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Abstract: HSCCC was applied successively in the preparative separation of a minor

active chromone from an extract of Aloe vera leaves by combination with other tra-

ditional pretreatment, extraction, and partition methods. The chromone was finally

identified as 8-C-b-D-(20-O-(E)-cinnamoyl) glycopyranosyl-2-(2-hydroxy) propyl-7-

methoxy-5-methyl-chromone by FAB-MS, 1H NMR, and 13C NMR. Both of the

solvent systems composed of the normal and reversed phase systems, such as

CH2Cl2-MeOH-H2O (5 : 4 : 2, v/v/v) and hexane-ethyl acetate-methanol-water

(1 : 5 : 1 : 5, v/v/v/v), can be used for the preparative separation of the target

chromone compound. The later solvent system was superior regarding sample

loading capacity, environmental concerns (no chlorinated solvent), and peak

resolution.
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INTRODUCTION

In recent years, Aloe vera and related products have drawn a great deal of

attention from cosmetic, food, and pharmaceutical industries. Aloe vera gel,

which is generated in the mucilaginous cells of the inter central zone of the

leaf, has been very well documented for its wound-healing, anti-inflammatory,

immune-stimulatory, and hematopoietic activities[1 – 5] and protective activity

on liver and kidney, from the damage caused by type-II diabetes.[6,7] However,

the small phenolic compounds, which predominantly exist in the pericyclic

cells underneath the leaf skin, have been ignored as impurities due to their

color and gastrointestinal irritation.

One group of phenolic constituents contained in Aloe leaves is

chromones. Scientific studies reveal that chromones have important biological

activities such as anti-inflammation, anti-ulcer, tyrosinase inhibition, skin pro-

tection, laxative effect, and other antioxidant properties.[8 – 12] This has stimu-

lated a great deal of research on identifying chromones from aloe plants. A

number of aloe chromones with different structures have been iden-

tified,[13 – 18] which have been summarized in Figure 1.

Chromones are found in the aloe plant at a very low level. One

chromone compound with a molecular weight of 540 Dalton (called

“compound 540”) was found in decolorized Aloe vera gel at a content

of about 0.0001% by weight (1 ppm); in non-decolorized gel, the content

was ten times higher or about 0.0011% by weight or 11 ppm; in decolorized

whole leaf extract the content was about 20 ppm; in non-decolorized

whole leaf extract, it was about 25 ppm.[16] The in vivo biological test

data indicated that concentrations below about 15% by weight did not result

in statistically significant anti-inflammatory activity.[16] Thus, it is required

to obtain enriched or even pure “compound 540” to prepare formulations

having the desired clinical properties, and to investigate further all bio-

logical activities. It is then necessary to develop an efficient extraction

and separation method for “compound 540” and all other chromone

compounds.

A variety of methods are currently used for the isolation and purification of

products from the aloe plant. Several commercial processes employ activated

carbon to improve the color of slurries from aloe leaves. Treatment with

activated carbon is commonly used in the so-called “whole-leaf processing”;

the entire leaf is ground and processed. However, studies revealed that

refinates obtained after treatment with activated carbon did not exhibit

desired biological activity associated with chromone compounds. Extraction

of decolorizing agent with organic solvent lead to the discovery that

chromone compounds are absorbed by activated carbon with the colored

material. The logical conclusion is that activated carbon can be utilized as

the starting material for the extraction of chromone compounds. The further

purification of aloe chromones has involved several methods such as

Sephadex or neutral alumina column chromatography,[13,15] preparative
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HPLC,[13,15] TLC,[14,17] column chromatography followed by countercurrent

extraction,[19,20] and a combination of droplet countercurrent chromatography

(DCCC), flash chromatography,[21] and preparative HPLC followed by flash

chromatography.[22,23]

Figure 1. The structures of identified aloe chromones.
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The present paper describes a simple method for preparative isolation

and purification of a cinnamoyl-C-glycoside aloe chromone compound by

high-speed countercurrent chromatography (HSCCC) combined with tra-

ditional pretreatment. The purified compound was analyzed and identified

by HPLC, MS, and NMR.

EXPERIMENTAL

Reagents and Materials

Fresh Aloe vera leaves were provided by Tianjin Plantation, China. Activated

carbon of analytical grade was brought from Tianjin Chemical Factory. All

organic solvents used for crude extraction and HSCCC fractioning were of

analytical grade and provided by Beijing Chemical Reagents Company.

Methanol with HPLC grade was from Dikma Technologies Ltd., China.

Apparatus

All equipments used for the processing of aloe leaves were of pilot-scale and

manufactured in China.

HSCCC was performed with model GS10A3 multilayer coil planet cen-

trifuge fabricated at Beijing Institute of New Technology Application,

Beijing China. The column was prepared by winding about 110 m of

1.6 mm i.d. PTFE tubing in two coils of about 110 mL each. The average b

ratio is 0.6 with a rotor radius of 8 cm. The GS10A3 machine volume is

220 mL. The revolution speed is adjustable between 0 and 1000 rpm.

The HPLC system used for analysis was an Agilent 1100 LC system con-

taining a quaternary pump, an auto-sampler, a 25-cm ZORBAX SB-C18

(4.6 mm i.d.) column, and a diode-array detector (DAD).

Pretreatment of Aloe Leaves and Extraction

Whole fresh aloe leaves (35 kg) were washed, crushed, and ground to produce

slurry, which was then treated with 2% activated carbon. After sufficient

pummeling, stirring, and filtration, the spent decolorizing carbon was

collected and dried at 608C. This dried activated carbon (700 g) was

extracted with 1.5 L methanol. The slurry was stirred under ultrasonication

at room temperature for 2 h, and then was filtered through a 0.45mm filter.

The extraction was repeated twice. The two methanol extracts were

combined and concentrated under vacuum. Then the residual syrup was parti-

tioned between water and dichloromethane to remove a number of impurities,
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particularly anthraquinones. Finally, the dichloromethane extract (1650 mg)

was fractionated by HSCCC, searching for chromones.

HSCCC Separation

The solvent systems composed of chloroform–methanol–water, dichloro-

methane–methanol–water and hexane–ethyl acetate–methanol–water have

been used for the separation of aloe chromones, either in the normal phase

mode (aqueous polar stationary phase and organic apolar mobile phase) or

in the reverse phase mode (organic apolar stationary phase).

The solvent system was thoroughly equilibrated in a separatory funnel

and the two phases were separated shortly before use. In each separation,

the CCC column was first entirely filled with the upper stationary phase,

and then the lower mobile phase was pumped into the column at a flow-rate

of 2 mL/min under 800 rpm. After the mobile phase front emerged and hydro-

dynamic equilibrium was established, the sample solution (sample dissolved

in the mobile phase) was injected through the sample loop. Fractions were

collected according to the recorded UV elution profile.

HPLC Analysis

Each extract and HSCCC fraction was analyzed by the Agilent HPLC system

through a ZORBAX SB-C18 (250 � 4.6 mm i.d.) column. The mobile phase

had a constant composition of methanol and water with 1% acetic acid

(55 : 45, v/v). The flow rate was 0.7 mL/min. Detection: DAD, often the

284 nm line, was selected.

Structure Identification

The target compounds purified by HSCCC were identified by FAB-MS, 1H

NMR, and 13C NMR. FAB-MS was performed on a Micromass ZabSpec

mass spectrometer, and NMR on a Varian INOVA 600 MHz spectrometer

(in CD3OD), in National Center of Biomedical Analysis, Academy of

Military Medical Sciences, Beijing.

RESULTS AND DISCUSSION

Investigation of Aloe Chromone Compounds in Crude Extract

There are two difficulties in the quest for chromone compounds in aloe leaf

extract: one is their very low ppm level, and the second is a lack of
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standard reference material. The only useful information is their UV

absorbance spectrum with maxima at 228 nm,[24] 243–245 nm,[15,24] 252–

255 nm,[15,24] 284 nm,[15] and 303 nm.[24]. So, the crude methanol extract

was analyzed by HPLC and monitored with a DAD at different wavelengths

to make sure all constituents in the extract can be detected. The HPLC

column and mobile phase composition is similar to that in reference literature.

Acetic acid (1%) was added to improve all peak profiles. Figure 2 gave the

HPLC chromatogram of the crude methanol extract from spent activated

carbon. Each peak in the chromatogram was examined for its UV spectrum,

processing the data accumulated by the diode array (as illustrated in

Figure 2), and compared with reported data. Preliminarily, two possible

chromone peaks at 8.0 min (Peak 5) and 13.3 min (Peak 6) were locked as

target peaks. But later identification revealed that Peak 5 was not a

chromone. It was later identified as pentadienoic acid. Thus, only the

second peak was purified as target chromone in the following procedure.

Peak 6 corresponds to about 8% of the total HPLC peak area at 284 nm in

methanol extract. This peak was selectively concentrated in organic phase

after partition between dichloromethane and water (see Figure 3). It made

Figure 2. HPLC chromatogram of crude methanol extract from spent activated car-

bon. HPLC condition: Column: ZORBAX SB-C18 (250 � 4.6 mm I.D.); Mobile

phase: methanol–water (55 : 45, v/v) with 1% acetic acid; flow rate: 0.7 mL/min;

Detection: diode-array detector (DAD).
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up approximately 44% of the dichloromethane extract. This improves the

possibility of obtaining a significant amount of the chromone compound.

Optimization of HSCCC Solvent System

Aloe chromones are hydrophobic compounds with a low polarity. The solvent

system composed of CHCl3–MeOH–H2O (7 : 13 : 8 v/v/v) has been used for

the separation of aloeresin D chromone by DCCC.[21] So, the above dichloro-

methane extract was subjected to HSCCC separation starting with a similar

chlorinated system CHCl3–MeOH–H2O (4 : 3 : 2 v/v/v). The separation

profile is shown in Figure 4A and three main peak fractions were collected.

HPLC analysis indicated that the target compound was presented in Peak 2,

but not resolved completely from other interfering compounds. In order to

extend the retention of the target peak and improve its purity, several

related solvent systems including CHCl3–MeOH–H2O (4 : 4 : 2 v/v/v),

CH2Cl2–MeOH–H2O (4 : 4 : 2 v/v/v), CH2Cl2–MeOH–H2O (5 : 4 : 2 v/v/
v) were tested, and finally, CH2Cl2–MeOH–H2O (5 : 4 : 2 v/v/v) was found

able to completely separate the target compound from all other compounds

derived from the first HSCCC run (see Figure 4B). Further experiment

showed that this solvent system can be used to produce a highly pure target

chromone compound through a single-step separation, starting directly with

the dichloromethane extract (see Figure 5). Using the later procedure, about

10 mg of almost 99% pure chromone could be obtained from 60 mg of

crude extract.

Figure 3. HPLC chromatogram of dichloromethane extract after the partition of

methanol extract between dichloromethane and water. HPLC condition is the same

as in Figure 2. Detection: 284 nm.
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Figure 5. One-step HSCCC separation of target chromone compound by the apolar

lower organic phase of the solvent system CH2Cl2–MeOH–H2O (5 : 4 : 2, v/v/v) from

dichloromethane extract 60 mg.

Figure 4. Optimization of HSCCC solvent systems. Experimental conditions:

A. sample: dichloromethane extract 60 mg, solvent system: CHCl3–MeOH–H2O

(4 : 3 : 2, v/v/v); B. sample: Peak 2 fraction from A, CH2Cl2–MeOH–H2O (5 : 4 : 2,

v/v/v); apparatus: model GS10A3 hydrodynamic CCC; column capacity: 220 mL;

mobile phase: lower organic apolar phase; flow rate: 2 mL/min (H! T); revolution:

800 rpm; detection: 254 nm.
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Preparative Separation of Individual Chromones

The solvent system CH2Cl2-MeOH–H2O (5 : 4 : 2) was, therefore, employed

for preparative separation of target chromone (see Figure 6). As the sample

loading is increased, the peak resolution decreases rapidly. However, highly

Figure 6. Preparative separation of target chromone by the apolar lower organic

phase of the solvent system: CH2Cl2–MeOH–H2O (5 : 4 : 2,v/v/v). Injected sample

weight: 400 mg.

Figure 7. Preparative separation of target chromone by the polar lower aqueous

phase of the solvent system (reverse-phase mode) composed of hexane–ethyl

acetate–methanol–water (1 : 5 : 1 : 5 v/v/v/v). Injected sample weight: 700 mg.
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pure target compounds (about 95% purity) can still be obtained. Thus, a non-

chlorinated solvent system composed of hexane–ethyl acetate–methanol–

water (1 : 5 : 1 : 5 v/v/v/v) was tested in the reversed phase mode (polar

aqueous lower mobile phase pushed in the head to tail direction and apolar

organic upper stationary phase). The results obtained with this environmental

friendly liquid system indicated that a higher resolution could be achieved

with almost twice the loading amount (Figure 7), compared to the results

obtained with the chlorinated solvent systems. The purity of the target

compound was excellent, reaching almost 99% (by area in HPLC).

Fresh aloe leaves (35 kg) were submitted to the whole process: extraction,

partition and subsequent HSCCC separation. About 288 mg of �98% pure

chromone was obtained in white powder. The extracted chromone was

subjected to structure identification. Assuming that 100% of the chromone

was extracted, it can be calculated that the isolated chromone compound

was at the level of 8 ppm (0.0008% w/w) in the whole fresh aloe leaves

used. This content is lower than what was reported in literature (25 ppm or

0.0025% w/w).[16] Of course, it is likely that our method did not produce a

100% recovery in each step of the separation.

Structure Elucidation

The compound obtained showed UV absorption maximum at: 225 nm,

246 nm, 254 nm, 284 nm.

Figure 8. Identified chemical structure of the target chromone compound purified

by HSCCC.
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The positive FAB-MS showed two main peak fragments at m/z 541 and

131, which correspond to [MþH]þ and [cinnamoyl]þ, respectively, and

several other minor peak fragments at m/z 522 [M-H2O]þ ([M-18]þ),

496 [M-CH3CHO]þ ([M-44]þ), 392 [M-cinnamoyl-H2O]þ ([M-130-18]þ),

277 [M-130-133]þ, 259 [M-130-133-18]þ, 233 [M-130-133-44]þ, and 103

[C6H5CHCH]þ.

The NMR data (CD3OD) was listed in Table 1.

All the above spectrum data were quite close to those of 8-C-b-D-(20-O-(E)-

cinnamoyl)glycopyranosyl-2-(2-hydroxy)propyl-7-methoxy-5-methylchromone

(Compound 10 in Figure 1).[13 – 16] It is called the 540 cinnamoyl-C-glycoside

chromone in abbreviation, as its molecular weight is 540 Dalton (C29H32O10).

This “compound 540” chromone has been reported to exhibit potent anti-

inflammatory activity, as measured by in vivo assays. This compound has

also been shown to inhibit EGF-induced DNA synthesis in vitro testing in

epithelial cell lines.[15,16] The development of this CCC efficient preparative

isolation method may promote further exploration of its biological activity.

CONCLUSION

HSCCC has been used successfully in the preparative separation of an active

cinnamoyl–C-glycoside chromone compound from an extract of Aloe vera

leaves by combination with other traditional pretreatment, extraction, and

partition methods. The CCC method proved one more time that it can

produce difficult-to-extract compounds with an interesting purity and using

a minimum amount of solvent. The availability of this particular chromone

may trigger further bioactive investigation.

Table 1. 13CNMR and 1HNMR data of target chromone compound in CD3OD

Atoms dC dH Atoms dC dH

2 167.4 — 10 72.0 5.20 d (10.2)

3 112.1 6.13 s 20 74.2 5.73 dd (10.2)

4 182.2 — 30 77.7 3.70–3.80 m

4a 117.2 — 40 72.6 3.61 dd (10)

5 144.6 — 50 82.8 3.40–3.50 m

6 112.6 6.80 s 60a 63.0 3.70–3.80 m

7 161.9 — 60b 4.00 m

8 111.8 — 100 167.6 —

1a 159.5 — 200 118.3 6.26 d (16)

9 44.5 2.84 dd (14,7.2) 300 146.4 7.46 d (16)

10 66.7 4.38 m 400 135.5 —

11 23.6 1.33 d (6) 500,9 129.9 7.37–7.50 m

12 23.5 2.75 s 600,800 129.1 7.37–7.50 m

7-OMe 57.0 3.89 s 700 131.5 7.37–7.50 m
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