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Three commercially available herbal tea preparations 

(Weightless, Female Toner, and PMS) and one single ingredient 

herbal preparation, Chaparral (Larrea tridentata), were 

sequentially extracted with solvents of decreasing polarity 

(water, methanol and chloroform) and the crude extracts 

obtained screened for toxic/mutagenic potentials using the 

brine shrimp (Artemia sp.), mouse acute toxicity, 

Salmojiella/microsomal mutagenicity, and chicken embryo 

bioassays. The crude aqueous extract from Weightless Tea was 

very toxic to brine shrimp larvae and had a cathartic action 

in mice at the highest concentration tested. While Weightless 

tea crude water extract was not mutagenic to Salmonella 

typhimurium TA100 at the concentrations tested, three 

chromatographic isolates obtained from a silica Gel 60 column 

were mutagenic to the test organism. Two of these isolates 

were detoxified after inclusion of a microsomal activation 

system. The teratogenic potentials of these isolates are 

unknown as the results obtained from the chicken embryo 

bioassay were not conclusive. 
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CHAPTER 1 

INTRODUCTION 

Plants have been used for medical purposes for centuries 

(Larkin, 1983) . The writings remaining to us from the ancient 

civilizations of Sumer, Assyria, Egypt, Greece, China, and 

Rome describe plants believed to posses medicinal qualities. 

The first comprehensive list, or materia medica, of all known 

medicinal herbs goes back to days of the Roman Empire (Larkin, 

1983). In the early years of the 20th century many of these 

herbals were tested for activity and eliminated as ineffective 

or replaced by synthetic compounds. However, in the last 2 0 

years there has been a resurgence of interest in "natural" 

products such as herbal teas and supplements with medicinal 

and non-medicinal purposes. With concerns about the possible 

ill effects of consuming caffeine-containing beverages, health 

oriented individuals are turning to herbal teas as 

alternatives to traditional low calorie, caffeine-containing 

beverages such as coffee, cocoa, and tea.- The popularity of 

herbal tea consumption has acquired such dimensions that 

during 1985, the sale of herbs and herbal teas in health food 

stores exceeded 190 million dollars in the Unites States 

(Tyler, 1981). Hundreds of different herbal teas are sold in 

health food stores as varied mixtures of roots, leaves, seeds, 

barks, or other plant parts of shrubs, vines or trees. 



15 

Although chemists have been characterizing toxic plant 

constituents for over 100 years (Ames, 1983), toxicological 

studies of herbal teas have been scarce, and therefore, the 

safety of many of these products is unknown. Increased use of 

herbal teas could represent a health hazard to the consumer 

who is exposed to large quantities of plant extracts 

containing compounds of unknown toxic potential. 

In nature, plants are known to synthesized, in addition 

to carbohydrates, amino acids, purines, pyrimidines and other 

primary metabolites, a large group of compounds known as 

secondary metabolites or products (Street and Cockburn, 1972) . 

Secondary plant metabolites, unlike primary metabolites, are 

not essential in the production and use of chemical energy by 

the plant. Rather, they have an important role in defining 

plant-plant, plant-hervibore and plant-parasite interactions 

(Kingsbury, 1983) . Plant toxins, a subset of this complex, 

heterogeneous array of secondary compounds, are present 

sometimes in large quantities in most plant species where they 

serve as defense mechanisms against microbiological and 

hervibore invasion (Kingsbury, 1983). Plants used as part of 

the human diet are not exceptioned from these metabolic 

products. 

Pyrrolizidine alkaloids (PAs) were among the first 

naturally occurring carcinogens found in products of plant 

origin. Their wide distribution, both geographical and 
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botanical, makes their probable presence in herbal tea 

preparations a matter of public health significance. 

In 1954, Bras et al. introduced the term veno-occlusive 

disease (V.O.D.) to designate a condition prevalent in 

Jamaica, particularly among children. The essential pathology 

of the disease, as described by Bras and Hill in 1956, is 

characterized by portal hypertension with severe ascites due 

to obliteration of centrilobular and sublobular hepatic veins 

caused by newly formed connective tissue. These changes, 

reported to occur naturally in animals which had ingested PA-

containing plants (Bras et al., 1957), supported the 

assumption that human disease could have the same etiology. 

After conclusive experimental and epidemiological evidence, 

Bras, Berry, and Gyorgy postulated in 1957 that PAs present in 

"bush tea" prepared from Crotalaria and Senecio plants and 

ingested by the Jamaican population constituted the 

etiological factor in hepatic veno-occlusive disease. Since 

then, veno-occlusive disease of the liver due to the 

consumption of herbal teas has been recognized in other parts 

of the world (McGee et al., 1976; Fox, 1978; Huxtable, 1980a, 

b; Ridker et al., 1985; Culvenor et al., 1986). 

More recently, cases of PA intoxication due to the 

consumption of herbal teas or supplements have appeared in the 

literature. In 1983, the development of hepatic veno-occlusive 

disease in four young women who had taken a herbal tea as 
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treatment for psoriasis was reported by Kumana and colleges. 

Analysis of the herbal mixture revealed the presence of PAs 

(0.47% dry weight) whose source, after germination of seeds 

present in the mixture, was identified to be Heliotropium 

lasiocarpum (Culvenor et al., 1986). 

Another case of PA intoxication was reported in 

Switzerland where a newborn infant died of hepatic veno-

occlusive disease (Roulet et al., 1988). The mother confirmed 

the daily consumption of an herbal tea during pregnancy which 

she had bought at a pharmacy as an expectorant. Chemical 

analysis of the incriminated tea showed a concentration of 

0.60 mg senecionine per kg dry weight. Of the ten different 

plants used in the herbal preparation, leaves from Tussilago 

farfara (coltstoot), a source of pyrrolizidine alkaloids such 

as senecionine, senkirkine, and tussilagine (Hirono et al., 

197 6), made up 9% (wt/wt) of the mixture. 

Reported cases of veno-occlusive disease of the liver due 

to the consumption of herbal tea preparations has increased in 

the United States. A 49-year-old woman who, for a period of 

six months, had consumed 1 qt/day of a herbal tea known as MU-

16, was diagnosed with veno-occlusive disease in 1985 (Ridker 

et al., 1985). Additionally, for 4 months before admission to 

the hospital, she had taken two capsules of "comfrey-pepsin 

pills" with each meal. Analysis of the tea and the comfrey-

pepsin pills for PA content revealed a consumption of a 
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minimum of 85 mg of PAs (15 ug/kg body wt/day). 

Fatal cases of PA poisoning in children have been 

documented in Arizona (Huxtable, 1980a, b). For two of these 

cases, children had been given large quantities of a herbal 

tea known as "gordolobo yerba". The plant identified with the 

preparation was Senecio longilobus, a known source of 

hepatotoxic PAs (Center for Disease Control, 1977; Huxtable, 

1980a,b). It is believed that many more cases of PA poisoning 

take place, but the condition passes unreported due to the 

deciduous nature of the disease. 

Since 1970, a series of epidemiologic surveys by Morton 

and other investigators revealed a strong correlation between 

a high incidence of esophageal cancer in various geographic 

areas of the world and the consumption of tannin-rich teas 

and/or medicines (Dunham, 1968; Morton, 1971; Schoenberg et 

al., 1971) . O'Gara et al. (1971) after surveillance of the use 

of herbal teas by 50 esophageal cancer patients in Curacao 

conducted assays for carcinogenic activity in decoctions made 

from 14 of the most commonly used plants. Of the plants 

assayed, reduced extracts of Krameria ixina (Krameriaceae) 

(O'Gara et al., 1971), Acacia villosa (Leguminosae), and 

Melochia tomentosa (Sterculiaceae) (O'Gara et al., 1974), were 

shown to produce fibrosarcomas at the site of injection in 

100% of the animals when injected into NIH (National Institute 

of Health) Black rats. These plants, belonging to three 
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different plant families, were found to be alike in their 

richness of condensed tannins and the related anthocyanins. 

The tumorigenic properties of the tannin fraction in these 

plants were shown when tannin-free extracts of these plants 

produced no tumors in NIH Black rats (O'Gara et al., 1971; 

1974). 

An area of high incidence of esophageal cancer with rates 

as high or higher than those seen in Curacao, has been 

localized in Coro, located close to Curacao on the north

western coast of Venezuela (Morton, 1986) . A link with the 

consumption of "bush tea" was later established when a 

Venezuelan survey reveled that 30% of the population of Coro 

and the arid state of Falcon habitually ingest infusions from 

Krameria ixina (Merino et al., 1979). 

In the United States, the Low Country of South Carolina 

is an area where the rate of esophageal cancer has attracted 

considerable scientific attention (Morton, 1986). During 

plantation times, the poor inhabitants of this region 

habitually drank infusions of plants rich in tannins in an 

attempt to fight profuse diarrhea and dysentery, which were 

the leading causes of death at the beginning of the 1900's. 

Presently, the consumption of tannin-rich plants continues. 

Plants such as wax myrtle (Myrica cerifera), blackberry (Rubus 

trivialis), unripe persimmon (Diospyrus americana) and 

longleaf pine (Pinus palustris) are consumed daily by the 
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black community of the low country in the form of tea, wine, 

or used in cookery (Morton, 1986). Further, tea drinking 

begins at an unusually early age; in low income families, a 

child of six months is off milk and on tea. Green peanuts, 

including the bitter, tannin-rich testa, are consumed after 

boiling them unshelled in heavily salted water. Also the deep-

red-brown decoction of the bark of the cherrybark oak (Quercus 

falcata var. pagodaefolia) is consumed as a beverage and used 

to color moonshine. Extracts from this plant have been shown 

to produce fibrosarcomas at the site of injection in 100% of 

experimental rats (Kapadia et al., 1976). The tannin fraction 

extracted from this plant produced fibrosarcomas in 9 3% of 

experimental rats (Kapadia et al., 1976). 

Aside from the carcinogenic potential of drinking tannin-

rich herbal infusions, tannin has been shown to have 

antinutritive properties. The presence of tannins in high-

tanning sorghums, as determined by animal feeding trials, has 

been shown to diminish their nutritional value (Rostagno et 

al., 1973; Cousins et al., 1981). This phenomenon is explained 

by their propensity to bind, by means of both hydrogen bonding 

and hydrophobic interactions, with proteins thus limiting 

their digestibility (Butler et al., 1984). Tannins have also 

been reported to influence absorption of vitamin BI2 in rats 

(Disler et al., 1975). 
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Hot water infusions prepared from the root bark of the 

sassafras tea (Sassafras albidum) have long been employed for 

tonics as well as for a variety of unsubstantiated therapeutic 

purposes. In South Carolina, where sassafras trees are common 

in open woods, many inhabitants consume the fresh roots as 

well (Morton, 1986). Safrole (4-allyl-l,2-

methylenedioxybenzene), the major chemical constituent of the 

aromatic oil present in sassafras root bark, was shown to be 

a hepatocarcinogen in the rat (Hagan et al., 1965; Long et 

al., 1963) and dihydrosafrole, one of its metabolic products, 

was shown to produce esophageal cancer in rats (Taylor, Jenner 

and Jones, 1964) . Even though the Food and Drug Administration 

(FDA) banned in 1960 the use of safrole or any of its 

derivatives in foods, sassafras continues to be freely 

available in health food stores and similar outlets in the 

United States. Consumers ingesting one cup of sassafras tea 

brewed from one tea bag containing 2.5 grams of the bark could 

be ingesting as much as 200 mg of safrole or the equivalent to 

3.0 mg/kg of body weight (Segelman et al., 1976) . Exposure to 

this amount of safrole could represent a considerable health 

hazard, considering that a small total dose of 0.66 mg of 

safrole (approximately 66 mg/kg) administered subcutaneously 

over a period of 21 days to infant male mice produced 

hepatomas (Epstein et al., 1970). Exposed animals surviving 

for one year had lymphomas, pulmonary adenomas and 
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adenocarcinomas. In addition, safrole is also a potent 

inhibitor of certain liver microsomal hydroxylating systems 

(Jaffe et al., 1968), a property that could lead to toxicity 

problems if drugs metabolized by these enzymes are 

administered together with sassafras tea. 

Many commercial preparations contain substantial amounts 

of psychoactive substances, and their use has resulted in a 

number of intoxications requiring clinical attention, out of 

3 96 distinct herbs and spices commercially available and used 

either singly or in blended mixtures as herbal teas, Siegel 

(197 6) identified 43 which contained psychoactive agents. 

Herbs such as yohimbe, catnip, damiana, wormwood, Mormon tea 

(Ephedra sp.), mandrake, Jamestown weed, nutmeg, and lobelia 

among others, contain biologically active principles with 

hallucinogenic, stimulatory or narcotic properties (Siegel, 

1976). Jamestown weed (Datura stramonium) when taken in the 

form of infusion or tea, produces skin flushing, tachycardia, 

dryness of mouth and skin, excitement, delirium, irritability, 

fever, convulsions, depression and bilateral mydriasis 

(Weintraub, 1960) . The ingestion of about 4 to 5 g of the 

leaves or seeds could be fatal. 

Reports on nutmeg poisoning are numerous and go far back 

in history. In 1881, Hammond published an account referring to 

a woman who took one and one-half powdered nutmegs in half a 

glass of hot water. Two hours later she developed violent 
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stomach pains followed by headache and unconsciousness for a 

period of six hours. After vomiting and a period of twelve 

hours recovery was complete. More recently, a severe case of 

nutmeg poisoning was reported in a 28-year-old woman from the 

ingestion of 18.3 grams of nutmeg (Green, R. C., 1959). 

Excitation of the central nervous system followed by 

depression and coma was the prominent clinical feature of the 

intoxication. 

Another important effect of herbal teas is their 

allergenic potential. Most of these teas are crude, complex 

mixtures which are neither uniformly prepared nor assayed for 

purity. Many contain a variety of allergens (as yet 

unidentified) which possess many potentially adverse effects. 

Cases of anaphylactic shock or allergic rhinitis in atopic 

persons known to be sensitive to ragweed pollen have been 

reported after consumption of chamomile tea (Matricaria 

chamomilla) (Benner et al., 1973). 

Misidentif ication of wild herbal plants has also resulted 

in numerous fatalities, as in the case of an elderly couple in 

Washington who drank a home prepared tea in which foxglove had 

been used instead of comfrey (a known source of hepatotoxic 

pyrrolizidine alkaloids) (Center for Disease Control, 1977) . 

One hour after ingestion of the tea, the wife experienced 

nausea, vomiting, dizziness, and sweating, death occurring 

before admission to the hospital. The husband was admitted to 
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the hospital, where after treatment, he remained stable for 17 

hours, when he suddenly developed an episode of ventricular 

tachycardia which resulted in death due to refractory 

ventricular fibrillation. 

There are numerous cases of intoxications due to the 

consumption of herbal teas. In cases of acute poisoning, 

linking of the condition with dietary habits is likely to 

occur. However, when herbal preparations sources of 

carcinogenic or teratogenic compounds are ingested, symptoms 

or chronic disease developing after a long latent period will 

unlikely be attributed to consumption of herbal products, 

particularly if the condition developed as a result of a 

single exposure to the toxicant. Such insidious actions have 

only recently come to be recognized and can only be detected 

by screening plant materials for toxic, mutagenic, and 

teratogenic potentials using a battery of tests including 

animal feeding studies. 

The screening of plants (herbal teas) for toxic 

potentials is a very expensive and time consuming process. 

Different selection procedures have been utilized to limit the 

choice of plants before embarking on phytopharmacological 

projects (Farnsworth, 1966). These may be summarized as 

follows: 

1. Selection according to folkloric reports. 

2. Selection according to preliminary pharmacological 
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screening, either general or specific. 

3. Investigation of plants reported to cause poisoning 

in man or animals. 

4. Screening of materials resulting from phytochemical 

surveys. 

In the present study, commercially available herbal tea 

preparations were generally screened for toxic, mutagenic and 

teratogenic potentials using short term bioassays which 

included the brine shrimp (Artemia sp.), mouse acute toxicity, 

Salmonella/microsomal mutagenicity, and chicken embryo 

bioassays. Herbal mixtures were also screened for toxic 

pyrrolizidine alkaloids. The data obtained indicated the 

presence of hepatotoxic pyrrolizidine alkaloids and direct 

mutagens as determined by the Salmonella/microsomal 

mutagenicity assay in one of the tea mixtures tested 

(Weightless Tea). Future work will be concentrated on the 

identification of both pyrrolizidine alkaloids and those 

compounds responsible for the observed mutagenicity in 

Weightless Tea. 
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CHAPTER 2 

LITERATURE REVIEW 

A. Pyrrolizidine Alkaloids 

Pyrrolizidine alkaloids are an important class of natural 

plant carcinogens widely distributed both, botanically and 

geographically. Interest in this group of compounds originated 

from economic losses due to the grazing of animals in pastures 

infiltrated with pyrrolizidine-containing plants. In eastern 

North America, serious stock losses due to the consumption of 

pasture contaminated with Senecio jacobaea has been reported 

from I860 onward. In 1972, an estimated 20 million dollars 

worth of horses and cattle were lost in the state of Oregon 

alone (Huxtable, 1980b). Economic losses to the livestock 

industry have been reported in Australia and other countries 

in the world as well (Culvenor, 1985). Livestock animals 

reported to be sensitive to pyrrolizidine alkaloid poisoning 

include cattle, horses, sheep, chickens, turkeys and pigs. 

Symptoms of intoxication differ from specie to specie and are 

dependent on factors such as sex, age, time of exposure, type 

of alkaloid involved, plant consumed, etc. Acute liver damage 

is seen in poultry; chronic liver damage is seem in sheep, 

horses, pigs, and dogs; lung damage is seem in sheep, poultry, 

and pigs. In addition, horses suffer from neurological 

disturbances, sheep exhibit a hemolytic syndrome, and cattle 
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suffer a fatal gastrointestinal disorder (McLean, 197 0). 

Pyrrolizidine alkaloid toxicosis in humans beings is 

manifested as hepatic veno-occlusive disease (V.O.D.), a 

condition characterized by the obstruction of the central and 

sublobular veins of the liver (Bras and Hill, 1956). The acute 

disease is associated with high mortality and a subacute or 

chronic onset may lead to cirrhosis. 

1. Sources of Human Exposure 

The two main sources of pyrrolizidine alkaloid poisoning 

reported in human beings are the consumption of cereal grains 

contaminated with weeds containing the alkaloids and 

consumption of pyrrolizidine alkaloid-containing plants as 

medicinal or dietary items. A third source of exposure is 

represented by the presence of low levels of the alkaloids in 

honey and milk. 

Liver disease caused by the contamination of cereal 

grains have been reported in rural areas of Afghanistan 

(Mohabbat et al., 1976), India (Tandon et al., 1976), South 

Africa (Selzer and Parker, 1951) and the USSR (Mirochnik, 

1938) . Outbreaks resulting from this source of exposure are 

characterized by high mortality rates and are associated with 

periods of abnormally dry weather. In the largest reported 

outbreak in North-Western Afghanistan, an estimated 8,000 

people from a population of 35,000 were affected. 
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Approximately 1,600 - 2,000 deaths (25% mortality rate) were 

reported (Mohabbat et al., 1976). The source of the alkaloids 

was traced to Heliotropium plants which were found to be 

growing extensively in the wheat fields and whose seeds 

contaminated the crop during harvesting. Examination of wheat 

samples from several villages showed contamination with 3 00 mg 

Heliotropium seeds per kg of wheat. 

In a reported outbreak from Central India, Crotalaria 

species growing in cereal fields were responsible for 67 cases 

of hepatic veno-occlusive disease. The mortality rate was 42% 

(Tandon et al., 1976). Other cases of human intoxication 

caused by consumption of contaminated cereal grains are 

summarized in Table 1. 

Human poisoning through the medicinal or dietary use of 

pyrrolizidine alkaloid-containing plants has been reported 

from all parts of the world. Consumption of Crotalaria sp. in 

the form of "bush teas11 was identified in 1957 as the 

etiological factor in the high incidence of hepatic veno-

occlusive disease in Jamaican children (Bras et al., 1957). 

Schoental was the first to suggest a link between the high 

incidence of primary liver carcinoma and the use of Senecio 

plants in the Bantu population of South Africa (Schoental, 

1968). Laboratory experiments using South African Senecios, 

retrorcine, and its n-oxide, isatidine, proved effective in 

inducing liver tumors including malignant hepatocarcinomas 



Country/ 
Number 
Cases 

Name of 
Plant 

Nature of 
Lesion 

Outcome Reference 
(cirrohosis/ 
died) 

Afghanistan 

8000 

Hellotropium 
popovii 
gillianum 

All stages; 
mostly acute 
to subacute 

1600 to 
2000 died 

Tandon and 
Tandon, 1975 

India 

108 
Crotalaria 
nana 

Various stages 
of disease 

Up to 63% 
died 

Tandon et 
al., 1976 

Iraq 

9 

Possibly 
Senecio 

Acute 1 died Al-Hasany 
and Mohamed, 
1970. 

South Africa 

11 

Senecio 
ilicifolius; 
S. buroheUi 

Centrilobular 
hemorrhages; 
central vein 
'dilated* 

"Majority 
died' 

Wilmot and 
Robertson, 1920 

USSR 

1000-
1500 

Hellotropium 
lasiocarpum 

Acute 
lesions 

13-15% 
died; 
cirrhosis 
In many 

Mlrochnik, 1938 

Modified from: WHO Ta»k Group on Pyrrolizidine Al kalol da ,1 988. 

Table 1:  Reported Cases of  Human Toxic i ty  Caused by Consumpt ion of  
Pyrro l iz id ine Alkalo id-Contaminated Cereal  Grains.  
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when administered to female rats. Lung lesions were reported 

as well (Schoental, 1968). 

Deliberate consumption of pyrrolizidine alkaloid-

containing herbal teas is a public health problem common to 

many areas of Africa, South and Central America, and in 

particular, to Jamaica where hepatic veno-occlusive disease is 

endemic. Aside from Senecio and Crotalaria species known to be 

consumed by the Jamaican population in the form of "bush 

teas", other sources of hepatotoxic pyrrolizidine alkaloids -

consumed by many worldwide in the form of herbal teas or 

tonics include comfrey (Symphytum officinale) , Russian comfrey 

(Symphytum x uplandicum), coltsfoot (Tussilago farfara), 

Farfugium japonicum, Petasites japonicus, borage (Borago 

officinalis), and Eupatorium stoechadosmum. 

Russian comfrey (Symphytum x uplandicum), a hybrid of S. 

officinale and S. asperum, is commonly used as a medicinal 

herb, salad plant and green drink by many people worldwide 

(Culvenor et al., 1980a). Chemical analysis of the herb by 

Culvenor and co-workers revealed the presence of 8 

pyrrolizidine alkaloids: echimidine, symphytine, lycopsamine, 

intermedine, 7-acetylcopsamine, 7-acetylintermedine, 

symlandine, and uplandicine (Culvenor et al., 1980b). Comfrey 

(Symphytum officinale), widely used as a .tonic or as a green 

vegetable worldwide, was shown to contain the pyrrolizidine 

alkaloids7-acetylcopsamine, lycopsamine, 7-acetylintermedine, 
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echimidine, and symphytine (Brauchli, 1982) . The carcinogenic 

activity of comfrey {Symphytum officinale) leaves and roots 

was demonstrated by Hirono et al. (1978) after feeding studies 

using inbred ACI (American Cancer Institute) rats. 

Hepatocellular adenomas were induced in all experimental 

groups. Cases of human intoxication after consumption of 

comfrey preparations have been reported in the USA (Ridker et 

al., 1985) and other countries in the world. 

Tussilago farfara (coltsfoot) is an herb of the family 

Compositae whose flowers are used for medicinal purposes in 

Japan and in China (Hirono, 1976) . It has been reported to 

contain the pyrrolizidine alkaloid senkirkine in low 

concentrations (0.015%) (Culvenor et al., 1976). Senkirkine, 

known for its hepatotoxicity, has been isolated also from 

Farfugium japonicum, a common folk medicine used for 

suppuration and eczema treatment in Japan (Furuya et al., 

1971) as well as from Crotalaria species used in the 

preparation of "bush teas" in Jamaica. 

Petasites japonicum, a kind of coltsfoot, has been shown 

by Hirono et al. (1977) to induce liver tumors in rats fed a 

diet containing dry powder of the flower stalk. Petasitenine, 

the pyrrolizidine alkaloid contained in the flower stalks of 

P. japonicum, has been shown to induce liver tumors 

(hemangioendothellial sarcomas and cell adenomas) in 80% of 

the animals when administered as a 0.01% solution to ACI rats 
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(Hirono et al., 1977). A summary of reported cases of human 

intoxication associated with the ingestion of PA-containing 

plants is presented in Table 2. 

In the USA, Deinzer et al. (1977) demonstrated the 

presence in honey of trace amounts (0.3-3.9 ppm) of all the 

alkaloids present in local Senecio jacobea plants. Mattocks 

(1986) estimated that an average annual human intake of honey 

(600 g) at the highest alkaloid level quoted would contain 

less than 3 mg of PAs. Culvenor and colleges demonstrated the 

presence of pyrrolizidine alkaloids in honey from Echium 

plantagineum, a major source of honey in southeastern 

Australia (Culvenor et al., 1981). The concentration of 

pyrrolizidine alkaloids ranged from an estimated 0.54 to 1.9 

ppm, values lower than those reported for Senecio jacobea in 

the United States. Assuming an average consumption of up to 80 

g of honey/day the average human intake of PAs was estimated 

to be 80 ug/day, if only the Echium honey were used (Culvenor, 

1983). No reports of acute toxicity in humans through this 

source of exposure have been reported. 

The excretion into milk of senecionine and senecipylline 

after ip injection of the alkaloids in Balb/c mice was 

reported by Eastman et al., in 1982. Of the small amount of 



Country/ Suspected Name of Nature Outcome Reference 
Number Vehicle of Plant of 
Cases Intoxication Lesion 

Ecuador 

1 

Hono Kong 

4 

Herbal infusion 

Herbal infusion 

Crotalaria Acute 
Juncea 

Hetlotropium VOD 
laslocarpium 

Recovered 

1 died 

Lyford et 
al., 1976 

Kumana et 
al., 1983 

India 

2 
Herbal decoction Not 
and pills identified 

Acute Recovered Gupta et 
al., 1963 

Herbal medicine 
in 4 cases 

Heliotropium 
eichwaldii 
by 3 patients 

Acute 
lesions; 
cirrhosis 
in one; 
organizing 
thrombi in 
hepatic 
veins 
4 cases 

3 died 
(2 with 
fulminant 
disease) 

Datta et 
al, 1978 

United Kindom 
Herbal infusion Symphytum 

officinale 
"Thrombotic" 
variant of 
VOD 

Weston et 
al., 1987 

Table 2:  Reported Cases of  Human Poisoning Associated wi th 
the Ingest ion of  PA-Contain ig Plants 



Table 2:  Cont inued 

Country/ 
Number 
Cases 

Suspected 
Vehicle of 
Intoxication 

Name of 
Plant 

Nature 
of 
Lesion 

Outcome Reference 

USA 

1 
Herbal infusion Senecio 

longllobus 
Acute 
lesions 

Died Fox et 
al., 1977 

Herbal infusion Senecio 
longilobus 

Acute 
lesions 

Cirrhosis Stlllman et 
al., 1977 

Herbal Infusion Symphytum Acute 
sp. lesions 

Recovered 
after 
short 
surgery 

Huxtable 
et al., 1986 

West Indies 

11 
Possibly 
Herbal infusions 

Acute to 
cirrhosis 

Data 
unclear; 
cirrhosis 
in some 

Jelliffe et 
al., 1954 

84 Probably 
"bush teas" 

Not identified; 
(Senecio and 
Crotaiaria) 

11% had 
cirrhosis; 
27% died 

Stuart and 
Bras, 1957 

Modified From: Who Task Group on Pyrrolizidine Alkaloids, 1988 
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radioactivity found in the milk (0.04%), the majority was 

found in the skim milk fraction, indicating that the alkaloids 

were metabolized to water-soluble metabolites before excretion 

in the milk. 

Dickinson studied the release of PAs into milk of cattle 

and goats and the effect produced by the feeding of such milk 

to young calves and kids, respectively (Dickinson et al., 

1976; Dickinson, 1980). While administration of dried tansy 

(Senecio jacobea) at a dosage of 10 g/Kg/day for two weeks 

produced adverse effects in the cows (loss of weight, 

reduction in milk output, diarrhea, development of 

megalocytosis and portal fibroplasia) , no adverse effects were 

detected in the young calves during the feeding study. From 

the five PAs detected in tansy ragwort only one, jacoline was 

detected in the milk. Due to the low concentration of jacoline 

in the plant, it is possible that the PA isolated from the 

milk was the product of the chemical conversion of other 

alkaloids. Similar results were obtained when feeding tansy 

ragwort to dairy goats at a concentration of 1% of body weight 

per day. The young kids demonstrated no lesions characteristic 

of pyrrolizidine alkaloid toxicity. However, the does showed 

a decline in the state of health characterized by abortion 

after rebred, and severe liver damage ending in death. 

Schoental (1959) reported the release of pyrrolizidine 

alkaloids into rat milk which proved hepatotoxic to suckling 
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rats. All animals whose mothers had received a total dose of 

138 mg PA or more died within 3 0 days. Autopsy showed fatty 

vacuolation of liver cells, hemorrhagic necrosis and increase 

in the centrilobular reticulin of the liver, and some 

thickening of centrilobular veins. The lactating rats dosed 

with the PAs generally survived longer than the suckling 

animals and usually did not show any ill effects. 

Experimental evidence suggests that PAs excreted in milk 

maintain their hepatotoxic potential, however, no reports of 

human cases of acute PA toxicity, ascribed to the consumption 

of contaminated milk, are available. 

2. Occurrence and Distribution 

Plants containing pyrrolizidine alkaloids are ubiquitous 

in nature and very numerous, the main sources being plants in 

the family Boraginaceae (all genera), Compositae (tribes 

Senecioneae and Eupatorieae) and Leguminoseae (genus 

Crotalaria) (Smith and Culvenor, 1981}. Other families 

containing plants sources of pyrrolizidine alkaloids are 

listed in Table 3. An extensive compendium of plants sources 

of PAs has been published by Smith and Culvenor in 1981. 

The distribution and accumulation of pyrrolizidine 

alkaloids in the plant have been studied in a number of 

Senecio, Amsinckia, and Crotalaria species (Hartman and 

Zimmer, 1985; Johnson et al., 1985). Although a considerable 



Family Genera 

Apocynaceae 

Boraginaceae 

Compositae 

Leguminosae 

Ranunculaceae 

Scrophulariaceae 

Fernaidia, Parsonsia 

Afkanna, Amsinckia, Anchusa, Asperugo, Borago, Caccinia, 
Cynoglossum, Echium, Hackelia, Heliotropium, Lappufa, 
Lindeiofia, Lithosperum, Macrotomia, Messerschmidtia, 
Myosotis, Paracaryum, Paracynoglossum, Rindera, Soienanthus, 
Symphytum, Tournefortia, Tracheianthus, Trichodesma, 
Ulugbekia 

Adenostyles, Brachyglottis, Cacalia, Conoclinium, 
Crassocephafum, Doronicum, Echinacea, Emiiia, Erechtites, 
Eupatorium, Farfugium, Gynura, Lingularia, Petasites, 
Senecio, Syneilesis, Tussilago 

Crotalaria 

Caitha 

Castilleja 

From: WHO Task Group on PyrroMzidine Alkaloids, 1988, 

Table 3: Plant Famil ies and Genera in which Toxic Pyrrol izidine Alkaloids 
Have Been Found 

u 
-4 
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inter- and intra-species variation in alkaloid content was 

observed, in most species the total alkaloid concentration in 

the leaves reached a maximum at the preflower or early bud 

stage, with a drop to its minimum level right after 

flowering, at which time most of the alkaloid content of the 

plant was concentrated in the reproductive organs (Johnson et 

al., 1985). 

By contrast, Hartmann and Zimmer (1985) reported a 

constant alkaloid content for the vegetative organs (roots, 

stems, and leaves) of two annual Senecio species studied. They 

also found the reproductive organs (flower heads) to be the 

major sites of alkaloid accumulation, with concentrations 

exceeding those of the vegetative organs 5 to 10-fold. 

Assuming the leaves as the main site of alkaloid 

formation, an intensive translocation of alkaloids into the 

reproductive organs would explain the pattern of alkaloid 

content in the leaves as explained by Johnson and colleges 

(Johnson et al., 1985). This assumption is supported by the 

diurnal rhythm of alkaloids n-oxides accumulation in leaves 

and flower heads described by Hartmann and Zimmer (1985). 

The biological role of pyrrolizidine alkaloids in the 

plant is not well understood. Some propose that pyrrolizidine 

alkaloids occurring in plants as both free alkaloids and 

alkaloidal n-oxides may provide a redox system in the plant 

(Huxtable, 1980b). Others have proposed the role of a defense 
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mechanism against herbivory (Hartman and Zimmer, 1985). This 

role is well supported by the fact that reproductive organs 

are the main sites of alkaloid accumulation, with the flower 

heads in mature plants accounting for 70-80% of total plant 

alkaloid content (Johnson et al., 1985; Hartman and Zimmer, 

1985). Similarly, pyrrolizidine alkaloids are used as a 

defense mechanism against predators by adult ithomiine 

butterflies which sequester pyrrolizidine alkaloids from 

larval food plants and concentrate them in the tegument (where 

the predators will immediately sense them), reproductive 

tissues and eggs (Brown, 1984). In addition, creatonoto male 

moths have been reported to depend on the availability of 

dietary PAs to biosynthesize pheromones used during mating and 

as territory markers (Schneider et al., 1982). 

3. Toxicity and Mechanism of Action 

Chemically, pyrrolizidine alkaloids are complex, 

aliphatic, hydroxylated fatty acid esters existing as mono-

esters, diesters, or cyclic diesters of pyrrolizidine alkaloid 

(Williams and Weisburger, 1986). The pyrrolizidine nucleus is 

composed of two five-membered rings sharing a common nitrogen 

at position 4. Esterifications at positions 1 and 7 are 

commonly observed (Figure 1) . The nitrogen atom of the nucleus 

readily undergoes oxidation and n-oxides of the alkaloids are 

commonly 
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found together with the parent alkaloid in plants 

(McLean, 1970) . 

Only about one-half of the approximately 250 known 

pyrrolizidine alkaloids are hepatotoxic (Peterson and 

Culvenor, 1983). Pyrrolizidine alkaloids which are derived 

from saturated amino alcohols or are not esters are not 

hepatotoxic (Bruggeman, 1985). Thus, it is well established 

that the structural requirements for toxicity are the presence 

of an unsaturation in the 1,2-position of the pyrrolizidine 

nucleus, esterification at the 1 or 7 position, and branching 

of the ester side chain (McLean, 1970). The unsaturated 

nucleus is essential in permitting metabolic activation to a 

pyrrolic derivative while the ester groups are necessary for 

high reactivity in the primary pyrrolic metabolite. The 

substituted acids are essential in protecting the parent 

alkaloid or the pyrrole metabolite against hydrolysis by 

esterases or water. Therefore, the acid moieties as postulated 

by Mattocks (1970) modify the toxic response by influencing 

the amount of parent alkaloid being metabolized to pyrrole 

derivatives and by modifying the stability of the reactive 

metabolites in the liver cells. 

Formation of highly reactive pyrrolic metabolites in the 

liver and their role in the development of the pathological 

effects associated with pyrrolizidine alkaloid toxicosis was 

first recognized by Mattocks (1968) . "Metabolic pyrroles" were 
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detected in the urine and several organs of rats dosed with 

different types of PAs. These metabolites were detected 

primarily in the liver, and to a lesser extent in the lungs, 

heart, spleen and kidneys. Formation of pyrroles in vitro from 

added pyrrolizidine alkaloids was shown after incubation with 

liver slices from normal rats. However, pyrroles were not 

formed by portions of lung tissue under similar conditions. 

These "pyrrolic metabolites" gave positive reactions as 

alkylating agents using 4(p-nitrobenzyl)-pyridine (Mattocks, 

1969). In addition, the hepatotoxicity of the alkaloids was 

related to the amount of pyrroles to which they gave rise in 

vivo. This experimental evidence supported the idea that 

pyrrolizidine alkaloids are metabolized to highly reactive 

metabolites in the liver where, due to their alkylating 

properties, bind to nucleophilic centers in the hepatocytes 

and give rise to the described effects. Under certain 

conditions, pyrrolic metabolites are excreted in the urine or 

feces as "soluble pyrroles" or are transported in the 

bloodstream to other organs where they react with nucleophilic 

centers. 

Transport to other organs is dependent on the stability 

of the metabolite. The extensive lung damage caused by 

anacrotaline has been related to the high stability of its 

pyrrolic metabolite, which being sufficiently stable to escape 

decomposition or reaction with liver tissue, survives to reach 
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the lungs in relatively large amounts (Mattocks and Driver, 

1987) . 

The mechanism of action of pyrrolizidine alkaloids, as 

proposed by Mattocks (1968), is represented in Figure 2. The 

first step in the biotransformation process includes 

metabolism of the parent alkaloid (I) in the liver by the 

action of the mixed-function oxidases of the microsomal 

fraction to the corresponding pyrrole metabolite (II). In 

contrast to structure (I) , the ester groups in (II) are highly 

reactive and can react with nucleophiles such as X' and Y". The 

alkylating capacity of structure (II) depends on the 

rearrangement of the nitrogen electrons over the ring 

structure (III) leading to the ionization of the ester group 

to form a putative carbonium ion which reacts with the 

nucleophile X'(IV). Further reorganization of the nitrogen 

electrons (V) causes the second ester group to ionize to 

create a carbonium ion (VI) which is stabilized by resonance 

to structure (VII), a difunctional alkylating agent, which 

reacts avidly with the nucleophile Y". 

White and Mattocks (1972) were the first to produce 

experimental evidence showing the difunctional alkylating 

capacity of these pyrroles in vitro. The increased capacity of 

monocrotaline pretreated Escherichia coli DNA to renature 

after heat treatment and the proportionality between the 
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Figure 2: Mechanism of Action of Pyrrolizidine Alkaloids. 
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degree of DNA renaturation and the concentration of pyrrole 

used suggested covalent cross-linking of DNA strands with the 

pyrrole. The same phenomenon was observed with retrorsine 

pyrrole, another macrocyclic diester PA, but the monoester, N-

methyl-2-hydroxymethylpyrrole-N'-ethyl carbamate was 

ineffective in bringing about renaturation. These results were 

consistent with the proposed difunctional alkylating capacity 

of the pyrroles. 

Black and Jago (197 0) showed interaction of the pyrrolic 

metabolite dehydroheliotridine with both native and heat-

denaturated DNA in vitro. The complex formed with heat-

denaturated DNA was more resistant than heat denaturated DNA 

alone to the combined action of deoxyribonuclease and 

phosphodiesterase. Analysis of the resistant fractions 

suggested the presence of at least one base not obtained from 

DNA alone. 

The PA monocrotaline has been shown in vivo to act as a 

difunctional alkylating agent (Petry et al., 1984). Alkaloid 

administration as low as 15 mg/kg induced significant DNA-DNA 

cross-linking as well as DNA-protein crosslinking in rat 

hepatic nuclear DNA when administered i.p. 4 hours prior to 

sacrifice of the animals. Covalent interaction of metabolic 

pyrroles with deoxyguanosine (Robertson, 1982) , and biological 

sulfhydryl groups such as cysteine and glutathione (Robertson 

et al., 1977) has been reported and offer additional 
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mechanisms by which these metabolites interact with cellular 

components in vivo. 

4. Metabolism 

Unsaturated pyrrolizidine alkaloids are metabolized to 

both pyrroles and n-oxide metabolites by the action of the 

mixed-function oxidases present in the liver (Figure 3) . 

Evidence shows that each type of metabolite is formed through 

parallel non-competitive pathways (Mattocks and Bird, 1983). 

While n-oxides are water soluble, show decreased toxicity and 

may be visualized as detoxication products, pyrrolic 

metabolites can bind to tissue in vivo and are associated with 

hepatotoxic effects. Consequently, the extent to which a 

pyrrolizidine alkaloid is metabolized to its pyrrole 

derivative strongly influences the toxicity of the specific 

alkaloid. 

Mattocks and Bird studied the rates of formation of n-

oxides and pyrrolic metabolites in vitro (Mattocks and Bird, 

1983). They reported that, while formation of both metabolites 

was enhanced by lipophilicity, the relative rates of 

production of each species was determined by the structure of 

the esterified acid. The ratio of pyrrolic metabolites to n-

oxides was highest for macrocyclic diesters and monoesters and 

lowest for open diester alkaloids. These differences between 

rates of formation of each specie were accounted for 



47 

no 
f? 

CHj-O—c-« 

PARENT ALKALOID 

— UVtn TISSUE — 
COVAICN! BINDING TO 

NUCLEIC ACIDS ANO 
PROTEINS 

wro M OTXtn OXIDATKX 

CH,-O-C-« 

PYRROLE DiniVATivc 
HIGHLY REACTIVE 

CONJUGATION 
ANO 

EKCRETWN XJ 
ALKYLATION TO MACROUOLECWLES 

I 
TOWCITY. 

CARCINOGENICITY 

"O CH,-©J:-R 

N.QXIOE 

EICRETION 

OETOKIFtCATION 

From: Swick, R. A., 1984 

Figure 3: Suggested Metabolic Pathway for Pyrrolizidine 
Alkaloid Free Bases and N-oxides and Their Possible Role in 
Toxicity 
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by the stearic hindrance offered by the acid moiety at the 

sites of each respective reaction. Stearic hindrance at C8, 

where hydroxylation could lead to pyrrole formation, is 

greatly exerted by non-cyclic diesters and this correlates 

with low pyrrole production, however, macrocyclic diesters, 

which are held away from the amino alcohol moiety by their 

relatively rigid conformation, offer less stearic hindrance 

and give a high pyrrole yield. 

Conversion of n-oxides to their parent alkaloids has 

also been reported (Powis et al., 1979). Incidine was detected 

in the plasma and urine of rabbits administered (i.v.) 

incidine n-oxide. The same phenomenon was observed in patients 

undergoing cancer treatment with this alkaloid. 

Experimentally, incidine n-oxide is reduced to incidine under 

anaerobic conditions by rabbit gut flora and by the hepatic 

microsomal fraction in the presence of NADPH (Powis et al., 

1979). However, since the liver receives blood with a 

concentration of oxygen inhibitory to microsomal reduction of 

tertiary amines, the probability for anaerobic reduction of n-

oxides to their parent alkaloids in vivo seems unlikely. 

Instead, reduction of n-oxides seems to be mediated by the 

action of the rabbit gut flora. In support of this hypothesis, 

administration of incidine n-oxide by the oral route was more 

effective in producing incidine when compared to i.v. 

administration (Powis et al., 1979). Also, reduction of the 
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gut microflora in the rabbit by administration of neomycin and 

erythromycin caused a decrease in the plasma and urine levels 

of incidine. The possible conversion of pyrrolizidine alkaloid 

n-oxides to their respective parent alkaloid by the gut 

microflora brings important implications to the toxicity 

associated with these alkaloids. N-oxides constitute a major 

portion of the total alkaloid content in many plants. 

Originally, their presence in the plant was not considered 

relevant due to their lower toxicity when compared with the 

free bases. However, conversion of n-oxides to the 

corresponding free bases, which in turn are converted to 

pyrrolic metabolites, could considerably change the toxic 

potential of pyrrolizidine alkaloid containing-plants. 

S. Pathological Effects 

5.1 Effects on Animals 

Table 4 summarizes the organ systems affected in 

different domestic and laboratory animals susceptible to PA 

poisoning. The liver has been reported as the main target 

organ affected in most susceptible species. However, other 

organs such as the lung, kidney, heart, gastric mucosa and 

muscle has been affected by consumption of these alkaloids 

(Roitman, 1983). 

Pyrrolizidine alkaloid poisoning in horses is manifested 

primarily by neurological disturbances (McLean, 1970) . Similar 



Species Liver Lung Kidney Heart Pancreas Gastric 
mucosa 

Muscle 

Monkey + + + + 

Horse + + + 

Pig + + + + + 

Sheep + + + 

Goat + + 

Cattle + + 

Dog + 

Mouse + + 

Rat + + + + 

Chicken + + + + + 

Turkey + + + 

From: Roltman, 1983.  

Table 4: Animal Species and Organs Affected by Py rrol izidine Alkaloids 
U1 
o 
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effects have also been observed in cattle, and sheep. A 

disease known as "walk-about disease" in which a horse will 

walk compulsively in a straight line until coming in contact 

with an object was described by Rose and colleges (1957a,b). 

Some investigators have attributed such behavior to a rising 

of blood-ammonia levels associated with chronic liver disease 

(Rose et al., 1957a) or to hemoglobinuria and very high copper 

levels in the blood (Bull et al., 1956). However, spongy 

degeneration of the central nervous system in cattle, sheep, 

and pigs (Hooper et al., 1974) indicate a direct action of the 

alkaloids on the neurological system. 

Wide differences have been observed in the hepatotoxic 

effects of PAs and alkaloid-containing plants between 

different species of both domestic and laboratory animals. 

When fed Crotalaria retusa pigs have been found to be very 

sensitive to the action of PAs; however, sheeps and goats were 

200 times, the mouse was 150 times, cattle and horses 14 

times, and the chicken 5 times more resistant than pigs 

(Hooper, 1978). 

Low protein diets have been reported to enhance the acute 

and chronic hepatotoxic effects of different pyrrolizidine 

alkaloids in the rat (Selzer and Parker, 1951; Schoental and 

Magee, 1957). Miranda et al. (1981) also reported an 

enhancement of the toxic effects of PAs by high copper content 

in the diet. Other factors affecting hepatotoxicity are the 
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sex of the animal, time of exposure and type of plant 

consumed. 

In addition to the described effects, pyrrolizidine 

alkaloids have been reported to induce dose-related fetal 

abnormalities in the rat (Green and Christie, 1961; Peterson 

and Jago, 1980). The mutagenic potential of a number of PAs 

and PA-containing plant extracts was demonstrated in 

Drosophila melanogaster (Clark, 1959; Candrian et al., 1984), 

Salmonella typhimurium TA100 (Yamanaka et al., 1979; White et 

al., 1983), Vicia faba (Furmanowa et al., 1983), cultured 

mammalian cells (Bruggeman and Van der Hoeven, 1985) and in 

other test systems (Bruggeman and Van der Hoeven, 1985; Green 

and Muriel, 1975) . 

The carcinogenic potential of a number of purified PAs, 

PA-containing plants and crude extracts of such plants has 

been demonstrated by different investigators in the rat 

(Schoental et al., 1954; Hirono et al., 1976, 1977, 1979, 

1983) . Tumors are produced over a wide range of tissues and 

organs, but the liver is the organ most commonly involved. 

5.2 Effects on man 

In humans the characteristic effect of PA intoxication is 

hepatic veno-occlusive disease (V.O.D.), a condition 

characterized by the occlusion of the central and sublobular 

hepatic veins in the liver (Bras, 1973). This condition, 

associated with high mortality, has an acute onset and is 
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manifested by rapidly swallowing of the upper portion of the 

abdomen, development of rapidly filling ascites and oliguria. 

Oedema of the feet, nausea and vomiting may be present. A 

subacute or chronic onset of the disease has been associated 

with the development of non-portal cirrhosis (Who Task Group 

on Pyrrolizidine Alkaloids, 1988). 

The clinical course of the disease as outlined by Stuart 

and Bras (1957) is represented in Figure 4. The onset of the 

disease may be sudden (acute) or insidious (subacute or 

chronic). The acute disease may result in complete recovery or 

rapid death. About 20% of the patients in the acute phase show 

clinical recovery after which some patients may go into the 

subacute phase of VOD or, after a latent period of years, 

develop cirrhosis of the liver. In the acute phase of the 

disease 13% of the patients will progress to subacute VOD and 

either recover completely, progress rapidly to the chronic 

phase of the disease, or, after clinical improvement, develop 

cirrhosis. 

Lesions to the central nervous system associated with 

consumption of food grains contaminated with Trichodesma 

incanum seeds were reported in the USSR during the period 

1942-51 (WHO Task Group on Pyrrolizidine Alkaloids, 1988). No 

other cases of human intoxication involving extra-hepatic 

organs have been reported. 



Complete 
recovery (48%) 

Clinical 
recovery (20%) ^ Latent period of years 

A. Acute veno-occlusive 
disease (sudden 

Hepatomegaly and ascites) 

(13%) 
B. Subacute veno-occlusive 

disease (persistent worm 

hepatomegaly) 

C. Chronic veno-occlusive 
disease 

(cirrhosis of liver) 

Rapid death (19%) 

(increasing jaundice cholcemia) 

Clinical improvements 

Complete recovery 

From: Stuart  and Bras,  1970.  

Figure 4: Cl inical Natural History of Hepatic Veno-occlusive Disease 
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B. Tannins 

Tannins are plant secondary metabolites (not in metabolic 

pathways providing energy for growth and reproduction) that 

are characteristically rich in phenolic hydroxyl groups 

(Butler at al., 1984) . They are divided into two major classes 

based on structure and reactivity to hydrolytic agents: 

hydrolyzable tannins which are phenolic carboxylic acids 

esterified to sugars such as glucose; and condensed 

(nonhydrolyzable) tannins, chemically known as 

proanthocyanidins which are polymers of flavin-3-ols linked by 

carbon-carbon bonds (Buttler et al., 1984). 

Tannins (condensed and hydrolyzable) are widely 

distributed in plants. While hydrolyzable tannins are 

relatively uncommon in human food, condensed tannins are found 

abundantly in beverages (cider, cocoa, tea, red wine), fruits 

(persimmon, banana) and vegetables (spinach) (Singleton, 

1981). The carcinogenic activity of tannins was first 

recognized by Korpassy after post-mortem examination of burned 

patients treated with tannic acid during World War II 

(Korpassy, 1961). Histological examination of tissues revealed 

central necrosis of the liver and hemorrhagic focal necrosis 

of the adrenal cortex in burned patients who had been treated 

with tannic acid. Burned patients receiving other treatments 

did not show such effects (Korpassy, 1961) . These observations 

prompted Korpassy to suspect, as early as 1943, that tannic 
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acid was absorbed from the region of its application and 

caused damage to the liver (Korpassy, 1961). 

Korpassy's suspicion rewarding the carcinogenic potential 

associated with tannic acid has been widely confirmed in 

laboratory animals. Tannic acid, a hydrolyzable tannin from 

the galls of many Quercus species, was shown to produce 

cirrhosis and hepatomas in rats on prolonged subcutaneous 

administration (Korpassy and Moyonsi, 1950). Kirby (1960) 

showed that parenteral administration of extracts of both 

condensed and hydrolyzable tannins were carcinogenic for rats 

and mice. While extracts of condensed tannins produced liver 

tumors as well as sarcomas at the site of injection, extracts 

of hydrolyzable tannins induced only liver tumors (Kirby, 

1960). 

Kapadia and coworkers have demonstrated the carcinogenic 

effect in laboratory animals of a variety of tanning-

containing extracts from plants, including a fraction from tea 

(Camellia sinensis) (Kapadia et al., 1976). Plants such as 

Krameria ixina (Cadia Del Perro), K. triandra (Rhatani), and 

Acacia villosa (Watanapa shimaron), commonly consumed by the 

inhabitants of Curacao, were shown by Pradhan and colleges 

(1974) to induce carcinomas in NIH Black rats after 

subcutaneous injections of their aqueous extracts. The 

carcinogenic potential of these plants was associated with 

their tannin content, as tannin-free fractions did not show 
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any carcinogenic activity when administered subcutaneously to 

NIH Black rats (Pradhan et al., 1974). The carcinogenicity of 

the aqueous extracts obtained from Acacia villosa was also 

observed by O'Gara et al. (1974) who reported development of 

sarcomas at the site of injection in 100% of injected NIH 

Black female rats. Similarly, the failure to induce sarcomas 

after repeated injection of the tannin-free extract was 

reported (O'Gara et al., 1974). 

Although there are no reports on the induction of tumors 

in humans by the dietary intake of tannins, Morton and other 

investigators have linked the consumption of tannin-rich 

plants with the high incidence of esophageal cancer in Curacao 

(West Indies), South Carolina (USA), and other geographical 

regions of the world (Morton, 1970, 72, 80; Segi, 1975). A 

number of widely used tannin-containing herbal preparations 

such as Arctostaphylos uva-ursi, Ephedra viridis and E. 

nevadensis, Myrica cerifera and Ilex paraguariensis among 

others, have been cited for their possible carcinogenic 

activity (Morton, 1980). 

c.  safrole  

Safrole, 4-allyl-l,2-methylenedioxybenzene, is the major 

constituent (80% by weight) of the aromatic oil present in the 

root bark of the sassafras tree (Sassafras albldum) (Borchert 

et al., 1973) and a minor constituent of the essential oils of 
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nutmeg, star anise, mace, and cinnamon leaf (Hirono, 1981). 

Sassafras, and its essential oil or synthetically 

manufactured safrole, were widely used in soft drinks such as 

root beer in the United States. In 1960 the use of safrole as 

a food additive was banned by the Food and Drug Administration 

(Federal Register of December 3, 1960) after a chronic rat 

feeding study indicated that safrole was a weak 

hepatocarcinogen in this specie (Long et al., 1963). Since 

then the findings of Long and colleges have been confirmed by 

many other investigators. In 1965 Hagan et al. reported 

hepatic damage in rats fed for 2 years a diet containing less 

than 1000 ppm safrole. The development of benign and malignant 

esophageal tumors in rats fed with a diet containing 5000 ppm 

dihydrosafrol, a monohydroxylated derivative of safrole, was 

also reported by Hagan and coworkers in 1965. 

Safrole is extensively metabolized in the liver by two 

major pathways: oxidation of the allyl side chain and 

oxidation of the methylenedioxy group (Ioannides et al., 

1981). Both routes involve the enzymatic action of the hepatic 

microsomal mixed-function oxidases (Hodgson and Philpot, 

1974). As expected, administration to rats of phenobarbital 

and 3-methylcolanthrene, typical inducers of the mixed-

function oxidases, results in increased urinary excretion of 

safrole metabolites produced by each one of the mentioned 

metabolic routes (Janiaud et al., 1977). 
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The monohydroxylated derivative of safrole, 1'-

hydroxysafrole, is believed to be the proximate carcinogen of 

safrole (Borchert et al., 1973). This metabolite, formed by 

oxidation of the allyl side chain of safrole, is more 

hepatotoxic and hepatocarcinogenic to animals than is the 

parent alkaloid when fed at the same dietary level (Wislocki 

et al., 1976). Administration to rats of tritium-labelled 1 

hydroxysafrole gives rise to tritium-labelled DNA, RNA, and 

protein, indicating the covalent binding of 1'-hydroxysafrole 

or a further metabolite to biological nucleophiles (Wislocki 

et al., 1977). 

Swanson and colleges (1979) reported an increase in the 

mutagenic potential of 1'-hydroxysafrole after incubation with 

a microsomal activation system. This observation indicated a 

further metabolism of l'-hydroxysafrole to a more potent 

mutagen(s) which could act as the ultimate carcinogen(s) 

responsible for safrole toxicity. Borchert et al. (1971) 

reported the conversion of 1'-hydroxysafrole in animals and 

man to 3'-hydroxysafrole after enzymatic action of B-

glucuronidase. Other metabolites formed from the further 

metabolism of 1'-hydroxysafrole are 3,4-methylenedioxyphenyl 

vinyl ketone (l'-oxosafrole) (Peele and Oswald, 1978) and 1'-

hydroxy-23'-epoxide (Wislocki et al., 1976) among others. 

Wislocki and colleges (1977) reported that 1'-

hydroxysafrole epoxide, derived from l'-hydroxysafrol, induces 
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formation of skin papillomas in mouse after repeated 

applications of the tumor promoter croton oil; in addition, 

l'-hydroxysafrole epoxide as well as all epoxides investigated 

formed from safrole were found to be directly mutagenic in the 

Ames test (Dorange et al., 1977) . This evidence pointed at 1'-

hydroxysafrole epoxide as the possible ultimate carcinogen of 

safrole. 

In view of the accumulated evidence, the Food and Drug 

Administration extended the banning of safrole use to the 

interstate commerce of sassafras tea or any other safrole-

containing products (Federal Register, 1974). However, in 

spite of the legal restrictions, sassafras continues to be 

freely available in "health food" stores and similar outlets 

in the United States. 

The high incidence of esophageal cancer in South Carolina 

has been linked by Morton (1986) to the high consumption of 

sassafras tea and other herbal preparations. 
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CHAPTER 3 

MATERIALS AND METHODS 

SAMPLE COLLECTION 

Herbal tea mixtures and a single ingredient herbal tea 

were purchased in local supermarkets or health food stores in 

Tucson, Arizona. The following brand teas were analyzed for 

toxic/mutagenic potentials: 

1. Weightless Tea 

2. Female Toner Tea 

3. PMS Tea 

4. Chaparral (Larrea tridentata) 

Weightless, Female Toner and PMS are registered products 

from Traditional Medicinals, 215 Classic Court, Rohnert Park, 

CA 94928. Chaparral is marketed by Seelect, Inc., Camarillo, 

CA 93 010. The composition of each tea preparation, as 

indicated by the manufacturer, is shown in Table 5. 

The mentioned herbal mixtures were selected for toxicity 

studies because their content of at least one herbal 

ingredient known to be implicated in cases of animal and/or 

human intoxication. Some of the ingredients although not 

linked with reported cases of toxicity, are known to contain 

toxic compounds and, therefore, are considered potentially 

toxic. A list of the toxic ingredients present in the selected 
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Common name Scientific name WTLESS PMS Toner 

Angelica root Angelica sp. X 

Barley (roasted) Hordeum sp. X 

Blessed thistle Cnicus sp. X 

Borage Borago sp. X 

Buchu leaves Barosma sp. X 

Carob (roasted) Ceratonia sp. X 

Chamomile flower Matricaria sp. X 

Chickweed Stellaria sp. X 

Chicory (roasted) Chicorium sp. X 

Cleavers herb Galium sp X 

Cornsilk Zea mays X 

Crampbark Viburnum sp. X 

Dandelion root(,) Taraxacum officinale X 

Flax seeds Linum sp. X 

Fennel seeds Foeniculum sp. X 

Ginger root Zingiber sp. X 

Hibiscus flowers Hibiscus sp. X 

Lemon grass Cymbopogon sp. X X 

Lemon verbena Lippia sp. X 

Nettle leaves Urtica sp. X 
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Table 5 continued 

Parsley leaves Petroselinum sp. X X 

Raspberry leaves Rubus sp. X 

Red clover Trifolium sp. X 

Rosehips Rosa sp. X 

Spearmint leaves Mentha sp. X X 

Stevia leaves Stevia sp. X 

Squawvine Mitchella sp. X 

Strawberry leaves Fragaria sp. X 

Uva ursi leaves^Arctostaphylos uva-ursi X X 

WTLESS = Weightless Tea 
PMS = PMS Tea 
Toner = Female Toner Tea 
(a) = PMS Tea active ingredient (500 mg/tea bag) 
(b) = PMS Tea and Weightless Tea active ingredient (80 mg and 
4 5 mg/tea bag, respectively) 



64 

herbal preparations, the type of intoxication they produce, 

and the active compounds (when known) responsible for the 

observed effects is presented in Table 6. 

SAMPLE PREPARATION 

Prior to extraction, about 250 grams of each dry herbal 

mixture were ground to pass a 0.1 mm sieve using a Retsch ZM1 

mill (Brinkmann Instruments Co.)- The ground samples were then 

homogenized by mixing in a twin shell blender for about 2 0 

minutes, packed in paper bags, and stored in a freezer at 0°C 

until time of extraction. 

EXTRACTION 

A total of 180 g of each herbal mixture was sequentially 

extracted with solvents of decreasing polarity (deionized 

distilled water, absolute methanol, and chloroform), as 

outlined in Figure 5. 

Water Extraction: 

Each herbal mixture was extracted with deionized 

distilled water (2:100 w/v ratio) by boiling under reflux at 

100°C for 30 minutes. After steeping for about 2 0 minutes the 

extract was filtered through a #1 Whatman filter paper using 

vacuum filtration. The aqueous extract was frozen in pyrex 



Ingredient Botanical Source Suspected Toxin Toxic Effect 

Angelica root Angelica sp. Compounds related 
to furocoumarin 

Photodermatitis 

Borage Borago sp. Pyrrolidine 
alkaloids 

Hepatotoxiclty 
Cirrhosis? 

Chamomile flower Matricaria sp. Ragweed pollen Anaphilactic shock 

Chaparral Larrea tridentata NDGA Hepatotoxicity 

Carcinogenity? 

Cleavers herb Galium sp. Coumarin present 

as a glycoside 

Hemorrhages 

Crampbark Viburnum sp. Scopoletin Hemorrhages 
Carcinogenicity? 

Table 6:  Toxic Propert ies of  some Ingredients Present  in  the Herbal  Preparat ions 

Studied 

CPi 



Table 6 Cont inued 

Ingredient Botanical Source Suspected Toxin Toxic Effect 

Flax seeds 

Fennel seeds 

Lemon grass 

Nettle leaves 

Red clover 

Linum sp. 

Foeniculum sp. 

Cymbopogon sp. 

Urtica sp. 

Trifolium sp. 

Linamarin 

Anethole 

Furocoumarin 

Citronellal 

Acetylcholine, 
histamine, 
serotonin 

Cyanogenic 

glycosides 

Cyanide poisoning 

Contact dermatitis 

Photodermatitis 

Mutagenicity, 
carcinogenicity? 

Contact dermatitis 

Cyanide poisoning 

Uva ursi leaves Arctostaphylos 

uva-ursi 

Tannins Hepatotoxicity 

carcinogenicity? 

a* 
G\ 



HERBAL TEA 

Water extraction 
100 C, 30 min 

FILTRATION 

VWTER EXTRACT RESIDUE 

BRINE SHRIMP BIOASSAY 
MOUSE BIOASSAY 

AMES TEST 
CHICKEN EMBRIO BIOASSAY 

Methanol extraction 
70 C, 30 min 

FILTRATION 

METHANOL 
EXTRACT 

RESIDUE 

BRINE SHRIMP BIOASSAY 

Chloroform extraction 
Soak 30 min 

FILTRATION 

CHLOROFORM 
EXTRACT 

BRINE SHRIMP BIOASSAY 

RES DUE 

DISCARD 

Figure 5:  Extract ion and Prel iminary Toxic i ty  Test ing Out l ine 
<Ti 
-J 
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baking trays and kept at 0°c until time of lyophilization. 

Methanol Extraction: 

The residue remaining after the water extraction was 

refluxed at 70°C with absolute methanol (1000 ml/residue from 

20 g) for 3 0 minutes. After steeping for 2 0 minutes, the 

solution was filtered through a #1 Whatman filter and the 

extract stored at 4°C until time of concentration. 

Chloroform Extraction: 

The residue remaining after the aqueous and methanolic 

extractions was soaked in chloroform (1000 ml/residue from 20 

g) for 3 0 minutes at the end of which the solution was 

filtered through a #1 Whatman filter paper. The extract was 

stored at 4°C until time of concentration. 

CONCENTRATION OF EXTRACTS 

Water extracts were freeze dried at a shelf temperature 

of -15 °C in a Virtis 50SRC freeze drier (Virtis Corp., 

Gardiner, N.Y. 12525). Lyophilized extracts from each tea were 

recovered from the baking trays, weighed and macerated using 

a mortar and pestle. Common extracts were pooled and 

homogenized by blending for 20 minutes in a twin shell 

blender. Lyophilized teas were stored in sealed glass jars in 

a desiccator. 

Methanol and chloroform extracts were concentrated by 
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evaporating the solvent to dryness using a rotary evaporator 

at a temperature of 70°C and 60°C, respectively. Concentrated 

samples were stored as 10X strength solutions (solutions 10 

times more concentrated than original crude extracts) in glass 

amber bottles at a temperature of 0°C until time of analysis. 

ISOLATION OP PYRROLIZIDINE ALKALOIDS 

Pyrrolizidine alkaloids were isolated as described by 

Volimer et al., 1987. Ten grams of ground herbal mixture were 

extracted in a Soxhlet apparatus for 5 hours with 3 00 ml of 

methanol. After extraction, the methanol was removed on a 

rotary evaporator and the oily residue dissolved in 2 00 ml of 

a 2N hydrochloric acid + ethyl-ether (1+1) solution. The 

mixture was partitioned in a separatory funnel, and the ether 

layer discarded. The acidic solution was washed three times 

with 100 ml of ether to remove additional constituents which 

are not alkaloidal. The ether layers were discarded. 

The acidic solution was stirred with excess zinc (10 

grams) for 3 hours at room temperature and then filtered. In 

order to regenerate the dissolved alkaloids, the solution was 

made basic by adding concentrated ammonium hydroxide until Ph 

8 was reached. The basic solution was extracted four times 

with 50 ml portions of methylene chloride, and the aqueous 

layer was discarded. The solvent was removed on a rotary 
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evaporator. The oily residue was dissolved in 2 ml of 

chloroform for storage at 4°C until further analysis. 

DETECTION OP PYRROLIZIDINE ALKALOIDS 

Pyrrolizidine alkaloids were detected using thin-layer 

chromatographic (TLC) methods as described by Molyneux and 

Roitman, 1980. The extract obtained according to the procedure 

described above was applied to silica gel 60, 0.25-mm 

aluminum-backed pre-coated TLC plates (EM Science. Cherry 

Hill, N.Y.). The plates were developed with 

chloroform:methanol:17% ammonium hydroxide (82.5:15.5:2). 

The plates were dried and sprayed with a 1% solution of 

orthochloranil (tetrachloro-o-benzoquinone)/benzene (Sigma 

Chemical Co, St. Louis, MO) , dried on a steam-bath for 

approximately 1 minute, resprayed with Ehrlich's reagent (p-

dimethylaminobenzaldehyde, Sigma Chemical Co.) and again 

heated on the steam-bath for 1 minute. Presence of 

pyrrolizidine alkaloids was confirmed by the development of 

pyrrole-characteristic, stable purple spots. 

When screening crude extracts, any possibly present n-

oxides were converted to pyrroles by treatment with acetic 

anhydride spray (instead of o-chloranil), followed by 

application of Ehrlich's reagent. Parent alkaloids were 

detected as described previously for the alkaloidal extracts. 



Presence of PAs (n-oxides or parent alkaloids) was confirmed 

by the development of pyrrole-characteristic, stable purple 

spots. 

For comparison, standard reference pyrrolizidine 

alkaloids (senecionine, lycopsamine, echimidine, intermedine, 

riddelliine, and acetylcopsamine, obtained from Dr. Joseph 

Betz, Center for Food Safety and Applied Nutrition, Food and 

Drug Administration, Washington, D.C.) were concurrently 

chromatographed with the chloroform extract. Rf values for 

both standards and fractions separated from the chloroform 

extract were calculated and recorded. 

CHROMATOGRAPHIC SEPARATION OF TOXIC COMPONENTS 

1. Selection of Absorbents and Developing Solvents 

Silica Gel HL plates with organic binder (Analtech) and 

Silica Gel G60, 0.25-mm aluminum-backed precoated TLC plates 

(EM Science), were evaluated for their ability to separate 

biologically active compounds present in the water extract 

from Weightless Tea. 

Both types of TLC plates were activated by baking in an 

oven at 120 °C for one hour and allowed to cool in a 

desiccator. Weightless Tea crude water extract was spotted as 

bands using a 10 uL glass microsyringe and allowed to dry 

under a current of cold air. Silica Gel HL plates were 
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developed in an equilibrated (filter lined) chamber using 

methanol:water (v:v) (100:0, 80:20, 70:30, 60:0), and 

acetonitrile:water (v:v) (60:40 and 80:20) developing 

solvents. Silica Gel G60 plates were developed in a saturated 

chamber with acetonitrile:water (79:21) developing solvent. 

The plates were allowed to dry under a current of cold air and 

then viewed under long wave (325 nm) ultraviolet light, after 

charring with aqueous and/or methanolic sulfuric acid and 

after exposure to iodine vapors. A scheme of each chromatogram 

is shown in the Results and Discussion section. 

Acetonitrile:water (79:21, 58:42, 16:84, and 0:100) 

developing solvents were evaluated for their ability to 

separate and elute biologically active fractions from a silica 

gel G60 minicolumn to which the water extract from Weightless 

Tea had been applied. A total of 50 ml of each solvent system 

was run through the column at approximately 0.8 ml per minute. 

Fractions of 6 ml were collected in glass test tubes and 

stored at 4°c until toxicity testings were performed. 

2. Column Chromatography 

Column Packing: Three glass columns, 6.5 cm (I.D.) x 63 

cm (L) (columns A and C) and 5.0 cm (I.D.) x 63 cm (L) (column 

B), were packed with silica gel 60, 70-230 mesh (EM Science, 

Cherry Hill, N.Y.). Before packing, the silica gel was 

activated by baking at 12 0°C for one hour. The activated 
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silica was mixed with deionized distilled water (1% v/w) and 

equilibrated for a minimum of 15 hours in a desiccator. Each 

column was packed with enough silica gel to get a column 

height of approximately 13 cm. The silica was slurred in 

enough chloroform and applied at once to each column. Columns 

A and C were packed with 296 grams of the activated silica gel 

while column B was packed with 175 grams. The silica gel was 

allowed to settle in each column by running either 2,100 ml or 

1,250 ml of chloroform for columns A and C, and B, 

respectively. To rinse the organic solvent (chloroform) out of 

the columns, each was rinsed with absolute methanol in the 

same volumes as described for chloroform. Each column was 

equilibrated with the solvent system acetonitrile:water 

(79:21), using the same volumes. 

Sample Application: After lowering the level of the 

solvent so that it was near the top of the silica gel, a 10X 

concentrated solution of the crude plant extract was applied 

to the top of each column. The amount of concentrated (10X) 

sample applied was 42 ml (8.45 g equivalent weight dry herbal 

mixture) for columns A and C, and 25 ml (5 g equivalent weight 

dry herbal mixture) for column B. The sample was allowed to 

penetrate the silica by slow elution (< 0.8 ml/min) of the 

solvent. The sides of each column were then rinsed with a 

small amount of solvent and the level of the solvent lowered 

to allow penetration of the solvent wash. 
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Column Elution and Sample Collection: Each column was 

sequentially eluted with solvent systems of increasing 

polarity: acetonitrile:water (79:21) followed by 

acetonitrile:water (58:42). A total of 2,100 ml or 1/250 ml of 

each solvent system were run through columns A and C, and B, 

respectively, at a flow rate of approximately 0.8 ml per 

minute. 

Fractions of 250 ml or 150 ml ( columns A and C, or B, 

respectively) were collected in 500 ml or 250 ml glass 

bottles. Representative fractions from each column were pooled 

together. Fractions collected were concentrated by evaporating 

the acetonitrile using a rotary evaporator. The remaining 

aqueous mixture was transferred to pyrex baking dishes, frozen 

at - 20°C, and lyophilized as described previously. 

The lyophilized fractions were retaken in a minimal 

amount of deionized distilled water and transferred to glass 

scintillation vials. These concentrated column fractions were 

stored at 4°C until further analysis. 

3. Thin-Layer and Preparative Thin Layer chromatography 

Thin-layer chromatography (TLC) was used to monitor the 

separation of fractions during column chromatography and 

initially, to optimize the solvent system to be used for 

column elution. Preparative layer chromatography was used for 

small scale isolation of fractions containing toxic 
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potentials. 

Aluminum-backed silica gel G60 plates, 0.25 mm thickness, 

were activated by baking in an oven at 120°C for one hour. 

Selected column chromatographic fractions or crude plant 

extracts were spotted as bands using a 10 U1 glass 

microsyringe and allowed to dry under a current of cold air. 

The plates were developed in an equilibrated (filter lined) 

chamber using either acetonitrile:water (79:21) or 

acetonitrile:water (58:42) developing solvent. The developed 

plates were allowed to dry under a current of cold air and 

then viewed under long wave (3 25 nm) ultraviolet light before 

and after fuming/spraying with iodine, or after charring with 

concentrated sulfuric acid. The Rf values for the different 

fractions observed were recorded, and a scheme of the 

chromatogram drawn. 

Laboratory-prepared preparative silica gel G60 plates, 1 

mm thickness, were activated by baking for 3 hours at 120°C. 

Selected column chromatographic fractions were spotted as 

single bands using a 10 Ul glass microsyringe, and the 

streaked sample allowed to dry under a current of cold air. 

Plates were developed with acetonitrile:water (79:21) in an 

equilibrated developing chamber. The plates were removed, 

dried and viewed under long wave ultraviolet light. Separated 

fractions were marked with a dissecting needle and the silica 

scraped from the plates with the aid of a cutting spatula. The 
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scraped silica was transferred to a glass scintered funnel and 

eluted with deionized distilled water using a vacuum system. 

The eluted fractions were stored in glass vials at 4°C until 

further analysis. 

4. Partitioning of Column Chromatographic Fractions 

After storage in the refrigerator, some of the fractions 

showed precipitated material which failed to solubilize at 

room temperature. These fractions were partitioned three times 

with equal volumes of chloroform. After equilibration, an 

aqueous (upper phase) fraction and an organic (lower phase) 

fraction were obtained. Aqueous and organic fractions were 

separated. Each phase was adjusted as needed to a final volume 

of 8 ml and stored at 4°C until toxicity screening. Table 7 

shows the partitioning of each column chromatographic 

fraction. 

TOXICITY TESTING 

Each herbal tea (crude and/or fractionated extract) was 

screened for toxic/mutagenic potentials as described in Figure 

6. The battery of bioassays conducted are described below. 

Brine Shrimp Bioassay 

Artemia sp. larvae were used to rapidly screen herbal 



Table 7: Partition of Weightless Tea aqueous fractionated 
extract 

Fraction Aqueous Chloroform 
No. layer layer 

2 X X 
3 X X 
4 X X 
5 X X 
6 X X 
7 X 
8 X 
9 X 
10 X 
11 X 
12 X 
13 X 
14 X 
15 X 
16 X 



Water Extract 

Meth a n o l Extract vl*> Chloroform Extract 

Brine shrimp 
Bioassay 

Mouse Bioassay 
Ames Test 

Chicken Embryo Bioassay 

Column chromatography 

ol  water extracts 

Chromatographic Fractions 

Brine Shrimp Bioassay 
Ames Test 

Chicken Embryo Bioassay 

Toxic/mutagenic 
screening of 

crude extracts 

Toxic/mutagenic 

screening of 
fractionated extracts 

Figure 6: Herbal Teas Toxic/Mutagenic Screening Outl ine 
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crude extracts for toxic potentials as well as to monitor the 

separation of toxic fractions. 

Artemia sp. eggs, purchased in local pet stores, were 

hatched by incubating in artificial seawater at 31°C for 

approximately 24 hours. The artificial seawater was prepared 

by mixing 3 0 grams of a complex mixture of sea salts (Bio-

crystals Marinemix. Marine Enterprises. Baltimore, MD) with 

approximately 1 liter of water to yield a solution with a 

refractive index of 1.02 0. The hatching apparatus, which was 

contained inside an incubator regulated at 31°C, was made up 

of a separatory funnel connected by its lower opening to an 

aquarium pump (Figure 7). By keeping the air pump at a higher 

elevation than the funnel opening, it was possible to bubble 

air through the seawater by slightly opening the funnel 

stopcock. Aeration was provided to increase hatching of brine 

shrimp eggs. 

For testing, different concentrations of sample crude 

extracts or isolates were dispensed into 13 x 100 mm glass 

test tubes and the solvent evaporated to dryness by heating 

under a current of nitrogen gas. Solvent and negative controls 

were included to determine the natural background mortality of 

the organism. After cooling# l ml of artificial sea water 

containing between 20 to 3 0 larvae was added to each tube, and 

the tubes incubated at 31°C. Mortality readings were taken at 

16, 24, and 48 hours during incubation. After the 48 hours 
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Figure 7: Hatching Apparatus for Brine S^P ̂  
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reading, the larvae remaining alive were killed by slightly 

heating the test tubes on a heating block and the total number 

of larvae per tube determined. Based on the percent mortality, 

a dose-response curve was tabulated. 

Mouse Acute Toxicity Assay 

Mouse acute toxicity was determined by intraperitoneal 

(i.p.) injection of 1 ml solutions of crude extracts into CD-I 

inbred female mice (18 to 20 grams). The animals were randomly 

divided into groups of five mice each. Crude test solutions 

were prepared by dilution to different concentrations in 

sterile deionized distilled water. Sterile deionized distilled 

water was used as a solvent control. A minimum of three dose 

levels per crude plant extract were tested. After dosing, mice 

were placed in plastic cages, fed and water at libidum, and 

observed for any signs of toxicity or death at 16, 24, 48, and 

72 hours. 

Chicken Embryo Bioassay 

Toxicity to the developing chicken embryo was determined 

as described in the Official Methods of Analysis of the AOAC 

(Sees. 26.084 - 26.087; Williams, 1984). Fertile eggs, from 

inbred Single-Comb White Leghorn flock (University of Arizona, 

Tucson, AZ) , were candled to eliminate eggs with misplaced and 

tremulous air cells, blood spots, hair-line cracks or other 
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shell imperfections, and other abnormalities. During candling, 

the location of the air cell was marked. 

Using random selection, eggs were divided into groups of 

twenty eggs each. Each egg was then marked with an identifying 

code using a No. 2 pencil. A minimum of 30 noninjected 

controls were included in each assay to check fertility and 

hatchability of eggs used, and to monitor incubation 

conditions. Solvent and positive controls (Aflatoxin B,; 50 -

200 ng/egg) were included in each assay. 

Using a Dremel Moto Tool drill (Dremel MFG. CO, Racine, 

Wis.), a hole of approximately 5 mm in diameter was made in 

the shell over the center of the air cell. The outer shell 

membrane was removed with forceps to avoid any interference 

with the introduction of the dose. A total of 100 U1 of the 

test solution, crude plant extract or isolate, was dispensed 

onto the air cell membrane of each egg using a microburet 

syringe (Micro-Metric Instruments Co., Cleveland, OH). 

Immediately after dosing, the hole was sealed with a small 

piece of transparent tape and the eggs allowed to remain 

undisturbed in a vertical position for at least one hour in 

order to allow for dispersion of the material. Eggs were 

loaded into trays and incubated at 99 +/- 1°F (36.85°C) and 

60% relative humidity. 

Eggs were rotated by hand at least twice daily through 



83 

17th day of incubation, starting on the 4th day of incubation 

the eggs were candled daily. Clear eggs and dead embryos were 

removed for opening and examination. The age and appearance of 

all dead embryos were recorded for all test solutions and 

controls throughout the incubation period. On the 17th day, 

eggs were placed in hatching trays (no further turning 

necessary) and returned to the incubator. Unhatched eggs were 

opened and examined. Chicks that hatched were examined for 

abnormalities and observations recorded. 

Salraonella/Microsomal Mutagenicity Assay 

Crude plant extracts and selected column chromatographic 

fractions were tested for mutagenic potentials using the 

Salmonella/microsomal mutagenicity test, using Salmonella 

typhimurium tester strain TA 100 (Maron and Ames, 1983). The 

test was conducted with and without the inclusion of S9 liver 

homogenate mix from Aroclor 1254 induced rats (MolTox S9. 

Molecular Toxicology Inc., College Park, MD). Both the plate 

incorporation and the preincubation test procedures were 

conducted. 

For the plate incorporation test, 0.1 ml of a fresh 

overnight culture of the tester strain, 0.1 ml of the test 

material (dissolved in deionized distilled water or DMSO), and 

0.5 ml of S9 mix or 0.5 ml of phosphate buffer were mixed into 

2 ml of top agar supplemented with histidine and biotin. The 
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mixed components were poured onto minimal glucose agar plates 

and allowed to solidify for one hour. Plates were inverted and 

incubated at 37°C for 48 hours. After incubation, the 

revertants per plate were counted and values recorded. 

Negative controls containing the test organism with and 

without S9 mix and solvent or phosphate buffer were included 

to determine the number of colonies that occur spontaneously 

for each tester strain. As well, positive controls containing 

standard diagnostic mutagens (sodium azide and 2-

aminofluorene) were included to confirm the reversion 

properties of the test organism and the efficacy of the S9 

mix. For each test solution and control, plates were poured in 

triplicate. A minimum of 5 dose levels were included per 

sample. 

For the preincubation procedure 0.1 ml of the test 

solution (dissolved in deionized distilled water or DMSO), 0.1 

ml of overnight culture of the tester strain and 0.5 ml of S9 

mix or 0.5 ml of phosphate buffer were delivered into sterile 

13 x 100 mm capped culture tubes. The tubes were vortexed 

gently and incubated in the dark at 37 °C with moderate shaking 

for 20 minutes. After incubation the tube contents were mixed 

with 2 ml of top agar supplemented with histidine and biotin 

and poured onto minimal glucose agar plates, allowed to 

solidify, and incubated inverted in the dark at 37°C for 48 

hours. The number of revertants per plate was counted and 
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recorded. 

As described for the plate incorporation test, negative 

and positive controls were included. Each dose level tested 

and each control were plated in triplicate. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

The safety evaluation of the herbal preparations included 

in this study involved sequential extraction of each 

preparation with deionized distilled water, absolute methanol 

and chloroform. The aqueous extracts were obtained by boiling 

each herbal mixture for 30 minutes under reflux, steeping for 

20 minutes, filtering and then freeze drying the extract. 

Methanolic extracts were obtained by boiling the residue 

remaining after the aqueous extraction with absolute methanol 

for 30 minutes, steeping, filtering, and then concentrating 

the extract with a rotoevaporator. The residue remaining after 

the water and methanol extractions was soaked in chloroform 

for 3 0 minutes, and after filtration the resulting extract was 

concentrated as described for the methanol extract. All 

extracts were screened for toxic potentials using brine shrimp 

(Artemia sp.), mouse toxicity, Salmonella/microsomal 

mutagenicity and avian embryo toxicity assays. Extracts 

exhibiting high toxic potentials were then subjected to 

chemical isolation and purification procedures. These 

procedures included thin layer and column chromatographic 

techniques and partition chemistry. The brine shrimp assay was 

used to monitor toxic potentials during this operation. Crude 

extracts (aqueous and methanolic) and alkaloidal crude 
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extracts from Weightless Tea were tested for hepatotoxic 

pyrrolizidine alkaloids. 

EXTRACTION AND CONCENTRATION PROCEDURES 

Crude aqueous, methanolic and chloroform extracts from 

each herbal preparation were brownish, green and golden-

colored, respectively. Lyophilization of the aqueous extract 

obtained from Weightless Tea resulted in brownish-red 

crystals. Maceration of these crystals produced a powder 

which, when homogenized in a twin shell blender, showed no 

stratification. No color changes in the lyophilized tea were 

observed during storage for a period of one and one half years 

in a desiccator. 

One of the major difficulties encountered when 

concentrating the methanolic extracts was the adherence of 

lipids and other fat-like components to the wall of the round 

bottom flask as the methanol was being evaporated. A 1:1 

mixture of chloroform and hexane was effective in dissolving 

this lipid-like material, thus avoiding any loses of the 

concentrated extract. Addition of one fifth (total volume 

crude extract) chloroform:hexane (1:1) solution to the 

concentrated methanolic extract prevented precipitation of 

components and made it easier to conduct preliminary toxicity 

screening of the crude methanolic extracts. 
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No such difficulties were encountered with the crude 

chloroform extracts. Concentration of these extracts afforded 

homogeneous oily concentrates which were easily recovered from 

the glassware with minimal volumes of chloroform. 

TOXICITY EVALUATION OP CRUDE EXTRACTS 

Aqueous and methanolic extractions from Weightless Tea 

were extremely toxic to brine shrimp larvae as shown in 

Figures 8 and 9. One hundred percent (%) mortality was 

observed at 16 hours for the water extract at concentrations 

equivalent to 10 mg dry herbal preparation (Table 1, 

Appendix). Concentrations equivalent to 8 and 6 mg dry herbal 

preparation induced 100% mortality following longer exposure 

periods, 24 and 48 hours, respectively. The crude methanolic 

extraction was comparatively less toxic to brine shrimp 

larvae, inducing 100 % mortality at 24 hours at the highest 

concentration tested (20 mg equivalent dry herbal preparation) 

(Table 2, Appendix). Figures 10 and 11 show the toxic 

potentials of aqueous and methanolic extractions, 

respectively, of Female Toner Tea to brine shrimp larvae. One 

hundred percent mortality was induced at 24 hours after 

exposure of the larvae to the crude aqueous extract 

representing 20 mg of the dry herbal preparation (Table 3, 
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Appendix). A similar toxic potential was observed for the 

methanolic extract at 48 hours at a concentration equivalent 

to 16 mg dry herbal preparation (Table 4, Appendix) . Both the 

aqueous and methanolic extracts of PMS Tea did not induce 

pronounced mortality rates in exposed larvae (Figures 12 and 

13) . A maximum of 73% brine shrimp larvae mortality was 

observed after exposure for 48 hours to the aqueous extraction 

at a concentration equivalent to 14 mg dry herbal preparation 

(Table 5, Appendix). Methanolic extractions at 48 hours did 

not exceed brine shrimp lethalities of 12% (Table 6, 

Appendix). Brine shrimp larvae were not significantly affected 

by the chloroform extractions from any of the teas tested 

(Figures 14, 15, and 16) (Tables 7, 8, and 9, Appendix). 

Whether this effect reflected the lack of toxic principles in 

the extracts or the unavailability of the toxins to brine 

shrimp due to the observed reduced solubility of the crude 

extract in the seawater is not known. Solubility problems of 

test material in the brine shrimp medium have been reported 

(Curtis, 1974) and constitute one of the limitations of this 

bioassay. 

For all teas, water extractions were more toxic than 

their corresponding methanol extractions (Figure 17) . This 

fact was of particular interest since most human exposures to 

these herbal preparations result from the ingestion of water 

infusions. One exemption was, however, observed with Chaparral 
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tea {Larrea tridentata), for which the toxic potential of the 

methanol extract greatly exceeded that of the corresponding 

aqueous extract (Figure 18) . While exposure of brine shrimp to 

a volume of crude water extract equivalent to 20 mg dry herbal 

preparation for 24 hours induced 100% mortality (Table 10, 

Appendix) (Figure 19) , exposure to half that concentration of 

crude methanolic extract induced 100% mortality in the same 

time period (Table 11, Appendix) (Figure 20) . By the end of 48 

hours, exposure to a volume of methanol extract equivalent to 

2 mg dry herbal preparation induced 100% mortality to brine 

shrimp. A dose ten times greater was needed to induce a 

similar response when exposing the larvae to the aqueous 

extract. The genus Larrea is known to be a source of 

nordihydroguaiaretic acid (NDGA), an antioxidant known to be 

carcinogenic in animal tests. This compound is slightly 

soluble in water but very soluble in diethyl ether, alcohol, 

and glacial acetic acid (Lundberg et al., 1944). Presence of 

NDGA in the methanol extract could account for some or most of 

the toxic potential observed. However, sensitivity of brine 

shrimp larvae to NDGA has not been reported in the literature 

and more research would be necessary to establish a cause-

effect relationship. 

A dose-response curve was not clearly defined for all 

extracts. While all extracts from Weightless Tea, especially 

the water extract, were characterized by a clear dose-response 
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relationship, the aqueous extract from PMS Tea showed a 

bimodal dose-response curve at 48 hours with maximum toxic 

peaks observed at 8, 14, and 2 0 mg equivalent dry herbal 

preparation. This effect was not pronounced at 16 and 24 hours 

during incubation. A less dramatic bimodal effect was observed 

for the water extraction from Female Toner Tea as well. 

Harwing and coworkers (1971) reported a similar effect when 

using the test to screen for aflatoxins, and attributed it to 

variable natural mortality for the organism and to toxicity 

associated with the glassware used. In the present study, 

disposable test tubes and pipet tips were used. 

Particularly when exposed to the aqueous extracts from 

Weightless Tea, surviving brine shrimp were observed to swim 

very energetically when compared to controls. Moribund brine 

shrimp sank to the bottom and were observed to swim slowly and 

erratically shortly before death. Surviving shrimp were 

aggressive and often attacked moribund or dead larvae. 

Crude aqueous extracts from Weightless, Female Toner, and 

PMS did not produce any dramatic adverse effects when 

administered intraperitoneally to CD-I female mice at the 

doses indicated in Table 8. Mice exposed to the highest 

concentration of Weightless Tea (100 mg equivalent dry herbal 

preparation) experienced a slight onset of diarrhea. This 

effect was observed at 24 hours after administration of the 

extract and was not observed thereafter. Animals in all 



Dose injected 

10 mg 60 mg 100 mg 

Weightless 0 0 + 
PMS 0 0 0 
Female Toner 0 0 0 
Chaparral 0 0 0 

0 • Non-toxic 
+ • Slighly toxic (diarrhea) 

Table 8: Acute Toxic Effect of Herbal Teas Crude 
Aqueous Extracts on Mice 



106 

experimental groups were alert and fed normally during the 

entire period of observation as compared to animals in the 

control groups. 

Because of the observed toxic potentials exhibited by the 

aqueous extract from Weightless Tea in the brine shrimp test 

(BST) and acute mouse toxicity assay, the Weightless Tea crude 

water extract was further characterized for toxic/mutagenic 

potentials using the Salmonella/microsomal mutagenicity assay. 

No mutagenic effects were observed (using Salmonella 

typhimurium tester strain TA100, plate incorporation test 

procedure) for a range of crude water extracts equivalent to 

2 ug - 20 mg dry herbal preparation (Table 9). The number of 

revertants per plate was very close to the average number of 

spontaneous revertants in the control plates. As established 

by the standard procedure (Maron and Ames, 1983), a doubling 

in the average number of revertants per plate must be observed 

for a test result to be considered positive. Addition of S9 

rat liver homogenates did not alter the outcome of the test 

(Table 10) . Cytotoxicity was not evident at any of the 

concentrations tested. 

The standard Salmonella procedure has been shown to 

poorly detect some mutagens such as carcinogenic nitrosamines, 

carcinogenic azo dyes, volatile chemicals and several 

carcinogenic alkaloids (Ames and McCann, 1981). However, 

existing modifications of the standard procedure have helped 



Table 9: Mutagenic Potentials of Weightless Tea Crude 
Aqueous Extract Using the Salmonella/Microsomal 
Mutagenicity Assay(,)(b) 

Experiment No. 1: S9 rat liver homogenate not added 

Dose/plate Mean # 
(mg)(c) Revertants ± STD 

0. 002 183 ± 24 
0. 020 196 + 21 
0.200 221 + 10 
2 . 000 163 ± 22 
20.00 205 ± 5 

Controls Mean # 
Revertants ± STD 

TA100 177 i 12 

Water 155 ± 17 

Sodium azide >3 00 
(1.5 ug/plate) 

(a): Tester strain: Salmonella typhimurium TA100 
(b): Plate incorporation test procedure 
(c): Equivalent weight dry tea 
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Table 10: Mutagenic Potentials of Weightless Tea Crude 
Aqueous Extract Using the Salmonella/Microsomal 
Mutagenicity Assay(,)(b) 

Experiment No. 2: S9 rat liver homogenate added 

Dose/plate 
(mg)(c) 

Mean # 
Revertants ± STD 

0. 002 
0.020 
0.200 
2.000 
20.00 

189 ± 25 
153 ± 13 
169 ± 20 
151 ± 36 
159d 

Controls Mean # 
Revertants ± STD 

TA100 186 ± 25 

Water 191 ± 8 

Sodium Azide 
(1.5 ug/plate) 

>300 

(a): Tester strain: Salmonella typhimuriuin TA100 
(b): Plate incorporation test procedure 
(c): Equivalent weight dry tea 
(d): Only one determination 
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to overcome some of these limitations. The most widely used 

test modification, the preincubation assay first described by 

Yahagi et al. (1975), has successfully been used in detecting 

the mutagenicity of several plant flavonols (Brown and 

Dietrich, 1979), coffee and tea (Nagao et al., 1979), and 

hydrolysates of tea infusions (Uyeta et al. , 1981). In 

addition, the mutagenicity (after microsomal activation) of 

the pyrrolizidine alkaloids clivorine, fukinotoxin 

(petasitenine), heliotrine, lasiocarpine, ligularidine, 

LXC201, and senkirkine was demonstrated by Yamanaka et al. 

(1979) using this procedure. In the present study, exposure of 

Salmonella typhimurium tester strain TA100 to a range of 

concentrations of the crude water extract equivalent to 0.002 

mg to 20 mg dry herbal preparation, as described for the pre

incubation test procedure (Matsushima et al, 1980), did not 

induce any mutagenic response as shown in Table 11. Again, the 

average number of revertants per plate per concentration was 

very close to the average number of natural revertants in the 

control plates. Inclusion of a microsomal activation system 

(S9) in the mixture did not alter the outcome of the test 

(Table 12) . Cytotoxicity to the tester strain was not 

observed. 

Table 13 shows the toxic effect produced by different 

concentrations of Weightless tea crude water extract on 

developing chicken embryos. Chicken embryo mortality for the 



Table 11: Mutagenic Potentials of Weightless Tea Crude 
Aqueous Extracts Using the Saljnonella/Microsomal 
Mutagenicity Assay(rt(b) 

Experiment No. 1: S9 rat liver homogenate not added 

dose/plate 
(mg)<c) 

Mean 
Revertants 

# 
± STD 

0.002 124 ± 10 
0.020 110 ± 13 
0.200 99 ± 12 
2 . 000 96 ± 9 
20. 00 110 ± 13 

Mean # 
Controls Revertants ± STD 

TA100 107 ± 7 

Water 99 ± 3 

(a): Tester strain: Salmonella typhimurium TA100 
(b): Preincubation test procedure 
(c): Equivalent weight dry tea 



Table 12: Mutagenic Potentials of Weightless Tea 
Aqueous Extracts Using the Salmonella/Microsomal 
Mutagenicity Assay(,)0>) 

Experiment No. 2: S9 rat liver homogenate added 

Dose/plate 
(mg)Cc) 

Mean # 
Revertants ± STD 

0.002 116 + 23 
0.020 96 ± 6 
0.200 108 + 2 
2.000 116 + 9 
20.000 112 ± 0 

Mean # 
Controls Revertants ± STD 

TA100 115 ± 22 

Water 128 ± 10 

(a): Tester strain: Salmonella typhimurium TA100 
(b): Preincubation test procedure 
(c): Equivalent weight dry tea (calculated value) 
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Table 13: Toxic Effect of Weightless Tea Crude Water Extract 
on Chicken Embryo 

% Dead # Eggs # Chicks 
Dose (mg) Day Embryos Dosed Hatched 

0.2 4 5 20 6 
7 30 

13 55 
20 60 
24 70 

2.0 4 0 20 4 
7 20 

13 65 
20 65 
24 80 

20 4 10 20 6 
7 20 

13 50 
20 50 
24 70 

4 15 20 6 
7 20 

Solvent 13 55 
(Dd 20 65 

water) 24 70 

Aflatoxin B, 4 100 20 0 

No dose 4 6 79 40 
7 15 
13 15 
20 39 
24 49 
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dosed eggs was not significantly different from that observed 

for the eggs in the solvent control groups. The highest embryo 

mortality recorded for the dosed eggs was 80% at the end of 24 

days of incubation. Deionized distilled water injected eggs 

reached a maximum embryo mortality equal to 70% against 49% 

embryo mortality observed in the control (non-dosed) eggs. The 

hatching rate of non-dose eggs was well under the reported 

rate (about 85%) for this strain of White Leghorn hens 

(Fairfull et al., 1983). Rather than a dose related effect on 

embryo mortality, a solvent related effect was observed. High 

embryo sensitivity to solvent type and particularly to volume 

of injection was reported by Prelusky et al., 1987. A 

significantly higher lethality (30%) over control eggs was 

reported when injecting volumes equal to 100 uL deionized 

distilled water. In the present study, eggs were dosed with 

100 Ul of solvent carrier or test material. 

Two harvested embryos showed curved legs at the 10th day 

of embryonic development. These embryos had been exposed to 

2.0 mg equivalent dry herbal preparation. No such effects were 

observed in the harvested eggs dosed with lower or higher 

doses of the crude extract or in the solvent or no dose 

control groups. One hatched chick (17%) from the solvent 

control group, 3 from the no dose control group (7.5%), one 

from the lowest dose group (17%) , and 2 from each of the 

subsequently higher dose groups (50 and 33%, respectively), 



114 

were not capable of walking or had balance problems associated 

with the presence of one irregularly placed leg or crippling 

of the feet. Although the occurrence of this teratogenic 

effect was slightly higher in the dosed groups than in the 

control groups, the evidence was not conclusive to indicate a 

teratogenic potential associated with this tea. Chicks exposed 

to the highest doses of the extract during embryonic 

development showed signs of lethargy and were considerably 

smaller than chicks in the control groups. This observation 

was particularly interesting because Weightless Tea is 

marketed as an aid in weight reduction. Analysis of the tea 

mixture for the presence of antinutritive factors (i.e. 

tannins) was not conducted. However# A. uva-ursi, the active 

ingredient in Weightless Tea, has been reported to be high in 

tannin content (Morton, 1986) . Chicks exposed to the smaller 

doses were hyperactive when compared to control chicks. This 

behavior correlated well with the observed effects in Artemia 

sp. larvae. 

CHROMATOGRAPHIC SEPARATION OP TOXIC COMPONENTS 

1. Development of the Chromatographic System 

1.1 Thin Layer Chromatography (TLC) 

Silica Gel HL plates with organic binder were used to 

separate biologically active compounds present in the water 
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extract from Weightless Tea. Development of the plates with 

methanol:water (v:v) (100:0, 80:20, 70:30, and 60:40) 

developing solvents did not result in ultraviolet light or 

iodine vapors detection of separated fractions. Visually, the 

spotted material remained at the origin, indicating the need 

for a solvent system with increased polarity or solvent 

strength. Acetonitrile:water (60:40 and 80:20) developing 

solvents were also evaluated. While exposure to ultraviolet 

light or iodine vapors did not reveal separation of components 

in plates developed with acetonitrile:water (60:40) developing 

solvent, five well-separated fractions were detected in plates 

developed with acetonitrile:water (80:20) upon exposure to 

iodine vapors (Figure 21). Charring of plates developed with 

acetonitrile:water (80:20) at 110°C for 30 minutes, after 

spraying with 50% aqueous sulfuric acid, revealed the presence 

of 8 fractions (Figure 22). Five of these fractions had been 

previously detected in the same TLC system after exposure to 

iodine vapors. Spraying with 50% methanolic sulfuric acid 

instead of 50% aqueous sulfuric acid before charring, revealed 

the same number of fractions and increased the resolution of 

those previously detected (Figure 23). 

A major drawback with this chromatographic system was the 

need of using a destructive visualization procedure to detect 

the presence of potential biologically active compounds. 

Another limitation of this procedure was the unavailability of 
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Solvent 
Front 

Fraction 1 

Fraction 2 

Fraction No. Rf value 

Fraction 3 
1 

2 

3 

4 

5 

0 . 8 2  

0 . 7 7  

0 . 5 2 - 0 . 6 0  

0 . 1  9  

0 . 1  3  

Fraction 4 

Fraction 5 

Origin 

Figure 21: Thin Layer Chromatogram of Weightless Tea Crude 
Water Extract on Silica Gel HL Plates and Rf Values of 
Separated Fractions after Exposure to Iodine Vapors 
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Solvent 
Front 
Fraction 1 

Fraction 2 

Fraction 3 

Fraction 4 

Fraction 5 

Fraction 6 

Fraction 7 

Fraction 8 

Origin 

F r a c t i o n  N o .  R f  v a l u e  

1  0 . 8 4  

2  0 . 8 3  

3  0 . 7 8  

4  0 . 5 4 - 0 . 6 1  

5  0 . 4 0 - 0 . 4 7  

6  0 . 2 9  

7  0 . 2 0  

8  0 . 1 3  

Figure 22: Thin Layer Chromatogram of Weightless Tea Crude 
Water Extract on Silica Gel HL PLateS and Rf Values of 
Separated Fractions after Spraying with 50% Aqueous H2S04 and 
Charring. 
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Solvent 
Front 

Fraction 1 

Fraction 2 

Fraction 7 

Fraction 8 

Origin 

Fraction 3 
F r a c t i o n  N o .  R 1  v a l u e  

Fraction 3 
1  o.ao 

2  0 . 7 7  

Fraction 4 3  0 . 6 6  

4  0 . 4  5 - 0 . 5 2  

Fraction 5 
5  

6  

0 . 3 3 - 0 . 4 3  

0 . 2 7  

Fraction 6 7  0 . 1 8  

8  0 . 0 9  

Figure 23: Thin Layer Chromatogram of Weightless Tea Crude 
Water Extract on Silica Gel HL Plates and Rf Values of 
Separated Fractions after Spraying with 50% Methanolic H2S04 
and Charring. 
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Silica Gel HL preparative plates or bulk absorbent needed for 

column chromatography. Exposure to iodine vapors, a non

destructive general visualization agent, was insensitive and 

awkward to use since absorption of the agent by the background 

material on the plate made it difficult to detect the isolated 

fractions. This problem has been described previously in the 

literature and is attributed to the absorption of iodine by 

traces of non-evaporated solvent. 

Silica gel G60, the absorbent present in Silica Gel HL 

plates, was also evaluated. In contrast to silica gel HL 

plates, the isolated fractions were detected with ultraviolet 

light (325 nm) eliminating the need for destructive 

visualization procedures. Similarly, visualization after 

exposure to iodine vapors offered reduced sensitivity. When 

using acetonitrile:water (79:21) developing solvent, silica 

gel G60 plates offered better fraction separation and 

resolution than the other TLC systems used. Figure 24 shows 

the TLC chromatogram obtained using Silica gel G60 plates and 

acetonitrile:water (79:21) developing solvent. 

The suitability of this chromatographic system in 

separating potentially toxic compounds present in the aqueous 

extract obtained from Weightless Tea was further studied using 

column chromatography. 



Figure 24: Thin Layer Chromatogram of Weightless Tea Crude 
Water Extract on silica Gel G60 Plates 
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1.2 Column Chromatography (CC) 

The same solvent system developed for thin layer 

chromatography (TLC) was used to elute a silica gel G60 column 

to which the crude water extract from Weightless Tea had been 

applied. After elution with acetonitrile:water (79:21, 58:42, 

16:84 and 0:100) solvent systems, thirty-three isolates 

with different shades of brown and yellow coloration were 

obtained. Exposure of brine shrimp larvae to these column 

isolates resulted in seven major peaks of toxicity {Figure 25) 

(Table 12, Appendix). The greatest toxic potentials were 

exhibited by those column isolates eluted with 

acetonitrile:water (79:21 and 58:42) solvent systems. Toxicity 

distribution among these isolates is represented by the first 

four toxic peaks shown in Figure 25. Column isolates eluted 

with acetonitrile:water (16:84 and 0:100) solvent systems, 

(toxic peaks 5, 6, and 7) , were comparatively much less toxic 

than the previously eluted column isolates; therefore, 

acetonitrile:water (79:21 and 58:42) solvent systems were 

chosen as column eluents for subsequent separation of 

potentially toxic components present in the aqueous extract 

from Weightless Tea. 

2. Column chromatography of Weightless Tea Aqueous Extract 

The aqueous extract from Weightless Tea was applied to 

three separate silica gel G60 columns. Column elution with 
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Figure 25:  Ef fect  of  Weight less Tea Water  Column 
Chromatograph ic  Iso la tes  on  Br ine  Shr imp (Ar temia  
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acetonitrile:water (79:21) and (58:42) solvent systems yielded 

different shades of brownish and yellow-colored isolates. 

Isolates from separate columns were pooled together based 

on similar thin layer chromatographic properties. As shown in 

Figures 26*, 27, and 28, only small differences were found 

among the corresponding isolates from separate columns and, 

therefore, equal numbered isolates were mixed. A total of 16 

isolates were obtained. Comparison of these 16 isolates using 

acetonitrile:water (79:21) developing solvent was attempted 

(Figure 29 and 3 0). Thin layer chromatography of the second 

set of isolates was also attempted using a more polar 

developing solvent system (acetonitrile:water 58:42) (Figure 

31). The bands previously visible with acetonitrile:water 

(79:21) developing solvent migrated closer to the solvent 

front when the plates were developed with acetonitrile:water 

(58:42), however, the appearance of new bands was not detected 

when plates were exposed to ultraviolet light (Figure 31). 

Precipitates were seen in column isolates 2, 3, 4, 5 and 

6 after storage at 4°C for several days. Warming of these 

isolates to room temperature did not cause solubilization of 

the precipitated material. Partitioning of these isolates with 

chloroform yielded different shades of yellow-orange aqueous 

fractions and green-colored chloroform fractions. Monitoring 

of the chemical partition process with thin layer 

chromatography showed distribution of fractions with Rf values 
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Figure 26: Comparison among Isolates 2 to 6 Eluted from Different Chromatographic 
Columns. 



Figure 271 Comparison among Isolates 7 to 11 Eluted from Different Chromatographic 
Columns. 
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Figure 28: Comparison among Isolates 12 to 16 Eluted from Different Chromatographic 
Columns. 
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Figure 29: Thiri Layer Chromatogram of Weightless Tea Aqueous 
Column chromatographic Isolates 2 to 8 Using 
Acetonitrile:Water (79:21) Developing Solvent 
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Figure 30: Thin Layer Chromatogram of Weightless Tea Aqueous 
Column Chromatographic Isolates 9 to 16 Using 
Acetonitrile:Water (79:21) Developing Solvent 
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Figure 31: Thin Layer Chromatogram of Weightless Tea Aouenn<5 
Column Chromatographic Isolates 9 to is 
Acetonitrile.-Water (58 :42) Developing Solvent 
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between 0.75 and 0.90 into the organic layer (Figure 32). 

These fractions were characterized by red, green, and blue 

fluorescent colors. Fractions which were not detected by TLC 

in isolates 4, 5 and 6 before chemical partition were now 

evident. This was attributed to the fact that more sample was 

applied to the TLC plates. 

Each of the water soluble and chloroform soluble isolates 

were screened for toxic potentials using the brine shrimp 

(Artemia sp.) assay. A description of the toxicity evaluation 

of these isolates follows. 

TOXICITY EVALUATION OF ISOLATED COMPONENTS 

Figure 33 (Table 13, Appendix) shows the effect of 

Weightless Tea water-partitioned aqueous column 

chromatographic (WTWPACC) isolates on brine shrimp (Artemia 

sp.) mortality. The toxic potential of these isolates was 

distributed into four major peaks. The highest toxic 

potentials were associated with isolates 2 and 3 (peak 1) , 

isolate 10 (peak 3), and isolates 12 and 13 (peak 4). 

Mortality rates for these isolates, at 48 hours of exposure, 

ranged from 78% to 89%. Exposure of brine shrimp larvae to the 

chloroform soluble fractions obtained after chemical partition 

of column isolates 2, 3, 4, 5, and 6 (Table 14, Appendix) 

resulted in 2 toxic peaks as shown in Figure 34. Isolates 2 
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Figure 32: Thin Layer Chromatogram of Weightless Tea 
Chloroform-Partitioned Aqueous Column Chromatographic Isolates 
2 to 6. 
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Figure 33: Effect  of  Weight less Tea Water Part i t ioned 
Aqueus Column Chromatographic Isolates on Br ine 
Shr imp (Artemia sp.)  Mortal i ty 
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Figure 34: Ef fect  of  Weight less Tea Chloroform-Part i t ioned 
Aqueus Column Chromatographic Isolates on Br ine Shr imp 
(Ar temia sp.)  Mortal i ty 
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and 3 (peak 1) induced, respectively, 100% and 97% brine 

shrimp larvae mortality at 48 hours of exposure. Isolate 6, 

forming toxic peak 2, was much less toxic than isolates 2 and 

3, as only 72% of the exposed larvae died at 48 hours of 

incubation. Isolates 4 and 5 were non-toxic to brine shrimp 

larvae (13% and 7% mortality, respectively). 

Because of the observed toxic potentials exhibited by 

WTWPACC isolates 2, 3, 10, 12, 13, and 14, and the Weightless 

Tea chloroform-partitioned aqueous column chromatographic 

(WTCPACC) isolates 2, 3, and 6, these isolates were further 

characterized for toxic/mutagenic potentials using the 

Salmonella/microsomal mutagenicity assay (preincubation test 

procedure). None of the organic (chloroform) soluble isolates 

were mutagenic to Salmonella typhimurium tester strain TA100, 

since a doubling in the average number of revertants was not 

observed at a range of concentration between 0.0274 mg and 

273.8 mg equivalent dry herbal preparation (Table 14). 

Inclusion of a microsomal activation system (S9 mix) did not 

alter the outcome of the test (Table 15). Chloroform-soluble 

isolate 2 was cytotoxic to the tester organism at the two 

highest concentrations tested (27.38 mg and 273.8 mg 

equivalent dry herbal preparation). In the presence of a 

microsomal activation system the cytotoxic potential of this 

isolate was suppressed, as cytotoxicity was only observed when 

the organism was exposed to 273.8 mg equivalent dry herbal 
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Table 14: Mutagenic Potentials of Weightless Tea Aqueous 
Fractionated Extract (Chloroform Soluble Fractions) 
Using the Salmonella/Microsomal Mutagenicity 
Assay(,)(b) 

Experiment No. 1: S9 rat liver homogenate not added 

fraction Dose/plate Mean # 
No. (mg)(c) Revertants ± STD 

0. 03 70 + 5 
0.27 71 ± 3 

2 2 . 74 102 + 44 
27.38 60 + 9 

273.80 56 + 22 

0.03 107 + 6 
0.27 105 + 13 

3 2.74 116 i 12 
27.38 121 ± 18 

273.80 85 ± 21 

0. 03 98 ± 20 
0.27 91 + 21 

6 2.74 100 + 34 
27.38 106 ± 10 

273.80 92 + 9 

TA100 146 ± 18 

DMSO 89 ± 7 

(a): Tester strain: Salmonella typhimurium TA100 
(b): Preincubation test procedure 
(b): Equivalent weight dry tea (calculated value) 
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Table 15: Mutagenic Potentials of Weightless Tea Aqueous 
Fractionated Extract (Chloroform Soluble Fractions) 
Using the Saljnonella/Microsomal Mutagenicity 
Assay(,)Cb) 

Experiment No. 2: S9 rat liver homogenate added 

Fraction Dose/plate Mean # 
No. (mg)(c) Revertants ± STD 

0. 03 127 + 6 
0.27 141 ± 20 

2 2.74 125 ± 2 
27.38 131 + 16 

273.80 55 + 8 

0. 03 127 ± 28 
0.27 103 ± 14 

3 2.74 107 + 18 
27 . 38 125 ± 17 

273.80 115 ± 9 

0.03 131 + 16 
0.27 136 + 8 

6 2.74 127 + 29 
27.38 103 ± 14 

273.80 107 + 18 

TA100 
— 

132 + 19 

DMSO 114 + 11 

(a): Tester strain: Salmonella typhimurium TA100 
(b): Preincubation test 
(c): Equivalent weight dry tea (calculated value) 
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preparation, the highest concentration tested. WTWPACC 

isolates 2, 3, and 14 were mutagenic to Salmonella typhimurium 

TA100 (Figure 35 and Table 16). Water-soluble isolate 2 was 

mutagenic at the lowest concentration tested (0.0274 mg) . A 

reduction in the average number of revertants was observed 

with increasing concentrations of the test material. This 

trend indicated that the concentrations tested were in the 

toxic range and, consequently, in the descending portion of 

the dose-response curve. The mutagenic potential of isolate 2 

should be confirmed using lower concentrations of the test 

material. Fraction 3 was mutagenic at the highest 

concentration tested (273.8 mg) , inducing an average of 323 

revertants in comparison to 146 natural revertants observed in 

the control plate. Fraction 14 was mutagenic to Salmonella 

typhimurium TA100 at the two highest concentrations tested 

(27.38 mg and 273.8 mg) . Fraction 12 was cytotoxic at all 

concentrations tested, thus, no conclusions were drawn 

regarding its mutagenic potential. The mutagenicity of this 

fraction should be determined using lower concentrations of 

the test material. Water soluble fractions 2 and 14 were 

inactivated by rat-liver S9 mix (Figure 36 and Table 17) , 

possibly due to their enzymatic inactivation or simply to 

reaction of the direct mutagens with protein in S9. Fraction 

3 remained mutagenic after incubation with rat-liver S9 

(Figure 3 6 and Table 17) . Cytotoxicity was not associated with 
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Figure 35: Mutagenic Potent ia ls of  Weight less Tea Water-
Part i t ioned Aqueous Column Chromatographic Isolates 
Using the Salmonel la/M icrosomal Mutagenic i ty Assay 
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Table 16: Mutagenic Potentials of Weightless Tea Aqueous 
Fractionated Extracts Using the Salmonella/Microsomal 
Mutagenicity Assay(,)(b) 

Experiment No. 1: S9 rat liver homogenate not added 

Fraction Dose/plate Mean # 
No. (mg)(c) Revertants ± STD 

0.03 295 ± 20 
0.27 275 + 55 

2 2.74 258 ± 129 
27.38 221 + 98 

273.80 134 ± 34 

0.03 249 ± 12 
0.27 242 + 42 

3 2.74 262 + 9 
27.38 264 + 63 

273.80 323 + 7 

0.03 126 + 14 
0.27 105 + 7 

10 2.74 116 ± 17 
27.38 136 + 6 

273.80 132 + 24 

0.03 70 ± 5 
0.27 71 + 3 

12 2.74 102 + 29 
27.38 60 + 10 

273.80 56 ± 22 

0. 03 229 + 69 
0.27 165 + 33 

14 2.74 160 + 64 
27.38 304 + 42 

273.80 480 + 141 

TA100 146 + 18 

WATER 107 + 11 

(a): Tester strain: Salmonella typhimurium TA100 
(b): Preincubation test procedure 
(c): Equivalent weight dry tea (calculated value) 
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Figure 36: Mutagenic Potent ia ls of  Weight less Tea Water-
Part i t ioned Aqueous Column Chromatographic Isolates Using 
the Sa/monel la/Microsomal Mutagenic i ty Assay. S9 Mix Added 
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Table 17: Mutagenic Potentials of Weightless Tea Aqueous 
Fractionated Extracts Using the Salmonella/Microsomal 
Mutagenicity Assay(,)(b) 

Experiment No. 2: S9 rat liver homogenate added 

Fraction Dose/plate Mean # 
No. (mg)<c) Revertants ± STD 

0.03 211 + 19 
0.27 207 + 14 

2 2 .74 203 + 12 
27.38 222 ± 40 

273.80 121 + 10 

0. 03 146 + 2 
0.27 143 ± 7 

3 2.74 142 ± 12 
27.38 141 + 10 

273.80 295 + 49 

0. 03 111 + 9 
0.27 102 + 6 

10 2.74 126 + 5 
27.38 119 ± 6 

273.80 141 + 15 

0. 03 105 + 15 
0.27 122 + 25 

12 2.74 137 + 31 
27. 38 162 ± 14 

273.80 152 6 

0. 03 143 + 24 
0.27 152 + 28 

14 2.74 127 + 13 
27.38 130 + 13 

273.80 180 + 8 

TA100 
— 

132 + 19 

Water 110 ± 26 

(a): Tester strain: Salmonella typhimurium TA100 
(b): Preincubation test 
(c): Equivalent weight dry tea (calculated value) 
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isolate 12 when in presence of a rat microsomal activation 

system (S9 mix). 

WTWPACC isolates 2, 3, and 14 were tested for 

embryotoxic/teratogenic potentials using developing chicken 

embryos (Tables 18, 19, and 20, respectively). No teratogenic 

effects were associated with the exposure of developing 

chicken embryos to these mutagenic isolates. As previously 

discussed for the crude water extracts, rather than a dose 

related effect on embryo mortality, a solvent related effect 

was observed. Eggs dosed with WTWPACC isolates 2 and 14 did 

not exhibit embryo mortalities which exceeded those observed 

for the solvent-dosed eggs. A higher chicken embryo mortality, 

as compared with the solvent control eggs, was observed at the 

twelfth day of embryonic development in eggs dosed with WTWPCC 

isolate 3. This effect was observed at a dose equivalent to 

1370 mg equivalent dry herbal preparation only. 

DETECTION OF PYRROLIZIDINE ALKALOIDS 

Crude Extracts 

Using TLC methodology reported by Molyneux and Roitman 

(1980), no pyrrolizidine alkaloids or pyrrolizidine n-oxides 

were detected in the crude aqueous or crude methanolic 

extracts from Weightless, Female Toner, and PMS teas. The 

extract analyzed (50 Ul) was equivalent to approximately 1 mg 



Table 18: Effect of Weightless Tea CC Fraction 2 on 
Chicken Embryo 

# Dead # Eggs # Chicks 
Dose Day Embryos Dosed Hatched 

4 10 
7 15 

A 13 30 20 2 
20 80 
24 90 

5 4 
7 

13 
20 
24 

5 
5 
40 
40 
95 

20 

7 
13 
20 
24 

15 20 2 
15 
25 
25 
90 

Solvent 4 11 19 
(Dd 7 21 
water) 13 37 

20 79 
21 89 

Aflatoxin B, 4 20 20 0 

No dose 4 0 20 4 
7 1 

13 4 
20 13 
24 16 

CC = Column Chromatographic 
(a): A=Equivalent to 1370 mg dry tea 

B=Equivalent to 270 mg dry tea 
C=Equivalent to 137 mg dry tea 
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Table 19: Toxic Effect of Weightless Tea CC Fraction 3 on 
Chicken Embryo 

Dose(,) 
% Dead # Eggs # Chicks 

Dose(,) Day Embryos Dosed Hatched 

A 4 5 21 10 
7 14 
13 24 
20 24 
24 52 

B 4 0 19 9 
7 5 
13 5 
20 5 
24 53 

c 4 0 19 12 
7 0 

13 11 
20 32 
24 37 

4 15 20 6 
7 20 

Solvent 13 55 
(Dd water) 20 65 

24 70 

Aflatoxin B, 4 100 20 0 

4 6 79 40 
7 15 

No dose 13 15 
20 39 
24 49 

CC = Column Chromatography 
(a): A = Equivalent to 1370 mg dry tea 

B = Equivalent to 270 mg dry tea 
C = Equivalent to 137 mg dry tea 
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Table 20: Toxic Effect of Weightless Tea CC Fraction 14 
on Chicken embryo 

Dose(,) 
% Dead # Eggs # Eggs 

Dose(,) Day Embryo Dosed Hatched 

A 4 19 21 0 
7 19 

13 19 
20 52 
24 100 

B 4 0 19 1 
7 5 

13 68 
20 89 
24 95 

C 4 0 18 3 
7 0 

13 6 
20 6 
24 83 

4 11 19 2 
Solvent 7 21 

(Dd water) 13 37 
20 79 
24 89 

Aflatoxin B! 4 100 20 0 

4 0 20 4 
7 5 

No dose 13 20 
20 65 
24 80 

CC = Column Chromatography 
a: A = Equivalent to 1370 mg dry tea 

B = Equivalent to 270 mg dry tea 
C = Equivalent to 137 mg dry tea 
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dry tea. Larrea tridentata, known to be devoid of the 

alkaloids, was not screened for the presence of these 

compounds. 

Alkaloidal Extract 

Pyrrolizidine alkaloids (PAs) were detected using TLC 

analysis (Molyneux and Roitman, 1980) in a zinc-reduced 

alkaloidal solution extracted from 10 g of Weightless Tea. 

When sprayed with 1% orthochloranil, several intense blue 

spots on a yellow background developed which faded quite 

rapidly at room temperature or within 1 minute on heating the 

TLC plate on a steam-bath. On subsequent spraying with 

Ehrlich's reagent and further heating on a steam-bath, 2 

pyrrole-characteristic, stable purple spots developed. The 

easily resolved purple spots had Rf values of 0.3 4 and 0.62 

which correlated with the Rf values observed for, 

respectively, riddelliine and senecionine standards 

concurrently chromatographed with the extracts. Further 

characterization of the alkaloidal extract using gas 

chromatography (GC) and mass spectrometry (MS) would be 

required to conclusively establish the true identity of the 

PAs present, since several other PAs have Rf values equal to 

or close to those detected in the extract (Table 21) . The weak 

intensity of the spots indicated the presence of the alkaloids 

in concentrations very close to the limit of detection (2 ug 



Alkaloid 
Detection 

level 
(ug) 

Rf 
Alkaloid 

Detection 
level 
(ug) 

Chloroform-methanol-17% ammonium hydroxide 

(82.5:15.5:2) 

Integerrimine 2 0.62 

Jaconine 2 0.61 

Riddelliine 2 0.34 

Retrorsine 2 0.35 

Senecionine 1 0.62 

Seneciphylline 2 0.61 

Taken from Molyneux and Roitman, 1980 

Table 21: TLC Propert ies of Selected Pyrrol izidine Alkaloids 
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riddelliine and 1 ug senecionine). Although GC-MS of the 

extract would be required to quantitate the amount of PAs 

present, the concentration (wt/wt) of PAs in the herbal 

mixture was estimated to be 0.001% riddelliine and 0.0007% 

senecionine. This would represent an amount equal to 10 mg 

riddelliine and 6.7 mg senecionine per kilogram of herbal 

mixture (dry weight basis). The low concentration of these 

compounds in the tea mixture explained the failure to detect 

the alkaloids in the crude extracts when analyzing 1 mg 

equivalent dry herbal preparation. One hundred and fifty mg 

equivalent dry herbal preparation were analyzed from the 

alkaloidal solution. 

DISCUSSION 

The presence of the hepatotoxic pyrrolizidine alkaloids 

riddelliine and senecionine in Weightless Tea raises important 

concerns about the safety of this product. Human cases of 

intoxication following consumption of herbal teas containing 

these two PAs have been reported (Stillman et al., 1977; 

Huxtable, 1980a,b). In one of these cases, the concentration 

of senecionine present in the dry herbal mixture was 0.60 

mg/Kg (Roulet et al., 1988), an amount 10 times smaller than 

the calculated amount of the alkaloid present in Weightless 

Tea. Although none of the reported ingredients present in the 
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preparation belong to plant families sources of these 

alkaloids, analysis of the individual ingredients for presence 

of PAs should be conducted. The possibility that the PAs 

detected are present as contaminants or adulterants in the 

herbal preparation should also be considered. In such a case, 

random testing of different lots of the product for presence 

of PAs should be conducted to determine the extent and 

frequency of the contamination. 

Although several PAs and PA-containing plants have been 

shown to be mutagenic to Salmonella typhimurium TA100, it is 

doubtful that the observed mutagenicity in three of the column 

chromatographic isolates from weightless Tea is associated 

with the two PAs detected in the preparation. The column 

chromatographic isolates were direct mutagens while PAs are 

metabolized in the liver to mutagenic compounds, and 

therefore, require the presence of a microsomal activation 

system to induce mutations in S. typhimurium TA100 in vitro. 

Although the mutagenicity associated with two of the 

column isolates was suppressed by addition of S9, the three 

mutagenic isolates are of potential risk to the consumer as 

the direct mutagens may attack human tissues such as the 

esophagus and stomach before reaching the liver where 

detoxication would take place. Identification and 

quantification of the compounds responsible for the observed 

mutagenic potentials would be necessary to better asses the 



150 

risk at which the consumer is placed when ingesting infusions 

from this preparation. 

Finally, it should be borne in mind that presence of 

mutagens and even carcinogens in plants extracts does not 

necessarily correlates with carcinogenicity in feeding 

studies. Also it may be conceived that the activity of a 

carcinogen is inhibited by other substances contained in the 

plant. However, in view of the cumulative toxic effect of 

pyrrolizidine alkaloids it would be wise to avoid any exposure 

to this tea until more experimental results on the 

toxicological properties of the herbal mixture become 

available. The toxicological properties of the aqueous extract 

from Weightless Tea are summarized in Table 22. 



Extract Brine Shrimp S. typhimurium 
• S9 -S9 

Mouse Chicken Embryo 

Crude NM NM + ? 

Column Isolates 

Water-Soluble 

Fraction 2 NM M ND ? 

Fraction 3 M M ND ? 

Fraction 10 NM NM ND ? 

Fraction 12 + • +  NM C ND ? 

Fraction 14 NM M ND ? 

Chloroform-soluble 

Fraction 2 • ••• C C ND ? 

Fraction 3 • ••• NM NM ND ? 

Fraction 6 NM NM ND ? 

•••• • Highly Toxic • • Slighly Toxic NM • No Mutagenic 

• •• • Toxic C • Cytotoxic ND • Not Determined 

• • * Moderately Toxic M • Mutagenic ? - Inconclusive Evidence 
Teratogenicity? 

Table 22: Toxicological  Propert ies of  Weight less Tea Aqueous Extract  j-*  



152 

CONCLUSIONS 

1. Crude water extracts were comparatively much more toxic 

to brine shrimp larvae than their corresponding crude methanol 

extracts. 

2. The crude methanol extract form Chaparral Tea was 

considerably more toxic to brine shrimp larvae than the 

corresponding crude aqueous extract. 

3. From all the herbal preparations studied, Weightless Tea 

showed the greatest toxic effect in brine shrimp larvae within 

the range of concentrations tested. Also, it was the only 

crude extract to exert a cathartic effect in exposed mice. 

4. None of the crude chloroform extracts were toxic to brine 

shrimp larvae at the concentrations tested. 

5. The lack of toxicity observed in the crude chloroform 

extracts could be attributed to the lack of toxic principles 

in the extracts, to insensitivity of brine shrimp to the 

extracted compounds, or more likely, to insolubility of the 

extracted compounds in the brine shrimp media. 

6. None of the crude aqueous extracts were mutagenic to 
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Salmonella typhimurium TA100 at the concentrations tested. 

7. No hepatotoxic pyrrolizidine alkaloids were detected in 

the crude water or crude methanolic extracts obtained from the 

studied herbal preparations. 

8. Seven water-soluble and three chloroform-soluble toxic 

isolates were obtained from the water extract from Weightless 

Tea using column chromatography. 

9. Three of the toxic water-soluble column chromatographic 

isolates from Weightless Tea were directly mutagenic to 

Salmonella typhimurium TA100. Two of the mutagenic fractions 

were detoxified by a microsomal activation system. 

10. One of the chloroform-soluble column chromatographic 

isolates from Weightless Tea was cytotoxic to Salmonella 

typhimurium TA100. Incubation of this fraction with a 

microsomal activation system caused a reduction in 

cytotoxicity. 

11. No mutagenic activity was associated with the chloroform-

soluble column chromatographic isolates from Weightless Tea 

after exposure to Salmonella typhimurium TA100. 
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12. Hepatotoxic pyrrolizidine alkaloids (PAs) were detected 

in an alkaloidal extract from Weightless Tea using thin layer 

chromatography. 

13. The PAs present in the alkaloidal extract from Weightless 

Tea were identified as senecionine and riddelliine by TLC 

comparison with standards. 

14. The concentration of senecionine and riddelliine per 

kilogram of herbal preparation (dry weight basis) was 

estimated to be 6.7 mg and 10 mg, respectively. 



APPENDIX 
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Table l: Effect of Weightless Tea Crude Water Extract on 
Brine Shrimp (Artemia sp.) Mortality 

Dose (mg of tea) 

% Mortality00 

16 hours 24 hours 48 hours 

2 0 0 1 
4 6 7 7 
6 86 31 100 
8 93 100 100 
10 100 100 100 
12 100 100 100 
14 100 100 100 
16 100 100 100 
18 100 100 100 
20 100 100 100 

(a): % Mortality = [(# dead shrimp/total # shrimp) dosed -
(# dead shrimp/total # shrimp) controls] x 100 



157 

Table 2: Effect of Weightless Tea Crude Methanol Extract on 
Brine Shrimp (Artemia sp.) Mortality 

% Mortality(i) 

Dose (mg of tea) 16 hours 24 hours 48 hours 

2 l 3 14 
4 20 42 50 
6 13 38 51 
8 25 55 89 
10 45 70 88 
12 63 79 94 
14 85 98 98 
16 68 92 94 
18 76 93 97 
20 73 100 100 

(a): % Mortality = [(# dead shrimp/total # shrimp) dosed -
(# dead shrimp/total # shrimp) controls] x 100 



158 

Table 3: Effect of Female Toner Tea Crude Water Extract on 
Brine Shrimp (Artemia sp.) Mortality 

% Mortality1" 

Dose (mg of tea) 16 hours 24 hours 48 hours 

2 1 1 5 
4 2 2 5 
6 0 0 6 
8 0 0 30 
10 0 0 35 
12 14 14 93 
14 0 4 96 
16 40 86 100 
18 56 79 96 
20 77 100 100 

(a): % Mortality = [(# dead shrimp/total # shrimp) dosed -
(# dead shrimp/total # shrimp) controls] x 100 
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Table 4: Effect of Female Toner Tea Crude Methanol Extract 
on Brine Shrimp (Artemia sp.) Mortality 

% Mortality1" 

Dose (mg of tea) 16 hours 24 hours 48 hours 

2 0 1 2 
4 8 8 8 
6 0 2 2 
8 1 3 5 

10 0 3 14 
12 3 5 18 
14 8 10 53 
16 6 11 78 
18 14 15 92 
20 16 18 95 

(a): % Mortality = [(# dead shrimp/total # shrimp) dosed -
(# dead shrimp/total # shrimp) controls] x 100 
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Table 5: Effect of PMS Tea Crude Water Extract on 
Brine Shrimp {Artemia sp.) Mortality 

% Mortalityw 

Dose (mg dry tea) 16 hours 24 hours 48 hours 

2 2 2 2 
4 0 0 0 
6 2 2 2 
8 2 2 29 
10 2 2 19 
12 0 3 11 
14 2 8 73 
16 3 3 9 
18 7 12 30 
20 16 32 50 

(a): % Mortality = [(# dead shrimp/total # shrimp) dosed -
(# dead shrimp/total # shrimp) controls] x 100 
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Table 6: Effect of PMS Tea Crude Methanol Extract on 
Brine Shrimp (Artemia sp.) Mortality 

% Mortalityw 

Dose (mg dry tea) 16 hours 24 hours 48 hours 

2 1 1 5 
4 0 1 1 
6 0 0 1 
8 1 1 4 
10 2 3 3 
12 5 5 5 
14 4 4 4 
16 0 2 12 
18 1 3 4 
20 0 0 5 

(a): % Mortality = [(# dead shrimp/total # shrimp) dosed -
(# dead shrimp/total # shrimp) controls] x 100 
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Table 7: Effect of Weightless Tea Crude Chloroform Extract on 
Brine Shrimp (Artemia sp.) Mortality 

% Mortality*"' 

Dose (mg of tea) 16 hours 24 hours 48 hours 

2 3 6 5 
4 1 3 5 
6 1 1 6 
8 0 0 6 
10 0 0 3 
12 0 0 3 
14 0 0 1 
16 0 0 3 
18 4 4 6 
20 2 3 9 

(a): % Mortality = [(# dead shrimp/total # shrimp) dosed -
(# dead shrimp/total # shrimp), controls] x 100 
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Table 8: Effect of Female Toner Crude Chloroform Extract on 
Brine Shrimp (Artemia sp.) Mortality 

% Mortality1w 

Dose (mg of tea) 16 hours 24 hours 48 hours 

2 1 1 10 
4 3 4 5 
6 1 1 7 
8 0 2 16 
10 1 4 4 
12 1 2 3 
14 2 4 12 
16 0 4 7 
18 0 0 3 
20 1 3 14 

(a): % Mortality = [(# dead shrimp/total # shrimp) dosed -
(# dead shrimp/total # shrimp) controls] x 100 
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Table 9: Effect of PMS Tea Crude Chloroform Extract on 
Brine Shrimp (Artemia sp.) Mortality 

% Mortality1" 

Dose (mg dry tea) 16 hours 24 hours 4 8 hours 

2 2 4 4 
4 1 2 9 
6 2 3 7 
8 0 0 5 
10 2 2 2 
12 0 2 3 
14 2 2 5 
16 3 3 3 
18 2 3 12 
20 1 3 8 

(a): % Mortality = [(# dead shrimp/total # shrimp) dosed -
(# dead shrimp/total # shrimp) controls] x 100 
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Table 10: Effect of Chaparral Tea Crude Water Extract 
on Brine Shrimp (Artemia sp.) Mortality 

% Mortality14' 

Dose (mg dry tea) 16 hours 24 hours 48 hours 

2 2 2 5 
4 0 0 7 
6 1 1 2 
8 0 0 44 
10 0 1 51 
12 0 10 62 
14 5 5 82 
16 13 18 74 
18 7 23 80 
20 92 100 100 

(a): % Mortality = [(# dead shrimp/total # shrimp)dosed -
(# dead shrimp/total # shrimp)controls] x 100 
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Table 11: Effect of Chaparral Tea Crude Methanol Extract 
on Brine Shrimp (Artemis sp.) Mortality 

% Mortality1" 

Dose (mg dry tea) 16 hours 24 hours 

2 73 100 
4 89 100 
6 90 100 
8 94 100 

10 100 100 
12 100 100 
14 100 100 
16 100 100 
18 100 100 
20 100 100 

(a): % Mortality = [(# dead shrimp/total # shrimp)dosed 
(# dead shrimp/total # shrimp)controls] x 100 
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Table 12: Effect of Weightless Tea Water Column 
Chromatographic Isolates on Brine Shrimp (Artemia sp.) 
Mortality 

Preliminary Results. 

% Mortality1*' 

Fraction No. 16 hours 24 hours 48 hours 

1 0 0 0 
2 90 100 100 
3 90 100 100 
4 3 3 4 
5 0 0 53 
6 1 6 70 
7 0 0 0 
8 0 0 0 
9 0 0 0 
10 0 0 0 
11 34 81 86 
12 0 0 15 
13 7 40 58 
14 1 6 6 
15 0 2 4 
16 4 4 4 
17 3 3 3 
18 0 0 0 
19 0 0 0 
20 0 0 0 
21 16 16 16 
22 12 18 19 
23 13 13 17 
24 6 6 18 
25 28 32 32 
26 16 16 16 
27 3 9 9 
28 0 0 0 
29 10 14 14 
30 32 36 36 
31 0 0 0 
32 46 46 46 
33 19 19 21 

(a): % Mortality = [(# dead shrimp/total # shrimp)dosed -
(# dead shrimp/total # shrimp)controls] x 100 
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Table 13: Effect of Weightless Tea Water Partitioned 
Aqueous Column Chromatographic Isolates on Brine Shrimp 
(Artemia sp.) Mortality 

% Mortality1" 

Fraction Dose 16 hours 24 hours 48 hours 
No. (xng) ̂  

137 0 0 65 
2 274 9 20 76 

1369 88 92 89 

137 0 2 2 
3 274 0 0 64 

1369 46 82 78 

137 0 0 0 
4 274 3 3 3 

1369 3 4 46 

137 0 0 0 
5 274 0 0 0 

1369 0 0 0 

137 0 0 0 
6 274 0 0 0 

1369 0 0 0 

137 0 0 0 
7 274 0 0 0 

1369 0 16 41 

137 0 2 2 
8 274 0 4 4 

1369 0 1 38 



Table 13 continued 

137 18 18 18 
9 274 29 29 29 

1369 27 27 37 

137 0 0 0 
10 274 5 7 7 

1369 14 25 78 

137 0 5 5 
11 274 0 4 17 

1369 0 0 20 

137 0 0 2 
12 274 3 8 11 

1369 2 4 76 

137 0 6 6 
13 274 0 4 6 

1369 2 4 78 

137 0 2 8 
14 274 1 5 5 

1369 0 18 49 

137 5 5 5 
15 274 7 10 10 

1369 0 14 14 

137 2 16 16 
16 274 0 0 0 

1369 0 5 5 

(a): % Mortality = [(# dead shrimp/total # shrimp)dosed 
(# dead shrimp/total # shrimp)controls] x 100 

(b): Equivalent weight dry tea 
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Table 14: Effect of Weightless Tea Chloroform Partitioned 
Aqueous Column Chromatographic Isolates on Brine Shrimp 
(Artemia sp.) Mortality 

% Mortality4" 

Fraction Dose 
No. (mg)^ 16 hours 24 hours 48 hours 

137 50 72 92 
2 274 100 100 100 

1369 100 100 100 

137 3 3 14 
3 274 4 5 6 

1369 79 91 97 

137 1 1 5 
4 274 2 4 5 

1369 0 2 13 

137 4 4 11 
5 274 2 3 7 

1369 2 2 7 

137 2 2 5 
6 274 0 2 8 

1369 11 11 72 

(a): % Mortality = [(# dead shrimp/total # shrimp)dosed -
{# dead shrimp/total # shrimp)controls} x 100 

(b): Equivalent weight dry tea 
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