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ABSTRACT 

The standard extract of Ginkgo biloba leaves (EGb761) is being clinically 

used in Europe for the treatment of impaired cerebral function in primary 

degenerative disorders such as Alzheimer disease (AD) and vascular dementia. 

The abnormal production and aggregation of amyloid β peptide (Aβ) and the 

deposition of fibrils in the brain is considered as key steps in the onset of AD. For 

this reason, the inhibition of Aβ aggregation and the destabilization of preformed 

fibrils have been identified as effective approaches for the prevention and 

treatment of AD. EGb761 mainly contains three categories of components: 

flavonol glycosides (FGs), terpene trilactones (TTLs), and catechins and 

procyanidins. Among them, only TTLs have been evaluated for the inhibition 

towards Aβ aggregation, and the effects were much weaker than that of the extract. 

It was suggested that EGb761 should contain several other compounds that are 

responsible for this activity. 

In the current study, we have conducted a comprehensive investigation of the 

generally chemical and bioactive properties of the compounds belonging to all 

three of the major component categories present in EGb761. We aimed to identify 

the compounds responsible for the inhibitory activity exhibited by EGb761 

towards Aβ42 aggregation and the destabilization of preformed fibrils. The results 

can be summarized as follows. 

Seven major FGs were isolated from EGb761 and determined to be quercetin 

3-O-α-(6′′′-p-coumaroyl glucopyranosyl-β-1,2-rhamnopyranoside (1), kaempferol 

3-O-α-(6′′′-p-coumaroyl glucopyranosyl-β-1,2-rhamnopyranoside) (2), quercetin 

3-O-β-D-rutinoside (3), quercetin 3-O-α-L-(β-D-glucopyranosyl)-(1,2)-

rhamnopyranoside (4), isorhamnetin 3-O-β-D-rutinoside (5), kaempferol 3-O-β-

D-rutinoside (6), and kaempferol 3-O-α-L-(β-D-glucopyranosyl)-(1,2)-

rhamnopyranoside (7) by structural analysis. Four catechins and two procyanidins 

were also found in EGb761 and identified as catechin, epicatechin, gallocatechin, 

epigallocatechin,  procyanidins B1 and B3. 

The inhibitory activities of these compounds and four major TTLs (i.e., 

ginkgolides A, B, and C and bilobalide) towards Aβ42 aggregation were evaluated 

using a thioflavin T fluorescence assay. The results revealed that catechins and 

procyanidins compounds exhibited significant inhibitory activities with IC50 

values in the range of 3-16 μM, and those of the procyanidins were stronger. 

Three of the FGs (FG1, FG3 and FG4) showed moderate inhibitory activities, 

with IC50 values in the range of 30-70 μM, whereas the other four FGs (i.e., FG2, 

FG5, FG6 and FG7) and the four TTLs showed much weaker activity. The 

catechins and procyanidins also showed potent activities towards the 

destabilization of preformed Aβ fibrils. Based on these results, we established 

several structure-activity relationships (SARs) that specific structural groups, as 

well as the number and position of hydroxyl groups, the linking sequences of the 

sugar moieties, and the three dimensional conformations of the compounds were 
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important to their inhibitory activity. We also established quantitative analysis of 

all these tested compounds and simultaneously determined their contents in the 

Ginkgo extracts.  

In addition, total FGs, total TTLs, and total catechins and procyanidins were 

prepared by column chromatography. Similarly, they were also quantitatively 

analyzed and their inhibitory activities towards Aβ42 aggregation were evaluated. 

The results showed that total catechins and procyanidins exerted much stronger 

activity than total FGs and total TTLs. Comprehensive assessment of their 

activities and contents in the extract indicated that the contribution of the FGs was 

almost twice that of the catechins and procyanidins, which indicated that they 

played an important role in the effect of the extract. TTLs alone could barely 

contribute to the EGb’ effect and probably exerted their influence through the 

synergistic effect with FGs, which was speculated from the study. 

In conclusion, the current study has shown that the catechins and 

procyanidins present in EGb761 possessed potent ability to inhibit Aβ aggregation 

and destabilize preformed fibrils. FGs made a significant contribution to 

EGb761’s inhibitory activity towards Aβ aggregation and its neuroprotective 

effects. Furthermore, the SAR study provide evidences for further research and 

development of Ginkgo products and drugs designed to target Aβ aggregation or 

the destabilization of preformed fibrils. Despite their low contents in EGb761 and 

related products, catechins and procyanidins, and even proanthocyanidins deserve 

further study because of their potent effects towards Aβ aggregation and the 

destabilization of preformed fibrils, which could have a significant impact on the 

quality control of Ginkgo leaves and Ginkgo products. 
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CHAPTER 1 INTRODUCTION AND DESIGN OF THE 

RESEARCH 

1.1 General Introduction to Alzheimer’s Disease 

Alzheimer’s disease (AD) was named after Alois Alzheimer, the German 

neuropathologist who presented the first case of this disease in 1906. This disease 

is defined as a disorder with a gradual onset leading to a significant impairment in 

cognitive function, which continues to decline over time (DSM-IV, 1994) (Ralph 

& Brigitte, 2002) and has been regarded as an irreversible, progressive 

neurodegeneration of the central nervous system that gradually destroys cognitive 

function and eventually leads to dementia.  

It was reported by the organization of Alzheimer’s Disease International 

(Bastch et al., 2012) that there were 36 million people all over the world living 

with dementia in 2010, and was estimated to increase to 66 million by 2030 and 

115 million by 2050, with an average annual increase of 16.15 million cases, 

unless there is a cure or a treatment that delays the onset or progression of the 

disease. The global cost of dementia in 2010 was about 604 billion dollars, 

equivalent to 1% of global GDP (Bastch et al., 2012). As the most common form 

of dementia, AD represents above half of all such cases. It is estimated by the 

Alzheimer’s Association that 5.2 million Americans of all ages have AD in 2014, 

including approximately 5 million people age 65 and above, and estimated 

200,000 individuals less than 65 years of age (Selkoe et al., 2012). The number 

will increase up to 7.7 million by the year 2030.  
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AD shows an increased prevalence related to age, starting at 3% in persons 

aged 65-74 years and increasing to 19% in persons aged 75-84 and high up to an 

estimated 47% in the aged (>85 years) (Ralph & Brigitte, 2002). In addition, it is 

proposed that AD is more prevalent in female than in males in later life because of 

higher life expectancy of women than man. However, no significant difference 

between the percentage of men and women who develop AD was found in many 

studies of the age-specific incidence of AD (Ralph & Brigitte, 2002). 

AD is divided into two types, one with early onset (< 65 years) and another 

one with late onset (> 65 years), based on the age of patients at disease onset. 

The etiology of AD still remains unclear now, but it is likely to be the result 

of both genetic and environment factors (Selkoe et al., 2012). The principal 

neuropathlogical hallmarks of AD involve regionalized neuronal death, diffuse 

extracellular senile plaques in brain and intraneuronal neurofibrillary tangles. In 

the past three decades, the “amyloid hypothesis” for AD has been supported by 

innumerable strong evidences drawn primarily from three disciplines: 

neuropathology, genetics, and biophysics. Imbalance between production and 

clearance, and aggregation of Aβ is regarded to play a crucial role in onset and 

progression of the disease (Sisodia & Tanzi, 2007). Recently, misfolding of 

another protein, Tau, was established to be in the pathogenesis of AD ((Selkoe et 

al., 2012; Iqbal et al., 2014). 
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1.2 General Introduction to Amyloid-β Peptide (Aβ) and Aβ 

Aggregation  

Amyloid β peptide (Aβ) is a 36-43 amino acid peptide derived from the 

amyloid precursor protein (APP), a large, transmembrane protein concentrated in 

the synapses of neurons. Proteolytic cleavages of APP undertaken in two 

pathways lead to two different results (Hugh & Chris, 2006). In the first pathway, 

cleavage at the amino terminus by enzyme β-secretase and at the carboxyl 

terminus by enzyme γ-secretase produces the neurotoxic Aβ. On the contrary, in 

the second pathway, cleavage at the carboxyl terminus by enzyme α-secretase 

produces the neuroprotective sAPPα fragment (Figure 1-1) (Hugh & Chris, 2006). 

 

 

 

 

 

 

 

 

 

 

Figure 1-1.  Cartoon depicting the proteolytic processing of amyloid precursor 

protein (APP) via non-amyloidogenic (left) and amyloidogenic (right) cleavage 

In most cell types, a minority of all APP molecules undergoes α-secretory 

cleavage, so that many APPs left could be subjected to the alternative cleavages 
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that lead to Aβ formation. Depending on the exact position within the carboxyl 

terminus of cleavage by γ-secretase occurs, different forms of Aβ peptides varied 

in length are produced. Aβ exists predominantly in two forms: Aβ40 (Figure 1-2) 

and Aβ42 (Figure 1-3). Aβ42 is normally produced by cells in much lower 

quantities than Aβ40, which presents roughly 90% of total secreted Aβ (Selkoe DJ, 

1999). 

 

Figure 1-2.  The primary sequence of Aβ40 

 

Figure 1-3.  The primary sequence of Aβ42 

Aβ is crucially involved in AD because the extracellular senile plaques 

presented pathologically in AD brain lesions are laden Aβ cores and these cores 

were surrounded by dystrophic neurites. The Aβ cores were found to be 

principally composed of Aβ42. Aβ42 is more prone to aggregate than Aβ40 

(Burdick, 1992), and in vitro study has shown that Aβ42 is more neurotoxic than 

Aβ40. 
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Aβ can aggregate over time to produce senile plaques. During the period it 

also evokes numerous neurotoxic effects, some of which may require a degree of 

oligomerization. Preparations made from synthetic Aβ are capable of killing 

neurons in cell culture. Neurotoxic activity requires peptide aggregation, because 

the solution of monomeric Aβ was innocuous, but neurotoxicity increased with 

time developing (Chromy et al., 2003). Aggregation of synthetic Aβ in vitro is 

demonstrated to be a complicated process, more than a simple conversion of 

soluble monomer to fiber involved. Non-fibrillar aggregates such as Aβ low 

molecular weight oligomers, Aβ-derived diffusible ligands (ADDLs) and proto-

fibrils are intermediates detected during fibril formation (Takahashi & Mihara. 

2008; Colin et al., 2012) (Figure 1-4, reproduced from the reference Colin et al., 

2012). Nevertheless, how Aβ aggregation is initiated in vivo remains unclear now. 

 

Figure 1-4.  Schematic representation of the aggregation of Aβ monomer forming 

a random coil structure into amyloid fibrils composed of cross β-sheet structures 

via several metastable oligomers  

Early studies of Aβ40 and Aβ42 have shown that neurotoxicity was dependent 

on their fibrillar aggregates. Lately, in vitro and in vivo studies demonstrated that 
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soluble, oligomeric forms of Aβ exert much more potent neurotoxic activities by 

killing mature neurons and acting upon particular neural signal transduction 

pathways (Lambert, 1998). This may be the proximal effectors of the neuronal 

injury and death occurring in AD (Bitan, 2001). 

On the other hand, Aβ can be degraded by enzymes such as neprilysin, 

insulin degrading enzyme or endothelin converting enzyme (Turner, 2004). The 

net balance of production versus degradation and clearance will determine levels 

present in cerebrospinal fluid. 

Taken together, Aβ peptide is prone to form aggregates, whose multiple 

forms can induce a complex and multifaceted toxicity, such as neurotoxicity, 

inflammation and oxidative damage. It is widely accepted that imbalance between 

production and clearance of Aβ, and aggregation of Aβ to be crucial for the onset 

and progression of AD.  

On the basis of understanding of Aβ production, aggregation and consequent 

toxicities, potential therapeutic strategies for AD targeting Aβ have been 

developed (Figure 1-5, reproduced from the reference Di Carlo, 2010). Anti-

aggregation agents are developed to prevent Aβ from aggregating or clear 

aggregates once they are formed. Immunotherapies try to stimulate the host 

immune system to prevent plaque deposition or enhance clearance of plaques. For 

example, β- and γ-secretase inhibitors aim at the decrease of Aβ production, and 

natural molecules, metal chelators and β-sheet breaker peptides (BSB) are used to 

disrupt Aβ aggregation (Di Carlo, 2010).  
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Figure 1-5.  Scheme indicating the production and aggregation of Aβ and its 

effect on cellular mechanisms and the potential action of some therapeutic agents 

For a long time, intense research effort has been directed to investigate small 

natural organic molecules that selectively inhibit Aβ aggregation or promote Aβ 

fibrils disaggregation as approaches for prevention or treatment of AD (De Felice, 

2001). 

 Cavalli et al. (2007) reported a new drug candidate, memoquin, which was 

designed to mainly direct toward Aβ and aimed at creating multifunctioning 

molecules to interfere with different key targets points of AD neurodegeneration 

(Cavalli et al., 2007). It can inhibit self-assembly of Aβ42 significantly by 95.5% 

at the concentration of 50μM, whereas the marketed AD drug Galantamine did not 

show any significant inhibitory activity under the same conditions. It was also 

able to decrease the formation of free radicals as a radical scavenger. Furthermore, 

it was demonstrated that administration of memoquin caused a complete reduction 

in Aβ expression and markedly decreased Aβ deposits in AD11 mice, a 
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comprehensive animal model for AD. Memoquin exhibited its efficacy to rescue 

the behavioral deficits linked to attention and memory in different animal models. 

Together, memoquin showed the activity against the formation of reactive oxygen 

species, Aβ aggregation and inhibiting AChE which can induce Aβ aggregation. 

Therefore, memoquin was considered as a breakthrough drug candidate valuing 

the multi-target strategy to address the biological complexity of cognitive 

dysfunction in AD ( Bolognesi et al., 2009; 
 
Capurro et al., 2013). 

In the past few years, various in vitro assays were performed that directly 

linked certain polyphenols with the inhibitory effect of amyloid fibril formation. 

Porat et al. (2006) reviewed that several small polyphenol molecules such as 

NDGA, curcumin, quercetin, tannic acid etc. remarkably inhibited the formation 

of fibrillar assemblies in vitro and their associated cytotoxicity (Porat et al., 2006). 

Some anti-Parkinsonian agents, dopamine, levodopa, pergolide, 

bromocriptine and selegiline were demonstrated to dose-dependently inhibit Aβ 

aggregation and destabilize performed fibrils (Ono et al., 2006). 

Morinaga et al. examined the effects of estrogens and related sexual steroids 

on the polymerization, extension and destabilization of fibrils of Aβ40 and Aβ42 in 

vitro (Morinaga et al., 2007). Estriol, estradiol and estrone dose-dependently 

inhibited Aβ Aggregation, as well as destabilization of Aβ fibrils, while related 

sexual steroids had less effects. 
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1.3 General Introduction to Ginkgo biloba and EGb 

The Ginkgo tree, Ginkgo biloba L., also known as the maidenhair tree, is the 

last remaining member of the family Ginkgoaceae, which once included many 

species. It has survived in China for more than 200 million years, and was brought 

to Europe in 1730’s and to America in 1780’s (Tracy, 2007). It is now cultivated 

ornamentally worldwide in cool to subtropical regions.  

Ginkgo biloba L., is a gymnosperm and deciduous tree, often up to 40 meters 

tall and 3- 4 meters in diameter when mature. It blooms during March to April and 

its seeds (Figure 1-6) mature during August to November (Herbalist, 2003). 

  

Figure 1-6.  Ginkgo leaves（銀杏葉） (left) and Ginkgo seeds（白果） (right) 

In traditional Chinese medicine, the Ginkgo seed has been used for nearly 

700 years. Medical use of the seed was first mentioned in Ri Yong Ben Cao 

composed by Wu Rui (1331 AD), and was introduced to Compendium of Materia 

Medica (1578 AD). The usage of the leaves (Figure 1-6) for the treatment of 

diarrhea and dysentery was first mentioned in Ben Cao Pin Hui Jing Yao (《本草

品匯精要》) edited by Liu Wentai (1505 AD) (Herbalist, 2003). Ginkgo biloba L. 

leaves and the extract of Ginkgo biloba L. leaves (abbreviated as EGb) were 

introduced into Chinese Pharmacopoeia (2000) (Pharmacopeia Commission of 
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PRC, 1999) and Chinese Pharmacopoeia 2005 (Pharmacopeia Commission of 

PRC, 2004), respectively. Now, the seeds, leaves of Ginkgo biloba L., together 

with EGb have been officially recorded in Chinese Pharmacopoeia (2010) 

(Pharmacopeia Commission of PRC, 2009). The action of the leaves is prescribed 

in Chinese Pharmacopoeia to astringe the lung qi, relieve dyspnea, activate blood 

circulation, eliminate the blood stasis and relieve pain.  

As mentioned above, EGb is the abbreviation of extract of Ginkgo biloba L. 

leaves. EGb761 is a standardized extract of Ginkgo biloba L. leaves manufactured 

by companies in Germany and France, following a patented manufacturing 

process. Products of EGb761 have been available as prescription or over-the-

counter medicine in Europe. In France, EGb761 (marked as tanakan
®
) is an 

approved prescription drug reimbursable through the national health care system. 

It’s widely used for the treatment of a wide range of vascular and cognitive 

disorders in Europe and China, which is listed in detail in Table 1-1. It is now 

classified as a dietary supplement in the United States and Japan (Herbalist, 2003). 

The standard procedure of EGb761 includes leaf extraction, lipid removal, 

active ingredient enrichment, polyphenols removal, liquid-liquid extraction, 

precipitation, drying, milling and mixing. The concentrated extract (50:1 ratio of 

dried leaves to final extract) is standardized to contain 24%-27% flavonol 

glycosides, 6%-7% terpene trilactones (2.8%-3.4% ginkgolides A, B, and C, and 

2.6%-3.2% bilobalide).  

There are more than 500 kinds of EGb preparations on the market, in a 

number of dosage forms (Tracy & Kingston, 2007). Most commercially prepared 
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dosage forms are standardized to contain approximate 24% flavonoids and 6% 

terpenes (van Beek & Montoro, 2009). 
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Table 1-1. Single herbal preparations of Ginkgo and international regulations
 

Names Ingredients Indications 

For sale in pharmacies 

without prescription in 

Germany 

EGb761 

Symptomatic treatment of organic brain disorders related to mental performance, as part of a 

general therapeutic concept in cases of demential syndromes with the following main symptoms: 

memory deficits, poor concentration, depression, vertigo, tinnitus, and headache;  

For improvement of pain-free  walking distance in peripheral arterial occlusive disease and 

intermittent claudication; Vertigo of vascular and involutional origin and as an adjuvant therapy 

for tinnitus of similar etiology 

Drug in France: 

Tanakan
®

 
EGb761 

Cerebral circulatory insufficiency and its functional manifestations (vertigo, headache, decrease in 

memory, decrease in intellectual capacity); Alzheimer’s disease; 

Symptomatic treatment of intermittent claudication in chronic obliterating arteriopathies of the 

legs (at stage 2); Improvement of Raynaud’s phenomenon; Proposed in certain vertiginous and /or 

aural syndromes, certain cases of hearing loss presumed to be of ischemic origin; Proposed in 

retinal deficits due to a likely ischemic mechanism. 

An extract equivalent 

to EGb761 in WHO EGb761 

Symptomatic treatment of mild to moderate cerebrovascular insufficiency (dementia syndromes) 

with symptoms such as memory deficit, disturbed concentration, depression, tinnitus, vertigo, and 

headache. 

Prescription drug (Rx) 

and OTC in Mexico 
EGb761 

Rx : Cerebral circulatory insufficiency including dementia; peripheral circulatory disturbances; 

neurosensory disorders such as vertigo and tinnitus  

OTC: Memory deficits; decreasing mental capacity and concentration; vertigo 
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Continued 

Names Ingredients Indications 

Prescription drug (Rx) and OTC 

in Mexico 
EGb761 

Rx : Cerebral circulatory insufficiency including dementia; peripheral circulatory 

disturbances; neurosensory disorders such as vertigo and tinnitus 

OTC: Memory deficits; decreasing mental capacity and concentration; vertigo 

Prescription drug in Australia: 

Ceremin
®
, Tebonin

®,
 Tebofortan

®
  

EGb761 Dementia; Peripheral arterial disease; Vertigo; Tinnitus 

Prescription drug in Argentina EGb761 
Disturbances of cerebral performances; supportive treatment in cases of impaired 

hearing due to cervical syndrome; peripheral arterial circulatory disturbances 

Prescription drug in Greece EGb761 Dementia  

Prescription drug in Brazil EGb761 
Cerebral insufficiency including dementia, peripheral arterial occlusive disease, 

vertigo, and tinnitus 

Prescription drug in Belgium EGb761 Dementia  

Prescription drug in Netherlands: 

Tavonin
®
  

EGb761 Peripheral arterial occlusive disease  

Prescription drugs in China EGb 

Chest impediment, heart pain, stroke, hemiplegia and dysphasia due to blockage of 

meridians by stagnated blood; angina pectoris of the stable type in coronary heart 

disease and cerebral infraction with above symptoms.  
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1.4 Clinical Applications of EGb 

Extracts of Ginkgo biliba leaves have been used for the treatment of a wide 

range of vascular and cognitive disorders. Primary clinical application is for 

dementia and peripheral arterial occlusive disease (pAOD). 

1.4.1 Treatment for Dementia and Cognitive Function  

On the grounds of proven clinical efficacy, EGb761 has been approved by the 

German Federal Health Authority for the symptomatic treatment of impaired 

cerebral function in dementia syndromes. The main indications are primary 

degenerative dementia, vascular dementia and mixed forms, with symptom 

complex of memory deficits, poor concentration, depression, vertigo, tinnitus, and 

headache. The approved dosage is 120 to 240 mg daily in 2 or 3 doses for 8 weeks 

or more. 

Among various types of dementia, AD dementia and vascular dementia are 

the most frequent forms, often existing simultaneously on the same patient. AD 

dementia results from neurodegeneration, while vascular dementia is caused by 

arteriosclerosis or ischemia and consequent inadequate supply of blood to the 

brain (i.e., cerebral insufficiency). 

It is important to note that the clinical trials regarding the use of EGb in the 

treatment of primary dementia and cerebral insufficiency went through two 

important periods.  

The first stage was between 1975 and 2002, when more than 40 controlled 

trials were published. Many of these clinical trials have been evaluated in the 

various reviews and meta-analyses later. Details of these clinical trials and 
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relevant reviews and meta-analyses were summarized (Herbalist, 2003). In brief, a 

majority of double-blind RCT trials in the early days showed that EGb761
®
 was 

superior to the placebo in improving symptoms of dementia and the improvement 

of the patients is more evident than that of the healthy. The positive outcomes lend 

supports for the effectiveness of EGb761 to alleviate the neurodegenerative, 

vascular and mixed forms of dementia symptoms. 

 When came to the 21
st
 century, National Institutes of Health (NIH) and 

National Center for Complementary and Alternative Medicine (NCCAM) 

sponsored 2 well-powered long-term clinical trials during the past decade, one in 

the United States, the other one in Europe. The research aims at investigating the 

effectiveness of the herb to prevent the onset of dementia (especially AD 

dementia), to slow cognitive decline and functional disability, and to decrease 

cardiovascular disease incidence or premature death rate. In brief, it is expected to 

find out an effective prevention or therapies for increasing patients with dementia 

all over the world on the basis of adequately powered clinical trial evidence. 

The first completed trial (DeKosky et al., 2009), the Ginkgo Evaluation of 

Memory (GEM) study, was conducted in 5 academic medical centers in United 

States between 2000 and 2008 with a median follow-up of 6.1 years. Three 

thousand six-nine community volunteers participated in the randomized trial. All 

participants aged 75 years or above, and most of them had normal cognition (n = 

2587) while a small proportion had mild cognitive impairment (MCI, n = 482) at 

study entry. Every 6 months, incidence of dementia was assessed. The results 

revealed that oral uptake of Ginkgo biloba at 120 mg twice a day could not reduce 

the overall incidence rate of dementia or AD incidence. The risk of developing 

dementia was not decreased either in the volunteers with normal cognition or 
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those with mild cognitive impairment. In brief, the primary result of the GEM 

study in USA was negative.  

On the other hand, several clinical trials (Ihl et al., 2012; Herrschaft et al., 

2012; Ihl, 2012) conducted in Germany demonstrated the efficacy of a 24mg 

once-daily preparation of EGb761
®
for mild to moderate dementia (AD dementia 

or vascular dementia). The significant and clinically relevant improvement in 

cognition, neuropsychiatric symptoms and functional measures were observed in 

both types of dementia. 

In general, the data relating to the prevention and treatment of AD based on 

the updated clinical trial result remain controversial. A conclusive consensus 

cannot be achieved now. 

1.4.2 Treatment for Cardiovascular Disease 

 Peripheral arterial occlusive disease (pAOD) results in a restriction of the 

blood supply to the skeletal muscles, causing diminished muscular performance.  

A number of studies have been conducted to examine the effects of EGb on 

pAOD and intermittent claudication. Most of studies have been performed with 

daily oral doses of 120 to 160 mg of EGb with beneficial effects observed within 

2 months. The results indicated an overall significant therapeutically relevant 

effect of Ginkgo compared to placebo (Herbalist, 2003; Peters et al., 1998; 

Gardner et al., 2008; Thomson et al., 1990). 
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1.4.3 Other Applications  

EGb has been studied for its efficacy to treat tinnitus, vertigo, glaucoma and a 

variety of retinal problems including loss of visual acuity, diabetic retinopathy, 

cerebroretinal insufficiency and macular degeneration (Herbalist, 2003). 

1.4.4 Side Effects and Cautions 

EGb761 is in general well tolerated by patients despite a very low rate of side 

effects. Mild gastrointestinal upset, headache or allergic skin reactions may occur 

occasionally. Some data suggest that Ginkgo can increase bleeding risk, therefore, 

individuals in conditions of having bleeding disorders, taking anticoagulants or 

having scheduled dental procedures or surgery should be treated with caution 

(Herbalist, 2003; http://nccam.nih.gov/health/Ginkgo/ataglance.htmIntroduction). 

In conclusion, there is compelling clinical evidence suggesting that EGb is 

useful in treating a wide range of symptoms associated with neurodegenerative, 

vascular, and mixed forms of dementia. EGb can improve cognitive function in 

healthy humans and in no-dementia patients with impaired cognitive function. 

Moreover, there is strong evidence that EGb is effective in peripheral arterial 

occlusive disease, intermittent claudication, tinnitus, and vertigo. In addition, EGb 

is clinically indicated for use in ophthalmological diseases such as glaucoma, loss 

of visual acuity, diabetic retinopathy, cerebroretinal insufficiency and macular 

degeneration. 
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1.5 Chemical Constituents of Ginkgo biloba 

Two most groups of pharmacologically important and analytically interesting 

constituents in Ginkgo biloba are the flavonol glycosides and terpene trilactones. 

Ginkgo biloba also contains organic acids and other constituents. 

1.5.1 Flavonoids 

More than 40 genuine flavonoids including flavonols, flavones and flavanols 

have been identified in the leaves of Ginkgo biloba so far. 

(1) Flavonols 

Flavonols in Ginkgo biloba leaves include flavonol aglycones, mono-, di- and 

tri-glycosides. Among them, some acylated flavonol di- and tri-glycosides are 

regareds as characteristic consitituents of Ginkgo biloba leaves. 

The aglycones include quercetin, kaempferol, isorhamnetin, myricetin and 3'-

methylmyricetin (Figure 1-7). All aglycones are present in leaves, with quercetin 

and kaempferol predominating. Mono-, di- and triglycosides (Figure 1-7) were 

isolated from Ginkgo leaves. The di-glycosides are divided into two different 

groups, i.e., the ordinary rutinosides (3-O-(6"-O-(α -L-rhamnosyl)-β-D-glucosyl = 

3-O-rutinoside) and the unique biloside (3-O-(2"-O-(β-D-glucosyl)-α-L-

rhamnosyl = 3-O-biloside). The 3-O-triglycosides were found to possess a 

branched sugar chain. 
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Flavonol aglycones/glycosides R1 R2 R3 R4 

kaempferol H H H H 

quercetin OH H H H 

isorhamnetin OCH3 H H H 

myricetin OH OH H H 

3'-methylmyricetin OCH3 OH H H 

isorhamnetin 3-O-β–D-glucopyranoside OCH3 H glc H 

kaempferol 3-O-β–D-glucopyranoside H OH glc H 

kaempferol 3-O-α-L-rhamnopyranoside H OH rha H 

kaempferol 7-O-β–D-glucopyranoside H OH H glc 

3'-methylmyricetin 3-O-β–D-

glucopyranoside 

OCH3 OH glc H 

quercetin 3-O-β–D-glucopyranoside OH H glc H 

quercetin 3-O-α-L-rhamnopyranoside OH H rha H 

isorhamnetin 3-O-β-D-rutinoside OCH3 H glc-rha H 

isorhamnetin 3-O-α-L-(β-D-

glucopyranosyl)-(1,2)-rhamnopyranoside 

OCH3 H rha-glc H 

kaempferol 3-O-β-D-rutinoside H H glc-rha H 

kaempferol 3-O-α-L-(β-D-glucopyranosyl)-

(1,2)-rhamnopyranoside 

H H rha-glc H 

myricetin 3-O-β-D-rutinoside OH OH glc-rha H 

3'-methylmyricetin 3-O-β-D-rutinoside OCH3 OH glc-rha H 

quercetin 3-O-β-D-rutinoside  OH H glc-rha H 

quercetin 3-O-α-L-(β-D-glucopyranosyl)-

(1,2)-rhamnopyranoside 

OH H rha-glc H 

syringetin 3-O-β-D-rutinoside OCH3 OCH3 glc-rha H 

isorhamnetin 3-O-β–D-[2"-O,6"-O-bis(α-L-

rhamnopyranosyl)]-(1,2)-glucopyranoside 

OCH3 H glc-(rha)2 H 

kaempferol 3-O-β–D-[2"-O,6"-O-bis(α-L-

rhamnopyranosyl)]-(1,2)-glucopyranoside 

H H glc-(rha)2 H 

quercetin 3-O-β–D-[2"-O, 6"-O-bis(α-L-

rhamnopyranosyl)-(1,2)-glucopyranoside] 

OH H glc-(rha)2 H 

Figure 1-7.  Chemical structures of flavonol and its glycosides in Ginkgo 

Acylated flavonol glycosides (Figure 1-8), consisting of di- and tri-glycosides, 

are regarded as characteristic constituents of Ginkgo biloba leaves (Hasler et al., 

1992). The hydroxyl group of the C6 of the glucose unit is esterified by p–

coumaric acid.  
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Acylated flavonol glycoside R1 R2 R3 

kaempferol 3-O-α-L-[6´´´-p-coumaroyl-(β-D)-

glucopyranosyl]-(1,2)-rhamnopyranoside 

H H H 

quercetin 3-O-α-L-[6´´´-p-coumaroyl-(β-D)-

glucopyranosyl]-(1,2)-rhamnopyranoside 

OH H H 

kaempferol 3-O-α-L-[6´´´-p-(β-D-glucosyl) coumaroyl-

(β-D)-glucopyranosyl]-(1,2)-rhamnopyranoside 

H H glc 

quercetin 3-O-α-L-[6´´´-p-(β-D-glucosyl) coumaroyl-(β-

D)-glucopyranosyl]-(1,2)-rhamnopyranoside 

OH H glc 

quercetin 3-O-α-L-[6´´´-p-coumaroyl-(β-D)-

glucopyranosyl-(1,2)-rhamnopyranoside]-7-O-β-D-

glucopyranoside 

OH glc H 

kaempferol 3-O-α-L-[6´´´-p-coumaroyl-(β-D)-

glucopyranosyl-(1,2)-rhamnopyranoside]-7-O-β-D-

glucopyranoside 

H glc H 

isorhamnetin 3-O-α-L-[6´´´-p-coumaroyl-(β-D)-

glucopyranosyl]-(1,2)-rhamnopyranoside 

OCH3 H H 

Figure 1-8.  Chemical structures of acylated flavonol glycosides in Ginkgo 

The first two acylated flavonol di-glycosides were isolated from Ginkgo 

biloba leaves by Nasr et al. for the first time (Nasr et al., 1986; Nasr et al., 1987), 

but rhamnose and glucose are linked actually by C1/C2, which were determined 

by Hasler and confirmed by Kang et al. (van Beek , 2000). The next three 



 

 
21 

acylated flavonol di-glycosides were isolated by Hasler et al (1992). Another two 

acylated flavonol-diglycosides were isolated by Tang et al (2001). 

Quercetin 3-O-α-(6´´´-p-coumaroyl glucopyranosyl-β-1,2-rhamnopyranoside) 

and kaempferol 3-O-α-(6´´´-p-coumaroyl glucopyranosyl-β-1,2-

rhamnopyranoside), were found to account for almost 40% of the peak areas of 

the total flavonoids (Hu et al., 1998). Therefore, both of them can be considered 

as the major constituents of the Ginkgo biloba leaves. 

(2) Flavones 

Luteolin, apigenin and their glycosides luteolin-3´-O-glucoside, apigenin-7-

O-glucoside (Figure 1-9) have been identified in Ginkgo (Hasler et al., 1992).  

O

OOH

OH

R1

R2

 

Flavone aglycones/ glycosides R1 R2 

luteolin H OH 

apigenin H H 

luteolin glycoside O-glc OH 

apigenin glycoside H O-glc 

Figure 1-9.  Chemical structures of flavone aglycones and glycosides in Ginkgo 

In addition, seven biflavones of the amentoflavone-type (Figure 1-10) in 

Ginkgo biloba leaves have been isolated up to now. 
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O

OOH

R1

R3

O

OOH

OH

R4

R2

 

Biflavones R1 R2 R3 R4 

amentoflavone OH OH OH OH 

bilobetin OCH3 OH OH OH 

ginkgetin OCH3 OH OCH3 OH 

isoginkgetin OCH3 OH OH OCH3 

sciadopitysin OCH3 OH OCH3 OCH3 

5'-methoxybilobetin OCH3 OCH3 OH OH 

7-methoxyamentoflavone OH OH OCH3 OH 

Figure 1-10.  Chemical structures of biflavones in Ginkgo 

(3) Flavanols 

Two chiral centers (C2 and C3) possessed by all of flavan-3-ols resulted in 

four optically active forms and two racemates. But only two optically active forms, 

such as (+)-catechin and (-)-epicatechin, were found to exist naturally. Four 

flavanols, i.e., (+)-catechin, (-)-epicatechin, (+)-gallocatechin and (-)-

epigallocatechin were found to exist in Ginkgo (Figure 1-11). 

O

OH

OH
OH

OH

R

OH

O

OH

OH

OH
OH

OH

R

 

 (-)-epicatechin R = H (+)-catechin R = H 

(-)-epigallocatechin R = OH (+)-gallocatechin R = OH 

Figure 1-11.  Chemical structures of flavanols in Ginkgo 
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Proanthocyanidins (PAC) are oligomeric or polymeric flavan-3-ols. The 

monomers units are usually linked by C4/C8'', seldom by C4/C6''. The 

procyanidins (PC) are derivatives of catechin or epicatechin, respectively, while 

prodelphinidins (PD) are derivatives of gallocatechin or epigallocatechin, 

respectively. Weinges found the diastereomers (+)-catechin (C) and (-)-

epicatechin (EC), together with (+)-gallocatechin (GC) and (-)-epigallocatechin 

(EGC) in fresh leaves of Ginkgo biloba (van Beek, 2000). In 1969, they found two 

proanthocyanidins (Figure 1-12) in the ethanolic extract of Ginkgo leaves. 

Stafford found four dimmers, namely, EC-C, C-C, GC-C and EGC-C in Ginkgo 

biloba leaves (Stafford et al., 1986). 

O

OH
OH

O

OH
OH

OH

OH

R2

OH

R1

OH

R1

R2

4

8''

6''

 

Proanthocyanidins R1 R2 

Procyanidins OH H 

Prodelphinidins OH OH 

Figure 1-12.  Chemical structures of proanthocyanidins in Ginkgo 

Qaâdan et al. (2010) provided a protocol to isolate and purify oligomeric 

PAC from acetone/water extract of Ginkgo leaves and two new dimeric 

phloroglucinol adducts, epigallocatechin-(4β→8)-epigallocatechin-(4β→2)-

phloroglucinol and epigallocatechin-(4β→6)-epigallocatechin-(4β→2)-

phloroglucinol were isolated and structurally elucidated (Figure 1-13). 
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Figure 1-13.  Chemical structures of the dimeric phloroglucinol adducts 

1.5.2 Terpenes 

Ginkgo leaves contain different groups of terpenes, namely, terpene 

trilactones (ginkgolides and bilobalide), carotenoids, polyphenols and volatile 

terpenes. Terpene trilactones were found to exist in Ginkgo biloba exclusively. 

(1) Terpene Trilactones 

Terpenes were first isolated from Ginkgo biloba roots in 1932 and structures 

of these compounds named ginkgolides A, B, C, M were determined by 

Maruyama, Terahara, Nakanishi and Woods. Ginkgolides A, B, C and J were also 

found in the Ginkgo leaves (van Beek, 2000). 

Up to date, five ginkgolides, i.e. ginkgolides A, B, C, J and M (Figure 1-14), 

have been isolated from Ginkgo biloba. These compounds only differ in the 

number and position of hydroxyl groups present at C1, C3 or C7. Moreover, 

ginkgolide J exists exclusively in leaves, while ginkgolide M exists exclusively in 

roots. 
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O

O

O

H

R2

H

OH

H

R3

tBu

O

O

R1

O
O

 

Ginkgolides R1 R2 R3 

A OH H H 

B OH OH H 

C OH OH OH 

J OH H OH 

M H OH OH 

Figure 1-14.  Chemical structures of ginkgolides in Ginkgo 

In addition, bilobalide (Figure 1-15), a sesquiterpene trilactone closely related 

to these ginkgolides (diterpene trilactones), was isolated by Major, Weinges and 

Bähr, and elucidated structurally by Nakanishi and Habaguchi (1971). 

OO

H

OH

tBu

O
O

O

OH

H

O

 

Figure 1-15.  Chemical structure of bilobalide in Ginkgo 

(2) Polyprenols  

Polyprenols found in Ginkgo biloba consist of compounds with 14 to 22 

isoprene units (Ibata et al., 1983; Ibata et al., 1984). Among them, the 

predominant compounds contain 17, 18 and 19 isoprene units, including two 

trans-isoprene residues, a sequence of 11-18 cis-isoprene residues and two 
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terminals, namely, ω-terminal of a dimethyl unit and α-terminal of a hydroxylated 

or acylated isoprene unit.  

(3) Carotenoids and Volatile Terpenes (Constituents of Essential Oil) 

Ginkgo biloba leaves contain carotenoids such as α-carotene, γ-carotene, 

lutein and zeaxanthin. Essential oil in the woods of Ginkgo was found to exist in 

minor concentration and was mainly composed of mono and sesquiterpenes, while 

those in the Ginkgo leaves consisted of polycyclic aromatic hydrocarbons, such as 

acenaphthene and 2, 5, 8-trimethyl-dihydronaphthalene etc (van Beek, 2000). 

1.5.3 Alkyl Phenolic Acids and Alkyl Phenols 

Alkyl phenolic acids and alkyl phenols such as anacardic and resorcylic acids, 

cardanols and cardols were found to exist in Ginkgo biloba (van Beek, 2000). 

Anacardic and resorcylic acids belong to the group of 6-alkylsalicylic acids 

with alkyl residues of the size of 13-19 C-atoms and with up to three double bonds 

(Figure 1-16). Being in found in Ginkgo biloba ripe seeds, anacardic acids are also 

called ginkgolic acids and were firstly isolated from Ginkgo biloba leaves in 1968 

(Gellerman & Schlenk, 1968). 
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OH

R1R2

COOH

 

Anacardic acids R1 R2 

6-tridecylsalicylic acid (CH2)12CH3 H 

6-tetradecylsalicylic acid 

(hydroginkgolinic acid) 
(CH2)13CH3 H 

6-pentadecylsalicylic acid 

(hydroginkgolic acid) 
(CH2)14CH3 H 

6-(8-pentadecenyl)salicylic acid 

(ginkgolic acid) 
(CH2)7(CH)2(CH2)5CH3 H 

6-hexadecylsalicylic acid (CH2)16CH3 H 

6-[(9,12)-pentadecenyl]salicylic acid (CH2)8(CH)2CH2(CH)2(CH2)3CH3 H 

6-(8-heptadecenyl)salicylic acid (CH2)7(CH)2(CH2)7CH3 H 

Resorcylic acids   

6-(8-pentadecenyl) resorcylic acid (CH2)7(CH)2(CH2)5CH3 OH 

6-tridecyl resorcylic acid (CH2)12CH3 OH 

Figure 1-16.  Chemical structures of anacardic and resorcylic acids in Ginkgo 

Ginkgolic acids were found to occur in high concentration in the seeds (3.5% 

dry weight) but occurred in lower concentration in the leaves (1.7% dry weight)
 

by Irie et al. (1996). Owing to a possible health risk when orally ingested, content 

of ginkgolic acids in the majority of Ginkgo products for clinical applications is 

limited to be 5 ppm below. 

Structures of ardanols and cardols found in Ginkgo biloba were shown in 

Figure 1-17. 
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OH

R1R2

 

Cardanols R1 R2 

6-tridecylphenol (CH2) 12 CH3 H 

6-tetradecylphenol (CH2) 13 CH3 H 

6-pentadecylphenol (CH2) 14 CH3 H 

6- heptadecylphenol (CH2) 16 CH3 H 

Ginkgol (CH2) 7 (CH)2(CH2) 5CH3 H 

Cardols   

6-tridecylresorcinol (CH2) 12 CH3 OH 

6-tetradecylresorcinol (CH2) 13 CH3 OH 

6-pentadecylresorcinol (CH2) 14 CH3 OH 

6- heptadecylresorcinol (CH2) 16 CH3 OH 

bilobolol (CH2) 7 (CH)2(CH2) 5CH3 OH 

Figure 1-17.  Chemical structures of cardanols and cardols in Ginkgo 

1.5.4 Organic Acids 

Ginkgo biloba leaves contain 6-hydroxynurenic acid, ascorbic, butyric, D-

glucaric, p-hydroxybenzoic, protocatechuic, quinic, shikimic, 3,4-

dihydroxybenzoic, 4-dihydroxybenzoic, 4-hydroxy-3-methoxybenzoic (vanillic) 

acids (Herbalist, 2003), and (7E)-2β,3β-dihidroxy-10-normergastigm-7-en-9-oic 

acid (Bedir et al. 2002). 

1.5.5 Other Constituents 

Steroids and phytosterols such as cholesterol, campesterol, β- sitosterol and 

stigmasterol were found to exist in Ginkgo leaves. Carbohydrates such as cyclites 

and polysaccharides were also found to exist in Ginkgo leaves, seeds or woods. 
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1.6 Studies on Pharmacological Activities and Toxicity of EGb 

1.6.1 Activity on Cardiovascular System 

(1) Effects on Blood Vessels 

EGb761 can strongly elicit a dose-related relaxation of precontracted aortic 

strips (Brailowsky et al., 1995) and contractions in isolated rabbit vena cava 

preparations (Hellegouarch et al., 1985). EGb761 and bilobalide were found to 

protect endothelial cells from hypoxia-induced ATP decrease (Janssens et al., 

1995). 

EGb761 was found to suppress the arteriolar vasospasm induced by the 

topical application of autologous serum on the brain surface of rabbit and reduce 

the increased permeability of the blood-brain barrier of rats induced by 

hypertension, cerebral ischemia, or heat stress (Hori et al., 1997). 

(2) Increase Cerebral and Peripheral Blood Flow 

Intravenous infusion of EGb761 caused a significant increase in pial arteriolar 

diameter in cats (Iliff & Auer, 1983). In rats, EGb761 can increase the local blood 

flow in 39 analyzed anatomically defined brain structures by 50% to 100%. The 

active constituents of the extract responsible for increasing cerebral blood flow 

appear to be the no-flavonoid compounds, whereas oral administration of the 

flavone fraction produced only marginal effects on flow values (Krieglstein et al., 

1986; Oberpichler et al., 1988). 
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(3) Hemorrheological Effects 

EGb761 was found to increase the osmotic resistance of rat erythrocytes, 

reduce the aggregation of human erythrocytes and protect human erythrocytes 

from oxidative damage. ADP-induced aggregation of rat platelets and PAF- 

induced aggregation of human platelets were inhibited by the extract (Hori et al., 

1997).  

1.6.2 Activity on The Central Nervous System  

A major clinical indication for EGb761 involves cerebral impairment, so ex 

vivo and in vivo effects of EGb761 and its constituents on CNS are very important. 

EGb761 can modulate lipid-derived second messengers in rats, predominately 

in the hippocampus. It can influence phospholipids degradation in neuronal 

membranes by an action, which may involve inhibition of phospholipase C and 

phospholipase A2 activities (Rodriguez de Turco et al., 1993).  

With respect to neurotransmitter systems, Huguet et al. examined the effect 

of EGb761 treatment on brain 5-HT1A receptors in relation to aging. The results 

showed that EGb761 can significantly increase receptor binding in aged rats, not 

in young rats, indicating that EGb761 may have a restorative action in the 

decreased receptor binding that occurs with aging (Huguet et al., 1994). As far as 

dopaminergic system is concerned, in a mouse model of MPTP-induced toxicity, 

EGb761 inhibited the degeneration of dopaminergic neurons in the striatum, 

suggesting that it inhibited reuptake of dopamine and MPTP (Ahlemeyer & 

Krieglstein, 2003). 

EGb761 was found to significantly decrease the cerebral edema, providing 

evidence that EGb761 can enhance recovery of function following traumatic brain 
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injuries, but a relatively high dose was needed. Bilobalide exerted effects similar 

to those of EGb 761, suggesting that this terpene trilactone may be responsible for 

these beneficial effects (van Beek, 2000). 

1.6.3 Neuroprotective Activities  

There is convincing evidence that EGb and its constituents, namely, 

ginkgolides, bilobalide and flavonoids all have neuroprotective actions, although 

via different mechanisms. The anti-PAF activity of ginkgolides, ginkgolide B in 

particular, and the antioxidant activity the flavonoids, as well as anti-apoptotic, 

anti-inflammatory property and enhancing cerebral circulation activities take 

important roles. The inhibitory activity of EGb and its constituents on Aβ 

aggregation is important for its neuroprotective activity. 

(1) EGb as Neuroprotectants 

There is a wealth of evidence to indicate that EGb can prevent neuronal 

degeneration following hypoxia or ischemia and improve recovery of neuronal 

function. 

A recent in vivo study conducted by Kaur et al. (2013) demonstrated that 

Ginkgo biloba extract attenuated hippocampal neuronal loss and cognitive 

dysfunction induced by trimethyltin (TMT) in mice and its antioxidative effect 

was involved in the underlying mechanism. Another study (Abdel-Wahab & Abd 

El-Aziz, 2012) was undertaken on the intermittent hypoxia (IH)-induced memory 

impairment model in rats to investigate the potential protective effect of EGb761. 

The results gave strong evidence to support that EGb761 can protect against IH-

induced memory deficits and oxidative damage in rats, possible attributing to its 
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antioxidative property. Moreover, repeated oral administration of EGb761 was 

proven effective to prevent rats from spatial memory impairment induced mainly 

by stress and corticosterone (Walesiuk & Braszko, 2009).  

Additionally, in various cerebral ischemia models, the administration of 

EGb761 to rats and Mongolian gerbils reduced the mortality rate, the extent of 

neurological deficits and the development of cerebral edema. The mitochondrial 

respiration and energy metabolism were improved (Hori et al., 1997). It was 

demonstrated that EGb761 inhibited the traumatic or cytotoxic cerebral edema 

induced by trimethyltin, hexachlorophene or bromethaline in rats. Blood-brain 

permeability, brain edema, and neuronal cell changes were reduced by the extract 

(Sharma et al., 2000).  

EGb761 was proven to improve brain membrane fluidity in the aging mouse 

(Stoll et al., 1996) and reduce age-dependent structural changes in the 

hippocampus of the mouse (Barkats et al., 1995). Cultured neurons were protected 

against death induced by hypoxia, hydrogen peroxide, glutamate, nitric oxide by 

EGb761 (10-100 μg/mL) (Ahlemeyer & Krieglstein, 2003). 

(2) Contribution of Terpene Trilactones and Flavonoids to 

Neuroprotective Effects of EGb 

The ginkgolides, potent platelet-activating factor PAF antagonists, were 

proven to reduce post-ischemic neurological deficits and cerebral edema in 

Mongolian gerbils, the infarct areas in the mouse brain, neuronal damage in rat 

brain hippocampus and neocortex. Ginkgolides A and B protected cultured 

hippocampal neurons against damage induced by glutamate in vitro. 
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When involved in the potential mechanism to alleviate the suppressed central 

cholinergic system, only ginkgolide B can attenuate the β-amyloid-modulated 

suppression of acetylcholine (Ache) release from the hippocampal slices, while 

ginkgolide A had no effect. This indicated that ginkgolides A and B might 

improve dysfunction of the elderly via different pathways (Lee et al., 2004). 

Ginkgolide J was observed to be protective against Aβ42 induced abnormal 

synaptic functionin of mouse hippocampal slices and cell death of rodent 

hippocampal neurons (Vitolo, 2009). 

It was found that bilobalide completely prevented the anoxia-induced 

increase of choline efflux in rat hippocampal cells and diminished the infract 

volume in the mouse and rat brain (van Beek, 2000). Bilobalide significantly 

attenuates edema formation in models of brain ischemia in vitro and in vivo 

(Mdzinarishvili, 2007). Both EGb 761 and bilobalide were observed to be 

protective against neuronal death induced by glutamate in vitro and neuronal 

damage induced by ischemia in vivo, attributed to anti-excitotoxicity, free radical 

scavenge and regulation of mitochondrial gene expression (Chandrasekaran, 

2003). A recent finding reported by Ma et al. (2012) showed that bilobalide 

reduced levels of anxiety, enhanced locomotors activity and improved learning 

and memory of male Kunming mice. The activation of hippocampal 

glucocorticoid receptors (GRs) was proposed as the underlying mechanism of 

bilobalide contributing to the treatment of depression and memory deficits by EGb. 

Bilobalide were discovered to exert its neuroprotective property by interaction 

with GABAergic receptors (Kiewert et al., 2007), reduction of glycine release 

(Kiewert et al., 2008) and activation of the PI3K/Akt pathway (Shi et al., 2010). 

Neuroprotection by bilobalide in ischemia likely attributed to a reduction of 
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glutamate release resulting from the improvement of mitochondrial 

functionleading (Schwarzkopf et al., 2013). 

Flavonoids in EGb are regarded to be protective against damage both to 

neuronal and to cellular in general (van Beek, 2000). Free radical-scavenging and 

resultant anti-apoptotic properties of flavonoids are regarded to considerably 

contribute to their neuroprotective ability and for the neuroprotective effect of 

EGb. 

Two unique acylated flavonol constituents of EGb761, i.e., quercetin 3-O-α-

(6´´´-p-coumaroyl glucopyranosyl-β-1,2-rhamnopyranosid and kaempferol 3-O-α-

(6´´´-p-coumaroyl glucopyranosyl-β-1,2-rhamnopyranoside), together with the 

extract, were found to possess the property of increasing dopamine and 

acetylcholine levels in the rat medial prefrontal cortex, which maybe contributed 

to the effect of EGb761 on the enhancement of cognitive function (Kehr et al., 

2012).  

Either EGb761 (10-100 mg/ml) or its flavonoid fraction CP 205 (25 mg/ml) 

were demonstrated to protect and rescure hippocampus cells against cytotoxicity 

induced by nitric oxide. In contrast, the terpenoid constituents of EGb 761, failed 

to display any significant effects (Bastianetto et al., 2000). It was concluded that 

EGb 761 exerted its neuroprotective property via its ability to inhibit NO-

stimulated PKC activity, in addition to the antioxidant properties of its flavonoid 

constituents.   

(3) Activity on Amyloid β Peptide Aggregation 

EGb targets proteins associated with the pathogenesis of AD by two specific 

mechanisms: Aβ and αAPPs. Several individual constituents of terpene fraction of 
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EGb including ginkgolides A, B, C, J and bilobalide have been studied. Zhou et al. 

(2000) reported a dose-dependent protective effect of bilobalide against Aβ 

neurotoxicity (Zhou et al., 2000). Bastianetto and Quirion found that ginkgolide B 

was not effective against Aβ aggregation (Bastianetto & Quirion, 2002). In a 

study performed by Luo et al. (2002), bilobalide and ginkgolide J have shown to 

inhibit Aβ40 aggregation significantly in vitro, but ginkgolides A, B, C had much 

smaller effects. The results indicated that bilobalide and ginkgolide J have the 

strongest inhibitory activity.  

EGb761 and its terpene-free fraction (CP205) have been shown to inhibit the 

aggregation of Aβ40 in a dose-dependent manner (1 to 100μg/mL) (Luo et al., 

2002)
 
and to decrease Aβ toxicity (10 to 100μg/mL) (Bastianetto et al., 2000; 

Bastianetto & Quirion, 2002). Antioxidant may be one of the mechanisms, for the 

aggregation of Aβ has been shown to be inhibited by antioxidants (Dyrks et al., 

1992). Luo et al. also suggested that the active components should exist in the 

flavonoid fraction of EGb 761 (Luo et al., 2002). 

In a study reported recently by Sharoar et al. (2012), several flavonoids found 

ubiquitously in plants including Ginkgo biloba leaves, namely, kaempferol-3-O-

rhamnoside, kaempferol-3-O-rutinoside, quercrtrin, quercetin  dehydrate and 

kaempferol were found to be cytoprotective against Aβ42 toxicity to human 

neuroblastoma SH-SY5Y cells. In particular, kaempferol-3-O-rhamnoside showed 

efficiency in inhibiting fibril genesis and secondary structural transformation of 

Aβ42. Furthermore, the compound possessed the property to remodel the 

preformed soluble oligomers and fibrils into non-toxic aggregates. 
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In a model organism of transgenic Caenorhabditis elegans, EGb 761, 

ginkgolides A and J significantly suppressed Aβ-related pathological behaviors 

(Aβ-induced paralysis), while the flavonoid fraction of EGb761 showed few 

effect on Aβ-induced paralysis. It was found that EGb761 also suppressed 

neuronal Aβ expression-induced defect in chemotaxis behavior and 5-HT 

sensitivity. Moreover, EGb761 and ginkgolide A also remarkably inhibited Aβ 

oligomerization and significantly enhanced Aβ monomers, while quercetin 

showed few effect (Wu et al., 2006). 

 In addition, EGb761 was observed to increase αAPPs release in rat 

hippocampal slices in vitro (Colciaghi et al., 2004). Neither modification of APP 

forms nor modification of α-secretase expression accompanied, indicating that 

EGb761 had an influence directly on the release of the non-amyloidogenic 

metabolite. Increased non-amyloidogenic metabolite leads to decreased Aβ 

formation. Therefore, this effect eventually results in neuroprotective effect of 

EGb.  

On the other hand, neither EGb761 nor its flavonol and terpene lactone 

fractions exerted effect on α-secretase and β-secretase mRNA levels, which 

indicated that α-secretase and β-secretase maybe was not a primary molecular 

target of EGb761 (Augustin et al., 2008; 2009). 

1.6.4 Free Radical-Scavenging, Antioxidant and Anti-Lipoperoxidative 

Activities 

The free-radical scavenging properties of EGb761 that protect membranes 

from per oxidative degradation and damage have been demonstrated in various in 

vitro models (Hori et al., 1997). The flavonoid constituents appear to be 
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responsible for the free-radical scavenging activity, but the presence of the 

terpenes could contribute indirectly to this effect (Marcocci et al., 1994). 

EGb761 inhibited the cisplatin- bromethaline-, tristhyltin- or Fe
2+

/ascorbate-

induced lipid peroxidation in vivo (Hori et al., 1997). A treatment of aging rats 

with EGb761 resulted in the increasing activities of catalase and superoxide 

dismutase (SOD) in the hippocampus, striatum and substantia nigra, as well as the 

decrease of the lipid peroxidation (LPO) and the activity of the antioxidant 

enzymes in the hippocampus (Bridi et al., 2001). These data are additional to the 

antioxidant properties of EGb 761 reported in the literature and indicate a possible 

role for the extract in the treatment of diseases involving free radicals and 

oxidative damage. Using a terpene-free EGb (33% flavonol glycosides) and its 

isolated flavonol aglycones, Hibatallah et al. (1999) identified a free radical 

scavenging effect of the extract and quercetin, and a pro-oxidant effect of 

kaempferol (Hibatallah et al., 1999). 

1.6.5 Toxicity 

The LD50 values of EGb were proven to be 1100 mg/kg in rats and mice (iv), 

1900 mg/kg in mice (ip), 2100 mg/kg in rats (ip), 7725 mg/kg in mice (po) and 

above 10,000 mg/kg in rats (po) (Herbalist, 2003). Toxicity after chronic 

administration studies
 
were conducted in groups of 30 rats and 6 dogs over 6 

months by oral administration. Several dosages, e.g., 20, 100, 300 to 500 mg/kg 

for rats and 20, 100, 300 to 400 mg/kg for dogs, were designed to evaluate the 

chronic toxicity of EGb. No evidence for organ damage and no impairment of 

hepatic or renal function were observed (Herbalist, 2003). 
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In human safety and clinical pharmacology studies, EGb at single doses up to 

600 mg has been administrated with very slow incidence of adverse events. A 

study conducted on 7 male volunteers receiving 240 mg po daily of EGb for 8 

weeks showed that no significant change in pituitary, thyroid, or adrenal 

hormones were observed. Blood chemistry and hematology were also unchanged 

and no subjective side effects were reported (Herbalist, 2003). 

1.6.6 Summary 

In vivo and in vitro studies supported the use of EGb in treating the symptoms 

of primary dementia (both vascular and neurodegenerative), intermittent 

claudication, tinnitus and vertigo. These studies suggested that efficacy of EGb is 

largely due to its ability to improve circulation and protect against oxidative 

damage to tissues. The ability of Ginkgo to enhance peripheral circulation is 

thought to help enhance cognitive function in conditions related to 

cerebrovascular insufficiency and to alleviate pAOD. The neuroprotective activity 

of the extract and its constituents was regarded to have a variety of cellular and 

molecular targets, from the protection of cell membranes to the proteins 

associated with dementia and cognitive decline, such as β-amyloid and αAPPs. 
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1.7 Quality Control of Ginkgo Leaves and Products 

During the specific multi-step manufacture process of the extract of Ginkgo 

biloba leaves, some compounds were concentrated but others were removed away. 

Different classes of compounds present in EGb761 (van Beek & Montoro, 2009) 

were listed in Table 1-2. 

Table 1-2. Different classes of compounds present in the standardized Ginkgo 

extract (EGb761) 

Compound class % Compound class % 

Flavonol glycosides 24.0 High molecular compounds 4.0 

Terpene trilactones 6.0 Inorganic constituents 5.0 

Proanthocyanidins (monomer, 

dimer and oligomer) 

7.0 Water, solvent 3.0 

Catechins 2.0 Various 3.0 

Carboxylic acids 13.0 Unknown 13.0 

Non- flavonol glycosides 20.0 Alkyphenols ≤5ppm 

Most of commercial Ginkgo extracts are standardized for their contents of 

terpene trilactones and flavonol glycosides, which are regulated in official 

standards. 

1.7.1 Flavonol Glycosides  

Quantitative HPLC-UV methods and regulations for flavonol glycosides in 

Ginkgo extract proposed in the European Pharmacopoeia (EP) (Coucil of Europe, 

2013), the United States Pharmacopoeia (USP) (The United States Pharmacopeial 

Convention, 2012) and Chinese Pharmacopoeia (CP) (Pharmacopeia Commission 

of PRC, 2009) were summarized in Table 1-3. The same hydrolysis by 
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hydrochloric acid is carried out to quantify the contents of aglycones derived from 

the flavonol glycosides. As for the limit of the contents, the range of 22.0-27.0% 

is restricted in EP and USP, whereas the contents shall be not less than 24.0% in 

CP. 
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Table 1-3. Comparison of quantitative methods for flavonol glycosides in Ginkgo extract and regulations in official standards 

EP  USP  CP 

Method for sample preparation: 

1. Dissolve 0.200 g of the extract in 20 

mL of methanol.  

 1. Transfer about 0.3 g of extract to a 

250-mL flask fitted with a reflux 

condenser.  

 1. Transfer about 35 mg of powdered 

extract, to a flask fitted with a reflux 

condenser.  

2. Add 15.0 mL of dilute hydrochloric 

acid and 5 mL of water and dilute to 50.0 

mL with methanol. 

 2. Add 78 mL of extraction solvent, i.e., 

alcohol-hydrochloric acid-water 

(25:4:10). 

 2. Add 25 mL of extraction solvent, i.e., 

methanol-25% hydrochloric acid (4:1). 

3. Transfer 10.0 mL of this solution into a 

10 mL brown-glass vial. Close the vial 

with a tight rubber membrane stopper and 

secure with an aluminum crimped cap. 

 3. Reflux on a hot water bath for 135 

minutes. Allow to cool at room 

temperature.  

 

 3. Reflux on a water bath for 30 minutes. 

Cool to room temperature immediately.  

 

4. Heat on a water-bath for 25 min. Allow 

to cool to 20℃. 

 4. Transfer to a 100 mL volumetric flask. 

Dilute with water to volume, and mix. 

 4. Transfer to a 50 mL volumetric flask. 

Add methanol to volume, and mix. 
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Continued 

EP  USP  CP 

HPLC conditions: 

1. C18 column (4mm, 0.125m) , 

temperature: 25 ℃ 

 1. C18 column (4.6mm, 25cm)   1. C18 column  

2. Mobile phase A: 0.3 g/L solution of 

phosphoric acid  adjusted to pH 2.0; 

mobile phase B: methanol  

 2. Mobile phase: methanol-water-

phosphoric acid (100:100:1) 

 2. Mobile phase: methanol-0.4% 

phosphoric acid (50:50) 

3. Gradient: 0-1min, 40%B; 1-20min, 

linar to 55%B; 20-21min, linar to 

100%B; 21-25 min, 100%B 

 3. Gradient: Isocratic  3. Gradient: Isocratic 

4. Flow rate: 1.0mL/min, injection 

volume: 10μL 

 4. Flow rate: 1.5mL/min, injection 

volume: 20μL 

 4. Flow rate: 1.5mL/min, injection 

volume: 10μL 

5. Detector: spectrophotometer at 370 nm  5. Detector: spectrophotometer at 370 nm  5. Detector: spectrophotometer at 360 nm 

Content: 

Flavonoids, expressed as flavone 

glycosides (Mw 756.7): 22.0-27.0% 

 Flavonoids, 22.0 - 27.0 %, calculated as 

flavonol glycosides, with a mean 

molecular mass of 756.7 

 Total flavonol glycosides: not less than 

24.0% 
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1.7.2 Terpenes 

On one hand, the quality control of terpene compounds in Ginkgo is very 

important because of their potent and selective activity on platelet-activating-

factor, as well as their chemical uniqueness. On the other hand, the quantitative 

analysis of these compounds is difficult due to their low contents in leaves and 

poor UV absorption resulting from their unique chemical structures. Therefore, in 

order to concentrate the targeted components and to avoid interference to the 

analysis, a complicated procedure for extraction and pre-treatment become 

necessary. For example, a HPLC- RI method with a quantitative partitioning 

pretreatment by a column chromatography of kieselguhr was proposed in EP for 

the determination of terpenes in Ginkgo leaves and extracts. Following a protocol 

regulated by USP, the extraction process becomes relatively simple while the 

proposed HPLC-ELSD method accompanied with a programmed chromatography 

condition should be followed. 

Meanwhile, the limit of the contents of terpene trilactones is different in 

official standards of different countries and areas. Quantitative HPLC methods 

and regulations for terpene lactones in Ginkgo extracts proposed in EP, USP and 

CP were summarized in Table 1-4. 
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Table 1-4. Comparison of quantitative methods for terpene lactones in Ginkgo extract and regulations in official standards 

EP  USP  CP 

Method for sample preparation: 

1. Dissolve 0.120 g of extract in 10 mL 

of phosphate buffer solution (pH 5.8) 

by stirring. 

 1. Dissolve 120 mg of extract in 

10 mL of phosphate buffer 

solution (pH 5.8) by sonication. 

 1. Dissolve 0.15 g extract in 10 mL of H2O with 2 

drops of HCl solution on a water bath. 

2. Quantitatively transfer the solution 

into a chromatography column 

containing 15 g of kieselguhr with 2× 

5 mL of buffer. 

 2. Quantitatively transfer the 

solution into a chromatography 

column containing siliceous earth 

with 2× 5 mL of buffer. 

 2. Extract with 1× 15 mL and 3× 10 mL of EtOAC, 

wash EtOAC layer with 20 mL of 5% NaOAC. 

Separate NaOAC layer and wash with 10 mL of 

EtOAC.  

3. Wait 15min, elute the column with 

100 mL EtOAC and evaporate the 

eluate in vacuo in a water bath at 

50 ℃, eliminate the residue of solvent 

by an air-current. 

 3. After 15 minutes, elute the 

column with 100 mL EtOAC and 

evaporate the eluate in vacuo in a 

water bath at 50 ℃.  

 3. Combine EtOAC layer and wash with 20 mL of 

H2O. Separate H2O layer and wash with 10 mL of 

EtOAC. Combine all EtOAC layer and remove the 

solvent.  

4. Dissolve the residue in 2.5 mL of 

tetrahydrofuran-methanol-water 

(10:20:75 ) 

 4. Dissolve the residue in 20.0 

mL of methanol- water (1:1) 

 4. Dissolve the residue in methanol and transfer to a 

5 mL volumetric flask. Add methanol to volume, 

and mix. 
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Continued 

EP  USP  CP 

HPLC conditions: 

1. C18 column (5μm, 

0.25m×4mm), temperature: 25 ℃ 

 1. C18 column (5μm, 0.25m×4.6mm) , temperature: 

25 ± 1 ℃ 

 1. C18 column  

2. Mobile phase: tetrahydrofuran-

methanol-water (10:20:75). 

 2. Mobile phase A: water; mobile phase B: methanol  2. Mobile phase: n-propanol- 

tetrahydrofuran-water (1:15:80). 

3. Gradient: isocratic  3. Gradient: 0-23min, linar from 25% to 48%B; 23-

23min, isocratic, 48%B; 28-30 min, linar from 48% 

to 75%B; 30-35 min, linar from 75% to 90%B; 35-

40 min, linar from 90% to 25%B; 40-50min, 

isocratic, 25%B. 

 3. Gradient: isocratic 

4. Flow rate: 1.0 mL/min, 

injection volume: 100μL 

 4. Flow rate: 1.0 mL/min, injection volume: 15μL  4. Injection volume: 5, 10 μL for 

reference solution and 5-10 μL for 

test solution 

5. Detector:  

refract meter maintained at 35 ℃ 

 5. Detector: 

evaporative light-scattering detector 

 5. Detector:  

evaporative light-scattering detector 

Content: 

Terpene lactones:  

bilobalide: 2.6-3.2 %  

ginkgolides A, B and C: 2.8- 

3.4 % 

 Terpene lactones: 5.4-12.0 %, including: 

 bilobalide: 2.6-5.8 %  

ginkgolides A, B and C: 2.8-6.2 % 

 Terpene lactones:  

Not less than 6.0 % of the total 

amount of bilobalide, ginkgolides A, 

B and C 
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1.7.3 Ginkgolic Acids 

It is well-known that ginkgolic acids in Ginkgo possess undesirable properties 

such as cytotoxicity, embryo toxicity, immunotoxicity and contact allergenic 

effects (van Beek & Montoro, 2009). Consequently, the content of ginkgolic acids 

in Ginkgo products was regulated to be not more than 5ppm in both USP and EP 

standards, and not more than 10 ppm in CP. A HPLC-UV method is utilized for 

quantitative analysis of ginkgolic acids in Ginkgo products, with different 

detecting wavelength and different gradient of mobile phase proposed by USP 

(The United States Pharmacopeial Convention, 2012), EP (Coucil of Europe, 2013) 

and CP (Pharmacopeia Commission of PRC, 2010) 

1.7.4 Summary 

Contents of two major groups of constituents, i.e., terpene trilactones and 

flavonol glycosides, and limit of potential harmful components, ginkgolic acids, 

are regulated in official standards of different countries and areas. Despite 

different methods utilized, almost the same levels are proposed in these official 

standards.  
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1.8 Aims, Objectives and Design of The Study 

1.8.1 Aims, Objectives of The Study 

The standardized extract of Ginkgo biloba leaves (EGb761) is clinically 

effective for the symptomatic treatment of impaired cerebral function in primary 

degenerative dementia (such as Alzheimer’s disease dementia) syndromes. 

Numerous studies demonstrated that EGb761 inhibited Aβ aggregation 

significantly and some constituents such as ginkgolides and bilobalide showed 

different effects on Aβ aggregation. Flavonol glycosides, terpene trilactones, 

catechins and proathocyanidins are major classes of constituents in EGb, with 

contents of 24%, 6%, 2% and 7%, respectively (van Beek & Montoro, 2009). 

However, the inhibitory activities of flavonol glycosides, catechins and 

proathocyanidins in Ginkgo towards Aβ aggregation have not been reported. 

Therefore, flavonol glycosides, terpene trilactones, catechins and 

proathocyanidins in Ginkgo are worthy of a rational and systemic investigation for 

developing potential agents to inhibit Aβ aggregation. 

Because proathocyanidins are the derivatives of catechins, in the study 

catechins and proathocyanidins are classified into a same group. However, due to 

the unavailability of reference compounds of prodelphinidins, only procyanidins 

will be investigated in the study. Consequently, the third category of constituents 

to be investigated in the study is defined as catechins and procyanidins. In 

addition, the other two categories of constituents are flavonol glycosides and 

terpene trilactones. 
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Furthermore, as far as quality control is concerned, studies on determination 

of main intact flavonol glycosides, together with that of catechins and 

procyanidins, remain deficient because reference compounds cannot be 

commercially provided. In brief, both the pharmacological activity and quality 

control of flavonol glycosides, catechins and procyanidins in EGb need to be 

explored in depth. 

Therefore, the current study aims at clarifying the bioactive constituents from 

EGb and establishing methods for quality control of intact flavonol glycosides, 

catechins and procyanidins in EGb. 

The objectives of the study are listed as follows: 

(1) Isolation, purification and structural elucidation of the major flavonol 

glycoside components from EGb; 

(2) Quantitative determination of these three main groups of constituents, i.e., 

flavonol glycosides, terpene trilactones, catechins and procyanidins in 

EGb and its products; 

(3) Evaluation of the inhibitory activities towards Aβ aggregation of the 

representative single compounds of these groups in order to clarify the 

bioactive chemical constituents of EGb; 

(4) Evaluation of the inhibitory activities on Aβ aggregation of fractions 

enriched in these three main categories’ constituents to clarify the 

bioactive fraction and investigation of contributions of these three groups 

of components to the effect of EGb. 
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1.8.2 Design of The Study 

(1) Isolation, purification and structural elucidation of flavonol 

glycosides from EGb 

Flavonol glycosides will be isolated from a commercial extract of Ginkgo 

biloba leaves (EGb) by using conventional phytochemical techniques. EGb 

containing flavonol glycosides with a content of 24% will be chromatographed 

over a combination of HP 20 resin, MCI gel, TSK Toyopearl HW-40 gel, ODS 

and Sephadex LH-20 eluted with gradient methanol in water. Structures of the 

isolated flavonol glycosides will be elucidated by using HR-ESI-MS, 
1
H- NMR 

and 
13

C NMR techniques. We particularly aim at isolating coumaroyl flavonol 

glycosides which are major and characteristic constituents of EGb. The glycosides 

of kaempferol, isorhamnetin, and quercetin without coumaroyl group will be 

prepared by alkaline and acid hydrolysis if necessary. 

(2) Identification of catechins and procyanidins in EGb by UPLC-MS 

Catechins and proanthocyanidins, with contents of 2% and 7% in EGb, 

respectively (van Beek & Montoro, 2009), are worthy of investigating their 

influence on A aggregation and disaggregation. Catechins (catechin, epicatechin, 

gallocatechin, epigallocatechin) and their dimmers (i.e., C-C, C-EC, EC-EC, GC-

GC, GC-EGC, etc.) are expected to exist in EGb.  

Identification of catechins and procyanidins in EGb will be carried out by 

utilizing UPLC-HR-ESI-MS method and referring to standards. 
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(3) Fractionation of flavonol glycosides, terpene trilactones, catechins 

and procyanidins from EGb 

In addition to single compounds, fractions concentrated on flavonol 

glycosides, terpene trilactones and catechins and procyanidins will be isolated 

from a commercial extract of Ginkgo biloba leaves (EGb) by using 

chromatographis over a combination of ODS, MCI gel, TSK Toyopearl HW-40 

and Sephadex LH-20 eluted with gradient methanol in water. The process will be 

monitored by TLC and UPLC-MS. We aim at preparing fractions with high 

contents of flavonol glycosides, terpene trilactones, catechins and procyanidins, 

which will be subsequently subjected to quantitative analysis and bioassay. 

(4) Determination of contents of flavonol glycosides, terpene trilactones, 

catechins and procyanidins in EGb by UPLC or HPLC 

Contents of flavonol glycosides, catechins and procyanidins in EGb are often 

determined after hydrolysis. For example, content of flavonol glycosides in 

EGb761, usually being regulated to be above 24%, was calculated from contents 

of aglycones (i.e., quercetin, kaempferol and isorhamnetin) by HPLC after acid 

hydrolysis, instead of the sum of contents of intact flavonol glycosides. It is same 

as the determination of catechins and procyanidins in EGb.  

In this study, contents of major intact flavonol glycosides, terpene trilactones, 

catechins and procyanidins in the extract and some specified fractions enriched 

with these groups of components will be quantified in order to provide basic data 

for investigating their contribution to the effect of EGb on A aggregation. 
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Consequently, we try to find out the leading active components or fractions in 

EGb towards A aggregation inhibition. 

An UPLC method with UV or MS detector will be established for flavonol 

glycosides determination, by using flavonol glycosides isolated from EGb and 

some commercial standards as markers. Quantitative analysis of catechins and 

procyanidins in EGb will be carried out by developing a UPLC-MS method at the 

same time. Meanwhile, terpene trilactones will be determined following the 

protocol recommended by USP (The United States Pharmacopoeial Convention, 

2003). 

(5) Activity assay on A aggregation inhibition and disaggregation by 

fluorescence spectroscopy 

Fluorescence spectroscopy is a sensitive and effective analytical technique in 

analysis of interaction of natural products and bio macromolecules. Thioflavin T 

(ThT) assay will be used to quantify Aβ aggregation in vitro in this project. This 

method for detecting amyloid aggregation is often used to assess the activity of 

agents that might modulate aggregation or disaggregation of Aβ fibrils. ThT 

associated rapidly with aggregated fibrils of Aβ, giving a rise to enhance emission 

at at 480 nm (excitation wavelength at 442 nm). This change is dependent on the 

aggregated state of Aβ because monomeric or dimeric peptides do not react with 

ThT (LeVine H, 1993). 

A aggregation assay will be conducted following the protocol described in 

literature (Naiki et al., 1998). In addition, disaggregation of preformed fibrils will 
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be also assayed as described by Ono K et al (2002). The relative degree of A 

aggregation or disaggregation of preformed fibrils can be assessed in terms of 

fluorescence intensity. 

Inhibitory activities towards A aggregation of various flavonol glycosides 

isolated from EGb and terpene trilactones, together with catechins and 

procyanidins identified in EGb, will be assessed in terms of half maximal 

inhibitory concentration (IC50) values by using the ThT assay. IC50 values will be 

calculated by the sigmoidal curve fitting of the data of dose-dependence. At the 

same time, their effects to promote disaggregation of preformed fibrils will be 

assayed in terms of half maximal effective concentration (EC50) values on the 

same model.  

By comparing their IC50 or EC50 values, the potent active components in EGb 

towards A aggregation and preformed fibrils disaggregation can be explored. 

Furthermore, the systematic assays of these compounds will facilitate the 

establishment of structure-activity relationship, especially these structurally-

related flavonol glycosides, i.e., the influence of number and position of hydroxyl 

groups, contribution of coumaroyl group, as well as the effect of sugar number on 

the activity. This relationship will provide valuable information for discovering 

and designing small molecules targeting A. 
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(6) Identification of the Bioactive Fractions by Using Activity–guided 

Isolation Procedure 

The conventional activity-guided isolation procedure is designed to identify 

the bioactive fractions of EGb. Inhibitory activity on A aggregation is monitored 

during fractionation and isolation processes. The approach is designed as below: 

Commercial extract of Ginkgo biloba (EGb) will be successively subjected to 

a combinative column chromatography of ODS, MCI gel, TSK Toyopearl HW-40 

and Sephadex LH-20 eluted with gradient methanol in water. Compounds even 

with low concentration can be enriched by the fractionation using column 

chromatography. The process will be monitored by TLC and UPLC-MS. Three 

specified fractions enriched with three different types of constituents (flavonol 

glycosides, terpene trilactones and catechins and procyanidins) will be prepared 

for activity screening. Furthermore, UPLC-MS fingerprinting technique will be 

used for chemical profiling of fractions. 

Subsequently, the ThT fluorescence assay will be used to evaluate the 

inhibitory activity of the fractions on Aβ aggregation. In addition, contents of 

flavonol glycosides, terpene trilactones and catechins and procyanidins will be 

determined by utilizing the established methods. 

Eventually, by comparing IC50 values of these three resultant fractions on A 

aggregation inhibition and their yields from EGb, the contribution of fractions of 

flavonol glycosides, terpene trilactones, catechins and procyanidins to the effect 

of EGb on A aggregation inhibition will be explored and the potent active 

components on A aggregation will be further confirmed.  
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CHAPTER 2 ISOLATION, STRUCTURAL ELUCIDATION 

OF FLAVONOL GLYCOSIDES AND PREPARATION OF 

FRACTIONS FROM EXTRACT OF GINKGO LEAVES 

2.1 Introduction 

The extract of Ginkgo biloba leaves contains abundant flavonol glycosides 

and some of them have coumaroyl group in the sugar chains. These compounds 

are unique in Ginkgo and therefore are regarded as characteristic components of 

Ginkgo. They are also the major constituents of EGb761, as indicated by the 

HPLC profile. Therefore, these major and characteristic components may be 

responsible for the bioactivity of EGb761. However, they are not commercially 

available and need to be prepared by ourselves. 

In this chapter, combination of several column chromatographies was 

employed to obtain these pure compounds and some specified fractions enriched 

by flavonol glycosides, terpene trilactones, catechins and procyanidins for 

subsequent quantitative analysis and bioactivity assay. Accordingly, structures of 

these pure compounds were elucidated on the basis of their spectral evidences. 

And these resultant fractions were subjected to qualitative analysis to figure out 

their major components. 
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2.2 Experimental Section 

2.2.1 Materials and Methods  

The tablets made from the extract of Ginkgo biloba leaves (distributed by 

General Nutrition Corporation Pittsburgh, PA, USA) for isolating flavonol 

glycosides were purchased from the Manning Pharmacy in Hong Kong. 

The commercial extract of Ginkgo biloba leaves for fractionation of specified 

fractions was purchased from Ningbo Traditional Chinese Pharmaceutical CO., 

Ltd, Zhejiang Province, China. 

Column chromatographies for isolation of single compounds were performed 

over Diaion HP-20 adsorbent resin (Mitsubishi Chemical Co., Tokyo, Japan), 

ODS (Davisil, 35-60 μm), or Toyopearl TSK HW-40 gel (Tosoh corporation, 

Japan). Silica gel 60 F254 HPTLC aluminum sheets (Merck KgaA, Germany) were 

used in TLC identification.  

High resolution ESI-MS analysis for structural elucidation was conducted on 

an Agilent 6230 time-of-flight mass spectrometer (Agilent, Santa Clara, CA, USA) 

in the positive ion mode. 
1
H and 

13
C NMR spectra were recorded on a Bruker 

CyroFIT NMR Spectrometer (Bruker Daltonics, MA, USA) at 600 and 150 MHz 

in DMSO-d6, respectively. 

Column chromatographies for fractionation of EGb were performed over 

MCI-gel CHP 20P (75-100 mm, Mitsubishi Chemical Co., Ltd., Japan), ODS 

(Davisil, 35-60 μm), Toyopearl TSK HW-40 gel (Tosoh corporation, Japan) or 

Sephadex LH-20 (Aldrich Chemical Co., Inc., Milwaukee, WI, USA). Silica gel 
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60 F254 HPTLC aluminum sheets (Merck KgaA, Germany) were used in TLC 

identification and high resolution ESI-MS analysis was conducted on an Agilent 

6230 time-of-flight mass spectrometer (Agilent, Santa Clara, CA, USA) in the 

negative ion mode. 

2.2.2 Isolation of Acylated and Non- Acylated Flavonol Glycosides from EGb 

The tablets (equal to 12.5 g of EGb761) were ground into a powder, which 

was successively extracted with methanol for 1 h in an ultrasonic water bath, and 

this process was repeated three times. The combined extracts were filtered and 

concentrated under reduced pressure to give a residue, which was subjected to a 

Diaion HP-20 adsorbent resin column chromatography eluting with a gradient of 

methanol in water to afford 12 fractions (Figure 2-1). 

Fraction 7 (2.3 g), which was eluted with 70% methanol in water (v/v), was 

purified by column chromatography over an ODS column eluting with a gradient 

of methanol in water to afford 12 sub-fractions. Sub-fractions 11 (0.1 g) and 13 

(0.26 g) were chromatographed over TSK Toyopearl HW-40 gel eluting with a 

gradient of methanol in water to yield compounds 1 (22 mg) and 2 (52 mg), 

respectively. Sub-fraction 10 (0.49 g) was subjected to the same procedure to 

yield compounds 5 (43 mg), 6 (25 mg) and 7 (36 mg) (Figure 2-1). 

Fraction 3 (1.2 g), which was eluted in 30% methanol in water (v/v), was 

stored in the refrigerator at 4°C and gave a yellow precipitate. The precipitate was 

collected by filtration and re-crystallized from methanol to give compound 3 (10 

mg) as an amorphous yellow powder.  
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Figure 2-1. Flow chart of isolation of flavonol glycosides  from EGb 

Compound 4 was prepared by the alkaline hydrolysis of compound 1 

(Scheme 2-1) according to the procedure described below (Jiang, et al., 1996). 
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Scheme 2-1. Hydrolysis of compound 1 

Compound 1 (15mg) was dissolved in 0.4 mM solution of NaOMe in MeOH 

(0.5 mL), and the resulting solution was stirred in an ice bath for 3 h. Subsequent 
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acidification with 0.3 N HCl, followed by concentration of the solution gave a 

residue, which was extracted with EtOAc. The EtOAc extract was then purified 

by column chromatography over ODS eluting with a gradient of methanol in 

water to give compound 4 (5 mg) as a yellow powder. 

In total, seven compounds (1-7) were obtained by repeated chromatographies 

or alkaline hydrolysis. Their spectral data are as below: 

Compound 1: yellow-green amorphous powder. 
1
H NMR (600 MHz, DMSO-

d6) δ: 0.91 (3H, d, J = 6.6 Hz, 6''-H, CH3), 2.5~4.2 (m, sugar protons), 4.28 (1H, d, 

J = 7.8 Hz, 1'''-H), 5.51 (1H, d, J = 2.0 Hz,1''-H), 6.13 (1H, d, J = 1.2 Hz, 6-H), 

6.24 (1H, d, J = 15.9 Hz, 8''''-H, coum), 6.28 (1H, d, J = 1.20 Hz, 8-H), 6.70 (2H, 

d, J = 8.4 Hz, 3'''', 5''''-H, coum ), 6.87 (1H, d, J = 8.4 Hz, 5'-H) , 7.25 (1H, dd, J = 

1.8 Hz, 8.7 Hz, 6'-H), 7.35 (1H, d, J = 1.8 Hz, 2'-H ), 7.41 (2H, d, J = 8.7 Hz, 

2'''',6''''-H, coum ),7.45 (1H, d, J = 15.9 Hz, 7''''-H, coum ), 12.62 (1H, br, s, 5-OH). 

The 
13

C NMR data are present in Table 2-1. HR-ESI-Q-TOF m/z 757.1985 

[M+H]
+
 (calculated for C36H37O18: 757.1980), m/z 779.1802 [M+Na]

+
 (calculated 

for C36H36O18Na: 779.1799).  

Compound 2: pale yellow amorphous powder. 
1
H NMR (600 MHz, DMSO-d6) 

δ: 0.89 ( 3H,d, J = 6.0 Hz, 6''-H), 5.62 (1H, d, J = 1.2 Hz, 1''-H ), 6.16 (1H, d, J 

= 2.4 Hz, 6-H ), 6.19 (1H, d, J = 15.9 Hz, 8''''-H, coum), 6.31 (1H, d, J = 1.8 Hz, 

8-H), 6.69 (2H, d , J = 8.4 Hz, 3'''', 5''''-H, coum ), 6.91 (2H, d, J = 9.0 Hz, 3', 5'-

H), 7.38 (2H, d, J = 9.0 Hz, 2'''', 6''''-H,coum), 7.44 (1H, d, J = 15.9 Hz, 7''''-H, 

coum), 7.73 (2H, d, J = 9.0 Hz, 2', 6'-H), 12.57 (1H, br, s ,5-OH). The 
13

C NMR 

data are present in Table 2-1. HR-ESI-Q-TOF m/z 741.2008 [M+H]
+
 (calculated 
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for C36H37O17: 741.2031), m/z 763.1837 [M+Na]
+
 (calculated for C36H36O17Na: 

763.1850).  

Compound 3: yellow amorphous powder. 
1
H NMR (600 MHz, DMSO-d6) δ: 

0.99 (3H, d, J = 6.0 Hz, 6'''-H), 3.05~3.70(m, sugars protons), 4.37(1H, d, J = 1.2 

Hz, 1'''-H), 5.34 (1H, d, J = 7.8 Hz, 1''-H), 6.19(1H, d, J = 2.4 Hz, 6-H), 6.38(1H, 

d, J = 1.8 Hz, 8-H), 6.83(1H, d, J = 8.4 Hz, 5'-H), 7.52 (1H, d, J = 2.1 Hz, 2'-H), 

7.54(1H, dd, J = 8.4 Hz, 2.1 Hz, 6'-H), 9.23 (1H, 4'-OH), 9.72 (1H, 3'-OH), 10.85 

(1H, 7-OH), 12.60 (1H, br, s, 5-OH). The 
13

C NMR data are present in Table 2-1. 

HR-ESI-Q-TOF m/z 611.1600 [M+H]
+
 (calculated for C27H31O16: 611.1612), m/z 

633.1420 [M+Na]
+
 (calculated for C27H30O16Na: 633.1432).  

Compound 4: yellow amorphous powder. HR-ESI-Q-TOF m/z 611.1573 

[M+H]
+
 (calculated for C27H31O16: 611.1612), m/z 633.1382 [M+Na]

+
 (calculated 

for C27H30O16Na: 633.1432). 

Compound 5: yellow amorphous powder. 
1
H NMR (600 MHz, DMSO-d6) δ: 

0.97 (3H, d, J = 6.0 Hz, 6'''-H), 3.05~3.70 (m, sugars protons), 3.83 ( 3H, s, 3'-

OMe), 4.41 (1H, d, J = 1.2 Hz, 1'''-H), 5.43 (1H, d, J = 8.4 Hz, 1''-H), 6.16 (1H, d, 

J = 1.8 Hz, 6-H), 6.39 (1H, d, J = 1.8 Hz, 8-H), 6.90 (1H, d, J = 8.4 Hz, 5'-H), 

7.50 (1H, dd, J = 8.4 Hz, 2.2 Hz, 6'-H), 7.85 （1H, d， J = 2.2 Hz，2'-H）, 

12.56 (1H, br, s ,5-OH). The 
13

C NMR data are present in Table 2-1. HR-ESI-Q-

TOF m/z 625.1759 [M+H]
+
 (calculated for C28H33O16: 625.1769), m/z 647.1570 

[M+Na]
+
 (calculated for C28H32O16Na: 647.1588).  

Compound 6: yellow amorphous powder. 
1
H NMR (600 MHz, DMSO-d6) δ: 

0.98 (3H, d, J = 6.0Hz, 6'''-H), 4.36 (1H, d, J = 1.2 Hz, 1'''-H ), 5.30 (1H, d, J = 
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7.8 Hz, 1''-H), 6.19 (1H, d, J = 1.8 Hz, 6-H ), 6.39  (1H, d, J = 1.8 Hz, 8-H), 6.87 

(2H, d, J = 9.0 Hz, 3', 5'-H), 7.98 (2H，d, J = 9.0 Hz, 2', 6'-H ), 10.20 (1H, 4'-OH), 

12.56 (1H, br, s, 5-OH). The 
13

C NMR data are present in Table 2-1. HR-ESI-Q-

TOF m/z 595.1651 [M+H]
+
 (calculated for C27H31O15: 595.1663), m/z 617.1470 

[M+Na]
+
 (calculated for C27H30O15Na: 617.1482).  

Compound 7: yellow amorphous powder. 
1
H NMR (600 MHz, DMSO-d6) δ: 

0.85 (3H, d, J = 6.0 Hz, 6''-H), 3.05~3.70 (m, sugars protons), 4.07(m, 2''-H), 4.24 

(1H, d, J = 7.8 Hz, 1'''-H), 5.56 (1H, d, J = 0.6 Hz, 1''-H)，6.18 (1H, d, J = 2.1 Hz, 

6-H), 6.38 (1H, d, J = 2.1 Hz, 8-H )，6.92 (2H, d , J = 9.0 Hz, 3', 5'-H), 7.77 (2H, 

d,  J = 7.2 Hz, 2', 6'-H), 10.26 (1H, s, 4'-OH), 12.54 (1H, s, 5-OH). The 
13

C NMR 

data are present in Table 2-1. HR-ESI-Q-TOF m/z 595.1647 [M+H]
+
 (calculated 

for C27H31O15: 595.1663). 
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Table 2-1. 13
C NMR Data of Compounds 1-3 and 5-7 (in DMSO-d6) 

No.
 a, b)

 1 2 3 5 6 7 

2 156.41  156.57  156.61 156.55 156.83 156.92 

3 134.27  134.35  133.29 132.95 133.21 134.46 

4 177.63  177.66  177.36 177.18 177.35 177.61 

5 161.29  161.31  161.23 161.17 161.21 161.27 

6 106.27  98.76  98.72 98.98 98.84 98.93 

7 166.48  164.40  164.20 164.80 164.50 165.00 

8 93.74  93.77  93.62 93.95 93.83 93.86 

9 156.41  156.42  156.44 156.33 156.54 156.56 

10 103.68  106.11  103.93 103.68 103.88 103.87 

1' 120.46  120.39  121.61 121.05 120.91 120.39 

2' 113.88  130.16  115.23 113.21 130.92 130.62 

3' 144.77  115.41  144.77 149.42 115.12 115.43 

4' 144.77  159.77  148.45 146.89 159.93 160.13 

5' 115.38  115.41  116.25 115.25 115.12 115.43 

6' 120.87  130.16  121.16 122.24 130.92 130.62 

1'' 98.87  100.57  101.18 101.26 101.37 100.88 

2'' 81.84  81.67  74.07 74.30 74.19 81.31 

3'' 70.19  70.13  76.43 76.38 76.35 70.17 

4'' 71.76  71.68  69.99 70.07 69.92 71.67 

5'' 70.42  70.47  75.90 75.92 75.73 70.39 

6'' 17.47  17.44  67.01 66.84 66.91 17.42 
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Continued. 

No. 1 2 3 5 6 7 

1''' 100.63  103.99  100.77 100.93 100.80 106.16 

2''' 73.59  73.70  70.38 70.31 70.36 73.86 

3''' 75.91  75.99  70.55 70.58 70.60 76.66 

4''' 69.36  69.67  71.83 71.78 71.81 69.23 

5''' 73.74  73.70  68.27 68.32 68.29 76.26 

6''' 62.85  63.06 17.78 17.75 17.77 60.45 

3'-OMe    55.63   

1'''' 124.99 124.98     

2'''' 130.20 130.56     

3'''' 115.52 115.63     

4'''' 159.79 160.10     

5'''' 115.65 115.63     

6'''' 130.20 130.56     

7'''' 148.80 144.76     

8'''' 113.88 113.81     

9'''' 166.48 166.46     

a 
Assignments were established by comparison with literatures. 

b 
Serial number of carbon atoms was shown in Figure 2-2. 
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Figure 2-2. Chemical structures of compounds 1-3 and 5-7 
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2.2.3 Fractionation of Flavonol Glycosides, Terpene Trilactones, Catechins 

and Procyanidins from EGb 

The extract of Ginkgo biloba leaves (S7, 3.0 g) was purified by column 

chromatography over MCI-gel CHP 20P (75-100 mm, Mitsubishi Chemical Co., 

Ltd., Tokyo, Japan). The column was successively eluted with water containing 

5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90% and 100% 

MeOH, which resulted in four collected fractions (Fr. A-D). Catechins and 

procyanidins were found in Fr. B (15%-40% MeOH eluent) and the flavonol 

glycosides were mainly found in Fr. C (40%-70% MeOH eluent). Terpene 

trilactones  were found in both Fr. B and Fr. C. 

Fr. B (200 mg) was purified over a ODS (Davisil, 35-60 μm, Grace, 

Columbia, MD, USA) column eluting with an increasing gradient of methanol in 

water (0%-80% MeOH). Catechins and procyanidins were found in Fr. B2 ( 20%-

35% MeOH). Fraction B2 (151 mg) was further purified over a Toyopearl HW-

40F (Tosoh Corporation, Japan) column eluting with an increasing gradient of 

methanol in water (0%-60% MeOH). Fraction Fr. B2-2 was eluted with a 40%-

60% mixture of MeOH to give a fraction abundant in catechins and procyanidins 

(Fr. Ps, 27 mg). 

Fr. C (205 mg) and Fr. B2-1 (40 mg, a portion of the material eluted with 

5%-40% MeOH) were combined and purified over a Grace C-18 column eluting 

with an increasing gradient of methanol in water (0%-80% MeOH). Fr. C5 (50%-

65% MeOH eluent) was enriched in flavonol glycosides (Fr. Fs, 94 mg), whereas 

Fr. C3 (i.e., the combination of fractions from the 30%-40% and 40%-50% 
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MeOH eluents) was enriched in terpene trilactones. Fr. C3 (76 mg) was purified 

over a Toyopearl HW-40F column eluting with an increasing gradient of methanol 

in water (i.e., 5%-50% MeOH) to remove some flavonoid compounds. Fr. C3-3 

(eluted with 35%-45% MeOH) mainly consisted ginkgolides A and B, and 

bilobalide, whereas Fr. C3-2 (eluted with 25%-35% MeOH) contained of 

bilobalide, ginkgolide C and some flavonoids. This fraction was then purified over 

a Sephadex LH-20 (Aldrich Chemical Co., Inc., Milwaukee, WI, USA) column 

eluting with methanol and water to give pure bilobalide and ginkgolide C. Fr. C3-

2a and Fr. C3-3 were combined to give the TTLs (Fr. Ts, 21 mg).  

In brief, four preliminerary fractions, i.e., Fr.A-D were obtained from the 

total extract. Three sub-fractions of Fr.B and Fr.C, i.e., Fr.Ps, Fr.Fs and Fr.Ts, 

were enriched with catechins and procyanidins, flavonoids and terpenes, 

respectively. The procedures for fractionation were summarized in Figure 2-3.  
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Figure 2-3. Flowchart of fractionation of catechins and procyanidins, flavonol 

glycosides and terpene trilactones from EGb. 

(CC: column chromatography; Fr.: fraction) 

TLC and UPLC-Q-TOF-MS were used for the detection of targeted 

compounds. UPLC was performed on an Acquity UPLC system (Waters Corp, 

Milford, MA, USA) which was equipped with a binary solvent delivery system 

and a sample manager coupled to Bruker MicroTOF mass spectrometer with an 

ESI source (Bruker Daltonics, MA, USA). All the operations, the acquiring and 

analysis of data were controlled by Hystar software (Bruker). The 
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chromatography was performed on an Acquity UPLC HSS C18 column (2.1 × 

150 mm, 1.8 μm). The mobile phase consisted of 0.1% formic acid in water (A) 

and 0.1% formic acid in acetonitrile (B). The gradient for qualitative analysis was 

as follows: 0-2 min, 6-7.8% B; 2-12 min, 7.8-18% B; 12-13 min, 18%-100% B; 

18-20 min, 6% B. The flow rate was 0.35 mL/min, the column temperature was 

kept at 40℃, and the injection volume was 5 µL for quantitative analysis. The 

ESI-MS data were acquired in negative mode, MS parameters were as follows: 

end plate offset, -500 V; capillary voltage, 4500V; collision energy, 6.0 eV; 

nebulizing gas (N2) pressure, 2.0 bar; drying gas (N2) flow rate, 8.0 L/min; drying 

gas temperature, 180 ℃; Mass range, m/z 100-160. These compounds in the 

sample were identified by comparing retention time and the mass spectra with that 

of standards. The extracted ion chromatograms (EICs) at the m/z 305.06 for the 

[M-H]
−
 ions of GC and EGC, m/z 577.13 for the [M-H]

− 
ions of P-B1 and P-B3, 

and m/z 289.07 for the [M-H]
−
 ions of C and EC were used for qualitative 

analysis. 
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2.3 Results 

2.3.1 Structural Elucidation of Flavonol Glycosides from EGb 

Seven known flavonol glycosides (compounds 1-7) were isolated from the 

total extract of Ginkgo biloba leaves. HPLC fingerprint of the total extract showed 

that these seven compounds accounted for 54 % of the total peak area of the 34 

peaks observed whose area percentage in total areas is higher than 0.5% in the 

HPLC chromatogram (Figure 2-4). Compound 1-7 were structurally identified and 

listed in Table 2-2. 

 

Figure 2-4. HPLC fingerprint of the total extract of Ginkgo biloba leaves 

Table 2-2. Flavonol glycosides isolated/prepared from EGb 

No. Flavonol glycosides 

1 
quercetin 3-O-α-L-[6´´´-p-coumaroyl-(β-D)-glucopyranosyl]-(1,2)-

rhamnopyranoside 

2 
kaempferol 3-O-α-L-[6´´´-p-coumaroyl-(β-D)-glucopyranosyl]-(1,2)-

rhamnopyranoside 

3 quercetin 3-O-β-D-(α-L-rhamnopyranosyl)-(1,6)-glucopyranoside 

4 quercetin 3-O-α-L-(β-D-glucopyranosyl)-(1,2)-rhamnopyranoside 

5 isorhamnetin 3-O-β-D-(α-L-rhamnopyranosyl)-(1,6)-glucopyranoside 

6 kaempferol 3-O-β-D-(α-L-rhamnopyranosyl)-(1,6)-glucopyranoside 

7 kaempferol 3-O-α-L-(β-D-glucopyranosyl)-(1,2)-rhamnopyranoside 
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Compound 1 was obtained as yellow amorphous powder. HR-ESI-Q-TOF 

gave ion peaks of [M+H]
+ 

at m/z 757.1985 (calculated for C36H37O18: 757.1980), 

[M+Na]
+ 

at m/z 779.1802 (calculated for C36H36O18Na: 779.1799) and an 

aglycone ion peak of [Quercetin+H]
+ 

at m/z 
 
303.0496, indicating a molecular 

formula of C36H36O18 and an aglycone of quercetin. 

Two doublets at δ 6.24 and 7.45 with large coupling constants (15.8 Hz) in 

the 
1
H NMR (600 MHz, DMSO-d6) spectrum (Figure 2-5), which was identified 

to be signals of trans olefinic double bond protons, and four aromatic proton 

signals at δ 6.70 and 7.41 (AA'BB', each 2H) confirmed the presence of the p-

coumaroyl subunit in the molecule of compound 1. The 
1
H NMR spectrum also 

indicated the presence of five aromatic proton signals at δ 6.13 (1H, d, J = 1.2 Hz, 

H-6), 6.28 (1H, d, J = 1.2 Hz, H-8), 6.87 (1H, d, J = 8.4 Hz, H-5'), 7.25 (1H, dd, 

J= 1.8 and 8.7 Hz, H-6') and 7.35 (1H, d, J = 1.8 Hz, H-2'), which confirmed the 

existence of a moiety of quercetin. Anomeric proton at δ 5.51 (H-1, J = 2.0 Hz) 

and the glucose H-1 at δ 4.27 (d, J = 7.8 Hz) supported the presence of one 

rhamnosyl and one glucosyl. In the 
13

C NMR spectrum (Figure 2-6), the C-2'' (rha) 

was shifted downfield at δ 81.8, indicating that glycosylation of rhamnose unit by 

the glucopyranosyl was in 2-hydroxyl.  

By comparing the NMR spectral data with the literature values (Nasret al., 

1987; Gao, et al, 1996), the structure of compound 1 was identified as quercetin 3-

O-α-L-[6´´´-p-coumaroyl-(β-D)-glucopyranosyl]-(1,2)-rhamnopyranoside (Figure 

2-7). 
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Figure 2-5. 1H NMR spectrum (600 MHz, in DMSO-d6) of compound 1 

 

Figure 2-6. 13
C NMR spectrum (150 MHz, in DMSO-d6) of compound 1 
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Figure 2-7. Chemical structure of compound 1 

Compound 2 was obtained as yellow amorphous powder. HR-ESI-Q-TOF 

gave ion peaks of [M+H]
+ 

at m/z 741.2008 (calculated for C36H37O17: 741.2031), 

[M+Na]
+ 

at m/z 
 
763.1837 (calculated for C36H36O17Na: 763.1850) and an 

aglycone ion peak of [kaempferol +H]
+ 

at m/z 
 
287.0544, indicating an aglycone of 

kaempferol and a molecular formula of C36H36O17 , which had one oxygen less 

than compound 1.  

The 
1
H NMR (600 MHz, DMSO-d6) spectrum of compound 2 (Figure 2-8) 

was very similar to that of compound 1. Two doublets at δ 6.19 and 7.44 with 

large coupling constants (15.9 Hz) and four aromatic ring proton signals at δ 6.69 

and 7.38 (AA'BB', each 2H) confirmed the presence of the p-coumaroyl moiety. 

Another four aromatic ring proton signals at δ 6.91 and 7.73 (AA'BB', each 2H) 

and two aromatic proton signals at δ 6.16 (1H, d, J = 2.4 Hz, H-6), 6.31 (1H, d, J 

= 1.8 Hz, H-8) supported the presence of the kaempferol 3-O-glycoside structure. 

Rhamnose anomeric proton at δ 5.62 (H-1, br, s) and the glucose H-1 at δ 4.32 (d, 

7.8 Hz) were observed. Similarly, in the 
13

C NMR spectrum (Figure 2-9), the C-2'' 



 

72 

 

(rha) was shifted downfield at δ 81.7, indicating that glycosylation of rhamnose 

unit by the glucopyranosyl was in 2-hydroxyl.  

By comparing the spectral data with the literature values (Nasr et al., 1986), 

the structure of compound 2 was formated as kaempferol 3-O-α-L-[6´´´-p-

coumaroyl-(β-D)-glucopyranosyl]-(1,2)-rhamnopyranoside (Figure 2-10). 

 

Figure 2-8. 1H NMR spectrum (600 MHz, in DMSO-d6) of compound 2 
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Figure 2-9. 13
C NMR spectrum (150 MHz, in DMSO-d6) of compound 2 

OH

O

O

O OH

OH
OH

O

O
CH

3

OH

O

OH

OH

OH O

O

OH

3

5

7 1'

4'

1''

2''

1'''
6'''

1''''

4''''
5''''

6''''

2''''

3''''

7''''

8''''9''''

 

Figure 2-10. Chemical structure of compound 2 

Compound 3 was obtained as yellow amorphous powder. The positive-ion 

HR-ESI-MS spectrum exhibited a quasi-molecular ion peak at m/z 611.1600 

(calculated for C27H31O16: 611.1612), an ion peaks of [M+Na]
+ 

at m/z 633.1420 
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(calculated for C27H30O16Na: 633.1432) and an aglycone ion peak of 

[Quercetin+H]
+ 

at m/z 
 
303.0497, indicating a molecular formula of C27H30O16, in 

accordance with the molecular formula of quercetin rutinoside or biloside. 

The 
1
H NMR spectrum (Figure 2-11) indicated the presence of five aromatic 

proton signals at δ 6.19 (1H, d, J = 2.4 Hz, H-6), 6.38 (1H, d, J = 1.8 Hz, H-8), 

6.83 (1H, d, J = 8.4 Hz, H-5'), 7.54 (1H, dd, J= 2.1 and 8.4 Hz, H-6') and 7.52 (1H, 

d, J = 2.1 Hz, H-2'), which confirmed the existence of a moiety of quercetin. 

Glucose anomeric proton at δ 5.34 (H-1, d, J = 7.8 Hz) and the rhamnose H-1 at δ 

4.37 (d, J = 1.2 Hz) were observed, supported the presence of one glucosyl and on 

rhamnosyl. In the 
13

C NMR spectrum (Figure 2-12), the C-6'' (glc) was shifted 

downfield at δ 67.2, indicating that glycosylation of glucose unit by the 

rhamnopyranosyl was in 6-hydroxyl.  

These 
1
H NMR and 

13
C NMR data were essentially identical with those 

previously reported for rutin (Nasr et al., 1987; Gao, et al., 1996). Based on the 

above evidence, the structure of compound 3 was identified as quercetin 3-O-β-D-

(α-L-rhamnopyranosyl)-(1,6)-glucopyranoside (Figure 2-13). 
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Figure 2-11. 1H NMR spectrum (600 MHz, in DMSO-d6) of compound 3 

 

Figure 2-12. 13
C NMR spectrum (150 MHz, in DMSO-d6) of compound 3 
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Figure 2-13. Chemical structure of compound 3 

Compound 4 was obtained as yellow amorphous powder. The positive-ion 

HR-ESI-MS exhibited a quasi-molecular ion peak at m/z 611.1573 (calculated for 

C27H31O16: 611.1612), an ion peaks of [M+Na]
+ 

at m/z 633.1382 (calculated for 

C27H30O16Na: 633.1432) and an aglycone ion peak of [Quercetin+H]
+ 

at m/z 
 

303.0465, indicating a molecular formula of C27H30O16, in accordance with the 

molecular formula of quercetin rutinoside or biloside. Because this compound was 

the derivative of compound 1 by alkaline hydrolysis, based on the accurate 

molecular weight, the structure of compound 4 was elucidated as quercetin 3-O-α-

L-(β-D-glucopyranosyl)-(1,2)-rhamnopyranoside (Figure 2-14). 
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Figure 2-14. Chemical structure of compound 4 

Compound 5 was obtained as yellow amorphous powder. The positive-ion 

HR-ESI-MS spectrum exhibited a quasi-molecular ion peak at m/z 625.1759 

[M+H]
+
 (calculated for C28H33O16: 625.1769) and an ion peaks of [M+Na]

+ 
at m/z 

647.1570 (calculated for C28H32O16Na: 647.1588), indicating a molecular formula 

of C28H32O16. The 
1
H NMR spectrum (Figure 2-15) indicated the presence of five 

aromatic proton signals at δ 6.16 (1H, d, J = 1.8 Hz, H-6), 6.39 (1H, d, J = 1.8 Hz, 

H-8), 6.90 (1H, d, J = 8.4 Hz, H-5'), 7.50 (1H, dd, J = 8.4 Hz, 2.2 Hz, H-6'), 7.85 

(1H, d, J = 2.2 Hz, H-2') and a methoxyl signal at δ 3.83 ( 3H, s, 3'-OMe), which 

confirmed the structure of isorhamnetin 3-O-glycoside. The anomeric proton of 

beta-glucose at δ 5.43 (H-1, d, J = 8.4 Hz) and that of alpha-rhamnose at δ 4.41 (d, 

J = 1.2 Hz) were also observed, suggesting the presence of one glucosyl and one 

rhamnosyl. The 
13

C NMR spectrum (Figure 2-16) confirmed the existence of the 

disaccharide, and further indicated that the rhamnopyranosyl was located at C-6'' 

(glc), based on the downfield shifted C-6'' (glc) at δ 66.8. 
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Compared to the literature data (Hasler et al., 1992), the structure of 

compound 5 was formulated as isorhamnetin 3-O-β-D-(α-L-rhamnopyranosyl)-

(1,6)-glucopyranoside (Figure 2-17). 

 

Figure 2-15. 1H NMR spectrum (600 MHz, in DMSO-d6) of compound 5 

 

Figure 2-16. 13
C NMR spectrum (150 MHz, in DMSO-d6) of compound 5 
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Figure 2-17. Chemical structure of compound 5 

Compound 6 was obtained as yellow amorphous powder. HR-ESI-Q-TOF 

gave a quasi-molecular ion peak at m/z 595.1651 [M+H]
+
 (calculated for 

C27H31O15: 595.1663), an ion peak of [M+Na]
+
 at m/z 617.1470 (calculated for 

C27H30O15Na: 617.1482) and an aglycone ion peak of [kaempferol +H]
+ 

at m/z 

287.0547, which indicated an aglycone of kaempferol and molecular formula of 

C27H30O15, in accordance with the molecular formula of kaempferol rutinoside or 

biloside.  

The 
1
H NMR (600 MHz, DMSO-d6) spectrum of compound 6 (Figure 2-18) 

exhibited four aromatic ring proton signals at δ 6.87 and 7.98 (AA'BB', each 2H) 

and two aromatic proton signals at δ 6.19 (1H, d, J = 1.8 Hz, H-6), 6.39 (1H, d, J 

= 1.8 Hz, H-8) supported the presence of the kaempferol 3-O-glycoside structure. 

The glucose anomeric proton at δ 5.30 (H-1, d, J = 7.8 Hz) and the rhamnose H-1 

at δ 4.37 (d, J = 1.2 Hz) were observed, supported the presence of one glucosyl 

and on rhamnosyl. In the 
13

C NMR spectrum (Figure 2-19), the C-6'' (glc) was 

shifted downfield at δ 66.9, indicating that glycosylation of glucose unit by the 

rhamnopyranosyl was in 6-hydroxyl.  
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Figure 2-18. 1H NMR spectrum (600 MHz, in DMSO-d6) of compound 6 

 

Figure 2-19. 13
C NMR spectrum (150 MHz, in DMSO-d6) of compound 6 
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These 
1
H NMR and 

13
C NMR data were essentially identical with those 

previously reported for kaempferol rutinoside (Nasr et al., 1987; Gao, et al., 1996). 

Therefore, the structure of compound 6 was established as kaempferol 3-O-β-D-

(α-L-rhamnopyranosyl)-(1,6)-glucopyranoside (Figure 2-20). 
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Figure 2-20. Chemical structure of compound 6 

Compound 7 was obtained as yellow amorphous powder. HR-ESI-Q-TOF 

gave a quasi-molecular ion peak at m/z 595.1647 [M+H]
+
 (calculated for 

C27H31O15: 595.1663) and an aglycone ion peak of [kaempferol +H]
+ 

at m/z 
 

287.0544, indicating the same aglycone of kaempferol and molecular formula of 

C27H30O15 as those of compound 6. 

The 
1
H NMR (600 MHz, DMSO-d6) spectrum of compound 7 (Figure 2-21) 

exhibited four aromatic ring proton signals at δ 6.92 and 7.77 (AA'BB', each 2H) 

and two aromatic proton signals at δ 6.18 (1H, d, J = 2.4 Hz, H-6), 6.38 (1H, d, J 

= 1.8 Hz, H-8) supported the presence of the kaempferol 3-O-glycoside structure. 

Rhamnose anomeric proton at δ 5.56 (H-1) and the glucose H-1 at δ 4.24 (d, 7.8 

Hz) were observed. In the 
13

C NMR spectrum (Figure 2-22), the C-2'' (rha) was 
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shifted downfield at δ 81.3, indicating that glycosylation of rhamnose unit by the 

glucopyranosyl was in 2-hydroxyl.  

 

Figure 2-21. 1H NMR spectrum (600 MHz, in DMSO-d6) of compound 7 
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Figure 2-22. 13
C NMR spectrum (150 MHz, in DMSO-d6) of compound 7 

By comparing the NMR spectral data with the literature values (Nasr et al., 

1987; Gao, et al., 1996), the structure of compound 7 was identified as kaempferol 

3-O-α-L-(β-D-glucopyranosyl)-(1,2)-rhamnopyranoside (Figure 2-23). 
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Figure 2-23. Chemical structure of compound 7 



 

84 

 

The profile of total extract was presented by HPLC fingerprinting analysis 

(Figure 2-24). It can be observed that these isolated flavonoid di-glycosides were 

major components of EGb. 

 

Figure 2-24. HPLC fingerprint of total extract of Ginkgo biloba leaves 

2.3.2 Fractionation of Flavonol Glycosides, Terpene Trilactones, Catechins 

and Procyanidins from EGb 

The results of fractionation of flavonol glycosides, terpene trilactones, 

catechins and procyanidins from commercial extract of Ginkgo biloba leaves were 

summarized as below. Yield of different fractions and sub- fractions were shown 

in Tables 2-3 and 2-4 while UPLC-MS fingerprint profiles of all fractions were 

shown as Figures 2-25 and 2-26. The components identified in the UPLC-MS 

fingerprint of fractions enriched with catechins and procyanidins, terpene 

trilactones and flavonol glycosides were shown in Table 2-5. 
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Table 2-3. Yield of different fractions from EGb by MCI column chromatography 

Fractions Fr. A Fr. B Fr. C Fr. D Sum 

Yield 1.2% 7.2% 62.6% 10.7% 81.7% 

 

Table 2-4. Overall yield of fractions enriched in flavonol glycosides, terpene 

trilactones, catechins and procyanidins from EGb 

Fractions Fr. Fs Fr. Ts Fr. Ps Sum 

Yield 28.58% 9.06% 0.97% 38.61% 
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Figure 2-25. Total ion chromatograms (TIC) of the extract and each fractions 

obtained through MCI column chromatography 
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Figure 2-26. Total ion chromatograms (TIC) of the extract (A) and fractions 

enriched with catechins and procyanidins (B), terpene trilactones (C) and flavonol 

glycosides (D).  
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Table 2-5. Components identified in the UPLC-MS fingerprint of fractions 

enriched with catechins and procyanidins, terpene trilactones and 

flavonol glycosides 

No. Compounds 

1 gallocatechin 

2 procyanidin B1 

3 epigallocatechin 

4 procyanidin B3 

5 catechin 

6 epicatechin 

7 bilobalide 

8 ginkgolide C 

9 ginkgolide A/ ginkgolide B 

10 
quercetin 3-O-α-L-[6´´´-p-coumaroyl-(β-D)-glucopyranosyl]-(1,2)-

rhamnopyranoside 

11 
kaempferol 3-O-α-L-[6´´´-p-coumaroyl-(β-D)-glucopyranosyl]-(1,2)-

rhamnopyranoside 

12 quercetin 3-O-β-D-(α-L-rhamnopyranosyl)-(1,6)-glucopyranoside 

13 quercetin 3-O-α-L-(β-D-glucopyranosyl)-(1,2)-rhamnopyranoside 

14 isorhamnetin 3-O-β-D-(α-L-rhamnopyranosyl)-(1,6)-glucopyranoside 

15 kaempferol 3-O-β-D-(α-L-rhamnopyranosyl)-(1,6)-glucopyranoside 

16 kaempferol 3-O-α-L-(β-D-glucopyranosyl)-(1,2)-rhamnopyranoside 
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2.4 Discussions and Conclusions 

In this chapter, seven abundant flavonol di-glycosides were isolated and 

purified from the extract of Ginkgo biloba leaves. All these seven compounds 

were obtained as yellow amorphous powders. The structures were characterized 

by comparing their MS and NMR spectral data with those in literatures. Structures 

of compound 1-7 were elucidated as quercetin 3-O-α-L-[6´´´-p-coumaroyl-(β-D)-

glucopyranosyl]-(1,2)-rhamnopyranoside (1), kaempferol 3-O-α-L-[6´´´-p-

coumaroyl-(β-D)-glucopyranosyl]-(1,2)-rhamnopyranoside (2), quercetin 3-O-β-

D-(α-L-rhamnopyranosyl)-(1,6)-glucopyranoside (3), quercetin 3-O-α-L-(β-D-

glucopyranosyl)-(1,2)-rhamnopyranoside (4), isorhamnetin 3-O-β-D-(α-L-

rhamnopyranosyl)-(1,6)-glucopyranoside (5), kaempferol 3-O-β-D-(α-L-

rhamnopyranosyl)-(1,6)-glucopyranoside (6) and kaempferol 3-O-α-L-(β-D-

glucopyranosyl)-(1,2)-rhamnopyranoside (7)，respectively. All these compounds 

belong to the flavonol di-glycosides, with the usual aglycones of quercetin 

(compounds 1, 3 and 4), kaempferol (compounds 2, 6 and 7) and isorhamnetin 

(compounds 5) and with glucose and rhamnose as sugar moiety. There are two 

different groups of diglycosides among these compounds, the well-known 

rutinoside, such as compounds 1, 2, 4 and 7, and the unique biloside of Ginkgo, 

i.e., compounds 3, 5 and 6. These compounds accounted for 54 % of the total peak 

area of the 34 peaks observed in the HPLC fingerprint, indicating they composed 

of the majority of EGb. Among them, two acylated diglycosides (compounds 1 

and 2) were regarded as the major and characteristic constituents in EGb but either 

bioactivity or quantitative analysis of them were seldom reported before. 
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Three specific fractions intended to be enriched by flavonol glycosides, 

terpene trilactones, catechins and procyanidins were obtained from EGb through 

the fractionation monitored by the UPLC-Q-TOF-MS analysis. Furthermore, 

contents of intact flavonoid glycosides, catechins and procyanidins, as well as 

terpene trilactones in respective fractions, i.e., Fr.Ps, Fr.Fs and Fr.Ts, were 

determined, showing that these three categories of compounds were well enriched. 

In conclusion, through investigations in this chapter, seven pure compounds 

of main flavonol diglycosides in EGb were isolated and structurally elucidated. 

Meanwhile, specified fractions concentrated on flavonol glycosides, terpene 

trilactones, catechins and procyanidins were obtained and qualitatively analyzed. 
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CHAPTER 3 DETERMINATION OF REPRESENTATIVE 

COMPOUNDS OF THREE MAIN CATEGORIES IN THE 

EXTRACT OF GINKGO LEAVES, TABLETS AND 

FRACTIONS 

3.1 Introduction 

In chapter 2, seven abundant original flavonoids were isolated from EGb by a 

series of column chromatographies and structurally elucidated as flavonol di-

glycosides (FG1-7) on the basis of spectroscopic data, including two major and 

characteristic acylated flavonol glycosides in Ginkgo. Four fractions (Fr. A-D) 

and three sub-fractions enriched by three kinds of constituents (Fr. Fs, Fr. Ts and 

Fr. Ps) were obtained from the total extract for further analysis and bioactivity 

assay through fractionation. The chemical constituents of Ginkgo can be classified 

into three categories: flavonol glycosides, terpene trilactones, catechins and 

procyanidins. In this chapter, quantitative analysis of three main categories of 

constituents in extracts of Ginkgo leaves, tablets and some specific fractions was 

carried out.  

These seven isolated main original flavonol glycosides, labeled as FG1-7, and 

four main terpene trilactones, namely, ginkgolide A, B and C and bilobalide, 

belong to the first two categories in the study. Their chemical structures are listed 

below (Figures 3-1 to 3-3). 
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Abbr. R Acylated flavonol diglycosides 

FG1 OH quercetin 3-O-α-L-[6´´´-p-coumaroyl-(β-D)-glucopyranosyl]-

(1,2)-rhamnopyranoside 

FG2 H kaempferol 3-O-α-L-[6´´´-p-coumaroyl-(β-D)-

glucopyranosyl]-(1,2)-rhamnopyranoside 

Figure 3-1. Chemical structures of acylated flavonol di-glycosides in Ginkgo 
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Abbr. R1 R2 Flavonol glycosides 

FG3 OH -Glc(6-1)-Rha quercetin 3-O-β-D-(α-L-rhamnopyranosyl)-

(1,6)-glucopyranoside 

FG4 OH -Rha(2-1)-Glc quercetin 3-O-α-L-(β-D-glucopyranosyl)-

(1,2)-rhamnopyranoside 

FG5 OCH3 -Glc(6-1)-Rha isorhamnetin 3-O-β-D-(α-L-

rhamnopyranosyl)-(1,6)-glucopyranoside 

FG6 H -Glc(6-1)-Rha kaempferol 3-O-β-D-(α-L-

rhamnopyranosyl)-(1,6)-glucopyranoside 

FG7 H -Rha(2-1)-Glc kaempferol 3-O-α-L-(β-D-glucopyranosyl)-

(1,2)-rhamnopyranoside 

Figure 3-2. Chemical structures of non- acylated flavonol di-glycosides in 

Ginkgo 
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Figure 3-3. Chemical structures of ginkgolides  and bilobalide in Ginkgo 

In the preliminary test, four catechins such as catechin, epicatechin, 

gallocatechin, epigallocatechin, and two dimers, procyanidin B1 and procyanidin 

B3 were found to exist in EGb with the exception of procyanidin B2. These six 

polyphenolic compounds, four catechins and two procyanidins, belong to the third 

category. Their chemical structures are listed below (Figures 3-4 & 3-5). 

 

epicatechin R = H catechin R = H 

epigallocatechin R = OH gallocatechin R = OH 

Figure 3-4. Chemical structures of four catechins found in Ginkgo 
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procyanidin-B1  procyanidin-B3 

Figure 3-5. Chemical structures of two procyanidins found in Ginkgo 

In recent years, because flavonol glycosides and terpene trilactones were 

regarded as major bioactive components, a number of studies have been focused 

on the development of quantitative analysis methods for quality control of these 

compounds in Ginkgo products. 

3.1.1 Flavonol Glycosides 

Ginkgo contains a large amount of flavonol glycosides. However, it is 

difficult to directly quantify all these glycosides due to lack of reference chemical 

standards. Since the aglycones of these glycosides are mainly quercetin, 

kaempferol, and isorhamnetin, the total flavonoid content could be indirectly 

examined by determing the content of three aglycones after acidic hydrolysis of 

these glycosides. The total content of quercetin, kaempferol and isorhamnetin is 

calculated first using quercetin as the reference, and is further multiplied by 2.514 

to get the content of flavonol glycosides, which is the ratio of mean molecular 

mass of aglycones and glycosides, namely the molecular factor. This approach has 

been adopted by USP and EP.  
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Direct determination of these flavonol glycosides was also reported recently. 

An UPLC-UV method was established and reported by Wang et al. (2010) for the 

determination of six main flavonol glycosides, e.g., rutin, kaempferol rutinoside 

and isorhamnetin rutinoside in Shuxuening injection ( 舒血寧注射液 ), a 

prescribed drug related to Ginkgo leaves. The other three compounds’ structures 

were not presented therein due to the patent declaration. The mobile phases were 

composed of acetonitrile (A) and 0.4% phosphate (B) while the detection was set 

at 360 nm. In 2013, the same group reported the result of simultaneous 

deternmination of eleven flavonoid glycosides in Ginkgo biloba leaves by the 

same UPLC conditions except for the gradient (Zhao et al., 2013). These 

flavonoid glycosides included two flavonol tri-glycosides, eight flavonol di-

glycosides and a flavone mono-glycoside. During the period, another UHPLC-UV 

method was developed for determination of flavonols in Ginkgo biloba products, 

including a mono-glycoside and three di-glycosides (Kakigi et al., 2012). In 2006, 

Ding et al. reported their research results on quantitative determination of major 

active components in Ginkgo biloba dietary supplements by RP-HPLC/ESI-MS 

method (Ding et al., 2006). Three flavonol glycosides, i.e., rutin hydrate, 

quercetin-3-β-D-glycoside and quercitrin hydrate, togethed with three flavonol 

aglycones (i.e., quercetin, kaempferol, isorhamnetin) and four terpenes (i.e., 

ginkgolides A, B, C and bilobalide), in total 10 components were quantified in a 

single analysis. 
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3.1.2 Terpenes 

Quality control of the terpenoids in Ginkgo is very important because of their 

potent and selective activity on platelet-activating-factor. However, analysis of 

these compounds is not an easy job due to their low content in leaves and poor 

UV absorption. A quantitative method using HPLC-RI for terpenes in Ginkgo 

leaves and extracts was proposed for the European Pharmacopoeia. In addition, a 

HPLC-ELSD method with relatively simple extraction process was proposed for 

the United States Pharmacopoeia while a programmed chromatography condition 

should be followed. 

Complex sample pre-treatment is necessary for enriching the active 

components and avoiding interference to the analysis. Many efforts have been 

made to simplify the sample pretreatment, which was comprehensively 

summarized by van Beek in 2009 (van Beek & Montoro, 2009). 

With high sensitivity and selectivity, MS techniques, such as APCI-MS 

(Jensen et al., 2002; de Jager et al., 2006) and ESI-MS (Avula et al., 2009; Sora et 

al., 2009; Mauri et al., 1999)
 
were widely applied to some research and made it 

possible to control the quality of Ginkgo products more quickly and conveniently. 

However, some researchers (Chen et al., 2005) had different opinion on the wide 

use of MS techniques and did not recommend these methods for routine quality 

control of Ginkgo products because the conventional HPLC-RI/ELSD method 

possessed sufficient sensitivity for the quantification of terpene trilactones. 
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3.1.3 Catechins and Procyanidins 

Large amounts of proanthocyanidins occur in Ginkgo leaves and extracts, 

with content of 4-12% and 7% (van Beek & Montoro, 2009). Catechins and 

proanthocyanidins are considered to be important for potentials of EGb. 

Unfortunately, little attention was paid to both phytochemical research and 

quantitative analysis of these compounds in Ginkgo. Accordingly, few assays 

have been described to determinate their contents in Ginkgo. In 2005, Skrinjar et 

al. reported to assay proanthocyanidins content after hydrolysis by means of 

spectrophotometry (van Beek & Montoro, 2009). No specific chromatographic 

separation and quantitation of catechins and proanthocyanidins in Ginkgo leaves 

and extracts was reported before 2013. Quantification of catechin, epi-catechin 

and epi-gallocatechin in Ginkgo biloba leaves by UPLC-MS method was carried 

out and reported in 2013 (Yao et al., 2013). 

3.1.4 Fingerprint 

It is well recognized that the biology activity and therapeutic effects of 

botanic products are associated with multiple constituents rather than a single 

compound. Therefore, it is very important to have an overall view of all the 

components. Fingerprinting technique is widely used for this purpose. HPLC-UV 

fingerprinting was used to monitor major flavonoids in Ginkgo, but not suitable 

for terpene lactones. In the past decade, due to the rapid progress and its high 

sensitivity and specificity of MS techniques, many LC-MS or LC-MS/MS 

methods were developed for chromatographic profiles and identification of active 

or potentially toxic components in Ginkgo leaves and products, ultimately leading 
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to the quality control of Ginkgo products. A nano-electrospray ionization mass 

spectrometry technique was developed in 2005 for simultaneous detection of the 

active and potentially toxic components in Ginkgo products from a single analysis 

for the purpose of enabling fast and effectively quality control of Ginkgo 

commercial products (Liu et al., 2005). The active components were found to be 

similar in the profile of four standardized extracts, including 7 major flavonol 

glycosides such as rutin, kaempferol rutinoside and isorhamnetin rutinoside etc. 

and 4 well-known terpene lactones. Large variations were exhibited to exist 

between 14 commercial products by the comparison of their profiles. Some 

profiles suggested the possibility of adulteration with synthetic quercetin or rutin 

and high quantity of ginkgolic acids in commercial products, demonstrating the 

effectiveness and advantage of this method. 

It was reported in 2008 that another fingerprint profile using a capillary 

HPLC/MS method was developed for identification of more than 70 components 

of Ginkgo products, including 72 flavonoids and five terpene lactones, e.g., 

ginkgolides A, B, C, J and bilobalide (Ding et al., 2008). In the same year, a 

research about chromatographic profiles and identification of new phenolic 

components of Ginkgo biloba leaves and selected products was reported (Lin et 

al., 2008). A chemical profile of flavonoids and terpene lactones in Ginkgo was 

demonstrated by a modified LC-DAD-ESI/MS method, in which 45 flavonol and 

flavone glycosides, 3 flavonol aglycones, 10 biflavones, 1 catechin and 4 terpene 

lactones was identified (Figure 3-6, reproduced from the reference Lin et al., 

2008). Six samples of Ginkgo leaves and three Ginkgo products were compared 

using the profile. The results suggested chromatographic profiles of Ginkgo leaves 
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might be similar despite the difference in growing conditions all over the world 

and sex of Ginkgo trees. Moreover, most flavonoids contained in commercial 

Ginkgo products were similar to those in Ginkgo leaves with the exception of 

biflavones, owing to the polar solvents used for commercial extraction, which 

could not extracted the relatively nonpolar biflavones.  

 

Figure 3-6. LC chromatograms of extracts of Ginkgo leaves 

(A) extract, 350nm; (B) extract, 270nm; (C) alkali hydrolysed extract, 310nm; (D) 

acid hydrolysed extract, SIM; (E) untreated extract, SIM of flavones; (F) untreated 

extract, SIM of terpene lactones 
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Taken together, with the help of MS techniques, it is possible to detect and 

monitor more and more potential bioactive or toxic constituents in Ginkgo, 

resulting in the enhancement of quality control of Ginkgo products. 
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3.2 Experimental Part 

3.2.1 Materials and Methods 

Rutin (FG3) (purity > 98%) was purchased from National Institute for the 

Control of Pharmaceutical and Biological Products (Beijing, China) while FG1, 

FG2, FG4, FG5, FG6 and FG7 were prepared in our laboratory. Their structures 

were elucidated on the basis of HR-MS, 
1
H NMR and 

13
C NMR spectral data. The 

purity of the six components determined by HPLC-UV was shown to be greater 

than 95 %. 

Bilobalide (Bb), ginkgolides A, B and C (GinA, GinB, GinC) were purchased 

from National Institute for the Control of Pharmaceutical and Biological Products 

(Beijing, China) (purity > 98%). 

Catechin di-hydrate (Cat.) and gallocatechin (GC) were purchased from 

Nagara Science Co., Ltd. (Gifu, Japan). Epicatechin (EC) and epigallocatechin 

(EGC) (purity > 98%) were products from Winherb Medical Science (Shanghai, 

China). Procyanidin B1 (P-B1) and procyanidin (P-B3) were isolated in our lab 

(purity > 95%).  

HPLC-grade methanol, acetonitrile were purchased from Anaqua chemical 

supply (Pennsylvania, USA). Ascorbic acid was purchased from Sigma (USA) 

and HPLC-grade formic acid was purchased from Fluka (Buchs, Switzerland). 

Ultrapure water (18.2 MΩ) was purified with a Milli-Q system (Millipore, MA, 

USA). 
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All other chemicals and solvents were analytical grade without further 

purification. 

3.2.2 Preparation of Standard and Sample Solution  

(1) Preparation of Extracts of Ginkgo Leaves and Products 

Air-dried leaves of Ginkgo biloba were pulverized (over 80 mesh sieve) and 

the powder (5 g) was extracted twice with solution of 60% methanol in water (v/v, 

40 mL) by sonication of 30 min at room temperature. After removal of the solvent 

by evaporation in vacau, the extract was suspended in water and extracted twice 

with diethyl ether (5mL). The water layer was then concentrated on a rotary 

concentrator and dried on a freeze drying system (Labconco, Kansas City, MO, 

USA) to obtain the extract of Ginkgo leaves. 

Two commercial Ginkgo products made from EGb761, i.e., tanakan
®

 and 

Ginaton
®
 tablets, were removed of the coated film and grounded into powder. The 

powder (equivalent to 200mg EGb761) was extracted twice with solution 60% 

methanol (20 mL) by sonication of 30 min at room temperature. After removal of 

the solvent by evaporation in vacau, the extract was lyophilized on the freeze 

drying system to yield the extract of Ginkgo products. 

(2) Preparation of Standard Solution and Test Solution of Flavonol 

Glycosides 

The reference substances were accurately weighed and then dissolved in 60% 

methanol to prepare the mixed stock standard solution with concentration of FG1 
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(150.00 µg/mL), FG2 (150.00 µg/mL), FG3 (300.00 µg/mL), FG4 (144.00 

µg/mL), FG5 (150.00 µg/mL), FG6 (150.00 µg/mL), FG7 (150.00 µg/mL). 

Working standard solutions for calibration curves were prepared by diluting the 

mixed standard solutions with 60% methanol to appropriate concentration. The 

standard solutions were stored at 4 ℃ before analysis. 

Samples of Ginkgo extracts (5 mg) were accurately weighed and transferred 

into a 2 mL tube followed by a solution of 60% methanol in water (v/v), and the 

resulting mixture was briefly shaken for mixing. The mixture was then sonicated 

for 10 min before being filtered through a 0.22 µm PTFE filter for analysis. 

Samples of Ginkgo products, tanakan
®

 and Ginaton
®
 tablets, were removed 

of the coated film and grounded into powder. The powder (equivalent to 40mg 

EGb761) was extracted twice with 60% methanol in water (10 mL) by sonication 

of 30 min at room temperature. After centrifugation for 5 min at 3000r/min, the 

supernatant was transferred into a 25 mL volumetric flask and made up to its 

volume, and then filtered through a 0.22 µm PTFE filter for analysis. 

(3) Preparation of Standard Solution and Test Solution of Terpene 

Trilactones 

Standard solutions and test solutions were prepared and analyzed according to 

the procedure described for USP28-NF23 (The United States Pharmacopeial 

Convention, 2003). 

The standard solutions were prepared as follows: ginkgolides A, B and C and 

bilobalide were accurately weighed and dissolved in methanol, and the resulting 
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solutions were sonicated for 5 min before being diluted with methanol to obtain 

solutions of different concentrations, including 0.1, 0.5, 1.0, 2.0, 4.0, and 8.0 

mg/mL. The solutions were then passed through a 0.45 µm filter.  

Mixed stock standard solution was prepared with 90% methanol at apporiate 

concentration of each compound, i.e., Bb (1211 µg/mL), GinA (1469 µg/mL), 

GinB (1129 µg/mL) and GinC (1585 µg/mL).  

Working standard solutions for calibration curves were prepared by diluting 

the mixed standard solution with 90% methanol to yield a series of standard 

solutions in the concentration range of 30.275-605.50 µg/mL, 36.725-734.50 

µg/mL, 28.225-1129.0 µg/mL and 39.625-792.50 µg/mL for Bb, GinA, GinB and 

GinC, respecntively. The standard solutions were stored at 4 ℃ before analysis.  

The test solutions were prepared as follows: An accurately weighed portion 

of the Ginkgo sample was placed in a 30 mL glass tube with screw cap and PTFE 

gasket followed by 10.0 mL of a 90% methanol solution. The tube was then 

sealed, and the mixture heated with stirring at 90°C for 30 min. The hot 

suspension was then mixed on a vortex mixer for 5 min before being heated at 

90°C for 30 min. The mixture was then cooled to room temperature, and passed 

through a 0.22 µm filter. 

The injection volume for the quantitative analysis was set to 10 µL. 

(4) Preparation of Standard Solution of Catechins and Procyanidins  

Mixed stock solutions containing Cat. (50 µg/mL), EC (10 µg/mL), GC (5 

µg/mL), EGC (50 µg/mL), P-B1 (10 µg/mL) and P-B3 (5 µg/mL) were prepared in 
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the mixed solvent (20% methanol with 1 mM ascorbic acid). Working standard 

solutions for calibration curves were prepared by diluting the stock solution with 

the mixed solvent to the following concentrations: 0.01-0.5 µg/mL for GC, P-B3; 

0.02-1.0 µg/mL for P-B1; 0.05-1.6 µg/mL for C and EGC; and 0.01-1.0 µg/mL for 

EC. The standard solutions were stored at -20 ℃ prior to be analyzed.  

A portion (50 mg) of the Ginkgo extract was accurately weighed into a 2 mL 

tube and followed by 1 mL mixed solvent (20% methanol with 1 mM ascorbic 

acid), and the resulting mixture was briefly agitated to allow for mixing. The 

mixture was then sonicated for 10 min and filtered through a 0.22 µm PTFE filter 

to yield the sample solution for analysis. 

3.2.3 Quantitation of Different Components of Ginkgo 

(1) Determination of Flavonol Glycosides using UPLC-UV 

Ultra-performance liquid chromatography (UPLC) was performed on an 

ACQUITY UPLC
TM

 system (Waters Corp, MA, USA) which was equipped with a 

binary solvent delivery system with an auto sampler, a diode array detector 

(DAD). All the operations, the acquiring and analysis of data were controlled by 

Hystar software (Bruker). The chromatography was performed on an Acquity 

BEH C18 column (2.1 × 100 mm, 1.7 μm). The mobile phase consisted of  0.1% 

formic acid in deionized water (A) and 0.1% formic acid in acetonitrile (B).  

The gradient elution procedure was used: 0-2 min, 5-15% B; 2-20 min, 15-22% 

B; 20.1-23 min, 100% B; 23.1-25 min, 5% B. The flow rate was 0.35 mL/min, the 
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column temperature was kept at 40℃ , detector signal was 260nm and the 

injection volume was 2 µL for quantitative analysis. 

Calibration curve of flavonoids was established by plotting the peak areas of 

analytes against the concentrations of standard solutions and then the contents of 

flavonol glycosides in samples were calculated according to the calibration curve.  

(2) Determination of Terpene Trilactones using HPLC-ELSD 

Waters 2695 high-performance liquid chromatography system equipped with 

a binary solvent delivery system with an auto sampler and an evaporative light 

scattering detector (ELSD: Waters 2420) was used for the analysis. The 

chromatography was performed on a Phenomenex C18 column (250×4.60 mm, 

5µm). 

The mobile phase consisted of water (A) and MeOH (B). The gradient elution 

procedure was used: 0-23 min, 25-48% B; 23-25 min, 48-75% B; 25-30 min, 75% 

B; 30-35 min, 75-90% B; 35-40 min, 90-25% B; 40-50 min, 25% B.  

Nebulizer gas (N2) flow was 3.5mL/min and the nebulizer temperature was 

36°C and the pressure of gas was 25psi. The column temperature was kept at 25℃ 

and drift tube temperature was 115°C. The injection volume was 20 µL for 

quantitative analysis. 

(3) Determination of Catechins and Procyanidins using UPLC-MS  

UPLC was performed using a Waters ACQUITY UPLC
TM

 system (Waters 

Corp, MA, USA) which was equipped with a binary solvent delivery system and a 
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sample manager coupled to Bruker MicroTOF mass spectrometer with an ESI 

source. All the operations, the acquiring and analysis of data were controlled by 

Hystar software (Bruker).  

The chromatography was performed on an Acquity UPLC HSS C18 column 

(2.1 × 150 mm, 1.8 μm). The mobile phase consisted of 0.1% formic acid in water 

(A) and 0.1% formic acid in acetonitrile (B). The gradient elution procedure was 

used: 0-2 min, 6-7.8% B; 2-15 min, 7.8-40% B; 15.1-18 min, 100% B; 18.1-20 

min, 6% B. The flow rate was 0.35 mL/min, the column temperature was kept at 

40℃, and the injection volume was 5 µL for quantitative analysis. 

The ESI-MS data were acquired in negative mode, MS parameters were as 

follows: end plate offset, -500 V; capillary voltage, 4500V; collision energy, 6.0 

eV; nebulizing gas (N2) pressure, 2.0 bar; drying gas (N2) flow rate, 8.0 L/min; 

drying gas temperature, 180 ℃; Mass range, m/z 100 - 1600. 

Cat., EC, EGC, GC, P-B1 and P-B3 in the sample were identified by 

comparing retention time and the mass spectra with that of standards. Extracted 

ion chromatogram (EIC) at the m/z 305.06 for the [M-H]
-  

ion of GC and EGC, 

m/z 577.13 for the [M-H]
- 
ion of P-B1 and P-B3, m/z 289.07 for the [M-H]

- 
ion of 

Cat. and EC were integrated and the peak areas were used for quantitation. 

3.2.4 Method Validation 

The method for quantitative analysis was validated in terms of linearity, 

sensitivity, precision, accuracy. Intra- and inter-day variations were chosen to 

determine the precision of the developed assay and the spiked recovery test was 
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used to evaluate the accuracy of the method. Variations were expressed by the 

RSDs of the data. 

(1) Method Validation of UPLC-UV Analysis for Flavonol Glycosides 

Linearity study was performed by a series of standard solutions containing 

seven tested compounds, i.e., FG1, FG2, FG3, FG4, FG5, FG6 and FG7. Limit of 

detection (LOD, S/N=3) and limit of quantitation (LOQ, S/N=10) of these 

compounds were calculated by a five point calibration curve (low concentration of 

standard solutions versus signal-to-noise ratio). The intraday precisions of five 

replicate injections were studied by an intermediate concentration of working 

standard solution (FG1, FG2, FG5-FG7 0.0125 mg/ mL; FG3 0.025mg/mL; FG4 

0.006 mg/mL) in a single day and interday precisions on five consecutive days. 

Repeatability study was obtained by analyzing five times of one batch of Ginkgo 

sample. The recovery experiments were performed by spiking the powder of 

Ginkgo sample 6 times with mixed standard solution (the same concentration as in 

the sample) 

(2) Method Validation of UPLC-MS Analysis for Catechins and 

Procyanidins 

Mixed stock standard solution containing EGC, EC, P-B1, P-B3, Cat. and EC 

was diluted to a series of appropriate standard solutions with 20% methanol 

solvent for linearity study. LOD and LOQ of the six compounds were calculated 

by a five point calibration curve (low concentration of standard solutions versus 

signal-to-noise ratio). The intraday and interday precisions of injection were 
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evaluated by injecting six replicate injections of an intermediate concentration of 

working standard solution (GC and P-B3: 0.08µg/mL; P-B1 and EC: 0.16µg/mL; 

EGC and Cat.: 0.8µg/ mL) in a single day and on five consecutive days, 

respectively. Repeatability study was evaluated by analyzing six times of one 

batch of Ginkgo sample. The recovery studies were performed by spiking the 

mixed standard solution (the same concentration as in the sample) into the powder 

of the sample Ginkgo sample for six times repeatedly. 
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3.3  Results 

3.3.1 Method Validation of UPLC-UV Analysis of Determination of Flavonol 

Glycosides 

Linearity, intra- and inter-day precision, LOD and LOQ were carried out 

under the above conditions using a series of diluted stock standard solutions. 

Repeatability study was obtained by analyzing five times of one batch of Ginkgo 

sample. The recovery experiments were performed by spiking the powder of 

Ginkgo sample 7 times with mixed standard solution (the same concentration as in 

the sample).  

(1) Linearity 

Linearity was examined with a series of standard solution in the concentration 

range of 12.5-300.0μg/mL. Satisfactory linearity of each compound was obtained 

(Table 3-1). 

Table 3-1. Linearity of flavonol glycosides analyzed by UPLC-UV 

Compounds Concentration (µg/mL) Regression Equation R
2 

FG1 25.0-150.0 Y=6.6509x+4.18 0.9998 

FG2 25.0-150.0 Y=7.5831x-3.76 0.9999 

FG3 25.0-300.0 Y=9.1207x-3.07 0.9999 

FG4 24.0-144.0 Y=6.4290x+6.08 0.9995 

FG5 25.0-150.0 Y=7.9820x-17.96 0.9996 

FG6 12.5-150.0 Y=11.370x-4.72 0.9999 

FG7 25.0-150.0 Y=9.1149x-5.52 0.9997 
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(2) Intra-day and Inter-day precision   

The intra- and inter-day precision of the developed method regarding peak 

area were calculated as the relative standard deviation (RSD) among a 

concentration of linear range. As shown in Tables 3-2 and 3-3, the intra- and inter-

day variations were less than 1.63% (n=5) and 3.65% (n=5) for all analytes, 

respectively, which indicated that this method gave good precision for all analytes. 

Table 3-2. Intra-day precision of flavonol glycosides analyzed by UPLC-UV 

Trial 
Peak area 

FG1 FG2 FG3 FG4 FG5 FG6 FG7 

1 84.74  92.95  222.88  32.54  94.47  140.50  114.09  

2 84.18  93.06  225.99  33.12  94.49  142.98  113.98  

3 84.41  93.43  224.06  33.17  95.58  141.20  114.76  

4 84.92  93.86  224.38  34.05  95.39  141.50  113.88  

5 84.77  94.11  225.22  33.25  95.77  140.99  113.41  

Mean 84.60  93.48  224.51  33.23  95.14  141.43  114.02  

SD 0.30  0.50  1.18  0.54  0.62  0.94  0.48  

RSD (%) 0.36 0.54 0.53 1.63 0.65 0.67 0.42 

Table 3-3. Inter-day precision of flavonol glycosides analyzed by UPLC-UV  

Day 
Peak area 

FG1 FG2 FG3 FG4 FG5 FG6 FG7 

1 84.92  93.86  224.38  34.05  95.39  141.50  113.88  

2 83.44  93.35  220.52  36.88  97.88  141.63  111.14  

3 85.52  92.85  219.13  36.42  97.38  140.39  112.86  

4 83.68  93.28  216.64  34.13  95.31  136.64  110.92  

5 85.41  93.44  219.21  35.46  95.39  136.81  112.23  

Mean 84.59  93.36  219.98  35.39  96.27  139.39  112.21  

SD 0.97  0.36  2.83  1.29  1.25  2.48  1.23  

RSD (%) 1.15 0.39 1.29 3.65 1.30 1.78 1.09 
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(3) Repeatability  

Repeatability was evaluated by five replicated samples. The RSDs (n=5) of 

the content of FG1-FG7 in five replicated samples were all less than 1.94% (Table 

3-4). 

Table 3-4. Repeatability of flavonol glycosides analyzed by UPLC-UV  

Trial 
Concentration (µg/mg) 

FG1 FG2 FG3 FG4 FG5 FG6 FG7 

1 6.32 4.80 7.07 3.32 4.75 3.74 2.59 

2 6.17 4.77 6.84 3.29 4.61 3.77 2.64 

3 6.31 4.73 7.01 3.32 4.80 3.78 2.61 

4 6.35 4.86 6.87 3.31 4.85 3.68 2.65 

5 6.42 4.74 6.80 3.38 4.74 3.74 2.58 

Mean 6.31 4.78 6.92 3.33 4.75 3.74 2.61 

SD 0.09 0.05 0.12 0.03 0.09 0.04 0.03 

RSD (%) 1.45 1.15 1.67 1.05 1.94 1.02 1.11 

(4) Recovery 

Recovery study was conducted on a sample spiked with a mixed standard 

solution. The results showed that all the average recovery fell in the range of 98.1-

102.8 % while RSDs were all less than 2.08% (n = 7) (Table 3-5). 

(5) LOD and LOQ 

The LOD of these analytes, calculated by a signal-to-noise (S/N) of 3, were 

7.17, 7.40, 2.33, 4.44, 4.02, 2.74 and 4.30 µg/mL for FG1 to FG7 respectively; 

while the LOQ of these analytes, calculated by the S/N of 10, were 23.89, 24.75, 

8.09, 14.66, 13.46, 9.10, 14.33 µg/mL, respectively (Table 3-6). 
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Table 3-5. Recovery of flavonol glycosides analyzed by UPLC-UV 

Compounds 
Spiked 

(µg) 

Level found (µg) 

(Mean ± SD) 

Recovery (%) 

(Mean ± SD) 

RSD 

(%) 

FG1 8.00 7.947 ± 0.165 99.3 ± 2.06 2.08 

FG2 9.00 9.027 ± 0.146 100.3 ± 1.62 1.61 

FG3 14.00 14.389 ± 0.238 102.8 ± 1.70 1.65 

FG4 4.50 4.415 ± 0.084 98.1 ± 1.86 1.90 

FG5 9.00 9.051 ± 0.111 100.6 ± 1.23 1.23 

FG6 7.00 6.988 ± 0.048 99.8 ± 0.68 0.68 

FG7 5.00 4.996 ± 0.076 99.9 ± 1.52 1.52 

 

Table 3-6. LOD and LOQ of flavonol glycosides analyzed by UPLC-UV 

Compounds LOD (µg/mL) LOQ (µg/mL) 

FG1 7.17 23.89 

FG2 7.40 24.75 

FG3 2.33 8.09 

FG4 4.44 14.66 

FG5 4.02 13.46 

FG6 2.74 9.10 

FG7 4.30 14.33 

 

Taken together, the linearity, LOD, LOQ, precision, repeatability and 

recovery characteristics of this method, which were summarized in Table 3-7, 

revealed that it was suitable for the quantitative analysis of the seven flavonol 

glycosides in EGb. 
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Table 3-7. Summary on the method validation of flavonol glycosides analyzed by UPLC-UV 

Com-

pounds 

Linearity 

(µg/mL) 
Regression equation R

2
 

Precision 

(RSD %, n=5) 
 

Repeatability 

(RSD%, n=5) 

Recovery 

( % ) LOD 
(g/mL) 

LOQ 
(g/mL) Intra-

day 

Inter-

day 
 Mean RSD 

FG1 25.0-150.0 Y=6.6509x+4.18 0.9998 0.36 1.15  1.45 99.3 2.08 7.17 23.89 

FG2 25.0-150.0 Y=7.5831x-3.76 0.9999 0.54 0.39  1.15 100.3 1.61 7.40 24.75 

FG3 25.0-300.0 Y=9.1207x-3.07 0.9999 0.53 1.29  1.67 102.8 1.65 2.33 8.09 

FG4 24.0-144.0 Y=6.4290x+6.08 0.9995 1.63 3.65  1.05 98.1 1.90 4.44 14.66 

FG5 25.0-150.0 Y=7.9820x-17.96 0.9996 0.65 1.30  1.94 100.6 1.23 4.02 13.46 

FG6 12.5-150.0 Y=11.370x-4.72 0.9999 0.67 1.78  1.02 99.8 0.68 2.74 9.10 

FG7 25.0-150.0 Y=9.1149x-5.52 0.9997 0.42 1.09  1.11 99.9 1.52 4.30 14.33 
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3.3.2 Calibration Curve of HPLC-ELSD Analysis of Determination of 

Terpene Trilactones. 

The linearity was evaluated by analyzing the standard curves of the four 

standards at five different concentration levels. The results are expressed as the 

values of the correlation coefficient (R
2
) and were summarized in Table 3-8. 

Table 3-8. Linearity of terpene trilactones analyzed by using HPLC-ELSD 

Compounds Concentration (µg/mL) Regression Equation R
2 

Bb 30.275-605.50 logA= 1.55 logC+1.46 0.9996 

Gin A 36.725-734.50 logA= 1.58 logC+1.44 0.9993 

Gin B 28.225-1129.0 logA= 1.51 logC+1.54 0.9991 

Gin C 39.625-792.50 logA= 1.57logC+1.38 0.9994 
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3.3.3 Method Validation of UPLC-MS Analysis of Determination of Catechins 

and Procyanidins 

The intra-day and inter-day precisions of injection were evaluated by 

injecting six replicate injections of an intermediate concentration of working 

standard solution (Cat. 0.8µg/ mL; EC 0.16µg/mL; GC 0.08µg/mL; EGC 0.8µg/ 

mL; P-B1 0.16µg/mL; P-B3 0.08µg/mL) in a single day and on five consecutive 

days, respectively. Repeatability study was evaluated by analyzing six times of 

one batch of Ginkgo sample. The recovery studies were performed by spiking the 

mixed standard solution (the same concentration as in the sample) into the powder 

of the Ginkgo sample for six times repeatedly. LOD and LOQ of the six 

compounds were carried out under the above conditions using a series of diluted 

stock standard solutions. 

(1) Linearity 

The linearity was evaluated by analyzing the standard curves of the six 

standards at six different concentration levels. The results were expressed as the 

values of the correlation coefficient (R
2
) which was summarized in Table 3-9. 

Table 3-9. Linearity of catechins and procyanidins analyzed by UPLC-TOF-MS 

Compounds Linearity (µg/mL) Regression Equation R
2 

Cat. 0.05-1.6 Y=641968x+21451 0.9992 

EC 0.02-1.0 Y=685413x+5299.2 0.9994 

GC 0.01-0.5 Y=874430x-1298.7 0.9998 

EGC 0.05-1.6 Y=597165x+23691 0.9994 

P-B1 0.04-1.0 Y=800399x+1111.8 0.9998 

P-B3 0.02-0.5 Y=2000000x-10522 0.9998 
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(2) Intra- and inter-day precision 

The intra- and inter-day precision of the developed method regarding peak 

areas were calculated as the relative standard deviation (RSD) among a 

concentration of linear range. As shown in Tables 3-10 and 3-11, the intra- and 

inter-day variations were less than 3.74% (n = 5) and 4.03% (n = 5) for all 

analytes, respectively, which indicated that this method gave good precision for 

all analytes. 

Table 3-10. Intra-day precision of catechins and procyanidins analyzed by 

UPLC-TOF-MS 

Trial 
Concentration (µg/mL) 

Cat. EC GC EGC P-B1 P-B3 

1 0.800 0.159 0.078 0.791 0.161 0.079 

2 0.775 0.155 0.084 0.805 0.165 0.083 

3 0.824 0.155 0.080 0.782 0.157 0.083 

4 0.800 0.156 0.076 0.762 0.164 0.079 

5 0.786 0.157 0.079 0.814 0.162 0.083 

Mean 0.797 0.156 0.079 0.791 0.162 0.081 

SD 0.018 0.002 0.003 0.020 0.003 0.002 

RSD (%) 2.31 1.07 3.74 2.57 1.92 2.69 
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Table 3-11. Inter-day precision of catechins and procyanidins analyzed by 

UPLC-TOF-MS 

Day 
Concentration (µg/mL) 

Cat. EC GC EGC P-B1 P-B3 

1 0.800 0.159 0.078 0.791 0.161 0.079 

2 0.782 0.160 0.079 0.783 0.167 0.082 

3 0.836 0.151 0.075 0.824 0.150 0.076 

4 0.819 0.162 0.083 0.765 0.155 0.084 

5 0.775 0.154 0.080 0.786 0.159 0.081 

Mean 0.802 0.157 0.079 0.790 0.158 0.080 

SD 0.025 0.005 0.003 0.021 0.006 0.003 

RSD (%) 3.16 2.89 3.69 2.72 4.03 3.79 

(3) Repeatability 

Repeatability was evaluated by six replicated samples. The RSDs of contents 

in six replicated samples were 3.80, 1.66, 1.18, 1.76, 2.37, and 2.85 %, 

respectively (Table 3-12). 

Table 3-12. Repeatability of catechins and procyanidins analyzed by 

UPLC-TOF-MS 

Trial 
Contents (ng/mg) 

Cat. EC GC EGC P-B1 P-B3 

1 11.83 3.09 1.60 7.84 2.79 1.74 

2 12.94 3.00 1.59 8.09 2.68 1.68 

3 12.34 3.00 1.56 8.27 2.76 1.70 

4 12.63 3.03 1.56 8.04 2.83 1.73 

5 13.15 3.09 1.59 8.00 2.66 1.64 

6 12.32 2.97 1.56 8.12 2.73 1.62 

Mean 12.54 3.03 1.58 8.06 2.74 1.69 

SD 0.48 0.05 0.02 0.14 0.06 0.05 

RSD (%) 3.80 1.66 1.18 1.76 2.37 2.85 
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(4) Recovery 

Recovery study was conducted on a sample spiked with a mixed standard 

solution. The recoveries were found to be in the range of 97.26–101.92%, and all 

of the RSDs were less than 1.54% for each analytes. (Table 3-13). 

Table 3-13. Recovery of catechins and procyanidins analyzed by 

UPLC-TOF-MS 

Compounds 
Spiked Amount 

(µg/mL) 

Level found (µg/mL) 

(Mean ± SD) 

Recovery (%) 

(Mean ± SD) 

RSD 

(%) 

Cat. 0.121 0.1207±0.0019 99.53±1.53 1.54 

EC 0.028 0.0278±0.0002 98.96±0.80 0.81 

GC 0.018 0.0175±0.0002 99.67±0.88 0.88 

EGC 0.079 0.0802±0.0010 101.92±1.28 1.26 

P-B1 0.028 0.0279±0.0003 99.33±1.07 1.08 

P-B3 0.013 0.0130±0.0001 97.26±1.03 1.06 

(5) LOD and LOQ 

The LOD of these analytes, calculated by a signal-to-noise (S/N) of 3, were 

less than 0.005µg/mL while the LOQ of these analytes, calculated by the S/N of 

10, were not more than 0.017µg/mL (Table 3-14). 

Table 3-14. LOD and LOQ of catechins and procyanidins analyzed by 

UPLC-TOF-MS 

Compounds LOD (µg/mL) LOQ (µg/mL) 

Cat. 0.002 0.005 

EC 0.005 0.017 

GC 0.003 0.010 

EGC 0.003 0.010 

P-B1 0.003 0.012 

P-B3 0.005 0.012 



 

120 

 

Based on these results, which were summarized in Table 3-15, it was clear 

that our newly developed UPLC-Q-TOF-MS method was an accurate and 

sensitive enough method for the quantitative analysis of the six polyphenolic 

compounds in Gingko extracts. 
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Table 3-15. Summary on the method validation of catechins and procyanidins analyzed by UPLC-TOF-MS 

Com-

pounds 

Linearity 

(µg/mL) 
Regression equation R

2
 

Precision 

(RSD %, n=5) 
 

Repeatability 

(RSD%, n=5) 

Recovery 

( % ) LOD 
(g/mL) 

LOQ 
(g/mL) Intra-

day 

Inter-

day 
 Mean RSD 

Cat. 0.05-1.6 Y=641968x+21451 0.9992 2.31 3.16  3.80 99.53 1.54 0.002 0.005 

EC 0.02-1.0 Y=685413x+5299.2 0.9994 1.07 2.89  1.66 98.96 0.81 0.005 0.017 

GC 0.01-0.5 Y=874430x-1298.7 0.9998 3.74 3.69  1.18 99.67 0.88 0.003 0.010 

EGC 0.05-1.6 Y=597165x+23691 0.9994 2.57 2.72  1.76 101.92 1.26 0.003 0.010 

P-B1 0.04-1.0 Y=800399x+1111.8 0.9998 1.92 4.03  2.37 99.33 1.08 0.003 0.012 

P-B3 0.02-0.5 Y=2000000x-10522 0.9998 2.69 3.79  2.85 97.26 1.06 0.005 0.012 
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3.3.4 Quantification of Constituents of Three Main Categories in Extracts 

and Preparations of Ginkgo 

A commercial extract of Ginkgo boliba leaves, two batches of each 

prescribed medicine made from EGb761 (i.e., tanakan
® 

and Ginaton
®

 tablets), and 

two batches of Ginkgo leaves grown in different place were collected for the study. 

Six extracts were processed from Ginkgo tablets and leaves with 60% methanol. 

Totally, there were eleven samples (S1-S11) subjected to the quantitative analysis, 

including seven extracts and four preparations. Details of all samples were shown 

in Table 3-16. 
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Table 3-16. Details of the samples subjected to quantitative analysis. 

Sample Description 

S1 Extract, extracted from tablets tanakan® (made from EGb761 and manufactured by Beaufour Ipsen Industrie , Dreux, France and 

purchased from Watsons, HK) 

S2 Extract, extracted from tablets tanakan® (made from EGb761 and manufactured by Beaufour Ipsen Industrie, Dreux, France and 

purchased from Tianjin, China) 

S3 Extract, extracted from tablets Ginaton® (made from EGb761 and manufactured by Dr. Willmar Schwabe GmbH &Co. KG, 

Karlsruhe, Germany and purchased from Tianjin, China) 

S4 Extract, extracted from tablets Ginaton® (made from EGb761 and manufactured by Dr. Willmar Schwabe GmbH &Co. KG, 

Karlsruhe, Germany and purchased from Tianjin, China) 

S5 Extract of Ginkgo leaves collected from Shandong Province, China 

S6 Extract of Ginkgo leaves collected from Hunan Province, China 

S7 Extract, purchased from Ningbo Traditional Chinese Pharmaceutical Co., Ltd, Zhejiang Province, China 

S8 Tablets, tanakan
®
 made from EGb761 and manufactured by Beaufour Ipsen Industrie, Dreux, France and purchased from Watsons, 

HK 

S9 Tablets, tanakan
®
 made from EGb761 and manufactured by Beaufour Ipsen Industrie, Dreux, France and purchased from Tianjin, 

China 

S10 Tablets, Ginaton
®
 made from EGb761 and manufactured by Dr. Willmar Schwabe GmbH &Co. KG, Karlsruhe, Germany and 

purchased from Tianjin, China 

S11 Tablets, Ginaton
®
 made from EGb761 and manufactured by Dr. Willmar Schwabe GmbH &Co. KG, Karlsruhe, Germany and 

purchased from Tianjin, China 
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(1) Determination of Flavonol Glycosides 

Samples (S1-S11) were subjected to UPLC-UV analysis and the amounts of 

compounds FG1-7 in these samples were quantified. 

As shown in Table 3-17 and Figure 3-7, similar levels of seven intact flavonol 

glycosides were present in the samples of extracts (S1-S4), which were processed 

from two commercial Ginkgo tablets tanakan
®
 and Ginaton

®
. Although contents 

of these flavonol glycosides in extracts of Ginkgo leaves (i.e., S5&S6) were lower 

than those in extracts of Ginkgo tablets (i.e., S1-S4), there was little difference in 

levels of these flavonol glycosides between two extracts from two different 

geographical sources of Ginkgo leaves. However, the commercial extract (S7) 

contained much more flavonol glycosides, five to more than ten times higher than 

other extracts, which probably attributed to the specific process adopted by the 

supplier. 

Table 3-17. Contents of flavonol glycosides in Ginkgo extracts  

Sample 
a)

 
Contents (µg/mg) 

FG1 FG2 FG3 FG4 FG5 FG6 FG7 Sum 

S1 6.02 4.47 6.95 3.68 5.77 3.84 3.37 34.10 

S2 6.52 4.76 6.24 3.16 5.19 3.70 3.00 32.58 

S3 5.70 4.33 5.83 2.99 5.04 3.33 2.90 30.12 

S4 6.53 4.70 6.46 3.33 4.74 3.62 2.66 32.03 

S5 2.67 1.64 1.88 2.00 2.18 1.22 1.79 13.39 

S6 2.73 1.53 1.75 1.46 2.11 1.15 1.25 11.98 

S7 32.53 25.27 29.54 16.37 17.45 18.58 26.83 166.57 

a
 Sample and sample duplicate were simultaneously prepared and analyzed. 
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Figure 3-7. Contents of flavonol glycosides in Ginkgo extracts  

The analytical results of four Ginkgo preparations shown in Table 3-18 and 

Figure 3-8 revealed that similar levels of seven intact flavonol glycosides were 

present in the two commercial Ginkgo preparations, tanakan
®

 and Ginaton
®
 

tablets. The levels of these compounds in tanakan
®

 were found to be a little higher 

than those in Ginaton
®
, and showed very small batch-to-batch variation, which 

reflected a high level of quality control during the manufacture of EGb761 and 

tablets. 

Table 3-18. Contents of flavonol glycosides in Ginkgo preparations 

Sample 
Contents (%) a) 

FG1 FG2 FG3 FG4 FG5 FG6 FG7 Sum 

S8 2.19 1.57 2.18 1.18 1.73 1.18 1.07 11.10 

S9 1.92 1.46 2.03 1.00 1.67 1.18 0.97 10.19 

S10 1.76 1.34 1.77 0.91 1.55 0.99 0.89 9.20 

S11 1.82 1.33 1.78 0.94 1.49 1.00 0.85 9.21 

a 
The amount of EGb761 per tablet was considered to be 40mg based on the label for 

this preparation. 
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Figure 3-8. Contents of flavonol glycosides in Ginkgo preparations 

(2) Determination of Terpene Trilactones 

The quantitative results of Ginkgo extracts (Tables 3-19 & Figure 3-9) 

indicated significant differences in the amounts of terpene trilactones between 

extracts processed from two commercial Ginkgo tablets, tanakan
®
 and Ginaton

®
. 

Tanakan
®
 samples contained higher contents of terpene trilactones than Ginaton

®
 

samples. However, both tanakan
®
 and Ginaton

®
 showed high quality consistence 

between different batches. With regard to two extract samples processed from two 

Ginkgo leaves cultivated in two geographical regions, i.e., S5 and S6, great 

differences were exhibited in terms of the contents of four terpene trilactones. In 

addition, the commercial extract (S7) also contained much more terpene 

trilactones than other extracts. 
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Table 3-19. Contents of terpene trilactones in Ginkgo extracts  

Sample 
a)

 
Contents (µg/mg) 

Bb GinA GinB GinC Sum 

S1 14.73 5.99 14.57 6.00 41.28 

S2 13.30 6.23 14.78 6.21 40.52 

S3 10.94 4.94 11.73 6.09 33.69 

S4 10.88 5.52 11.84 6.08 34.31 

S5 5.37 5.02 5.59 6.14 22.11 

S6 4.18 3.51 4.59 4.10 16.36 

S7 32.98 42.04 53.23 13.57 141.82 

a 
Sample duplicate were simultaneously prepared and analyzed. 

 

Figure 3-9. Contents of terpene trilactones in Ginkgo extracts 

Accordingly, the analytical results of four Ginkgo tablets (Table 3-20 & 

Figures 3-10) revealed the same trends. For example, contents of terpene 

trilactones in tanakan
®
 tablets (i.e., S8 and S9) were higher than those in Ginaton

®
 

tablets (i.e., S10 and S11), in proportion to contents in their extracts. 
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Table 3-20. Contents of terpene trilactones in preparations  

Sample 
a, b)

 
Contents (%) 

Bb GinA GinB GinC Sum 

S8 3.23 2.17 1.00 2.15 8.55 

S9 3.22 2.11 1.09 2.14 8.55 

S10 2.63 1.78 0.82 1.63 6.86 

S11 2.72 2.04 1.00 1.70 7.46 

a 
The amount of EGb761 per tablet was considered to be 40mg based on the label for 

this preparation. 

b 
Sample duplicate were simultaneously prepared and analyzed. 

 

Figure 3-10. Contents of terpene trilactones in Ginkgo preparations 

(3) Determination of Catechins and Procyanidins 

Seven extract samples (S1-S7) were subjected to UPLC-MS analysis for the 

determination of catechins and procyanidins. The results were shown in Table 3-

21 and Figure 3-11. 
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Table 3-21. Contents of catechins and procyanidins in Ginkgo extracts 

Sample 
a)

 
Contents (ng/mg)  

Cat. EC GC EGC P-B1 P-B3 Sum 

S1 17.08 4.30 2.56 19.25 5.51 1.55 50.26 

S2 13.04 3.09 2.15 8.20 2.81 1.73 31.02 

S3 4.00 0.95 0.59 1.81 1.50 1.09 9.93 

S4 14.12 3.33 2.03 13.38 4.83 1.88 39.55 

S5 0.59 nd
 b)

 nd
 b)

 0.13 1.30 0.91 2.93 

S6 8.59 2.21 0.79 10.19 4.28 1.83 27.89 

S7 (µg/mg) 3.23 1.66 0.60 1.30 0.36 0.10 7.25 

a
: Sample duplicate were simultaneously analyzed. 

b
: not detected. 

 

Figure 3-11. Content of catechins and procyanidins in Ginkgo extracts 

Contents of catechins and procyanidins in all samples were far below the 

reported levels of both Ginkgo leaves (4-12%) and standardized extracts (9.0%) 

(van Beek & Montoro, 2009). The results also revealed that contents of these 

investigated components varied greatly between samples. Both of two commercial 

Ginkgo tablets, tanakan
®
 and Ginaton

®
, were observed to have great batch-to-
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batch variation in contents of catechins and procyanidins despite of good batch-to-

batch repeatability in amounts of flavonol glycosides and terpene trilactones. In 

addition, there was a nearly ten-fold difference between two samples of Ginkgo 

leaves, probably due to different growing areas. 

The chromatograms for determination of flavonol glycosides, terpene 

trilactones as well as catechins and procyanidins were shown in Figures 3-12, 3-

13 and 3-14.  
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A 

 
B 

 
C 

 

Figure 3-12. UPLC-UV chromatograms of mixed standards (A), extracts of 

Ginkgo leaves (B) and Ginkgo tablets (C) for determination of flavonol glycosides 
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A 

 

B 

 

C 

 

Figure 3-13.  HPLC-ELSD chromatograms of mixed standards (A), extracts of 

Ginkgo leaves (B) and Ginkgo tablets (C) for determination of terpene trilactones 
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A 

 
B 

 
C 

 

Figure 3-14. Extracted ion chromatograms (EIC) of GC and EGC (A), P-B1 and 

P-B3 (B), Cat. and EC (C) in mixed standards (upper panel) and extract of Ginkgo 

leaves (lower panel) for determination of catechins and procyanidins 
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3.3.5 Quantitative Determination of Total Extract and Fractions 

Utilizing the above methods, contents of flavonol glycosides, terpene 

trilactones, catechins and procyanidins in two preliminary fractions and three sub-

fractions were determined. The total extract of Ginkgo biloba leaves (Extract, S7) 

has been quantified in section 3.3.4. All the quantitative results were summarized 

in Tables 3-22, 3-23 and 3-24. 

Table 3-22. Contents of flavonol glycosides in Ginkgo extract and its fractions 

Sample 
Contents (µg/mg) 

FG1 FG2 FG3 FG4 FG5 FG6 FG7 Sum 

Extract 32.53 25.27 29.54 16.37 26.83 18.58 17.45 166.57 

Fr. C 43.48 32.69 40.19 21.54 37.23 26.50 23.15 224.78 

Fr. Fs 92.83 71.90 89.25 46.15 77.37 55.21 49.35 482.06 

 

Table 3-23. Contents of terpene trilactones in Ginkgo extract and its fractions 

Sample 
Contents (µg /mg) 

Bb GinA GinB GinC Sum 

Extract 32.98 42.04 53.23 13.57 141.82 

Fr. C 43.60 52.46 64.92 17.13 178.11 

Fr. Ts 208.05 303.07 162.73 49.00 722.85 

 

Table 3-24. Contents of catechins and procyanidins in Ginkgo extract and its 

fractions 

Sample 
Contents (µg/mg) 

Cat. EC GC EGC P-B1 P-B3 Sum 

Extract 3.04 1.66 0.60 1.30 0.36 0.10 7.06 

Fr. B 30.31 16.62 3.99 8.17 3.69 1.10 63.89 

Fr. Ps 235.34 134.93 22.10 42.78 21.00 7.21 463.36 
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The results showed that the total contents of flavonol glycosides and terpene 

trilactones were up to 30.8% in the total extract, which confirmed that flavonol 

glycosides and terpene trilactones were main constituents in EGb. After first-step 

fractionation, the contents of flavonol glycosides and terpene trilactones rose up to 

40.3% in Fr. C while contents of catechins and procyanidins rose from 0.7% in 

total extract up to 6.4% in Fr. B. Due to further fractionation, contents of flavonol 

glycosides, terpene trilactones and catechins and procyanidins reached up to 

48.2%, 72.3% and 46.3%, respectively. Fractions rich in flavonol glycosides, 

terpene trilactones and catechins and procyanidins were obtained. 

In order to evaluate the enriching efficacy of the two-step fractionation, 

recovery yields of each fraction from EGb in terms of flavonol glycosides, terpene 

trilactones, catechins and procyanidins contents were calculated. The results were 

summarized in Tables 3-25, 3-26 and 3-27. 

Recovery yield (%) 
Conc. in Fraction

Conc. in Extract
 × yield from EGb 

Table 3-25. Enriching efficacy of flavonol glycosides by fractionation from EGb 

Analytes FG1 FG2 FG3 FG4 FG5 FG6 FG7 Sum 

Recovery 

yield (%) 

Step1 83.67 80.98 85.17 82.37 86.87 89.28 83.05 84.48 

Step2 81.56 81.32 86.35 80.57 82.42 84.92 80.83 82.37 

Step1: from total extract to Fr. C; 

Step2: from total extract to Fr. Fs. 
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Table 3-26. Enriching efficacy of terpene trilactones by fractionation from EGb 

Analytes Bb GinA GinB GinC Sum 

Recovery 

yield (%) 

Step1 82.76 78.12 76.35 79.02 78.62 

Step2 57.15 65.31 27.70 32.71 46.18 

Step1: from total extract to Fr. C; 

Step2: from total extract to Fr. Ts. 

Table 3-27. Enriching efficacy of catechins and procyanidins by fractionation 

from EGb 

Analytes Cat. EC GC EGC P-B1 P-B3 Sum 

Recovery 

yield (%) 

Step1 71.78 71.97 48.06 45.35 73.86 78.91 65.17 

Step2 75.09 78.70 35.85 31.97 56.57 69.94 63.67 

Step1: from total extract to Fr. B; 

Step2: from total extract to Fr. Ps.  

The results showed that 84% of flavonol glycosides in total extract were 

transferred to Fr. C through step1 while 82% was transferred to Fr. Fs 

successfully through two steps. With regard to catechins and procyanidins, more 

than 60% in total extract was transferred to Fr. B and Fr. Ps successively. There 

were some differences in the concentration process of terpene trilactones. Half of 

ginkgolides B and C were lost due to the complex procedures applied to remove 

bi-flavones. Despite this, terpene trilactones were enriched successfully because 

contents of terpene trilactones in sub-fraction reached up to 72%. Moreover, 

ginkgolide J was also concentrated, which was confirmed by UPLC-TOF-MS 

analysis. Due to lack of the commercial reference compound, determination of 

ginkgolide J in Fr. Ts was not carried out.  



 

137 

 

3.4 Discussions 

In this chapter, three main categories of constituents, namely, flavonol 

glycosides, terpene trilactones, catechins and procyanidins were quantitatively 

analyzed in extracts of Ginkgo leaves, tablets and some specific fractions. 

The results revealed little variation and good repeatability in the contents of 

flavonol glycosides and terpene trilactones between samples of different batches. 

The relative extensive view of these components provided more evidence to 

support the good quality control conditions of EGb761 and its preparations. 

However, it would be impossible for the conventional quantitative analysis to 

detect possibility of adulteration with synthetic rutin or quercetin, which occurred 

frequently during the manufacturing process of Ginkgo products and was 

demonstrated in previous studies. The proposed method for the determination of 

seven intact flavonol glycosides could be widely used for this purpose due to its 

accuracy, convenience, and rapidness. 

In contrast to the similar compositions of flavonol glycosides and terpene 

trilactones, compositions of catechins and procyanidins both in Ginkgo tablets and 

leaves were observed to have great variation, which indicated deficient quality 

control on constituents of this category. Both of two commercial Ginkgo tablets 

tanakan
®
 and Ginaton

®
 were observed to have so much batch-to-batch variation in 

the contents of catechins and procyanidins. In addition, there was a nearly ten-fold 

difference between two samples of Ginkgo leaves probably due to different 

growing areas. Furthermore, contents of catechins and procyanidins in all samples 

were far below the reported levels of both Ginkgo leaves (4-12%) and 
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standardized extracts (9.0%). There would be three factors accounted for the 

difference. Firstly, this could be partially attributed to the differences between 

samples. Secondly, such variations may be due to differences in the manner in 

which the products were analyzed. The proposed method herein aimed at 

determination of individual compounds by means of UPLC-Q-TOF-MS instead of 

quantifying the group by means of spectrophotometry after hydrolysis. Thirdly, 

owing to the limitation of reference compounds available, our study focused on 

the determination for four monomers and two dimers, which probably accounted 

for a small part of proanthocyanidins because polymers were reported to prevail 

over dimers and monomers in Ginkgo leaves and extracts.  

Both the method deficiency and conditions deficiency in the quality control in 

terms of catechins and procyanidins should attribute to the lack of commercially 

available of reference compounds. Ultimately, little attention and efforts paid to 

their phytochemical study should be responsible for the current situation. 

Catechins and procyanidins were considered to be beneficial to the effects of 

Ginkgo, therefore, quantification of these components should be essential for the 

strengthening the quality control of Ginkgo products. 

Because the bioactivity and therapeutic effects of botanic products are usually 

derived from the integrated activity of multiple constituents, some fractions 

intended to be concentrated on flavonol glycosides, terpene trilactones, catechins 

and procyanidins were obtained by repeated column chromatographies. 

Quantification of these groups of components was essential to be conducted for 

evaluating the abundance of these components. The results showed that contents 
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of flavonol glycosides, terpene trilactones, catechins and procyanidins reached up 

to 48 %, 72 % and 46 % in the relevant final specific fractions (Fr. Fs, Fr. Ts and 

Fr. Ps), respectively. Due to comprehensive fractionation, 82 % of flavonol 

glycosides and 63% catechins and procyanidins in total extract were transferred to 

Fr. Fs and Fr. Ps, respectively. These results indicated that fractions rich in 

flavonol glycosides, terpene trilactones, catechins and procyanidins were prepared 

successfully. 

As for the quantitative method establishment of catechins and procyanidins, 

the stability of the standard solution containing the catechin, epicatechin, 

gallocatechin, epigallocatechin, procyanidin-B1 and procyanidin-B3 were studied 

at the very beginning of the research. The solution was found to be stable for 

approximately two hours at room temperature, which interrupted the ongoing of 

the study and should be overcome. The addition of ascorbic acid to a solution of 

green tea catechins (pH 2.55) has been reported to enhance the stability for of 

these compounds for up to a month at room temperature (Mizukami et al., 2007). 

With this in mind, the stability study was conducted a second time in the presence 

of ascorbic acid to determine its effect on the stability of the catechins and 

procyanidins. By comparing the stability of mixed standards solutions with 

different concentrations of ascorbic acid (i.e., 0.1, 1.0 and 10.0 mM), it was found 

that the presence of 1 mM ascorbic acid or above rendered the solution stable for 

more than two days in the auto-sampler. The antioxidant effect of ascorbic acid 

significantly contributed to the stabilization of these polyphenolic compounds in 

the solution. In fact, after six month we tested the stock solution which was found 

to be stable when stored at -20℃ , the antioxidant effect of ascorbic acid 
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significantly contributes to the stabilization of standard solution in the quantitative 

analysis. Therefore, the mixed standard stock solutions of these polyphenolic 

compounds were prepared in 20% methanol with 1 mM ascorbic acid. 

With regard to the identification of procyanidins, two dimmers, P-B1 and P-

B3 were found to exist in both Ginkgo leaves and Ginkgo products but P-B2 was 

not present, which was in agreement with previous researches. Dimmers of EC-C 

and C-C were isolated from Ginkgo biloba leaves while there was no report about 

the dimmer of EC-EC found in Ginkgo biloba leaves. 
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3.5  Conclusions 

A simple, accurate, reliable and high sensitive method by UPLC-UV was 

developed for the quantitative analysis of the contents of seven intact flavonol 

glycosides in Ginkgo extract and preparations, which could reveal the real 

contents of main flavonol glycosides and should be further utilized for quality 

control of Ginkgo products. 

Another method by UPLC-Q-TOF-MS was established for the determination 

of contents of four catechins and two procyanidins identified in Ginkgo leaves and 

products. The validation data demonstrated that this method was reliable.  

Both methods, together with the official method recommended by USP for 

terpene trilactones in Ginkgo, was utilized to quantify the contents of flavonol 

glycoside, catechins and procyanidins and terpene trilactones in Ginkgo leaves 

and products. With the respect of flavonol glycosides and terpene trilactones, the 

results confirmed the good quality control during the manufacturing process of 

EGb761 and its preparations. However, regarding to catechins and procyanidins, 

the results revealed the deficiency of quality control of these components. 

Therefore, much more efforts should be taken to enhance the quality control of 

catechins and procyanidins in Ginkgo products and the developed method by 

UPLC-Q-TOF-MS could be utilized for this purpose.  

Some specified fractions were also determined and demonstrated successful 

enrichment for the intended purpose of the subsequent activity assay. 
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CHAPTER 4 BIOACTIVITY ASSAY 

4.1 Introduction 

In chapter 3, the contents of representative flavonol glycosides, catechins and 

procyanidins in some extracts and specified fractions were determined using 

newly developed quantitative methods, and their terpene trilactones contents were 

quantified by following the protocol recommended by USP. Catechins and 

procyanidins were found in low concentrations in all tested samples.  

In this chapter, the anti-aggregation effect of these single compounds and 

specified fractions were systematically evaluated. Moreover, some selected 

compounds were further investigated in the aspect of fibrils destabilization 

activity. 

Two techniques have been used frequently to study Aβ aggregation and the 

inhibition of Aβ aggregation by anti-amyloidogenic compounds, including dye-

binding assays and electron microscopy or atomic force microscopy. Dye-binding 

assays wherein the dye, i.e., thioflavin T (ThT) or Congo red, experiences either 

enhanced absorbance or fluorescence when bound to Aβ fibrils. For example, ThT 

associated rapidly with aggregated fibrils of Aβ, giving a rise to enhanced 

emission at 482 nm. This change was dependent on the aggregated state because 

monomeric or dimeric peptides did not react with ThT. Therefore, the method for 

detection of amyloid aggregation was often used to assess the activity of agents 

that might modulate aggregation or disaggregation of Aβ fibrils (Levine, 1993; 

Levine, 1999). ThT assay was conducted for activity evaluation in the experiment.  
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The amyloid β-peptide found in the senile plaques of the AD patients’ brains 

was mainly composed of Aβ40 and Aβ42. Some studies screening for anti-fibrillar 

active compounds targeted at Aβ40 or Aβ42. Because Aβ42 represented the majority 

of the core of the senile plaques and more toxic than Aβ40, we focused on 

investigating inhibitory activities towards Aβ42 aggregation of these tested 

compounds in the research. 

4.2 Experimental Part 

4.2.1 Materials and Methods 

Ginkgolides A, B, C (GinA, GinB, and GinC) and bilobalide (Bb) were 

purchased from China National Institute for the Control of Pharmaceutical and 

Biological Products (Beijing, China). Catechin hydrate （Cat., purity ≥ 99%) and 

gallocatechin （GC, purity ≥ 98%) were purchased from Nagara Science Co., Ltd. 

(Gifu, Japan). Epicatechin (EC) and epigallocatechin (EGC, purity > 98%) were 

purchased from Winherb Medical Science (Shanghai, China).  

Seven main flavonol glycosides (FG1-7) and procyanidin B1 (P-B1), 

procyanidin B3 (P-B3) were isolated and identified in our lab (purity > 95%). 

The Aβ42 peptide was a product of Bachem AG (Bubendrof, Switzerland) 

with purity greater than 95% checked by HPLC. Thioflavin T (ThT), 1,1,1,3,3,3-

hexafluoro-2-propanol (Hexfluroisopropanol, HFIP) and dimethyl sulfoxide  

(DMSO) were obtained from Sigma-Aldrich (St. Louis, MO, USA). 

Trifluoroacetic acid (TFA) was purchased from International Laboratory (San 

Francisco, CA, USA). 
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4.2.2 Preparation of Aβ Solutions 

The Aβ42 peptide was dissolved in TFA with glass bottle at the concentration 

of 2mg/mL by sonication of 20 minutes at room temperature. TFA was removed 

by gentle nitrogen gas stream. Subsequently, the peptide was formed a thin waxy 

wall. Hexfluroisopropanol (HFIP) was added to the peptide and the solution was 

kept in ice until the peptide was dissolved completely without agitation. HFIP was 

also removed by gentle nitrogen gas stream. The resulting peptide was lyophilized 

overnight on a freeze drying system (Labconco, Kansas City, MO, USA) to 

remove any trace amounts of TFA and HFIP. The pretreated peptide was 

dissolved in cold 0.02% ammonia solution at the concentration of 250 μM in ice 

and stored at -80℃ before assay. 

4.2.3 Preparation of Testing Solutions  

All testing compounds were first dissolved in DMSO at a series of 

concentrations as stock solutions and then added to the reaction mixture 

containing Aβ42 before assay to make the final concentration sequences for 

incubation. According to the preliminary activity test results, four concentration 

sequences for reaction mixture and corresponding concentrations for stock 

solution were used for different compounds. All the reaction mixture for 

incubation to form fibrils contained 25 μM of Aβ42, 50mM phosphate buffer (pH 

7.5 and 100 mM of NaCl) and different concentrations of testing compounds with 

1% DMSO.  

For three main flavonol glycosides, FG1, FG3 and FG4, compounds were 

initially dissolved in DMSO at concentrations of 100, and 300 μM, and 1, 3 and 
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10 mM, and then added to the reaction mixture to final concentrations of 1.0, 3.0, 

10, 30 and 100 μM, respectively. However, other flavonol glycosides and four 

terpene trilactones were showed very low levels of activity in our preliminary test. 

Therefore, they were tested at a final concentration of 100 μM in the full assay. 

As to single compounds of catechins and procyanidins, the reaction mixture 

contained 25 μM of Aβ42, 0.3, 1.0, 3.0, 10, or 30 μM of Cat., EC, GC, EGC, P-B1, 

or P-B3, 1% DMSO, 50mM of phosphate buffer (pH 7.5 and 100 mM NaCl). Prior 

to being tested, the compounds were dissolved in DMSO at concentrations of 30, 

100 and300 μM, and 1.0 and 3.0 mM, and then added to the reaction mixture to 

final concentrations of 0.3, 1.0, 3.0, 10, and 30 μM, respectively.  

Three different concentration sequences of the extract and its fractions were 

incubated in the reaction mixture. One specific sequence (i.e., 3.0, 10, 30, 100 and 

200 μg/mL) was designed for Fr.Ts and another for Fr.Ps (i.e., 0.3, 1.0, 3.0, 10, 

30 μg/mL). The usual concentration sequence (i.e., 1.0, 3.0, 10, 30, and 100 

μg/mL) was used for the total extract and all of the other fractions. 

4.2.4 Polymerization Assay 

 Polymerization assay was performed as described previously (Naiki et al., 

1998). The reaction mixture contained 25 μM of Aβ42, 0.3, 1, 3, 10, 30 or 50μM of 

FG1, FG3, FG4, Cat., EC, GC, EGC, P-B1, P-B3, 1% DMSO, 50mM phosphate 

buffer, pH 7.5 and 100 mM NaCl. All testing compounds were first dissolved in 

DMSO at concentrations one hundred times as the testing concentration in the 

incubated mixture which was described in detail in section 4.2.3, then, added to 

the reaction mixture to make the final concentrations. 
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Twenty μL aliquots of the mixture were put into PCR tubes and then were put 

into the PCR system (Gene Amp PCR System 9700, Applied Biosystems, Foster 

City, CA, USA) and incubated at 37°C for 24h without agitation. The reaction 

was stopped by adding ThT solution and transferred in triplicate from every tube 

into the black 96-well-plate (NUNC
®
, Roskilde, Denmark). Fluorescence was 

measured and the mean of triplicate was determined. 

The concentrations of testing compounds in testing solution were diluted to 

1/150 of those in reaction solution in order to minimize the quenching effect.   

4.2.5 Destabilization Assay 

Destabilization assay was performed as described by Ono K et al (2002). The 

reaction mixture contained 25 μM of Aβ42, 50mM of phosphate buffer (pH 7.5 

and 100 mM of NaCl) was incubated on PCR system at 37 °C for 24 h to form 

fibrils. All testing compounds (Cat., EC, GC, EGC, P-B1, P-B3) were first 

dissolved in DMSO at concentrations of 30, 100, 300 μM, 1 and 3 mM as stock 

solutions, then added to the reaction mixture to make the final concentrations of 

0.3, 1, 3, 10, 30μM, respectively. The resulting reaction mixture, after further 

incubation of 24h at 37 °C, was stopped by adding ThT solution, and then 

subjected to fluorescent measurements as in the polymerization assay. 

4.2.6 Fluorescence Spectroscopy 

The fluorescence measurements were recorded on an Envision
®
 2104 

Multilabel Reader (Perkin Elmer, Waltham, MA, USA), with optimized excitation 

and emission wavelengths of 430 (BW 24nm) and 470 nm (BW 24nm), 
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respectively. The reaction mixture contained 5 μM ThT and 50 mM of glycine-

NaOH buffer (pH 8.5). The intensity of a blank PBS solution containing 1% 

DMSO was subtracted from all readings for the background fluorescence. 

4.2.7 Data Analysis 

The IC50 and EC50 values were calculated using the GraphPad Prism 5 

software. All results were expressed as the mean ± SEM, and statistical analyses 

were performed using one-way ANOVA. P value less than 0.05 was considered as 

statistically significant. 
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4.3 Results 

4.3.1 Activity of Representative Compounds Belonging to Three Categories 

(1) Activities of seven major flavonoid glycosides 

In the preliminary test, three tested flavonol glycosides with the aglycone of 

quercetin showed medium effect towards Aβ42 aggregation whereas the other 

flavonol glycosides with the aglycone of kaempferol or isorhamnetin had little 

inhibiting effect. Consequently, activities of these flavonol glycosides were 

expressed in different terms of the half-maximal inhibitory concentration (IC50) 

values or inhibiting rate (IR) at concentrations of 100μM (Tables 4-1, 4-2 and 

Figure 4-1). 

Table 4-1. IC50 values of quercetin glycosides on Aβ42 aggregation 

Compounds IC50 (μM) 

FG1 32.56 ± 4.83 ** 

FG3 33.02 ± 4.84 ** 

FG4 67.12 ± 11.66 

**
 
p < 0.01, versus FG4 group by one-way ANOVA for Dunnett's multiple 

comparison test. 
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Table 4-2. IRs of kaempferol and isorhamnetin glycosides on Aβ42 aggregation 

Compounds
 a)

 IR (%) 

FG5 23.62 ± 1.39 

FG2 34.98 ± 1.38 

FG6 30.89 ± 3.90 

FG7 30.49 ± 1.36 

a
 All of the compounds were tested at a concentration of 100μM. 

 

 

Figure 4-1. IC50 values (above) or IRs (bottom) of flavonol glycosides on Aβ42 

aggregation 
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Among these flavonol glycosides, compounds with different aglycones 

showed different effects towards Aβ42 aggregation. For example, FG1, FG3 and 

FG4, with the same aglycone of quercetin, had more effect than compounds with 

aglycones of kaempferol, i.e., FG2, FG6 and FG7. With the aglycone of 

isorhamnetin, FG5 had much less effect than compounds with the aglycone of 

kaempferol, i.e., FG2, FG6 and FG7. In addition, there was no difference among 

three compounds with the same aglycone of kaempferol. However, three quercetin 

glycosides showed different ability to inhibit Aβ42 aggregation. FG1 and FG3 had 

the same effect while FG4 had much less effect than other two compounds. 

(2) Activities of four main terpene trilactones  

Because of little inhibiting effect on Aβ42 aggregation, activities of these 

terpene compounds were expressed in terms of IR. As shown in Table 4-3 and 

Figure 4-2, all tested compounds could hardly inhibit Aβ42 aggregation. 

Table 4-3. IRs of terpene trilactones on Aβ42 aggregation 

Compound
 a)

 IR (%) 

Bb 14.84 ± 2.36 

GinA 21.10 ± 2.96 

GinB 13.56 ± 1.31 

GinC 13.92 ± 2.35 

a. 
All of the compounds were tested at a concentration of 100μM. 



 

151 

 

 

Figure 4-2. IRs of terpene trilactones on Aβ42 aggregation 

(3) Activities of catechins and procyanidins 

In the preliminary test, all tested catechins and procyanidins showed strong 

effect on Aβ42 aggregation so IC50 values were measured in the formal assay. 

Furthermore, the half-maximal effective concentration (EC50) values on 

disaggregation of the preformed Aβ42 fibrils were measured. One of catechins 

found in Ginkgo, i.e., epicatechin, has been demonstrated to significantly inhibit 

Aβ42 aggregation (Ono et al., 2003). Therefore, epicatechin was chosen as the 

positive control for the activity assay. All of the results were listed in Table 4-4 

and shown in Figures 4-3 and 4-4. 
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Table 4-4. IC50 values on Aβ42 Aggregation and EC50 values on disaggregation of 

the preformed Aβ42 fibrils of catechins and procyanidins 

Compounds IC50 (μM) EC50 (μM) 

Cat. 14.93 ± 3.42 **
, +++

 5.27 ± 1.26 

EC
 a)

 9.44 ± 0.24 
++

 5.99 ± 0.60 

GC 17.54 ± 0.57 ***
, +++

 15.68 ± 3.19 *** 

EGC 8.51 ± 0.96 
++

 7.76 ± 0.94 

P-B1 3.28 ± 0.46
 
** 3.51 ± 0.32 

P-B3 3.54 ± 0.39
 
** 5.12 ± 0.75 

a
 positive control 

**
 
p < 0.01, *** p < 0.001, versus positive control group,

++
p < 0.01, 

+++
 p < 0.001, 

versus P-B3 group by one-way ANOVA for Dunnett's multiple comparison test. 

These anti-aggregation results showed that all of these polyphenolic 

compounds exhibited significant inhibitory activity towards Aβ42 aggregation, 

with IC50 values in the range of 3 to 18 μM. Catechin and gallocatechin showed 

less effect than the positive control (**
 
p < 0.01) while two procyanidins exhibited 

stronger activity than the positive control (**
 
p < 0.01). In general, procyanidins B1 

and B3 showed much higher levels of activity than catechins.  

The results on the destabilization of the preformed fibrils revealed that all of 

these compounds exhibited significant activity in this regard. All tested 

polyphenolic compounds except for gallocatechin exerted the same impact as the 

positive control. 
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Figure 4-3. IC50 values of catechins and procyanidins on Aβ42 aggregation 

 

Figure 4-4. EC50 values of catechins and procyanidins on disaggregation of the 

preformed Aβ42 fibrils  
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4.3.2 Activity of Fractions of Three Main Categories and Total Extract on Aβ 

Aggregation 

Table 4-5. IC50 values of different fractions from EGb on Aβ42 aggregation 

Sample Mean ± SD (µg/mL) 

Extract 14.24 ± 1.00 

Preliminary fraction 

Fr. A 13.62 ± 0.15
+++

 

Fr. B 4.98 ± 0.05*** 

Fr. C 15.15 ± 0.18
+++

 

Fr. D 18.75 ±1.64***
,+++

 

Sub-fraction 

Fr. Ps 2.22 ± 0.11 

Fr. Ts 136.2 ± 5.49
###

 

Fr. Fs 37.26 ± 2.03
###

 

***p < 0.001, versus Extract group, 
+++

 p < 0.001, versus Fr. B group, 
###

 p < 0.001, 

versus Fr. Ps group by one-way ANOVA for Dunnett's multiple comparison test. 

 

Figure 4-5. IC50 values of fractions on Aβ42 aggregation 

As shown in Table 4-5 and Figure 4-5, all of the fractions derived from the 

extract (S7), except for Fr. Ts, exhibited some inhibitory activity towards Aβ42 

aggregation, with IC50 values ranging from 2.22 to 37.26 µg/mL. 
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When these data were considered in more detail, it was clear that Fr. B 

showed the most potent activity among the four preliminary fractions A, B, C, and 

D (+++
 p < 0.001). As for the four resulting fractions through fractionation, Fr. Ps, 

the sub-fraction derived from Fr. B and enriched with catechins and procyanidins 

showed much greater inhibitory activity than the other two sub-fractions which 

contained flavonoids (Fr. Fs) and terpene trilactones (Fr. Ts) (###
 p < 0.001). Fr. Fs 

showed moderate effect and Fr. Ts barely exerted effect. 

Taken together, Fr. B and its subfraction, Fr. Ps, both contained catechins 

and procyanidins, exhibited the greatest inhibitory activities. 
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4.4 Discussions 

In this chapter, three main categories of constituents in the extract of Ginkgo 

biloba leaves, i.e., flavonol glycosides, terpene trilactones, catechins and 

procyanidins were assayed for their activities towards Aβ42 aggregation and fibrils 

destabilization. Furthermore, some specified fractions isolated from the extract 

were subjected to the biochemical assay to evaluate their activity to inhibit Aβ42 

aggregation. 

With regard to the first category components, i.e., flavonol glycosides, seven 

major intact flavonol glycosides isolated from the extract of Ginkgo biloba leaves, 

including two characteristic acylated compounds, showed some effects towards 

Aβ fibril formation. Significant differences in bioactivity were observed among 

these seven compounds, therefore provided some structure-activity relationships 

(SARs) for the flavonol glycosides in terms of inhibitory activity towards Aβ42 

aggregation. For example, three flavonol glycosides (FG1, FG3 and FG4) whose 

aglycone is quercetin showed much stronger activity than those having 

kaempferol or isorhamnetin as the aglycone. This obviously demonstrated that the 

observed activity of flavonol glycosides was closely associated with the aglycone 

structure, and that the number and position of the hydroxyl groups on the 

aglycone could display a significant impact on the activity. In another word, the 

moiety of two adjacent hydroxyl groups in B ring of the flavonol aglycone is 

necessary for these compounds to exert significant anti-aggregation effect. 

Different activities observed between compounds FG3 and FG4 attributed to the 

linkage of the sugar moiety. Moreover, it is interesting to note that FG1 and FG2 
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acylated by coumaric acid showed much stronger inhibitory activity than FG4 and 

FG7 without coumaroyl group in the molecules, respectively. This difference in 

activity attributed to the three-dimensional conformation formed because of the 

coumaroyl group in FG1 and FG2. This conformation is essential for the 

compounds to form a non-covalent interaction with the targeted β-sheet structure 

of the amyloid peptide (Gao et al., 1996; Porat et al., 2006). 

Regarding the second category, terpene trilactones showed barely any effect on 

Aβ42 aggregation. Four major terpene trilactones, ginkgolides A, B, C and 

bilobalide exhibit little effect on the inhibition of Aβ42 aggregation even at very 

high concentrations (100 μM). This result confirmed the previous study conducted 

by Luo et al. (2002). However, much attention should be paid to the activity of 

bilobalide. In the study by Luo et al. (2002), bilobalide significantly inhibited 

Aβ40 aggregation in vitro. Nevertheless, in our research, bilobalide exhibits little 

inhibitory effect on Aβ42 aggregation. The significant difference probably 

attributed to the different sequence and distinct pathway of aggregation between 

Aβ40 and Aβ42. 

With the respect of the third category, all of the tested catechins and 

procyanidins identified in EGb showed strong inhibitory activities on Aβ42 

aggregation. In addition, they could significantly destabilize the preformed Aβ42 

fibrils. It was found that procyanidins are much more effective than catechins in 

these two bioassays. Therefore, catechins and procyanidins could be regarded as 

potent active constituents in EGb761 to possess inhibition on Aβ aggregation and 

destabilization on the preformed Aβ fibrils. The result was in agreement with the 
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review by Porat et al. (2006) that catechin, epicatechin, tannic acid and some 

other small molecular polyphenols could specially inhibit various amyloid 

proteins in vitro. 

In addition, the great effect of catechins and procyanidins gave more 

evidences to support the inference that the moiety bearing two adjacent hydroxyl 

groups in B ring was necessary for these flavonoid compounds to exert significant 

anti-aggregation effect, which had been speculated from the observed different 

activities among seven flavonol glycosides. 

As shown in Chapter 3, flavonol glycosides, terpene trilactones, catechins and 

procyanidins account for 16.6%, 14.2% and 0.7%, respectively, in the total 

extract of Ginkgo biloba. There came the discrepancy that flavonol glycosides 

with high contents in EGb exerted much less effect than catechins and 

procyanidins, which existed in EGb in minor concentrations. Their contributions 

to the inhibitory effect of EGb towards Aβ aggregation were intriguing. Therefore, 

an attempt was made to investigate the roles of flavonol glycosides, terpene 

trilactones, catechins and procyanidins in the anti-aggregation process of EGb. 

Fractions enriched with these three categories of compounds were prepared from 

EGb and quantitatively analyzed. Moreover, their in vitro activities were 

evaluated individually. This approach led to the clarification of contributions of 

these bioactive chemical fractions to the effect of EGb in inhibiting the fibril 

formation. 

After first-step fractionation by MCI column chromatography, about 80 

percent of flavonol glycosides and terpene trilactones in the extract were 
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concentrated in Fr. C. Contents of these two groups of components in this fraction 

were 22.4% and 17.8%, respectively. Meanwhile, content of catechins and 

procyanidins in Fr. B was determined to be six times higher than that of the total 

extract, up to 6.4%, indicating that 65 percent of catechins and procyanidins were 

transferred to this fraction. Concerning inhibitory activities, Fr. C exerted the 

same effect as the total extract (p > 0.05) and Fr. B possessed much stronger 

inhibition than the total extract (***p＜0.001), which implied that the most 

effective constituents were present in Fr. B. 

Through further enrichment, a significant difference was found among three 

sub-fractions, i.e., Fr. Fs, Fr. Ts and Fr. Ps. With high content of 48.2%, Fr. Fs 

showed less effect than Fr. C. With regard to Fr. Ts, although its content rose up 

to 72.3%, little inhibitory activity was observed. However, Fr. Ps possessed 

significantly improved inhibitory activity when catechins and procyanidins 

account for 46.3% in the fraction. Hence, the fraction abundant in catechins and 

procyanidins showed much stronger activity than fractions rich in flavonol 

glycosides or terpene trilactones. These results provided concrete evidence to 

support the importance of catechins and procyanidins to the inhibitory effect of 

EGb towards Aβ aggregation. Catechins and procyanidins is a very important kind 

of compounds proved beneficial to the neuroprotective effect of some botanic 

products. Substantial studies have revealed that catechins in tea, especially 

epigallocatechin-3-gallate (EGCG, Figure 4-6) possessed potential 

neuroprotective activities (Ehrnhoefer et al., 2008; Zhang et al., 2012; Bai et al., 

2013; Rezai-Zadeh et al., 2005; Haque et al., 2008; Rezai-Zadeh et al., 2008). A 
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phase 2-3 RCT of EGCG in patients with early AD is ongoing (NCT 00951834) 

(Mangialasche et al., 2010). Additionally, a commercially available grape seed 

extract proanthocyanidin comprised of catechin, epicatechin base unit and their 

derivatives such as epigallocatechin, MegaNatural-AZ
®
 (MN, Figure 4-6), was 

found to have potent effect on Aβ self-assembly (Ono et al., 2008; Ho & Pasinetti, 

2010; Pasinetti et al., 2010). 

Therefore, it is reasonable to conclude that these polyphenols existed in 

EGb761 are an important category of constituents contributing to the 

neuroprotective effect of EGb761. 
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Figure 4-6. Chemical structure of EGCG and base unit of MN 

With regard to flavonol glycosides, despite its mediate effect towards Aβ 

aggregation, they can be regarded to contribute greatly to the effect of the extract 
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owing to their high contents in EGb, which could be speculated from the 

inhibitory effect and overall yield of Fr. Fs from the extract. 

In addition, since Fr. C has the same effect as the total extract and its yield 

from the extract was high up to 62.6%, it could be inferred that Fr. C contributed 

greatly to the inhibitory activity of the total extract. Moreover, it was found that 

removal of terpenes from Fr. C resulted in much less effect, which indicated 

synergistic effect between terpenes and flavonol glycosides. Therefore, terpenes 

trilactones probably exerted their effect through the synergism with flavonol 

glycosides and they could also be regarded to play an important role in the anti-

aggregation effect of the extract. 

Potent inhibitory activities of catechins and procyanidins, together with the 

great contribution of flavonol glycosides to EGb’s inhibitory activity, were 

demonstrated in this chapter. Because flavonol glycosides, catechins and 

procyanidins belong to flavonoids, it is reasonable to conclude that flavonoids 

play a crucial role in the anti-aggregation effect of the extract of Ginkgo leaves, 

therefore contribute greatly to the neuroprotective effect of EGb761. 
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4.5 Conclusions 

In this chapter, activities of constituents of three main categories in EGb were 

evaluated systemically. In this study, catechins and procyanidins were 

demonstrated to exert potent inhibitory effect on Aβ42 aggregation, flavonol 

glycosides have moderate effect, but terpene trilactones show little effect. 

The specific fractions obtained through activity-guild fractionation showed 

the same trends as the individual compounds and provided more evidences to 

support the importance of catechins and procyanidins to the inhibitory effect of 

EGb towards Aβ aggregation. It was proven that flavonol glycosides contributed 

greatly to the effect of the extract owing to their high contents in EGb. At last, it 

was speculated that the synergistic interaction existed between flavonol glycosides 

and terpenes trilactones in EGb towards Aβ aggregation. 
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CHAPTER 5 SUMMARIES AND PROSPECTS OF THE 

RESEARCH 

5.1 Summary and Conclusion of the Research 

Alzheimer disease (AD) is one of the main types of senile dementia, which is 

characterized by a range of pathological features, including the formation of senile 

plaques and neurofibrillary tangles. In recent years, there has been an increase in 

the number of reports identifying amyloid β peptide (Aβ) as a primary 

pathological factor in the occurrence of AD, with gradual changes in the balance 

between the state of Aβ production and clearance leading to the accumulation of 

aggregated Aβ. The accumulation of Aβ can trigger a series of complex reactions, 

which can lead to neuronal death and cognitive dysfunction (Nie et al., 2011). The 

abnormal production and aggregation of Aβ in the brain, as well as the deposition 

of Aβ fibrils, are regarded as key steps in the onset of AD. Therefore, the 

development of therapeutic strategies aimed at preventing the aggregation of Aβ 

or promoting the destabilization of the preformed Aβ fibrils represent viable 

approaches for the prevention and treatment of AD (De Felice, et al., 2001). 

The standard extract of the leaves of Ginkgo biloba (EGb761) is currently 

being used clinically in Europe for the symptomatic treatment of impaired 

cerebral function in primary degenerative dementia syndromes such as AD and 

vascular dementia. Large numbers of in vivo and in vitro studies have been 

conducted in this area, and the results of these studies have provided strong 

evidence supporting the clinical use of EGb (Herbalist. 2003). 
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Flavonol glycosides (FGs) and terpene trilactones (TTLs) are regarded as 

two representative groups of constituents present in EGb761, and compounds 

belonging to these groups are widely used as marker compounds during the 

quality control of Ginkgo leaves, as well as Ginkgo extracts and products. FGs 

and TTLs represent 24% and 6% of the total weight of EGb761, respectively. 

Furthermore, ginkgolides and bilobalide are regarded as characteristic compounds 

of Ginkgo by many researchers. Considerable research efforts have been directed 

towards developing a better understanding of TTLs in terms of their impact of the 

pharmacological properties and quality control of Ginkgo products. In contrast to 

studies conducted on TTLs, very few reports have been published in the literature 

concerning the properties of the individual FGs present in EGb761. Besides FGs 

and TTLs, catechins and procyanidins as another abundant group of compounds 

present in EGb761 account for 9% of the overall weight of compounds. Although 

compounds belonging to this particular group are considered important to the 

beneficial properties of the extracts of Ginkgo biloba leaves, very few attempts 

have been made to isolate and characterize these compounds. Importantly, 

preventing Aβ aggregation or destabilizing the preformed fibrils represents one of 

most important strategies currently available for preventing and treating AD. 

Despite the potential application of the compounds present in Ginkgo extracts, 

only a limited number of studies have been conducted concerning the effects of 

the extracts or the individual TTLs and some commonly existed flavonoids such 

as rutin and quercetrin were studied in previous studies. Furthermore, previous 

research in this area has demonstrated that the activities of the individual 

compounds isolated from the Ginkgo extracts were always much lower than that 
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of the total extract, which suggested that there were compounds present in the 

extract that had not yet been identified or that the activity exhibited by the extract 

resulted from synergistic effects. 

The aim of the current study was to identify the individual bioactive 

compounds responsible for the activity of the Ginkgo extract from the three main 

compound categories (i.e., FGs, TTLs, and catechins and procyanidins). It was 

envisaged that the individual bioactive compounds could be identified through a 

systemic investigation of single compound as well as some specified fractions 

from the total extract. With this in mind, a series of representative but 

commercially unavailable flavonoid compounds and some specific fractions were 

prepared. The analytical methods for the quantitative analysis of the intact FGs, 

catechins and procyanidins were also developed and validated. The qualities of 

several commercial Ginkgo products were evaluated in terms of their FG, TTL, 

catechin and procyanidins contents. Finally, all of the compounds and several 

specific fractions were evaluated in terms of bioactivity towards Aβ aggregation 

and their ability to destabilize preformed fibrils to identify the bioactive 

constituents and investigate their overall contribution to the effect of the extract. 

The peptide Aβ42 was selected as a model peptide for this study, and the inhibitory 

activities of the different compounds and fractions towards the aggregation of this 

peptide were measured using the ThT fluorescence assay method, which is 

commonly used for this particular purpose. The results of these analyses are 

summarized below. 
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5.1.1 Flavonol Glycosides Showing Moderate Activity whereas Terpene 

Trilactones Exhibiting Poor Activity towards Aβ Aggregation Inhibition 

Seven of the major known FGs in Ginkgo were isolated and their structures 

were elucidated spectroscopically. Six of these compounds were isolated by 

column chromatography, and one (compound 4, FG4) was prepared by the 

alkaline hydrolysis of compound 1 (FG1). These compounds represented the 

majority of the compounds present in EGb761 because they accounted for 54% of 

the total peak area of the 34 peaks observed in the HPLC-UV fingerprint of the 

Ginkgo extract, and represented 17% of the overall weight of the extract. 

Significant differences were observed in the inhibitory activities of these pure 

compounds towards the formation of Aβ fibrils. Firstly, three FGs with the 

aglycone of quercetin (i.e., FG1, FG3 and FG4) exerted moderate inhibitory 

activities towards Aβ aggregation, whereas four FGs with the aglycone of 

kaempferol (i.e., FG2, FG6 and FG7) or isorhamnetin (i.e., FG5) showed hardly 

any effects. These results revealed some limited structure-activity relationships 

(SARs) for these polyphenolic constituents in terms of their inhibitory activity 

towards Aβ42 aggregation. For example, the number and position of the hydroxyl 

groups had a significant impact on the inhibitory activity of these compounds 

towards Aβ aggregation, as well as the linking sequences of the sugar moieties 

and the three-dimensional conformation of the compounds. Four major TTLs, 

including ginkgolides A, B, and C and bilobalide, were also evaluated in terms of 

their inhibitory activity towards Aβ42 aggregation and were found to be inactive. 
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5.1.2 Catechins and Procyanidins Showing Potent Activities Towards the 

Inhibition of Aβ Aggregation and Destabilization of Preformed Fibrils 

Six of the polyphenolic compounds found in the extract of Ginkgo biloba 

leaves were identified as catechin, epicatechin, gallocatechin, epigallocatechin, 

procyanidins B1 and B3 through a comparison of their analytical data with those of 

the authentic reference compounds. These compounds were found to exhibit 

potent inhibitory activities towards Aβ42 aggregation, as well as having a 

destabilizing effect on preformed fibrils. The procyanidins were revealed to 

exhibit stronger effects than the catechins in terms of their inhibition of Aβ42 

aggregation and ability to destabilize preformed fibrils. 

5.1.3 Evaluation of Individual Contributions of Compounds Belonging to the 

Three Different Categories in Terms of their Inhibitory Activity 

Towards Aβ Aggregation and an Indication of the Synergistic Effects 

Exhibited by Flavonol Glycosides and Terpene Trilactones  

Given that the major FGs present in EGb761 exerted only moderate 

inhibitory activities towards Aβ42 aggregation, and the TTLs were essentially 

inactive, it was envisaged that fractions enriched with these compounds would be 

useful for assessing their inhibitory activities towards Aβ42 aggregation. With this 

in mind, the total extract of Ginkgo leaves was separated into several fractions, 

which were further separated into sub-fractions enriched with FGs, TTLs, 

catechins and procyanidins. Samples of the total extract and the fractions were 

then subjected to quantitative analysis and biochemical evaluation in terms of the 

inhibitory activity towards Aβ42 aggregation. Concerning their inhibitory activities, 
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the fractions showed similar trends to those of the individual compounds. For 

example, Fr. Ps exhibited the highest level of inhibitory activity, whereas Fr. Fs 

and Fr. Ts exerted moderate and relatively poor levels of activity, respectively. 

These results revealed that the fraction abundant in catechins and procyanidins 

exerted a much greater level of inhibitory activity towards Aβ42 aggregation than 

the other fractions enriched with FGs and TTLs, which indicated that catechins 

and procyanidins played important roles in the inhibitory activity of EGb761 

towards Aβ42 aggregation. Furthermore, Fr. C, which was the fraction with the 

highest yield of 62%, had the same effect as the total extract, which suggested that 

the compounds contained in this fraction were making a significant contribution to 

the inhibitory activity of the total extract towards Aβ42 aggregation. Furthermore, 

the removal of terpenes from fraction C resulted in two sub-fractions. The first of 

these sub-fractions was terpene-enriched and exhibited very little activity towards 

the Aβ42 aggregation, whereas the second sub-fraction was terpene-free, and 

exhibited a lower level of activity than the fraction C. This result provided 

evidences in support of a synergistic effect between the TTLs and the FGs. 

It is important to note that robust analytical methods were developed and 

validated during the course of this study to allow for the quantitative analysis of 

the intact FGs, catechins and procyanidins in EGb761, and these methods could 

be used for quality control purposes in the manufacture and commercial 

distribution of Ginkgo leaves, extracts and products. 



 

169 

 

5.1.4 Conclusions 

In summary, we have conducted a comprehensive investigation of the effects 

of several different types of compounds present in the extract of Ginkgo biloba in 

terms of their inhibitory activity towards Aβ42 aggregation and their ability to 

destabilize preformed fibrils. This study has involved the use of natural products 

chemistry, LC-MS analysis and biochemical assay techniques to develop a deeper 

understanding of the different chemical components present in EGb761. 

This work represents the first reported example of the isolation of two major, 

unique and characteristic acylated flavonol glycosides (i.e., FG1 and FG2) from 

EGb761 with inhibitory activities against Aβ aggregation. The results of this study 

also revealed that the most abundant components of EGb761, including FG1 and 

FG3 (rutin), showed moderate inhibitory activities towards Aβ42 aggregation. The 

inhibitory activities of the major FGs towards Aβ aggregation, however, were 

lower than that of the actual extract. We also confirmed that four major TTLs 

exhibited very little inhibitory activity towards Aβ aggregation. Taken together, 

these results indicated that EGb761 contained several other active components 

with particularly high levels of inhibitory activity towards Aβ aggregation, and 

that these components remained hidden in the extract. 

The catechins and procyanidins showed high levels of inhibitory activity 

towards Aβ aggregation and the destabilization of preformed fibrils, despite being 

present in minor concentrations in the Ginkgo leaves, extracts and products tested 

in the current study. Catechins and proanthocyanidins are important compounds to 

some botanic products, and have been reported to exhibit beneficial 
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neuroprotective effects. This research has therefore provided deeper insights into 

the potential application of these polyphenolic compounds in terms of their 

application to the inhibition of Aβ42 aggregation and the destabilization of 

preformed fibrils. These compounds have been ignored for some time because 

they are present in such small concentrations in EGb761. For this reason, there is 

an urgent need for these minor components to be evaluated in more detail to 

develop a deeper understanding of their biological properties, as well as their 

potential impact on the quality control processes involved in the manufacture and 

commercial distribution of Ginkgo leaves and products. This study therefore 

provides a good example for investigating some of the minor components present 

in botanical medicines and traditional Chinese medicines. 

The results of this investigation towards determining the individual 

contributions of the FGs, TTLs, catechins and procyanidins effectively clarified 

their roles in terms of the efficacy of the total extract of Ginkgo biloba leaves 

towards the inhibition of Aβ42 aggregation. The fraction enriched with TTLs (i.e., 

Fr. Ts) had very little inhibitory effect on Aβ42 aggregation, which suggested that 

these compounds were contributing very little to the inhibitory effect of EGb761. 

Although it would be difficult to distinguish and effectively quantify the 

contributions of the FGs, catechins and procyanidins, an attempt has been made in 

the current study to determine their individual contributions to the inhibitory 

activity of EGb761 through a comprehensive assessment of their activities (Table 

4-5) and overall yields (Tables 3-22, 3-23 and 3-24). These data inferred that the 

contribution of the FGs was almost twice that of the catechins and procyanidins 

because they were present in much higher concentrations in the extract. These 
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data therefore indicated that the FGs played an important role in the inhibitory 

effect of EGb761 towards Aβ42 aggregation. Accordingly, the catechins and 

procyanidins contributed a little less than the FGs because of their potent activity, 

which provided further evidence in support of the importance of these minor 

constituents to the activity of Ginkgo and its extracts. Taken together, the results 

of the present study could be used as the basis for the rational investigation of the 

contributions made by the different components of other botanical medicines and 

traditional Chinese medicines. 

The results of this study suggested that there was a synergistic effect between 

the FGs and TTLs present in EGb761. Significant differences were observed 

between the activity of fraction C and its two sub-fractions; one of which was 

terpene-enriched, whereas the other contained no terpenes. This result therefore 

indicated that there was a synergistic effect between the flavonoids and terpenes 

present in the extract. The therapeutic effects of botanic drugs and traditional 

Chinese medicines are usually derived from the integrated activity of multiple 

components. As far as is known, there have been no reports in the literature 

concerning the existence of a synergistic effect between the flavonoids and 

terpenes of Ginkgo in the context of its effect on Aβ aggregation. 

Finally, the evaluation of the activities of the individual FGs, TTLs, catechins 

and procyanidins showed some limited structure-activity relationships (SARs) in 

terms of the inhibitory activities of these compounds towards Aβ aggregation. 

First, significant difference was observed between the activities of compounds 

belonging to the three different categories, which indicated that flavonoids played 
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a much more important role than terpenes in the Aβ aggregation process. Second, 

catechins and procyanidins exhibited much higher levels of potency than the FGs. 

Furthermore, the procyanidins showed much higher levels of activity than the 

catechins, which indicated that dimers or polymers possessed much stronger 

effects than monomers towards Aβ aggregation and the destabilization of 

preformed fibrils. The seven FGs evaluated in the current study exhibited 

significantly different levels of activity, which suggested that the number and 

position of the hydroxyl groups, as well as the linking sequences of the sugar 

moieties and the three-dimensional conformations of these polyphenolic 

compounds played important roles in defining their inhibitory activity. It seems 

reasonable to conclude that a moiety bearing two adjacent hydroxide groups in the 

B ring is necessary for these compounds to exert significant inhibitory effect 

towards Aβ aggregation, and that the number of hydroxyl groups on this moiety 

could have a significant impact on the inhibitory activity of these compounds 

towards Aβ aggregation. The results of this investigation may therefore potentiate 

the use of these compounds in further studies towards Ginkgo products and drug 

design targeting Aβ aggregation or the destabilization of the preformed fibrils. 
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5.2 Prospects of the Research 

Based on the results of the current study, the following investigations have 

been suggested for future research. 

5.2.1 More Activity Assays to Measure the Inhibition of Aβ Aggregation 

The catechins and procyanidins evaluated in the current study exhibited high 

levels of inhibitory activity towards Aβ aggregation as well as being able to 

destabilize the preformed fibrils. These compounds should be evaluated in other 

bioassays to further confirm their potencies and develop a deeper understanding of 

their mechanism of action. In particular, these compounds should be subjected to 

electron microscopy and evaluated using MTT assay and in vivo study. 

5.2.2 Studies on the Inhibitory Effects of Catechins and Procyanidins towards 

Aβ Oligomerization 

In vitro and in vivo studies have recently shown that soluble, oligomeric 

forms of Aβ exert potent neurotoxic activities by killing mature neurons and 

acting upon specific neural signal transduction pathways (Lambert et al., 1998). 

These materials may also be the proximal effectors of the neuronal injury and 

death events occurring in AD (Bitan et al., 2001). Furthermore, Aβ oligomers may 

be involved in other amyloid-associated neurodegenerative diseases, including 

Huntington’s disease (Scherzinger et al., 1997)
 
and Parkinson’s disease (Conway 

et al., 2000). These findings lend support to the development of drugs targeting 

the assembly of soluble Aβ oligomers as a new approach for the prevention and 

treatment of AD. 
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Recent studies have suggested that multiple cellular and molecular 

neuroprotective mechanisms, including attenuation of apoptosis and direct 

inhibition of Aβ aggregation, are involved in the neuroprotective effects of 

EGb761 (Luo et al., 2002). Furthermore, the inhibitory effect of EGb761 towards 

Aβ oligomerization was recently described in the literature Chromy et al.,2003; 

Wu et al., 2006) and suggested that the beneficial effects of EGb761 towards the 

cognitive function of AD patients could be attributed to its modulation of Aβ 

oligomerization. These single polyphenol compounds therefore exhibited potent 

inhibitory activities towards the formation of Aβ fibrils and should be investigated 

in terms of their activity towards Aβ oligomerization. 

5.2.3 Further Investigation of the Chemical and Bioactive Properties of the 

Proanthocyanidin Oligomers in EGb761 

Ginkgo leaves and EGb761 have been reported to contain large amounts of 

proanthocyanidins (4-12% and 7% in the leaves and extracts, respectively). Only 

two procyanidins were identified and evaluated in this study because of a lack of 

reference compounds, and a large proportion of the proanthocyanidins present in 

EGb761 remain unidentified. Qaâdan et al. (2010) recently developed a new 

protocol for the isolation and purification of oligomeric proanthocyanidins from 

the acetone/water extract of Ginkgo leaves, which resulted in the isolated and 

structural elucidation of two new dimeric phloroglucinol adducts. More dimer, 

trimmer, oligomer and polymer compounds could be isolated from the 

acetone/water extract of Ginkgo leaves in this way and investigated in terms of 

their activity towards Aβ aggregation. 
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