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The effects of immunity and x-ray therapy on
the extent of permanent damage to the cornea
resulting from the invasion of the cornea by vac-
cinia have not previously been subjected to experi-
mental study. In preliminary experiments (1) an
attempt was made to judge the effects of such
treatment by grading the opacities according to
an arbitrary scale. It was soon realized that this
method was inadequate. In order to obtain a more
accurate evaluation of therapy, it was necessary
to devise a procedure for estimating objectively
the degree of corneal opacity. By utilizing a tech-
nique which measures the per cent transmission
of light by the cornea in vitro, it was possible to
estimate the degree of impairment to vision result-
ing from diminished light transmission due to
opacities. This procedure is described here, and
in addition data are given on the light transmission
of normal rabbit corneas, corneas subjected to
trauma, and corneas inoculated with vaccinia but
not treated. The effects of therapy will be de-
scribed elsewhere (1).

PROCEDURE

The degree of opacity was estimated by measuring the
transmission of light through the cornea in the Evelyn
photo-electric micro-colorimeter (2). The intensity of
the incident beam of light was adjusted so that the gal-
vanometer read 100 per cent transmission when the light
was passed through 0.9 per cent NaCl solution. Within
15 minutes after the rabbit was sacrificed the cornea was
placed in the cell with the convex surface downward.
The plunger was inserted, and the per cent transmission of
the light was read. The plunger was adjusted to rest
lightly on the cornea thus causing it to lie flat. Appropri-
ate filters (red, green and blue') were used so that the
visual spectrum was covered at the intervals given in

1 The filters used were obtained from the manufacturer
of the microcolorimeter and were designated by the wave-
length in millimicrons of the maximum light transmitted.
The limits of transmission are indicated in Table I.

Tables I and II. At least two determinations of trans-
mission were always made on each cornea at each wave-
length.

It usually was not necessary to trim the cornea to fit
the cell, but on occasion this was necessary. The trimmed
edge always showed some opacity resulting from the
trauma, but care was taken to exclude the edge from the
path of the light beam. After insertion of the plunger
the cornea was inspected to exclude the presence of air
bubbles and foreign material.

In only a few instances did the opacity cover the entire
field. In most instances the opacity was relatively small
in comparison with the field, and in these cases the opacity
was centered in the field.

Experiments reported here include studies made upon
normal rabbit corneas (group Q); corneas which had been
anesthetized with a 2 per cent butyn sulfate solution,
scratched with a needle and treated with 105 r of x-ray
(group L); untraumatized corneas removed from rabbits
in which the other eye had been inoculated with vaccinia
(group P); and corneas which had been inoculated with
vaccinia, but in which no form of therapy was given
(group K). Beginning 25 days after the start of the ex-
periment one animal from each group was sacrificed on
successive days and the measurements were made. Pre-
liminary experiments (1) had shown that this lapse of
time was sufficient for the development of permanent
opacities.

RESULTS

Table I shows that in the normal corneas there
was a progressive decrease in the average trans-
mission of light as the filters were changed to
allow the transition from long to short wave-
lengths. This decrease could be due to the absorp-
tion of light by the cornea, since Wald (3) states
that there is some absorption by the normal cornea
in the violet region of the spectrum. It could also
be due to the scattering of light by the cornea.
Rayleigh's law states that the intensity of the scat-
tered light is inversely proportional to the fourth
power of the wavelength; therefore, the scattered
radiation would be greatly increased at the shorter
wavelengths. The data given in Table I have
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TABLE I

The per cent transmission of light (T) by normal rabbit corneas, Group Q, at different wavelengths

No. *F660 mp F620 mp F540 my F520 m| F490 mp F440 mp F420 mpt(635-720 mm) (595-660) (515-570) (495-550) (465-530) (410-475) (380-460)

per cent per cent per cent per cent per cent per cent per cent
1 99.50 99.50 98.00 97.50 97.50 95.00 93.00
2 99.00 99.00 97.25 97.00 96.00 93.50 91.50
3 99.00 98.75 97.00 96.00 96.00 93.50 92.00
4 * 97.00 96.00 94.25 93.75 92.00 90.00 88.00
5 99.00 97.50 96.50 92.00
6 99.25 97.25
7 99.25 97.25 97.00 96.00 92.00
8 99.25 96.50 93.00 92.50 89.00 88.00
9 98.75 97.00 96.50 96.00 93.50 92.00

10 98.50 96.50 96.00 95.50 93.00 91.00

Mean 98.9 98.1 96.9 95.4 95.2 92.5 91.0

* Wavelength of maximum transmission.
t Wavelength transmission limits.

been examined from this viewpoint to see if scat-
tering is a factor.

If T represents the per cent of light transmitted
by the cornea, then 100 - T would represent the
per cent scattered. According to Rayleigh's law
then

(100-T) =k/A4.

The constant k was calculated for 1/X3, 1/X4, and
1/X5, using the observed data for the value of
100- T at X = 420 mIA, and the above formula.
With these values for k, theoretical lines were con-
structed to show the anticipated relationship be-
tween 100 - T and the above reciprocal functions.
Figure 1 shows that when the observed values for
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FIG. 1. RELATIONSHIP BETWEENTHE OBSERVEDVALUES
OF (100- T), OBTAINED ON NORMALCORNEAS (GROUP
Q), ANDTHE THEORETICALLINE CONSTRUCTEDFROMTHE
EQUATION (100 - T) -k/X4, WHEN k, CALCULATED
FROMTHE OBSERVEDVALUE OF (100 - T) AT X = 420 myA,
WAS28 X 1010

100 - T were plotted against 1/A4 for each wave-
length the observed data fell either on or very close
to the theoretical line. Using 1/As the observed
values were consistently considerably less than
those expected from the theoretical line, and using
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FIG. 2. RELATIONSHIP BETWEENAVERAGEOBSERVEDVAL-
UES OF (100 - T) AND THE WAVELENGTHOF LIGHT

(1) normal corneas, slope =-4.0
(2) Group P, slope= -4.0
(3) Group L, slope =-4.7
(4) Group K, slope =-1.8
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1/X5 they were consistently considerably greater
than the expected values at all wavelenths greater
than 420 mju. This is illustrated further by the
fact that when the observed values for 100 - T
were plotted against the wavelengths on double
logarithmic paper (Figure 2) the slope of the re-
sulting line was minus 4, indicating that 100 - T
is proportional to 1/A4. Thus it appears that the
data obtained on normal rabbit corneas obey Ray-
leigh's law, and that the decrease in transmission
at the shorter wavelengths is due to scattering of
light rather than to absorption.

The data obtained for the transmission of light
by the untraumatized corneas (group P), the cor-
neas which were anesthetized, scratched and treated
with x-ray (group L), and the corneas which were
inoculated with vaccinia but were untreated (group
K) are presented in Table II. When the average

TABLE II

The per cent loss of transmission of light by rabbit corneas
Group K: inoculated with vaccinia, untreated; group L:

anesthetized, scratched with needle and subjected to
x-ray; group P: untvaumatized corneas from opposite
eye of rabbits with ocular vaccinia

100-T 100-T 100-T
F660 F540 F440

Group

K L P K L P K L P

1 5.50 1.75 1.25 10.25 4.00 2.50 5.50
2 2.75 1.25 1.75 4.00 3.00 2.75 6.50 5.50
3 3.75 0.75 1.00 6.00 2.50 2.75 5.50
4 23.75 1.75 2.50 32.00 3.50 3.50 46.00 5.00
5 7.25 1.00 0.75 11.00 2.50 1.75 18.00 6.00
6 0.50 1.50 0.75 3.75 3.75 2.50 8.00 5.50
7 1.75 1.50 1.00 3.25 3.50 2.50 6.00 7.00 5.50
8 3.50 0.75 1.00 6.50 3.50 3.00 11.50 11.25 7.00
9 4.25 1.25 0.00 6.50 2.50 2.00 10.50 4.50

10 5.00 0.75 0.50 8.00 2.75 3.00 14.50 5.00.
11 3.75 0.75 4.50 3.00 8.00 6.50
12 4.25 1.25 6.00 3.00 10.00 6.00
13 5.50 0.50 7.50 2.50 12.00
14 3.50 0.25 5.25 2.00 9.00
15 1.00 2.00 2.25 3.00 6.00
16 0.00 1.75
17 2.00 2.50
18 1.50 2.75
19 2.75 3.50

Mean 5.06 1.23 1.13 7.78 3.15 2.64 13.29 5.63
N 15 10 19 15 10 19 12 12

5.46 0.40 0.79 7.13 0.57 0.51 10.86 0.68

values for 100 - T in these groups were plotted
against the wavelengths, using double logarithmic
paper (Figure 2), it was found that the lines for
groups P and L did not deviate significantly from
a slope of minus 4. The slight deviation for group
L is within the limits of experimental error. The
slope for group K (inoculated untreated corneas)
however has a value of minus 1.8, which indicates
that some factor in addition to the scatter dimin-

ishes the transmission of light when there is an
opacity present. In order to get further informa-
tion about this unknown factor the values ob-
tained on a number of animals in group K were
plotted on double logarithmic paper. Figure 3
shows that the slope varied from minus 4.5 for
the least degree of opacity to minus 1.6 for the
greatest degree of opacity. This variability in
slope is primarily due to a greater decrease in
transmission at the longer wavelengths with in-
creasing opacity.
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The significance of the difference between the
mean values of 100 - T (Table II) for groups L
and P was tested by "Student's" t-test (4) and
was found to be not significant for filter 660 (red).
For filter 540 (green), the difference was signifi-
cant at the 5 per cent level only. The difference
between the means for groups P and K was sig-
nificant at the 1 per cent level for filters 660, 540,
and 440 (blue).

DISCUSSION

The procedure described here is a simple objec-
tive means for determining the effect of a corneal
opacity on the transmission of light at different
wavelengths by the cornea. In a few instances no
opacity was noticed upon visual inspection of the
cornea in situ; however, the transmission of light
was impaired in these corneas, and upon careful
inspection a rather diffuse opacity was seen.

It is apparent from these experiments that the
decrease in transmission of light by the normal
cornea at the shorter wavelengths is probably due
to a scattering of the incident light by the cornea.
This finding raises the question as to whether or
not there is any absorption of light by the normal
cornea, as reported by Wald (3). It is also ap-
parent that the presence of an opacity introduces
some factor, in addition to scatter, which results
in a greater defect of transmission. The nature of
this factor is unknown, but the data presented in
Figure 3 could be explained by the addition of a
neutral filter which would absorb equally at all
the wavelengths. If this were true the relative
effect of the filter would be greatest at the long
wavelengths, because at these wavelengths the ef-
fect of scatter is- minimal. Wewould therefore
suggest that the effect of an opacity on transmis-
sion is due to the equal absorption of light at all
wavelengths by the opacity.

The comparison of the means for groups L and
P indicates that the trauma associated with anes-
thesia, scratch, and x-ray produces some perma-

nent decrease in the transmission of light by the
cornea, even in the absence of evidence of an opac-
ity. The lack of significance in the difference of
the means for filter 660 is probably due to the
minimal effect of scattering at the long wave-
lengths together with the factor of sampling vari-
ation. It is clear from Figure 2 that trauma with-
out resulting opacity does not alter the nature of
the transmission defect found in normal corneas,
since the data for group L obey Rayleigh's law.

SUMMARY

1. The in vitro transmission of light by the rab-
bit cornea was measured with the Evelyn photo-
electric microcolorimeter.

2. In the normal cornea the per cent transmis-
sion is less at the short than at the long wave-
lengths of light. Since the decrease in transmis-
sion is proportional to 1/x' and is consistent with
Rayleigh's law, it is concluded that the decrease is
due to scattering of the incident light.

3. Trauma to the eye may result in a permanent
impairment of light transmission in the absence of
an opacity which can be seen by inspection. This
decrease is also due probably to scattering of light
rather than to absorption.

4. Inoculation of the rabbit cornea with vaccinia
results in opacity which causes a significant de-
crease in the transmission of light. This decrease
is probably due to equal absorption of light at all
wavelengths.
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