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ABSTRACT

A low-pressure liquid chromatographic method on silica gel 60, with chloroform containing 0~1% (v/v) of methanol as eluent, is
described that allows the isolation of isorhoeadine from the total alkaloids of petals of Papaver rhoeas L. A preparative high-perform-
ance liquid chromatographic (HPLC) method with a LiChrosorb Si 60 column, using chloroform containing 0-5% (v:v) of methanol
(isocratic and then linear gradient) as mobile phase, is described that allows the isolation of rhoeagenine from a few fractions issuing
from the previous low-pressure liquid chromatographic run. Finally, a selective analytical HPLC method with a Superspher Si 60
column using chloroform-methanol (90:10, v/v) containing 0.1% of trifluoroacetic acid as mobile phase and UV detection at 292.5 nm
is described that allows the determination of isorhoeadine and rhoeagenine in red poppy extracts. In comparison with a classical
chloroformic alkaloid extraction of petals from Maine et Loire (France) (total alkaloid efficiency = 0.203% dry material), a weak
aqueous alcoholic acidic extract (30% ethanol) (0.216%) and an aqueous acidic extract (0.123%) of the same material, the amount of
isorhoeadine is 71.1, 42.4 and 10.5 mg/g total alkaloids, respectively, and the amount of thoeagenine is 629.7, 424.2 and 117.3 mg/g total
alkaloids, respectively. Hence, the aqueous alcoholic acidic extract seems to be the most appropriate for conceiving a red poppy remedy.

INTRODUCTION

Further to our study of the application of high-
performance liquid chromatography (HPLC) to the
analysis of medicinal plant extracts with sedative
properties, we have examined the components of
Papaver rhoeas L. There have been numerous in-
vestigations into the alkaloidal constituents of this
plant [1] and over 30 alkaloids have been isolated. It
appears that Papaver rhoeas L. is variable in its
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alkaloid content and that different chemotypes exist
[2]; the major alkaloid isolated proved to be rhoea-
dine [3,4], N-methylasimilobine [5] or rhoeagenine
(6], depending on the plant source. The minor
alkaloids are mainly protopine, isorhoeadine, iso-
rhoeagine and papaverrubines [7]. Numerous stud-
ies on the rhoeadine-papaverrubine group of P.
rhoeas L. have been made using thin-layer chroma-
tography (TLC) [4.8-12]. but no work has been
reported on the determination of these alkaloids
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Rhoeagenine : R;===H ; Rp= H

Isorhoeadine : R1='""H i Rp= CHy

using HPLC. We describe here a quantitative HPLC
method for the determination of rhoeagenine and
isorhoeadine, which can be used as specific tracers in
petals of the plant.

EXPERIMENTAL

TLC

Silica gel Si 60 F,s4 plates were obtained from
Merck (Darmstadt, Germany). The mobile phase
was cyclohexane—diethylamine (80:20, v/v) and de-
tection was effected with Dragendorff’s reagent [12].

HPLC

A Varian Model 5000 chromatograph was used,
equipped with a Rheodyne Model 7125 injector and
a photodiode-array detector (Merck L 3000) under
computer control (Merck HPL.C Manager). Anal-
yses were conducted at 20°C.

Preparative HPLC was carried out with a Li-
Chrosorb Si 60 column (250 x 10 mm 1.D., particle
size 7 um) (Merck). Two solvents were used, (A)
chloroform and (B) methanol. The elution profile
was as follows: 0—40 min, 100% A (isocratic); 41-46
min, 1% B in A (isocratic); 47-51 min, 2% B in A
(isocratic); 5261 min, 2-5% B in A (linear gra-
dient). A flow-rate of 4 ml/min and UV detection at
280 nm were applied.

Analytical HPLC was carried out on a Superspher
Si 60 normal-phase column (125 x 4 mm LD,
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particle size 4 um) (Merck), used with a LiChrospher
Si 60 precolumn (4 x 4 mm 1.D., particle size 5 ym)
(Merck). The mobile phase was chloroform-
methanol (90:10, v/v) containing 0.1% of trifluoro-
acetic acid (TFA) at a flow-rate of 1 ml/min. The
injection volume was 10 ul and UV detection at
292.5 nm was applied.

Petal alkaloid extraction

A 500-g amount of petals [harvested in Maine et
Loire (France)], dried at room temperature and
finely powdered, was moistened with dilute am-
monia solution and kept for 2 h before Soxhlet
extraction with chloroform (5 1). The organic solu-
tion was evaporated under reduced pressure at 40°C
to a final volume of about 100 mi, and then extracted
with 5 x 50 ml of 0.25 M sulphuric acid. The acidic
layers were mixed and filtered. After alkalinization
with ammonia (pH 10), they were extracted with
4 x 50 ml of chloroform.

The organic layers were washed with 70 ml of
distilled water, filtered and evaporated under re-
duced pressure, affording a residue (1.015 g) corre-
sponding to the total alkaloid fraction A (0.203%
dry material).

An alkaloid extraction was also applied to an-
other batch of plant material [harvested in Vienne
(France)]. The extraction procedure was the same as
above (total alkaloid efficiency = 0.237% dry mate-
rial).

Petal extract preparation

Agueous alcoholic acidic extract. A 25-g amount
of dried petals (Maine et Loire batch) were heated
under reflux with 250 mi of 30% ethanol containing
250 mg of tartaric acid for 2 h and then filtered to
afford the extract. For the extraction of the alkaloid
of this extract, the ethanol was evaporated under
reduced pressure until condensation of water. After
alkalinization with ammonia (pH 10), the solution
was extracted with 4 x 50 ml of chloroform. The
organic layers were washed with 70 ml of distilled
water, filtered and evaporated to dryness under re-
duced pressure (total alkaloid efficiency = 0.216%
dry material).

Agqueous acidic extract. A 25-g amount of dried
petals (Maine et Loire batch) was heated under
reflux with 250 ml of distilled water containing 250
mg of tartaric acid for 2 h and then filtered to afford
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the extract. This extract was directly alkalinized with
ammonia (pH 10) and then extracted with4 x 50 ml
of chloroform. The organic layers were washed with
70 ml of distilled water, filtered and evaporated to
dryness under reduced pressure (total alkaloid effi-
ciency = 0.123% dry material).

Isorhoeadin isolation

A 500-mg amount of the total alkaloid fraction A
diluted with chloroform (5 ml) was placed on a
column (200 x 20 mm I.D) containing 20 g of silica
gel 60 (particle size 0.063-0.2 mm) for low-pressure
column chromatography (Merck) and 50-ml frac-
tions were collected. Elution was effected with pure
chloroform (100 ml) for fractions I and IT (3 mg)
and with chloroform-methanol (99:1, v/v) (450 ml)
for fractions III (18.6 mg), IV-X (324 mg) and XI
(8 mg).

The product of fraction III, crystallized in etha-
nol, afforded 11 mg of pure compound. 'H NMR
spectrometry (Brucker AC 200 P NMR spectrom-
eter), mass spectrometry (MS) (Nermag R 1010 C
mass spectrometer), melting point determination,
UV spectrophotometric analysis and TLC allowed
its identification as isorhoeadine: m.p. 161°C [11,
13]; *H NMR spectra identical with the literature
[13,14]; electron impact MS, m/z 383 (M™*"), 368
(100), 352 (10), 177 (96) [15); UV, 2., [chloroform—
methanol-TFA (90:10:0.1, v/v/v)] 244 and 292.5
nm; TLC, Rg = 0.65.

Rhoeagenin isolation
The whole of fraction IV-X was diluted with 1.5
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m! of chloroform and then injected on to the
preparative HPLC column. Fractions of 4 ml were
recovered according to the following scheme: pure
chloroform (160 ml), fractions 1-40; chloroform-—
methanol (99:1, v/v) (24 ml), fractions 41-46; chlo-
roform—methanol (98:2, v/v) (20 ml), fractions 47~
51; chloroform-methanol (95:5, v/v) (40 ml), frac-
tions 52-61.

The product was checked using analytical HPLC.
Fractions 13-43, mixed, evaporated to dryness and
crystallized in ethanol, gave 96 mg of pure com-
pound. '"H NMR spectrometry, melting point deter-
mination, UV spectrophotometric analysis and
TLC allowed its identification as rhoeagenine: m.p.
236°C{11,13,16}; *H NMR spectra identical with the
literature [13,17]; electron impact MS, m/z 369
(M7, 10), 206 (100), 192 (79), 177 (12), 163 (100)
[13,15,17}); UV, An.e [chloroform-methanol-TFA
(90:10:0.1, v/v/v) 245 and 292.5 nm:; TLC, Ry =
0.36.

RESULTS AND DISCUSSION

In contrast to our work on the separation
of alkaloids using reversed-phase HPLC [18], we
adopted normal-phase HPLC on Superspher Si 60
with chloroform-methanol (90:10, v/v) containing
0.1% of TFA, which resulted in a considerable
improvement in the chromatographic profile.

For quantitative analysis, the calibration graphs
show a linear correlation from 0.1 to 2 mg/ml
between the amounts of isorhoeadine and rhoeagen-
ine injected and the intensity of the absorption at
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Fig. I. Chromatogram of a total alkaloid fraction of petals of Papaver rhoeas L. (Maine-ct-Loire). Peaks: | = isorhoeadine; 2 =
rhoeageni.ne. Conditions: column, Superspher Si 60 (125 x 4 mm L.D.; particle size 4 um); precolumn, LiChrospher Si 60 (4 x 4 mm
LD.; particle size 5 um); mobile phase, chloroform-methanol (90:10, v/v) containing 0.1% TFA; flow-rate, | ml/min: UV detection at

292.5 nm.
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292.5 nm [correlation coefficient (r?) = 0.9968 for
isorhoeadine and 0.9837 for rhoeagenine]. Five
determinations were carried out on different extracts
in order to test the accuracy and precision of the
method in terms of standard deviation and relative
standard deviation. The determination of the two
alkaloids was attempted on the total alkaloid frac-
tion of petals [Vienne and Maine et Loire (Fig. 1)],
aqueous alcoholic acidic and aqueous acidic extract
(Maine et Loire). Quantitative analysis gave the
results summarized in Table 1.

If we consider that the classical procedure for the
extraction of the alkaloids (involving Soxhlet extrac-
tion with chloroform) gives the real amount (100%)
of isorhoeadine and rhoeagenine contained in the
red poppy petals, we can calculate that during the
preparation of the aqueous alcoholic acidic extract
we extracted 63.5% of the total amount of isorhoe-
adine and 71.7% of the total amount of rhoeagenin
in the petals. Also, during the preparation of the
aqueous acidic extract, we extracted only 8.9% of
the total amount of isorhoeadine and 11.3% of the
total amount of rhoeagenine in the petals. Hence the
most efficient process for conceiving a red poppy
liquid remedy seems to be a weak aqueous alcoholic
preparation (30% ethanol) containing 1% of tartar-
ic acid (dry material).

Quantitative studies on various samples of petals
from different sources (Vienne and Maine-et-Loire)
demonstrated the existence of chemotypes in this
genus, correlated with a variable alkaloid ratio (0.16
and 0.11).

In conclusion, the proposed method allows the
simultaneous isocratic separation of isorhoeadine
and rhoeagenine in petals of Papaver rhoeas L. and
can be used in their routine determination in drugs.
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