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Abstract 

Delphinidin 3-0-sambubioside, a Hibiscus anthocyanin, was isolated from MeOH/TFA dried flower of H. sabdariffa. Its 
purification on preparative scale was obtained by centrifugal partition chromatography (CPC) using the ternary biphasic 
solvent systems composed of ethyl acetate/1-butanol/water, acidified by 0.1% of TFA. Stationary phase was ethyl 
acetate/1-butanol/water (5:5:90; v/v). We tested 4 mobile phases and found that the system acetate/1-butanol/water 
(40:46:14; v/v) was the best to separate anthocyanin mentioned above. This support-free liquid-liquid chromatographic 
procedure made it possible to isolate delphinidin 3-0-sambubioside from flower of H. sabdariffa. The antiamyloidogenic 

activity of the isolated stilbenes was evaluated versus -amyloid fibrils. Delphinidin 3-0-sambubioside was found to be 

active with 67% inhibition at 10 M. 

Keywords: Centrifugal partition chromatography; Hibiscus sabdariffa L; anthocyanins; delphinidin 3-sambubioside. 

Abbreviations: FCPC: Fast Centrifugal Partition Chromatography; HPLC: high-performance liquid chromatography; 

DAD: diode array detection; TFA: trifluoroacetic acid; TLC: thin-layer chromatography; ESI-MS: electrospray ionization 
mass spectrometer; NMR: nuclear magnetic resonance 
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1. Introduction 

In recent times, focus on plant research has increased all over the world and a large body of evidence has 
collected to show immense potentials of medicinal plants used in various traditional systems. Various medicinal plants 
have been studied using modern scientific approaches. The results from these plants have revealed the potentials of 
medicinal plants in the area of pharmacology [1-2].  Hibiscus sabdariffa L., a member of the Malvaceae family, is an 
annual shrub that grows in regions where dry tropical weather prevails. It is known as roselle (English), l’oiselle (French), 
spanish (Jamaica), karkade (Arabic) and bissap (Wolof). In some countries, its shrubbery is used to decorative purposes, 
in others, the seeds and petals are used for human consumption. Nevertheless, in most cases it is cultivated with the 
purpose of using the calyxes to produce infusions that are consumed like tea [3] or petals to produce infusions that are 
used for sauces and jams or preparation of Bissap: infusion and syrup producing a red drink, drunk fresh and very sweet 
(sometimes prepared with mint) in West Africa. Also, the seeds are cooked and fermented into a meat substitute or 
condiment known as ‘‘Furundu” in Sudan [4] or ‘‘Dadawa baso” in Nigeria [5]. Nowadays, a great interest exists in the crop 
of Roselle due to the high antioxidant properties of the flowers, which have been extensively evaluated [6,7]. The flower 
extract have been used commonly as in folk medicines against hypertension, pyrexia, inflammation, diabetes, arthritis, 
liver disorders and obesity [8,9]. It is generally supposed that the active constituents contributing to these protective effects 

are anti-oxidant nutrients such as vitamin E, -carotene and anthocyanins [10]. 

The major constituents in Hibiscus extract are anthocyanins, which are natural water-soluble pigments belonging 

to the class of flavonoids [11,12]. They are responsible for the orange, pink, red, purple and blue colours of many flowers, 
fruits and leafs from many higher plants [12,13]. These secondary metabolites are glycosylated derivatives of 
polyhydroxylated and/or polymethoxylated 2-phenylbenzopyrilium (or flavylium) salts. Moreover, since a few decades, 
some attention is regained on anthocyanins owing to their interesting potential as health preserving substances [14-17]. 
Hibiscus anthocyanins have been reported to possess antioxidative effects, anticarcinogenic effects [18], inhibition effects 
on apoptosis [19,20], protective effect against the oxidative stress [21] and possess anti-inflammatory activity by blocking 
the production of various mediators such as prostaglandins [22]. Thus, the possibility that Hibiscus anthocyanins have 
antitumor effect needs to be considered. Anthocyanins also mediate physiological functions related to cancer suppression 
[23-27]. The growth inhibitory effects of anthocyanins in K-562 leukemia, and HCT-15 carcinoma cells are stronger than 
those of other phenolic components, such as flavonols and flavanones [28]. 

Bioavailability and metabolic fate studies combined with clinical trials require large amount of pure anthocyanins. 
Existing HPLC techniques are not suitable for large-scale purification of these polar, fragile and pH-sensitive polyphenols 
due to irreversible adsorptions often encountered on solid support. Centrifugal Partition Chromatography (CPC), a 
support-free liquid-liquid chromatographic technique, has appeared to be a powerful alternative for pure anthocyanin 
production. With a view to large-scale purification of such compounds, CPC which is known to provide high loading, low 
cost and high recovery rates, has been investigated [28]. 

The successful preparative purification of delphinidin 3-0-sambubioside (Figure 1) from the methanolic extract of 
the flower of H. sabdariffa by XAD-7 column chromatography and CPC is described in this paper. 

2. Experimental 

2.1. CPC apparatus 

The laboratory CPC is a FCPC200
®
 apparatus provided by Kromaton Technologies (Angers, France) that is fitted with a 

rotor made of 20 circular partition disks (1320 partition cells: 0.130 mL per cell; total column capacity of 204 mL; dead 
volume: 32.3 mL). Distance from the centre of the rotor to the centre of each cell is 105 mm. Rotation speed can be 
adjusted from 0 to 2000 rpm, thus producing a centrifugal force field in the partition cell of nearly 1200 m.s

-2
 at 1100 rpm 

and 4200 m.s
-2

 at 2000 rpm. 

 

 

 

 

 

 

 

 

 

 

The solvents were pumped by a Gilson 321-H1 2-way binary high-pressure gradient pump. The samples were introduced 
into the CPC column via a high pressure injection valve (3725(i)038 Rheodyne ) equipped with a 10 mL sample loop. The 

Fig. 1. Chemical structure of delphinidin 3-O-sambubioside 
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effluent was monitored with an UV-Lambda 1010 detector equipped with a preparative flow cell. Fractions were collected 
by a Gilson FC 204 fraction collector. The experiments were conducted at room temperature. 

2.2. Reagents 

All organic solvents were HPLC grade and purchased from Scharlau (Sentmenat, Spain). Water was bi-distilled. 

2.3. Preparation of the crude extract of anthocyanins 

Dried and finely powdered petals of H. sabdariffa L. cv. LP1 (100 g) were extracted with 2 times 1 L of MeOH with 0.1 % 

(v/v) TFA at the room temperature under agitation during 2 hours. After filtration, the TFA methanolic solution was 
evaporated to dryness at 30 °C to yield crude pigment (52 g). The crude extract was redissolved in 0.1 % aq. TFA and 
applied on amberlite XAD-7 CC. The column was washed with 0.1% aq. TFA followed by elution with MeOH with 0.1 % 
(v/v) TFA and gave 4 g of a prepurified extract which was used without further purification for CPC experiments. 

2.4. Preparation of the two –phase solvent 

The ternary solvent systems were prepared by mixing EtOAc, 1-butanol and water in the convenient proportion (5:5:90 
v/v) for the stationary phase and (40:46:14 v/v) for the mobile phase. Each phase was acidified with 0.1 % TFA. 

2.5. Separation procedure 

The rotor was entirely filled with the aqueous stationary phase in the ascending mode without rotating. After injection of 
the 2 g of prepurified anthocyanins extract initially dissolved in 8 ml of the organic/aqueous phase mixture (1:1), the 
organic mobile phase was pumped into the column in ascending mode at a flow-rate of 3 mL/min. Then, the rotation speed 
was increased to 1000 rpm. Fractions of 9 ml were collected every 3 minutes. The back pressure was 25 bars. The 
stationary phase retention at the end of the separation represented 75 % of the column volume. The content of the 
outgoing organic phase was monitored by online UV absorbance measurement at  = 280 nm. 

2.6. HPLC analysis of anthocyanins 

HPLC analysis was performed on VARIAN apparatus equipped with an autosampler model 410, a Prostar Pump       
model 210, a Prostar diode array detector model 335, and running on Star software. A C18 reversed phase column 
(Prontosil, 250 x 4.0 mm, 5 µm, Bischoff) was used for analysis. The mobile phase was composed of two solvents: A,           
0.1 % TFA in H2O and B, 0.1% TFA in MeCN. The sample was dissolved in 0.1 % TFA in MeOH/H2O (1/1) and filtered 
through a 0.45 m Millipore filter. The elution program at 1 ml/min was as follows: 10 to 35 % B (0-35 min), 35 to 100 % B 
(35-40 min), 100 % B (40-50 min). 20 µl of each sample were directly injected and chromatograms were monitored at 280 
and 521 nm. 

2.7. TLC analysis 

All the fractions were checked by TLC cellulose plates (Merck) and developed with 1-butanol-acetic acid-water (4:1:5) 
upper phase. 

 

3. Results and Discussion 

As shown in Figure 2A, the HPLC-diode array detection chromatogram of the prepurified extract obtained from flowers of 
H. sabdariffa allows to see the main anthocyanin as indicated by UV-Visible spectrum. 

In order to achieve successful separation of these anthocyanins in the extract using centrifugal partition 
chromatography (CPC), a biphasic solvent system was first selected on the basis of partition coefficient value of each 
compound.  
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We have tested four mobile phases. Their respective compositions (EtOAc-1-butanol-water) were (96:0:4), (77:15:8), 
(60:30:10), and (40:46:14) and the latter gave the best results. The stationary aqueous phase EtOAc-1-butanol-water 
(5:5:90) was prepared separately. 

Therefore, the preparative CPC separation of the prepurified anthocyanin extract was performed in EtOAc-1-
butanol-water (40:46:14) as mobile phase and EtOAc-1-butanol-water (5:5:90) as stationary phase led to 124 fractions 
(Figure 3). Fractions (63-80) seemed to contain only one compound, an anthocyanin, according to the TLC analysis. 
Hence, the fractions were pooled together, evaporated to dryness (120 mg) analysed by HPLC-DAD (Figure 2B). 

The structure elucidation of delphinidin 3-O-sambubioside (Fr. 63-80) was confirmed by examining ESI-MS, ESI-

MS/MS, and NMR 1D and 2D spectra as follows:  

ESI-MS m/z: 597 [M]
+
; 

1
H-NMR (600MHz, CD3OD/TFA) ppm: 8.90 (1H, s, H-4), 7.77 (2H, s, H-2′, H-6′), 6.87 (1H, d, 

J=1.3 Hz, H-6), 6.66 (1H, d, J=1.3 Hz, H-8), 5.48 (1H, d, J=7.6 Hz, H-1′′), 4.7 (1H, d, J=7.2 Hz, H-1′′′), 4.08 (1H, dd, J=12.2 
and 2.2 Hz, H-6b′′), 4.00 (1H, dd, J=9 and 7.6 Hz, H-2′′), 3.78 (1H, t, J=9 Hz, H-3′′), 3.74 (1H, dd, J=12.2 and 5.8 Hz, H-
6a′′), 3.60 (1H, dd, J=11.5 and 5.4 Hz, H-5b′′′), 3.55 (1H, m, H-5′′), 3.52 (1H, t, J=9 Hz, H-4′′), 3.37 (1H, m, H-4′′′), 3.33 
(1H, t, J=9 Hz, H-3′′′) 3.18 (1H, dd, J=9 and 7.7 Hz, H-2′′′),  

 

 

 

 

 

 

 

 

 

Fig. 2: HPLC chromatogram of A: prepurified anthocyanin  roselle extract and B: delphinidin 3-O-sambubioside. 
Experimental conditions: mobile phase, two solvents:  A, 0.1% TFA in H2O and B, 0.1 % TFA in MeCN. 

The sample was dissolved in 0.1 % TFA in MeOH/H2O (1/1) and filtered through a 0.45 mm Millipore 
filter. Elution program at 1 mL/min was as follows: 10 to 35 % B (0-35 min), 35 to 100 % B (35-40 min), 

100 % B (40-50 min). 
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2.98 (1H, dd, J=11.5 and 10.4 Hz, H-5a′′′). 
13

C-NMR (125 MHz, CD3OD/TFA)  ppm: 168.0 (C-7), 162.8 (C-2), 157.7 (C-

9), 156.1 (C-5), 146.2 (C-3′, C-5′), 144.1 (C-3), 143.3 (C-4′), 134.1 (C-4), 118.6 (C-1′), 111.6 (C-10), 111.4 (C-2′, C-6′), 
104.7 (C-1′′′), 100.3 (C-1′′), 93.6 (C-6), 81.2 (C-2′′), 77.3 (C-5′′), 76.5 (C-3′′), 76.3 (C-3′′′), 74.4 (C-2′′′), 69.4 (C-4′′′), 69.3 (C-
4′′), 65.6 (C-5′′′), 60.8 (C-6′′). The results were similar to those in the literature [29]. 

This CPC method, a very versatile separation technique which does not require a solid stationary phase, seems 
very suitable for obtaining pure anthocyanin using a crude anthocyanin extract. The most salient results here are the 
possibility to isolate directly in one step pure delphinidin 3-O-sambubioside (120 mg) with greater than 90 % from 2 g of 

prepurified extract in 3 h. It has been shown that gram quantities of pure anthocyanins can easily be obtained in excellent 
yields by CPC. Our result also suggest that delphinidin 3-O-sambubioside a main constituent of roselle, is attractive new 
candidate for the protecting against dysfunction of brain cells in vivo in Alzheimer’s disease by inhibiting the aggregation of 

A. 
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Fig. 3. Elution profile of prepurified anthocyanins extract from roselle in FCPC 200 of 2 g.       
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