnetin
content) x 2.51.

2.5 Extraction and Measurement of Terpenoids Content

The dried powder (1.0 g) was put in soxhlet extractors and refluxed with petroleum ether (30-60 °C) for 2 h. The
residual was then added into methanol, refluxed for 6 h, and evaporated to dryness. The extract was filtered
through analytical filter paper, and the filtrate was evaporated in vacuo and dissolved in 10 mL methanol under
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sonication. 5.0 mL of the solution was transferred to a solid-phase extraction column containing 3 g acidic Al,Os.
HPLC separation of terpenoids was achieved using an Eclipse XDB C18 column. The mobile phase was a
mixture of methanol and water (52:48), and the flow rate was 1 mL-min"'. The drift tube temperature of the
ELSD was set at 100 °C, and the nitrogen flow rate was 2.7 L-min™". A mixed standard solution containing 0.2
mg bilobalide, 0.18 mg ginkgolide A, 0.08 mg ginkgolide B, and 0.1 mg ginkgolide C was dissolved in 1 mL
methanol. A 20 pL extract solution and reference solution were transferred into liquid chromatograph,
respectively, for analysis. The units of terpenoids contents are g/kg fresh weight.

2.6 Extraction and Measurement of Ginkgolic Acid Derivatives Content

The dried powder (0.1 g) was dissolved in 10 mL methanol under sonication (40 kHz, 500 W) for 0.5 h. After
centrifuging at 5 000 rpm min™' for 10 min, the supernatant was collected. The residues were added into 10 mL
methanol for extraction again. All supernatant was concentrated up to dryness, and the residue was dissolved in
10 mL methanol. HPLC separation of ginkgolic acids was achieved using an Eclipse Plus C18 column (column
temperature: 30 °C). The mobile phase was a mixture of acetonitrile and 0.4 % (v/v) phosphoric acid solution
(90:10), and the flow rate was 1 mL-min"'. The injection volume was set at 20 pL and the detection wavelength
was 310 nm. 3.66 mg ginkgolic acids were dissolved in 10 mL methanol, and used as standard solutions. The
statistical confidence values for the linearity of the calibration lines for C13:0, C15:1, C17:2, C15:0, and C17:1
are given in Figure 6. Total ginkgolic acids (TGA) were calculated as follows: TGA (%) = (C0O x A1 x V1)/(A0 x
M1) x 100. CO (mg mL™") is concentration of ginkgoneolic acid (control); Al is the peak area of TGA in samples;
V1 (mL) is the volume of extracted solution; AO is the peak area of ginkgoneolic acid; M1 (g) is weight of
samples.

2.7 Statistical Analysis

Statistical analyses were performed by one-way analysis of variance (ANOVA), and mean differences were
compared by the lowest standard deviations (L.S.D.) test using SPSS 19.0. Data are presented as means+SD.

3. Results and Discussion
3.1 Generation of the Variety “ZY 1~

Fifteen core Ginkgo varieties were collected from 5 provinces in China, including Shandong, Jiangsu, Zhejiang,
Hebei, and Guangxi. Of them, two-year-old “Anlu 1” plants were irradiated by “°Co-y ray at dose of 100 Gy.
This dose was relatively high, similar to those applied in Arabidopsis and wheat (Wi et al., 2007; Raut & Sainis,
2012), in order to produce more morphology-changed mutants. 220 irradiated plants were grown in the field for
phenotypic observation. A branch of an irradiated plant was found to be different from others after two year of
growth and was then propagated by cuttings. This variety was consistent and stable in three-year field tests and
therefore named as “ZY 17

3.2 Physiological Characteristics of the Variety “ZY 1~

The variety “ZY 1” had diverse phenotypic changes relative to “Anlu 1” (control, CK). It had no branches but
3.65-fold more buds in the main stem than CK (Figures 1A-C). This suggests that the variety “ZY 1” has
potential advantages for high density plantings and mechanized harvest due to its only main stem. Actually, our
field tests revealed that the suitable planting density of “ZY 1” may be up to 75 x 10° plants/hm®, which was
drastically higher than that of CK (“Anlu 17, 50 x 10 plants/hm?).

“ZY 17 grew significantly faster than CK every year. Four-year-old “ZY 1” plants were 4 m in height and
increased by 48.2% than CK (Figure 1D). It’s known that the leaves of the ginkgo should be sampled for
application in 4-7 years of growth, when both yield and major components (flavonoids and terpenoids) are
optimal (Gu et al., 2011). Therefore, the fast-growing property of “ZY 1” is helpful for shortening the material
period.
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Figure 1. Phenotypes of the varieties “ZY 1” and CK (Control, “Anlu 17)

Note. (A) Two-year-old plants after grafting. (B, C) Numbers of buds in the main stems of two-year-old “ZY 1”
and CK. (D) Height of “ZY 1” and CK plants after 1-4 year of growth. At least 20 plants for each variety are
analyzed in (c-d). Data are means of three independent measurements and error bars indicate standard deviations.
*p < 0.05 (z test). Bar =2 cm.

Measurement of leaf parameters indicated that “ZY 1” had increased leaf length (155.6%), leaf width (133.1%)
and leaf thickness (144.1%) compared with CK, which were correlated with the increases in leaf area and leaf
fresh weight (Figures 2A-2C). Moreover, “ZY 1” had 7.9 whorled leaves, whose number was more than CK (4.8)
(Figures 2D and 2E). Consistent with these results, leaf yield per plant in “ZY 1” was 938.5 g, which was higher
by 54.9% than that in CK (605.6 g). Our data showed that leaf fresh weight and leaf yield per plant of “ZY 1”
were separately higher by 35% and 5.26-fold than those of the recommended variety (Cao et al., 2011). Further
prediction of leaf yield per unit based on leaf yield per plant and planting density indicated that “ZY 1” has the
ability of producing 65.7 t leaves per hm?, which is 2.17-fold higher than CK.
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Figure 2. Morphology of “ZY 1” and CK leaves

Note. Leaf parameters (A-C) and whorled leaves numbers (D, E) of two-year-old “ZY 1” and CK plants. Ten
plants and twenty leaves in each plant were analyzed. Data are means of three independent measurements and
error bars indicate standard deviations. * p < 0.05.

3.3 Measurement of Flavonoids and Terpenoids Contents in “ZY 1" Leaves Extract

Leaves of 2.5-year-old “ZY 1” and CK plants were sampled in October for detecting two major benefit
components flavonoids and terpenoids contents following the method described in China Pharmacopoeia 2015
Edition. Total flavonoids content in “ZY 1” leave extract was 12.09+0.03 g/kg, which was higher by 28.3% than
that in CK leave extract (9.44+0.45 g/kg) (Figure 3). Their glycosidic forms of quercetin (Q) and isorhamnetin (I)
contents in “ZY 1 leave extract were separately 2.50+0.02 g/kg and 0.78+0.01 g/kg, and correspondingly higher
by 48.2% and 36.7% than those in CK. However, there was no detectably difference for kaempferol (K) content
(0.52+0.03 g/kg) between the two varieties. The Q/K/I ratio of CK was 1/0.87/0.33, which was consistent with
the previous report that the Q/K/I ratio is in the range of 1/0.8-1.2/not less than 0.1 (Song et al., 2010). In
contrast, the Q/K/I ratio in “ZY 1” was 1/0.63/0.31. The percentage of kaempferol content was obviously lower.
This may be resulted from the differences in growing location of Ginkgo, harvest season or processing
conditions (Song et al., 2010).
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Figure 3. Typical HPLC-UV phytochemical fingerprint profiles of standards (A) and leaves extracts of
2.5-year-old “ZY'1” (blue) and CK (black) plants (B, C) showing flavone glycosides in unhydrolyzed form

Note. Peak legend: 1: quercetin, 2: kaempferol, 3: isorhamnetin. All data are presented as means of three
replicates. " p <0.05, " p <0.01.

Total terpenoids content in “ZY 1 leave extract was 3.234+0.08 g/kg, and higher by 50% than CK (2.16=0.05
g/kg) (Figure 4). Bilobalides, ginkgolide A, ginkgolide B and ginkgolide C contents in “ZY 1” leaves extract
were individually 0.36+0.02, 0.16+£0.01, 0.20+0.01 and 0.26+0.07 g/kg, and correspondingly higher by 28.6%,
70.4%, 25% and 85.7% than those in CK. Together, these results showed that “ZY 1” had higher levels of
flavone glycosides and terpenoids than “Anlu 1”.
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Figure 4. HPLC analysis of standards (A) and leaves extracts of 2.5-year-old “ZY 1 (blue) and CK (black) plants
(B, C) showing four terpenoid components

Note. Peak legend: 1: bilobalides, 2: ginkgolide C, 3: ginkgolide A, 4: ginkgolide B. All data are presented as
means of three replicates. ~ p <0.05, " p <0.01.

3.4 Measurement of Ginkgolic Acid Derivatives Content in “ZY 1" Leaves Extract

The undesired compounds ginkgolic acid derivatives of Ginkgo leaves extract were further examined in the
samples described above (Figure 5). Total ginkgolic acids content in “ZY 1” leaves extract was 4.41+£0.20 g/kg,
and lower by 3.05-fold than that in CK (13.34+0.13 g/kg). The contents of C13:0 ginkgolic acid, C15:0
ginkgolic acid, C15:1 ginkgolic acid, C17:1 ginkgolic acid and C17:2 ginkgolic acid were individually
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1.2540.08, 0.15+0.01, 1.31+0.06, 1.56+0.07 and 0.14+0.00 g/kg, which were correspondingly lower by 12.6%,
65.9%, 76.2%, 72.2% and 58.8% than those in CK. It’s known that a small quantity of ginkgolic acids in Ginkgo
leaves extract can provoke allergic reactions due to their similarity to the highly allergenic urushiol (van Beek &
Montoro, 2016). Therefore, ginkgolic acids in Ginkgo leaves extract are defined as the marker for safety
detection in leaf application. In the current European Pharmacopoeia (Ph. Eur) 9.0 and United States
Pharmacopoeia (USP) 39, the concentration of ginkgolic acids in standardized Ginkgo leaves extract is limited to
below 5 pg/g. Our current data showed that “ZY 17 had significantly lower levels of ginkgolic acid derivatives
than CK, which largely promotes its potential value of application.
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Figure 5. HPLC analysis of mixed standard (A) and leaves extracts of 2.5-year-old “ZY1” (blue) and CK (black)
plants (B, C) showing five ginkgolic acid derivatives

Note. Peak legend: 1: C13:0 ginkgolic acid, 2: C15:1 ginkgolic acid, 3: C17:2 ginkgolic acid, 4: C15:0 ginkgolic

acid, 5: C17:1 ginkgolic acid. All data are presented as means of three replicates. “ p < 0.05, " p < 0.01.

4. Conclusions

There is lack of good Ginkgo varieties for leaf application to date. In this study, we cultivated a Ginkgo variety
“ZY 1” by “Co-y radiation. This variety grows faster and has higher leaf yield than the variety “Anlu 1”. More
importantly, “ZY 1” leaves extract contains higher levels of benefit components flavonoids and terpenoids but
lower lever of undesired compounds ginkgolic acids. Therefore, the variety “ZY 1” has a high value of practical
application.

Acknowledgements

This study was supported by Major Basic Research Project of Shandong Natural Science Foundation
(ZR2018ZC0335), Science and Technology Service Network Initiative of CAS (kfj-brsn-2018-6-006), Qingdao
People’s Livelihood Science and Technology Project (16-6-2-31-nsh), Qingdao Applied Basic Research Project
(16-5-1-75-jch), Youth Innovation Promotion Association of CAS (2017254), the Taishan Scholar Program of
Shandong, and the Leading Talents of Innovation and Entrepreneurship in Qingdao.

References
Appenroth, K. J., Borisjuk, N., & Lam, E. (2013). Telling duckweed apart: Genotyping technologies for the

Lemnaceae. Chinese Journal of Applied Environmental Biology, 19(1), 1-10. https://doi.org/10.3724/SP.J.
1145.2013.00001

Cao, F. L., & Yu, W. W. (2011). Practical techniques for high yield cultivation of Ginkgo biloba (pp. 45-49).
China Forestry Publishing House, China.

Cao, Y., Bie, T., Wang, X., & Chen, P. (2009). Induction and transmission of wheat-Haynaldia villosa
chromosomal translocations. Journal of Genetics and Genomics, 36(5), 313-320. https://doi.org/10.1016/
S1673-8527(08)60120-4

Dubber, M. J., & Kanfer, I. (2004). High-performance liquid chromatographic determination of selected
flavonols in Ginkgo biolba solid oral dosage forms. Journal of Pharmacy and Pharmaceutical Science, 7,
303-309.

120



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 10; 2018

Gu, X. R, Jiang, Y. N., Ni, Y. L., & Jia, H. (2017). Research progress on breeding and cultivation of ginkgo
biloba for leaf use in china. Chinese Traditional and Herbal Drugs, 48, 3218-3227.

Hori, T., Ridge, R. W., Tulecke, W., Del Tredici, P., Trémouillaux-Guiller, J., & Tobe, H. (1997). Ginkgo
Biloba-A Global Treasur (pp. 243-50). Springer-Verlag, Japan. https://doi.org/10.1007/978-4-431-68416-9

Liu, C, Li, X., Zhang, J., Lin, D., & Dong, Y. (2012). Characteristics and molecular mapping of a novel
chlorophyll-deficient yellow-leaf mutant in rice. ¥i Chuan, 34(2), 223-229. https://doi.org/10.3724/SP.J.
1005.2012.00223

Liu, Z. H., & Zheng, S. (2009). Cytotoxicity of ginkgolic acid in HepG2 cells and primary rat hepatocytes.
Toxicology Letters, 187(3), 131-136. https://doi.org/10.1016/j.tox1et.2009.02.012

Manova, V., & Gruszka, D. (2015). DNA damage and repair in plants-from models to crops. Frontier in Plant
Science, 6, 885. https://doi.org/10.3389/fpls.2015.00885

Pan, X., Fang, Y., Yang, X., Zheng, D., Chen, L., Wang, L., ... Zhang, W. (2017). Chromatin states responsible
for the regulation of differentially expressed genes under “’Co-y ray radiation in rice. BMC Genomics, 18(1),
778. https://doi.org/10.1186/s12864-017-4172-x

Raut, V. V., & Sainis, J. K. (2012). “’Co-y radiation induces differential acetylation and phosphorylation of
histones H3 and H4 in wheat. Plant Biology, 14(1), 110-117.

Singh, B., Kaur, P., Gopichand, Singh, R. D., & Ahuja, P. S. (2008). Biology and chemistry of Ginkgo biloba.
Fitoterapia, 79(6), 401-418. https://doi.org/10.1016/j.fitote.2008.05.007

Song, J., Fang, G., Zhang, Y., Deng, Q., & Wang, S. (2010). Fingerprint analysis of Ginkgo biloba leaves and
related health foods by high-performance liquid chromatography/electrospray ionization-mass spectrometry.
Journal of AOAC International, 93, 1798-1805.

The State Pharmacopoeia Commission of P. R. China. (2015). People’s Medical Publishing House, China.

Van Beek, T. A., & Montoro, P. (2009). Chemical analysis and quality control of Ginkgo biloba leaves extracts
and phytopharmaceuticals. Journal of Chromatography A, 1216(11), 2002-2032. https://doi.org/10.1016/
j.chroma.2009.01.013

van Harten, A. M. (1998). Mutation Breeding: Theory and Practical Applications. Cambridge University Press,
UK.

Weinmann, S., Roll, S., Schwarzbach, C., Vauth, C., & Willich, S. N. (2010). Effects of Ginkgo biloba in
dementia: Systematic review and meta-analysis. BMC Geriatrics, 10(1), 14. https://doi.org/10.1186/
1471-2318-10-14

Wi, S. G, Chung, B. Y., Kim, J. S., Kim, J. H., Baek, M. H., Lee, J. W., & Kim, Y. S. (2007). Effects of gamma
irradiation on morphological changes and biological responses in plants. Micron, 38(6), 553-564.
https://doi.org/10.1016/j.micron.2006.11.002

Zuo, W., Yan, F., Zhang, B., Li, J., & Mei, D. (2017). Advances in the studies of Ginkgo biloba leaves extract on
aging-related diseases. Aging Disease, 8(6), 812-826. https://doi.org/10.14336/AD.2017.0615

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).

121



