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Abstract

Infusions ofChenopodium ambrosioides (L.) have been used for centuries in the Americas as a popular remedy against intestinal worm
infections. The essential oil @henopodiumambrosioides contains high levels of ascaridole, which is a potent anthelmintic, but which has also
beenresponsible for human fatalities, leading to its disuse. AlImost 90% of the nematocidal adBiagggadodi umambrosioidesinfusions was
due to a hydrophilic component different from ascaridole. Synthetic ascaridole and the ascaridole from infusions, extracted into hexane, caused
a reduction of carbachol-induced contractions in rat gastrointestinal smooth muscle at concentrations requifesbtoKitibditis elegans
(L.). The herbal infusion and the ascaridole-free hexane-extracted aqueous residue of the above infusion, at nematocidal concentractions, hac
no detectable effect on smooth muscle contraction in the above system. It would appear that the traditional form of Ceagpodfum
ambrosioides infusions as a vermifuge is safer than the use of the herb’s essential oil.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction Smillie and Pessoa (192#jere the first to show that the
anthelmintic properties dthenopodium oil were due to the

The weedChenopodium ambrosioides (L.), known as compound ascaridole, which constituted more than 50% of

Epazote in Mesoamerica and as Paico in the Andes, hashe weight of the oil lelson, 1920; Paget, 1926; Johnson

been used for many centuries as an anthelmimtior{on, and Croteau, 1984

1980; Millspaugh, 189R Beginning in the 18th century, Although Kliks (1985) could find no record of poisoning

Chenopodium ambrosioides was taken to the rest of the or fatalities arising from the ingestion of Epazote infusion,

world, being widely adopted as an anthelmintic remedy there were numerous reports of both resulting from the intake

(Kliks, 1985). of Chenopodium oil (Levy, 1914. Fatalities arising from
The traditional way to prepare Epazote in Central America the consumption o€henopodium oil were probably due, in

is to make an infusion of the dry plant in boiling water. This most cases, to overdosesey(y, 1914; Paget, 193§et they

preparation is ingested as soon as it cools. led to the commercial decline of the use of the oil, in favour
Beginning in the 19th centuryChenopodium ambro- of more modern medications.
sioides was steam distilled to produdeéhenopodium oil, a Salant and Mitchell (1916, 191®)und thatChenopodium

potent anthelmintic. This became an industry and by the oil first increased and eventually abolished contractions

1900’'s “Baltimore oil”, as it became known, was widely of the duodenum of rabbits, cats and dogs and led to

used to rid patients of worms. decreased contractions of isolated frog heart. When in-

jected into the blood stream of animals, the oil led to a

Abbreviations: DMSO, dimethylsulfoxide; NMR, nuclear magnetic depression of circulation, respiration and inteStina.l move-
resonance; kDa. Kilodalton ' ’ ments. Okuyama et al. (1993)found that ascaridole,

* Corresponding author. Tek:1-905-525-9140; fax+1-905-522-6066.  When given to mice at a dose of 100mg/kg body weight
E-mail address: sorger@mcmaster.ca (G. Sorger). produced hypothermia, and decreased locomotory activ-
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ity. When given at triple the above dose, the animals was then added to the test wells. Controls with the equiva-

died. lent volumes of DMSO alone were not noticeably affected.
Pollack et al. (1990pbserved that ascaridole inhibited Nematode survival was measured 4-5h after addition of
the growth ofPlasmodium falciparum in vitro, and that ci- the extracts and again 12-13 h later.

neol, which is a very similar compound lacking the inter-  One LGy unit of activity is defined as that quantity of
nal 1,4 peroxide was inactive. Artemisinin, on the other preparation that kills (or permanently immobilizes) >90%
hand, which like ascaridole contains a 1,4 endoperoxide, wasbut <100% of the nematodes in the above assay within 12 h.
active againsPlasmodium falciparum. These observations

promptedPollack et al. (1990)o conclude that the endoper- 2.3. Preparation of extracts

oxide in ascaridole was essential for its anthelmintic activity.

In this communication we demonstrate that, whereas Dried Epazote, containing leaves, fruit and flowers, was
ascaridole, at a concentration that immobilised or killed blended in a Waring blender for 10 min in 10-15 volumes
Caenorhabditis elegans, had a profound effect on rat (v/w) of boiling water that had just been removed from a
gastrointestinal smooth muscle contractions, infusions of heating block. The mash was then filtered through MIRA-
Chenopodium ambrosioides and ascaridole-free infusions CLOTH (Calbiochem, San Diego, California), and the fil-
of the weed had no such effect on the above smooth muscletrate centrifuged at 27,000 g for 20 min at@ in a Sorvall
preparations, at concentrations that effectively immobilised Refrigerated Centrifuge. The supernatant was used directly
and killed Caenorhabditis elegans in vitro. (crude extract), or extracted three times with an equal vol-

ume of hexane, giving rise to a hexane layer (containing as-
caridole) and an aqueous layer (aqueous residue). The hex-

2. Materials and methods ane layer was evaporated under partial vacuum at 4050
and the resulting oil either used directly, or diluted in DMSO
2.1. Srains and materials immediately before use, or stored-aR0°C. The agueous

layer was subjected to evacuation at room temperature for

Caenorhabditis elegans (L.) strain N2 was obtained from  2.5h prior to use, or stored at 02@ for 1-2 days before
Dr. J. Culotti, Hospital for Sick Children, Toronto, Ont.,, doing so.
Canada.

EpazoteChenopodiumambrosioides(L.) family, Chenopo-  2.4. Synthesis of ascaridole
diaceae \Viersma and Leon, 199%eeds were obtained
from Richter’'s Herbs, Goodwood, Ont. LOC 1A0, Canada  Ascaridole was prepared fromterpinene, following the
(http://lwww.richters.com Seeds were planted in potting procedure ofAubry and Bouttemy (1997and purified by
soil and grown in the greenhouse under a 16 h light and distillation under partial vacuum. Purity was greater than
8 h dark regime and harvested when about 0.5m tall. The 95%, as judged by NMR spectroscopy and the yield was
green part of the plant was then air dried on paper towels approximately 35%.
at 25°C for 7-10 days and stored in the dark in Styrofoam

boxes at room temperature. 2.5. Physiological experiments
2.2. Growth and maintenance of Caenorhabditis elegans Female adult Sprague—Dawley rats were used in all ex-
and toxicity assay periments. Rats were killed by cervical dislocation. The ab-

domen was opened by midline incision and the tissues being

Caenorhabditis elegans was maintained on solid NG used (either stomach, fundus, jejunum or ileum) were ex-
medium Gulston and Hodgkin, 1988Between 20 and 50 cised. Tissues were immediately placed in a physiological
nematodes were placed in 5@Dof NG medium Sulston Krebs solution at room temperature consisting of (in mM):
and Hodgkin, 198Bin microtitre wells (Falcon No 3047, NaCl, 116; KC1, 4.6; MgGl 1.2; CaC$, 1.5; NabpPOy,
Becton Dickinson) containing 30 of five times concen- 1.2; NaHCQ, 22; glucose, 0. For experiments with the je-
trated overnight culture dEscherichia coli WP2 uvr A trp junum and ileum the intestine was cut, using scissors, along
malB, Witkin, 1975 maintained in Luria Broth Eerman the mesenteric line and cleaned of all intraluminal con-
et al.,, 1982 and resuspended in NG medium. Aliquots tents in Krebs solution. The tissues were pinned and gently
(5—200ul) of aqueous extracts (in water or 10 mM potas- stretched in a Petri-dish containing Krebs solution and bub-
sium phosphate, pH 6) were added directly to the wells, bled with 95% Q-5% CQ. Strips approximately 1 cm in
while concentrated oils, and chemically synthesised Ascari- length were divided down the middle to give a matching pair
dol were diluted with dimethyl sulfoxide (DMSO) prior to  of tissues about 10mm long and 3 mm wide. For experi-
being added to the wells in 78 volumes. Dilute extracts, = ments using the gastric fundus, the stomach was opened and
prepared in, or extracted into non-aqueous solvents, werecleaned of all contents in Krebs solution. Fundus strips ap-
concentrated first by evaporation undey, the solvent-free  proximately 10 mm long and 3 mm wide were removed from
residue was then resuspended in pl.of DMSO, which the stomach, with all work done in a Petri dish containing
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Krebs solution, and bubbled with 95%&56% CG. Tissues Table 1 - o ' o
from all areas of the gastrointestinal tract being investigated Nematode killing activity in fractionated Epazote infusions

were tied at both ends with surgical silk. Using the silk, one Fraction Yield of worm killing LCgo unitsful

end of the tissue was anchored at the bottom of a 5ml or- activity in fraction (%)  averaget S.D. (N)

gan bath and the other end was attached to a Grass Model average+ S.D. (N)°

7D force transducer that was coupled to a pen recorder forCrude infusion 100 (24) 0.018& 0.009 (29)

isometric tension recording. The strips were suspended un-"dueous 1ayer 88+ 15 (24) 0.013+ 0.007 (28)
. . Hexane layer of 717 (22) 4+ 2 (8)

der 1 g of tension as described Bybe et al. (1996jor rat Synthetic ascaridole  — 12 3 (17)

intestine segments. The 5ml organ baths contained Krebs — - - )
solution that was continuously bubbled with 95%-8% The cr_ude |_nfu3|0ns and aqueous residues were from different preparations.
. . The bioactivity of crude infusions was set as 100%. The aqueous layers
CO; and were maintained at 3T by a warm water JaCket- were the ascaridole-free aqueous layers, resulting from extraction of the
Tissues were allowed to equilibrate under tension for infusions with hexane. The eight hexane layer solvent-free oils tested
30—-45 min prior to the addition of drugs. Addition of car- were from eight separate preparations in which the hexane layer, resulting
bachol elicited a response that remained steady till the drugfr_om hexane ex_traction_of the infusion was evaporgted to a hexane-free
was washed out. When responses had stabilised, tissue8'- The synthetic ascaridole was tested over a period of 1 year.
. From hexane extraction of infusion.
were washed and allowed to recover for another 30min  oy. number of experiments.
prior to a second addition of the agonist. Once two sta-
ble responses had been obtained, the effects of ascaridole
were tested. The drug was added 5min prior to the ag- Ascaridole, synthesised from-terpinene by the proce-
onist. To assess recovery, tissues were washed out withdure of Aubry and Bouttemy (1997¢ontained between 7
Krebs solution and a final response to carbachol elicited. and 14 LG units of nematocidal activity per microlitre and
A similar protocol was followed in testing the infusion, was 95% pure, as judged by the NMR spectrum (results not
the ascaridole-containing hexane layer or the ascaridole-freeshown), the 5% impurity was-terpinene, which was inac-
aqueous layer of a hexane-extracted infusion, or a solutiontive in our bioassay (see the following).
of potassium. One of the hexane layers @henopodium ambrosioides
infusion, extracted thrice with hexane was evaporated, to re-
move the hexane, and the resulting oil contained 13¢LC
units of nematocidal activity per microlitre. The NMR spec-
rérum of the above oilKig. 1) indicates that ascaridole com-
dprised more than 90% of the material in it. The infusions
were variable in terms of their potency, as were the differ-
ent fractions prepared from theriable 3. However, it is
clear that when the infusions were extracted with hexane,
to remove the ascaridole, most of the nematocidal activity

2.6. Data analysis

All data are presented as means plus or minus the standa
error of the mean significance among groups was teste
using unpaired Studenttstests.

3. Results was found in the aqueous layers which have no ascaridole
in them. The hexane layers contained all the ascaridole in
3.1. Most of the nematocidal activity in aqueous infusions the infusion, which accounted for about 10% of the bioac-
of Chenopodium ambrosioides is not due to ascaridole tivity; a deep yellow waxy compound that is not ascaridole
was also found in the hexane layer.
Ascaridole is very poorly soluble in wateMérck Index, Johnson and Croteau (1984pund that the oil of

1989 and can be extracted out of an aqueous solution andChenopodium ambrosioides contained between 16 and
into the hexane layer by shaking it with hexane. When a 61% ascaridole, 22—-77% hydrocarbons, 2-19%ymene,
supersaturated solution of water containing ascaridole, syn-7-53%a-terpinene, 0.3-0.7%-terpinene, 5-48% limonene,
thesised by the procedure afibry and Bouttemy (1997) 1-8% iso-ascaridole, 0.2-1%trans-diol and 0.1-0.4%
was shaken three times with an equal volume of hexane, allcis-diol derived from ascaridole. One microlitre of
the measurable nematocidal activity was found in the hex- p-cymene,a-terpinene,y-terpinene, limonene and ascari-
ane layer and none remained in the aqueous one (results notlole reduced by the procedures &fhnson and Croteau
shown). (1984)to produce separately theés- andtrans-diols, were
When an aqueous infusion Ghenopodium ambrosioides all inactive in our nematocidal assay.
was shaken with hexane as described above, close to 90% It would appear from the above that wh€&henopodium
of the nematocidal activity remained in the aqueous residue ambrosoides infusions are extracted with hexane, all the
(Table J and the remainder was found in the hexane layer. ascaridole is extracted into the hexane layer and that the
When subsequent to this, the aqueous residue was shaken siaqueous layer retains most of the nematocidal activity. Con-
more times, each time with an equal volume of hexane, the sequently, it would appear, that most of the nematocidal
aqueous residue retained all its bioactivity and the additional activity in the infusion and all of the nematocidal activity
hexane layers contained none (results not shown). in the hexane-extracted aqueous layer, is not ascaridole.
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Fig. 1. NMR spectrum of hexane layer from hexane-extracted Epazote infusion.

The above results, by themselves, would not completely tonic contraction in the rat fundus. Removal of the agonist
rule out the possibility that ascaridole is being synthe- leads to a rapid cessation of the response. The addition
sised from its precursors by enzymes in the aqueous layerof 5.4 x 10~3M ascaridole (a nematocidal concentration),
(Johnson and Croteau, 1984rhis possibility was tested decreased the basal tone of the rat fundus and markedly
directly, by passing the infusion through an Amicon Ultra- inhibited the response to a subsequent addition of carba-
filtration membrane (Millipore Corp., Bedford, MA 01730, chol (10-%M). Washing out of the drug leads to complete
USA)—the iodoperoxidase that catalyzes ascaridole syn-recovery of the response. Similar results were seen in other
thesis has a molecular weight above 40kDa according totissues such as the ileum and the jejunum.

Johnson and Croteau (1984and subsequently carrying The results suggested that ascaridole had clear inhibitory
out the hexane extraction on the Filtrate. The same resulteffects on the gut. Experiments were done to assess the ef-
was obtained as reported above (results not shown): morefects of theChenopodium ambrosoidesinfusion itself as well
than 80% of the nematocidal activity was found in the aque- as the infusions from which the ascaridole had been removed
ous layer. Conversely, a 1 ml sample of the aqueous layer,by hexane extraction. Both had nematocidal activity. The
resulting from hexane extraction, was dialysed against 11 data shown irFig. 3 indicate that neither the infusion nor

of water and the sample lost all its nematocidal activity the ascaridole-free infusion had any significant inhibitory
(results not shown), indicating that the nematocidal activity effect, at nematocidal concentrations, on carbachol-induced

is not a macromolecule. contractions. By contrast chemically synthesised ascaridole
clearly did. We also tested the effect of the hexane layer of
3.2. Ascaridole at nematocidal concentrations reduces the hexane-extracted infusion. This would have contained all
basal tone, and decreases phasic contractions as well as the ascaridole originally present in the infusion. As shown
carbachol-induced contractions of rat gastrointestinal in Fig. 3, this hexane layer also inhibited carbachol-induced
tissue in vitro responses. Another important control was needed. Plant ex-

tracts contain significant amounts of Kand this itself could
The Chenopodium ambrosoides infusion and the have effects on smooth muscle. Assays showed that the infu-
ascaridole-free infusion, at nematocidal concentrations, did sions contained 11 mM K, but the addition of this amount
none of the above. The results Fig. 2 show that car-  of K* had no inhibitory effect on carbachol-induced con-
bachol (10%M) elicited a rapid phasic and a sustained tractions of smooth muscle (results not shown).
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Fig. 2. Effect of 27 x 10~3M ascaridole on contractions in the rat gastric fundus induced by WOcarbachol. All drugs were added directly to the
bath solution. Ascaridole was added to the bath 5min prior to the application of carbachol. Washout was followed by a 30-min recovery period.
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Fig. 3. Effect of various additions to organ bath mixture on carbachol-induced contractions in rat gastric fundus. Zeatfofrom four animals;
ascaridole, Z x 10~3M ascaridole added in 20l DMSO to 5ml organ bathy = 7 from seven animals; infusion, 70 infusion was added to 4.20 ml
Krebs,n = 10 from three animals; ascaridole-free infusions, resulting from hexane extractions of the infusiop$,w&6@ added to 4.2ml Krebs
solution,n = 9 from four animals; ascaridole-containing hexane layer, resulting from hexane extractions of infusions, 75ml of the hexane layer from
these extractions were evaporated to remove the hexane and the remaining oil reconstitutgtl iM3®D, which was then added to bath solutions,

n = 2 from one animal. All concentrations of additions were at levels that permanently immob@eerhabditis elegans oil. The effects of the

hexane layer and ascaridole are both significantly different from the controls.

4. Discussion fatalities of humans caused by the above Bihget, 1926;
Levy, 1914; Montoya-Cabrera et al., 1996
The use ofChenopodium oil as an anthelmintic for hu- Chenopodium oil has been shown to cause depression of
mans has been discontinued, in favour of more “modern” movement and eventual paralysis of mammalian gastroin-
medicines, primarily because of its toxiciti?dget, 1926 testinal tissue in vitro and in vivoS@lant and Mitchell,

Indeed there have been several reports of poisoning and everi916. More recently, methanolic extracts of Epazote
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(Chenopodium ambrosioides) which would be expected to  dole, which could be the causative agent. If so, making infu-

contain ascaridole, have been found to exert spasmolyticsions of the leafy portion of Epazote would minimize the as-

activity on acetylcholine-contracted rat ileu@4drcia et al., caridole concentration. This point needs to be explored fur-

1997. ther. The fact that Epazote extracts are used as abortifacients
Our results confirm the above observations, showing that in New Mexico and elsewher€pnway and Slocumb, 19Y9

both synthetic ascaridole and the ascaridole extracted intoindicates that strict adherence to recommended dosages for

hexane from ofChenopodium ambrosoides infusions, relax each kind of use should be observed.

rat gastrointestinal tissue contracted by carback@s, 2

and 3. The dose of ascaridole required to relax the above

tissue was the same as that required to®adenorhabditis Acknowledgements
elegans in vitro.
Although the cases dhenopodium oil leading to severe P.H. is grateful to a grant from NSERC for this project and

poisoning and fatalities in humans were probably mostly due we are all indebted to Mr. A. Yates who grew the Epazote
to overdoses].(evy, 1914; Montoya-Cabrera et al., 1996 in the McMaster Greenhouse.

the therapeutic dose is uncomfortably close to the toxic dose

for humans.
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