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RECENT CHROMATOGRAPHIC METHODS TO ISOLATE PYRROLIZIDINE ALKALOIDS

H. J. Segall
Department of Veterinary Pharmacology and Toxicology
University of California
Davis, California 95616

ABSTRACT

The application of recent chromatographic technigues to isolate
various pyrrolizidine alkaloids are evaluated., Alkaloids which have
been successfully separated include monoesters, diesters, and
macrocyclic pyrrolizidine alkaloids exhibiting the retronecine base
as well as the otonecine base. Both analytical and preparative
high performance liquid chromatography methods are discussed.

INTRODUCTION

Pyrrolizidine alkaloid (PAs) are indigenous to a variety of
plant species which are widely distributed throughout the world
(Figs. 1 and 2). Plants containing these alkaloids include such
diverse botanical families as the Compositae, Leguminosae, and
Boraginaceae (1). The genera which exhibit the greatest toxicity to
humans and livestock are Senecio, Crotalaria, Heliotropium, and
Amsinckia (1,2). Pyrrolizidine alkaloids have been identified in a
variety of human food sources [teas, medicinal herbs, milk, honey,
cereals, and grains (3-11)] and have been identified as the source of
injury {liver, lung) and death to livestock for many years (11).
This contamination may be highly significant since PAs are
responsible for numerous syndromes and are proven mutagens and
carcinogens (12-14),

The difficulty in studying PAs has been the lack of available
compounds to the investigator as only monocrotaline is sold
commercially. Various isolation and extraction processes are
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Figure 1. Examples of macrocyclic pyrrolizidine alkalcids exhibiting
a retronecine base are: 1. retrorsine, 2. seneciphylline,
3. senecionine. Examples of diester pyrrolizidine
alkaloids are: 4, symphytine-N-oxide, 5. echimidine-N-

oxide.
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Figure 2. Examples of monoester pyrrolizidine alkaloids are: 6.in-
termedine and 7. lycopsamine. Examples of macrocyclic
pyrrolizidine alkaloids exhibiting an otonecine base are:
8. petasitenine, 9. neopetasitenine, 10. senkirkine.



16: 59 24 January 2011

Downl oaded At:

ISOLATION OF PYRROLIZIDINE ALKALOIDS 379

required prior to separating a mixture of PAs and have been
summarized by numerous authors (15-17). To facilitate the initial
extractions of PAs, some investigators have used large-scale apparati
coupled with ion exchange columns while others have used smaller
soxhlets (18,19). This paper will discuss recent chromatographic
procedures for isolating PAs including analytical as well as
preparative high performance liquid chromatography (HPIC).

DISCUSSION

My own laboratory expressed an interest in the rapid isolation of
PAs in the mid 70s to aid our veterinary school with suspected PA
poisonings. Two plants which contribute to livestock toxicities in
California are Sepecio vulgaris (common groundsel) and
Amsinckia intermedia (fiddleneck).

A publication by Qualls and Segall was the first HPLC method to
successfully separate PAs and used a single 10 y Bondapak CN column
(Waters Associates) and a THF/0.01 M ammonium carbonate (pH 7.8)
solvent system (19). This procedure described the isolation of the
macrocyclic PAs (retrorsine, seneciphylline, senecionine)
from S. vulgaris (Fig. 3) and was also applied to two other
Senecjo species, S. longilobus (threadleaf groundsel) and
S. Jacobaea, commonly known as tansy ragwort (20,21).

Sepecjo longilobus contains the same macrocyclic PAs as

S. wlgaris plus an additional PA riddelline, which is struc-
turally similar to retrorsine., Using this method the PAs derived
from S. jacobaea were also isolated (20), Fig. 4. The

procedure was further modified by the addition of another 10 u CN
Bondapak column in tandem as described in a later publication (22).
The disadvantage of this chromatographic method was the relative high
pH used (pH 7.8). Horvath et al. had stated that "the reproducibi-
lity and efficiency of these columns could be maintained as long as
the mobile phase was kept at pH <7" (23). Reproducibility was not a
problem, but maintaining the 10 y CN Bondapak column efficiency for
lengthy periods while operating at pH 7.8 was difficult (19-22),

Due to the above mentioned difficulties, a 10 j C18 Bondapak
column (3.9 mm x 30 cm) was utilized in conjunction with a 55:45
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Figure 3. Isolation of pyrrolizidine alkaloids from Senecio
yulgaris. Column 10 y C18 Bondapak CN (Waters
Associates) ;s 3.9 mm x 30 cm. Solvent THF-0.01 M

13% 5

NH,),CO; (pH 7.8), linear gradient
23% THF over 30 min, flow rate 1.8 ml/min.

Detector, SF770 (Kratos) at 235 nm., Peak 1 = Unknown, 2

retrorsine, 3 = seneciphylline, 4 = senecionine.

methanol 0.01 M PO, (pH 6.3) solvent system (24). Excellent
sensitivity was obtained and the lower pH was an important factor in
extending column efficiency (Fig. 5). Another advantage of this

technique was the low solvent costs, especially when this technique

was later applied to semipreparative as well as preparative

separations.,

Contrary to other reports (25), proper care of the
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Figure 4. Isolation of pyrrolizidine alkaloids from Senecio
Jacobaea. Chromatography conditions as in Fig. 1.
Peak 1 = jacoline, 2 = jacozine, 3 & 4 = jacobine and ?
5 = m/z 351 and m/z 385, 6 = jaconine, 7 = senheciphylline,
8 = senecionine.

reversed phase columns (flushing with water and programming to 100%

MeOH at the end of each day) plus the advantage of using the low-cost
solvents (water-methanol), make this a practical method.

Tittel et al. developed a quantative HPIC method to isolate the
diester PAs (symphytine-N-oxide and echimidine-N-oxide) from
Symphyti Radix (26). They used a 10 MN-Nucleosi@—ClS
colum with solvents methanol/water (45:55). The methanol/water
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Figure 5. Separation of pyrrolizidine alkaloids from Senecio
wvulgaris. Column, 10 u C18 Bondapak (Waters
Associates), 3.9 mm x 30 cm. Solvent, MeOH/0.01 M
KH,PO, (pH 6.3), isocratic 55:45, flow rate 1.2
ml?’miﬁ. Detector SF770 (Kratos) at 225 nm. Peak 1
= retrorsine, 2 = seneciphylline, 3 = senecionine,

solvent system was monitored at 220 nm which allowed a detectability
of 40 ng of echimidine-N-oxide and 70 ng symphytine-N-oxide. In
addition, the reduced PAs symphytine and echimidine were separated
using a MN~-Nucleosi —NH2 colum with dichloromethane/

propanol. The dichloromethane/propanol solvent system was monitored
at 238 nm, which did not afford the sensitivity obtained when
monitoring at 220 nm (26).

Huizing and Malingre (27) have successfully purified both
monoester and diester PAs from the Boraginaceae using a polystyrene-
divinylbenzene resin (XaD). The authors used a gradient elution of
acidified methancl-water mixture to separate echimidine and
symphytine, which are major alkaloids in the Symphytum species.



16: 59 24 January 2011

Downl oaded At:

ISOLATION OF PYRROLIZIDINE ALKALOIDS 383

In addition, echimidine plus an unknown alkaloid fraction was
isolated from Radix consolidae

Other investigators (25) have used a PRP-1 reversed phase resin
column (HPLC) with a 10-30% acetonitrile and 0.1 M NH,OH gradient
in attempting to isolate the PAs from S. vulgaris and S.

Jacobaea (Fig, 6). The major disadvantage of this technique was
the high pH (due to 0.1 M NH4OH) as PAs are sensitive to alkaline
PH.

Niwa and colleagues have recently developed a HPLC reversed phase
system to separate the macrocyclic PAs of the otonecine type from the
pPlant Petasites japonicus (29). P. japonicus is used
as a folk medicine and food stuff in Japan and the PAs appear to be
stable for at least one year at room temperature, according to Niwa
et al, (28)., Fortunately, it appears that the general population
boil the young flower stalks of P. japonicus to remove the
harsh taste (also known as processing) which removes slightly more
than half of the PAs prior to use.

The authors were successful in separating the purified PAs
neopetasitenine, senkirkine, and petasitenine as well as otosenine
(otosenine is the sterecisomer of petasitenine with respect to the
epoxy group). In addition, an alkaloidal mix from the ethanolic
extracts of P, japonicus containing neopetasitenine,
senkirkine, and petasitenine was successfully separated (Fig. 7).
Previous HPLC methods which had been performed with PAs exhibiting
the retronecine base (examples are senecionine and jacobine) were
not applicable to the PAs exhibiting on otonecine base., The
conditions used to separate the otonecine PAs are as follows: column,
Cosmosil 5 pH (5u, 15 cm x 4.6 mm), solvent system—isocratic
methanol-0.02 M ammonium carbonate (45:55, pH 8.2) with a flow rate
of 1.0 ml/min (Fig. 7). The relative high pH of 8.2 may lead to a
premature destruction of the column according to the Cosmosil column
bulletin, which advises maintaining a pH between 2 and 8 (29), A
personal communication from Dr. Yamada stated that the pH of 8.2 did
not appear to markedly decrease the efficiency of the Cosmosil 5 pH 5y
column,
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Figure 6. Separation of Senecio jacobaea extract. Column,
PRP-1 (Hamilton), 4.1 mm x 15 cm. Solvent CH3CN/0.01
M NH,OH, linear gradient 10% to 30% CH,CN ovef 20
min, flow rate 1 ml/min. Detector SF7§0 (Kratos) at
220 nm., Peaks labelled are jacoline, jacozine, jacobine,
jaconine, seneciphylline, and senecionine.

Frahn et al. developed two preparative procedures to separate the
diastereoisomers intermedine and lycopsamine which are found in the
genera Bmsinckia and Echium of the Boraginaceae and the genus
Parsonsia of the Apocynaceae (30). Their procedures are based on
the difference in the degree to which the vicinal glycol groups of
different configurations (erythro and threo) complex with

borate, The first method used a column of glass powder premoistened
with a borax solution and eluted with chloroform (Fig. 8). The
second method used a Bio-Rad AG 50 W-X2 resin (cation exchange)
impregnated with 0.1 M borax and eluted with a 0.1 M borate solution
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Figure 7. Separation of a mixture of otonecine pyrrolizidine
alkaloids. Column, Cosmosil 5 Ph (Nakarai Chemicals), 4.6
mm x 15 cm. Solvent, MeOH/0.01 M (NH,).CO.
(pH 8.2), isocratic 45:55, flow rate f E\l/%un. Detectors,
Uvidec-100-I1 UV spectrometer at 215 nm and Model SEgII RI
differential refractometer at sensitivity of 4 x 10
RI units, Peaks labelled are otosenine, petasitenine,
senkirkine, and neopetasitenine.

(Fig. 9). Both methods may be used to isolate gram quantities of
PAs, but aliquots must be taken from each tube, spotted on filter
paper, and sprayed with manganese sulphate-potassium permanganate-
sulphuric acid reagent to detect the alkaloid(s).

Mohanraj et al. (1982) proposed to separate diastereomeric PAs
using alkalized silica gel (Silica gel C or G) with solvents
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Elution pattern of echimidine (E), lycopsamine (L), and
intermedine (I) from Bio-Rad AG 50W~X2 ion—exchange
column. Solvent 0.1 M di-sodium tetraborate.
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chloroform-methanol-25% ammonia (31). The authors used the PAs from
Heliotropium curassavicum to separate curassavine,
heliocurassavinine, coromandaline, heliocoromandaline, heliovicine,
heliocurassavicine, and heliocurassavine. In addition to the
required extraction of the PAs from H. curassavicum, PAs were
fractionated on a column of neutral alumina prior to column
chromatography on alkalized silica gel. Thin-layer chromatography
was performed on silica gel C with the previously stated solvent
system. Spots were visualized with iodine and/or Dragendorff's
reagent,

Few investigators have successfully used BPIC to isolate large
quantities of PAs, Our laboratory has used a reversed phase system
which was based on our previously published analytical system (24).
This method used a Waters Associates prep 500 system with a 0.005 M
KH,PO, pH 6.3/methanol solvent system (40:60) at 150 ml/min
to separate retrorsine, seneciphylline, and senecionine from S.
vulgaris (32).

To ensure that all three PAs were pure, recycling was used (Fig.
10) . The advantage of this preparation were the low solvent costs
(methanol /water), speed of separation, and the fact that no deriva-
tives had to be made. The disadvantages were that not all
investigators have access to a preparative system and the reverse
phase columns required for this instrument are expensive. An
adaptation of this method is to use the packing material found in the
C18 prep 500 columns (Bondapak C18 50 -+ 125 j particular packing
material, Waters Associates) and bulkpack two 22.5 mm x 50 cm
stainless steel columns, Whatman, Clifton, N.J. This method used a
0.01 M PO4 pH 6.3/methanol (50:50) solvent system with a flow
rate of 9 ml/min to isolate two PA metabolites from an in
yitro hepatic microsomal mix (33) .14 C-labelled senecionine,
14C—seneciphylline, and 1l“C—retrorsine were isolated in part
from S. yulgaris using a 7.8 mm x 300 cm column system, the
Bondapak C18 50 * 125 u particular packing material, and solvent
system as previously described. (7).

Huizing et al. described the preparative ion-pair high
performance liquid chromatography method to isolate the macrocyclic



16: 59 24 January 2011

Downl oaded At:

388

SEGALL

OPTICAL DENSITY

«—— |23lu1

1109
ETRIEEY)
uinja

13

L

T T T

T L 1
O 10 20 30 40 50 60 70 80
TIME(minutes)

Figure 10, Preparative analysis of pyrrolizidine alkaloids derived
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Figure 11,

from Senecio vuldaris. Columns, two prep-500/C18
reverse phase. Solvent, MeOH/0.005 M KH, PO, (pH
6.3) isocratic (60:40), flow rate 150 ml% in. Detector
RI (Waters Associates). Peak 1 = retrorsine, 2

= seneciphylline, 3 = senecionine.

S
T T -
0 10 20 MIN

Preparative analysis of pyrrolizidine alkaloids from
comfrey as ion pairs. Column, silica gel 60, 230-400
mesh, 2.5 cm x 53 cm stainless steel (Waters Associates).
Solvent, .075 M lithium chloride in CHCL,/MeOH

isocratic (85:15), flow rate 50 ml/min. “Detector RI
(Waters Associates). Peak S = injection, W = waste, A

= lycopsamine-intermedine, b = acetyllycopsamine +
acetylintermedine, C = symphytine and/or isomer.



16: 59 24 January 2011

Downl oaded At:

ISOLATION OF PYRROLIZIDINE ALKALOIDS 389

PAs from ground comfrey roots (34). A 25 mm x 53 cm stainless
steel column (Waters Associates) was packed with dry silica gel 60
(230-400 mesh, Merck) connected to a Waters preparative LC/system
500A with solvent consisting of 0.075 M lithium chloride in
chloroform/methanol (85:15) at a flow rate of 50 ml/min (Fig. 11).
To reduce their solvent costs, the authors redistilled their
solvents and added additional chloroform, or methancl to ensure a
85:15 solvent ratio.

An investigator who does not have access to HPLC can take comfort
that many of the PAs were initially separated using silica gel
columns and TIC techniques. Although more time consuming than
"newer® chromatography techniques, they should not be overlocked.
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