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In recent years, increased attention has been given to plants containing toxic pyrrolizidine alkaloids (PAs).
Jacobaea alpina (syn. Senecio cordatus) is a tall forb growing on mountain pastures and meadows containing
such alkaloids and therefore, the plant is considered as a noxious weed in these environments. The repartition of
toxic macrocyclic PAs in the plant and their evolution during the vegetation period has been studied in two
populations. Eight PAs were found where senciphylline and senecionine accounted in most samples for more
than 85% of total alkaloids. Leaves in April and stems in May started with high PA concentrations (19–22 mg/g
dry matter), then alkaloid levels declined. This decrease was more rapid in stems than in leaves. Depending on
the population, fully developed inflorescences in June and July PA contents were higher or lower than in the
respective leaves. Later, also in the inflorescences PA concentration decreased. Combined with growth data total
alkaloid content in the whole plant as mg/plant was highest in midsummer and declined afterwards. Finally, new
emerging leaves in September had high PA levels, which declined markedly towards the end of the season in
November. In sum, over a large period PA concentration appeared to be high enough to present a health risk for
grazing animals.
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Introduction

Jacobaea alpina (L.) Moench (syn. Senecio cordatus
Koch, Senecio alpinus (L.) Scop., Asteraceae), Alpine
ragwort or Alpine common groundsel, is a tall forb
distributed in the mountain pastures of the Alps. The
plant has alternate, cordate leaves and numerous,
large yellow flowering capitules. The plant grows
preferentially on moist soils with good nutrient
availability. As it is avoided by the cattle, it can
develop dense populations in proximity of resting
places of the animals (Figure S1).[1,2]

For a long time the toxicity of the plant is known,
horses[3] as well as cattle[4] are affected. Like other
Senecio / Jacobaea species the plants contain pyrrolizi-
dine alkaloids (PAs) which exhibit strong hepatotoxic,

genotoxic, cytotoxic, tumorigenic, and neurotoxic
activities.[5,6,7,8,9] Due to this high toxicity PAs are
regarded as a serious threat to the health of humans
since they are known to occur as contaminants of
foods including herbs, milk, honey, and eggs, as well
as plant derived food supplements and
pharmaceuticals.[10] Therefore, recently efforts were
undertaken to reassess toxicity[11,12,9] and elaborate
measured for risk minimization for plant products in
the food[13,14] and pharmaceutical sector.[15,16]

The toxicity is determined by structural prerequi-
sites that allow the native alkaloid to be converted by
cellular cytochrome P450 enzymes into toxins. These
are (i) a 1,2 double bond, (ii) an esterified allylic
hydroxy group at C-9, and (iii) a second esterified
alcoholic hydroxy group at C-7.[17]

More than 50 years ago, Klasek et al.[18] analyzing
PAs from alpine Senecio species mentioned seneciphyl-
line as main alkaloid in S. alpinus (syn. Jacobaea alpina)
along with small amounts of jacozine. More than a
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decade later, Lüthy et al.[19] confirmed the presence of
these two alkaloids and identified senecionine, inte-
gerrimine, jacobine and jaconine besides three further
unknown alkaloids in pre-blooming S. alpinus from
Switzerland. In 1984, Candrian et al.[20] studied the
stability of alkaloids in silages artificially contaminated
with S. alpinus. They measured 4 g/kg dry matter total
alkaloids in the pre-blooming plants. Altogether exact
quantitative data are scarce and information on the
repartition of the alkaloids in the plant and their
evolution during the year is missing.

Therefore, the aim of this study was: a) to reassess
the pattern of toxic PAs in this poisonous plant, b) to
investigate the growth and PA production during the
vegetation period and c) to evaluate the PAs in
different plant parts. The obtained data might be used
for a better risk assessment of cattle poisoning caused
by these plants.

Results

By GC/MS, it was possible to detect eight macrocyclic
pyrrolizidine alkaloids with an unsaturated necine
moiety. These are seneciphylline as main PA followed
by senecionine, integerrimine and jacozine while
jaconine, jacoline, acetyl-seneciphylline and seneciver-
nine were minor alkaloids. Seneciphylline and senecio-
nine accounted in most samples for more than 85% of
the alkaloid fraction. The structure of the alkaloids is
presented in Figure 1 (Supporting Information). Addi-
tionally, some samples showed a small peak of a
further PA which has been identified as neoplatyphyl-
line according to its mass spectrum and retention
index.[21] Neoplatiphylline is a saturated PA at the 1–2
position and therefore considered non-toxic.[22] Due to
this circumstance, neoplatyphylline shows in mass
spectrometry a different fragmentation pattern to
unsaturated macrocyclic PAs. Therefore, it cannot be
quantified with the ions monitored in the SIM analysis.
In gas chromatography, PAs can only be recorded as
tertiary bases, which are less polar than the respective
N-oxides. Therefore, the sample preparation includes a
reduction step to covert the N-oxides to the free
bases. However, as in other Jacobaea species, one has
to assume that in the plant the PAs occur largely as N-
oxides.[23,24]

Two populations of J. alpina were followed during
a vegetation period. The development of biomass
production is presented in Figure 2. At the beginning
in April, only new emerging leaves were formed. Then
in May, leaf biomass was still higher than stem

biomass and made up 65% of total biomass. During
midsummer, the population of Malga di Fondo
reached higher biomass than those in Gampenpass.
During this period, the stems made up about 55% of
total biomass, while flower heads, which in June
formed only 3% of the biomass, reached finally
approximately 10%. In September, biomass began to
decline more in Gampenpass than in Malga di Fondo.
Flower heads became dry and started to decay. At the
same time new leaves emerged at the base.

Figure 1. Macrocyclic pyrrolizidine alkaloids in Jacobaea alpina.

Figure 2. Biomass production (g/plant) during the season in
two Jacobaea alpina populations.
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The alkaloid production and alkaloid patterns
recorded in the different plant parts in both popula-
tions during the growing season are displayed in
Figures 3, 4 and S2–S5, the numerical values are given
in Tables S3 and S4. The plants started with high total
alkaloid concentrations (19.1–22.4 mg/kg) at the be-
ginning of the season as it can be seen for the leaves
in April and for the stems in May. Then, in both plant
organs, alkaloid concentrations declined and were
finally very low in September (0.2–0.3 mg/kg in Malga
di Fondo and 0.6–1.0 mg/kg in Gampenpass).

Inflorescences started in June also with high PA
concentrations, hold these levels in August, while in
September alkaloid levels decreased. In this latter
period, inflorescence biomass decreased as the capit-
ules began to decay. It is to notice that inflorescences
from Gampenpass plants had higher PA contents than
those from Malga di Fondo. The new emerging rosette

leaves in September had again a high PA content
(17.0–19.1 mg/kg). Then alkaloid concentration also
declined gradually to 3.6 mg/kg in Gampenpass plants
and to 8.7 mg/kg in Malga di Fondo plants.

Total alkaloid content was governed by seneciphyl-
line as this alkaloid made up on average during the
season with 67 and 74% of the alkaloid fraction in
both populations, respectively. Senecionine was on
average between 11 and 18% in the alkaloid fraction
where higher sencionine percentages were found in
inflorescences. Integerrimine and jacozine were
present at 4 to 6% and 2 to 5% in the alkaloids,
respectively. Altogether all alkaloids followed roughly
the same dynamics during the season (Suppl. Figur-
es S2 to S6).

Combining growth data and alkaloid concentration
data allowed calculation of the amounts of alkaloids
accumulated in the whole plant. This accumulation
was followed during the vegetation period (Figure 5)
and showed that alkaloid load increased from April to
June in Gampenpass and April to July in Malaga di
Fondo reaching 113 and 126 mg/plant, respectively. In
late summer, PA accumulation declined rapidly to 4.1
and 3.3 mg/plant. In the new leaves from autumn, PA
declined from September to November from 39.0 to
7.4 and from 48.3 to 20.1 mg/plant in Gampenpass
and Malga di Fondo, respectively. When the total
alkaloid accumulation in the plants is divided by the
total biomass production of the three plant parts
(Figure 6), the resulting average PA concentration
during the vegetation period was nearly identical in
both populations and decreased almost linearly.

Figure 3. Pyrrolizidine alkaloid concentration (mg/g) during the
season in the plant parts in population Gampenpass.

Figure 4. Pyrrolizidine alkaloid concentration (mg/g) during the
season in the plant parts in population Malga di Fondo.

Figure 5. Pyrrolizidine alkaloid contents in the whole plants
(mg/plant) during the season.
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Discussion

Actually, nine macrocyclic pyrrolizidine alkaloids were
detected in the plant material, six of them were
already reported by Lüthy et al.[19] in J. alpina plants
from Switzerland and similarly, seneciphylline was the
main alkaloid. Furthermore, these authors presented
also the mass spectrum of an additional alkaloid
showing a molecular ion m/z 375, which corresponds
to acetyl-seneciphylline of our study. In further alpine
plants of the tribe Senecioneae, the genus Adenostyles,
seneciphylline as main alkaloid is also accompanied by
acetyl-seneciphylline.[25]

Actually, the highest alkaloid contents were found
in the young stems in May and the leaves in April.
Furthermore, young flower heads in June showed
comparably high alkaloid contents. This evolution of
alkaloid contents appeared to be similar in Senecio
spartoides growing in USA at altitudes above 2500 m.
In this plant, young leaves collected in July had the
highest PA contents (5–8%), after flowering in August
the alkaloid levels dropped sharply.[26]

In various Senecio species PA are produced in the
roots and then distributed to the whole plant.[27] In
Symphytum officinale (Boraginaceae) an additional site
of PA biosynthesis has been demonstrated in the
inflorescences.[28] Highest PA contents were often
observed in plant parts that are essential for further
growth as young shoots and leaves or for reproduc-
tion as inflorescences interpreted as protection against
herbivores. This has been reported for Cynoglossum
officinale with highest alkaloid contents in inflorescen-
ces and young rosette leaves,[29] Jacobaea vulgaris[24]

and Senecio inaequidens.[30,31] In Jacobaea aquatica
subjected to different cutting regimes, PA contents
were high when flower heads were present even in
phases of regrowth producing new inflorescences in

summer.[32] In various Senecio species, highest PA
contents were recorded in the leaves during mid-
summer, often just before flowering.[26] In the short
living annual Senecio vulgaris in various development
stages from vegetative to flowering and fruiting occur
nearly during the whole year.[23] The main alkaloids
were senecionine and seneciphylline as well as their
corresponding N-oxides. Alkaloid accumulation of a
plant increased towards the end of the life cycle in full
blooming and seed producing plants with differences
between spring, summer or autumn.[23]

PA production in Jacobaea species is under genetic
control[33,34] but environmental factors play an impor-
tant role in alkaloid accumulation. Effects of mineral
nutrients have been described with higher supply
reducing the alkaloid content.[35] Furthermore, J.
vulgaris plants on poor sandy soils had increased
alkaloid levels.[36] The resulting PA concentrations arise
from the balance between alkaloid synthesis and
dilution by growth. In this interpretation in the present
study, plants of the Malga di Fondo population had
higher biomass but lower alkaloid concentration than
those from Gampenpass, so that finally in both
populations similar alkaloid loads were present.

The decline in PA concentration during the grow-
ing season appeared to be faster than the loss of
biomass in autumn, suggesting that a breakdown or a
translocation to underground plant parts occurred.
Such a process has been shown in Cynoglossum
officinale. Here, a reallocation of PAs from ageing
leaves to root has been demonstrated.[29]

Serious intoxications of grazing cattle are rare in
practice, but contaminated fodder such as hay or
silage should be considered as hazardous.[37,7] Horses
are the most sensitive animals. Among the ruminants,
the susceptibility decreases from cattle to goats and to
sheep.[38] As the alkaloid contents of the plants and
duration of toxic plant intake are too variable[7] it is
difficult to perform a reliable risk assessment. For the
induction of liver haemangiosarcoma a BMDL 10
(benchmark dose lower confidence limit 10%) of
0.237 mg/kg body weight per day was obtained with
the PA ridelliine administrated to rats.[39,13] For a
500 kg domestic animal, horse or cow, BMDL 10 is
exceeded when more than 119 mg PAs are ingested
daily. This dosage is present in a single plant in June
or July (Figure 4).

Carry over to milk is a further problem of PAs in
animal nutrition.[38] In experiments feeding cows with
200 g a day Senecio plants, PA concentrations of
9.7 μg/L or 12.1 μg/L have been reported in the
obtained milk.[40,41] With the BMDL 10 mentioned

Figure 6. Evolution of the total pyrrolizidine alkaloid concen-
trations (mg/g) in whole plants from two populations.
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above and a MOE (margin of exposure) greater than
10,000 a person should not consume more than
0.0237 μg/kg body weight or roughly 1.5 μg per day
(for a person of 60 kg). This corresponds to about
125–150 ml of contaminated milk. Although the trans-
fer of PA to milk is dependent on the individual
alkaloid[40] it cannot be excluded that the consump-
tion of milk from animals getting J. alpina infested
feedstuffs represents an exposure of the consumer
above safe limits suggested by the food safety author-
ities.

Therefore, a regulation of this plant might be
indicated. These measures include the maintenance of
a close sward to prevent germination of the toxic
plant, minimizing input of nutrients and an accommo-
dated cutting regime to avoid seed production.[2]

Conclusions

The present research examined the toxic plants on
two larger populations where a sufficient number of
plants could be collected monthly. Jacobaea alpina
occurs also isolated on the mountain pastures where
larger distances separate single plants or small groups
of plants. Alkaloid concentrations in Jacobaea alpina
plants are highest in young plants at begin of the
season and remain at considerable levels during
summer, followed by a sharp decline in autumn. A
dosage of more than 1 to 3 mg/kg body weight PA
per day to animals is considered to induce intoxica-
tions, especially when eaten during a longer period.
Therefore, fodder as hay or silage contaminated with
this toxic plant appeared to present a health risk for
cattle and horses feeding on them.

Experimental Section

Plant Material

The two collecting sites were in Northern Italy in the
Trentino-Alto Adige region: (1) near Gampenpass
(Passo delle Palade) Deutschnonsberg, Unsere Liebe
Frau im Walde-St. Felix, N 46°31'40'', E 11°06'38'', 1500
m above sea level from a fertilized mountain meadow
and (2) near Malga di Fondo, Valle di Non, N 46°29'19'',
E 11°10'38'', 1450 m above sea level from a mountain
pasture. The sites were chosen out of 16 locations in
the region where the toxic plant was found. The plants
were identified according to[1] and voucher specimens
(WU 0131693 and WU 0131694) were deposited in the

Herbarium of the University of Vienna, Austria (WU
Generale, https://www.jacq.org/#database).

The samples were collected on both sites at
monthly intervals over the entire growing season from
end of April to beginning of November. At each
collecting date 25 single plant were taken from the
population and separated in the developed plant
organs. In April only basal leaves were present, in May
the plant could be separated into leaves and stems,
from June to September stems, leaves and inflorescen-
ces (flower heads) could be harvested and finally, from
September to November new emerging leaves from
rosettes were sampled. All the samples were dried for
about 2 weeks at ambient temperature in the dark.
The dried plant parts were weighed and finely ground
using a mill (Cyclotec, FOSS GmbH, Rellingen, Ger-
many).

Extraction of the Alkaloid and GC/MS

The extraction and analysis of the alkaloids followed
the procedure of Eller and Chizzola (2015)[31] and
Chizzola et al. (2015).[32] Briefly, methanol:0.1 M HCl
70 :30 was used for the extraction of the plant powder
in an ultrasonic bath for 1 h. To reduce the alkaloid-N-
oxides a fraction of the extract was treated overnight
with zinc dust. Thereafter, the extract was made
alkaline with 12.5% NH3 and the alkaloids were
extracted with dichloromethane. Then, a portion of
the dichloromethane phase was reduced to dryness
and taken up in methanol containing caffeine as
internal standard.

The GC/MS analysis of the PAs, carried out on a
HP6980 gas chromatograph with the mass selective
detector MSD 5972, used a HP-5/MS column for the
separation column (30m×250 mm×0.25 μm) and He
as carrier gas (1.3 mL/min, constant flow mode). The
column temperature was hold for 1 min at 80 °C and
then increased to 200 °C at 8 °C/min and further to
280 °C at 4 °C/min. Mass spectra were recorded in the
range of m/z 40–450 (SCAN-mode) and used for the
identification of the compounds by comparison with
the entries of spectra libraries NIST08 and Wiley 275.
Additionally, retention indices were calculated in
relation to the n-alkanes and compared to further
literature.[24,42]

For quantitative analysis, six dilutions of senecio-
nine (Roth, Karlsruhe) in methanol, ranging from 27 to
450 mg/l and containing caffeine (0.25 g/L) as internal
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standard were injected three times and using the total
ion current from the monitored mass fragments.
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