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INTRODUCTION

Ginkgo biloba, commonly known as gingko or ginkgo, is
among the most oldest plants (a living fossil). Ginkgo biloba
is the only remaining species of ancient Ginkgoales remaining.
Ginkgo biloba grows widely in China, spread to Japan, Europe,
North America and elsewhere [1]. Crucial constituents contained
in this medicinal leaves are the terpene trilactones, flavonoids,
alkylphenols, simple phenolic acids, 6-hydroxykynurenic acid,
4-O-methylpyridoxine and polyprenols [2].

Ginkgo flavonoids have been recommended for cerebral-
related symtoms such as deterioration functional disturbances,
vascular blockage. These flavonoids possess antitumor and
anti-inflammatory activities [3]. Crude extracts of ginkgo leaves
in concentration of 7.8 µg/mL inhibit activity of both Gram-
positive bacteria (Klebsiella pneumoniae, Pseudomonas
aeruginosa) and Gram-negative bacteria (Staphylococcus aureus,
Staphylococcus epidermidis and Streptococcus pyogenes).
Methanol fractions of leaves significantly restrain tumor forming
[4,5]. Ginkgo flavonoids are able to diminish the lipid agglome-
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ration in relation to up-regulation of carnitine palmitoyl-trans-
ferase 1A (CPT1A), a rate-limiting enzyme, in the β-oxidation
of long-chain fatty acids [6]. Totally 13 isolated flavonoids
from Ginkgo biloba were found to inhibit AChE dose depend-
ently at IC50 from 57.8 to 133.1 µg/mL.

The flavonoids found in the leaves of Ginkgo biloba could
be analyzed qualitatively and quantitatively by RP-HPLC.
After being hydrolyzed in acid to aglycones (quercetin, kaem-
pferol and isorhamnetin) and separated by HPLC, original total
content of these glycosids is estimated from that of aglycones
[2,7]. Kaempferol which is among principal yellow colouring
material is crystalline solid. It is soluble in dimethyl sulfoxide,
ethanol and ether. The extraction solvents of kaempferol mainly
are methanol, ethanol, acetone and water with the assistance
of ultrasound, microwaves, ultrasound and microwaves [8].
In relation to advanced technology of extraction, soxhlet extra-
ction technique have been emplyed to extract kaempferol with
80 % methanol as a solvent [9]. Extraction using supercritical
fluids (usually CO2) is an alternative method whose conditions
are at lower temperature and higher pressure. This brings about



high extraction performance since substances are not decom-
posed but requires expensive equipment [8]. The extract is
then hydrolyzed with HCl in methanol and partitioned contin-
uouslly with chloroform to eliminate non-polar contaminants
and ethyl acetate. The ethyl acetate fractions were collected
and separated by column chromatography with 50 % methanol
as an eluant [10]. Another way to purify ethyl acetate soluble
fraction is further partition with n-hexane. The n-hexane fraction
was then subjected respectively to vaccum liquid chromatogra-
phy and reverse-phase column chromatography using Sephadex
column LH-20 to achieved highly pure kaempferol [11].

The one step separation technique to isolate kaempferol
from a crude ethanol extract of Ginkgo biloba leaves could be
high-speed counter-current chromatography method. The sepa-
ration was carried out by applying a mobile phase constituted
of n-hexane-butanol-ethyl acetate-methanol-0.5 % acetic acid
(1:0.5:3.5:1:4, v/v) [3].

The polarity of three flavonol aglycones is increased from
kaempferol, quercetin and isorhamnetin due to the presence
of hydroxyl groups in their structure. Therefore, they could
be isolated from each other by preparative column chromato-
graphy with normal stationary phase which is suitable for
relatively less polar substances. This technique is among the
most simple and therefore available for larger scale preparative
applications. Solvents for elution is manually or automatically
applied. Kaempferol purities were determined by HPLC and
structurally identified by IR, MS, 1H and 13C NMR.

EXPERIMENTAL

Plant materials: Ginkgo biloba leaves were purchased
from local market store of Ho Chi Minh City, Vietnam during
March 2018. The sample was identified by the Department of
Botany, Pharmacy Faculty, Nguyen Tat Thanh University. After
collection, the leaves were dried under 60 ºC for 72 h in an
oven with force ventilation and then ground into raw powder.

Methanol and acetonitrile (Merck Darmstadt, Germany)
were of HPLC quality. Acetone, ethyl acetate, n-hexane, acetic
acid were of synthetic quality (Chemsol, HCM city, Vietnam).
All the solvents used for HPLC analysis were filtered (0.45
pm) and ultrasonically degassed before use. All the separations
were carried out at room temperature (25 ºC). The chromato-
graphy column (35 cm × 2 cm) was packed with 25 g of silica
gel 60 Merck (0.040-0.063 mm).

Flavonoid extractions and hydrolysis: About 1.5 kg of
Ginkgo biloba leaves powder were extracted by repeated cold
maceration in 2 L of 96 % EtOH at room temperature for one
time a day. The same extraction process was repeated for 4 times
in the same leave sample, using totally 8 L absolute ethanol.
The extract was filtered and concentrated in vacuum at 60 ºC
to dryness with a rotary evaporator and denoted as C1. The
extract C1 is then distributed into 1 L hot water then added
chloroform, shaken and allowed to stand 30 min in order to
eliminate non-polar impurities. Each 100 mL of distributed
water was shaken with 30 mL CHCl3 until the CHCl3 layer
exhibited no colour. The aqueous layer after shaking with
CHCl3 was separated and hydrolyzed with 10 % HCl at pH 3-4.
The acidic aqueous solution was shaken with EtOAc. Each
time of shaking, used 30 mL EtOAc and acidic water layer

was collected. This process was repeated until EtOAc layer
yellow colour disappeared. The acidic aqueous layer was hydro-
lyzed by reflux method with 20 % HCl at pH 1.3-1.4 for 4 h
and then left for for 1 h. The hydrolyzed solution was fraction-
ally extracted with EtOAc (30 mL) and the EtOAc layer was
collected. This layer was concentrated in vacuum evaporator
at 40 ºC to dryness and denoted as C2.

Column chromatography: The C2 fraction was collected
and then separated using column chromatography (CC) method
with silica gel as stationary phase and petroleum ether and
EtOAc as mobile phase in the ratio of 1:1. The stationary phase
was packed with 25 g of silica gel using a wet method. Sub-
fractions were collected every 15 mL with flow-rate of 2.0 mL
per minute. Consequently, total 200 subfractions were obtained
(Table-1).

TABLE-1 
SUBFRACTIONS OF THE C2 

PE-EtOAc Volume (mL) Subfractions (15 mL) 
100:0 400 Not collected 
95:5 300 1-20 
90:10 300 21-40 
85:5 3000 41-200 

 
Kaempferol in subtractions was verified by TLC (silica

gel 60 F254), solvent system CHCl3-MeOH -HCOOH (95:5:1,
v/v), monitoring under an UV lamp.. The subfractions from 1
- 200 were collected and concentrated in vacuum evaporator
at 40 ºC to dryness and denoted as fraction C3.

Recrystallization in acetone: The fraction C3 was disso-
luted in a flask using a minimal amount of acetone. The crude
product was eluted out as a pure crystalline solid and leaving
mother liquor. Kaempferol with higher purity (C4) was achieved
after several times recrystallization. The fraction C4 was verified
by the same chomatographic condition and revealed that it
consist of three flavonoids.

Final purification by column chromatography: The
fraction C4 was purified by column chromatography with CHCl3

as a mobile phase at a flow-rate of 2.5 mL per minute. Eluant
was not collected until chromatographically pure kaempferol
begins to occur (monitored by TLC). The mobile phase was
then changed from CHCl3 to MeOH. Elution was performed
until kaempferol was completely washed out the column. Evap-
oration of mobile phase at room temperature obtained a fraction
C5. It was preserved from light using a dark membrane.

RESULTS AND DISCUSSION

Purity assessment by TLC: Fraction C5 was analyzed
with three different mobile phases with increasing polarity as
(1) CHCl3-MeOH-HCOOH (8:2:1,v/v), (2) PE-EtOAc-HCOOH
(5:5:1) and (3) CHCl3-EtOAc-HCOOH (5:4:1). The chromato-
gram of fraction C5 showed only one spot on a developed TLC
plate. This indicated that the sample was a single component.

Purity assessment by HPLC: The purity of fraction C5
was also assessed by HPLC using the analytical conditions as
detector: PDA2998, λ = 370 nm, column: Luna® 5 µm C18,
(250 × 4.6 mm, 5 µm); mobile phase: MeOH-CH3CN-H3PO4

0.05 % (15:25: 60, v/v); volume of injection: 20 µL; Flow-rate:
1 mL/min and column temperature: 25 ºC.
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Chromatographic purity of fraction C5 was 98 % as accor-
ding to percentage of peak area over total areas of all peaks in
the chromatogram (Fig. 1). In addition, only peak in chomato-
gram was proved to be not overlaped by any other peaks assessed
by threshold value.

FTIR analysis: The infrared spectrum of fraction C5
showed broaded band in the region 3211 cm-1 which indicates
a hydroxyl group (-OH) and supported by the appearance of
absorption at 1090 cm-1 is a prime characteristic of C-OH. A
strong absorption band formed at 1655 cm-1 is due to C=O.
Another strong bands at 1613 and 1557 cm-1 were assinged to
C=C aromatic. Similarly, a band at 818 cm-1 was due to -CH
bending of an aromatic ring while a weak peak at 1166 cm-1

indicates the presence of C-O bond (Fig. 2) [10].
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Fig. 2. Infrared spectra of fraction C5

Mass analysis: The mass spectrum in ESI mode of
fraction C5 (Fig. 3) showed a quasi-molecular ion with m/z
284.8. It indicates that molecular weight of fraction C5 is 286
as same as kaempferol [12].
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Fig. 3. Mass spectrum of fraction C5

NMR analysis: 1H NMR (500 MHz, DMSO-d6) spectrum
was used to identify the number of proton and its multiciple
in the molecular structure of fraction C5. In these data, there
are several groups of signals consisting of six protons aromatic

(Fig. 4). The emergence of doublet signals at 6.490 ppm (1H,
d, J = 1.5 Hz) and 6.229 ppm (1H, d, J = 1.5 Hz) revealed an
occurrence of two protons in coupling position of m-aromatic
ring. The existence of two doublet signals at 8.021 ppm (2H,
d, J = 9 Hz) and at 6.943 ppm (2H, d, J = 8.5 Hz) proved that
ortho-coupling position on C-6′,2′ and C-5′,3′ of B-ring. The
emergence of singet signals at δ 10.251 and 12.438 ppm show
the position of hydroxyl group. All these data (Table-2) revea-
led a model of flavonol skeleton.
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Fig. 4. 1H NMR spectrum of fraction C5 (500 MHz, DMSO)

TABLE-2 
INTERPRETATION 1H NMR SPECTRUM OF C5 IN 

COMPARISON WITH KAEMPFEROL (500 MHz, DMSO) 

Proton 110VAN_Kaempferol 
(ppm) 

Kaempferol  
(ppm) [10] 

H-3’, H-5’ 6.943 (2H; d; 8.5) 6.89 (2H; d; 9) 
H-2’, H-6’ 8.021 (2H; d; 9) 8.07 (2H; d; 9) 

H-6 
H-8 

6.229 (1H; d; 1.5) 
6.490 (1H; d; 1.5) 

6.15 (1H; d; 2) 
6.37 (1H; d; 2) 

-OH 10.251 (1H; s)  
-OH 12.438 (1H; s)  

 
13C NMR (125 MHz, DMSO) spectrum showed that there

were 13 separate signals assigned to 15 chemical shifts of 15
carbon atoms at δC = 93.58, 98.34, 103.01, 115.53, 121.66,
129.46, 135.72, 146.88, 156.19, 159.33, 164.14, 160.66, 175.97
ppm. All of which were shifted in field of carbons of aromatic
ring (Table-3). There was one carbon of a carbonyl group at
δC = 175.97 ppm. There were also two chemical shifts which
have twice abundant at δC = 115.53 and 129.46 ppm.
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Fig. 1. HPLC chromatograph of fraction C5
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TABLE-3 
INTERPRETATION 13C NMR SPECTRUM OF C5 IN 

COMPARISON WITH KAEMPFEROL (125 MHz, DMSO) 

Position 
of C 

C5 
(ppm) 

Kaempferol 
[13] (ppm) 

Position 
of C 

C5 
(ppm) 

Kaempferol 
[13] (ppm) 

C-2 146.88 146.1 (s) C-10 103.01 102.9 (s) 
C-3 135.72 135.5 (s) C-1' 121.66 121.6 (s) 
C-4 175.97 175.7 (s) C-2' 129.46 129.3 (s) 
C-5 156.19 156.0 (s) C-3' 115.53 115.3 (d) 
C-6 98.34 98.2 (d) C-4' 159.33 159.0 (s) 
C-7 164.14 163.8 (s) C-5' 115.53 115.3 (d) 
C-8 93.58 93.4 (d) C-6' 129.46 129.3 (d) 
C-9 160.66 160.5 (s) – – – 

 
Based on spectroscopic data analysis, it can be concluded

that the fraction C5 was found to be kaempferol (Fig. 5) having
molecular formula C15H10O6.

Fig. 5. Structure of kaempferol

Conclusion

The isolation of flavonol glycoside (kaempferol) from
Ginkgo biloba leaves extract using simple column chromato-
graphy was reported [14]. Flavonoids were first hydrolyzed
from Ginkgo biloba leaves extract and then by converting them
into aglycones. The resulting three aglycones were purified by
column chromatography with normal phase silica gel. Isolated
kaempferol confirmed by spectral (IR and NMR) and mass
analysis. Isolated kaempferol showed a molecular ion peak at
m/z 286 having molecular formula C15H10O6.
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