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genated derivatives caused gangrene; in con-
trast, ergotamine produced gangrene in 80%
of the rats. The survival of rats receiving
ergot alkaloids or dihydrogenated ergot deriv-

atives was equal to or better than that of the
controls.
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Recent investigations by histophysical® and
histochemical®>?® methods identified the baso-
philic component of the Nissl bodies in the
nerve cells as ribonucleic acid. Chromatolysis
of the Nissl substance in the late preparalytic
period is the earliest cytologic change in mon-
keys infected with poliomyelitis virus.# While
chromatolysis is a reversible process, it may
lead to complete cellular necrosis. Recovery
is characterized histologically by the reappear-
ance of the Nissl substance in the surviving
nerve cells. Malononitrile CH; (CN). in-
creases the ribonucleic acid content, i.e., the
Nissl substance of the nerve cells but not of
the liver and pancreas® This prompted us
to investigate the influence of malononitrile
upon experimental poliomyelitis in mice.

Materials and method. Young, virus free
mice, of the average weight of 12 to 15 g,t
were infected with the Lansing strain of the
poliomyelitis virus. The M.L.D. of this strain
showed fluctuation during storage but was
easily increased by successive mouse pas-
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sages. The paralytic period, Z.e., the time
between the appearance of the paralysis and
death of the animal, was short, between a
few minutes and 4 hours, even if low concen-
trations of the virus were used. The virus
was inoculated intracerebrally, using 0.03 ml
of a 10% mouse brain emulsion with an
ML.D. of 1.3 x 103, 2.7 x 10° and 3.2 x
107, respectively. Malononitrilet was ad-
ministered intraperitoneally, using a 0.5 g
per L. solution sterilized by passage through
a Seitz filter. Since malononitrile is toxic,®
its effect on normal mice was investigated.

Two types of experiments were set up. In
one, the survival rate of the infected mice
treated daily with malononitrile before the ap-
pearance of paralysis was compared with that
of untreated controls. In the second, mice
were treated with malononitrile after the onset
of the paralysis and the survival time was
compared with that in untreated paralyzed
mice. Because of the rapid downhill course
of the disease in paralyzed animals, relative-
ly few mice could receive treatment after the
onset of paralysis. Thus many animals were
lost. The survival time of mice was estab-
lished in such manner that the hour at which
the animal was last seen alive was considered
as the last hour of its life.

After the death of the animals, brain, spinal
cord, liver, heart and kidneys were fixed in
Carnoy’s or Bouin’s fluid. In addition to
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TABLE I :
Effect of Malononitrile When Given in Preparalytie Phase.

Malononitrile Avg incubation
Virus M.LLD. No. of mice given time, days Mortality, %
1.3 X 10-3 24 + 37.1 +13.2 41.7
24 10.2 = 2.8 100
3.2 X 10-7 84 + 53+ 1.2 97.6
84 0 44+ 13 100

TABLE II.
Effect of Malononitrile Given in the Paralytic Period.

Avg survival time after

Virus M.L.D. No. of mice used Malononitrile given onset of paralysis in hr
2.7 X 10-5 14 -+ 43.5 = 8.7
24 0 1.3 = 0.4
3.2 w107 22 + 31.8 + 6.1
24 0 0.8 = 0.2

hematoxylin-eosin, the sections were stained
with gallocyanin and thionine (Windle’s modi-
fication?).

Results. The intraperitoneal administration
of 6 mg malononitrile per kg body weight to
normal mice produced within a few minutes
rapid respiration, convulsions and death.
Three mg per kg body weight was well toler-
ated, although a general depression following
an excitation state lasted frequently for many
hours.

All 24 mice which received the Lansing
virus of M.L.D. 1.3 x 10 died after an
incubation period of 10.2 =+ 2.8 days. Of
24 mice which received the same amount of
the virus and 3 mg malononitrile per kg body
weight the day after the infection, and, start-
ing 6 days later, the same amount of the drug
daily for 10 consecutive days, only 10, or
41.7%, died within 3 months. The average
incubation time of the animals which died
was 37.1 =+ 13.2 days (Table I).

Of 84 mice injected with a high M.L.D.
(3.2 x 1077) all died. Of 84 animals infected
with the same amount of the virus and treated
with malononitrile, starting the day after
infection, 82 died after an incubation time of
5.3 =+ 1.2 days, which does not differ signifi-
cantly from that of untreated animals (i.e.,
4.4 -+ 1.3 days). Only 2 of the mice which
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received malononitrile survived in this group.
The period between paralysis and death in
the treated animals, however, was 17.8 = 1.2
hours, as contrased with 0.8 =+ 0.2 hour in
untreated mice.

Of 38 mice infected with Lansing virus of
M.L.D. 2.7 x 109, 24 served as controls for
the determination of the survival time after
paralysis developed, while 14 mice received
3 mg malononitrile per kg body weight after
paralysis appeared. The average survival
time of the treated animals was 43.5 =+ 8.7
hours, while untreated animals lived only 1.3
—+0.4 hours after the onset of paralysis (Table
II). Only 3 of the treated animals lived for
less than 4 hours, while 2 survived for as long
as 14 days. They showed complete recovery
but died suddenly when the drug was with-
drawn. In some of the other treated animals
temporary partial or total disappearance of
the paralysis was observed.

Of the 84 mice which received the virus in
M.LD. 3.2 x 107 concentration, 22 were
treated with malononitrile after paralysis de-
veloped. Their survival time was 31.8 = 6.1
hours, as compared with 0.8 =+ 0.2 hour in
24 control animals. About one-third of the
treated mice showed partial or complete re-
covery from the paralysis but died later.

The treated animals which survived for
three months did not show the usual histo-
logical involvement of the central nervous sys-
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tem,® while those which died despite the treat-
ment showed similar pathologic changes as
the untreated mice except that the cytoplas-
mic basophilic substance of the nerve cells
appeared better preserved.

Discussion. The described experiments in-
dicate that malononitrile has a certain value in
the treatment of mouse poliomyelitis. If low-
er concentrations of the virus were used,
treatment in the preparalytic stage prevented
death in more than one-half of the animals
and prolonged the incubation period nearly
threefold. While death following huge doses
of the virus could not be prevented by the
drug, the life span between paralysis and death
was prolonged also in these cases.

When malononitrile was given after the
appearance of paralysis, in about one-third of
the animals significant regression of the clin-
ical symptoms was observed. Complete re-
covery was observed in solitary cases but the
animals died after cessation of the treatment.

There are various ways in which a chemical
compound may act against the poliomyelitis
virus. It may have a prophylactic effect
either due to the action upon the virus before
it reaches the nervous system, or it may ren-
der the nerve cells unsuitable for the multipli-
cation of the virus. The arrangement of these
experiments precludes the possibility of a
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direct inactivation of the virus before it
reached the nervous system. Malononitrile,
however, may render the intracellular en-
vironment unsuitable for continued develop-
ment of the virus by its protective effect upon
the nucleic acids. It may also help to restore
the damaged function by increasing the ribo-
nucleic acid content of the attacked cells.
While a direct action upon the virus within
the cell is not probable, the possibility that
this compound acts by interfering with an
enzyme system of the host, essential for the
multiplication of the virus, has to be con-
sidered.

Summary. Malononitrile treatment pre-
served the life of more than one-half of the
mice infected with a low concentration of the
Lansing type poliomyelitis virus, but only pro-
longed the life span of mice infected with
large doses of the virus. Mice treated with
malononitrile after the onset of the paralysis
showed markedly prolonged survival time. In
about one-third of the animals partial or total
recovery of the paralytic symptoms was ob-
served; the mice, however, died after cessa-
tion of the treatment.
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Chester L. Byrd, Jr., of the Hektoen Institute
Virus Laboratory for his able technical help.
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The potentiation of acetylcholine by eserine,
acetone, and methyl alcohol being known, we
are interested in finding out their influence
on the electrical excitability of the muscle.

The rheobase and chronaxie were determin-
ed with condenser discharge. The rectus mus-
cle of the toad was placed in a glass muscle
chamber, moistened with Ringer’s solution,
and observed under dissecting microscope.

After the control reading had been taken, the
rectus muscle was immersed in a bath of 8
cc of Ringer’s solution, bubbled with air, and
treated with 10 y eserine for 30 minutes, or
0.05 cc acetone or methyl-alcohol for 3
minutes, and, in addition, Ringer’s solution
was alone used without adding any reagent for
blank control. Following the treatment, both
were redetermined under conditions as before.



