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lead to a dangerous degree of

ization, and I think the exelu-
£ social seiences from the bene-
" the pending legislation may
day be viewed as a fortunate
The social seiences need scores
sll-organized research teams,
on the eampuses of our leading
'3 and universities, and f-
1 from many sources—local
butions, state or municipal ap-
ations, foundation grants, and
"ederal grants where they can
ained without saerifice of local
l or self-sufficiency And all
must insist, is compatible with
1cept of ecorporate research.
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THE USE OF HORSE STRONGYLE LARVAE
IN SCREENING COMPOUNDS FOR
ANTHELMINTIC ACTIVITY

NORMAN D. LEVINE*
[niversity of [llinois, Urbana

Since the discovery of the sulfo-
namides, research in chemotherapy
has gone on at an ever-increasing
rate. One phase of this expansion
has been an intensification of the
search for new and better anthel-
minties.

The pattern of this type of re-
search is essentially that which was
used during World War II in search-
ing for new antimalarial and anti-
filarial drugs (ef. Wiselogle, 1946,
and Conference on the Chemothe-
rapy of Filariasis, 1948) Hundreds
and even thousands of compounds,
selected more or less at random. are
tested for activity When a promis-
ing compound is found, other relat-
ed compounds are synthesized and
studied.

Because so many compounds are
studied in the initial sereening test,
a rapid, cheap technic is essential.
The host which one wishes to treat
is usually unsatisfactory because it
is too large, too expensive to main-
tain, or not available in sufficient
numbers. Henece workers have turn-
ed to in vitro tests or in vivo tests in
small laboratory animals.

Neither of these types of test is
completely satisfactory Both miss
compounds which would be effective
against parasites of economic impor-
tance; both give promising results
with compounds which are later

* Ot the College of Veterinury Medicine and

Agricultural Experiment Station.

fonnd to be valueless against these
parasites. Brackett and Bliznick
(1949), for instance, using Nippo-
strongylus muris in the mouse (Mus
musculus), sereened over 1625 com-
pounds for anthelmintic aectivity
Among the known nematoeides
whieh they tested, carbon tetrachlor-
ide was fairly active, but tetrachlo-
rethylene, hexylresorcinol, and phe-
nothiazine were not satisfaetory
Santonin and beta-naphthol were
practically worthless; gentian violet,
thymol, and n-butyl chloride were
completely ineffective. On the other
hand, trichloracetamide and some of
its relatives were highly effective.
Unfortunately, this compound turn-
ed out to be ineffective against
Strongyloides ratts in the rat (Rai-
tus norvegicus), Syphacia obvelata,
Aspicularis  tetraptera, and the
adults and larvae of Trichinella spi-
ralis in the mouse (Mus musculus),
and Litosomoides carinii in the cot-
ton rat (Sigmodon hispidus)

In the last analysis, if one wants
to find a compound which is effective
against a particular parasite in a
particular host, he must test it
against that parasite in that host.
No other procedure will give defin-
itive results. The sereening tests
simply help in the hunt.

In vitro tests are usually faster
and cheaper than i viwe ones. It is
not necessary to have facilities for
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housing and handling many experi-
mental animals, and the tests can be
done conveniently on a table top. On
the other hand, the results ob-
tained in an tn witro test cannot
necessarily be carried over without
modification to the living animal.
The drug-helminth reaction is a rela-
tively simple, clear-cut one m vitro,
but introduction of a host into the
reaction brings in many modifying
factors. A eompound which is active
in witro may not be active in vivo,
and wice wversa. And an effective
compound might turn out to be too
toxie for the host to be used.

In wvitro tests can be carried out
pither on the adult worm or on lar-
vae. The advantage of using the
adult is that it is the stage for which
animals are treated. The metabol-
ism of the larva often differs from
that of the adult, so that a drug
which kills larvae might not kill
adults, and wice versa. Nevertheless,
larvae are often so easy to obtain
and to use that screening with them
is justified. Otto and Maren (1948,
1949), for instance, discovered the
new antifilarial compound, arsena-
mide, as a result of screening with
Dirofilaria vmmatis larvae.

The screening test which I shall
deseribe is a modification of the test
developed by Parmell (1936) It
uses the larvae of horse strongyles
as test organisms. These nematodes
belong to the family Strongylidae.
Dikmans (1945) lists three species
of large strongyles (genus Strongy-
Ius) and 36 speeies of small strongy-
les of 11 different genera as oceur-
ring in horses and other equids in
North America. Practically all
horses have multiple infestations. It
does not seem to matter a great deal
which species is used in the test.

The eggs of these nematodes are
passed in the feces. [First-stage
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larvae hateh in about a day, feed in
the manure, and molt to long-tailed
second-stage larvae in another day
These also feed in the manure. In a
few days they molt again to become
short-tailed third-stage larvae. The
second-stage cuticle is not complete-
ly east, but is retained as a protee-
tive sheath around the third-stage
larvae. These larvae do not feed.
They leave the manure, crawl onto
the vegetation, and are eaten by
horses when they graze.

This test was originally designed
to be used in searching for com-
pounds whieh would kill the larvae
on pasture. However, it is also ap-
plicable to screening drugs to be
used against the adults.

Strietly speaking, this is not an
in witro test, since it is carried out
against larvae in their natural en-
vironment. However, since no host
is involved, the test is generally
grouped with the in vitro tests.

The chemiecal compound to be test-
ed is mixed with taleum powder to
give it body One-half gram of this
mixture is mixed thoroughly with
4.5 g. of fresh horse manure ¢ontain-
ing strongyle eggs. The manure-tale-
chemical mixture is placed in a small
cheesecloth bag, which is suspended
in a closed, 2-0z. wide-mouth glass
jar. The jar is set aside in a dark
cupboard for a week. By this time
the larvae have reached the third
stage, and many of them have mi-
grated out of the feces. They colleet
in the droplets of condensation water
which appear on the sides of the jar,
and can be recognized by examining
the condensation water with a pow-
erful hand-lens (I use a 15-X miero-
secope ocular)

If no larvae can be found. the bag
is placed in a Baermann apparatus
(a funnel with a piece of rubber
tubing closed by a pinch-clamp)
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Enough warm water is poured into
the funnel to half cover the bag. If
larvae are present, they migrate into
the water. After an hour or two
some of the water is withdrawn
through the rubber tubing at the
bottom of the funnel, and examined
for larvae with a low-power miero-
scope or hand-lens.

The presence of living larvae in-
dicates that the compound was in-
effective. In the work cited above,
both Parnell and I counted the lar-
vae, but I now feel that this is not
necessary in a sereening test of this
type.

In the preliminary sereening test,
each compound is set up in eoncen-
trations of 0.01, 0.005, 0.0025 and
0.001 M. If these give promising
results, further studies are carried
out. In my earlier work, I used
standard percentages of compounds,
but comparisons on an equimolar
basis are preferable.

Untreated controls are essential,
since in an oceasional manure
sample the larvae failed to develop.

One advantage of using taleum
powder as a diluent instead of at-
tempting to dissolve the compounds
is that both soluble and insoluble
compounds can be studied without
changing the technic. In addition,
a compound whose solubility is not
known can be sereened without tak-
ing time to determine if it is soluble.

Because of the nature of this tech-
nie, it is impossible to tell whether
a compound aects on the eggs or on
the first-, second-, or third-stage
larvae. This does not affect the val-
ue of the test for sereening purposes.
For more precise information. the
effect on each stage could be deter-
mined separately

The selection of a manure donor
is important. A strongyle egg count
of at least 1000 eggs per gram of
feces is desirable. Horses will some-
times be found in whose manure
larvae do not develop well; such
horses cannot be used as donors.

So far over 150 compounds have
been sereened against horse stron-
gyle larvae. The results on 70 have
already been reported (Levine,
1949), and those on the others will
be reported later. Anumber of prom-
ising compounds have been found,
including several iodine compounds.

Among known nematocides which
were tested, 1% sodium fluoride, nie-
otine sulfate, and phenothiazine
killed all larvae in the manure, while
1% hexylresorcinol killed 99.5%
(ecompared with the number of lar-
vae present in the controls) When
presenf in a concentration of 0.1%
in the manure, erystal violet killed
53% of the larvae; hexylresoreinol,
79% ; phenothiazine, 82% : sodium
fluoride, 84% : and nicotine sulfate
killed them all. This last ecompound
killed 99 to 100% of the larvae in
four tests at a concentration of
0.01%.

SUMMARY

A cheap, convenient technie is
deseribed for sereening chemical
compounds for possible anthelmintie
value, using horse strongyle larvae
as test organisms. The compound to
be tested is mixed with horse manure
containing strongyle eggs. The mix-
ture is suspended in a cheesecloth
bag in a glass jar. The jar is set
aside in a enpboard for a week, and
the jar and manure are then exam-
ined for larvae.
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