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The objective of this research project was to evaluate the toxicity of

local pyrrolizidine alkaloid containing plants and to examine the influence

of dietary protein, with particular reference to the amino acid cysteine,

upon this toxicity.

Senecio vulgaris (common groundsel) was shown to be more toxic than

Senecio jacobaea (tansy ragwort). On a dry matter basis, common groundsel

contained .206% alkaloid while tansy ragwort contained 181% alkaloid.

Survival time was less .05) for rats fed 5% common groundsel in the

diet than for rats fed 5% tansy ragwort. At equivalent doses, the

alkaloid isolated from common groundsel was more toxic when injected

intraperitoneally into rats than the alkaloid from tansy ragwort.

In two experiments with growing rats, supplemental dietary cysteine was

shown to provide partial protective activity against dietary tansy ragwort

toxicity as measured by survival time, growth rate, total serum protein, serum

albumin and liver weight. One percent methionine had no influence on survival

time or performance. The inclusion of 1% dietary cysteine in the ration of

mature rats receiving 10% tansy ragwort did not show any protective effects.

Females seemed to be more severely affected than males.

Japanese quail (Coturnix coturnix japonica) were found to be resistant

to the toxic effects of 10% dietary tansy ragwort. Day old



White Rock X White Cornish chicks were acutely susceptable to the toxic

actions of dietary tansy ragwort, with 1% supplemental dietary cysteine

producing a detrimental effect.

It has been suggesteO that sulfhydryl groups may play a role in

detoxication of pyrrolizidine alkaloid metabolites, such as conjugation

with glutathione and subsequent excretion as mercapturic acids. Two

metabolism studies were performed in an attempt to elucidate the pro-

tective action of cysteine against pyrrolizidine alkaloid toxicity in

growing rats. Supplemental 1% dietary cysteine had no effect upon liver

sulfhydryl levels. The cysteine did significantly decrease the level of

liver-bound pyrrolic metabolites 2 hours post injection of 100 mg alka-

loid/kg body weight and theoretically the resulting toxicity. It is

therefore suggested that either undetectably small alterations in

sulfhydryl levels can provide protection or that cysteine is acting in

some way other than covalently bonding to the reactive pyrrole. Cysteine

had no effect on the in vitro conversion of tansy ragwort alkaloids to

pyrrolic metabolites by rat liver microsomes.
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NUTRITIONAL INFLUENCES AFFECTING

SENECIO TOXICITY IN LABORATORY ANIMALS

Senecio jacobaea L., known commonly as tansy ragwort is a European

biennial which has spread throughout much of the world including North

America. Tansy ragwort was first introduced into Canada about 1852

with ballast from Scotland to the town of Pictou, Nova Scotia (Tilt, 1969).

The first reported observation of this weed in Oregon was in 1922 (Burr,

1972). It is now a serious problem from Northwest California to British

Columbia and from the West Coast to the Cascades. In the 18 western

counties of Oregon there are an estimated 4 million acres of tansy ragwort

infestation (Wood, 1972). Once established, the plant appears to defy

eradication.

Tansy ragwort is a two-fold economic problem, both because of

possible condemnation of hay or seed crops if found contaminated with it,

and because of its toxic effects on livestock. It causes production

losses, severe liver damage and death in most animal species, including

man (Schoental, 1963). Tansy ragwort is believed responsible for greater

livestock losses in Oregon than all other poisonous plants combined (Wood,

1972). The exact number of losses cannot be determined because of the

nature of the disease and the latent period often associated with it.

Snyder (1972) has estimated Oregon's 1971 livestock losses from tansy

ragwort at more than $1.2 million. Cattle and horses are the most common

victims of tansy ragwort poisoning, although all other grazing animals are

also susceptible. There is no cure once the animals have consumed the plant.
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Senecio vulgaris L. or common groundsel, is an annual garden weed

common in the Pacific Northwest. Kingsbury (1964) reports that it has

not been found to be poisonous in North America, but that it is so

considered elsewhere. However, Fowler (1968) has attributed the deaths

of dairy cattle in Central California to the consumption of alfalfa hay

contaminated with common groundsel. He estimates that in many instances

it may comprise as much as 15% to 20% of the first cutting hay (personal

communication). It therefore may be a significant and until now unrecog-

nized contributor to animal losses that are currently ascribed to tansy

ragwort consumption.

Tansy ragwort and common groundsel are members of a group of

phylogenetically unrelated plants which are known to be hepatotoxic to

various animal species. The common feature of these hepatotoxic plants

is that they all have the capacity to produce pyrrolizidine alkaloids.

These alkaloids are sometimes referred to as Senecio alkaloids because

they are historically associated with this genus, but they are better

described as pyrrolizidine alkaloids. It is well established that the

toxicity of these plants is mainly due to their alkaloidal content.

Over one hundred pyrrolizidine alkaloids have been isolated and their

chemical structures elucidated (Bull et al. 1968; E. McLean, 1970;

Schoental, 1968a).

The role of these alkaloids in the plant has been variously

ascribed. A view commonly held is that they represent evolutionary

"eddies" in plant nitrogen metabolism (Kingsbury, 1964). They are

generally regarded as metabolic by-products, but possibly function as

nitrogen reserves in some species. They have a bitter taste and may

have evolved as protective mechanisms from herbivorous animals (Culvenor,
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1973). When pasture is scanty or where contaminated hay or grain is fed,

animals cannot protect themselves by selecting what they eat.

Phillipson (1971) lists 31 naturally occurring pyrrolizidine alkaloid

N-oxides. Others can be prepared from their tertiary bases. The N-oxides

may constitute over 90% of the alkaloid content in some plants (Mattocks,

1971a) and they resemble the parent alkaloids in their chronic hepatotoxic

action when ingested orally (Mattocks, 1971b). The role of these compounds

in plant metabolism is not understood, but interconversion of amine N-oxides

to tertiary bases forms a convenient oxidation-reduction system and it is

likely that they play a significant role in metabolism (Culvenor, 1953;

Leonard, 1960).

Historically, several diseases of livestock characterized by liver

lesions have been recognized under various names in different parts of

the world. As early as 1787 farmers in Great Britain suspected Senecio

jacobaea as being harmful to livestock (Bull et. al., 1968). In the early

1800's the farmers of Wales associated the disease of horses known as

"Stomach Staggers" with the consumption of tansy ragwort. About 1860

the Nova Scotian "Pictou disease" of cattle was associated with tansy

ragwort. Other examples include "Winton disease" of horses and cattle

in New Zealand, "Molteno disease" of cattle and "Dunziekte" of horses in

South Africa, "Sirasyke" in Norway, "Walking disease" of horses in

Nebraska and "Schweinsberger's disease" in Germany. All were described

with characteristic and similar liver lesions.

Experiments by Gilruth in 1902 provided the necessary link when he

demonstrated that hepatic cirrhosis of horses and cattle suffering from

Winton disease in New Zealand was, as the farmers suspected, caused by

the ingestion of Senecio species. Senecio jacobaea is therefore regard-

ed as the classical hepatotoxic plant - it was the first to excite
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widespread attention as being harmful to livestock. There are now

innumerable accounts of poisoning, both natural and experimental, of

animals by consumption of tansy ragwort and related plants (Bull et al.

1968; E. McLean, 1970).

Cattle and horses are the species most susceptible to intoxication.

Sheep are much less susceptible. It is generally accepted that sheep are

relatively resistant to such poisoning because the toxic alkaloids are

largely degraded to 1-methylene derivatives in the rumen before absorp-

tion (Culvenor et al. 1962; Lanigan and Smith 1970). Jago et al. (1969)

has shown heliotrine to be demethylated to a less toxic form in the sheep

rumen and by rat liver microsomes. Russel and Smith (1968) have isolated

a Gram-negative coccus from the rumen contents of sheep which is responsi-

ble for reductive cleavage of the alkaloids. Sheep have been known to die

from consumption of pyrrolizidine alkaloid containing plants. Their death

is generally attributed to failure of liver function resulting in ammonia

toxicity or to a hemolytic crisis associated with chronic copper poisoning

(E. McLean, 1970).

There are reports of pyrrolizidine poisoning in poultry. Chickens

(Thomas, 1934; Schmittle, 1959; Bierer et al. 1960; Campbell, 1956),

turkeys (Bierer et al. 1960; Allen et al. 1963), quail and doves (Thomas,

1934) and ducks (Dahme and Muller, cited by Campbell, 1956) are all known

to be affected. Emmel (1937) and Allen et al. (1970) present a very

precise description of the pathological changes associated with pyrroli-

zidine alkaloid poisoning in chickens.

Thomas (1934) cites a reference referring to work by J. C. Lewis

where goats were killed by feeding 2 to 3 ounces of fresh Crotalaria

straita leaves. Tilt (1969) however, states that sheep, goats and
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chickens are known to be resistant to tansy ragwort poisoning. Swine

are susceptible to poisoning by pyrrolizidine alkaloids (Harding et al.

1964; Bierer et al. 1960; Peckham et al. 1974). Experiments with labora-

tory animals have shown that all common species except the guinea pig

(Chesney at al. 1973; White at al. 1973) are affected. Individual

susceptibility varies greatly within species and may be influenced by

sex, age and diet.

The exact discription of the clinical signs and pathological effects

depends upon the animal species involved, the dose and the particular

pyrrolizidine alkaloids (or plants) administered. The toxic effects are

most frequently seen in the liver. The lungs are the second most often

affected, especially after ingestion of Crotalaria alkaloids (Barnes

at al. 1964). Lesions of the kidney are especially common in swine

(Harding et al. 1964). Lesions of the heart (Allen and Chesney, 1972),

central nervous system (Hooper at al. 1974; Finn and Tennant, 1974),

muscle (Allen et al. 1963; Allen, 1963), thymus (Harris at al. 1957),

lymph nodes (Schoental and Magee, 1959) and other tissues have been

reported.

The acute form of the disease, characterized by sudden death from

massive centrilobular hemorrhagic liver necrosis and visceral hemorrhages,

is rare in nature. The chronic effects upon the liver of repeated low

intake of toxic plants are progressive and irreversible (Tilt, 1969).

Clinical signs may not be seen for several weeks or months after the

consumption of the plants has ceased.

Gross signs include loss of condition, anorexia, dullness and

constipation or diarrhea. Tenesmus and passing of bloodstained feces may-

be followed by rectal prolapse. Anemia is often observed. Ascites and

icterus may be present and intermittent photosensitization is sometimes
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seen. Some animals become progressively weak and rarely move while

others wander aimlessly with an awkward gait, either stumbling against

or actively pushing headlong into structurers. Others become frenzied

and dangerously aggressive. Death may be sudden or following prolonged

recumbency.

In acute cases the liver may be enlarged, hemorrhagic and icteric.

In chronic cases it is atrophied, fiberous, misshapen and pale with a

glistening surface due to fiberous thickening of the capsule. The gall-

bladder is often edematous and grossly distended with thick mucoid bile.

Edema of the segments of the bowel, mesentery and associated lymph nodes

is common and much ascitic fluid may be found in the abdomenal cavity.

Congestion of the lungs, edema of the pancreas and enlargement of the

spleen are seen. Petechiae maybe found on the surfaces of visceral

organs.

The typical chronic histopathalogical liver change in pyrrolizidine

alkaloid poisoning may be pathognomic (Bull, 1955). This is because of

the characteristic parenchymal cell enlargement and the presence of

inclusion globules in the cytoplasm of such cells. Many of the changes

observed in these enlarged cells are suggestive of increased metabolic

activity rather than cellular degeneration (Schoental, 1968a). These

cells are a result of a long-lasting antimitotic effect combined with

an increased rate of cell death, which gives a stimulus to growth and

regeneration (Jago, 1969). Bull et al. (1968) has termed the development

of these giant cells as megalocytosis.

Bile dutt proliferation, fatty changes, fibrosis, cirrhosis and

vascular lesions are other common histological liver changes. The

vascular lesions resemble those seen in veno-occlusive disease in man

(Bras et al. 1954), which is believed to be the result of acute poisoning
4110111 *MI=
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by pyrrolizidine alkaloids where herbal medicine or "bush teas" include

extracts from Senecio or Crotalaria species (Schoental, 1963).

E. McLean (1970) lists the sequence of biochemical lesions seen in

the liver following the administration of the alkaloids as failure of

DNA-mediated RNA synthesis concurrent with failure of cytoplasmic protein

synthesis and disaggregation of polyribosomes; failure of pyruvate

oxidation; loss of glycogen; structural damage to the mitochondria and

appearance of fat; failure of mitochondrial NAD systems; failure of

nuclear NAD synthesis; and necrosis.

The pathological changes commonly seen in the lung are pulmonary

edema, both interstitial and alveolar, epithelialisation of the alveoli,

pulmonary artheritis, dilation of the lymphatics and pleural effusion.

In addition to their hepatotoxic action, pyrrolizidine alkaloids

have been reported to inhibit smooth muscle torus and to antagonize

acetyl choline (McKenzi, 1958), cause mutations in Drosophila melanogaster

(Clark, 1959) and Aspergillus (Alderson and Clark, 1966), produce chromo-

some breakage in plants (Avanzi, 1961) and in rat intestinal epithelium

(Bull, cited by Culvenor et al. 1962) and to lead to liver tumors

(Schoental et al. 1954; Campbell, 1956) and teratogenic effects (Christie

and Green, 1961) in rats.

Neither the mechanism nor the cause of tissue necrosis and megalo-

cytosis are understood. Bull et al. (1968) presents evidence which suggests

that these two lesions arise through unrelated pathways. Rogers and

Newberne (1971) distinguish two components of the hepatotoxic effects;

inhibition of cell division and induction of necrosis, each thought to

be derived from a different mechanism involving two different active

metabolites or the parent alkaloids plus one or more active metabolites.
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Investigation of the :negalocytosis has shown that the alkaloids

have a pronounced antimitotic effect (Schoental and Magee, 1959;

Downing and Peterson, 1968), and some have been found to posses anti-

tumor activity (E. McLean, 1970). However, Rogers and Newberne (1971)

found no inhibition of hepatccarcinomas in rats treated with lasiocarpine

followed by the carcinogen N-2-fluorenylacetamide. Schoental (1968b),

reviewing the toxicologic and carcinogenic actions of the pyrrolizidine

alkaloids, presents evidence to substantiate the view that some of the

compounds and some of their N-oxides can induce liver tumors. Tumors

have been reported in chickens (Campbell, 1956) and rats (Schoental and

Head, 1954). All of the alkaloids shown to be carcinogenic are cyclic

diesters and retrorsineis the most active (Schoental, 1963). This is

thought to be due to the presence of a double bond in its acid moiety

allowing it to become more firmly bound to the liver (Schoental, 1968a).

As Mattocks (1972) points out, no large scale, properly controlled

carcinogenicity tests have been carried out on any of the alkaloids;

and until this is done the issue will remain in doubt.

The chemistry of the pyrrolizidine alkaloids has been reviewed by

Culvenor (1953), Leonard (1960) and Warren (1970). The most comprehensive

review, however, is the book by Bull, Culvenor and Dick (1968) who cover

history, geographical and botanical distribution, detection and isolation,

physical chemical and biological properties. The toxic action of

pyrrolizidine alkaloids has been reviewed by Schoental (1968a, b) and

more recently by E. McLean (1970). Mattocks (1972a) has reviewed the

relationship between metabolism of'the alkaloids and their toxicity.

As the name implies, pyrrolizidine alkaloids are derivatives of

pyrrolizidine, which consists of two fused five-member rings; the
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tertiary nitrogen is at one of the points of fusion (I). Not all are

hepatotoxic, however, some might cause other pathological effects. This

may be particularly true of the epoxide-alkaloids, which are suspected

of causing esophageal lesions in horses in some regions of Australia

(Culvenor et al. 1967). All naturally occuring hepatotoxic pyrrolizidine

alkaloids are esters of 1, 2 - dehydro - 1 - hydroxymethyl pyrrolizidine

(II) and of its 6 - hydroxy derivative (III), and their N-oxides (IV)

(Schoental, 1968a).

78 I

6e)2
5 3

HO

4CH 2 &OH R CH 2OH;A

1I r\14)

0-

=
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It is generally accepted that there are three essential requirements for

toxicity. They are: (1) the hydroxvmethyl pyrrolizidine system, (2)

unsaturation in the 1:2 position and (3) at least one of the hydroxyl

groups must be esterified, usually the hydroxymethyl group (Mattock,

1972a). It was originally thought that cne of the ester side chains

must contain a branched carbon chain (Schoental & Mattocks, 1960), but

this is not necessarily true (Mattocks, 1972a). The bases are known as

necins. The hepatotoxic alkaloids contain the necins heliotridine,

retronecine, and supinidine. The esterfying acids, known as necic acids,

contain various branched chain hydroxy alphatic acids. These acids are

generally unsaturated and contain five to ten carbon atoms. The stereo-

chemistry of the acid or basic moieties does not affect the toxicity

qualitatively, but may cause quantitative differences in toxicity

(Mattocks, 1970; 1972a). The substituents on the carbon chains comprise

hydrophobic groups and hydrophilic groups which greatly influence water

solubility, rate of hydrolysis of the ecters and hepatotoxicity (Schoental,

1968a). The intact allylic ester structure is essential for hepatotoxic

activity since neither of the products of hydrolysis, the free necic acids

nor the necins, are active (Schoental, 1968a; Schoental and Mattocks,

1960). Mattocks (1971c; 1974) has prepared a series of monocyclic

analogues of the necine bases, called synthanecines, and found them to

cause toxic effects in animals similar to, if not identical with, those

produced by the alkaloids themselves. Therefore, the saturated ring in

the dehydropyrrolizidine nucleus is not involved with toxicity.

The alkaloids of tansy ragwort and common groundsel are all optically

active, cyclic diesters of substituted adipic acids with the amino

alchohol retronecine (III). These alkaloids are among the most toxic and



11

chemically stable of the pyrrolizidina alkaloids (Bull et al. 1968;

Schoental, 1968a; E. McLean, 1970). They are particularly resistant to

enzymatic hydrolysis, and have an LD
50

below 100 mg/kg body weight.

Some characteristics and the structures of the six pyrrolizidine alkaloids

in Senecio jacobaea and the three in Senecio vulgaris are shown in the

following table.

Table 1. Pyrrolizidine Alkaloids of S. jacobaea and S. vulgaris.

Pyrrolizidine
Alkaloid

Plant
Source

Empirical
Formula

Approximate LD50
in rats (mg/kg)

Molecular (Bull, 1968)
Weight Male Female

Senecionine S. Jacobaea;
S. Vulgaris

Seneciphylline S. Jacobaea;
S. Vulgaris

Jacobine S. Jacobaea

Jacoline S. Jacobaea

Jaconine S. Jacobaea

Jacozine S. Jacobaea

Retrorsine S. Vulgaris

C
18
H
25
0
5
N

C
18
H
23
0
5
N

C
18
H
25
0
6
N

C
18
H
27
0
7
N

C
18
H
26
0
6
NCL

C
18
H
23
0
6
N

C
18
H
25
0
6
N

325 85

333 77 83

351 138

369

387 168

349

351 38 150

It has always been a puzzle that the very stable alkaloids were so

highly toxic. Hydrolysis of the ester linkage and reversible conversion

to their N-oxides are their most common reactions. In the case of a

number of other toxins, such as CCL4, it has been shown that enzyme

reactions in the body may convert a substance, harmless in itself, into

an intensely harmful metabolite (McLean and McLean, 1966). This mechan-

ism could account for the toxicity of the pyrrolizidine alkaloids

(Goldenthal et al. 1964).
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Figure 1. Molecular Structures of Pyrrolizidine Alkaloids of S. jacobaea

and S. Vulgaris
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Mattocks (1972a) summarizes the evidence for the view that metabolites,

and not the alkaloids themselves, are responsible for toxic effects.

(1) Major toxic effects occur in certain organs, particularly the

liver, regardless of the route of administration of the alkaloid.

(2) Direct application to the skin does not produce local toxic

effects (Schoental et al. 1954).

(3) The alkaloids are not toxic to some organisms, for example the

cinnabar moth larva, although they may be accumulated in the body in

relatively large amounts (Aplin et al. 1968).

(4) The chronic toxicity of a single dose of retrorsine given to

newborn rats less than 1 hour old is much less than that of a similar

dose given to rats more than one day old. The liver microsomal metabol-

izing enzymes in newborn rats have very low activity, but this activity

increases very rapidly during the first few days of life to reach a

maximum at about 30 days (Kato et al. 1964).

(5) Some species of animals are more resistant to the liver damag-

ing effects of the alkaloids than others. The LD50 dose of retrorsine

to male rats is about 40 mg/kg body weight (Mattocks, 1972b), guinea

pigs sustained no liver damage at 420 mg/kg, survived doses of 800 mg/kg

and died of peracute effects at 1000 mg/kg. However if the liver micro-

somal metabolizing enzymes of guinea pigs are stimulated by pretreatment

with phenobarbitone, the LD50 of retrorsine to these animals falls to

about 230 mg/kg and the animals die with characteristic hemorrhagic

liver necrosis (White et al. 1973).

(6) The alkaloids themselves are not very reactive. It is hard to

envisage reactions which they could readily undergo with cell constituents

under physiological conditions. The alkaloids are known to be metabolized
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in the liver (Mattocks, 1967; 1968a, Culvenor et al. 1969). A pyrrolic

metabolite has been found which can be demonstrated in the animal tissues

after the alkaloids have ceased to be detected.

(7) Administration of chemically prepared derivatives, similar to

pyrrolic metabolites of the toxic alkaloids, to rats show most of the

toxic effects of the parent alkaloids but at much lower dose levels

(Mattocks, 1969a; Butler et al. 1970; Plestina and Stoner, 1972).

The possible metabolic pathways of the alkaloids include hydrolysis

of the ester groups, reversible formation of N-oxides and dehydrogenation

to dehydropyrrolizine esters or pyrrole derivatives. The first two

routes lead to non-toxic highly water soluble products which can be

rapidly excreted. The third route leads to chemically highly reactive

metabolites (Mattocks, 1968a, 1969a; Culvenor et al. 1970a) and there are

good reasons for believing that they are responsible for some or all of

the toxic effects of the alkaloids. Mattocks (1969a) has found that

urine and tissue extracts from animals dosed in vivo, and liver homo-

genates and slices treated in vitro with retrorsine, gave a positive

color reaction for pyrroles. This suggested that the whole animal does,

and the liver can, make the highly reactive pyrrolic derivatives. The

reaction is brought about by the microsomal mixed-function oxidase

system of the liver (Jago et al. 1970; Mattocks & White, 1971b) and it

amounts to a dehydrogenation of the alkaloid. The mechanism of pyrrole

formation is not known. Nonhepatotoxic pyrrolisidine alkaloids do not

yield pyrrolic metabolites (Mattocks & White, 1971a).

F---R

C L COO CH20C0
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>
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HH



15

The alkaloids are also converted to N-oxides by this system, though

not necessarily by the same enzymes (Mattocks, 1968c; White & Mattocks,

1971; Chesney & Allen, 1973). However, the N-oxides are not toxic

themselves and are not further converted to pyrroles (White & Mattocks,

1971) and therefore may he regarded as a detoxification process (Jago

et al. 1970; Mattocks and White, 1971b; Chesney et al. 1974).

The liver is the only organ in which the alkaloids are metabolized

to pyrroles to any significant extent. Lung slices (Mattocks, 1968a)

and lung (Mattock & White, 1971b) and kidney (Shull, unpublished data)

microsomes cannot form pyrroles. Damage in organs other than the liver

appears to be due to metabolite which has escaped from the liver, as

suggested by Barnes et al. (1964).

Culvenor et al. (1962) observed that the toxic effects of the

pyrrolizidine alkaloids resemble those of biological alkylating agents

which also give rise to inhibition of cell division, mutagenesis,

chromosome breakage and carcinogenesis. They proposed that the bio-

chemical mechanism of pyrrolizidine alkaloid action on cells involves

their functioning as alkylating agents. However the alkaloids themselves

were found not to be very active as alkylators. The pyrroles formed

from the hepatotoxic pyrrolizidine alkaloids contain activated ester

groups through their highly unstable conjugation with the pyrrolic

nitrogen. These ester groups may be lost leaving the positively charged

dehydropyrrolizidine moiety which could react with nucleophilic groups

to form relatively stable alkylation products or rapidly be hydrolized

to the hydroxyl derivatives (Mattocks, 1972a). Diester pyrrolizidine

alkaloids could act as bifunctional alkylating agents (Culvenor et al.

1969) similar to mitomycin C and the nitrogen mustards, which are

believed to inhibit mitosis by linking themselves across the two strands
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of DNA. Mattocks (1969a) has shown the alkylating ability of such

pyrrolic derivatives to be high, and it is not surprising that their

release within the cell might lead to alkylation of essential tissue

components causing cell damage or death. It is known that the dehydro-

pyrrolizidine esters can alkylate amines (Mattocks, 1969a; Culvenor et al.

1970a) and cause crosslinkage of nucleic acids in vitro (White and Mattocks,

1972; Black and Jago, 1970). HSU et al. (1973) has shown that the pyrrole

metabolite of monocrotaline can cause megalocytosis, inhibition of liver

cell mitosis and retarded hepatic DNA synthesis.

Based on these observations, Mattocks (1968a) put forth the following

hypotheses. The alkaloids themselves are not hepatotoxic. They are

metabolized by the hepatic mixed-function oxidase system to a highly

reactive electrophilic pyrrole-like derivative. This metabolite reacts

rapidly with nucleophilic tissue constituents such as thiols (glutu-

thione) or amines (amino acids), both soluble and insoluble, forming

covalently "bound pyrroles", Soluble bound pyrroles are either elimin-

ated in the urine or absorbed on local macromolecular sites. A portion

of the metabolite may be carried in the bloodstream to other organs

where it may react to form bound pyrroles. This is shown schematically

in figure 2.

Mattocks & White (1971b) have shown a correlation between the

toxicity of the various alkaloids and their rate of in vitro pyrrole

production. Mattocks (1972b) has also shown a reasonable correlation

between the acute toxicities of the various alkaloids and the amount of

pyrrolic metabolite found in the liver two hours post dosing. These

pyrrole values probably represent metabolites bound to tissue macromolec-

ules and probably elicit the observed toxic effects. Therefore, the

toxicity of the pyrrolizidine alkaloids will be determined by factors



Figure 2. Hypothetical fate of a reactive pyrrolic metabolite (dehydropyrrolizidine ester) in the liver

of a rat (from A. R. Mattocks, 1972a).
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which control the production of dehydro-alkaloids and those which in-

fluence the interaction of these metabolites with essential tissue sites.

Factors such as age, sex, endocrine and nutritional status and drug

pretreatment - all of which have a significant effect on the activity of

the hepatic microsomal drug-metabolizing enzyme systems - appear to be

essential in determining pyrrole production and the resulting response

of an individual to pyrrolizidine alkaloid poisoning (Jago, 1971). Other

factors of which little is known may also influence the potency of the

alkaloids. Newberne et al. (1974) have recently reported on the inter--
action between light, vitamins and hepatotoxicity. They found light

and riboflavin to synergistically increase the toxicity of aflatoxin,

while light alone protected rats from the acute toxicity of monocrotaline.

Exposure to cold has been shown to stimulate hepatic drug metabolism

(Fuller et al. 1972). The relative cleanliness of an animals environ-

ment can also influence hepatic microsomal drug metabolism (Vesell et al.

1973).

In general, it can be said that, except for immediately following

birth, young animals are more susceptible than adults to the toxic

effects of the pyrrolizidine alkaloids (Jago, 1969; Schoental, 1970)

even though they have lower microsomal drug metabolizing activity (Kato

et al. 1964). The increased susceptibility of young animals is generally

related to the rapid rate of growth and development of the liver tissues;

however Schoental (1970) uses this information to support her view that

epoxides are responsible for the hepatotoxic actions of the alkaloids

and that the microsomal enzymes in older animals accelerate their con-

version to less active forms. Culvenor et al. (1969; 1971) tested two

epoxides of monocrotaline and found them to be non-hepatotoxic. Mattocks
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and White (1973) found that the susceptibility of rats of various ages

to the hepatotoxic effects of retrorsine was directly related to their

rates of in vitro pyrrole formation.

Males have more active drug metabolizing enzyme systems than females

(Conney, 1967) and as a consequence are generally more susceptible to the

toxic actions of the alkaloids (Jago, 1971; Campbell, 1956; Mattocks,

1972b). Goldenthal et al. (1964) suggests that the female sex hormones

are the dominant factor in the sex variation seen in rats with respect

to the toxicity of monocrotaline.

Generally fewer losses are experienced with lactating dairy cows

than with other cattle. This may be due to better feed supplementation,

hormonal changes or excretion of the alkaloids through the mammery gland.

Schoental (1959) has shown that alkaloids given to lactating rats can

poison the young without having noticeable effects on the mother.

Rats can be pretreated in many ways to alter the activity of the

microsomal drug metabolizing enzyme systems. Treatment with phenobarbi-

tal or DDT, which induces enzyme synthesis (Conney, 1967), increases

pyrrole formation and toxicity of the pyrrolizidine alkaloids (Mattocks

and White, 1971b; Allen et al. 1972). Prior administration of pheno-

barbitonetomice and guinea pigs increases the rate of pyrrole formed

in vitro (White et al. 1973). Microsomal enzyme inhibitors, such as

SKF-525A and chloramphenicol, reduce pyrrole formation and toxicity of

the alkaloids (Allen et al. 1972; Mattocks, 1972b). With these later

treatments, the acute lesions such as liver necrosis are greatly reduced

or eliminated, while the chronic alterations, such as megalocytosis,

continue to develop (Allen et al. 1972). Many exceptions to the above

generalizations can be found in the literature and attempts have been

made to explain them by strain differences (Quinn et al. 1958; Furner
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et al. 1969) and by dietary factors (Ratncff. and Mirick, 1949). The

activity of microsomal drug metabolizing enzymes of the liver can be

affected by several dietary conditions, including starvation and

refeeding, quality and quantity of dietary protein, restricted feed

intake, as well as some vitamin and mineral deficiencies. Kato et al.

(1968) fed male and female rats diets containing 50%, 18%, 10%, 5% and

0% protein. They showed that the liver weight, content of microsomal

protein and rate of in vitro and in vivo drug metabolism were increased

in rats fed a high protein diet and decreased in rats fed a low or

non-protein diet. A. McLean (1970) found a decrease in liver Cytochrome

P
450

levels in protein depleted rats. Baker and Street (1970) studied

the relationship between dietary protein quality and microsomal enzyme

activity in female rats. They found low quality proteins to support

higher basal activity and insecticide - induced increases in the activity

of hepatic microsomal enzymes than did high quality protein. The super-

iority of low quality protein was abolished upon correction of its

essential amino acid defect. They considered a dietary stress - elicited

adrenal cortical response to be the mechanism for the observed effects.

These results indicatl that the toxicities of drugs and their rates of

metabolism by liver microsomes are closely related to dietary protein

status. Schoental and Magee (1957) report that a low protein diet (6%)

increases the susceptibility of rats to the acute toxic effect of the

pyrrolizidine alkaloid lasiocarpine, but appears to prevent the develop-

ment of liver tumors in the survivors (Schoental, 1968a). Ratnoff and

Mirick (1949) found that male rats fed a 12% protein diet died in

approximately half the time of females fed the same diet or males and

females fed a normal diet (23% protein) when injected with half the

LD
50

dose of monocrotaline (46 mg/kg). Rats of both sexes fed the
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12% protein diet at a restricted level were as resistant as normal rats

to the monocrotaline injections. A. McLean (1970) found no effect on

the acute toxicity of retrorsine for male rats fed ordinary stock pellets,

27% protein, or protein free diets. However E. McLean (1970) cites

evidence where a low protein,sucrose diet raised the LD50 of retrorsine

in male rats. A four day, all sucrose diet was shown by Mattocks (1972b)

to be more protective than SKF-525A pretreatment. He suggested that the

sucrose diet reduces the acute toxicity of retrorsine not only by decreas-

ing the production of toxic pyrrolic metabolites but also by protecting

the liver against such metabolites. This is supported by the increased

incidence of lung damage in sucrose pretreated rats. Cheeke and Garman

(1974) found that high dietary protein levels (25%) provided protection

to male rats against the chronic toxic effects of Senecio jacobaea.

E. McLean (1970) cites a report where treatment with methionine and

vitamins B
6

and B
12

is credited with the recovery of 61 patients suffer-

ing from acute intoxication from the pyrrolizidine alkaloid containing

plant Heliotropium lasiocarpium.

Newberne et al. (1971) studied the effects of monocrotaline in

male rats fed a normal diet or a diet low in lipotropes (e.g. choline,

methionine and vitamin B12
). The latter diet protected the animals

against the acute toxic effects of the alkaloid but not from the effects

of the pyrrolic metabolite. A similar protection was seen by Rogers

and Newberne (1971) with the same diet against the acute toxic action

of lasiocarpine. Protection was attributed to a reduction in the level

of drug-metabolizing enzymes and therefore decreased conversion of the

alkaloid to toxic metabolites. Tuchweber et al. (1974) suggests that

the reduced susceptibility of rats maintained on low lipotropic diets

relates to not only the level of hepatic enzymes but also to the
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alkaloids or their metabolites. Protection was also afforded by admin-

istration of mercaptoethylamine (MEA) but not by other antioxidants

such as .x.-tocopherol and ubiquinone. The protective action of MEA has

also been demonstrated against monocrotaline (Hayashi and Lalich, 1968).

Epizoological studies by Palfrey et al. (1967) have shown a corre-

lation between mineral supplementation and tansy ragwort poisoning and

they suggest that consumption of the plant is the result of a depraved

appetite due to Co, Cu and P deficiencies. However, mineral supplement-

ation may be a reflection of better management practices in general and

not have a direct role in tansy ragwort poisoning.

Culvenor et al. (1962) suggested the possibility of using compounds

containing thiol and perhaps other nucleophilic groupings as protective

agents against pyrrolizidine intoxication. He suggested that these

compounds would compete with essential nucleophilic tissue components

for the highly reactive electrophilic pyrroles. Exogenous sulfhydryls,

provided by cysteine, cystine, methionine and MEA have been shown to be

protective against the toxic actions of the alkaloids. Avanzi (1961)

has demonstrated the protective ability of cysteine against pyrrolizi-

dine-induced chromosomal breakage in Allium cepa root tips, but suggest-

ed that the protection resulted from a lowering of the intracellular

oxygen tension. Cheeke and Garman (1974) suggested that the protective

effect of high protein diets against tansy toxicity was associated with

their sulfur amino acids. They were able to improve gains and increase

survival times of rats fed 10% tansy ragwort diets supplemented with

1% methionine or 1% cystine. They produced limited protection with in-

organic ammonium sulfate and thought it was acting to spare methionine.

Hayashi and Lalich (1968) found two intra-peritoneal injections of

cysteine (300 mg/kg), 15 minutes before and 60 minutes after an
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injection of 30 mg/kg monocrotaline to significantly prolong the survival

time of four week old male rats. Retief (1962) reported that crystalline

methionine was effective in treating 2 horses stricken with tansy ragwort

poisoning. This report has not been confirmed. Retief also included an

unidentified multivitamin mixture and vitamin 812 injections in his

treatment.

Cysteine is known to be protective against other hepatotoxins.

De Ferreyra et al. (1974) found that cysteine was very effective not only

in preventing CC14-induced hepatic necrosis in rats, but also in reduc-

ing hepatic damage when administered some time after CC14. Mitchell

et al. (1973) found treatment of mice with cysteine to protect against

acetaminophen-induced hepatic necrosis. They propose that a fundamental

role of glutathione may be to protect tissues against electrophilic

attack by drug metabolites and alkylating agents and that cysteine, a

glutathione precursor, increases glutathione availability.

Cysteine has also been shown to be protective against ionizing

radiation, malignant thymomas (Campbell et al. 1974), acetaldehyde

(Sprince et al, 1974) and the cytotoxic 2 - methylene - 8 - lactone

from bitterweed (Kim et al. 1974). Sprince et al. suggest that cysteine

could form a complex with the acctaldehyde by way of its free sulfhydryl

group to form a relatively non-toxic compound.

These data not only suggest the possibility of developing protective

agents against pyrrolizidine alkaloid poisoning, but also indicate a

role of sulfhydryl groups in detoxication, such as conjugation of the

pyrroles with glutathione and subsequent excretion as mercapturic acids.
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FEEDING TRIALS

Methods and Materials

Four rat feeding trials and two with avian species were conducted

to evaluate the toxicity of local pyrrolizidine alkaloid containing

plants and to investigate the influence of some dietary factors upon

this toxicity. All rats used were males
1
of the Long-Evans strain,

either purchased commercially2 or reared from commercial stock at the

Small Animal Laboratory, Oregon State University. They were housed

individually3 in wire bottomed cages in a temperature-controlled

laboratory and had free access to feed and water at all times.

The tansy ragwort and common groundsel used in this investigation

were collected locally while in full bloom. The whole plant minus the

roots was sun-wilted, followed by drying in a force-ventilated oven at

37 °C. and ground to pass through a 2mm screen. The mineral mixture

used in the diet formulation was Jones and Foster (1942), the vitamin

mixture was that reported by Cheeke (1972) and the cysteine was L-cysteine

free base
4
. Where necessary, sucrose levels were adjusted for inclusion

of the above mentioned feed ingredients in the experimental diets.

All values are expressed as mean plus or minus standard deviation.

The level of significance chosen for all statistical determinations was

P 0.05.

Rat Feeding Trial 1.

Tansy ragwort is known to be hepatotoxic to various animal species

(Bull et al. 1968; E. McLean, 1970). Common groundsel is generally not

1

2
Rats of both sexes were used in experiment 4.

3
Purchase from Simonsen Laboratories, Gilroy, California.

4
Rats in experiment 4 were housed in groups of 5.
Purchased from Sigma Chemical Company, St. Louis, Mo.
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considered to be so, however Fowler (1968) has implicated it in the deaths

of dairy cattle. The purpose of this experiment was to compare the rela-

tive toxicities of common groundsel and tansy ragwort. This was done

both chemically and biologically.

Pyrrolizidine alkaloids were extracted from the dried plant material

using the procedure developed by Campbell (1956) with the following

modifications. The alkaloids failed to precipitate upon changing the

pH of the acid aqueous layer to 10 with ammonia. This basic aqueous

phase therefore was shaken with 3 portions of chloroform, and the comb-

bined chloroform extracts were evaporated to dryness. The residue was

washed with absolute ethanol to remove any remaining impurities. The

mixed alkaloids from each plant species were dried and stored over

P
2
0
5
in a vacuum dessicator.

Gas chromatographic-mass spectrometric analysis of the mixed

alkaloids was conducted by M. L. Deinzer, Department of Agricultural

Chemistry, Oregon State University.' Definitive identification of the

individual alkaloids was made from corresponding spectra of authentic

samples.

The alkaloid and N-oxide content of the plant material incorporated

into the experimental diets was quantitatively estimated using the

methanol extraction procedure of Mattocks (1967) followed by chemical

conversion of the alkaloids to pyrroles which were reacted with a mod-

ified Ehrlich reagent to give a mauve color which was measured spectro-

photometrically as described by Mattocks (1967), modified by Bingley

(1968) and corrected by Mattocks (1968b). A calibration curve for each

plant species was prepared by dissolving known amounts of the mixed

alkaloids (5-50 mg) in methanol and following through the above
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estimation procedure. Three assays were run in duplicate for each

alkaloid preparation. The percentage of mixed tansy ragwort alkaloids

recovered from an aqueous solution by 4 chloroform extractions was deter-

mined as described by Mattocks (1967). Three determinations were run in

duplicate. The same recovery factor was applied to both the alkaloid and

N-oxide fractions of extracts from both plant species. The following

formula was used for estimation of the alkaloids in the plant material:

Micrograms of alkaloid/ gram plant material=

Absorbance 563 mu x vol. chloroform extract
wt. plant material x Absorbance x vol. estimated x Recovery factor

ug alkaloid

The biological toxicity of tansy ragwort and common groundsel was

determined by both chronic feeding trials and acute toxicity studies.

The feeding trial involved eighteen male rats 32 days old and weighing

98- 7 g. The animals were randomly allotted to three dietary treatment

groups: basal, basal + 5% tansy ragwort and basal + 5% common groundsel.

The composition of the basal diet is shown in Table 2. Growth rate and

survival time were measured and used as an index of toxicity.

Table 2. Composition of the basal diet used in rat feeding trial 1.

Ingredient Grams/kilogram

Casein 200

Torula Yeast 20

Mineral Mix 40

Vitamin Mix 10

Lard 50

Corn Starch 230

Sucrose 430

Alphacel 20

5For a 4-ml sample in 1-cm cuvette at 563 mu. Obtained from slope

of calibration curve as determined by linear regression analysis.
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The second part of this experiment compared the acute toxicity of

the crude alkaloid extracts from tansy ragwort and common groundsel.

The alkaloid preparations were dissolved in acidic (0.1N HCL) saline,

and injected intraperitioneally into young male rats at dosage levels

of 80, 100 and 120 mg alkaloid per kilogram body weight. Seven groups

of six rats per group having an initial body weight of 60 to 70 grams

were fed a casein based diet (Table 3) until they reached 100 grams

body weight. At this time, they were injected with alkaloid and sur-

vival time noted.

Table 3. Composition of the basal diet used on the acute toxicity

studies.

Ingredient Grams/kilogram

Casein 200

Mineral Mix 40

Vitamin Mix 10

Alphacel 20

Corn Starch 680

Lard 50

Rat Feeding Trial 2.

Dietary sulfur amino acids have been shown to provide partial

protection from the chronic toxic effects of tansy ragwort (Cheeke and

Garman, 1974). In this experiment, three levels (1, 2 and 3%) of

supplemental dietary cysteine were compared for their effects on growth

and survival of rats fed a diet containing 10% tansy ragwort. A posi-

tive control (basal);and negative control (basal + 10% tansy ragwort)

were also included along with a basal + 10% tansy ragwort + 1% methion-

ine for comparison with the previous work of Cheeke and Garman (1974).

The composition of the basal diet is shown in Table 4. Thirty locally
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,
reared male rats weighing 113-

+
19 g were allotted to six equal groups

and treated as indicated above.

Table 4. Composition of the basal diet used in rat feeding Trial 2.

Ingredient Grams/kilogram

Casein 200

Mineral Mix 40

Vitamin Mix 10

Alphacel 30

Lard 50

Sucrose 670

Rat Feeding Trial 3.

The protection afforded by cysteine against the toxic effects of

tansy ragwort was further examined. Seventy-two male rats 31 days old

and weighing 86! 4 g were assigned to 12 groups of 6 animals. Four

groups were placed on each of the three following dietary treatments:

1. Basal

2. Basal + 10% tansy ragwort

3. Basal + 10% tansy ragwort + 1% cysteine.

The composition of the basal diet is shown in Table 5.

Table 5. Composition of the basal diet used in rat feeding Trial 3.

Ingredient Grams/kilogram

Casein 200

Torula Yeast 20

Mineral Mix 40

Vitamin Mix 10

Lard 50

Corn Starch 200

Sucrose 460

Alphacel 20
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A group of 6 animals from each treatment was killed at 15, 31 and

47 days feeding duration, the remaining roup in each treatment was to be

used for survival time. Animals were mildly sedated with ether and hem-

atocrits were taken from a tail incision. Blood was withdrawn by heart

puncture, allowed to clot and the serum separated and stored in a freezer

at -20 °C. for analysis at a later time. Serum protein was estimated by

the method of Lowry et al. (1951), total bilirubin was determined using

acetamid by the method of Bouthwell (1964) and albumin by the Sigma6

colorimetric procedure #630.

Liver, lung and heart were excised, blotted and weighed for all

time periods, spleen weight was measured at the last time period. A 1 g

portion of liver was removed immediately and homogenized 1:20 (w/v in

ice-cold distilled water for estimation of RNA by the Schmidt-Thann-

hauser method as described by Munro and Fleck (1966). The remaining

homogenate was frozen and stored at -20°C. for later protein determina-

tion by the method of Lowry et al. (1951). An additional 0.5 g portion

of liver was removed and quick-frozen in dry ice-acetone and stored at

-20 °C. for bound pyrrole measurement using a modified Ehrlich's reagent

as described by Mattocks and White (1970).

Rat Feeding Trial 4.

The effect of 1% supplemental dietary cysteine on the survival of

adult rats fed a diet containing 10% tansy ragwort was examined. Ten

male and 10 female mature rats from the breeding colony of the Small

Animal Laboratory, 0.S.U., were allotted to each of two treatments and

housed in groups of 5. The two treatments were the 10% tansy ragwort

6
Sigma Chemical Company, St. Louis, Mo.
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diet plus and minus 1% cysteine. The diet contained 85% ground rat

chow (0.S.U. rat diet), 10% tansy ragwort, 2% corn oil and 3% molasses.

Cysteine was substituted for rat chow.

Quail Feeding Trial.

Thomas (1934) experimentally poisoned quail by feeding them whole

Crotalaria seeds. The purpose of this experiment was to investigate

the influence of protein levels and supplemental cysteine on the toxicity

of tansy ragwort to Japanese quail. It is only recently that Japanese

quail (Coturnix coturnix japonica) have been used as experimental

animals. Their small size, rapid growth rate and low feed consumption

make them ideal for this purpose.

Eighty-four one day old Japanese quail (OSU strain) of mixed sexes

were divided randomly into seven groups of twelve birds each. Each

group of birds was placed in a separate wire battery. They received

continuous illumination. The temperature was maintained with 250 watt

overhead infrared heat lamps and subcage heating elements at 35°C. for

the first week and reduced to 28 °C. for the remainder of the initial

16 day experimental period.

The control diet (Table 6.) consisted of a soybean meal (44%)

glucose monohydrate (cerelose) quail ration.

The following rations were fed:

1. Basal (27% protein)

2. Basal (22% protein)

7
0.S.U. rat diet contains: 5% molasses, 10% alfalfa meal, 2.5%

bentonite, 26% corn, 26% barley, 12% soybean meal, 7% herring meal,
0.5% trace mineralized salt, 10% dried whey, 0.7% tricalcium phosphate,

0.3% vitamins (1000 IU vitamin A and 400 IU vitamin D per kilogram of

diet).
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3. Basal (32% protein)

4. 27% protein + 10% tansy ragwort

5. 27% protein + 10% tansy ragwort + 1% cysteine

6. 22% protein + 10% tansy raawort

7. 32% protein + 10% tansy raawcrt

The feed was available ad libitum from self feeders. Water was provided

by automatic Heart Waters. Mortality, weight gain and feed consumption

were recorded thrice weekly. Any mortality occuring during the first

two days was disregarded, and replacement birds were provided. Five

of the experimental groups were terminated after 16 days. The 27%

protein control group and the 27% protein + 10% tansy ragwort group were

continued. At 56 days, the basal ration was changed to the station quail

layer ration ( #1485) diluted with 10% solka-floc and 10% tansy ragwort

for the control and experimental diets, respectively. The birds were

moved into the quail flock room at this time. Eggs were set and chicks

hatched to evaluate reproductive performance.

At 114 days, the birds were killed by decapitation, blood collected

and liver and heart excised. Hematocrits were measured by the micro-

hematocrit method. The blood was allowed to clot and serum separated

and stored in a refrigerator over-night. Serum protein was estimated

using the method of Lowry et al. (1951) and albumin using the Sigma8

colorimetric procedure #630. After being blotted, the liver and heart

were weighed. A 0.5 g portion of liver was removed for determination

of bound pyrroles using a modified Ehrlich's reagent as described by

Mattocks and White (1970).

8Sigma Chemical Company, St. Louis, Mo.
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Table 6. Composition of the basal diet used in Quail Feeding Trial.

Ingredient Grams/kilogram

Soybean q 44% 590
Cerelose 309

Soybean oil 40

Salts N3 60

Salts N mod. (+Mo +Se) 3
1

Gordon's B complex - K
4

6

Myvamix (Vit. E) 1

Choline Xanthate (66.8%) 3.9

Vit. A (30,000 IU) 0.333
Vit D (1,500 ICU) 1.33

3
BHT 0.125
DL-Methionine 5

Glyccine 4

'Adapted from R-360 (Arscott, unpublished data).
Cerelose levels were altered for the inclusion of other feed ingredients
Sin the experimental rations.

4
J. Nutr. 72:243.
4Sci. 122:1270.

Chick Feeding Trial.

Numerous investigators have reported chickens to be highly suscepti-

ble to the toxic actions of pyrrolizidine alkaloids (Thomas, 1934;

Campbell, 1956; Schmittle, 1959; Bierer et al. 1960; Allen et al. 1960,

1970). The susceptibility of chickens to poisoning by tansy ragwort

and the influence of cysteine upon this susceptibility was examined in

this experiment.

Twenty male and 20 female day-old Hubbard feather-sexed broiler

type chicks (White Rock X White Cornish) were divided randomly into four

groups, equalized for sex. Each group was housed together in a tempera-

ture controlled battery room equiped with forced-draft ventilation and

24 hour lighting. Feed and free flowing water were provided ad libitum.
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The basal diet (Table 7.) consisted of a semipurified soybean meal

(44%) glucose monohydrate (cerelose) chick starter ration. The follow-

ing rations were fed:

1. Basal

2. Basal + 5% tansy ragwort

3. Basal + 10% tansy ragwort

4. Basal + 10% tansy ragwort + 1% cysteine.

Table 7. Composition of the basal diet
1
used in Chick Feeding Trial.

Ingredient Grams/kilogram

Soybean meal 44% 490

Cerelose 2 437

Salts N3 60
3

Salts N mod. Se + Mo 1

Gordon's B complex-K4 6

Myva mix (Vit. E) 1

Choline Cl (44.1%) 1.7

Vit. A (30,000 IU) 0.3

Vit. D 3 (12,000,000 ICU) 75 mg

BHT 0.1 mg

DL-Methionine 2

lAdapted from R-360 (Arscott, unpublished).
2Level altered for inclusion of other feed ingredients.

4
J. Nutr. 72:243.
Sci. 122:1270.

The birds were checked daily for mortality. Weight gain and feed

consumption were measured every five days. The experiment was termin-

ated after all of the birds on the experimental rations had died.

Necroposy and histopathological examination were performed on a random

sampling of the birds by the Department of Veterinary Medicine, Oregon

State University.



34

Results and Discussion

Rat Feeding Trial 1.

Gas chromatographic-mass spectral analysis showed the mixed alkaloid

extract from tansy ragwort to contain the pyrrolizidine alkaloids

seneciphylline and jacobine in approximately equal amounts plus smaller

quantities of senecionine, jacozine and jaconine. Detection of jacoline

reported to be the sixth alkaloid of tansy ragwort (Bull et al. 1968)

was not possible (Figure 3). Spectral analysis of the common groundsel

extracted mixed alkaloid showed it to contain approximately equal amounts

of seneciphylline and senecionine. Identification of the third alkaloid,

retrorsine (Bull at al. 1968) was not possible (Figure 4). Quantitation

of the individual alkaloids was not possible.

Analysis of the calibration data by linear regression showed the

mixed alkaloids to have an absorbance per microgram of 0.036 and 0.046

for tansy ragwort and common groundsel, respectively. Mattocks (1968b)

determined a value of 0.062 for senecionine. Absorbance values for the

other alkaloids are not known, however most cyclic diesters produce

values between 0.05 and 0.06. The low values shown here may be indica-

tive of impurities in the alkaloid preparations.

The recovery factor for the tansy ragwort alkaloids was determined

to be 85%.

Table 8 shows the concentrations of alkaloids and N-oxides in tansy

ragwort and common groundsel. These values are considerably higher than

the total alkaloid concentration, as percentage of dry weight, of 0.107

for tansy ragwort and 0.148 for common groundsel determined by Alpin

et al. (1968). The values presented are the means of duplicate assays

run on three different plant samples. The extremely large standard



Figure 3. Composition of tansy ragwort mixed alkaloid preparation. Determined by gas-liquid chromatography

using a OV-17 column operated at 230-2500 C.
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Figure 4. Composition of common groundsel mixed alkaloid preparation. Determined by gas-liquid chromatography

using a OV-17 column operated at 230-250° C.
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deviations indicate the variation which is seen between plants, there

was very little variation within duplicates.

Table 8. Concentration of alkaloids and N-oxides in tansy ragwort

and common groundsel.

tert.-bases N-oxides total alkaloids N-oxides as
(ug/g) (ug/g) (% of plant) percentage of

total alkaloids

Tansy 1464 - 328
1

349 ± 169 .181 19

Groundsel 524 - 321 1534 I 617 .206 75

1Mean of three assays run in duplicate - SD.

Large variation in alkaloid content has been reported before and is

generally attributed to stage of growth of the plant, the part of the

plant assayed and the conditions in which the plant had grown. Mattocks

(1971a) assayed different parts of two dried Crotalaria retusa plants

(A and B) for their alkaloid and N-oxide content. His results are

shown in table 9.

Table 9. Alkaloid and N-oxide content of two dried C. retusa plants.

Part of
plant

Percentage weight as:
N-oxides

as percentage
of total
alkaloids

A B

tert.-bases
A B

N-oxides
A B

Both together
A B

Seeds 2.4 1.12 0.36 0.60 2.76 1.72 15 34

Seed husks 0.17 0.22 1.03 0.62 1.20 0.84 86 74

Leaves 0.21 0.06 0.59 0.28 0.80 0.34 74 82

Roots 0.03 0.06 0.16 0.42 0.19 0.48 84 88

Stems 0.008 0.06 0.076 0.25 0.08 0.31 90 81
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The values determined in this experiment can only be regarded as approx-

imate. For exact determinations, one should have a homogenous plant

source and samples larger than 1 g for the initial extraction.

The approximate LD50 values for the component alkaloids are listed

in Table 1. Because of its lower alkaloid content (ca. 88%) and the

lower toxicity of the component alkaloids (ca. 75%) one would expect

tansy ragwort to be roughly 2/3 as toxic as common groundsel.

The biological toxicity of tansy ragwort and common groundsel as

determined in the chronic feeding trial is shown in Table 10. The

survival time of the rats receiving tansy ragwort was significantly

longer than those receiving common groundsel. In fact, the first death

occurred in the tansy ragwort group 4 days before the last death in the

common groundsel group (Figure 5).

The weight gain in both experimental groups was severely depressed

for the first 15 days on experiment (the time of the first death). A

similar reduction was also seen in their feed consumption. The calcula-

ted alkaloid intake of the tansy ragwort fed rats was about 1.6 times

greater than the common groundsel group, supporting acute toxicity

studies which show these alkaloids to be less toxic. Both plants have

an odious odor which may in part be responsible for reduced feed con-

sumption and gains. Spillage was common, especially with animals fed

common groundsel.

Diarrhea was commonly observed in the animals on the experimental

diets, especially those fed common groundsel. Anasarca was occasionally

seen. The lesions seen at necropsy were similar in all cases, and

typical of those seen in pyrrolizidine alkaloid poisoning. The livers

were firm with rounded edges and had a mottled discolored appearance.



Figure 5. Survival of rats on diets containing 5% tansy ragwort and 5%

common groundsel.
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Table 10. Survival and performance of rats fed tansy ragwort and common groundsel at 5% of the diet.

First 15 Days

Intake of Tansy Alkaloid
Treatment Survival Time Weight Gain Feed Intake or Groundsel Intake2

(days) (g) (g) (g) (mg)

Basal

Basal+Tansy

Basal+Groundsel

51.7

31.5

113.8a

4
- 9.18

92.0

54.0

31.8

+7.21a

+
-14.1

b

+
-22.8

b

237

169

147

123.9a

129.0b

139.5b

AM MP Mb

31.9 112.2a

14.4
+
- 7.18

58

37

1
Mean -SD. Means followed by different superscripts (vertically) are significantly (P .05) different.

2Statistical comparisons were made using the Student's t test (Steele and Torrie, 1960).
Calculated from spectrophotometrically determined plant extracts.



Figure 6. Growth response of rats on diets containing 5% tansy ragwort

and 5% common groundsel.
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The groundsel alkaloid preparation was more toxic than the tansy

ragwort alkaloid (Table 11.). The groundsel preparation was higher in

senecionine than the tansy alkaloid; senecionine is about 1/3 more toxic

than seneciphylline, with LD50 of 64 mg/kg and 90 mg/kg, respectively,

in the mouse (Bull et al. 1968). Thus the results with the groundsel

feeding and injection of alkaloid conform to what would be expected

from the alkaloid content of the plant.

Table 11. Survival of rats injected with alkaloid from tansy rag-

wort and common groundsel.

Dose
Survival (#/6) at various times after dosing
24 hr 48 hr 72 hr 168 hr

Control (saline) 6 6 6 6

80 mg/kg TR alkaloid 6 4 4 4

110 mg/kg TR alkaloid 6 4 4 3

120 mg/kg TR alkaloid 6 3 2 1

80 mg/kg CG alkaloid 5 2 1 0

100 mg/kg CG alkaloid 5 0 0 0

120 mg/kg CG alkaloid 4 0 0 0

Rat Feeding Trial 2.

Each increment of added cysteine resulted in an increase in

survival time, with 3% being significantly longer than 1%, and 2% and

3% significantly longer than the basal (Table 12). Weight gains for

the first 50 days showed an inverse relation to survival time, although

the differences were not significant. The growth inhibition of 3%

supplemental cysteine may be due to an induced amino acid imbalance

or a mild cysteine toxicity. The oral LD50 dose of cysteine for young

mature rats is 1.89 g/kg body weight (Sprince et al. 1974). This is

0.38 g for a 200 g rat, which is the approximate size of these rats

at 50 days on experiment. With 3% cysteine in the diet and 12.6 g
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per day average feed intake, the animals were consuming 0.38 g or the

LD
50

of cysteine per day. There appears to have been a mutual protective

effect from the toxic actions of both the cysteine and the active meta-

bolites of the alkaloids by interaction with one another. The tansy rag-

wort and alkaloid intake of the 2% and 3% cysteine groups was significantly

more than the unsupplemented tansy ragwort group, 2.1 and 2.6 times more

respectively.

Supplemental methionine had no influence on survival time or per-

formance of rats fed 10% tansy ragwort. These results are not in agree-

ment with those of Cheeke and Garman (1974) who saw a substantial

positive effect in both gain and survival time of rats fed a tansy ragwort

diet supplemented with methionine. Cheeke (personal communication)

attributes this difference in response to the sulfur-amino acid content

of the basal diets.

Rat Feeding Trial 3.

Survival time of the tansy ragwort-fed rats was shorter than expect-

ed. For this reason, the surviving rats in the groups which were to be

used for survival time were combined with the survivors of those destined

to be killed at 47 days in an attempt to produce a population large enough

to allow meaningful comparisons to be made.

In general, the toxic effects of tansy ragwort were reduced by

feeding supplemental cysteine. Only 2 of the rats in the combined basal

plus tansy ragwort group and 5 in the combined basal plus tansy ragwort

plus cysteine group survived to the final kill date, while all 12 in the

basal group survived. The cysteine supplemented groups showed signifi-

cantly improved weight gains at 15 and 31 days, as were the serum

albumin levels at 31 and 47 days, hematocrit at 15 days and albumin:



Table 12. Effect of supplemental dietary sulfur-amino acids on the performance of rats fed 10% tansy
ragwort.

First 50 Days

Treatment Survival Time
(days)

Weight Gain
(g)

Daily Feed
Intake

(g)

Tansy Intake
(g)

Sulfur-Amino Acid
Intake

(g)

Basal

Basal+Tansy

Basal+Tansy+Cys

1%

2%

3%

Basal+Tansy+Met

+ a
62.6 -10.2

+ ab
80.0 -12.3

110.8 132.0bc

132.8 -26.2
c

65.4 110.1a

193.4
+
-21.1

la

+ b
79.0 -21.9

+ b
102.8 -19.6

101.2 127.7b

91.8 132.1b

74.0 I26.2b

+
18.9 -0.99

a

+ b
10.7 -1.14

+ c
13.2 -1.87

12.4 I1.32bc

12.6 I1.46bc

12.5 I2.19bc

+ a
66.2 - 6.8

+ ab
106.1 -27.7 (192)

140.0 I55.6bc(253)

c
169.5

+
56.7 (307)

73.3 I20.3a (132)

1.1

2.8

5.1

0.7

1
Mean -SD. Means followed by different superscripts (vertically) are significantly (P t .05) different.

2
Statistical comparisons were made using the l.s.d. test (Steele and Torrie, 1960).
Numbers in parenthesis are alkaloid intake in milligrams, calculated from data in Rat Feeding Trial 1.
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globulin ration at 31 days, inspite of their increased tansy ragwort

consumption (Table 13).

In the tansy ragwort-fed rats, the hematocrits were increased over

the basal group at the 15 and 31 day periods, but decreased at the 47

day period. The initial increase in hematocrit may be a consequence of

hypoproteinemia-induced hemoconcentration, as a result of impaired protein

synthesis by the liver. Serum albumin and total proteins as well as the

resulting albumin:globulin ration were correspondingly decreased at these

periods. The terminal fall in hematocrit was probably due to an inhibition

of erythopoiesis. Peterson at al. (1972) reported that pyrrolizidine

alkaloids produce mitotic inhibition in all rapidly dividing cells and

E. McLean (1970) cites evidence of bone marrow lesions in mature rats,

and anemia as one of the late stages of pyrrolizidine poisoning in rats.

Serum albumin levels and the albumin:globulin ratio decreased pro-

gressively as the length of exposure to tansy ragwort increased, in

agreement with previous studies with tansy ragwort-fed rats (Cheeke and

Garman, 1974) and calves (Ford et al. 1968). This supports the observa-

tion of Harris et al. (1969) that pvrrolizidine alkaloids cause polyrib--
osome disaggregation and inhibition of cytoplasmic protein synthesis.

The protective action of cysteine was demonstrated by the observation

that the albumin levels at 47 days in the cysteine supplemented group

were essentially the same as those of the basal plus tansy ragwort group

at 31 days.

At the first period the total serum protein level of the cysteine

supplemented group was significantly lower than that of the basal and

tansy ragwort groups. This may be due to a protein imbalance. However,

the levels came back up at 31 days and the tansy ragwort group dropped

significantly lower than the basal, as expected. The significant rise



Table 13. Effect of supplemental dietary cysteine on growth and blood parameters of rats fed 10% tansy ragwort.

Treatment Weight Gain Feed Intake

(g) (g)

Total Serum Serum Serum Albumin

Hematocrit Bilirubin Albumin Protein Globulin

(%) (mg/100 ml) (9/100 ml) (g/100 ml) ratio

15 Days
91111a2

Basal (6)
Basal+TR (6) 17+10b
Basal+TR+Cys (6) 46=14c

31 Days
Basal (6) 188-+ 19

a

Basal+TR (4) 53+ 9
b

Basal+TR+Cys (5) 104123c

47 Days
Basal (6) 259139!
Basal+TR (2) 561 e
Basal+TRiCys (5) 771191)

2141231a 40.31 1.8!x 0.4610.05 4.31.12!
130115 (13.0)- 48.41 6.0- 0.5910.17x 3.71.45',x

c
170+ -30 (17.0) 41.0-

+
9.5

a
0.5810.17x 3.61.14-x

55313q 46.31 2.7Y
332119 (33.2) 57.8112.8
345-+ 44

b
(34.5) 50.3- 9.1

0.3910.06a 4.51.16!
1.1410.83 2 61 33-Y

+
0.8110.16 1' 3.4-.19

cx

10.011.07a .771.15
+ x + x

9.3-0.491, .67-.13
8.710.57- .721.07x

10.510.42a
8.910.751)x

'761.10a

9

.411.06bY

.710.83 .541.07eY

916169a 16.71 0.9Y 0.5310.14a 4.41.26! 11.111.59

386185 (38.6) 37.51 5.5 1.8310.101Y 2.01.21-Y 12.312.69Y

519199- (51.9) 50.0115.6 2.2611.58-Y 2.51.28cY 10.111.17

.72t.25a

. 21.1. 0911)Y

.321.091x1

1Number in parenthesis indicate the number of animals surviving to kill date.
2
Mean ± - SD. Means followed by different superscripts (abc within kill dates and xyz within dietary treatments)

are significantly (P ==0.05) different. Statistical comparisons were made using the l.s.d. test (Steele and

Torrie, 1960).
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in the protein level of this group at the 47 day period was not understood,

but it must be remembered that this value is from only 2 individuals, both

of which were losing weight and near death.

Total serum bilirubin increased significantly with time in rats fed

both diets containing tansy ragwort, in agreement with other work with

rats (Cheeke and Garman, 1974) and calves (Ford et al. 1968), indicating

reduced ability of the liver to remove bilirubin from the circulation

(assuming no major increase in bilirubin production). Ford et al.

considered hyperbilirubinemia to be a terminal change. The higher bili-

rubin values seen in the cysteine supplemented group are as one would

expect if cysteine was protecting the hepatic tissues by temporarily

binding with a proximate toxin and releasing it at a site not normally

attacked by that toxin. A purely centrilobular lesion, as is generally

the case with pyrrolizidine alkaloid poisoning, tends to produce little

effect on circulating bilirubin concentration. However a lesion which

includes cells of the outer zone or a mild periportal lesion results in

a marked rise in serum bilirubin concentration (Gopinath and Ford, 1972).

A temporary protection by cysteine from the actions of a proximate toxin

is further supported by the increased lung damage (as assessed by lung

weight) at the 15 and 31 day periods in the cysteine supplemented groups

(Table 14). Mattocks (1972b) has suggested that a sucrose diet actually

protects the hepatic tissues from the toxic actions of the alkaloids and

that as a consequence more of the active metabolite is carried to the

lung tissue to react and cause increased damage there. Histological

examination would be necessary to confirm this. Pulmonary edema and lung

lesions have been reported by numerous investigators (Plestina and Stoner,

1972; Burns, 1972; Butler at al. 1970).



Table 14. Effect of supplemental dietary cysteine on tissue paramaters of rats fed 10% tansy ragwort.

Treatment Percentage of Body Weight
Lung Heart Spleen Liver

Liver Protein Liver RNA Liver Pyrroles
(mg/g liver) (mg/g liver) (OD units)

15 Days
Basal (6)

1

Basal+TR (6)
Basal+TR+Cys (6)

0.661
.052ab .391.05x

0.761.11! .38-+ .04

0.961.18- .371.03

31 Days
Basal (6) 0.51-+ .12

b
ay

Basal+TR (4) 0.82 +.11b
b

Basal.iTR +Cys (5) 0.96-.35

47 Days
Basal (6)
Basal+TR (2)
Basal+TR+Cys (5)

.31-+ .02
y

.481.22

.381.07

5.38-+ .37
x

5.13-+ .85
x

5.43-+ .44
x

4.901.51ax
3.13-+ .37

by

4.12-+ .39
cy

0.141 .04 Y .301 .02 z 0.191.02a 4.131.40!Y
1.111.19! .53111! 1.111.10)2.061.31-Y
0.85-.39

b
.48+ .15

b
1.061.39- 3.0911.32cz

129-13
ax

+ bx
154- 7

+
156-13

bx

162112!Y
1821 8-Y
2001-10cY

191117Z
1951 3Y
19/116Y

7.951.38!
5.671.72,'

6.131.35-

7.561.41!

%
5.631.59',

6.0847-

7.551.38!
5.751.24
5.721.41-

+
.031-.001

ax

.203-+ .038
bx

.166-4 .020
CX

.050-4 .008
ay

.091+ .019
by

.0761.032Y

1Number in parenthesis indicate the number of animals surviving to kill date.
2
Mean - SD. Means followed by different superscripts (abc within kill dates and xyz within dietary treatments)

are significantly (P s 0.05) different. Statistical comparisons were made using the l.s.d. test (Steele and

Torrie, 1960).
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Increased heart size at the later stages was probably a compensatory

hypertrophy due to venous occlusion, in agreement with Burns (1972). The

spleen was 5 to 6 times larger than that of the controls in both tansy

ragwort-fed groups of rats at the 47 day period, as noted by E. McLean

(1970). These enlarged spleens were extremely dark in color. Cheeke

(personal communication) attributes the enlarged and dark colored spleens

to excessive iron deposition associated with accelerated erythrocyte

destruction.

As reported by Campbell (1956), liver weight as a percentage of

body weight declined with tansy ragwort feeding, as expected from the

inhibitory effects of the pyrrolizidine alkaloids on cell division

(Downing and Peterson, 1968). The liver is not able to replace dead

injured cells. The inclusion of cysteine in the diet significantly aided

in maintaining liver size, indicating a protective role from the necrosis

and/or mitotic inhibition produced by the alkaloids. Liver protein

significantly increased with age in all of the rats. The increase was

greater in the tansy ragwort-fed rats and may be related to increased

connective tissue associated with liver damage. Liver RNA levels were

depressed in the rats receiving tansy ragwort. This has also been noted

in chickens given monocrotaline by Allen et al. (1970) who attribute

the decrease to the dilution factor afforded by the large population of

megalocytes and focal necrosis.

Bound liver pyrroles were measured for the first time periods,

and attempts were made to estimate them at 47 days also. However, there

was an interfering brown pigment which became more prominent with time

and made estimation increasingly difficult. The origin and nature of

this pigment is unknown.
Interference can be seen by the significantly

lowered values determined for both tansy ragwort-fed groups at the
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second period. It is suspected that Cheeke and Garman (1974) experienced

the same difficulty since they show decreased values with the longest

exposure to tansy ragwort. Their values are higher than those shown here

because they expressed per gram of tissue rather than 0.5 g as stated in

the text. It is possible, however, that the decreasing values are real

and that the alkaloids inhibit their own metabolism. In other studies,

it was found that rats fed increasing levels of tansy ragwort (0, 2.5, 5

and 10%) experienced prolonged phenobabitol induced hypnosis, indicating

inhibition of the hepatic microsomal drug metabolizing enzyme systems.

This data is shown in Table 15.

Table 15. Sleeping times
1
of rats fed tansy ragwort.

Basal
2.5% tansy
5% tansy
10% tansy

13 Days 25 Days,

61 I 242
83 t 25
85

+
- 19

88 t 16

62 t 14
+

58 - 19
75 t 13

160 t 69

lAnimals dosed I.P. with 35 mg/kg body weight Sodium Pentobarbital. Time
interval determined by loss of and recovery of righting reflex.

2
Mean - SD of 6 rats.

These observations could be interpreted in two ways which are compatable

with the known hepatotoxic actions of the alkaloids. The pyrroles may

be irreversably reacting with the enzymes which produced them thus

inhibiting the synthesis of new enzymes as required.

Rat Feeding Trial 4.

The favorable response usually seen in young rats fed tansy ragwort

supplemented with cysteine was not obtained in this e::periment using

mature animals. There seemed to be a sex difference, with the females

being more severely affected than males. This is not as one would



47

expect based on the activities of the microsomal drug metabolizing

enzyme systems, nor is it in agreement with earlier work of Cheeke and

Garman (1974), in which the survival time of immature female rats was

greater than for males.

All animals lost weight over the entire experimental period with the

females losing more than the males for the initial 43 days (Table 16).

The inclusion of cysteine in the diet protected the females from weight

loss, yet shortened their survival times. Both groups consumed the same

amount of toxic plant material. Supplemental cysteine had the opposite

effects on the male rats. It increased weight loss, but provided pro-

tection against death and allowed for greater tansy ragwort consumption

(22%). The difference in sex response and the effects of cysteine in

mature and immature rats suggests that the metabolism of the alkaloids

may change with age. Both sex and age differences in the susceptibility

to pyrrolizidine alkaloid intoxication have been reported (Bull et al.

1968; E. McLean, 1970).

Quail Feeding Trial.

Table 17 summarizes the results of the 16 day experimental period

with respect to weight gain, feed consumption, mortality and feathering.

The inclusion of 10% tansy ragwort in the diets did not appear to have

any detrimental effects upon the birds. Group 7 (32% protein tansy

ragwort) showed a slight depression in growth. It also suffered a loss

of one bird on day 12. The significance of the death and reduced growth

can not be determined from the available data. Further experimentation is

necessary to check the possible increased toxicity with elevated protein

levels. Supplemental cysteine had no noticable effects.



Table 16. Effect of 1% supplemental dietary cysteine on adult rats fed 10% tansy ragwort.

Treatment Initial
Body Weight

(g)

Body Weight
43 Days
(% change)

Survival
Time
(Days)

Tansy Ragwort
Consumed

(g)

Tansy 443 - 39
1

-11 86 1 11 223

Males
Tansy + Cys 457 I 38 -14 94 I 8 271

Tansy 290 t 22 -20 72 - 14 .103

Females
Tansy + Cys 278 t 13 -15 63

+
- 10 103

1
Mean - SD.
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Table 17. Effect of tansy ragwort on growing Japanese quail.

Group Weight Gaig Feed Consumed Mortality Feathering

% Increase (g/ bird)

1 617 (40)
9

82 (2.05)10 0 normal

2 362 (24) 54 (2.25) 16.7 poor

3 615 (40) 83 (2.08) 0 normal

4 597 (39) 80 (2.05) 0 normal

5 612 (40) 83 (2.08) 0 normal

6 571 (37) 80 (2.19) 0 normal

7 548 (36) 90 (2.50) 8.3 normal

1
Basa1 (27% protein)
2
Basal (22% protein)
3
Basal (32% protein)
527% protein + 10% tansy ragwort

6
27% protein + 10% tansy ragwort + 1% cysteine

7
22% protein + 10% tansy ragwort

8
32% protein + 10% tansy ragwort

9
Average chick weight at hatching m 6.5 g.
Number in parenthesis indicate average body weight.
Numbers in parenthesis indicate feed conversion.

The presence of tansy ragwort in the protein deficient diets (groups

2 and 6) appears to be beneficial to the birds. Group 6 showed both

improved feathering and weight gain and also reduced mortality. No

explanation for this observation is offered. The protein content of

tansy ragwort is not such that it could account for the improvement

(Table 18).

The basal 27% protein group and the 27% protein + 10% tansy ragwort

group were continued on the experimental diets to further evaluate the

apparent resistance of Japanese quail to the toxic actions of tansy

ragwort. There was essentially no difference in the performance of the

birds on the two rations over the 114 day experimental period. Neither
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Table 18. Proximate analysis of tansy ragwort (% as fed).

Crude protein 8.5
Ash 4.7
Ether extract 2.0
Acid detergent fiber 29.3
Acid detergent lignin 7.6
Cell wall constituents 44.9
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group experienced any mortality and feathering appeared normal. Two

birds were lost from each group after being transfered to the flock room.

The tansy ragwort group reached a slightly heavier body weight (Figure 7.)

this was probably due to the difference in the sex ratio between the two

groups (7/3 and 3/7, males/females for the tansy ragwort and basal group,

respectively), since adult females generally are heavier than males.

Campbell (1956) reported that all chickens given tansy ragwort

failed to attain sexual maturity, and that males appeared to be more

severely affected than females. We were unable to verify this observation

using quail. There did not appear to be any delay in egg production, the

first was layed at 44 days by the control birds and at 52 days by the

tansy ragwort birds. Egg production was reduced by 28% in the tansy

ragwort group, 1.3 eggs/week/hen as opposed to 1.8 eggs/week/hen for the

control group. At 70 days, eggs were set and the developing chicks

raised to 30 days of age without showing any detrimental effects as

have been seen in rats (Christie and Green, 1961). Percent hatchability

and fertility were also recorded. Eggs were again set at 106 days and

percent hatchability and fertility recorded; a group of eggs from the

flock was also set at this time. The combined results are shown in the

following table (Table 19).

Table 19. Reproductive performance of Japanese quail fed 10% tansy

ragwort.

Basal Tansy ragwort Flock

No. eggs set 24 51 30

Hatchability (%) 17 20 53

Fertility (%) 54 78 77



Figure 7. Growth response of Japanese quail to 10% tansy ragwort.
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The results presented here must be looked upon with caution since only a

limited number of birds are represented and the eggs were stored upto 15

days in the cooler before enough were collected for setting. They do,

however, suggest that tansy ragwort does not inhibit reproductive per-

formance in Japanese quail. It is interesting to note that the majority

of the fertile eggs not hatching in the tansy ragwort group contained

fully developed embryos.

The birds appeared grossly normal at 114 days when sacrificed. The

serum and tissue parameters did not show the changes generally associated

with chronic tansy ragwort poisoning; there were no significant differences

between the two groups (Table 20).

Table 20. Effect of 10% tansy ragwort on Japanese quail.

Basal Tansy ragwort

Final body weight (g)
Liver weight (% B.W.)
Heart weight (% B.W.)
Hematocrit
Liver pyrroles (OD units)

115.6 I 7.91
1.82 I 0.51

+
1.07 - 0.08
53.0 - 6.0
0.054 I 0.010

115.7 - 8.2
1.96 t 0.53

+
1.02 - 0.15
46.6 t 7.0
0.073 I 0.028

Serum albumin (g/100 ml) 1.5 - 0.2 1.5 - 0.1

Serum protein (g/100 ml) 4.3 - 0.5 4.0 I 0.4

Albumin/Globulin ratio 0.56 0.58

Feed consumed (g/bird) 1481 1595

Tansy ragwort consumed (g/bird) ---- 159

-Mean t SD.

Histopathological examination of the livers from these birds was

not made, however examination was performed by the Department of

Veterinary Medicine on a random sample of a second group of 12 Japanese

quail which were raised from hatching to 252 days of age on the regular

station quail rations diluted with 10% tansy ragwort. In contrast to

the first group, the livers appeared swollen and paler than normal in
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color. This was surprising since the liver is generally reported to be

shrunken in chronic cases of pvrrolizidine poisoning in other species

(Campbell, 1956; Allen et al. 1963). One of 2 males examined showed

testicular hypoplasia, in agreement with observations of Campbell (1956).

No other significant gross pathological changes were seen.

Microscopically, varying levels of pathological changes were observed.

In the mildest forms the changes were characterized by periportal vacuolar

degeneration of the hepatocytes and slight biliary hyperplasia. As the

lesions progressed, biliary hyperplasia and hepatomegalocytosis became

more pronounced. In contrast to mammalian species, only moderate fibrosis

was observed. Campbell(1956) and Emmel (1937) also noted a lack of

fibrosis in chickens and Campbell attributed it to the normal scanty

fibro-reticular framework of the avian liver rather than a species differ-

ence in the reactivity of the connective tissue to irritants. No signi-

ficant pathology was observed in the control birds.

The birds appeared completely normal externally in spite of consuming

over 420 g of tansy ragwort each. The average body weight of the control

group and the tansy ragwort group was 127 I 11 and 121 : 12, respectively.

The tansy ragwort group showed substantial reproductive inhibition; their

first egg was produced 32 days later than that of the controls and their

egg production was reduced by 67%. Fertility and hatchability were not

checked.

Chick Feeding Trial.

Table 21 provides a summary of the weight gain, feed consumption and

mortality data for the first 15 days on experiment. It also gives the

average survival time for each group. Figure 8 is a graph of the growth

response of the chicks. It is apparent from this data that day-old chicks
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can not withstand tansy ragwort consumption at the levels provided in

this experiment. Campbell (1956) fed dried and milled tansy ragwort to

six-week-old chicks at 7.5% of the diet and found it to be acutely toxic.

Group 2 gained at a rate equal to 64% of the controls (group 1). Group

3 only gained 37% as well as the controls and experienced one death, at

day 15. The results of group 4 were unexpected and puzzling. The

inclusion of cysteine in the tansy ragwort diet was hypothesized to

provide protection similar to that seen in the rat with other sulfur-amino

acids (Cheeke and Garman, 1974). Cysteine is thought to react with the

metabolically produced pyrroles before they can attach themselves to

essential nucleophylic tissue components to produce cellular distruction.

This apparently is not the case with chickens. The cysteine had an obvious

detrimental effect. These birds gained only 35% as well as the controls

and experienced 40% mortality during the initial 15 day period. Their

average survival time was correspondingly decreased. Two birds in group

2 survived nearly 3 times as long as the others in that group (53 days vs

18 days), indicating the possible development of resistance with age or

exposure. This may simply be an example of individual variation.

At necropsy, the livers appeared swollen, paler than normal in color

and had numerous areas of hemorrhage. The kidneys on a few birds were

observed to be paler than normal with orate retention.

Microscopically, a severe, diffuse degenerative change was observed

throughout the entire liver. Focal areas of coagulation necrosis were

apparent. None of the classical lesions of pyrrolizidine alkaloid poison-

ing were found and it was suspected that the acute nature of the disease

precluded the formation of the classical lesions. There were no apparent

differences in the lesions produced by the various diets.
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Table 21. Effect of tansy ragwort on growing chicks.

Group
Weight Gain

1
Feed Consumption Mortality Survival Time

(g) (g/bird) (%) (days)
(15 days)

1

2

3

4

260
a

167
b

(64.2)

96c (36.9)
90

c
(34.6)

2
427
309

199
190

0 .64)
3

(1.85)

(2.07)

(2.11)

(15.5)

(19.9)
(19.0)

4
0

0

10

40

25.2
18.9
14.7

I 14.75
I 2.6
1 7.2

1
Average chick weight at hatching = 40.0 g.
3Number in parenthesis indicates gain as percent of control.

4
Number in parenthesis indicates feed conversion.

5
Number in parenthesis indicates grams tansy ragwort consumed/bird.
Mean - SD. Means followed by different superscripts (vertically) are
significantly (P 0.05) different. Statistical comparisons were made
using the 1.s.d. test (Steele and Torrie, 1960).
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METABOLISM STUDIES

Two rat trials were performed in an effort to evaluate the influence

of supplemental dietary cysteine on the in vivo and in vitro metabolism

of tansy ragwort alkaloids.

Methods and Materials

Metabolism Study 1.

Mattocks (1972b) and Mattocks and White (1973) have shown a relation-

ship between the hepatotoxic effects of the alkaloids and the capacities

of the liver to form and retain pyrrolic metabolites from the alkaloids

in vivo. It has been suggested by Culvenor et al. (1962) that exogenous

thiol-containing compounds would compete with essential tissue constituents

for the highly reactive pyrroles, thus reducing their levels in the tissues

and the resulting toxic effects.

The objective of this experiment was to examine the influence of

supplemental dietary cysteine on the levels of liver sulfhydryls and

bound pyrrolic metabolites formed in vivo following the intraperitoneal

administration of tansy ragwort alkaloids. Twenty male rats, 31 days old

and weighing 87 I 9 g were randomly distributed into 4 equal groups;

each group was housed together in a wire bottomed cage. Two groups

received ad libitum one of two dietary treatments for 10 days, at which

time one group from each treatment was injected with the tansy ragwort

extracted alkaloids at a dose of 100 mg/kg body weight. The extraction

and characterization of the alkaloid were described in Rat Feeding Trial

1. The solution for injection was prepared by dissolving the alkaloid

in physiological saline containing an equivalent of HC1. The other group

received an equal volume of normal saline. The two dietary treatments
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were basal and basal 4- 1% cysteine. The basal diet was the same as that

used in Rat Feeding Trial 1.

The animals were killed 2 hours following injection by a blow on the

head and spinal separation. Livers were removed immediately, blotted and

placed on ice. Duplicate 0.5 g portions were homogenized in ethanolic 5%

mercury chloride and pyrroles were estimated using a modified Ehrlich's

reagent as discribed by Mattocks and White (1970).

The remaining liver tissue was frozen and stored over night. A 200

mg sample was homogenized in 8.0 ml of cold 0.02M EDTA with a teflon

tipped glass homogenizer. Total, protein-bound and non-protein sulfhydryl

groups were estimated by the method of Sedlak and Lindsay (1968) using

Ellman's reagent; protein content of the homogenates was determined using

the method of Lowry at al. (1951).

Metabolism Study 2.

Some dietary factors shown to be protective against pyrrolizidine

alkaloid induced liver necrosis exert their effects by reducing the

activity of the microsomal drug-metabolizing enzyme systems (Newberne

et al. 1971: Rogers and Newberne, 1971; Mattocks, 1972b). The influence

of supplemental dietary cysteine on the in vitro conversion of tansy rag-

wort alkaloids to pyrrolic derivatives by rat liver microsomal preparations

was examined in this experiment.

Twelve male rats, 33 days old and weighing 84 t 10 g were randomly

allotted to two dietary treatment groups. The two diets were the same as

those used in Metabolism Study 1. The animals received these diets for

10 days and then were killed by a blow on the head and spinal separation.

The livers were quickly removed and placed on ice. After being rinsed in

1.15% KC1 and blotted, the livers were weighed and microsomal fractions
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prepared from homogenates in 1.15% KC1 as described by Mattocks and White

(1971b). The incubation mixture for the microsomal assay was as described

by Mattocks and White (1971b), except that 3.5 mg tansy ragwort alkaloid

per assay was dissolved in 0.25M Sodium Phosphate buffer (pH 7.4) and

added as the substrate. The alkaloid was that isolated and characterized

in Rat Feeding Trial 1. Pyrrolic metabolites were estimated with a

modified Ehrlich's reagent as described by Mattocks and White (1970).

Microsomal protein was estimated by the method of Lowry et al. (1951)

using bovine serum albumin as the protein reference.
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Results and Discussion

Metabolism Study 1.

Although there was a tendency for higher values, supplemental

dietary cysteine did not have any significant effects upon the levels of

liver sulfhydryls in the control animals (Table 22). Following the

injection of alkaloid, liver sulfhydryls tended to increase in the group

receiving the basal diet and decreased in the group receiving the cysteine

supplemented diet. Shull (unpublished data) found the liver sulfhydryl

levels in rats dosed with tansy ragwort alkaloids at 70 mg/kg body weight

to be significantly (F !L. 0.05) decreased at 1 hour and significantly

increased at 20 hours post injection. It therefore seems likely that

there is an immediate drop in liver sulfhydryls, probably coinciding with

the high levels of bound pyrroles seen immediately after dosing (about

10 minutes post dosing; Mattocks, 1972a), and that the increased levels

measured here were the result of compensatory mechanisms. It is possible

that the basal sulfhydryl levels in the supplemented group were high

enough that the signal for compensation was delayed, explaining the still

reduced levels.

Supplemental cysteine did, however, significantly decrease the liver

levels of bound pyrrolic metaboliteS and theoretically the resulting

toxicity (Mattocks, 1972b). In view of these results, it is suggested

that either only a slight alteration in sulfhydryl levels (not detectable

by this analysis) can provide protection or that the cysteine is acting

in some way other than covalently bonding to the reactive pyrrole. The

possibility of cysteine altering the rate of metabolism was examined in

Metabolism Study 2.
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The difference seen between the saline injected groups with respect

to bound pyrroles is probably a reflection of the amount of blood remain-

ing in the tissue when reacted with the Ehrlich's reagent (Mattocks, 1970).

Metabolism Study 2.

A 10 day pretreatment with a diet containing 1% supplemental cysteine

had no influence on the in vitro conversion of tansy ragwort alkaloids to

pyrrolic metabolites by rat liver microsomes (Table 23). Therefore, the

protection afforded by dietary cysteine is not due to its influence upon

the metabolism of the alkaloids, but rather to reaction with the pyrrolic

metabolites once formed as suggested by Culvenor et al. (1962). This is

supported by experiments where cysteine injected 15 minutes prior to the

alkaloid proved protective (Hayashi and Lalich, 1968). If cysteine were

added to the incubation media itself, it should reduce the amount of

formed pyrrole available to react with the Ehrlich's reagent and also

tissue components thus further elucidating its mechanism of protection.



Table 22. Effect of supplemental dietary cysteine on liver sulfhydryls and bound pyrroles.

Treatment Body Liver Liver Liver Sulfhydryls Liver

Diet Injection Weight Weight Pyrroles (mMoles/100 g liver) Protein

(g) (% BW) (OD units) Total Non-protein Protein-bound (mg/g liver)

saline 1521121 5.371.49 .0141.004 2.301.al .3991.143 1.90-.07 169.,13.8

Basal

alkaloid 148115 5.221.44 .588-+ .143
bx

2.421.14 .5041.152 1.911.05 1751 3.4x

saline 153112 5.231.50 .0341.015" 2.451.10 .4581.078 1.991.07 181122.6

Basal + Cys

alkaloid 149115 5.471.45 .4051.042bY 2.381.18 .L1191.062 1.961.13 1651 6.6Y

1Mean - SD. Means followed by different superscripts (ab within dietary treatments and xy within injection

treatments) are significantly (P 0.05) different. Statistical comparisons were made using the Student

"t" test (Steele and Torrie, 1960).



Table 23. Effect of supplemental dietary cysteine on in vitro

microsomal conversion of tansy ragwort alkaloids to pyrroles.

61

Body Liver Microsomal Specific Enzymatic

Treatment Weight Weight Protein Activity

(g) (% BW) (mg/g liver) (ng/min/mg micro. prot.)

Basal 148

t 15.7'

5.35
- .53

13.32
1.25

252.0
1.25.3

Basal + Cys 150 5.23 13.19 257.5

21.8 - .28 ± 1.10 - 56.6

1
Mean - Sd. Statistical comparisons were made using the Student t test

(Steele and Torrie, 1960). No significant (P 0.05) differences were

seen.
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