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Concentration of Visual Purple in
a Retinal Rod of Rana pipiens

The density of the photosensitive pig-
ment in the distal segments of the retinai
rods and cones determines the effective-
ness of radiation incident upon the retina
in evoking a visual response. Only the
light that is absorbed by the pigment in
the visual cells can be effective in initi-
ating a visual stimulus. Since there are
significant losses of light in the trans-
parent media of the refractive apparatus
and in the neural layers of the retina, it
is of importance to know what portion
of the light that finally reaches the distal
segments will be absorbed. This can be
evaluated by a knowledge of the density
of the pigment within the distal seg-
ments of the retinal rod.

Several methods have been applied to
the determination of the density of visual
purple in the distal segment of the retinal
rod. One procedure has been fo deter-
mine the maximum amount of pigment
that is extractable from a known number
of retinas and to estimate how much light

this quantity of pigment would absorb if
it were dispersed in an area correspond-
ing to the retinal distribution of rods (7).
A second method is to estimate the total
visual pigment in the outer limb by meas-
uring the minimum molecular weight per
chromophore and computing the total
content by assay of the carotenoid com-
ponent (2, 3). An additional and com-
pletely unrelated method is to compare
the scotopic luminosity curve and the
spectral absorption curve of visual purple
as used by Hecht et al. (4¢) in order to
estimate the absorption by rod segments
in the retina.

A more direct method is to assay the
extracted visual purple and to reduce the
data to the dimensions of a single distal
rod segment, as was attempted by Broda
et al. (5) and Denton (6). The problem
of light absorption in the distal segments
has become increasingly important in the
consideration of the mechanism of the
initiation of visual response.

In the series of estimations reported
here (7), Rana pipiens were used. The
animals were adapated to the dark for
24 hours, the eyes were removed and
sectioned, retina and pigment layer were
removed, and the pigment layer was
separated from the retina. The retinas
were washed in Ringer’s solution and
then very gently shaken in it. This served
to detach the distal segments of the rods.
The rod segments were separated from
the remainder of the retinal debris by
straining through fine wire mesh and re-
covered from the Ringer’s solution by
low-speed centrifugation. The accumu-
lated rods were resuspended in a known
volume of Ringer’s solution, and the total
number of rod segments in the solution
was estimated by means of a hemocy-
tometer (Table 1, column 3). The visual
purple was extracted in 5 ml of digitonin
solution after the suspended rod seg-
ments had been collected by centrifuga-
tion at high speed. The absorption spec-
trum of the resulting solution was meas-
ured with a Beckman DU spectropho-
tometer. The density at 500 mu is given
in Table 1, column 4. The residue re-
maining after the centrifugation of the
first digitonin extract was extracted a

Table 1. Density of visual purple in retinal rods. The concentration factor is 0.1102 X 10°;
the computed density of the pigment in the rod segment along the axis (density per rod)
(factor) is 0.642; and the density per micron along rod axis is 0.012.

Optical
density Density per
I;:ip": Number of Total rod at 500 mp single rod in
Nlo retinas otal rods for 1-cm 5-ml solution
o depth of at 1-cm depth
solution
1 25 4.06 x10° 0.256 0.063 x10°®
2 100 18.175 x 10° 1.049 0.058 x10°*
3 100 26.18 x10° 1.410 0.054 x10°
Av. 0.0583 x 10®
68

second time with fresh digitonin, but it
did not contain a measurable quantity of
visual purple.

The dimensions of the distal segments
of the rods were measured by means of
an ocular micrometer. Fifty separate
measurements gave an average length of
52.1 u and a diameter of 7.6 u. From
these figures, the cross-sectioned area of
a single rod was computed to be 45.36 u2.

Since the number of rod segments in
each preparation is known, the contri-
bution of a single rod segment to the
density of the total visual purple solution
can be computed. This is shown in Table
1, column 5.

Assuming that Beer’s law is valid over
the ranges of concentration encountered,
we can estimate the density of the visual
purple in a single rod segment by re-
ducing the cross-sectional area of the
solution to that of a single rod. Since the
density of the solution for a depth of 1
cm is known from direct measurement,
this manipulation is in effect equivalent
to computing the density of the solution
when its cross-sectional area is equal to
that of a single rod and when its depth is
permitted to increase until the volume is
identical with that of the original 5-ml
extraction. This procedure yields a con-
centration factor by which the contribu-
tion of a single rod segment to the den-
sity is multiplied to yield the density of
pigment in a distal segment of the rod.
The concentration factor and the com-
puted density of the visual purple in the
rod segment are shown in Table 1. The
density of pigment in the rod segment is
0.642 at a depth equivalent to the axial
length of the rod, 52 u, and the density
per micron along the axis of the rod is
0.012.

This value is higher than that reported
by Broda et al. (5) or that computed by
Hubbard (3), and it is of the same order
of magnitude as that reported by Denton
for another species of frog (6). Since this
method of assay requires the solubiliza-
tion of the pigment, the unavoidable
losses during processing mean that these
are minimal values. In addition, if the
distal segments of the rod are not re-
moved intact, there must be a portion
of the visual pigment which remains in
the retinal layers. The density per micron
depth of a distal segment of a rod is a
more general and useful value and is
obtained by using the value of 52.1 u for
the length of the segments analyzed. This
value of 0.01233 per micron is also shown
in Table 1.

An additional consideration in esti-
mating the maximal absorption by visual
purple in a single rod is the degreee of
orientation of the anisotropic molecules
(8). The absorption of unpolarized light
by a solution of randomly oriented aniso-
tropic molecules would be lower than
that of a rod that consisted of a series
of parallel planes of optically oriented
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molecules in which the axes of the suc-
cessive planes were randomly oriented,
but would be greater than that of a case
in which the optical axes of the planes
were all parallel. The latter situation
places an upper limit on the absorption
by the completely oriented element of
50 percent of the incident light. Until
the detailed orientation of the visual
purple molecules is known, this question
cannot be resolved.

A density of 0.642 in the distal seg-
ment of the rod means that approxi-
mately 75 percent of the light incident
on the rod segment is absorbed if its
path is parallel to-the axis of the rod
segment. However, the retinal rods do
not occur on the optical axis but are
distributed peripherally. As a result, a
beam of light which is less than the
diameter of a rod in cross section may
follow a path that will intersect several
rods despite the curvature of the retina
in the optic cup. If the beam falls at such
an angle that it traverses the longest
diagonal axis of a single rod, the prob-
ability of absorption would increase, for
the path length through the rod is
greater, and a somewhat thicker layer of
photosensitive pigment would be tra-
versed. In this case, the absorption would
be 80 percent. If the beam intersected a
closely packed, parallel bundle of rod
segments at an angle of 45°, the ab-
sorption would be nearly 90 percent.
Therefore, in species possessing a fovea,
peripheral vision not only has the ad-
vantage of the higher absorption because
of higher pigment concentration but also
has the increased possibility of light
gathering by the obliquity of the incident
light.

As shown by Hecht et al. (4), a single
quantum hit in each of only a small
number of rods is required to produce
a visual sensation in man at threshold.
With absorptions by the individual ele-
ments of this order of magnitude or even
considerably lower in the case of the
mammalian eye, as suggested by Hub-
bard (3), the probability is high that
the effective photochemical event will
occur in the surface region of the re-
ceptor cell and that the resulting acti-
vated products will be in the optimal
position for the initiation of the process
that leads to membrane asymmetry and
the initiation of an impulse, if indeed
it can be assumed at this time that a
mechanism as direct as this is involved
in the initiation of the impulse.

James C. PeskIN
Department of Biology, University
of Rochester, Rochester, New York
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Radiocarbon Age Estimates
Obtained by an Improved
Liquid Scintillation Technique

The physical and chemical techniques
used in our laboratories for radiocarbon
dating have already been described (I,
2). The purpose of this work is to indi-
cate an important modification in
method and to report on the samples
measured to this time (3).

In the liquid scintillation method of
radiocarbon dating, the sample carbon is
introduced into the sensitive volume as
the solvent component of the scintillator
or as a suitable diluent. Because of the
low energy of the C'* beta spectrum and
the resultant feeble light pulses, it is
necessary to use a scintillator with as
high a fluorescence efficiency as possible.
This is particularly important for a sin-
gle-channel counter used at ambient tem-
peratures. We therefore first attempted
the synthesis of the solvent component
of the liquid scintillator from sample
carbon (1), for this insures maximum
luminescence output in the final scin-
tillator solution.

On the other hand, for routine opera-
tion, the complexity of the chemical syn-
theses of such solvents as toluene and
xylene suggests the use of an appropriate
diluent whose chemical synthesis is less
involved, and whose presence in the
liquid scintillator does not appreciably
reduce the luminescent output. In an
earlier report (2), we showed that meth-
anol could be used as a diluent in a liquid
scintillator for the detection of natural
radiocarbon with a 30-percent efficiency.
An examination of Fig. 1 in that report
shows, however, that labeled carbon con-
centrations of greater than 0.1 g/ml of
scintillator are not feasible, for then the
C1t spectrum and the photomultiplier
noise spectrum overlap too markedly. A
specially selected K1190 photomultiplier
was used in this work. Subsequently,
three of six C467 Dumont tubes tested
have been found to give approximately
the same low noise level as this selected
experimental tube.

Recently (4) it has been shown that
the use of naphthalene as the second sol-
vent reduces the quenching action of
many materials in liquid scintillators.

Using this technique, we were able to
introduce appreciable quantities of tri-
methyl borate (5) into a liquid scintil-
lator without seriously affecting the effi-
ciency of fluorescence. Since the methyl
borate can be. prepared quite readily
from methanol, the possibility of its use
as the labeled component for routine
radiocarbon dating has been investi-
gated.

The preparation of methanol from
sample carbon was performed by proce-
dures already described (2). The con-
version of the methanol to methyl borate
was accomplished by a modification of a
procedure of Schlesinger et al. (6). In
principle, the method involved the esteri-
fication of boric oxide with methanol and
the separation of the resultant azeotrope.
In a typical synthesis, 18.80 g (0.59
mole) of methanol was placed in a
100-ml flask fitted with a semimicro
fractionating column, and 13.72 g of
finely powdered boric oxide was added
in four portions through a side arm. Fol-
lowing the addition of each portion, the
contents of the reaction vessel were re-
fluxed gently. Upon completion of the
addition, the reaction mixture was re-
fluxed a further 2 to 3 hours. The con-
tents were then distilled through the
column, and the methanol-methyl borate
azeotrope was collected in a receiver im-
mersed in dry ice. The azeotrope was
then separated by rapid addition of 4.2
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Fig. 1. Dilution curves showing pulse
height, relative to anthracene at 100, as
a function of diluent concentration ex-
pressed as grams of labelled carbon per
milliliter of scintillator. A, Diluent metha-
nol in solution of 4 g/lit of terphenyl and
0.1 g/lit of 1,4 di-2-(5-phenyloxazolyl)-
benzene in xylene; B, diluent methyl bo-
rate in solution of 3 g/lit of phenylbi-
phenylyloxadiazole, and 70 g/lit of naph-
thalene in xylene.
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