jects, the criteria (4) used were perhaps
more rigorous than those employed by
some other investigators (5). Concord-
ance of the results of the selection
tests could not, of course, rule out the
possibility that the six deuteranopes
and nine normal subjects were not truly
representative of their respective popu-
lations in sensitivity and luminosity.
In this regard it is of interest to note
that Boynton’s (6) normal subject was
quite unlike Hsia and Graham’s nor-
mal subjects and that his deuteranope
and protanope showed virtually ident-
ical foveal thresholds, from 410 to
540 my, in marked contrast to the loss
of sensitivity of deuteranopes relative
to protanopes in this spectral region
found by Hsia and Graham, but in
excellent agreement with our (photopi-
cally determined) identity of this sec-
tion for all subjects at all brightness
levels.
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Site and Mechanism of
Tick Paralysis

Abstract. A neurophysiological investi-
gation indicates that the paralysis pro-
duced in the dog by the wood tick,
Dermacentor andersoni Stiles, is due to
failure in the liberation of acetylcholine
at the neuromuscular junction because of
a conduction block in the somatic motor
fibers produced by the tick “toxin.”

Tick paralysis, an acute ascending
flaccid paralysis which may terminate
in respiratory failure, affects animals
and humans. It is caused by the feeding
of the female tick, which is believed
to secrete a neurotoxin in its salivary
glands (7). As the common wood tick,
Dermacentor andersoni Stiles, has been
responsible for most of the cases in
North America, the disease has, accord-
ingly, been largely confined to the
northwestern United States and the ad-
joining southwestern region of Canada.
Human cases have been recorded re-
cently in the eastern and southern
United States, due largely to the com-
mon dog tick D. variabilis Say (2).
This indicates a more widespread dis-
tribution of the disease than is generally
recognized. Over 300 cases of. tick
paralysis in humans have been recorded
on this continent, with a mortality of
approximately 12 percent (3). As re-
moval of the tick ensures recovery
except when the patient is moribund,
early diagnosis of the disease is desir-
able to avoid fatalities.

In order to determine the site and
the pathological mechanism of the
paralysis, a neurophysiological study
was carried out on mongrel dogs which
were paralyzed by applying the ticks
D. andersoni Stiles. The disease pro-
duced in the dog closely resembles that
in the human; in the severely para-
lyzed animal the muscles are flaccid
and the tendon reflexes are absent.

The anterior tibial muscle was
selected for study because it was found
to be involved early in the paralysis.
The first significant observation was
that this muscle responded to direct
electrical stimulation but failed to con-
tract when stimulated through the per-
oneal nerve (4). This finding indicated
either that the motor nerve fibers could
not conduct a nerve impulse or that
there was a block at the neuromuscular
junction. When the sixth lumbar ven-
tral root was stimulated, an action
potential was recorded from the pero-
neal nerve, indicating that motor nerve
fibers were conducting an impulse (5).
The muscle, which failed to respond
to nerve stimulation, contracted when
acetylcholine was injected intra-arterial-
ly directed into the muscle. Indeed, the
paralyzed muscle exhibited an increased
sensitivity to acetylcholine (6), a con-
dition which occurs in denervated

muscle. The response to acetylcholine,
to antagonists of blocking agents, and
to repetitive stimulation indicated that
the paralysis did not resemble that
produced by the known blocking agents
—for example, curare or decame-
thonium—or by excessive doses of
anticholinesterases, but was similar to
that in botulinum toxin poisoning (3).
The latter has been shown to be prob-
ably due to a block in the small ter-
minal motor nerve fibers (7).

When a paralyzing dose of succinyl-
choline was injected into mormal and
tick-paralyzed anesthetized dogs and a
wick electrode was swept across the
under surface of the anterior tibial
muscle, small areas of depolarization
could be consistently detected and lo-
cated; these represented depolarized
end-plate regions. When the peroneal
nerve was stimulated intermittently in
normal dogs;, each nerve impulse pro-
duced a (ransient potential (end-plate
potential) which could be recorded
from each located end-plate region;
in tick-paralyzed dogs, however, end-
plate potentials could not be detected
at %ocated end-plate regions during
erve stimulation, which suggested that
acetylcholine was not being liberated
at" the nerve terminal (6).

In order to prove conclusively that
tick paralysis is due to failure in the
liberation of acetylcholine. paralyzed
and normal anterior tibial muscles
were perfused with Ringer’s solution
and the acetylcholine liberated into the
perfusate was estimated. While acetyl-
choline was liberated by the normal
muscle (6 X 107 gm per nerve vol-
ley) during nerve stimulation, none
was liberated by the paralyzed muscle
on stimulating either the nerve or the
muscle directly (8). Emmons and Mc-
Lennan (9) have shown recently that
the muscles of the perfused hind leg of
the tick-paralyzed eround hog also fail
to liberate acetylcholine when the
sciatic nerve is stimulated.

The inability of nerve or direct
muscle stimulation to liberate acetyl-
choline could be due to (i) failure of
the terminal motor nerve fibers to con-
duct the nerve impulse, or (ii) defec-
tive storage, synthesis, or release of
acetylcholine at the nerve terminals.
When the paralyzed muscle was per-
fused with Ringer’s solution contain-
ing four times the normal concentra-
tion of potassium, acetylcholine was
liberated, indicating that it is available
at the nerve terminals. Recent evidence
indicates that choline acetylase, the
enzyme required for acetylcholine syn-
thesis (10), and probably acetylcholine
(11) are produced in the nerve cell
and migrate down the axon. In five
normal dogs, the mean number of
milligrams of acetycholine liberated
per gram of acetone powder per hour
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Fig. 1. Nerve action potentials recorded
(4) in normal dog at sciatic-peroneal
nerve, and (B) in moderately paralyzed
dog at sciatic-peroneal (above) and per-
oneal nerve at fibula (below). Note dif-
ference in calibration between 4 and B.

(= choline acetylase activity), = the
standard error, for anterior motor
roots and peroneal nerve, were 15.6 =
0.7 and 1.3 *= 0.5, respectively. The
respective values in nine paralyzed
dogs were 13.6 = 1.8 and 1.2 = 0.2.
The acetylcholine content (mean =
S.E.) in micrograms per gram of an-
terior motor roots and sciatic-peroneal
nerve were 8.4 = 0.9 and 2.0 = 0.3,
respectively, in four normal dogs, and
12.2 = 3.1 and 2.5 % 0.7, respectively,
in three paralyzed dogs. No significant
difference exists between normal and
paralyzed animals in either case. In the
estimation of choline acetylase activity,
another enzyme system is included to
produce acetyl coenzyme A, which sup-
plies the active acetyl for the synthesis
of acetylcholine from choline by choline
acetylase. In order to exclude the pos-
sibility that deficiency of this cofactor
and of the substrate are responsible
for the paralysis, acetyl coenzyme A
and choline were injected into a par-
alyzed dog, but they failed to counter-
act the paralysis (8). Maclntosh (I2)
has recently emphasized the impor-
tance of the calcium ion, carbon
dioxide, and the chloroform-soluble
dializable plasma factor for acetyl-
choline release. When calcium salts
were injected and carbon dioxide in-
creased on inducing asphyxia, and
when part of the plasma of the tick-
paralyzed dog was replaced by plasma
from a normal dog, no lessening of
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the paralysis occurred. All this evidence
indicated that tick paralysis is due
neither to defective synthesis or storage
of acetylcholine nor to absence of re-
lease factors, but apparently must be
due to inability of the nerve impulse
to traverse the terminal motor nerve
fibers.

At this stage it was decided to re-
investigate conduction in motor nerve
fibers, because in the initial study in
1956, although conduction had been
demonstrated to be present, the meas-
urements were not complete. In the
reinvestigation (I3) the sixth  lumbar
ventral root was stimulated and the
nerve action potentials were recorded
with silver-silver chloride surface elec-
trodes at three sites. The sciatic-
peroneal nerve in the thigh was laid
on a triple pole electrode, the sciatic
lying on the uppermost pole, and the
peroneal on the lower two. Recording
from the upper two poles was desig-
nated S-P; from the lower two, P,. The
peroneal nerve, where it winds round
the neck of the fibula, was laid on a
double pole electrode and this record-
ing site was designated P,. In six nor-
mal dogs the potentials recorded at any
one of the three sites consisted of (i)
an initial single biphasic potential of
small amplitude (mean 0.7, 0.24, and
0.1 mv at S-P, P, and P,, respectively),
and (ii) subsequent multiple potentials
of large amplitude (5 to 10 times that
of the initial). In four moderately
paralyzed dogs the mean amplitudes of
the intial simple and subsequent mul-
tiple potentials were approximately Y3
and 1/18, respectively, that of the nor-
mal, and the conduction velocity of
the multiple potentials was significantly
decreased (see Fig. 1). In four severely
paralyzed dogs, only one biphasic po-
tential of very small amplitude was re-
corded at each site.

These results indicate that tick paral-
ysis is due to a defect in conduction
of motor nerve fibers and that the tick
“toxin” evidently exhibits a predilec-
tion for the slower conducting, smaller
diameter fibers. Since direct stimulation
of the perfused paralyzed muscle failed
to liberate acetylcholine, a conduction
block in the small-diameter terminal
motor fibers must also be present
14).
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In vitro Culture of Ehrlich
Ascites Tumor Cells

Abstract. The successful culturing and
subculturing of ascites tumor cells for 80
odd days are described, as well as the
growth pattern of these cells during this
period. The cytological appearance of cells
after 3 weeks in tissue culture and reinocu-
lation into mice is also presented.

Following the successful culturing of
both normal and abnormal cells by
Puck and his associates, we have used
the basic suggested medium of Marcus,
Ciecura, and Puck (I), with a slight
modification, to grow Ehrlich ascites
tumor cells. The medium was modified
by the substitution of horse serum for
the calf serum and chick embryo ex-
tract employed by the above-named au-
thors (/). It has not been necessary at
any time to use spleen monocytes (2),
explants of normal cells (3), or normal
rat fibroblast cultures (4), or any ad-
junct in order to obtain a successful
pure culture of Ehrlich ascites tumor
cells.

To date, the Ehrlich ascites tumor
cells have been maintained some 80
odd days and have been subcultured
three times during that period; each
culture is still active. The complete nu-
trient solution found to produce lux-
uriant growth on more than one oc-
casion was made up of 45 percent
Hanks’ saline, 40 percent Puck’s nutri-
ent solution, and 15 percent horse
serum. This is in contrast to Puck and
Marcus’ attachment solution of 40 per-
cent nutrient solution, 5 percent calf
serum and chick embryo extract, and
55 percent Hanks’ saline (7).

The Ehrlich ascites tumor cells were
aseptically harvested from a CF: male
mouse bearing a 5-day-old intraperi-
toneal tumor and were transferred to
a sterile 200-cm® rubber-sealed, screw-
capped milk dilution bottle gassed with
5 percent CO: and 95 percent air. The
cultures were begun with a high
population cell density, one culture
with 5 X 10" cells and the other with
2.5 X 107 cells. The cells were main-
tained in a fluid culture without agita-.
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