and thickness, such as 12-in. lengths of
Whatman No. 1 paper, the differences
are virtually negligible. Furthermore,
the deviation is not cumulative, and it
is no greater for a single one than for
any one of a number of similar strips
taped together end to end.

LoTHAR L. SaLoMON
Department of Biochemistry and
Nutrition, University of Texas—
Medical Branch, Galveston

References and Notes

1. This work was supported by grants from the
U.S. Public Health Service and the National
Science Foundation. The help of Carl F.
Schuster of the fechnical apparatus shop is
gratefully acknowledged.

2. L. L. Salomon, Texus Repts. Biol. and Med.
17, 365 (1959).

12 October 1959

Luminosity Losses in Deuteranopes

In 1958 Heath (I) published some
luminosity curves for normal and di-
chromatic subjects. The luminosity
values are given as the reciprocals o f
relative energies of different wawe-
length bands required to provide a
critical flicker frequency of 20, 25, 30,
or 40 flashes per second.

Heath found the usual luminosity
loss for protanopic subjects as con-
trasted with normal subjects. However,
his findings for deuteranopes were un-
usual. Instead of a luminosity loss in
the blue and green regions of the spec-
trum, he found a luminosity gain for
deuteranopes in the spectral region
from about 520 my into the red beyond
700 my.

The results obtained on deuteranopes
by Heath with the critical flicker meas-
urements are not in accord with some
recent foveal Iuminosity measures
based on foveal threshold determina-
tions (2) and on the determination of
luminosities for different levels of
visual acuity (3) [see also the data
obtained by Boynton et al. (4) on single
dichromats by a rapid chromatic adap-
tion method].

The fact that Heath’s results may
not be in accord with those obtained
by the other methods may be due to
a number of factors, including the pos-
sibilities (i) that the method involving
equality of flicker may provide condi-
tions that give rise to special wavelength
effects, and (ii) that Heath’s criteria
for the selection of deuteranopes were
different from those used by the other
investigators. We have found a height-
ened sensitivity comparable to that re-
ported by Heath for wavelengths longer
than about 500 my in two subjects, one
protanomolous, the other deuteranomol-
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ous. Such cases merit further study,
and flicker criterion data should be
correlated with data obtained by other
methods.

Heath’s conclusions, taken at face
value, seem to bolster a position upheld
by Walls (5), among others—that is,
that luminosity losses do not occur in
deuteranopes. The evidence cited here
indicates that deuteranopes can, and
that many do, lose luminosity in the
green and blue regions of the spectrum.

‘ C. H. GRAHAM

Yun Hsia

Department of Psychology, Columbia
University, New York, New York
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The question of whether deuter-
anopes show losses or gains in lumi-
nosity, quite apart from the two
possibilities suggested by Graham and
Hsia, may lie in one’s definition of
“luminosity.” Curves of reciprocals of
foveal threshold energies—that is, cone
sensitivity curves—representing the en-
velope of the individual sensitivity
curves of only the most dark-adaptable
of the several receptor types, cannot
be regarded as “luminosity” curves in
the same sense as curves of reciprocals
of energies required for a given
photopic effect [for example, a con-
stant brightness, or a particular critical
frequency of flicker fusion (CFF)]
where interaction, summation, inhibi-
tion, and adaptive effects may markedly
alter the respective contributions of
each type of receptor (7). The “spe-
cial wavelength effects” of the ‘tre-

mendous difference in adaptation levels
between threshold and photopia are by
no means yet fully known, but inter-
pretation of threshold data in terms of
luminosity losses or gains would imply
that, whatever the adaptive effects, they
must be independent of wavelength, so
that an observer’s threshold sensitivity
curve would be identical in shape to
his photopic luminosity curve. A mass
of evidence to the contrary exists (2).
Moreover, the threshold method re-
quires the further assumption that the
relationship between the thresholds of
normal, protanope, and deuteranope
subjects is the same as the relationship
beween their photopic luminosities—
that is, that the rate of increase in sub-
jective brightness with increased stimu-
lus intensity is identical for all observ-
ers as well as for all wavelengths.
Figure 1 demonstrates the changing re-
lations found among our observers at
photopic levels with the CFF method,
and the results of such changes if
extrapolated to the “cone threshold”
level—results which resemble those
found by Hecht and Hsia (3).

With regard to the selection of sub-
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Fig. 1. Logarithms of the ratios of spec-
tral energy requirements of protanopes
(dotted lines), normal subjects (solid
lines), and deuteranopes (dashed lines), to
the normal requirements for four flicker-
fusion frequencies. “Cone threshold” data
were derived by linear extrapolation to
the zero CFF level.
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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.

GorpoN G. HEATH
Division of Optometry,
Indiana Upniversity, Bloomington
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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,
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

a neurophysiological study

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 Yocated end-plate regions during
erve stimulation, which suggested that
wcetylcholine was not being liberated
at' the nerve terminal (&).

In order to prove conclusively that
ticik 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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