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(57) Abrégée/Abstract:
An In vivo and an In vitro toxicity test method is described using an organism or part of an organism from the class Gastropoda. The

method is particularly useful for toxicity testing of chemical substances intended for application to human or animal mucosa, such
as the intestinal, vaginal, buccal, nasal or respiratory mucosa. The test method may be used both as a screening test and also as a

guantitative toxicity test suitable for ranking the toxicity of chemical substances.

AR ...
S N
AN <0 .

I*I ' ; Ten, B e [ [ [ |
‘ an ad a http.//opic.ge.ca + Ottawa-Hull K1 A 0C9 - Attp:/cipo.ge.ca R A 0

OPIC - CIPO 191




ptoricaasveslinSm At irdy B . '

CA 02339254 2001-02-01

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 7 : (11) International Publication Number: WO 00/13013 l

GOIN 33/48, C12Q 1/32, 1/42, GOIN Al ‘ |
33/92 (43) International Publication Date: 9 March 2000 (09.03.00)
(21) International Application Number: PCT/EP99/06204 | (81) Designated States: AU, CA, IL, JP, US, ZA, European patent
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT,
(22) International Filing Date: 24 August 1999 (24.08.99) LU, MC, NL, PT, SE).
| (30) Priority Data: Published
08202851.6 26 August 1998 (26.08.98) EP With international search report.

(71) Applicant (for all designated States except US): UNIVER-
SITEIT GENT [BE/BE]; St. Pietersnieuwstraat 25, B-9000
Gent (BE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): REMON, Jean, Paul
[BE/BE]; John Youngstraat 11, B-9090 Gent (BE). ADRI-
AENS, Els [BE/BE); Bellemdorpweg 95, B--9880 Aalter
(BE).

(74) Agents: BIRD, William et al.; Bird Goén & Co., Termerestraat
1, B=-3020 Winksele (BE).

S

| (54) Title: METHOD FOR TESTING THE TOXICITY OF CHEMICAL SUBSTANCES USING GASTROPODS ™~

f

(57) Abstract

An in vivo and an in vitro toxicity Tdal LDH Mm

test method is described using an organ-
ism or part of an organism from the class
Gastropoda. The method is particularly
useful for toxicity testing of chemicat sub-
stances intended for application to human
or animal mucosa, such as the intestinal,
vaginal, buccal, nasal or respiratory mu-
cosa. The test method may be used both
as a screening test and also as a quantita-
tive toxicity test suitable for ranking the
toxicity of chemical substances.
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METHOD FOR TESTING THE TOXICITY OF CHEMICAL SUBSTANCES USING GASTROPODS |

The present invention relates to a method of testing the toxicity of a chemical substance In
particular with reference to animal, especially human mucosal membranes, more especially

single-layered mucosal surfaces such as human intestinal, nasal and respiratory mucosa and

other mucosal surfaces such as vaginal and buccal mucosa.

Technical Background

Higher animals, such as mice, rats, rabbits, dogs, cats, pigs, and monkeys, are
usually used as test animals in conducting toxicity tests of substances. Breeding must be
carried out under carefully controlled conditions over a long period of 2 to 2 '/ years.
Thus, performing such toxicity tests is very time consuming and expensive. In the chemical
and pharmaceutical industries, novel chemical substances are continually being synthesised
to meet various industrial and health needs. Additionally, much research is being done to
find new applications for known chemical substances. In each case, it is desirable to
establish a rapid and inexpensive method for testing toxicity of these substances.

Toxicity testing using vertebrate animals to evaluate the safety of xenobiotics to
humans has been severely criticised based on ethical and financial considerations. The
principle alternative to in vivo animal testing is in vitro testing. Many factors such as
nervous control, systemic blood flow, reduced motility and heterogeneous cell
populations, however, are absent in simple cell culture models which reduces the value of
in vitro testing. Bacteria, for instance, are prokaryotic organisms which are quite different
from multicellular organisms which possess higher levels of biological organisation. There
1s therefore a tendency to use higher animals or parts of higher animals for testing of
complex systems such as human mucosa.

In the workshop "The three Rs: The Way Forward" organised by the European
Centre for the Validation of Alternative Methods (ECVAM) (Sheringham, Nortfolk, UK,
30/5-3/6, 1995) some replacement alternative methods and approaches were proposed, for
example, the use of "lower" organisms with limited sentience and/or not protected by
legislation controlling animal experiments, including invertebrates, plants and micro-
organisms. However, only nematodes, bacteria or insects were proposed as concrete

alternatives to animal testing. The use of nematodes for toxicity testing is described in US

—
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Investigations have demonstrated that the human mucosa, in particular the nasal
mucosa allows effective drug absorption. Particularly for peptide drugs, nasal delivery is a

promusing alternative to parenteral administration. However, because of their high

th

molecular size and hydrophilic properties at physiological pH values, peptides show poor

transport characteristics across the hydrophobic membrane barriers. The absorption

efliciency of intranasally administered peptides can be improved by the use of absorption
enhancers, such as bile salts, laureth-9, fusidate derivatives or sodium taurodihydrofusidate

(STDHF).

10 Such absorption enhancers play an essential role in nasal drug delivery. In
particular, for peptides and proteins the use of absorption enhancers is often mandatory to
reach an effective absorption from the nasal mucosa. Unfortunately, little is known about
potential side effects of these substances, which is a drawback for the clinical application
of absorption enhancers in nasal drug formulations. Looking more closely at the effects

15 and the mechanisms underlying absorption enhancement of absorption enhancers on the

nasal mucosa provides more information on their efficacy and safety. The mechanisms that

lead to increased nasal drug absorption under the influence of enhancers are quite diverse
and only partly understood. In some cases the solubility or the stability of the drug is
Increased, but absorption enhancers can also interact with the mucus layer, changing the
20 mucus properties. Furthermore, the permeability of the nasal epithelium might also be

Increased due to interaction with the epithelial membranes.

When considering nasal drﬁg delivery, the effects of drug and additives on nasal
functions should be tested at an early stage. Because the self-cleaning capacity of the nose
by the ciliary epithelium is vital for the removal of dust, allergens and bacteria from the

25  nasal area of humans, it should not be influenced by nasal medication. Ciliary movement is

a major factor for the mucociliary clearance in the upper airways. From patients with
"immotile cilia syndrome" it is known that chronic nasal ciliary arrest leads to recurrent
infections of the airways. Many drugs and additives inhibit nasal ciliary movement as
demonstrated /n vitro. For instance, lipophilic and mercuric preservatives, antihistamines,
30 propranolol, and dihydroxy bile salts are ciliostatic agents, all reducing the ciliary beat
frequency within a short time. It is further important to investigate whether a ciliostatic

eftect is reversible after withdrawal of drug exposure. Nasal absorption enhancers should
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be devoid of any serious ciliotoxicity, and the feasibility of nasal drug administration may

depend largely on the effects on the ciliated epithelial tissue.

The following methods for determiming the cytotoxicity or mucociliary clearance
time of chemical substances have been proposed: in situ tests on the rat nasal epithelium,
in vitro determination of the influence of enhancers on the ciliary beat frequency of cilia of
new-born chicken trachea and the use of the frog palate model in which the frog is
decapitated, the upper palate is exposed and tested visually with the specific substance.

Not only nasal functions but also negative side effects should be determined at an
early stage in drug or drug delivery development, ideally before clinical trials on humans.
An example is the delivery of the B-blocker propranolol HCI via human buccal mucosa.
This chemical caused severe ulceration of humans during clinical trials that took weeks to
heal. It would be destrable to have a screening test method which could reliably screen out
chemicals which cause such serious problems to humans.

Gastropods are molluscs and include snails and slugs. They generally have a single
shell or none at all and often have an asymmetric body. A more extensive discussion of
gastropods may be found in the Encyclopaedia Britannica. Until now gastropods, e.g.
snails, have mainly be used in medical products and processes as described, for instance in
US 5,538,740, US 4,473,640, US 4,314,992, US 3,889,006, US 4,855,285, US
3,885,012.

In the article by Manigomez et. al., Arch. Environ. Contam. Toxicol. 1996, 31(1),
pages 54-62, the use of slugs as sentinel organisms ("Slug Watch") s described in soil
quality assessment. The slugs may be used as a biomarker of exposure to metallic
pollutants 1in the soil. Reference is only made to the reaction of slugs to mercury and there
is no indication that the slugs may be used as a model for human mucosa.

It 1s an object of the present invention to provide a test method with which
substances may be tested for their toxicity to animal and human membranes easily, rapidly,

accurately and inexpensively.

An objective of the present invention is to provide a method for testing the toxicity
of a substance using invertebrates in lieu of vertebrates.

Another objective of the present invention is to provide‘ a test allowing easy

replication of tests to improve the statistical interpretation of the results.
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Summary of the invention

The present invention includes use of a gastropod for toxicity testing. The present
invention includes a toxicity test method for modelling the irmtation to vertebrate mucosal
surfaces, in particular to human or other mammal mucosal surfaces, by a chemical
substance comprising the steps of’
providing at least a part of the epithelium of the body or a part of the foot of a gastropod,

a gastropod being an organism of the class gastropoda; and

exposing the part of the epithelium or the part of the foot to the chemical substance to be
tested.

In particular, the chemical substance may be brought into contact with the skin
and/or the foot of the gastropod. The present invention includes both i vivo tests using
the whole gastropod or in vitro tests on a part of a gastropod. The chemical substances are
not imited to cosmetic or pharmaceutical chemical formulations but may be household or
industrial items such as paints, lacquers, adhesives and solvents which may come into
contact with the human or animal mucosal membranes.

According to this test the mucosal irritation can be easily and rapidly determined
qualitatively, e.g. by visual observation of the colour or increase in the amount of mucus
liberated from the foot of the gastropod. Mechanical vibration and other irritations may
aftect mucus production of gastropods. To avoid confusion with other effects it is
preferred in accordance with the present invention if the gastropods are not subjected to

other forms of stress or agitation during the tests except for the chemical substances to be

tested. According to the toxicity test method of the present invention, mucosal damage can
also be easily determined quantitatively by the release of mucus from the foot, by the loss
of body weight of the gastropod, or by release of marker substances, proteins or enzymes
from the foot. In particular, the toxicity of a substance can be determined quantitatively by
measuring the amount of total protein and/or lactate dehydrogenase and/or alkaline
phosphatase and/or cholesterol and/or phospholipids and/or other membrane components
released from the foot mucosa of the gastropod after treatment with the chemical
substance. An advantage of the test is that the mucus production caused by irritating
substances can be simply measured. The method in accordance with the present invention
provides a simple screening test for the toxicity of substances while also providing a model

for single-layered mucosal surfaces such human intestinal, nasal and respiratory mucosa
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and other mucosal surfaces such as vaginal and buccal mucosa, which can allow accurate

quantitative analysis. Hence, the test method of the present invention may provide both
qualitative and quantitative test results, e. g. the release of proteins, enzymes or membrane

components from the treated epithelium, and may be suitable as both a screening test and

N

an accurate quantitative toxicity test.
The present invention will be described with reference to the following figures. The

dependent claims define individually, separate embodiments of the present mvention.

Brief description of the Figures

10 Figs. 1 to 5 show the results (Table 1) of test example 1 in accordance with the

first embodiment of the present invention.

Figs 6 to 10 show the results (Table 2) of test example 2 in accordance with the

first embodiment of the present invention.
Fig. 11 shows reduction in body weight (% of initial body weight) caused by the
15 different test substances for the slug species Arion (example 3, Table 3).
. Fig. 12 shows reduction in body weight (% of initial body weight) caused by the
different test substances for the slug speéies Limax (example 3, Table 4).

Fig. 13 shows reduction in body weight (% of initial body weight) caused by the

different test substances (example 4, Table 5).

20
Description of the preferred embodiments

The present invention will be described with reference to certain embodiments but

the invention is not limited to these but only by the claims. The present invention will
mainly be described with reference to two species of gastropoda but the present invention

25 1s not imited to these species. The present invention will also mainly be described with
reference to a certain classes of substances, e. g. drug absorption enhancers and local
anaesthetics as might be used in dentistry, but the present invention is not limited to this
type of subsfances. Further, due to the type and form of the chemical substances tested in
thefollowing examples of the invention, terrestrial slugs are preferred, 1.e. those

30 gaétropoda which breathe via lungs (gaStrOpoda pulmonata) as these slugs are easily kept
and ‘observed under laboratory conditions. However, the present invention is not limited to

these types of substances nor to these types of gastropods. For instance, other chemical
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substances may preferably be tested in liquid form, either in a solvent such as water or

saline solutions in which case water snails or slugs, including sea slugs, may be the
preferred test organism. The foot of the gastropod 1s of particular interest in accordance
with the present invention as it provides a mucal surface which can be advantageously used
for toxicity testing in accordance with the present invention and which can provide a
suitable model of mucal membranes of higher animals, e.g. vertebrates, in particular

humans and other mammals.

End points of the toxicity tests in accordance with the present invention may
include one or more of: mucus production. change of mucus colour, loss in body weight
and release of biochemical marker substances. Each or all of these end points may provide
either a qualitative or a quantitative ranking of the degree of irritation. It should be
understood that the term "toxicity" includes allergic reactions so that toxicity testing in
accordance with the present invention also includes testing for allergic reactions to
substances. Such reactions are common with mucal membranes.

[n accordance with one embodiment of the present invention, a living gastropod
such as a hermaphrodite terrestrial. air-breathing slug, Arion sp. may be used as a test
organism. The body wall of such slugs consists of an outer single-layered epithelium
composed of epithelial and mucus secreting cells overlying connective tissue. The foot of
the slugs consists of different epithelial cell types with distinct functional roles. The lateral
bands of the foot are composed of microvillous epithelial cells that resemble those of
absorptive surfaces in other animal systems. The medial band is composed of ciliated cells
and 1s specialised for locomotion. The skin of slugs 1s soft with no evidence of
keratinisation or cuticle production. It has been found in accordance with this invention
that the foot epithelia of slugs is a good model for absorptive epithelia of higher animals

such as vertebrates and especially mammals including humans.
Initially, the slugs are kept on a culture under controlled conditions of temperature
and humidity until they have reached a stable body weight. The purpose of achieving a

stable body weight is to improve the reproducibility of the results, particularly as the
release of substances from the slugs may conveniently be measured in terms of the body
weight thereof. The slugs are then isolated from the culture and placed in a vented plastic

box lined with moist paper towel and placed at 95% relative humidity at 20°C seven days

before the start of an experiment. The slugs were not bred in any particular way, i.e. they

e A mRaaae ammasas 2a a2 saa s a2 _aam 2,088
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were wild slugs. It is anticipated that even more accurate and reproducible results can be

obtained by selective breeding of the slugs, although as shown by the test results this is not

a necessary requirement of the present invention to obtain accurate and useful data

The test procedure is simple and rapid. The chemical substance to be tested is
apphed directly to the mucosal membrane of a slug, e.g. to the foot, by placing the slug
individually in a petri dish containing the test substance. Slugs treated with phosphate
buffered saline are used as a negative control. As a posttive control slugs treated with a
known toxic substance, benzalkonium chloride, were used.

Because the mucosal epithelium of interest is located at the outside of the slug the
effect of substances can be easily observed. Irmitating substances can cause an increased
mucus production of the slugs which can be observed visually. This can also be simply
measured by weighing the petri dish before and after the treatment of the slugs with the
chemical substance (with the slugs removed in each case). Additionally an indirect
response to epithelial damage caused by a chemical substance may be determined by the
reduction of the body weight of the slugs due to the leakage of haemolymphatic fluids
through the damaged foot surface.

After the treatment the slugs are transferred individually to a fresh petri dish
containing phosphate buffered saline. After a suitable exposure time, e.g. 1 hour the
phosphate buffered saline is collected and analysed for the presence of proteins and/or
enzymes, €.g. lactate dehydrogenase and/or alkaline phosphatase, or other marker
substances released from the foot or epithelium of the slug, for example membrane
associated -components such as phdspholipids or cholesterol. This procedure can be
repeated after periods of several hours in order to determine the reversibility of the cell
damage caused by the test chemical substance. The concentration or amount of the
chemical substance to be tested can be changed and the influence of the concentration can

be easily examined. The exposure time can also be changed if required. The slugs can be

treated during several successive days in order to investigate the subchronical effect of

substances on the foot mucosa.

Exampie 1

Seven days before the start of the experiment the slugs were isolated in a plastic

box lined with moist paper towel and placed at 95% relative humidity at 20°C. As test

et . . Sl e EECIE . . . L AR T S Sy O PO T TR I O TR V0 T U S, Tan T,
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8
substances didecanyol-L-a-phosphatidylcholine (DDPC) and sodium deoxycholate (SDC)

were selected. Benzalkonium chloride (1% w/v), SDC (1% w/v) and DDPC (1%, w/v)
were prepared in phosphate buffered saline (PBS, pH 7.4). The slugs were daily incubated
during 15 min with the test solution during five days. After the incubation period the slugs
were placed on 500 pL PBS in a petri dish. The PBS was sampled every hour and
refreshed with 500 uL PBS for 6 h after the treatment. Durning the test the slugs are
preferably kept in a generally calm and normal state and are not subjected to mechanical

vibrations or mechanical or electrical disturbances which may affect mucus production.

was measured by weighing the petri dishes before and after the treatment with a test

substance. The results are shown in Table 1 and shown graphically in Figs. 1 to §.

The results which are shown graphically in Figs. 3 to 5. Total protein release and
total LDH release climb steadily compared with the stable results for the control (PBS)
and DDPC. There is also more ALP release than with the control or DDPC. These results
provide clearly identifiable indicators that benzalkonium chloride or SDC cause severe
membrane damage, whereas treatment with PBS or DDPC causes little or no damage.
These results are not only in agreement with published data for these substances as
determined by other methods but also the test method according to the present invention
ranks the tested substances quantitatively in the same order as has been determined by
other methods. Thus, the present invention may provide a test method which not only
determines potential changes to the human mucosa when these changes are severe but may
also provide an analytic tool which may be refined to assess more subtle sensitivities,
including physicochemical factors such as the effects of aqueous to lipid partitioning in a
drug, the pH, ionic strength or osmolanity of the drug solution, the charge and
concentration of buffer species and even the dosage form. Due to the ease with which the
test may be performed it is possible within an economically feasible time to carry out tests
with many varied parameters once an initial screening has been used to narrow the
selection. Of use in this respect are the quick and simple but rather less quantitative tests of

weight loss and mucus production (Figs. 1 and 2) which may also provide reliable toxicity

information. This demonstrates that rapid screening tests can be carried out using these
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simpler analytic tests which have the advantage of not requiring complex test equipmcht,

sophisticated chemical analysis or a long time to complete. Surprisingly, the use of wild
slugs provides accurate results with a minimum of pre-test conditioning which means that

a long breeding, nurturing and growth step can be avoided thus providing surprisingly

rapid resulits.

Table I

Effect of PBS, Benzalkonium chloride (1% w/v), SDC (1% w/v) and DDPC (1% w/v) on

the release of enzymes and total protein. Data are expressed as total mean values (7

samples / day for each slug)

Test
- :

.
15 Tous 0 l204  Thwest et |3
l-
—
—
—
DoPC 11 Tage 02 a3 [os1  Jom — J6

377  |1447 12183 |6
641 (2336 1382 |6

where:
70 WL represents reduction in weight (weight loss) caused by the 15 minute treatment
expressed as % of initial body weight of the day, and

7o MP represents mucus production expressed as % of the body weight at the start of the

day before the treatment.
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Example 2

In example 2, slugs of species Arion were also isolated seven days before the start
of the experiment and kept at 20°C and 95% RH. As test substance a 3-blocking agent
propranolol HCl (1% w/v) was used. Benzalkonium chioride (1% wi/v) and Propranolol
(1% w/v) were prepared in PBS (pH 7.4). The slugs were daily incubated during 15 min
with the test solution during four days. After the incubation peniod the slugs were placed

on 500 uL PBS in a petri dish. The PBS was sampied every hour and refreshed with 500
uL PBS for 3 hours after the treatment.

The enzymes (LDH, ALP) and the total protern released into the PBS were

determined. The change in body weight and the mucus production caused by the treatment

were examined. The results are shown in Table 2 and shown graphically in Figs 6 to 10.

Table 2

Eftect of PBS, Benzalkonium chloride (BZK) (1% w/v) and propranolol HC! (1% w/v) on

the release of enzymes and total protein. Data are expressed as total mean values (3

samples / day for each slug).

Test Day |[%WL |%MP | Protein LDH ALP

IEE_I-_
—__
__
-!ﬁ-_
—-—————_
l-_
—_
—lll_ﬂ[-_
14 T36r 1309 1179 4865 155 8

q l
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o
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o0
N
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-
Pt
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» o
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)

where: % WL represents the weight loss expressed as reduction in body weight caused by

the 15 minutes of treatment, and
7o MP represents mucus production expressed as % of the body weight at the start of the

day before the treatment.
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The test result indicate that 1% propranolol HCI causes considerable irritation. All

indicators (Figs. 6 to 10) showed high values with values indicating increased irritation
compared to benzalkonium chloride. After 4 days of treatment with 1% propranolol HCI
all the slugs were dead. These results show that 1% propranolol causes severe membrane
damage. This is in agreement with published data which show that clinical testing on
humans using propranolol HCI caused severe ulceration. The results confirm that the
toxicity test in accordance with the present invention is capable of reliably screening out
chemical substances which cause severe damage to human mucosa, thus providing medical
practitioners with a useful tool to avoid clinical studies which cause harm to humans. The
irmntating potency of propranolol HCl is also shown by the reduction in body weight and
the mucus production during the treatment. Although in this test the slugs were maintained
In contact with the irritating substance until death, such an extrerné case may be terminated
more rapidly when this test method is used on a regular basis. The mucus excreted by the
slugs was orange coloured whereas it is normally colourless. The production of orange
mucus is therefore an indication of severe irritation and the test could normally be stopped

within a short period of time when this is orange mucus is observed to avoid unnecessary

discomfort to the slugs.

Example 3

Slugs of species Arion and Limax were isolated seven days before the start of the

experiment and kept at 20°C and 95% RH. Slugs of the species Limax are terrestial slugs
have lungs and also a small intemai shell. As test substances hydroxypropyl-8-cyclodextrin
(HPCD), sodium tauro-24,25-dihdrofusidate (STDHF) and sodium deoxycholate were
selected. Benzalkonium chloride (1% w/v), HPBCD (5% w/v), STDHF (1% w/v) and

SDC (1% w/v) were prepared in phosphate buffered saline (PBS, pH 7.4). The slugs were

daily incubated during 15 min with the test solution during five days. After the incubation
period the slugs were placed on 500uL PBS in a petri dish. The PBS was sampled every
hour and refreshed with 500 pLL PBS for 6 h after the treatment.

The enzymes lactate dehydrogenase (LDH) and alkaline phosphatase (ALP) and
total protein released into the PBS were determined. The change in body weight and
mucus production caused by the treatment were examined. The results are shown in Tables

3 and 4, the reduction in body weight caused by the treatment is shown in Figs 11 and 12.
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Treatment with PBS and HPBCD causes no mucus production and low protein and

enzyme release. STDHF caused an increased mucus production, a decrease in body weight
and a slightly increased LDH release for both species. Benzalkonium chloride and SDC
Cause severe membrane damage, and a reduction in body weight to about 50% of the initial
weight. The results of the species Arion treated with SDC are shown in Table 1 (Example
1).

For both species Arion and Limax the same ranking order of Increasing toxicity

could be obtained: PBS, 5% HPBCD < 1% STDHF < 1% SDC and 1% BAC. These

results are in agreement with published data for these substances as determined by other

methods.

Table 3

Effect of PBS, Benzalkonium chloride (1% w/v), HPRCD (5% wi/v) and STDHF (1% w/v)
on the release of enzymes and total protein using the slug species Arion. Data are

expressed as total mean values (7 samples/day for each slug).

Test substance |Day |% MP Protein LDH ALP
(ug/30puL) (U/L) (U/L) '

R L (2 i
TP e qwe
e e
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where: % MP = mucus production expressed as % of the body weight at the start of the

day before the treatment.

Table 4

Effect of PBS, Benzalkonium chloride (1% w/v), HPBCD (5% w/v), STDHF (1% w/v)
and SDC (1% w/v) on the release of enzymes and total protein using the slug species

Limax. Data are expressed as total mean values (7 samples/day for each slug).

Test substance Day [% MP Protein LDH ALP
(ng/30uL) (U/L) (U/L)
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where: % MP = mucus production expressed as % of the body weight at the start of the

l

SDC

'
iI

'

day before the treatment.

Example 4

The slugs of the species Arion were isolated seven days before the start of the
experiment and kept at 20°C and 95% RH. The following local anaesthetics were used as
test substance: procaine HCI, lidocaine HCI, prilocaine HCI, tetracaine HC! and
bupivacaine HCI. All test substances were prepared in PBS (pH 7.4) at 1% w/v
concentrations. The slugs were daily incubate during 15 min with the test solution during
five days. After the incubation period the slugs were placed on 1 mi PBS in a petri dish.
The PBS was sampled every hour and refreshed with 1 ml PBS for 3 hours after the

(reatment.

The total protein released into the PBS was determined. The change in body
weight and the mucus production caused by the treatment were examined. The results are

shown in Table 5 and Fig 13. Treatment with PBS. procaine, lidocaine and lidocaine

Eftect of PBS, benzalkonium chioride (1% w/v), procaine HCI (1% w/v), lidocaine HC]
(1% wi/v), prilocaine HCI (1% w/v), tetracaine HCI (1% w/v) and bupivacaine HC! (1%

w/v) on the total protein release. Data are expressed as total mean values (3 samples/day

for each slug)
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7o MP = mucus production expressed as % of the body weight at the start of the day
before the treatment.

The above tests described with reference to examples 1 to 4 are not an exhaustive
list of tests in accordance with the present invention. Other tests are included within the
scope of the present invention. For example, the cilia beat frequency and the onset of
immotility of the cilia as well as the reversibility of the immotility can be observed visually
on the foot of the gastropod and may be included as tests within the scope of the present
invention and the attached claims. .

The present invention is also not limited to in vivo testing but includes the use of at
least part of a gastropod for in vitro testing. To perform an in vitro test the viscera of the
gastropod are removed leaving a sack of muscle and epithelium. These may be kept viable
In physiological saline solution during the conduction of the tests in which a chemical
substance is applied to the foot and/or other epithelial parts of the gastropod. However,
one advantage of using live gastropods is that the tests may be carried out over several

days and allow quantitative measurement of the gastropod mucal excretions, whereas the

in vitro test is best for quicker tests, e. g. cilia beat frequency or immotility. One advantage

of the in vitro toxicity test in accordance with the present invention is that a wider range of

gastropod species may be used conveniently whereas live animals may sometimes be more
difficult to use in a test environment.

The tests and the results described above show that the methods in accordance
with the present invention may provide a model of a mucous membrane of vertebrate
animals, for example humans and other mammals, including human intestinal, vaginal,
buccal, nasal and respiratory mucosa, from which qualitative and quantitative data on the
toxicity of chemical substances with reference to these human or other anmimal mucal
membranes may be obtained accurately, quickly and economucally. A particular advantage
of the test method according to the present invention is that the same basic test method

and test equipment may be used both for rapid screening tests and more accurate

quantitative tests.
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CLAIMS:
1. A toxicity test method suitable for modelllng the

irritation to a vertebrate animal mucosal surface, caused by

a chemical substance, comprising the steps of:

5 - providing epithelium of at least a part of the

body or providing at least a part of the foot of a

gastropod, a gastropod being an organism of the class

gastropoda;

- exposing the epithelium of at least a part of
10 the body or at least part of the foot of the gastropod to

the chemical substance to be tested; and

- determining mucosal irritation or damage by the

chemical substance;

whereby the mucosal irritation or damage
15 determined 1s indicative of i1irritation to a vertebrate

animal mucosal surface.

2. The method according to claim 1, wherein said

vertebrate animal 1s a human or other mammalian animal.

3. The method according to claim 1, comprising the
20 step of observing a characteristic relating to substances

released from the gastropod.

4 , The method according to any one of claims 1 to 3,

further comprising the step of bringing the gastropod to a

stable weight before the exposing step.

25 5, The method according to any one of claims 3 to 4,
wherein the observing step includes observing the colour of

the mucus released from the gastropod.
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0. The method according to any one of claims 3 to 5,

wherein the observing step includes one of measuring the
welight of the gastropod before and after the exposure step,

measuring the weight of mucus released from the foot of the

gastropod during and after the exposing step, measuring the

amount of a protein released from the foot of the gastropod

during and after the exposing step, and measuring the amount

of an enzyme or memprane assoclated components such as

phospholipids or cholesterol released from the foot of the

gastropod during and/or after the exposing step.

7. The method according to claim 6, wherein the

enzyme 1s one of alkaline phosphatase and lactate

dehydrogenase.

8. The method according to claim 6, wherein the

protein is the total protein released from the foot of the

gastropod during and after the exposing step.

9. The method according to any one of claims 1 to 8,

wherein the gastropod 1s a pulmonary gastropod.

10. The method according to any one of claims 1 to 9,

whereln the gastropod 1s a terrestrial slug.

11. The method according to claim 10, wherein the slug

is of the species Arion or Limax.

12. The method according to any one of claims 1 to 11,
wherein the providing step includes removing at least the
viscera from the gastropod and maintaining the physiological

viability of the remaining epithelium and/or foot.

13. The method according to any one of claims 1 to 12,
wherein the chemical substance 1s a cosmetic, a household

product, or a pharmaceutical formulation.
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14. A test method comprising the steps of:

carrying out the method in accordance with any one
of the claims 1 to 13 on a first and a second chemical

subpstance; and

ranking the first and second chemical substances

depending upon the results of the exposure of the epithelium

F

of or the at least part of the foot of the gastropod to the

first and second chemical substances.

SMART & BIGGAR

OTTAWA, CANADA

PATENT AGENTS
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