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Abstract

Two isomeric phenylethanoid glycosides, acteoside and isoacteoside were isolated and purified from thdtedgofpsylliuni. for
the first time by high-speed counter-current chromatography (HSCCC) using a solvent system consisting of ethyl acetate—water (1:1, v:v). By
injecting 200 mg of the-butanol extract oP. psylliumfor five consecutive times, the two-step HSCCC procedure yielded a total of 165 mg of
acteoside and 17.5 mg of isoacteoside from 978 mg extract. The recovery rates for acteoside and isoacteoside were 90 and 84%, respectively
and the purities were 98 and 94%, respectively. The HSCCC fractions were analyzed by HPLC and the structures were identified by UV,
LC—-APCI-MS in negative ion mode, and confirmed by NMR experiments.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction methods were poor, because the hydroxyl groups in the
phenylethanoid glycosides make these compounds strongly
Plantago psylliumL. belongs to théPlantagofamily. Its adsorbed onto the solid support during separgti@p
seeds have been used as demulcents and in the treatment of High-speed counter-current chromatography (HSCCC) is
chronic constipatiorfl]. The major bioactive constitute in  a support-free all liquid chromatographic technique that has
the seeds oP. psylliumare phenolic compounds, including been successfully applied to separation and isolation of many
acteoside and isoacteosideid. 1). Acteoside and related natural product§12-18] The HSCCC method is consid-
phenylethanoid glycosides are widely distributed in the ered as a suitable alternative for the separation of pheno-
plant kingdom[2—7] and have been found to have various lic compounds[19-21] Lei et al.[12] successfully sepa-
biological activities, including anti-hepatotoxi@], anti- rated acteoside and-acetyl acteoside fro@istanches salsa
inflammatory, anti-nociceptivfd] and antioxidan{10,11] (C.A.Mey) G. Beck by using HSCCC, however, no report has
activities. The preparative separation and purification of been published on the use of HSCCC for the separation and
acteoside and related phenylethanoid glycosides from manypurification of acteoside and isoacteoside from the seeds of
plants by conventional methods are tedious and usually P. psyllium.The identification of acteoside and other pheno-
require repeated chromatographic steps on silica gel andlic compounds by mass spectrometry also has been limited to
Sephadex LH-20 columf8-7]. The overall yields of these electrospray ionization (ESI)-MS, fast-atom bombardment
(FAB)-MS and field desorption (FD)-M8,22,23] The ob-

* Corresponding author. Tel.: +1 519 780 8062; fax: +1519 829 2600. J€Ctive of this paper was to develop a simple and efficient
E-mail addresscaor@agr.gc.ca (R. Tsao). method for the preparation of acteoside and isoacteoside from
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combined and concentrated to dryness in vacuo at’€40

8
5 0—cC S
HOH,C | & 6 s which yielded 978 mg of crude extract. The extract was stored
OH— s o "&f}' TCHZQOH at—4°C before HSCCC separation.
v g 0 3

F J 2.3. HSCCC separation procedure

OH -7 v OH OH P P
o]

The preparative HSCCC was carried out using a
Model CCC-1000 high-speed counter-current chromato-
OH OH graph (Pharma-Tech Research, Baltimore, MD, USA). This
apparatus had three preparative coils, connected in series (to-

(A) tal volume, 325 mL). The revolution speed of the apparatus
could be regulated between 0 and 2000 rpm. The HSCCC
OH s o system was equipped with an HPLC pump (Pharma-Tech
. . ” . Research, Baltimore, Maryland, USA), a Model 450 UV de-
OH AN ~c—otn, (T T, tector (Alltech, USA), a Model L 120 E flat-bed recorder
¢ o ‘ (Linseis Inc., Princeton Jct, USA), a fraction collector (Ad-
qé , CHe— —OH vantec MFS Inc., USA) and a sample injection valve with a
s 10 mL sample loop.
OH | oH OH A mixture of ethyl acetate—water (1:1, v:v) was shaken
OH—0 vigorously in a separatory funnel and let stand at room tem-
CHs perature until there were two clearly separated phases. The
(B) SR OH two phases were then used in the HSCCC after they reached
equilibrium.
Fig. 1. Structures of acteoside (A) and isoacteoside (B). The entire coiled column was first filled with the up-

per layer which serves as the stationary phase. Then, the
pump was set at 1045 rpm. The lower layer (mobile phase)
was pumped into head end of the column at a flow-rate of
1.5mL/min. A sample (200 mg) dissolved in 8 mL of the
mixture of ethyl acetate—water (1:1, v:v) was loaded into
the injection valve after the system reached hydrodynamic
equilibrium. The effluent from the outlet of the column was
continuously monitored by a UV detector at 254 nm and col-
lected into test tubes with a fraction collector set at 4 min
for each tube. Five consecutive injections, each containing
ca. 200 mg of the-butanol extract in 8 mL of the two-phase
solvent system, were made. Fractions from the HSCCC that
. . , had only pure compound as determined by HPLC were com-
Acteoside, caffeic acid and hydroxytyrosol were pur- pineq and freeze-dried. Those containing a mixture of the

chased from Sigma-Aldrich (Oakville, ONP. psyllium  ¢,m55unds were pooled, concentrated and re-injected to the
seeds were provided by Prof. Zeyuan Deng (NanChangSystem for further purification.

University, China). All solvents were of HPLC grade and
purchased from Caledon Laboratories Ltd. (Georgetown, 5 4 | ¢ conditions
Canada).

P. psylliumseeds by high-speed counter-current chromatog-
raphy. In our experiment, LC coupled with on-line APCI mass

spectrometry and NMR experiments were used for the anal-
ysis and identification of these two isomeric phenylethanoid
glycosides.

2. Experimental

2.1. Chemicals and reagents

An Agilent Technology 1100 Series HPLC system
2.2. Sample preparation equipped with a quaternary pump, a degasser, a thermostatic
auto-sampler and a photodiode array detector (DAD), was
P. psylliumseeds (25g) were milled to powder (ca. 50 used for the analysis of phenylethanoid glycosides in the
mesh) by using a Retsch (MM 2000) machine, soaked in n-butanol extract and fractions collected from the HSCCC
500 mL of 80% aqueous methanol for 12 h for three times separation. The analysis was carried out with a Phenomenex
at room temperature. Each time, the extraction mixture was ODS-Gg column (150 mnx 4.6 mm, 5um) and a Gg guard
filtered through a Whatman No. 1 filter paper (Whatman column. The binary mobile phase consisted of acetonitrile
International Ltd., Maidstone, UK). All three filtrates were (solvent A) and water containing 2% acetic acid (solvent B).
combined and concentrated to 300 mL in vacuo at¥@0  Allsolvents were filtered through a 0.45n filter prior to use.
The resulting agueous solution was defatted twice, each with The flow-rate was kept constant at 1.0 mL/min for a total run
300 mL of hexane and then extracted successively for threetime of 30 min. The system was run with a gradient program:
times, each with 300 mh-butanol. Ther-butanol layerswere  100% B to 75% B in 20 min, 75% B to 0% B in 5min, and
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0% B to 100% B in 5 min. The sample injection volume was —=mAuj
10uL. Peaks of interest were monitored at 320 nm by a DAD

E ]
8 E
detector. € 1259
o 100
i
2.5. LC-APCI-MS for identification S 25 2
2 O
LC-MS experiments were carried out using an LC cou- 0 5 10 15 20 25 min
pled to a Finnigan LCQ Deca ion trap mass spectrometer Time (min)

(Thermo Finnigan, San Jose, CA, USA) which was equipped _. ) .
with an atmospheric pressure chemical ionization (APCI) Fig. 2. HPLC_ profile of then-butanol extract oP. psy“'ur-n-seeg' Peak 1,

. LY compound 1; peak 2, compound 2. Experimental conditions: column, Phe-
source. The mass spectrometer conditions were optimized fofomenex Gg-0DS column (150 mnx 4.6 mm, Sum) and a G guard col-
acteoside prior to sample analysis in order to achieve maxi- umn; mobile phase: acetonitrile (A) and 2% acetic acid (B), the gradient
mum sensitivity. As a result, the shear gas and auxiliary flow program: 100% B to 75% B in 20 min, 75% B to 0% B in 5min, and 0% B
rates were set at 54 and 12 (arbitrary units), respectively. to 100%Bin5min;sample injection volume: fl; flow rate: 1.0 mL/min;

. . . detection: 320 nm.

The capillary voltage was fixed at28 kV and its temper-

ature was controlled at 20C€. The vaporizer temperature
was set at 450C and the current of discharge needle was at
4.50pA. The entrance lens voltage was fixed at 60 V. The
tube lens offset was-21V, the multipole 1 offset was 5V
and the multipole 2 offset was 12.5V. The lens voltage was
38V. The electron multiplier voltage was set at 400V for
ion detection. Full scan of ions was performed in the nega-  1he LC chromatogram af-butanol extract fronf. psyl-
tive ion mode with a molecular mass range set from 50 to UM IS given inFig. 2 Two major peaks were separated

2000. The same separation conditions were used as in the Lc2Nd detected with retention times at 17.6 and 19.2min.
experiment. Compound 1 was identified as acteoside by congruence in

its retention time and UV spectra with that of authentic
acteoside.

In a HSCCC experiment, selection of the two-phase sol-
vent system s the first and critical step; a good solvent system
can provide an ideal partition coefficierK)(for the target
compounds. The key of solvent optimization is first to find
a solvent combination in which the sample is freely soluble,
then to adjust this solvent combination to ensure thakthe
value of the target compounds is close t{24-26] TheK
value of a two-phase solvent system is critical for efficient
separation. If it is much smaller than 1, the solutes will be
eluted close to each other near the solvent front, which may
resultin loss of peak resolution; if tievalve is much greater

3. Results and discussion

3.1. HSCCC separation

2.6. Acid hydrolysis and monosaccharide analysis

One milligram of compound 1 or 2 was hydrolyzed
with 1ml of 1M H,SO4 which was heated at 9C in a
water bath for 1.5h. The hydrolyzed product was diluted
with water and filtered through a 0.4%n syringe filter
before being analyzed by HPLC using the same conditions.
Monosaccharides were analyzed in a Dionex (Sunnydale
CA, USA) DX-500 ion chromatograph using a Dionex
CarboPac PA1 column (4 mm250 mm) and a Dionex PA
guard column (4mnx 25mm). A pulsed amperometric
detector (PAD) was used for detection. A gold electrode w5 1 the solutes will be eluted in excessively broad peaks,
was used as the working electrode and silver/silver chloride ;4 may lead to extended elution tifig].
as the reference electrode. The mobile phase consisted of |, experiment, we selected five series of solvent sys-
100 mM NaOH (solvent A), 30mM NaOH (solvent B) and  1omg according to the solubility of the target compounds. LC
water (solvent C). Prior to sample injection, the instrument 55 sed to measure the sample concentration in each phase,
was run with 100% B for 15min, and then a combination 4y which thek values of the target compounds were calcu-

of ?% A and 92% C for 10 min. After ing'ection, 8% Aand |ated. Thek values of compounds 1 and 2 in these systems are
92% C were run for 7 min and then 100% C for 18 min. The g0 inTable 1 A solvent system containing ethyl acetate—

column was held at 3 with a flow rate of 1 mL/min. The  , ;tan0l_ethanol-water (4:0.6:0.6:5, v:v:v:v) has been used

injection volume was 5QL for both samples. in HSCCC to separate acteoside ah@@etyl acteoside from
Cistanches sals¢C.A. Mey) G. Beck[12]. However, we
2.7. NMR for identification found that this system was not suitable for the separation
of the two phenylethanoid glycosides frden psyllium the
Proton NMR spectra were recorded on a Bruker Avance- K values of compounds 1 and 2 were greater than 1.5, and
600 spectrometer (Bruker BioSpin Ltd., Canada). Com- the settling time of the two-phase solvent system was rather
pounds 1 and 2 were dissolved in ¢DD, separately. TMS  long. A modified version of this system with solvent ratios at
was an internal standard. In addition, H-H COSY and C-H 4:0.6:0.6:4, v:v:v:v was also tried. Although the two phases
correlation were also recorded. separated quickly, thK value was too high for both com-
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Table 1
TheK (partition coefficient) values of compound 1 and 2 in different solvent m Compound 1
system8 T 6f
Solvent system Compound1l  Compound 2 g sl Unknown compound —
Ethyl acetater-butanol-ethanol-water 1.58 1.94 @ \ ™ '!
(4:0.6:0.6:5) g ar ol
Ethyl acetater-butanol-ethanol-water 2.34 2.76 T L Vo |
(4:0.6:0.6:4) £ 8 |\ [ | Compound2
Ethyl acetater-butanol-water 1.63 1.74 & of | ‘\\ /
(0.75:0.25:1) < [ N .
Hexane—ethyl acetate—-methanol-water0.68 0.69 1 J
(0505025075) O 1 1 1 1 1 1 1 1 1 1 1 1 '
Ethyl acetate—water (1:1) 0.82 0.92 50 60 70 80 90 100110120 130 140 150 160 170 180 190 200
@ Experimental procedure: approximately 1 mg of each sample was (A) Time (min)
weighed in a 10 mL test tube into which 1 mL of each phase of the pre-
equilibrated two-phase solvent system was added. The test tube was capper 9
and shaken vigorously for 1 min, and allowed to stand until it separated
completely. An aliquot of 10Q.L of each layer was taken out and evapo- ’§6 [
rated separately to dryness in vacuo at <@0The residue was dissolved in : 5-
100p.L methanol and analyzed by LC for determining the partition coeffi- Y Compound 2
cient (K) of compound 1 and 2. Th¢ value was expressed as the peak area "4
of target compound in the upper phase divided by that in the lower phase. g N
@ 3+ |
g Compound 1 ‘I
8 2 \ |
< a) J \
pounds 1 and ZTable J). TheK values were reduced but still 1 \\ | \
greater than 1 when ethanol was removed in a system con- TR T R RTeR Ty 13'6 5 '1%0 o 1\77';;:%0 150 300

taining ethyl acetatex-butanol-water (0.75:0.25:1, v:v:v).

A system containing hexane—ethyl acetate—methanol-watet

(0.5:0.5:0.25:0.75, v:v:v:v) was found to have a short settling

time, but poor separation due to the Itiwalues Table J). Fig. 3. HSCCC chromatograms of théoutanol extract oP. psylliumseed.

The solvent ratios of the these systems proddéadilues (A)Crud_e extract; (B)_gombine_d fractions containing bpth compounds 1 and
. 2. Experimental conditions: coil volume, 325 mL; rotation speed, 1045 rpm;

Vejry C|OS€j t(_) the targeted value of 1, and the ratios could flow rate, 1.5 mL/min; sample injection volume, 10 mL; sample injected,

still be optimized further, however, due to the number of sol- 200 mg extract dissolved in 8 mL of the mixture of acetate—water (1:1, v:v).

vents involved, large number of combinations will have to

be tested. To avoid this, we examined several tvvo-solvent3_2_ Identification by LC—APCI-MS and NMR

systems. Ethyl acetate—water (1:1, v:v) gave the best resunsexperiments

This system is simple, and the two phases reached equilib-

rium very quickly. Thek values for compounds 1 and 2 in this Tentative identification of the compounds was first

system were 0.82 and 0.92, respectively, which produced a;chieved by congruent retention times and UV spectra with

good separatiorifable 1 Fig. 3). This system was then used 4t of the authentic acteoside standdig (4). Compound 1

in preparative separation and purification of the two main a5 thusidentified as acteoside; compound 2 was an unknown
components in tha-butanol extract oP. psyllium

Fig. 3A shows the HSCCC separation of one of the five

(B) Time (min)

injections containing ca. 200 mg of timebutanol extract of Nor.

P. psylliumusing this solvent system. The stationary phase of 1003 Acteoside

this system, ethyl acetate—water (1:1, v:v), oncefilled intothe =~ mAUj 804

coils, was found to give satisfactory resolution for five con- g 1754 jg: )

secutive runs of separation. Fractions that were confirmed by & 122 20

HPLC to contain only compound 1 or 2 were combined sep- S 100: 0]

arately, and those containing both compounds were pooled,§ 1 200 300 400 500 nm

freeze-dried and re-subjected to the HSCCC for further sepa-§ 5o~ ¥~~~ """ """ S —
ration (Fig. 3B). The two-step HSCCC separation described § 25] | UL

above yielded a total of 165 mg of compound 1 and 17.5mg < of 1 ' ‘ . ‘ .

of compound 2 from 978 mg-butanol extract. The recovery 0 5 10 15 20 25 min

rate of compounds 1 and 2 were 89.8 and 84.1%), respectively. Time (min)

The chromatographic purity of the frefeze'd”ed compounds Fig.4. HPLC chromatograms and UV spectra of standard acteoside, purified
1and 2 were 98.4 and 94.2%, respectively, and these samplegompounds 1 and 2. Separation conditions were the same as described in
were directly used for LC-APCI-MS and NMR analyses.  Fig. 2
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Fig. 5. (A) LC-APCI-MS/MS spectrum ofVz 623 of compound 1; (B) LC—MBspectrum of the parent ian/z 461 of compound 1; (C) LC—MSspectrum
of the parent iomVz 489 of compound 1; (D) LC-APCI-MS/MS spectrummfz 623 of compound 2; (E) LC-MSspectrum of the parent iom/z 461 of

compound 2; LC-M8&spectrum of the parent iawz 489 of compound 2; (F) LC—MSspectrum of the parent ian/z 489 of compound 2.
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compound. The UV spectrum of compound 1 showed the spectrum of the ion atvz 461 yielded one very weak ion at
characteristic of phenylethanoid glycosides with absorption m/z315 by losing a rhamnose unkifjs. 5B and i The MS
peaks at 232, 246, 289, 332nm. The UV spectrum of com- spectrum of the ion at/z489 yielded one very weak daugh-
pound 2 was highly similar (232, 246, 286, 328 nm). terion atm/z 325 by losing a 3,4-dihydroxyphenethyl moiety
Further identification of the structures of these two com- and a carbonyl group (Cfof the caffeic acidffigs. 5C and
pounds by LC-APCI-MS, M&and MS are shown irFig. 5. All MS, MS? and MS data for compound 1 were the same
The LC-APCI-MS of compound 1 in the negative mode gave as that for the authentic acteoside. Possible fragmentation
m/z 623 as the deprotonated molecular idm-H]~, which pathways of acteoside are illustratedHig. 6.
confirmed the molecular mass as 624, the same as that for For compound 2, the LC-APCI-MS data providetk
acteoside. Further experiments in R8f the m/z 623 ion 623 as the deprotonated molecular iHH]~, which indi-
([M—H]™) produced two main fragment ionsatz 489 and cates that it has the same molecular mass of 624 as acteoside.
461 Fig. 5A). The ion amVz461 is considered to be fromthe  The MS spectrum of the ion at/z 623 and M8 spectra
loss of the caffeoyl moietyNI-H—-162] from the parention  of the ion atm/z461 and 489Kig. 5D—F) were all the same
m/z 623, and 489 is produced from the cleavage of the bond as those of compound 1 (acteosideig( 5A—C), suggesting
between C8and CIM—-H-134] (Figs. 5Aand §. The MS that these two compounds are isomers with similar structures.

m/z461 m/z489

e 41
¥9L-

HOH,C “—THE y B
4 OHO "CH, — ~—OH
4
o’ OH OH
m/z315

OH OH
m/z325

Fig. 6. Proposed fragmentation pathway for acteoside.
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Table 2
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Proton NMR data of acteoside and isoactedside

stants of the two compounds are showiiétle 2 The major
differences intH-NMR between compounds 1 and 2 are the

Moiety C position 5y (J) protons on C4 and C6 of the glucose moiety. Based on all
Acteoside Isoacteoside available data, we therefore conclude that compounds 1 and
Hydroxytyrosol 1 2 in P. psylliumare acteoside and isoacteoside, respectively.

2 6.702 (d, 1.8) 6.713 (d, 1.8)

3

4 4. Conclusions

5 6.715 (d, 7.8) 6.674 (d, 7.8)

(75 g:sgg ((‘;g’, 71'28_’61"8) 3_3'5507?(1(3"15_75‘ 18) Our study_ demons_tratec_i that HSCC_C_ could be a highly
7.2),4.044(dd,  6.6)4.025 (dd, useful technique for isolating and purifying acteoside and
12.6,7.2) 9.6, 6.6) isoacteoside from the seeds Rfpsyllium.A simple two-

8 2.890 (m) 2.821 (m) phase solvent system containing ethyl acetate:water (1:1, v/v)

Caffeic acid 1 provided fast and efficient separation, and good purity and

2 7.095 (d, 1.8) 7.076 (d, 1.8) recovery rates for the two major phenylethanoid glycosides

2 in P. psylliumextract.

5 6.819 (d, 8.4) 6.809 (d, 7.8)

6 6.997 (dd,8.4,1.8) 6.926 (d, 7.2)

7 7.634 (d, 15.6) 7.603 (d, 16.2) Acknowledgements

8 6.314 (d, 15.6) 6.328 (d, 15.6)

9 The authors would like to thank Yolanda Brummer of the

Glucose 1 4.417 (d, 8.4) 4327 (d, 7.8) Food Research Program, Agriculture & Agri-Food Canada,

2 3.432(dd,9.0,8.4) 3.350(dd,9.0,6.00 Guelph (FRP-AAFC) for her assistance in the analysis of

i i-gg’g (((tj %%)) gi’;; gj’dgng)e) sugars, and Valerie Robertson of the Nuclear Magnetic
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6 3.664 (dd, 11.7),  4.536 (dd, 12.0), experiments. This is scientific publication number S197 of
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Rhamnose 1 5.229(d, 1.2) 5.220 (s)

2 3.906 (dd, 3.0,1.8)  3.986 (d, 3.0) References
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