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Toxicological Studies with the Molluscicide
N-Trityimorpholine*

V. K. BROWN,1 D. E. STEVENSON2 & A. I. T. WALKER1

The manmmalian and avian toxicities of N-tritylmorpholine (Frescon, WL 8008), a
compound active against the snails that are the intermediate hosts of schistosomes, are
reported. The acute oral, acute percutaneous, dermal irritation, sensitization and subacute
toxicity methods used are described and the results obtained are discussed.

The acute oral toxicity ofN-tritylmorpholine rangesfrom 40 mg/kg to over 4000 mg/kg,
depending on the formulation tested. The lower toxicity rating is closely related to the
toxicity of the solvent rather than to that of the molluscicide. Administeredpercutaneously
to rats, N-tritylmorpholine produced no ill-effects at 1000 mg/kg. N-Tritylmorpholine fed
in the diets ofrats at 100ppm for 90 days produced no significant effect.

It is concluded that N-tritylmorpholine will not constitute a hazard to people who
ingest or apply the material under normal conditions of use.

N-Tritylmorpholine (Frescon, previously referred
to as WL 8008) has outstanding activity against the
snails that are intermediate hosts of schistosomes
(Boyce, Crossland & Shiff, 1966). It may be applied
to the aquatic environment of the snail by spraying,
when the concentration of N-tritylmorpholine in the
water may reach 0.1 ppm, or by continuous appli-
cation at low concentrations (0.025 ppm-0.05 ppm)
over a period of several weeks.
The possible hazards which have to be considered

are related to the exposure of the operator during
application, to the consumption of treated water or
of crops grown in this treated water, and to the pos-
sible effects on domestic animals and wildlife, some
of which may be used as food.
The hydrolysis products of N-tritylmorpholine in

water are triphenylcarbinol (triphenylmethanol) and
morpholine. These compounds are also metabolic
products in plants and animals.

In order to assess the possible hazards arising from
the use of a pesticide it is necessary to measure the
inherent toxicity of the product and its metabolites
and then to relate this to the probable rates of
exposure under field conditions. This paper de-
scribes the studies that have been made to determine
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the mammalian and avian toxicities of technical
N-tritylmorpholine.. The presence of relatively non-
toxic impurities, such as triphenylcarbinol, was not
considered important.

MATERIAL

N-Tritylmorpholine of 92%-95% purity and in
various formulations was supplied (as Frescon) by
the Woodstock Agricultural Research Centre.

METHODS

Acute oral toxicity

(a) Rats and mice. Four male and 4 female CFE
rats (150 g-250 g) or Wistar-derived rats (150 g-250 g)
and CF No. 1 mice (20 g-30 g) were used at each dose
level and were housed in cages each containing
4 animals. The animals were fasted overnight, then
weighed, and the calculated dose of material was
administered by intragastric injection, using a ball-
point needle. After dosing, food and water were
available ad libitum throughout the 10-day observa-
tion period.

(b) Sheep. Three female crossbred sheep, about
9-10 months old, were drenched with 500 mg/kg of
N-tritylmorpholine as an aqueous suspension. The
sheep were kept under observation for 2 weeks after
exposure.
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(c) Birds. The material was administered by
stomach tube to adult White Leghorn chickens and
Khaki Campbell ducks that had been fasted for
24 hours; after dosing, the animals were allowed food
and water ad libitum.
A variety of formulations were administered to

rats, mice and birds (see the table).

Acute intravenous toxicity

Intravenous toxicity data were obtained by
injecting solutions of N-tritylmorpholine in dimethyl
sulfoxide into the jugular vein of anaesthetized rats
and, in dimethylformamide, into the tail vein of
unanaesthetized mice.

Acute percutaneous toxicity

The material was applied to the shorn dorsal neck
region of rats. The animals were housed singly for
24 hours, then the treated area was washed with
warm diluted detergent solution and the animals
were transferred to groups of 10 for observation.

Dermal irritation and sensitization

(a) Primary irritation studies. The methods used
have been described in detail elsewhere (Hunter,
Brown & Ferrigan, 1966). For these tests, solutions
of N-tritylmorpholine in dimethylformamide were

used.

(b) Eye irritation. Two separate tests were carried
out. In one a few milligrams of solid N-trityl-
morpholine were placed on the right eyes of 8 albino
rabbits; the left eyes were left untouched to act as

controls. In the second test a 10% solution of the
material in dimethyl sulfoxide was dropped on to the
right eyes and solvent only on to the left eyes of
another 8 albino rabbits. The eyes of each rabbit
were examined with an illuminating magnifying
glass and in each case the left eye was used as control.

(c) Dermal sensitization. A 0.1 % solution of
N-tritylmorpholine in light liquid paraffin was used
in the methods described by Hunter, Brown &
Ferrigan (1966).

ACUTE TOXICITSES OF VARIOUS FORMULATIONS OF N-TRITYLMORPHOLINE

LD5 (mg/kg) of 95 % Confidence
Species Formulation Ref. No. N-tritylmorpholine limits of LDso

in formulation (mg/kg)

Acute oral toxicity

CFE rats Dimethyl sulfoxide 1 200-1 600

CFE rats Dimethylformamide EF 1627/C 446

CFE rats Wettable powder EF 1650/C 2 183

CFE rats Tetrachloroethylene (TCE) FX 28 Approx. 100

Wistar rats Tetrachloroethylene (TCE) FX 28 121 95-157

Wistar rats Trichloropropane (TCP) FX 451/C 40-84

Wistar rats TCE: TCP (1 : 1 mixture) FX 504/C 121 95-157

CF No. I mice Dimethylformamide EF 1627/C 700

CF No. I mice Wettable powder EF 1650/C 4 809

CF No. I mice Tetrachloroethylene FX 28 184 125-291

Sheep Aqueous suspension containing 1% carboxy-
methylcellulose (administered as a drench) - >500

White Leghorn chickens Wettable powder EF 1650/C >1 000

Khaki Campbell ducks Wettable powder EF 1650/C >1 000

Khaki Campbell ducks Tetrachloroethylene FX 28 >1 000

Acute percutaneous toxicity

CFE rats Dimethylformamide EF 1627/C ->1 000

CFE rats Tetrachloroethylene FX 28 >1 000
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Subacute toxicity (90-day oral exposure in rats)
Two subacute oral exposure experiments were

carried out with rats, one at very high exposure
rates (100 ppm to 10 000 ppm), the other at lower
rates (10 ppm to 1000 ppm).

In the first experiment, groups of 12 rats of each
sex were subjected at random to the appropriate
treatments, namely-with 10 000 ppm, 3160 ppm,
1000 ppm, 316 ppm, 100 ppm or 0 ppm of N-trityl-
morpholine. In the second trial, the 4 main treat-
ment concentrations-0 ppm, 10 ppm, 31.6 ppm and
100 ppm of N-tritylmorpholine-were allocated to
48 weanling rats of each sex, in a randomized block
design in which the blocks of 4 litter mates were kept
in adjacent cages. In addition, a supplementary
group of 12 animals of each sex, not litter mates and
not included in the randomized block design, was
fed 1000 ppm of molluscicide in order to act as a
positive control.

In both experiments the rats were caged in-
dividually and kept at a temperature of 21°C and a
relative humidity of 50%. The N-tritylmorpholine
was incorporated into powdered diet No. 861 at the
required concentration and fed in non-spill hoppers.
A control diet was fed, prepared using the dispensing
solvent (acetone) only. Throughout the exposure,
observations were made on health and food intake.
At the end of 91 days the animals were autopsied,
the major visceral organs weighed, blood samples
taken by cardiac puncture for haematological and
clinical chemical examination and tissues removed
for histological examination.

RESULTS

Acute toxicity

The results obtained are summarized in the table.
Of the animals investigated the rat is probably the
most sensitive.
When N-tritylmorpholine was administered as a

wettable powder, or as a solution in dimethyl sul-
foxide or dimethylformamide, the only symptom
noted was a depression in the activity of the animal.
However, when formulations containing chlorinated
solvents were administered, convulsions occurred
within an hour of dosing, several episodes occurring
before recovery or death. At autopsy, liver and
kidney injury were found. These observations are
associated with the toxicity of the solvents.

I Standard rodent diet supplied by Withers Co. Ltd,
Godalming, Surrey, England.

In the case of sheep, no adverse signs were ob-
served in any of the animals treated with the N-trityl-
morpholine suspension.
A solution of N-tritylmorpholine in dimethyl

sulfoxide was administered intravenously to anaes-
thetized rats; the approximate LD50 was 10 mg/kg.
Tonic convulsions occurred; these appeared to arise
at the level of the spinal cord, as they also occurred
in spinal animals.
When administered intravenously to unanaes-

thetized mice, a solution of N-tritylmorpholine in
dimethylformamide had an acute LD50 of between
20 mg/kg and 40 mg/kg. Tonic convulsions pre-
ceded death, which was very rapid.

Dermal irritation and sensitization

(a) Primary irritation. Short-period application of
a 10% (w/v) solution of N-tritylmorpholine in
dimethylformamide produced a transient mild
erythema in rabbits, and a slight contact dermatitis
was seen on histopathological examination of the
skin.

Repeated application of the 10% solution pro-
duced a slight to moderate erythematous dermatitis
in rabbits and guinea-pigs, and gross and histopatho-
logical examination of the skin revealed no signifi-
cant differences between test animals and controls
that had been treated solely with the solvent.
These results indicate that N-tritylmorpholine has

little irritant effect on skin.
(b) Eye irritation. Equal mild irritation occurred

both in the treated and in the control animals.
Solid N-tritylmorpholine caused no more irritation
than would be expected from an inert solid on the
eye.

(c) Dermal sensitization. N-Tritylmorpholine
was found to be a mild sensitizer when administered
to guinea-pigs by topical or intradermal routes.

Further experiments with triphenylcarbinol and
morpholine showed that morpholine induced a
sensitization reaction similar to that of N-trityl-
morpholine.

Subacute toxicity
In the first experiments, used as a range-finding

trial, N-tritylmorpholine at 0 ppm, 100 ppm,
316 ppm, 1000 ppm, 3160 ppm and 10 000 ppm was
fed to CF rats. The rats survived exposure to
10 000 ppm with little clinical evidence of ill-health,
other than a slightly depressed growth rate. At
autopsy, pathological changes were found to be con-
fined to the liver, where bile-duct proliferation was
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observed at dietary intakes of 3160 ppm and
10 000 ppm, but not at lower intakes. These changes
were also accompanied by changes in the liver
weights and also by an anaemia, an increased serum
urea concentration and by a change in the albumen:
globulin ratio. A small number of rats continued to
be exposed for a further 30 days, while some animals
were transferred to control diet from the 90th to
the 120th day. The changes in liver weight were not
so marked at the end of the 120th day.
The results of the second experiment, in which

Wistar rats were exposed to 5 treatments, with
0 ppm, 10 ppm, 31.6 ppm, 100 ppm and 1000 ppm of
N-tritylmorpholine (the highest rate being used for
comparison with the previous trial), may be sum-
marized as follows.

(a) Health. No evidence of any differences in
health and activity between treated and control
groups was found. Two animals died or were killed
during the experiment. One of these, a male rat
exposed to 10 ppm of molluscicide, died after 9
weeks' exposure. Autopsy indicated that death was
due to infarction of the caudate lobe of the liver,
with haemorrhage into the abdominal cavity. The
other, a female rat receiving 100 ppm of molluscicide,
was killed because of ill-health after 16 days'
exposure and autopsy revealed that the cause of ill-
health was an infective nephritis.

(b) Growth rates and food consumption. In male
rats there was evidence of a diminished rate of food
intake at 31.6 ppm and 100 ppm, although there was
no depression of growth rate at these levels. Female
rats showed no depression of food intake or growth
up to 100 ppm. However, all the rats in the 1000 ppm
groups showed a depressed growth rate and food
intake.

(c) Organ weights. At autopsy the only organ
weights having significant (P < 0.05) differences
from those of the control group were in males of the
10 ppm group, where the heart and spleen weights
were increased. These differences are not considered
toxicologically significant, as the effect was not
evident at higher intakes and the animals in the
10-ppm group were slightly heavier on average than
the control animals.

(d) Pathological examination. At the end of the
experiment all animals were autopsied and a gross
pathological evaluation was carried out. Those from
the control and highest exposure (1000 ppm) groups
were examined microscopically after haematoxylin
and eosin staining. No evidence of any pathological

changes attributable to exposure was seen on either
gross or microscopic examination.

(e) Haematology and clinical chemistry. There was
no evidence that the formed elements of the blood
were affected by treatment at levels up to 1000 ppm.

There was no evidence that N-tritylmorpholine
at dosages up to 1000 ppm had any effect on serum
urea and total protein concentrations and the ratios
of the serum proteins, as determined by electro-
phoresis.

DISCUSSION

The possible hazards arising from the employment
of N-tritylmorpholine as a molluscicide for aquatic
snails may be considered under three main headings.

Possible hazards to those applying N-tritylmorpholine
A widely used formulation is an emulsifiable con-

centrate based on tetrachloroethylene. This formula-
tion has an oral LD50 of 120 mg/kg and a percutan-
eous LD50 of more than 1000 mg/kg, and therefore
the spraying of this formulation as an aqueous
emulsion under field conditions is considered to be
without hazard.
Where application is made into irrigation systems

by a slow-drip method, there need be little or no
contact between the compound and the personnel
engaged in applying it.
Although N-tritylmorpholine acts as a weak skin

sensitizer in guinea-pigs, no case of allergy in people
handling the material has yet been reported.

Possible hazards to consumers
It is possible that aqueous dilutions of the original

formulations may be consumed with drinking water.
Under static conditions in the laboratory, the

tetrachloroethylene residue has a half-life of 1-2 days.
Tetrachloroethylene itself has been very widely used
both in industrial processes and in medicine, where
a dose rate of up to 4 ml per adult person has been
recommended for anthelmintic purposes. The rate
of hydrolysis of N-tritylmorpholine depends on the
pH of the medium; however, in many situations the
actual concentrations ingested will be well below
the intake expected for unchanged material and the
products of hydrolysis all have low toxicity.

In subacute feeding tests, rats were able to survive
up to 120 days' exposure to 10 000 ppm, although at
intakes of 3160 ppm and 10 000 ppm liver damage
was evident. In no case, however, have pathological
changes been seen at dietary intakes of 1000 ppm or
less. The only evidence of an effect at low intakes
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was a slight depression of food intake at dietary
intakes of more than 10 ppm. Although this depres-
sion was significant (P=0.05), it was only 3 %-4 %.
At an intake of 1000 ppm there was evidence of a
depression in both body-weight and food consump-
tion.

It is concluded from these experiments that
a dietary intake of 100 ppm is without any effect
on the health of the rat other than to cause a
slight depression of food intake, which is of
doubtful toxicological significance and may be due to
palatability.

Since the rats were actively growing during the
experimental period and the food consumed per
unit body-weight varied during this period it is not
possible to estimate an accurate over-all daily intake
of N-tritylmorpholine. However, as a guide it is
possible to say that

10 ppm in the diet represented 0.5 mg/kg/day
100 ppm in the diet represented 5 mg/kg/day

1000 ppm in the diet represented 50 mg/kg/day

On the basis of a maximum concentration of
N-tritylmorpholine applied to water for snail control

of 0.1 ppm, and assuming a daily water consumption
of 2 litres per man, it is very doubtful that human
exposure will be higher than 0.003 mg/kg/day. The
safety factor as regards any effect on man is therefore
170 if the results concerning food intake are con-
sidered, 1700 if body-weights are the parameter and
over 170 000 if pathological effects are the main
criterion.
We believe that the use of this compound cannot

constitute a hazard to the consumer and evidence is
also presented elsewhere 1 to show that the residues
in crops grown in treated water are negligible.

Wildlife and domestic animals
Acute exposure tests in mammals and birds

indicate that the use of N-tritylmorpholine is unlikely
to be a hazard to warm-blooded animals, including
ruminants. However, there is evidence that N-trityl-
morpholine may be toxic to certain species of fish at
the recommended use levels and this aspect is under
further investigation.

1 See the paper by Beynon & Wright on page 65 of this
issue.

RtSUMt

Le molluscicide N-tritylmorpholine a fait l'objet d'une
etude toxicologique sur mammiferes et sur oiseaux. Le
rat semble etre le plus sensible des animaux d'experience.
Chez le rat, la souris et le mouton, la toxicite aigue par

voie orale, exprimee en DL50, varie de 40 a plus de
4000 mg/kg selon la formulation utilisee. Chez les
oiseaux, la DL50 est superieure a 1000 mg/kg. Les signes
d'intoxication, aux plus faibles concentrations, sont mani-
festement dus au solvant plut6t qu'au molluscicide. Par
voie intraveineuse, la DL5O varie de 10 mg/kg a 40 mg/kg
chez le rat et la souris. L'application locale de N-trityl-
morpholine dans le formamide de dimethyle n'a qu'une
tres faible action irritante sur la peau. Chez le lapin,
I'application sur la muqueuse oculaire est sans action
specifique. Administre localement et par voie intra-
dermique, le compose, de meme que l'un de ses produits
d'hydrolyse, la morpholine, determine un phenomene de
sensibilisation dermique.

Incorpor6e aux aliments pendant 90 jours a des doses

variant de 0 a 1000 parties par million, la N-trityl-
morpholine ne provoque que peu de sympt6mes chez le
rat. A la concentration la plus 6levee, on note cependant
une legere diminution du rythme de croissance de 1'ani-
mal, et des lesions hepatiques a l'examen necropsique.

Les auteurs soulignent que chez le rat l'administration
de 10 parties par million du produit, soit une dose quoti-
dienne de 0,5 mg/kg n'a aucun effet toxique. Chez
l'homme, l'ingestion quotidienne de deux litres d'eau,
traitee a raison de 0,1 partie par million representerait
un apport de 0,005 mg/kg par jour. Si l'on considere les
quantites ingerees, on peut admettre un coefficient de
securite de 170; ce coefficient est de 1700 si l'on prend
comme base le poids corporel, et il atteint 170 000 si l'on
choisit comme critere I'apparition de manifestations
pathologiques. L'emploi de la N-tritylmorpholine comme
molluscicide est donc d6pourvu de dangers pour les per-
sonnes charg6es des applications ou qui consommeraient
de l'eau trait&e par ce produit.

REFERENCES

Boyce, C. B. C., Crossland, N. 0. & Shiff, C. J. (1966)
Nature (Lond.), 210, 1140-1141

*Hunter, C. G., Brown, V. K. & Ferrigan, L. W. (1966)
Brit. J. industr. Med., 23, 137-141

6


