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Summary: Pyrrolizidine alkaloids (PA) are toxic for horses. Not only herbal teas also compound feed products for equids have tested positive
for PA contamination. Nutraceuticals for horses are used for their constitutional effects regarding different organ systems, for example the
liver. Especially in nutraceuticals used for their hepatoprotective and regenerative effects a high PA content would be a disadvantage. The
present article aims to discuss the problems associated with demanding a PA-free nutraceutical and elucidates adapting the HACCP concept
with regards to the European Medical Association’s recommendations with the aim of an “as low as reasonably achievable” PA contamination
(ALARA concept). In conclusion, the knowledge about the risk of PA contamination should prompt suppliers of herbs as well as manufacturers
of herb-based products to voluntarily implement regular quality control measures within their Code of Practice and HACCP concept to mini-
mize PA contamination.
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Introduction

Pyrrolizidine alkaloids (PA) are secondary plant metabolites,
which have hepatotoxic, mutagenic and cancerogenic effects
(Bodi et al. 2014, Schulz et al. 2015). Humans but also dif-
ferent animal species including horses can suffer acute or
chronic intoxications after ingestion of PAs (Bodi et al. 2014,
Rickert et al. 2019). For a long time, it has been known, that
ingestion of PA-containing ragwort (Senecio jacobaea) leads
to irreversible, cumulative lesions in horses’ livers with typical
histopathological appearance (“Ragwort poisoning”) in some
cases progressing to liver failure (Caloni et al. 2015).

Not only herbal teas and honey have been found to be con-
taminated with PA (Bodi et al. 2014), also medicinal teas li-
censed as medicinal products (Schulz et al. 2015) and com-
pound feed products for equids have tested positive for PA
(Ruckert et al. 2019). Some of the tested equine compound
feeds but also some medicinal teas contain as much PAs to
exceed current recommendations (Schulz et al. 2015, Rickert
et al. 2019). Rickert et al. (2019) found PA levels exceeding
the calculated maximum tolerable levels in 43% of samples
from German equine compound feeds. They claim that PA
contamination is mainly due to alfalfa or herbs (Rickert et
al. 2019). To the authors’ knowledge no studies have been
performed looking at PA contamination of herb-based nutra-
ceuticals and feed supplements for horses.

In equine medicine, nutraceuticals or feed supplements are
commonly used in horses with various diseases, e.g. renal or
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liver disease, gastrointestinal problems, or endocrine/metabol-
ic diseases. Per definition complementary feed is a compound
feed, which has a high content of certain substances, but which
is sufficient for a daily ration only if used in combination with
other feed. Feed intended for particular nutritional purposes
means feed, which can satisfy a particular nutritional purpose
by virtue of its particular composition of method of manufac-
ture, which clearly distinguishes it from ordinary feed (Chapter
1 (j) and (o) of Regulation (EG) 767/2009). The term nutraceu-
tical is currently an umbrella term for feed, which is supposed
to have a defined health-promoting, either therapeutic or pro-
phylactic, effect, but is not an approved drug. Legally nutraceu-
ticals are currently regarded as feed supplements.

Different herbs and plant materials are utilised depending on
their pharmacological properties. Nutraceuticals for horses
with liver disease are supposed to help liver regeneration.
Therefore it makes sense to have feed supplements and nutra-
ceuticals without or minimal PA contamination to not further
impair liver function

The levels of PA found in most analysed products, e.g. honey
or herbal teas are insufficient to cause an acute intoxication
in humans, but if they are frequently ingested in quantities that
exceed the maximum daily intake they might be a contributing
factor to chronic disease (Moreira et al. 2018). The same is
probably true for horses.

At first glance, it looks easy to demand nutraceuticals and
feed supplements fo be free of PA. But this subject is complex
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and there are multiple problems and intricacies related to this.
The aim of the article is to shed light on the role PA contami-
nation plays in the equine diet and on some of the problems
the manufacturers face by trying to produce PA free products.

Pyrrolizidine alkaloids

More than 660 PAs and their corresponding N-oxide forms
are known. In plants PA are mainly found as N-oxides. PA
N-oxides show the same degree of toxicity as the correspond-
ing free PA and the two are metabolically interconvertible and
therefore it is necessary to include both species in the analysis
(BfAM, 2016, Rickert et al. 2019).

Concentrations of individual PAs are usually summed to cal-
culate total PA content. In the study by Rickert et al. (2019) the
mean PA level in all tested feed products was 171 =311 ug/
kg. The highest PA levels (>1200ug/kg) were found in al-
falfa containing products, one herb containing feed product
had > 800ug/kg. Even in botanical raw materials used for
herbal medicinal products PA contamination has been found,
exceeding the limit for PA intake by the German federal insti-
tute of risk assessment BfR (Schulz et al. 2015, BIAM 2016).
Currently, PAs are not mentioned as undesirable substances
in animal feed in §8 of the German Futtermittelverordnung
(Feed regulation) referring to Directive 2002/32/EG Annex |.

Oral intake limit and risk assessment

In horses an oral intake limit of 1ug PA/kg bodyweight/day
has been recommended (Petzinger 2011a und Petzinger
2011b) and was used in the study by Rickert et al. (2019)
to perform a risk assessment of PA levels for adult horses. In
general, for these intake limits the calculated total PA content
of a product is used. But the concept of the calculated total
PA content weighs all PAs measured equally, without allowing
for different toxicity. But it is well-established, that toxicity of
PAs varies a lot depending on the type of PA but also on the
individual PA and possibly also by interaction between PAs
(Bodi et al. 2014, Dibecke 2016).

Type of PA: PAs can be subdivided infto monoester, open
chained diester and cyclic diesters (Bodi et al. 2014, Diibecke
2016). The monoesters are the least toxic, the open chain
diesters have intermediate toxicity, whereas the cyclic diesters
are the most toxic (Bodi et al. 2014, Dibecke 2016).

Individual PAs: From acute toxicity studies and from clinical
experience we know that individual PAs show significant dif-
ferences in toxicity (Rickert et al. 2019). LD50 data (deaths
3 to 7 days after administration associated with severe hae-
morrhagic liver necrosis) obtained following intraperitone-
al administration to male rates are available for many PAs
(COT 2008, Cheeke and Shull 1985). For example, LD50
for Europine is > 1000 mg/kg bodyweight (COT 2008) and
compared to Retrorsine and Senecionine, the typical PAs in
ragwort, which have LD50s of 34 and 50 mg/kg bodyweight
(COT 2008), it is much less toxic. But the calculated total PA
content does not account for this difference in toxicity.
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Unfortunately, there are nearly no data regarding the relative
toxicity of the individual PAs, which is important for a realistic
risk assessment. The studies in laboratory animals and some
data obtained from toxicity case reports in humans or other
animal species do not provide sufficiently reliable data to be
used in establishing a health-based guidance value. There is
also a lack of reports in equids regarding toxicity of certain
PAs but also specific patterns of PA (Rickert et al. 2019). Even
in humans there are major problems with risk assessment due
to the high amount of different single PAs, available data re-
garding toxicology, oral bioavailability, etc. (BfR 2011/2013).
This led to a transitional risk assessment by the German Fed-
eral Institute for Risk Assessment (BfR) with a maximum daily
PA intake of 0.007 ug/kg body weight (0.42ug/60kg adult),
which is not legally binding (BfR 2011/2013). Currently, the
Herbal Medicinal Products Committee at the European Med-
icines Agency recommends a transitional limit of 1.0 ug pyr-
rolizidine alkaloids per day related to the final product (Stein-
hoff et al. 2019).

Origin of PAs

If analysis of a nutraceutical detect PAs, it must be checked
if this nutraceutical does contain plants producing PAs. For
example, multiple medicinal plants and their preparations
used in Traditional Chinese Medicine for humans contain PAs

(Roeder 2000).

If there is no PA-producing plant included in the nutraceutical,
the measured PA-content is indicating a contamination of herbs
with other plants, but in some cases, it is not even known which
plants might be responsible (Rickert et al. 2019). But certain PA
structures can be directly related fo their biological origin, as
PA-producing plants belonging to one genus produce a char-
acteristic PA-profile (Molyneux et al. 1979). If one PA producing
plant is co-harvested with herbs intended for tea production the
PA pattern of the contaminating plant should be detected in
the respective herbal tea (Bodi et al. 2014). For example, if
heliotridine-type PAs, like Europine, Heliotrine and Lasiocarpine
are found, contamination with plant material likely from species
of the Boraginaceae family can be suspected, with Heliotropi-
um being the most relevant contaminating species, for exam-
ple comfrey (Symphytum spp.), cherry pie (Heliotropium arbo-
rescens) or lungwort (Pulmonaria officinalis) (Bodi et al. 2014).

It gets more difficult once multiple PA-containing plants are
contaminating the product (Bodi et al. 2014).

In the study by Rickert et al. (2019) Lycosamine was the most
detected PA, followed by Seneciphylline. In herb containing
products Europine and Seneciphylline were the most abun-
dant PAs (Rickert et al. 2019).

Rickert et al. (2019) also tested ragwort and this revealed
high amounts of Retrorsine, Senecionine, Seneciphylline and
Erucifoline as well as their N-oxides. As ragwort is highly toxic
for horses and Retrorsine and Senecionine have shown high
toxicity levels in LD50 tests (COT 2008) and belong to the
most toxic group, the macro-cyclic diesters, we can assume
that these special individual PAs, or at least one of them are
highly foxic to horses or the combination of these PAs.
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Former studies indicate that composite herbal supplements
are more likely fo be contaminated with PAs than supplements
containing one major plant ingredient (Mulder et al. 2018).

The next step of the analysis is to check the single ingredients
of the nutraceutical to determine the origin of contamination.
It has been found that certain plant ingredients or foods are
more likely to be contaminated with PA, e. g. fennel and thus
fennel tea (Bodi et al. 2014).

Reduction of PA contamination and problems

PA contaminations are a worldwide problem, because a mul-
titude of plants grow in subtropical but also temperate zones
and a broad range of products are affected (Dibecke 2016).
The pharmaceutical industry in Germany with the BAH
(Bundesverband der Arzneimittelhersteller eV.) and the BPI
(Bundesverband der pharmazeutischen Industrie eV.) have
taken self-regulating measures to investigate possible causes,
to increasingly analyse different batches and initiate target-
ed research. They have also compiled a “Code of Practice”
(BAH, BPI 2015, BIAM 2016). The EMA recommends the
ALARA concept (as low as reasonably achievable) for the risk
management approach concerning the PA contamination of
herbal medicinal products (EMA 2016).

Unfortunately for feed there are no clear regulations regard-
ing PAs in Germany. Although chapter 2, article 4 of Regula-
tion (EG) 767/2009 states, that feed must not have a direct
adverse effect on animal welfare, PAs are not mentioned as
undesirable substances nor is there a legally binding daily in-
take limit.

Nevertheless the knowledge about the risk of PA contamina-
tion should prompt suppliers of herbs and alfalfa as well as
manufacturers of herb and alfalfa based equine complemen-
tary feed and feed supplements as well as nutraceuticals to
investigate the situation regarding their products. They should
adapt their Code of Practice by monitoring PA contamination
and collecting data and also participate in research projects.
The aim is to reduce PA contamination and eliminate peak
exposures (Rickert et al. 2019, Steinhoff et al. 2019).

Suggested approach to reduce PA contamination in equine
complementary feed, feed supplements and nutraceuticals
containing botanical ingredients, like herbs or alfalfa known
to be possibly contaminated with PAs:

1. Adapt the HACCP concept regarding the EMA's recom-
mendations with an “as low as reasonably achievable”
PA contamination (ALARA concept)

2. Analysis of the supplement and identification of the
raw material, which is PA contaminated (Rickert et al.
2019). Worldwide cultivation and collection, but also
season-dependent sourcing processes have to be taken
into account.

3. Check and demand herb and alfalfa quality: the herb
quality is significantly influenced by the effort of the pro-
ducer/harvester to identify and remove the plants re-
sponsible for the contamination from the field. Another
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important factor is the effort made by the refiner to sepa-
rate the herbs from other plants, which is a very cost-in-
tensive process, because this has to be done manually.
This requires identification of the plants by the workers.

Furthermore, the way of production (organic versus tra-
ditional) may be important with respect to the level of PA
contamination (Mulder et al. 2018).

4. Include PAs in the list of undesired substances with a max-
imum content in Directive 2002/32/EG Annex |.

Unfortunately, there are many further obstacles to overcome,
for example how to solve the problem with spot contamination
in fields, which might lead to extremely variable PA concen-
trations even in one harvest or batch (Christall 2015). Even
regarding analysis of PAs there are discrepancies. BR and
EFSA disagree on the choice of PAs analysed and Therefore
some analysis are not comparable (Christall 2015).

PA contamination of equine supplements put into per-
spective

While oral intake limits in human food products are discussed
with all the related challenges, PA-containing plants are used for
cooking, for example borage or comfrey and as medicinal plants,
for example in Traditional Chinese Medicine (Roeder 2000).

The European Medical Agency (EMA) concluded 2016, that
the contamination of herbal products with PA is probably not
new and PA intake has probably been constant over the last

decades. With new sensitive analytical methods, it is now pos-
sible to detect very low levels of PAs (EMA 2016).

Risk assessment and model calculation have integrated mul-
tiple security factors which leads to the situation that the real
risk is probably lower than the calculated risk (Christall 2015).
This needs to be communicated and clarified appropriately,
without alienating the public (Christall 2015).

The current situation regarding equine nutraceuticals even with
ingredients of pharmacopoeia defined quality is comparable
to the situation in humans, where medicinal teas licensed as
medicinal products contain PAs, some even exceeding current
recommendations (Schulz et al. 2015). As suggested, manu-
facturers are advised to perform rigorous quality control tests
in respect of PA contamination as first step to try and minimize
PA concentration in their products (Schulz et al. 2015).

As PAs are the most widely distributed natural toxins total era-
dication of PA-containing plants is not feasible (EMA 2016).
Furthermore, its needs to be considered that ragwort has a
total PA content of approximately 2 g/kg (2,000,000 ug/kg)
(Christall 2015). As few as one Senecio plant per hectare in a
field of St. John's Wort is sufficient to exceed the limit (Christall
2015, EMA 2016).

Another important fact is, that the diet of horses mostly con-
sists of forage, which, depending on the geographical loca-
tion, the harvest date and the year, can be massively contam-
inated by ragwort (Jacobaea vulgaris, Senecio jacobaea) or
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marsh ragwort (Jacobaea aquatica) (Chizzola et al. 2019).
For example, in areas with marsh ragwort a total PA con-
tent of 100mg/kg is easily reached in forage cut in summer,
which provides more than 1-3mg PAs/kg body weight per
day to horses (Chizzola et al. 2019). This massively exceeds
the recommended oral intake limit of 1ug PA/kg bodyweight/
day. For hay up to 14,6 mg total PA content/kg and for hay
cubes 54 mg/kg have been reported (Gottschalk 2016). The
PA contamination in compound feed and supplements and
nutraceuticals adds to this.

Nevertheless, the knowledge about the risk of PA contamina-
tion should prompt suppliers of herbs as well as manufactur-
ers of herb-based products to voluntarily implement regular
quality measures with their Code of Practice and HACCP con-
cept to minimize or prevent PA contamination.
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