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[. Introduction

Plants have been used for medicinal purposes (or centuries (Larkin 198)).
The writings remaining {rom the ancient civilizations of Sumer, Assyria,
Egypt, Greece, China, and Rome describe the use of plants believed to
possess medicinal qualities. The first comprehensive list, o1 Materia Med-
ica, of all known medicinal hetbs dates 1o the days of the Roman Empire
(Larkin 1983). Tea, originating in Ching, is one of the world’s oldest known
prepated beverages. In the early years of the twentieth century, many herb-
als were lested for activily aad eliminated as incffective or replaced by
synthetic products. However, dusing the past 20 ycars there has been a
resurgence of interest in “natural” products such as herbal teas and supple-
ments with medicinal or nonmedicinal purposes. With concezns abowt the
possible ill effects of conswming beverages containing caffeine, health-
oriented individuals are turning to herbal teas as alternatives to teaditional
tow calorie, caffeinated beverages such as colfee, cocoa, and tea. The popu-
larity of herbal Ica consumption has acquired such dimensions that during
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1985 the sales of hetbs and herbat teas in health food stores exceeded $190
million in the United States (Tyler {987). Hundreds of differeat herbal teas
are sold in health food stores as varied mixtures of roots, leaves, seeds,
barks, or other parts of shrubs, vines, or trecs. Although chemists have
been characterizing toxic plant constituents for over 100 yr (Ames 1983),
toxicological studies of herbal tcas have been scarce, and therefore the
safety of many of these products is unkaown, Increased use of herbal teas
could present a health hazard to the consumer who is exposed (o large
quandities of plant extracts conlaining compounds of unknown toxic poten-
tial.

In nature, plants are known lo synthesize —in addition 1o carbohydrates,
amino aciis, purines, pyrimidines, and other primary metabolites —a large
group of compounds known as secondary metabolites (Street and Cock-
burn 1972). Secondary plant metabolites, unlike primary metabolites, are
not essential in the production and use of chemical energy by plants.
Rather, they have an important role in defining plant-plant, plant-herbi-
vore, and plant-parasite interactions (Kingsbury 1983). Plant toxins, a sub-
set of this coroplex, heterogeneous array of secondary compounds, are
present (spometimes in large quantities) in most plant species, where they
serve as defense mechanisms against microbiological and herbivorous inva-
sions (Kingsbury 1983). Plants used as part of the human diet are not
exempted from these metabolic products.

Pysrrolizidine alkaloids (PAs) were among the first aaturally occurring
carcinogens found in products of plant origin. Their wide distribution, both
geographical and botanical, makes their probable presence in herbal lea
preparations a matter of public health significance.

In 1954, Bras et al. mtroduced the term veno-occlusive disease {YOD) to
designate a condition prevalent in famaica, particularly among children.
The essential pathology of the disease included portal hyperiension with
severe ascites due to obliteration of centrilobular and sublobular hepatic
veins caused by newly formed connective tissues. These changes, reported
to occur naturally in animals that had ingested PA-containing plants (Bras
et al. 1957; Yan Dam et al. 1993), supported the theory that human disease
could have the same ctiology. Il was also postulated that PAs present in
“bush tea” prepared from Crofaleria and Senecio plants and ingested by the
Jamaican population constituted the etiological factor in hepatic VOD.
Since then, VOD of the liver caused by the consumption of herbal Leas has
been recognized in other parts of the world {Culvenor et a). 1986; Fox et al.

1978; Huxtable 1980a,b; McGee et al. 1976; Ridker et al, 1985).

Cases of PA intoxication caused by consumption of herbal teas or sup-
plements have appeared in the litersture. In 1983, the development of he-
patic VOD in four young women who had taken herbal tea as a treatment
for psoriasis was reported (Kumana ct al. 1983). Analysis of the herbal
mixture revealed the presence of PAs (0.47% dry wt) whose saurce, after
germination of seeds present in the mixture, was identified as Heliotropium
lastocarpum (Culvenor et al, 1986).

- et e t————— ——W ¥
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An area of high incidence of esophageai cancer with rates as high or
higher than those seen in Curacao has been localized in Coro, located close
to Cusacao on the acrthwestern coast of Vepezuela (Morton 1986). A link
with the consumption of “bush tea” was later established when a Venezue-
lan survey revealed that 30% of the popalation of Coro and the arid state
of Falcon habitually ingest nfusions from Krameria ixina {(Mecino ct al.
1979),

There are numercus cases of intoxication from the coasumptioa of
herbal teas. In cases of acute poisoning, linking of the condition with #i-
ctary habits is likely to occur. However, when herbal preparation soutces of
carcinogenic or teratogenic compounds are ingested, symptoms or chronic
diseases developing alter a long latent period are ualikely Lo be attributed
to consumpiion of herbal products, particularly if the condition developed
as a result of a single exposure 1o the toxicant. Such insidious actions have
only recently come 1o be recognized and can only be detected by screcning
plant material for toxic, mutagenic, and teratogenic potentials using a bat-
tery of tests, including animal feeding studies. The screcning of plants
(herbal teaz) for toxic potential is a very expensive and time-consuming
process. Commercially available herbal tea preparations have generally
been screened for toxic, mulagenic, and teratogenic potentials using short-
term bioassays that incladed the brine shrimp (Ariemia sp.), mouse acule
1oxicity, Salmonella/microsomal mulagenicity, and chicken embryo bioas-
says. Herbal mixtures have also been screened for toxic PAs by chromaio-
graphic techniques.

1I. Occurrence and Distribution

Plams containing PAs are ubiquitous in nature. The main sources are
plams in the families Boraginaceae (all genera, especially Crroglossuin
officinale)}, Compositae (lribes Senccioneae and Eupatorieae), and Legum-
inosenc (genus Crofalaria) (Smith and Culvenor 1981; Van Dam et al.
1995). Other families containing plant sources of PAs are listed in Table §.
An extensive compendium of plamt sources of PAs was pubfished by Smith
and Culvenor in 1981.

The distribution and accumulation of PAs in plants have been studied in
a number of species of Senecio, Amsinckia, and Croialaria (Hartmann and
Zimmer 1985; Johnson et al. 1985, Liddel and Logic 199); Stelljes et al.
1991; Were and Benn 1991). Although considerable inter- and intraspecies
variation in atkaloid content was observed, in most species the total alka-
foid conceatration in leaves reached the maximum at the preflower or carly
bud stage, with » drop to its minimum level immediately after flowering, at
which time most of the alkaloid content of the plant was concentraied in
the reproductive organs (Johnson et al. [985). By contrast, Hartmann and
Zimmer (1985) reported a constant alkaloid content for the vegetative or-
gans {roots, stems, and leaves) of two snnual Senecio species. They also
found the reproductive organs (flower heads) 10 be the major sites of alka-
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Table i. Plant families and genera containing pyrrolizidine atkaloids.

Family Genera
Agocynaceae Feraaldia, Personsia
Boraginaceae Alkanaa, Amsinckia, Anchusa, Asperuge,

Barago, Caccinia, Cynoglossum, Echium,
Hackelia, Helioiropium, Lappula, Linde-
lophia, Lithosperum, Muacrolomia, Messer-
schimidiia, Myosolis, Paraceryum, Paracy-
rogiossum, Rindera, Soleranthus,
Symphytum, Tournefortie, Tracheianthus,
Trichodesma, Ulugbekia

Compositeac Adenostyles, Brachyglotiis, Cacalia, Con-
oclinium, Crassocephaliun, Doronicum, Echi-
naces, Emilia, Erechites, Eupatorium, Far-
Jugiwm, Gyaura, Linguwlaria, Pelasites,
Senecio, Syneilesis, Tussitago

Leguminosae Crotolarie
Ranunculaceae Coltha
Scrophulatiaceae Castiltesa

Source: WHO Task Group on Pyrrolizidine Alksloids (1988).

loid accumulation, with concentrations exceeding those of the vegetative
organs 5- to 10-fold.

Assuming that the leaves are the main site of alkaloid formation, an
intensive translocation of alkaloids into the reproductive organs would ex-
piain the pattern of alkaloid content in leaves, as veported by Johnson et at.
(1985). This assumption is supported by the diurnal rhythm of alkaloid
n-oxides accumulation in leaves and flower heads described by Hartmann
and Zimmer (1985). More recenily, Van Dam ¢t al. (1995) studied the
occurrence, relative distribution, and bicsynihesis of PAs in Boraginaceae
(Cynoglossum afficinale), due 1o their wide distribution and toxicity 1o
livestock in the temperate regions of western Europe, Asia, and Canada.
All PAs were found predominanily as N-oxides, and the process of bicsyn-
thesis took place exciusively in the shoots (Van Dam e al. 1995). It has
been generally accepted that plamts synthesize, translocate, and store PAs
in the form of N-oxides (Hartmann and Wittle 1994),

The biological role of PAs in the plant is not well undersioed. Some
propose that PAs 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 mechanism against herbivory (Hart-
mann and Zimmer 1985). This role is well supported by the fact that repro-
ductive organs ase the main sites of atkaloid accumulation, with the flower
heads in mature plants accounting for 70%-80% of total plant alkaloid
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content (Hartman and Zimmer 1935; Johnson et al. 1985). Similarly, PAs
are used as a defense mechanism against predators by adul ithomiine bui-
terflies, which sequester PA {rom larval food plants and concentrate them
in the legument {where the predators will urwmediately sense thern), repro-
ductive tissues, and eggs (Brown 1984). In contrast to reproductive organs,
young leaves were found to contain the highest PA level in rosetie plants,
reflecting the plant’s effort to protect its future photosyathetic output
against herbivores (Van Dam et al. 1995). in addition, Creatonofos male
moths have been reported 10 depend on the availability of dictary PAs to
biosynthesize pheromones used in mating and as territory markers {Schnei-
der et al. 1982).

I11. Chemical Characteristics
A. Pyrrolizidine Alkaloids

Pyrrolizidine alkaloids (PAs) are an important class of natural plant carcin-
ogens that are widely distributed, both botanically and geographically. In-
terest in this group of compounds originated from economic losses resulting
from (hc grazing of animals in pastures infested with pyrrolizidine-
containing plants. la castern North America, serious stock losses from
consumption of pasture contaminaled with Senecio jacobaea have been
reported since 1860. In 1972, an estimaied $20 million of horses and cattle
were lost in the state of Oregon alone (Huxtable 1980b). Economic losses
10 the livestock industry have been reported in Australia and other countries
throughowt the world {Culvenor 1985: Poster 1994). Livestock animals
reported 1o be sensitive to PA poisoning include caltle, horses, sheep, chick-
ens, turkeys, and pigs. Symptoms of intoxication ditfer from species O
specics and are dependent on factors such as sex, age, time of exposure,
type of alkaboid involved, and plant species consumed.

Livestock Loxicosis caused by Acremoniun (endophyte) infected grasses
has 2 pronounced negative economic effect on animal production due 1o
the presence of ergopepline alkaloids {(Hoveland 1993). Acute liver damage
has been observed in sheep, horses, pigs, and dogs, and lung damage in
sheep, poultry, and pigs. in addition, horses suffer from acurological dis-
turbances, sheep exhibit a hemolytic syndrome, and cattle suffer 2 fatal
gasteointestinal disorder (McLean 1970). PA toxicosis in humans is mani-
fested ns hepatic YOD, a condition characterized by the obstruction of the
central and sublobular veins of the liver. The acute discase, associated with
high mortality and a subacute or chronic onset, may lead to circhosis.

Chemically, PAs are complex, aliphatic, hydroxylated faity acid esters
that exist as monoesters, diesters, or cyclic diesters (Williams and Weisburg
1986). The pyreolizidine nucleus is composed of two five-membered rings
sharing a common nitrogen at position 4. Esterifications a1 positions | and
7 are commonly observed (Fig. 1). The nitrogen atom of the nucleus readily
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Fig. §. Chemica) structures of sclecied pyrrolizidiac alkaloids.

undergoes oxidation, and N-oxides of the alkaloids are commonly found
together with the parent alkaloid in plams (McLean 1970).

Only about one-halfl of the approximaiely 250 known PAs are hepato-
toxic (Peterson and Culvenor 1983). PAs that are derived from salurated
amino alcohols or are not esters are not hepatotoxic (Bruggeman and Van
der Hoeven 1985). Thus, it is well established that the structural require-
ments for loxicity are the presence of an unsaturation io the 1,2 position of
the pyrrolizidine nucleus, esterification at the | ar 7 position, and branching
of the ester side chain (McLean 1970). The unsaturated nucleus is essential
in permilling metabolic activation to a pyrrolic derivative, while the ester
groups are necessary for high reactivity in the primary pyerolic metabolite.
The substituted acids are cssential in protecting the parent alkaloid or the
pycrole metabolite against hydrolysis by esterases or water. Therefore, the
acid moicties, as postulated by Mattocks (1970), modily the toxic response
by influencing the amount of parent alkaloid being metabolized 1o pysrole
derivatives and by modiflying the stability of the reactive metabolites in liver
cells.

Herbal Teas 7

Formation of highly reactive pyrrolic metabolites in the liver and their
role in the development of pathological effects associated with pyrrolizidine
alkaloid toxicosis were first recognized by Mattocks (1968). Metabolic pyr-
roles were detected in the urine and several organs of rats dosed with differ-
ent types of PAs. These metabolites were detected primarily in the liver and
10 a lesser extent in the lungs, heart, spleen, and kidneys. Formation of
pyrrokes in vifro from added PAs 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 alkylaling agenmts using 4.(p-nitrobenzyl)-pyridine
(Matiocks 1969). In addition, the hepatotoxicity of the alkaloids was re-
Iated to the amount of pytroles to which they gave rise in vivo. This experi-
mental evidence supporied the idea that PAs ase metabolized to highly
reactive metabolites in the liver, where their alkalyting properties cause
them 10 bind 10 nucleophilic centers in the hepatocytes and give risc to the
described effects. Under certain conditions, pyriolic metabolites are ex-
creted in the urine or feces as “soluble pyTroles” or are tiansported in the
bloodsteam (o other organs, where they react with nucleophilic centers.

Transport 1o other organs is dependent on the stability of the metabolite.
The extensive lung damage caused by anacrotaline has been related 10 the
high stability of its pyrrolic metabolite, which is sufficiently stable to escape
decomposition or reaction with liver tissue and survives to reach the lungs
in relatively large amounts (Mattocks and Driver 1987).

The mechanism of action of PAs, as proposed by Mattocks (1968), is
repiesented in Fig. 2. The first step in biotransformation includes metabo-
lism of the parent alkaloid (1) in the liver by the action of mixed-function
oxidases (MFQs), more receatly knowa as polysubstrale MOno-OXygenascs

(PSMOs), of the microsomal fraction to the corresponding pyrrole metabo-
lite (113. In contrast to the structuce (13}, the ester groups in (11) arc highly
reactive and can react with nucleophiles such as X' and Y*. The alkalyting
capacity of structure (11) depends on rearrangement of the nitrogen clec-
Lrons over the ring structure (111), leading to ionization of the ester group
1o form a putative carbonium ion, which reacts with the aucleophile X’
(1V). Further reorganization of the nitrogen electrons (V) causes the second
ester group (o ionize, creating a carbonium jon (VI), which is stabilized by
cesomance 1o structure (V11), a difunctional atkalyting agent, which reacts
with the nucleophile Y’. PAs of similar structure, i.c., monocrotaline and
trichodesmine (Huxtable ct al. 1996), exhibit marked differences in tox-
icity.

Unsaturated PAs are metabolized to both pyrroles and n-oxide metabo-
lites by the action of MFQs in the liver {Swick 1984) (Fig, 3). Evidence
shows that cach type of metabolite is formed through parallel noncompeti-
live pathways (Mattocks and Bird 1983). While N-oxides are water soluble,
show decreased toxicity, and may be visualized as detoxification products,
pyrrolic metabolites can bind to tissue in vivo and are associated with
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hepatotoxic effects. Consequently, theextent to which a PA is metabolized Lo
its pyrrole derivative strongly influences the toxicity of the specific alkaloid.

Mattocks and Bird ( 1983) studied the rates of formation of N-oxides and
pyrrolic metabolites in vitro. While formation of both metabolites was
enhanced by lipophilicity, the relative rate 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 monoes-
ters and lowest for open diester alkaloids. These differences between rates
of formation of each species were accounted for by the stearic hindrance
offered by the acid moiety at the site of each respective reaction. Stearic
hindrance at C-8, where hydcoxylation could lead to pyrrole formation, is
exerted greatly by noncychic 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 stea-
ric hindrance and give a high pyrrole yield.

B. Tannins

Tannins are secondary plant metabolites (not in metabolic pathways pro-
viding energy for growth and reproduction) thal are characteristically rich
in phenolic hydroxyl groups (Butler cf al. 1984). They are divided into two

M
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major classes on the basis of structure and reactivity to hydrolytic agents:
(1) hydrolyzable tannins, which are hydroxyl carboxylic acids esterified
to sugars such as glucose; and (2) condensed (nonhydrolyzable) tannins,
chemically known as proanthocyanidins, which are polymers of Davin-3-ols
tinked by carbon-catbon bonds (Butler et al. 1984).

Tannins (condensed and hydrolyzable) are widely distributed in plants.
Although hydrolyzable tannins ate uncommon in human food, condensed
1annins are found abundantly in beverages {coffee, cocoa, tem, red wine),
fruits (persimman, banana), and vegetables (spinach) (Singleton 1981).
The carcinogenic activity of tannins was first recognized by Korpassy after
postmoriem examination of burned patients treated with tannic acid during
Waorld War 11 (Korpassy 1961). Histological evamination of tissues re-
vealed central necrosis of the fiver and hemorrhagic focal necrosis of the
adrenal cortex in burned patients who had becn treated with tannic acid.
Burned patients receiving other treatments did not show such effects. These
observations prompted Korpassy (0 suspect, as early as 1943, that the tan-
nic acid was absorbed from the region of its application and caused damage
to the liver (Korpassy 1961).

Korpassy's suspicion of the carcinogenic potentia! associated with tannic
acid has been widely confirmed in laboratory animals. Tannic acid, a hy-
drolyzable tannin from the galls of many Quercus species, was shown (0
produce cirrthosis and hepatomas in rals on prolonged subcutancous admin-
istration (Korpassy and Moyonsi 1950). Kirby ¢1960) showed that paren-
teral administration of extracts of both condensed and hydrolyzable tannius
was carcinogenic for rats and mice. While extracts of condensed tannins
produced liver tumoss as well as sarcomas at the site of injection, extracts
of hydrolyzable tannins induced only liver tumors (Kisby 1960).

Caicinogenic effects of a varety of tannin-containing extracts from
plants, including a fraction from tea (Cantelia sinensis), have been demon-
strated in laboratory animals {Kapadia et al. 1976). Plants such as Krameria
ixing (Cadia De] Pero), Krameria triandra (Rhatani), and Acacia viflosa
{Watanapa Shimaron), commonly consumed by the inhabitaats of Cura-
cao, were shown by Pradhan et al. (1974) 1o indace carcinoma in National
Institutes of Health {INIH) black rats alter subcutaneous injections of aque-
ous extracts. The carcinogenic potential of these planis was associated with
the tannin content, as tannin-free fractions did not show any carcinogenic
activity when administered subcutaneousiy ( Pradhan et al. 1974). The car-
cinogenicity of the agueous extracts obtained from Acacie villosa was ako
teported by O'Gara et al. (1974), who observed development of sarcomas
at the site of injection in {00% of injected NIH black female ravs. Similarly,
the failure to incduce sarcomas after repeated injection of tannin-free extract
was observed (O'Gara et al. 1974).

Although there ace no reports on the induction of tumors in humans by
the dietary intake of tanains, a high consumption of tannin-rich plants was
linked to the high incidence of esophageal cancer in Curacao (West Indies),

Herbal Teas 1

South Carolina (U.S.), and other geographical regions of the world (Mor-
ton 1970, 1972, 1973, 1580, Segi 1975). A aumber of widely used tannin-
containing herbal preparations, such as Arctfosiaphylos uva ursi, Ephedra
vindis, E. nevadensis, Myrica cerifera, and llex peraguariensis, have been
cited for possible carcinogenic activity (Morton 1980).

C. Safrole

Safrole, 4-ailyl-1.2-methylenedioxybenzene, is the major constituent (§0%
by weight) of the aromatic oil present in the root bark of the sassafras tree
(Sassqfras aibidum) (Borchert et al. 1973) snd a major constituent of the
essemial oils of nutmeg, star anise, and cinnamon leaf (Hirono 1981).

Sassalras and its essential oil or synthetically manufactured safrole were
widely used in soft deinks such as root beer in the U.S. In 1960, the use
of safrole as a food additive was banned by the U.S. Food and Drug
Administration {FDA) (Federal Register 1960) after a chronic rat feeding
study indicated that safrole was a weak hepatocarcinogen in this species
(Long et al. 1963). Since then, the findings of Long and colleagues have
been confirmed by many other investigators. Hepatic damage in rats fed
for 2 yrs on a diet containing less than 1000 xg/g safroke was reported by
Hagan et al. (1965). The development of benign and malignant esophageal
tumors in rats fed a diet containing $000 ug/g dihydrisafrol, a monohy-
droxylated derivative of safrole, was also reposted.

Safrole is extensively metabolized in the liver by (wo major pathways:
oxidation of the ally! side chain and oxidation of the methylene-dioxy group
{(loannides ¢t al. 1981). Both routes involve the enzymatic action of the
hepatic microsomal MFOs (Hodgson and Philpot 1974). As expected, ad-
ministration (o rats of phenobarbital and 3-methylocolenthrene, typical
inducers of the MFOs, resulted in increased urinary excretion of safrole
metabolites produced by each of the metabolic routes mentioned (Janiaud
et al, 1977).

The monohydroxylated derivative of safrole, 1'-hydroxysafrole, is be-
lieved to be the proximalte carcinogen of safrole (Borchert et al. 1973). This
metabolite, formed by oxidation of the allyl side chain of safrole, is more
hepatotoxic and hepatocarcinogenic (o animals than is the parent alkaloid
when fed at the same dictary level (Wislocki et al. 1976). Administration to
rats of tritium-labeled 1'-hydroxysafrote gives rise (o tritium-tabeted DNA,
RNA, and protein, including the covalent binding of 1'-hydroxysafroic or
a further metabolite to biojogical nucleophiles.

Swanson and colleagues (1979) reporied an increase in the mutagenic
potential of 1’-hydroxysafrole afler incubation with a microsomal activa-
tion system, indicating further metabolism of 1’ -hydroxysafrole to a more
potent mutagen{s) that could act as the ultimate carcinogen(s) responsible
for safrole toxicity. Borchert et al. (197]) reported the conversion of 1°-
hydroxysafrole in animais and man to 3’-hydroxysafrole after enzymatic

——w———w
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action of g-glucoronidase, Other metabolites formed from the further me-
tabolism of 1’ -hydroxysafrole include 3.4-methylenedioxyphenyl vinyl ke-
tone (1’ -onosafrole) (Peele and Oswald 1978) and 1’-hydroxy-2°,3"-
epoxide {Wislocki et al. 1976). It was also reported that 1*-hydroxysafrole
cporide, derived from 1°-hydroxysafrole, induces formation of skin papil-
lomas in mouse after repeaied applications of the tumor promoier ¢roton
oil; in addition, 1’-hydroxysafrole epoxide as well as all epoxides investi-
gated formed from safrole were fourd to be directly mutagenic in the Ames
test (Dorange et al. 1977}, This pointed to | ‘-hydroxysafrole epoxide as the
possible uhtimate carcinogen of safrole.

In view of the accumulated evidence, FDA extended the ban on safroie
use o the interstate commerce of sassafras lea or any other safeole-
containing products (Federal Register 1974). However, in spite of the tegal
restrictions, sassafras comtinues to be frecly available in “healih food”
stores and similar outlets in the U S.

1V. Analytical Methodology
A. Sample Preparation and Extraction

Herbal teat can exist as mixtures and single-ingredient herbal teas such
as weightless, female toner, PMS, and chapparal (creosole bush, Larrea
tridentata). These teas were analyzed for toxic/mutagenic potentials be-
cause some of their ingredicnts have been implicated in cases of animal or
human intoxication in the U.S. (Manteiga 1991). These are commonly used
herbal teas available in health food stores and are registered products. The
composition of each tea preparation, as indicated by the manufacturer, is
shown in Table 2.

Sample preparation prior to extraction for chromatographic and bioas-
say testing includes pracesses such as grinding, homogenization, and collec-
tion of the test portioa. Extraction of herbal mixtures can include sequen-
tial extraction with solvenss of decreasing polaiity, ¢.g., deionized distilied
waler, absolute methanol, and chioroform, followed by a steeping process
for a given period (20 min) and then storage at 0 °C until analysis or
lyophilization.

Volimer et al. {1987) described a method for the isolation of PAs. In this
method, ground herbal mixtures were extracted in a Saxhlet apparatus for
€ hr with 300 mL of methanol. After extcaction, the methano! was removed
on a rotary evaporator, and the oily residue was dissolved in200mL ofa2
N HC + eihyl ether (1: 1) solution. The mixture was partitioned in a
scparatory funnel and the ether layer discarded. The acidic solution was
washed three times with 100 mL ether to remove additional constituents
that were not alkaloidal. To regenerate the dissolved aikaloids, the solution
was made basic by adding concentrated NH,4OH until the pH reached 8,
{ollowed by extraction of the basic solulion four times with 50-mL portions
of CH,Cl,. The solvent was removed on a rolary evaporator, and the oily
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Table 2. Composition of herbal tea mixtures.
Common name Scientific name Weightless PMS  Toner
Angelica root Angelicasp. X
Barley (roasied) Hordeum sp. x
Blessed thistle Crecus sp. x
Borage Borago sp. X
Buchu leaves Barosma 5p. X
Carob (roasted) Ceratonia sp. x
Chamaomile flower Mairicaria sp. X
Chickweed Steliaria sp. X
Chicory (roasted) Chicorium sp. x
Cleavers herb Calium sp. x
Corasilk Zea mays x
Crampbark Viburaum sp. x
Dandedlion root® Taraxanum officinole X
Flax sceds Linten sp. X
Fenne! 1ceds Foenicutim sp. x
Ginger root Zingiber sp. x
Hibiscus flowers Hibiscus sp. X
L.emon grass Cymbopagon sp. X X
Lemon verbena Lippia sp. X
Nettle feaves Urtica sp. X
Parsley lcaves Petrosefinum sp. X X
Ruspberry leaves Rubus p. X
Red clover Trifolium sp. x
Rosehips Rose sp. x
Spearmin leaves Meniha sp. x 4
Stevia leaves Stevid sp. x
Squawvine Mirchello sp. x
Strawberry leaves Fragaria sp. x
Uve ursi Jeaves® Arciostephyios X x
uvg-ursi

* = PMS tea, aclive ingrediens (300 mg/tes bag) (PMS, premenstrual syndrome).
* = PMS 1ea and Weightless Tew, active ingredient (30 mg and 45 mg/fex bag, respec-

uively).

residue was dissolved in 2 mL of chloroform fot storage at 4 °C until
further analysis.

Extraction of alkaloids and sample preparation techniques have been
reported 1o be the major event in the detection aad identification processes
(Chizzola 1994; Porter 1994). Because pyrrolizidine alkaloids occur as mi-
nor constiluents in medicinal plants, determination of these alkaloids even
at low concentration is imperative. Rapid sample preparation using solid-
phase columns avoids the use of scparating funnels and allows enrichment
of the alkaloids, which is countered by the lengthy sample cleanup and

—————esseeeeeseeer N
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concen(ration steps for gas chromatography {GC), high perforrmance liquid
chromatography (HPLC), or thin-layer chromatography (TLC). The pro-
cedure includes the reduction of N-oxides with the oxygen-absocrbing resin
Serdoxit and cleanup with sirong cation-exchange solid-phase columns
{Chizzola 1994).

B. Chromatographic Techniques

Molyneux and Roitman (1980) described a TLC technique for detecting
PAs. The exiracts obiained were applied to silica gel 60, 0.25-rom alumi-
num-backed precoated TLC plates and developed with chloroform:metha-
nof:17% NH,OH (82.5:15.5:2). Silica gel HL plates have been evaluated
for their ability to separate biologically active compounds in water extracts
(Manteiga 1991).

The TLC plates were dried and sprayed with a 1% solution of ortho-
chloranil (tetrachloro-obenoguinone)/benzene, dried on a steam bath for
approximately | min, resprayed with Elclich’s reagent (p-dimethyl-
aminobenzaldehyde), and again heated on the steam bath for | min. Pres-
ence of PAs was confiimed by the development of pyrrole-characteristic,
stable puiple spols. While screening crude extracts, possible n-oxides can
be converted 1o pyrroles by treatment with acetic anhydride spray, followed
by the application of Enrlich’s reagent. The presence of PAs (N-oxides
ot parend alkaloids) should be confirmed by the development of pyrrole
characteristics. For comparison, standard reference pyrrolizidine alkaloids
(senecionine, lycopsamine, echimidine, intermedine, riddelliine, and acetyl-
copsamine) should be concurrently chramatographed with the chloroform
extract.

PAs have been separated by column chromatography using silica gel 60,
70-230 mesh. Before packing, the silica was activated by baking at 120 °C
for 1 hr. Columns were packed with enough silica gel to obtain a column
height of at least 13 cm. The silica gel was allowed to settle in each column
by passing chloroform. The chloroform is rinsed from the columns with
absolute methanol. Sample extracts or infusions are applied after lowering
the leve) of the solvent so that they are near the top of the silica gel. The
sample was allowed to penetrate the silica by slow cfution ( <0.8 mL/min).

Further characterization of the alkaloidal extracts using GC and mass
spectrometry (M35) is required to conclusively establish the true identity of
the pyrrolizidine alkaloids present, since several other PAs have Rl values
equal to or close to those detected. Stelljes et al. (1991), who previously
reporied the presence of PAs in Semecio mikanioides Otto, analyzed four
Senecio species by designing a more sensitive GC-MS system using a me-
dium-low polarity DB-17 columa; this provided a tentative identification of
complex mixtures of PAs that are difficull and time consuming to assay
when using nuclcar magnetic resonance (NMR) analysis (Stelljes et al.
1991). Most of the species, including S. dimorphophylius, S. serra, 8. ky-
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drophyitus, and S. mikanioides, showed the same profile of PAs. The pres-
ence of senecionine and integerrine were reported in 5. dimorphophyltus,
and complex mono- and diesters of PAs were detected by GC-MS analysis
{Stelljes et al. 1991). Belz et al. (1994) recently developed a method of
extraction, solid-phase concentration, and capillary GC determination of
alkaloids. The same method was adapted to determine PAs in comfrey
{(Synphyium sp.), which is rich in unsaturated PAs (Mossoba ¢t al. 1994).
Since comfrey has been consumed in the form of herbal tea, a green drink,
and in capsule form, it is a potential route of exposure 1o toxicity and
carcinogenecity. The comfrey rool extracts were identified by capillary gas
chcomatography/matrix isolation/Foucier transform infraced (GC/MV/
FTIR) spectroscopy and electron ionization and positive ion chemical ion-
ization GC/MS techniques, cesuiting in greater utility of GC/MI1/FTIR
spectroscopy to PA isomer identiflication (Mostoba et al. 1994).

HPLC techniques have been adopted for food analysis over the past two
decades as a novel analytical technique lor the determination and quantifi-
cation of different food components. Herlog et al. (1993) developed an
analytical method for the determination of flavonoids in freeze-dried
foods. Later, the same method was adapted for aglycon determination in
diffecent beverages, ¢.g., tea infusions, wines, and fruit juices, by reverse-
phase HPLC or a Nova-Pak C,, column using aceionitrile:phosphate
buffer (25:75 v/v, pH 2.4) as 3 mebile phase and UV detection (370 rwn)
{Heriog et al. 1993). Although the Gterature regarding the use of HPLC for
alkaloid determination is scarce, this technique has the potential to improve
the determination and quantification of alkaloids in herbal tea infusions.
The use of cochromatography (TLC, HPLC, and/or MS with UV or a
Nuorescence detector) has been reported for better identification and quan-
tification of ergot alkaloids (Porter 1994),

C. Bioassay Techniques for Toxicity Testing

With the development of short-term bioassay techniques, it is possible to
determine toxic and mutagenic potentials in vive and in vitro. Crude or
fractionated extracts of kerbal tea mixtures can be screened after the chro-
matographic and other seperation techniques.

In addition to the effects described, PAs have been reported to induce
dosec-related fetal abnormalities in rats (Geeen and Christie 1961; Pcterson
and Jagc 1980). The mulagenic potendial of a number of PAs and PA-
containing plant extracts has been demonstrated in Drosophils melanogas-
ier (Candrian et al. 1984; Clark 1959), Saimonelia typhimurium TAILOD
(White et al. 1983; Yamanaka ct al. 1975), Vicia faba (Furmhanowa ¢t al.
1983), cultured mammalian celis (Bruggeman and Van der Hoeven 1985),
and in other Lest systems (Bruggeman and Van det 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 demon-
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straled in the rat by different investigators {Hirono et al. 1976, 1977, 1978,
1979, 1983; Mantciga 1951; Schoental et al. 1954). Tumeors acc produced
over a wide range of tissues and organs, but the bver is the organ most
commonly involved.

The brine shrimp assay (Artemia sp.) has been used to sapidiy screen
crude extracts from commercially available herbal teas (see Tabie 2} for
toxicity potential as well as to monitor the separation of toxic fractions
{Mantciga 1991} (Figs. 4 and 5). When testing different sample concentra-
tions, crude extracts or isolates were dispensed intc 13 x 100 aum glass test
tubes and the solvent evaporated Lo drygess by heating under a current of
nitrogen gas. Solveat and negative controls were included to determine the
natural background mortality of the organism. Monality readings are taken
at 16, 24, and 48 hr during incubation. After 48 hr, the larvac remaining
alive are killed by heating the test tubes, and the total number of larvae per
tube are determined. Based on the peccentage mortality, a dose-response
curve was labulated.

Acute toxicity in the mouse was determined by intraperitoneal injection
of crude plants extracts into CD-1 inbred female mice. A minimum of three
dose levels per extract were tested. After dosing, mice were obscrved for
any signs of toxicity or death at 16, 24, 48, and 72 hr. The chicken embryo
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Fig. 4. Extraciion and preliminary 1oxicity testing outline for commercially available
herbal teas.
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Fig. 5. Herbal tea 1oxic/mutagenic screening outline.

bioassay, useful in determining acute toxicity and teratogenic potentials, is
described in the Official Methods of Analysis, Sections 26.084-26.087
(AOAC 1984; Willlams and Weisburg 1986). The Salmoneiia/mictosomal
mutagenicity assay (Maron and Ames 1983), using Saimonelfa typhimu-
rivn tester strain TA 100, has been usefut for deterrining mutagenic poten-
tial of crude plant extracts and selected column chromatographic fractions,
Both the plate incorporation and the preincubation test procedures are
recommended.

Manteiga (1991} concluded that water extracts were mose toxic than
methano! extracts except for the chaparral tea. Water extracts were found
10 be nonmutagenic in the Salmonefla assay, and chlorcform extracts were
nontoxic in the beine shrimp assay, while no hepatotoxicity of PAs was
detected in water or methano! extracts from all herbal teas. The greatest
toxic and cathartic effects in mice were observed when cxposed (0 the
weightless tea extract.The PAs present in the alkaloidal extract from
weightless tea were identified as senecionine and riddelline by TLC, and
their concentrations were estimated to be 6.7 and 10 mg/kg dry wi, respec-
tively. The lack of toxicity obscrved in the crude chioroform extracts could
be attributed to the lack of toxic principles in the extracts, to insensitivity of
brine shrimp to the extracts, of, more likely, to insolubility of the extracted
compounds in the brine shrimp media.

V. Public Health Significance

Many commercial preparations contain substantial amounts of psychoac-
tive substances, and their use has resulted in a number of intoxications
requiring clinical attention. Of 396 distinct herbs and spices commercially
available and used either singly or in blended mixtures as herbal teas, Siegel

M
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(1976) identified 43 that contained psychoactive agents. Herbs such ns
yohimbe, catnip, damiana, wormwood, Mormon (ea (Ephedra 3p.). man-
drake, Jamestown weed, nutmeg, and Lobefia, among others, contain bio-
logicaliy active principles with hallucinogenic, stimulatory, or narcolic
propersties (Siegel 1976). Jamestown weed (Datura siramonium), when
taken in the form of an infusion or (ca, produces skin flushing, tachycardia,
dryness of mouth and skin, excitement, delirium, irritability, fever, convul-
sions, depression, and bilateral mydriasis (Weintraub 1960). The ingestion
of about 4-5 g of the feaves or seeds could be fatal.

Pycrolizidine alkaloids were among the first naturally occurring carcino-
gens found in products of plant origin. Their wide distribution, both geo-
graphical and botanical, makes their probeble presence in herbal tea prepa-
rations a matter of public health significance. Other compounds related to
toxic and carcinogenic potential are tannins and safrole. Although there are
no reports on the induction of tumors in humans by the dietary intake of
tanning, some studies have linked the consumption of {annin-rich plants
with high incidence of csophageal cancer in Caracao (West Indies), South
Carolina (U.S.), and other geographical regions of the world (Morton
1970, 1972, 1980; Sepi 1975).

A, Human Exposure and Symptoms

The two main sources of PA poisoning reported in humans are the con-
sumplion of cereal grains contaminated with weeds coataining the alkaloids
and consuvmption of PA-containing plants as medicinal or dietary items. A
third source of exposure is represented by the presence of low levels of
alkaloids i honey and milk.
PA toxicosis in humans is manifested as hepatic veno-occlusive discase
(VOD), a condition characterized by obstruction of the central and some
lobular veins of the liver (Bras and Hill 1936). This acute disease is associ-
ated with a subacute or chronic onset that may lead to circhosis and high
mortality. Its clinical course, @s outlined by Stuart and Bras (1957), is
repiesented in Fig. 6. Onset of the discase may be acute or insidious {sub-
acute or cheonic). The acute form may result in either complete vecovery or
rapid death. About 20% of acute-phase patients show clinical recovery,
after which some patients may go into the subacute phase of VOD or, after
a latem period of years, develop circhosis of the liver. In the acute phase,
13% of patients will progress to subacute VOD and cither recover com-
pletely, progress rapidly to the chronic phase, or, aftes clinical improve-
ment, develop cirthosis. In humans, the characteristic effect of PA intoxi-
cation is hepatic YOD. This condition, associated with high mortality, has
an acute onsct and is manifested by rapid swelling of the upper portion of
the abdomen and development of rapidiy filling ascites and oliguria. Edema
of the {eet, nausea, and vomiting rmay be presend. A subacule or chronic
onset of the disease has been associated with the development of nonportal
circhosis (WHO 1988).
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Fig. 6. Clinital history of hepatic veno-acclusive disease {YOD) (from Sivatt and
Biras 1557).

Liver disease caused by the contamination of cereal grains has been
reported in rural areas of Afghanistan (Mchabbai et al. 1976), India (Tan-
don et al. [976), South Africa (Selzer and Parker 1931), and the former
U.S.8 R, (Mirochnik 1938). Outbreaks resuiting from this source of expo-
sure are characterized by high mortality and are associated with periods of
abnormally dry weather. {n the largest reported outbreak in northwestern
Afghanisten, an estimated 8000 people from a population of 35,000 were
affected. Approximately 1600-2000 deaths (25% mortality rate) were re-
ported (Mohabbat ¢t al. 1976). The source of the alkaloids was traced 10
Heliotropium plants that were found o be growing extensively in wheat
fields and whose secds contaminated the ceop during harvesting. Examina-
tion of wheat samples from several villages showed contamination with 300
myg Helioiropium seeds per kilogram of wheat. In an outbreak in Central
India, Crotalaria species growing in cercal ficlds were responsible for 67
cases of hepatic YVOD and a mortality rate of 42% (Tandon ¢t al. {976).
Other cases of human intoxication caused by consumption of contaminated
cereal grains and hot infusions are summarized in Tables 1 and 4.

Human poisoning through the medicinal or dietary use of PA<ontaining
plants has been reported worldwide. Consumption of Crofalaria sp., in the
form of *bush teas,” was ilentified in 1957 as the etiological factor in the
high incidence of hepatic YOD discase in Jamaican children (Bras et al.
1957). Schoental (1968) was the first to suggest a link between the high
incidence of primacy liver carcinoma and the use of Seaecio plants in the
Bantu population of South Africa. Laboratory experiments using South
African Senecio, retrorcine, and its N-oxide, isatidine, proved effective
in inducing liver tumors, including malignant hepatocarcinomas and lung
lesions, when administered to female rats.

Another case of PA intoxication was reported in Switzerland, where a
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Table ). Reporied cases of human poisoning associated with the ingestion of pyrroliz-

idine alkaloid-contawing plants.

Country/num-  Suspected vehicle Nature
ber of cases of intoxication  Name of Plant of lesion Qutcome
Ecuador (1) Herbal infusion Crotalaria Acute Recovercd
Junceo
Hong Kong {(4) Herbal infusion Haliotropium VYOD 1 died
Lasiocarpium
India (8) Herbal decoction  Halioiropium  Acute ciethosis 3 died
and pills eichwaldii
Uaited Herbal infusion Symphytum Thrombotic
Kingdem {1) officinale YOoD
United States  Herbal infusion  Semecio Acute lesions 1 died
3) longilobus/ } eirchosis
Symphytumn
sp.
Weu Indies Herbal infusion  Bush lea; Acute 0 11% cirrhosis
(9%) Crotelaria cirrhosis 27% died
and Senecio

YOD, Veno-occiusive disease.
Source. WHO Task Group on Pyreolizidine Alkaloids { 1983).

Table 4. Reporied cases of human toxicity caused by pyrrolizidine alkaloid-
contaminated ceveal grain,

Country/num- Quicome
bes of cases Name of plamt Nature of lesion  (circhosis/died)
Afghanisian Hellotropium All stages; mostly 1600-2000 died
{ 8000) Popovii acute to suba-
Gitlianum cule
India { 10R) Crotaleria Various stages of Up 10 63% died
Nana disease
frag (%) Possibly Acule b dicd
Senecio
South Afvica (LI)  Senecio Centrilobular “Majorily died”
thicifolius; hemorrhages;
§. Burchelli
{Formes ) Hetrotropivn Acate Jesions 13%-15% dicd,
U.S.S.R. Lasiocarpum cirrhosis in
(1000-1500) many

Modified from WHO Task Group on Pysrolizidine Altaloids { (938).
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newborn infant died of hepatic YOD {Roufer et al. 1988). The mother
confirmed the daily consumption of an herbal inlusion during pregnancy
as an ¢xpectoramt. Chemical analysis of the incriminated tea showed a
concentration of 0.60 mg/kg senecioning (PA) (dry wt).

Reported cases of VOD of liver resulting from the consumption of herbal
tea prcparations has increased in the U.S. A 49-yr-old woman, who for 6
mon had consumed 1 qt/d of herbal tea known as MU-16 with comlrey
pepsin pills, was diagnosed with VOD (Ridker ¢t al. 1985). Analysis of tea
and comfrey pepsin pills for PA content revealed a consumption of a mini-
mum of 85 mg of PAs (15 ug/kg per day).

Other fatal cases of PA poisoning in children have been documented
in Arizona (Haxtable 1980a,b). The plant identified with the herbal tea
preparation was Sencero longilobus, a known source of hepatic PAs (Cen-
ters {or Discase Controt 1977, Huxtable 1980a,b). 1t is believed that many
more cases of PA poisoning take place, but the condition passcs unreporied
due to the deciducus naturc of the disease.

Since 1970, a stroag correlation between a bigh incidence of esophageal
cancer in various geographic areas of the world and the consumption of
tannin-rich teas or medicines has been revealed by many investigators (Dun-
ham 1968; Marton 1972; Schoenberg et al. 1971).

O'gara et al. {197]), afler surveillance of the use of herbal teas by 50
esophageal cancer patients in Curacao (West Indies), assayed the carcino-
genic activity of decoctions made from 14 of the most commonty used
plants. OF the plants assayed, reduced extracts of Krameria ixina (Krameri-
aceae), Acacia villosa {Leguminosac), and Melochia lomeniosa {Sterculis-
ccac) were shown o produce fibrosarcomas at the site of injection in 100%
of NtH black rats. These plants were found to be alike in their richness of
condensed tannins and related anthrocyanias, The tumorigenic properties
of the tannin fractions were shown when tannin-free extracts produced no
tumors in the rats (O'Gara et al. 1971, 1974).

Deliberate consumption of herbal teas comtaining PA is a public health
probiem common to many areas of Africa, South and Centeal America,
and, in particubar, to Jamaica, where hepatic VOD is endemic. Aside from
Senecio and Crotalaria species, known te be consumed by the Jamaican
population as “bush teas.” other sources of hepatotoxic PAs consumed
worldwide in the form of herbal teas or tonics include comfrey (Symphy-
wim officinale), Russian comfrey (Symphyium xuplandicum), colisfoot
(Tussilago farfara), Farfugiton japonicum, Petasites japonicus, botage
(Borago afficinalis), and Eupatoriim stoechadosmum.

The low country of South Carolima (U.S.) is an area where the rate of
esophageal cancer has attracled considerable scientific attention (Morton
1986). During plantation times, the poor inhabitants of this region habitu-
ally drank infusions of plants rich in tanning in an attempt to fight profuse
diarrhea and dysentery, which were the leading causes of death at the begin-
ning of the 1900s, and, this consumption of tannin-rich plants has contin-

M
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ued. Plants such as wax myrtle (Myrice cerifers), blackberry (Rubus trivi-
alis), untipe persimmon (Diospyrus americana), and longleal pine (Pinus
palusiris) are consumed daily by the African-American community of the
low country in the form of tea or wine or are used in cookery (Morton
1986). Further, tea drinking begins at an unusually carly stage: in low-
income families, a child of 6 mon is taken off milk and placed on tea. Green
peanuts, including the bitter, tannin-rich testa, are consumed after being
boiled unshelled in heavity salted water. Also, the deep red-brown decoc-
tion of the bark of the cherrybazk oak (Quercus falcats var. pagodaefolia)
is consumed as a beverage and used to color locally distilied “moonshine”
whiskey. Extracts from this plant have been shown to produce fibrosarco-
rmas at the site of injection in 100% of experimental rats. The tannin frac-
tiom extracted from this plant produced fibrosarcomas in 93% of experi-
menta! rats (Kapadia et a. 1976).

Aside from their carcinogenic potential in tannin-rich infusions, tannins
have been shown to have antinutritive properties. The presence of tannins
in high-tannin sorghums, as determined by animal feeding trials, has been
shown to diminish their nutritional value (Cousins et al. 1981; Rostagno et
al. 1973). This phenomenon is explained by their propeasity to bind with
proteins by means of both hydrogen bonding and hydrophaobic interactions,
with proteins thus limiting their digestibility (Butler et al. 1984). Tannins
have algo been reported 1o influence the absorption of Vitamin By, in rats
{Disler et al. 1975).

Hot water infusioas prepared from the root bark of the sassafras tree
{Sassafras atbidum) have fong been employed for tonics as well as for a
variety of unsubstantiated therapeutic purposes. In South Carolina, where
sassafras trees arc common in open woods, many inhabitants also consume
the fresh roots (Morton I[986). Safrole (4-allyl-1,2-methylenedioxy-
benzenc), the major chemical constituent of the aromatic oil preseat in
sassafras rool bark, was shown (o be a hepatocarcinogen in rals (Hagao et
al. 1965; Long ¢t al. i961), and dihydrosafrole, one of its meiabolic prod-
ucts, was shown to produce tsophageal cancer in rats (Taylor et al. 1964),
Even though the FDA in 1960 banned the use of safrole or any of its
derivatives in foods, sassafras continues to be freely available in heallh
food stores and similar outlets in the U.S. Consumers ingesting one cup of
sassafias tea brewed from one tea bag containing 2.5 g of the bark could be
ingesting as much as 200 mg of safrole, or the equivalent of 3.0 mg/kg
body wt (Segelman el 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 subcutane-
ously over a period of 21 d (o infant male mice produced hepatomas (Ep-
stein ¢t al. 1970). Exposed animals surviving for | yr had lymphomas,
pulmonary adenomas, and 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 metabo-
lized by these enzymes are administered together with sassafras tea.
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Another important effect of herbal (cas is their allergenic potential. Most
of these eas are crude, complex mixtures that arc neither uniformly pre-
pared nor assayed for purity. The compositions of three commercially
available hecbal tea mixtures are shown in Table 2. Many conlain a variety
of allecgens {as yet unidentified) that possess potentially adverse effects.
Cases of anaphylactic shock or allergic rhinitis in atopic pecsons known to
be sensitive 10 ragweed pollen have been reporied after consumption of
chamonmile tea (Matricaria chamomilia) (Beanet and Howard 1973).

Misidentification of wild herbal plants has also resulted in numersous
fatalitics, 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 PAs) (Centers for Disease Contso) 1977). One
hour after ingestion of the tea, the wife experienced nausea, vomiling,
dizziness, and sweating, with death occurring before admission to the hos-
pital. The husband was admitted to the hospital, where after treatment he
remained stable for 17 hr; he then suddenly developed an episode of ventric-
ular tachycardia that caused his death from refractosy ventricular fibrilla-
tion.

B. Prevention

The presence of naturally occurring toxic and carcinogenic compounds in
teas raises imporiant concerns about product safety. Cases of human intox-
ication [olowing consumption of herbal teas have been widely reported.
Although none of the reported ingredients of tea mixtures belong to known
plant sources of PAs and other biologically active compounds, the individ-
ual ingredients should be analyzed for the presence of toxins. The possibil-
ity that the PAs detected are present as contaminants or adulteranis in the
herbal preparation should net be neglected. It is also a possibility that
intrinsic components of plants can be metabolized in the liver to mutagenic
compounds. [dentification and quantification of the compounds responsi-
ble for the observed mutagenic potentials would be mecessary to better
assess consumer risk when ingesting infusions from herbal prepasations.
Plants contain compounds that have both beneficial {nutrition, discase
prevention) and hazardous (toxic and carcinogenic) potentials. It is crucial
that health scientists and consumers become informed of the relative risks
associated with the consumpiion of food products in particular herbal teas.

C. Beneficial Effects of Teas

Tea, originating from China, is one of the world's oldest prepared bever-
agcs. !t is extensively consumed throughoul the world in the form of differ-
ent tea extracts, including hot and cold infusions. The natural presence of
flavonoids in plant foods has demonstrated a wide range of biochemical
and pharmacological effects including antiinflammatory and antiallergic
effects {Middleton and Kandaswami 1992). It was also reported thai quer-
cithin, kaemopherol, and myricetin inhibited carcinogen-induced tumors in

_w
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rats and mice {Deschner et al. 1991; Wei et al. 1990). Quercithin, a major
flavonoid In teas (Camelia sinensis), including black, green, and colong
(cas, has been demonstrated 1o inhibit oxidation and cytotoxicity of low-
density lipoptoteins fa vitro (De Whalley et al. 1990; Nagre Salvagyre and
Salvagyre 1992) and 10 decrease cancer and cardiovascular diseases in hu-
mans.

Diflerent teas have been analyzed for their antimutagenic and anticarci-
nogenic effects (Hertog et al. 1993; Yen and Chen 1994). Tea extracts,
including black (fermented), oolong and pouchong {semifermented), and
green (nonfermented) teas, were compared for their toxicity and mulagenic-
ity in Saimonefla/microsomal assay in the presence of different toxic and
mutagenic chemicals {Yen and Chen 1994). All teas were found to inhibit
mutagenicity, especially the semifermented teas (oolong and pouchong) in
which up to 90% reduction in mutagenicily was observed. Thus, semifer-
mented teas may be beneficial to humans for chemoprevention of muta-
tions.

Summary

Plants have been used for medicinal purposes for centuries. Health-oriented
individuals are turning to herbal teas as alternatives 10 caffeinated bever-
ages such as coffee, tea, and cocoa and for low-caloric supplements. The
popularity of herbal tea consumption has increased signilicantly during the
past two decades in the U.S. Hundreds of different teas made up of varied
mixtures of roots, leaves, seeds, barks, or other parts of shrubs, vines, or
trees are sold in health food siores. Although chemists have been character-
izing toxic plant constituents for over 100 years, loxicological studies of
herbal ieas have been limited and, therefore, the safety of many of these
products is unkaown.

Plants synthesize secondary metabolites that are not essential in the pro-
duction of eaesgy and whose role may be in the defense mechanisms as
plant toxins to their interactions with other plants, herbivores, and para-
sites. Pyrrolizidine alkaloids (FPAs) wece among the first naturally occurring
carcinogens identified in plant products, and their presence in herbal teas
is a matter of public health significance. Some herbal tea mixtures and
single-ingredient herbal teas have been analyzed for toxic/mutagenic poten-
tial by bioassay and chromatographic techniques. Numerous human and
animal intoxications have been associated with naturally occurring compo-
nents, including pyrrolizidine atkaloids, tannins, and safrole. Thus, the
prevention of human exposure {0 carcinogens or mulagens present in herbal
tea mixture extracts is crucial. Preparation of infusion drinks prepared
from plants appears Lo concenlrate biologically active compounds and is a
major source of PA poisoning. The quantity and consumption over a long
period of time is of major coacern. It is recommended that widespread
consumption of herbal infusions should be minimizaed until data on the
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levels and varieties of carcinogens, mutagens, and toxicants are made avail-
able,
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I. Introduction

General corcern about the effects of insecticides and herbicides on nontas-
get amphibians and reptiles has been expressed in the world’s developed
couatries, where pesticides have been widely used, especially for agricul-
tural pest codrot. Impact of usage in the United Kingdom on amphibians
has been addressed in a series of papers by Cooke (19722,b, 1977, 1981},
and the toxicological literature covering this group has been reviewed by
Power et al. (1989), Effects of pesticides and other environmental contami-
nants on reptiles, based mainly on work in the United States, was reviewed
by Hal (1980), who showed that repiiles are susceptible 10 such organo-
chlorine {OC) insecticides as DDT, diekdrin, heptachlor, and tosaphene.
He tater concluded that toxicity testing of amphibians and reptiles for pur-
poses of chemical registration was difficult because of intraspecific varia-
tion (Hall and Henry 1992).

Most previous studies have been carried out in temperate regions, with
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