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Abstract

A reversed-phase high-performance liquid chromatography (HPLC) system has been developed and optimised
for the separation of aryltetrahydronaphthalene lignans of the podophyllotoxin series and their glucoside
conjugates. The separations were carried out on an ODS-Hypersil column with CH,OH~water, CH,CN-water,
CH,OH-ammonium acetate or CH,CN—-ammonium acetate as the mobile phase.

The optimised HPLC system has been applied to the analysis of lignans in podophyllin resins. The separations
showed the presence of podophyllotoxin, 4'-demethylpodophyllotoxin, podophyllotoxin B-p-glucoside and 4'-
demethylpodophyllotoxin-B-p-glucoside in Podophyllum emodi resin, while in Podophyllum peltatum resin, «- and
B-peltatin and their glucoside conjugates were also detected, in addition to podophyllotoxin.

1. Introduction

Lignan [1] is the name given to a large family
of natural products that contain the 2,3-di-
benzylbutane skeleton. Lignans with a fully re-
duced B-ring are aryltetrahydronaphthalene lig-
nans (Fig. 1). Aryltetrahydronaphthalene lignans
of the podophyllotoxin series have been found to
have antimitotic properties. These compounds
can be extracted in high yield from the roots and
rhizomes of plants of the genus Podophyllum,

e.g. Podophyllum emodi and Podophyllum pel- .

tatum [1]. The anti-cancer drugs Etoposide (VP
16-213) and Teniposide (VM26) are both well-
known semi-synthetic glucoside derivatives of
podophyllotoxin [2]. Since the aqueous extracts
of these plants (termed podophyllin) may be
important sources for potential new drugs, a
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Fig. 1. Structures of aryltetrahydronaphthalene lignans.
Podophyllotoxin: R, =Me, R,=O0OH, R,=H; 4'-de-
methylpodophyllotoxin: R, =H, R,=0H, R,=H; a-pel-
tatin: R, =H, R, =H, R, =OH; B-peltatin: R, =Me, R, =
H, R, = OH; podophyllotoxin-B-D-glucoside: R, =Me, R, =
B-D-glucoside, R,=H; 4’-demethylpodophyliotoxin-8-D-
glucoside: R, = H, R, = B-D-glucoside, R, = H; a-peltatin-8-
D-glucoside: R, =H, R, =H, R, = B-D-glucoside; B-peltatin-
B-D-glucoside: R, =Me, R, = H, R; = B-D-glucoside.
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method capable of separating the complex com-
ponents in podophyllin is needed.
High-performance liquid chromatography
(HPLC) has been used to separate lignans from
various sources [3-6]. HPLC methods for the
determination of VM26 and VP16-213 in body
fluid have also been reported [7-9]. The present
paper describes the development and optimi-
sation of a reversed-phase HPLC system for the
separation of podophyllotoxin, a- and B-peltatin
and their glucoside conjugates. The retention
behaviour of the lignans has been studied and
the optimised system has been applied to the
analysis of lignans in podophyllin resins.

2. Experimental
2.1. Materials and reagents

P. emodi resin, P. peltatum resin and the lignan
standards podophyllotoxin, «-peltatin, B-pel-
tatin, 4’-demethylpodophyllotoxin, podophyllo-
toxin-B-D-glucoside, 4'-demethylpodophyllo-
toxin-B-p-glucoside, a-peltatin-B-p-glucoside
and B-peltatin-B-p-glucoside were gifts from Dr.
D.C. Ayres, Queen Mary and Westfield College,
University of London. Acetonitrile and methanol
were HPLC grade from Rathburn Chem. (Walk-
erburn, Peeblesshire, UK). Ammonium acetate
was AnalaR grade from BDH (Poole, Dorset,
UK).

2.2. High-performance liquid chromatography

A Varian (Walton-on-Thames, Surrey, UK)
Model 9012 liquid chromatograph was used, with
a Varian 9050 UV-Vis detector set at 280 nm.
Injection of sample was via a Rheodyne 7125
injector fitted with a 100-u1 loop.

The lignans were separated on a 250 X 5 mm
I.D. ODS-Hypersil column (5-um silica chemi-
cally bonded with octadecylsilyl groups) from
Shandon HPLC, Cheshire, UK. The mobile
phases were methanol-water (40:60), methanol-
0.5 M ammonium acetate (40:60), acetonitrile—
water (25:75) and acetonitrile—~ammonium ace-
tate (25:75). All HPLC eluents were made up by

volume percent. The flow-rate for all separations
was 1.5 ml/min. The samples were dissolved in
methanol-water (90:10) for injection.

2.3. Liquid secondary-ion mass spectrometry
(LSIMS)

A VG Analytical (Manchester, UK) ZAB2-E
mass spectrometer, operated at 8 keV accelerat-
ing voltage and fitted with a caesium gun (35 keV,
0.5 nA emission) was used for LSIMS. Lignans
were dissolved in a small volume (10 wul) of
methanol and 1 ul was added to the stainless-
steel LSIMS target probe previously prepared
with thioglycerol (1 ul) as liquid matrix. Mass
spectra of lignans and their glucosides were
acquired in the positive-ion mode using a VG
Analytical 11-250] data system in continuous
multichannel analysis mode at a resolution of
1500 RP.

3. Results and discussion

It has been shown in a previous study on the
retention behaviour of aryltetrahydronaphtha-
lene lignans in reversed-phase HPLC that re-
tention is organic-modifier selective and specific
[6]. Tt is therefore reasonable to assume that the
solvent-selectivity and -specificity effects will also
be important factors to consider in developing an
optimised system for the separation of the lignan
glucosides. With acetonitrile—water (25:75, v/v)
as the eluent, on an ODS-Hypersil column,
“normal” reversed-phase behaviour was ob-
served with the polar lignan glucoside conjugates
eluted before the unconjugated parent com-
pounds. The elution order was as follows: a-
peltatin-8-p-glucoside, 4’-demethylpodophyllo-
toxin-B-p-glucoside,  B-peltatin-B-p-glucoside,
podophyllotoxin-B-p-glucoside, 4’-demethylpo-
dophyllotoxin, «a-peltatin, podophyllotoxin and
B-peltatin. It can be seen from the capacity
ratios (k') of the compounds shown in Table 1,
that there was insufficient resolution between
podophyllotoxin-B-p-glucoside, 4’-demethylpo-
dophyllotoxin and a-peltatin.

Replacing acetonitrile with methanol as the
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Table 1

Capacity factors (k') of aryltetrahydronaphthalene lignans on ODS-Hypersil with 25% CH,CN in water (k{), 40% CH,OH in
water (k.), 25% CH,CN in 0.5 M ammonium acetate (k;) and 40% CH,OH in 0.5 M ammonium acetate (k;) as mobile phases

k; k; k; k.,
a-Peltatin-B-D-glucoside 1.03 2.60 0.71 2.00
4'-Demethylpodophyllotoxin-B-D-glucoside 1.77 4.50 1.07 3.50
B-Peltatin-B-D-glucoside 3.40 7.40 221 3.60
Podophyllotoxin-B-D-glucoside 513 12.20 3.00 8.50
4’-Demethylpodophyllotoxin 5.27 8.60 393 6.70
a-Peltatin 553 6.40 4.36 5.00
Podophyllotoxin 13.80 20.50 10.36 14.80
B-Peltatin 17.00 17.30 12.36 11.50

The results are the means of three determinations.

organic modifier had a dramatic effect on the
elution order and resolution of the lignans and
their glucoside conjugates. Fig. 2. shows the
separation of the lignans with methanol-water
(40:60, v/v) as the mobile phase. The k’-values
are listed in Table 1. Complete separation of all
eight compounds was achieved, demonstrating
the superiority of methanol as an organic modi-
fier for the reversed-phase HPLC of lignans. The
general increase in retention time and the im-
provement in resolution are attributed to the
ability of methanol, an H-bonding organic modi-
fier, to form a different degree of H-bond with
different lignans, depending on their structures

and stereo-configurations. The H-bonding effect
also led to the reversal of elution order for some
compounds when compared with the acetonitrile
mobile phase system (Table 1). Lignans with the
OH or glucoside group attached to the reduced
ring (Fig. 1), seem to form a stronger H-bond
with the layer of methanol ‘sorbed’ onto the
hydrophobic C,, stationary-phase surface than
those with the OH or glucoside group located on
the aromatic rings. This explains why
podophyllotoxin and its glucoside were more
strongly retained than their 8-peltatin analogues.

Ammonium acetate has been shown to be an
excellent mobile-phase additive for reversed-
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Fig. 2. Separation of aryltetrahydronaphthalene lignans. Column, ODS-Hypersil (25 cm X 5 mm 1.D.): eluent, methanol-water
(40:60, v/v); flow-rate, 1.5 ml/min; detector, UV, 280 nm. Peaks: 1 = a-peltatin-8-D-glucoside, 2 = 4'-demethylpodophyllotoxin-g8-
D-glucoside, 3 = a-peltatin, 4 = B-peltatin-B-D-glucoside, 5 = 4’-demethylpodophyllotoxin, 6 = podophyllotoxin-g-D-glucoside, 7 =

B-peltatin, 8 = podophyllotoxin.
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Fig. 3. Separation of aryltetrahydronaphthalene lignans in P. emodi resin. HPLC conditions and peak identification as in Fig. 2.

phase HPLC [10]. Addition of ammonium ace-
tate to the mobile phase decreased the k’-values
of all lignans (Table 1), while maintaining the
resolution. However, since the simple methanol-
water system was equally efficient, addition of
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ammonium acetate was not necessary in this
case.

Analysis of the lignan composition in the resin
of P. emodi showed the presence of podo-
phyllotoxin, 4’'-demethylpodophyllotoxin and

S meme e e e

12 K3} a4

Fime ¢ nun )

Fig. 4. Separation of aryltetrahydronaphthalene lignans in P. peltatu.

m resin. HPLC conditions and peak identification as in Fig. 2.
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their glucoside conjugates, respectively (Fig. 3).
The lignan composition in the resin of P. pel-
tatum was more complex (Fig. 4) than in the
resin of P. emodi. The main components were
B-peltatin and its glucoside conjugate. Small
amounts of podophyllotoxin, 4’-de-
methylpodophyllotoxin,  podophyllotoxin-S-p-
glucoside and a-peltatin were also detected. The
peaks were identified by retention time in com-
parison to authentic standards and were con-
firmed by liquid secondary ion mass spectromet-
ric analyses.

4. Conclusions

The simple reversed-phase system with metha-
nol-water (40:60, v/v) as mobile phase is applic-
able to the analysis of lignans present in
podophyllin resins. There are still many uniden-
tified components present in the resins. The
characterisation of these will probably require
on-line HPLC-MS, in which the methanol-0.5 M

ammonium acetate (40:60, v/v) system will be
more suitable, since ammonium acetate is com-
monly added to solvents to enhance ionisation in
mass spectrometric analysis.
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