of Chemistry; Vol. 26, No. 19 (2014), 6379-6382

&\ ASIAN JOURNAL
& OF CHEMISTRY

{1502 Journ) of Chem=%

http://dx.doi.org/10.14233/ajchem.2014.16381

Simple Preparation of Components from Gardenia Jasminoides Ellis
by Targeted Partition in Liquid Two-Phase Extraction

SHENG Liu', WanxiNng WELY, MIN ZHou', ZHipING Liu! and X1uroNG LING?

'Department of Chemistry, Guangxi University, Nanning 530004, Guangxi Province, PR. China
*Department of Environment, Guangxi University, Nanning 530004, Guangxi Province, P.R. China

*Corresponding author: Fax: +86 771 3272601; Tel: +86 771 3233718; E-mail: wxwei@gxu.edu.cn

Received: 16 September 2013; Accepted: 28 February 2014; Published online: 16 September 2014; AJC-15921

Compounds were prepared from Gardenia jasminoides Ellis by targeted partition in two-liquid phase system without any chromatography
columns. After Gardenia yellow and target guide reagent (polyethylene glycol, PEG) are dissolved in water, they would be partitioned
with organic solvents in gradient to selectively give high-richened target component fractions. These fractions were crystallized, respectively
to provide three components. Two of them were crocetin [-D-glucopyranosyl-(1-6)-B-D-glucopyranosyl] ester (1) and crocin (2). Effects

difficult to be extracted from the organic phase in these targeted partition systems, but also shows that using the target indicator PEG-

INTRODUCTION

Gardenia jasminoides Ellis belongs to Rubiaceae family
and used as traditional herb in China because its analgesic,
fybrolytic, antiphlogistic, homeostatic and antipyretic affect
can last for a long time'?. Gardenia yellow pigment is extracted
from Gardenia fruit, which is normally was used as food addi-
tive and colorants for textiles and especially for food, e.g.,
noodles and sweets. Gardenia yellow pigment is highly desi-
rable to make the identification of these carotenoids; thus it
can demonstrate the different color of these fruits based on
the presence of carotenoids, o-crocin and crocetin derivatives,
which are about 4.5 mg/g in dry gardenia fruit**. Crocin and
crocetin have been reported that they have some pharmaco-
logical effectiveness, such as treating transient global cerebral
ischemia’, antiinflammatory®’, antioxidation®'’, hypolipidemic
effect'" and anticancer'>".

In decades, some articles reported that preparations of
crocin and other crocetin derivatives from Gardenia jasminoides
or gardenia yellow were based on traditional isolation methods,
such as silica gel column chromatography'!, macroporous resin
adsorption'”"?, membrane separation'®, high-speed counter-
current chromatography (HSCCC)" and molecularly imprinted
polymer solid-phase extraction®. Silica gel column, HPLC and
HSCCC can provide pure compounds, but those approaches
cannot be applied in large-scale preparation because of the

of partition on targeted compounds were investigated. The results not only shows that the component which is more oleophilic was most |
2000, which is the lowest molecular weight in these systems, can facilitate selective separation of components. :
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problems on small amount of yield, time-consuming, expensive
and complex equipments. Using the approaches based on
macroporous resin adsorption and membrane separation may
provide huge amount products but in low purity quotient.
Because of bioactivities of the crocin and other crocitin deriva-
tives, a simple and effective method for large-scale preparation
of pure products, may be developed.

In this study, a simple and effective method, which is to
separate crocin and another crocitin derivative in large scale
on basis of targeted partition in two-phase liquid system
without any chromatography columns, will be developed. After
the experiment the result not only shows that soluble polymer
solutions acts as target guide reagent and made partition have
selectivity; but also shows that there are (different) effects of
target guide reagent PEG in different molecular weight, on
separation of crocin and another crocetin derivative.

EXPERIMENTAL

Analytical-grade petroleum ether (PE, b.p. 60-90 °C),
ethyl acetate (EA), methanol (MeOH), n-butanol were obtained
from Xilong Chemical Co. Ltd. (Guangdong, China). All
chemicals were in analytical grade. Water was of distilled water.
Polyethylene glycol (PEG) 2000, 4000, 6000, 10000, 20000
were obtained from Guanghua Chemical Co. Ltd. (Guangdong,
China). The materials of HPLC analysis was of chromato-
graphic grade and purchased from Xi Long Chemical Industry
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Company (Guangdong, China). Shanyun Biochemical Co.,
Ltd. (Guangxi, China) supplied gardenia yellow pigment.
General procedure: 5 g Gardenia yellow pigment sample
was extracted with MeOH (3 x 100 mL) for 10 min assisted by
ultrasonic assistance repeatedly. The extracts were combined
and filtered, then was condensed to obtain a dry residue (4.35
g). This residue and 1.5 g PEG-6000 were dissolved in 150 mL
water and then was extracted with PE repeatedly (3 x 150 mL).
Then heavy phase, the aqueous solution, was extracted with
ethyl acetate repeatedly (3 x 150 mL). The light phase, ethyl
acetate extracts, were then combined and evaporated to obtain
compound 1 (0.46 g,94.7 %). After extracted by ethyl acetate,
the aqueous phase was evaporated to obtain a liquid dry residue,
then was dispersed in a mixture solvent (Ethyl acetate:MeOH
=3:1, v/v), then were filtered to give filtrate and a filter cake.
The filter cake was washed with ethyl acetate-MeOH mixture
solvent (Ethyl acetate:MeOH = 3:1, v/v) repeatedly and then
was dissolved in 50 mL water. In the next, the aqueous solution
was extracted with solvent (50 mL x 3, ethyl acetate-butanol,
3:2, v/v) repeatedly. After that, the light phase was evaporated
to obtain a dry residue. Later the residue was dissolved in 10 mL
ethyl acetate-methanol system (ethyl acetate: methanol =4:1,
v/v) with ultrasonic assistant at 45 °C and kept at room tempe-
rature over night to obtain yellow needle crystal (compound
2,1.57 g, 95.1 %). The processes is presented in Fig. 1.

Gardenia yellow pigment powder

Extracted by MeOH

Extract
1. Evaparated
l 2. Dissolved in aqueous PI:G solution
3. Extracted by PE

Precipitation

Heavy phase Light phase
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(EA:MeOH-3:1, viv) Compound 1 (0.46g, 94.7%)
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(FA:MeOH=4:1, v/v)

Compound 2, 1.57g, 95.1 %

Fig. 1. Operation scheme of separations

Detection method: Analysis was performed in an Agilent
HPLC 1100 series with a reverse column (Agilent C18, 4.6 x
250 mm, 5 um). Mobile phases were consisted of water and
methanol; a linear gradient (53-60 % methanol in 10 min, 60 %
methanol for 8 min, 60-85 % methanol in 7min, 85 % B for
20 min) was applied in flow rate 1 mL/min; injection volume
was 5 UL and detection was performed at wavelength of 440
nm. All the samples were filtered with a 0.45 um micro filter.
The retention times of compound 1 and 2 and the impurity
were 7.70, 10 and 34.80 min, respectively.

Compound 1: Reddish-yellow powder, m.p. 206.2 °C,
UV Aux (MeOH) nm (log €): 430 (4.16). ESI-MS m/z (rel.
int.): 675.2607 (M + Na), 619.2361 (56), 593.2198 (82). IR:
3413 cm™ (OH), 2922 (CH), 1702 (C=0), 1613, 1568 (C=C),
1075 (C-O). "H NMR (DMSO-ds, 600 MHz) 8 1.95 [each 3H,
s, (CH3)4], 2.50 (2H, dd, J = 4.8, 4.8 Hz, C2""-H), 2.95-3.45
(m, other proton signals of sugar), 3.96-4.20 (2H, m, C-6",
6"-H), 5.40 (1H, d, J =9 Hz, C1"-H), 5.42 (1H, d, J = 9 Hz,
Cl1"-H),6.48 (1H,dd, J=11, 1 Hz, C14-H), 6.51 (1H, dd, J =
11.5, 1 Hz, C14'-H), 6.53 (1H, dd, J = 7.2, 5 Hz, C12'-H),
6.60 (1H,dd, /=7.2,5Hz,C11-H), 6.62 (1H,dd,J=7.6,5.2
Hz, C11'-H), 6.68 (1H, dd, J = 15.4, 5 Hz, C15'-H), 6.82 (1H,
d, J =5 Hz, C12-H), 6.83 (1H, dd, J = 15.4, 5 Hz, C15-H),
7.19 (1H, d, J = 11 Hz, C10'-H), 7.35 (1H, d, J = 11.5 Hz,
C10-H), *C NMR (DMSO-ds, 150 MHz) &: 166.3, 169.1 (8,
8'-C), 124.5,125.2(9,9'-C), 140, 137 (10, 10'-C), 124.5, 123.8
(11, 11'-C), 144.8, 142.9 (12, 12'-C), 136.6, 136.2 (13, 13'-
C), 136,135.2(14,14'-C), 132.2, 131.5 (15, 15'-C), 12.7, 12.6
(19, 19'-C), 13, 12.8 (20, 20'-C), 94.6 (1"-C), 103.1 (1"-C),
73.5(2"-C),72.5(2"-C),76.9 (3, 3'-C), 69.3 (4"-C), 69.9 (4"-
C), 76.8 (5"-C), 76.3 (5"-C), 68 (4"-C), 61 (4"-C).

Compound 2: Reddish-yellow crystal, m.p. 215.2 °C, UV
Amax (MeOH) nm (log €): 435 (5.16). ESI-MS m/z (rel. int.):
999.3660 (M + Na), 511.1785 (488).IR: 3428 cm™ (OH), 2922
(CH), 1696 (C=0), 1568, 1413 (C=C), 1068 (C-0). 'H NMR
(DMSO-ds, 600 MHz) & 1.96, 1.99 [each 3H, s, (CH3).], 2.96
(2H, dd, J = 4.8, 4.8 Hz, C2"-H), 2.95-3.42 (m, other proton
signals of sugar), 3.57-3.64 (2H, m, C-6", 6"'-H), 4.17 (2H, d,
J=8Hz, C1"-H),5.41 (2H, d, J=7.6 Hz, C1"-H), 6.66 (2H,
dd,J=8,2.5Hz,Cl4, 14-H),6.80 2H, dd, /= 11.6 Hz, C11,
11'-H), 6.82 (2H, d, /= 15.2 Hz, C12, 12'-H), 6.85 (2H, dd, J
=8, 2.8 Hz, C15, 15-H), 7.34 (2H, d, J = 10.4 Hz, C10, 10'-
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\ CHy CHs 9
HO\\\ 0 X XX N =X OH
o) CHs CHs
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Structural of compound 1

HO OH

CusHg4004
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Structural of compound 2
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H), "C NMR (DMSO-ds, 150 MHz) &: 166.3 (8,8'-C), 125.3
(9,9'-C), 140 (10, 10-C), 123.9 (11, 11'-C), 144.7 (12, 12'-C),
137 (13, 13'-C), 136 (14, 14'-C), 132 (15, 15'-C), 12.6 (19,
19'-C), 12.7 (20, 20'-C), 94.6 (1"-C), 103.1 (1"-C), 72.5 (2"-
0),73.5(2"-C),76.8 (3,3'-C), 69.2 (4"-C), 69.3 (4"-C), 76.8
(5"-C), 76.3 (5"-C), 67.9 (4"-C), 61.0 (4"-C).

RESULTS AND DISCUSSION

Extraction ratio (E) was used to indicate efficiency of
targeted partition. It was presented as following equation:

E =AJA, ey

where A, was the relative concentration of components in
organic phase and A, was the relative concentration in the
starting solution [A, and A, were obtained as signal data (peak
area) from HPLC].

A ratio of component in two phases, partition coefficient
(K) was showed as following equation:

K =P,/P, (2)

where P, was the relative concentration of component in
organic phase and P, was the relative concentration in the water
phase (P, and P,, were obtained as signal data (peak area) from
HPLCO).

Structure elucidation: Compound 1 was isolated as reddish-
yellow powder. Molecular formula of compound 1 was estab-
lished as C;H.xO,4 on base of MS, NMR and other spectro-
scopy data. NMR data has presented the existence of a
disaccharide moiety (& C 61.0-103.1; 8H 2.95-3.42, 5.41), a
conjugated polyene moiety (8 C 124.5-144.8; 6 H 6.51-7.35),
4 methyl groups (6 C 12.6-13; 8 H 1.90-2.01) and two conju-
gated carbonyl carbons (8 C 166.3 and 169.1). The '"H NMR,
*C NMR data and other physical properties of compound 1
coincided with crocin-3*"**, so compound 1 was confirmed as
crocetin [B-D-glucopyranosyl-(1-6)-B-D-glucopyranosyl]
ester. Compound 2 was isolated as reddish-yellow crystal.
Molecular formula of compound 2 established as C.Hg:O4
on base of MS, NMR and other spectroscopy data. The 'H
NMR and “C NMR spectra presents the existence of a disac-
charide moiety (6 C61-103.1; 8 H2.95-3.45, 5.4), a conjugated
polyene moiety (& C 123.9-144.7; 8 H 6.66-7.34), 4 methyl
groups (& C 12.6-12.7; & H 1.95-2.20) and two conjugated
carbonyl carbons (8 C 166.3). Other '"H NMR, "*C NMR data
and properties of compound 2 coincided with crocin®?*, so
compound 2 was confirmed as crocetin [B-D-glucopyranosyl-
(1-6)-B-D-glucopyranosyl] diester.

Effects of molecular weight of PEG on selectivity of
extraction: At conditions that amount of sample and the amout
of polymers are the same, light phase and heavy phase volume,
extraction time), PEG2000, 4000, 6000, 10000, 20000 were
selected respectively to investigate selectivity (selective ability)
of targeted partition.

When partition was in equilibrium state, extraction ratio
(E) of compound 1 in control test (extraction without any PEG)
was 0.52 and its partition coefficient K 1.15, meanwhile E
were 0.88 and 0.63, K were 1.77 and 1.71 for extraction in
PEG-2000 and PEG-4000 system, respectively. Results showed
that, when PEGs were used in partition systems, compound 1
was easier to be extracted into organic phase. In control test,

partition coefficient K 1.15 of compound 1 revealed that this
extraction was less selective and less yield. Polyethylene glycol
in water phase drove compound 1 into organic phase and make
the extraction to be more selective. Meanwhile a less molecular
weight PEG (PEG-2000) led a better outcome (Fig. 2).

240.04
110.0 4
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-20.0 . : : : . E
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—20.0+ v . T T - i
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0.0 7.50 15.0 22.5 30.0 37.5 45.0

Fig. 2. Results of compound 1 in light phase of different PEG systems

By experiment, it shows that the low polar component
(impurity) almost was not extracted into organic phase in this
operation even in control test. It indicated that the components
which have more oleophilic property can interact with high
polar comments and keep in aqueous phase. When PEG was
used in partition system, low polarity components had other
more interaction and enhanced them stayed in aqueous phase,
which made the low polarity impurity did not partition into
organic phase. The higher polar component 1 interacted weakly
with PEG and other components in this partition system, which
made component 1 extract more easily by organic phase.

Results showed the effects on variant polyethylene glycols
(PEG-2000, 4000, 6000, 10000, 20000, 1 % weight in water
solution) on targeted partition for separation of compound 2
are different. The residue was partitioned in other aqueous
PEGs- PE systems after compound 1 was separated. Extraction
ratio (E) were 0.25, 0.24, 0.26, 0.21 and 0.23 related to PEG-
2000, -4000, -6000, -10000 and -20000 system respectively
(E 0.15 to control test) meanwhile partition coefficient (K)
were 0.51, 0.46, 0.63, 0.42 and 0.57 related to PEG-2000,
-4000, -6000, -10000 and -20000 system, respectively (K 0.20
to control test). PEG-2000 gave a more pure compound 2,
whose result is presented in Fig. 3.

500.0
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Fig. 3. Results of compound 2 in light phase of different PEG systems
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When molecular weight of PEG increases, extraction yield
of compound 2 increases, meanwhile purity decreases (Fig.
4). Low molecular weight of PEG increased selectivity of
extraction.

07 -
06} |™E
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Control PEG-2000 PEG-4000 PEG-6000 PEG-10000 PEG-20000

Fig. 4. E and K of compound 2 in different systems

At PEG systems which have same mass concentration,
lower molecular weight PEG means higher molecular
concentration in water phase and interaction between polymer
and components is stronger. This leads extraction have property
of selectivity. When higher molecular weight PEG systems
are used, viscosity of water solution increases, meanwhile the
extraction processing is more difficult.

Effects of partition system on selective separation of
compound 2 and the impurity: Fig. 5 showed ratio of relative
concentration of compound 2 to the impurity (A2/A3) decreased
from 6.96 for PEG-2000 to 5.78, 4.75, 4.29, 4.26 for PEG-
4000, -6000, -10000 and -20000 partition systems respectively,
meanwhile 3.06 for non PEG partition system and 10.40 for
starting solution. With the increasing of the molecular weight
of PEG, the ratio decreases. It means that in same amount of
PEG in water solution (1 %), low molecular weight PEG has
more advantages than the higher molecular PEGs; because in
the same mass concentration of PEG solutions, higher mole-
cular weight means lower molecular concentration and weaker
interaction between PEG and components. It made extraction
have less property of selectivity. PEG-2000 system provide
strongest selectivity on extraction processes related on sepa-
ration of compound 2 and the impurity, when same mass
concentration of PEG systems was used.

A2/A3
N WA OO N ®
L)

—_
T

0 I i I 1 1 J
PEG-2000 PEG-4000 PEG-6000 PEG-10000 PEG-20000

Control

Fig. 5. Ratio of relative concentration of compound 2 and the impurity in
light phase

Conclusion

Targeted partition in liquid two-phase system was
successful in separation of components from gardenia yellow.
When a target partition reagent introduced into partition
system, the separation showed obviously selectivity. In this
partition system, a lower polarity component was more difficult
to be partition in organic and extracted. Therefore, the polar
compound 1 was separated firstly and then compound 2 was
following. In these partition systems, a lower molecular weight
polymer, PEG-2000 has advantage for selectively separation
of components.
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