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Unique ultra-structural features of photoreceptor cells and
their functional significance in the retina of the frog, Rana
limnocharis (VWiegmann)

The retina of vertebrates, like iris and
ciltary epithelium, is differentiated from
the inncr layer of the evaginated optic
cup. The specifically differentiated
photoreceptor consists of two kinds of
cells —the rods and cones, each of
which is divided into two segments, the
inner and outer segments, connected by
a cilium!. The rod cell is a long and
highly specialized structure, its outer
segment being cylindrical with uniform
thickness. The rod outer segment 1is
homogenous i1n fresh condition, is posi-
tively birefringent in polarized light and
possesses brilliant refractility. The cone
outer segment, on the other hand, is a
conical structure, being wider at the
base and tapering towards the tip.

Like different retinal stmcturesz'ﬁ,
rods and cones exhibit generic differ-
ences in fine structure, although their
basic morphological and anatomical
features are similar in all the animal
species. The rod outer segment of frog,
unlike other vertebrates, is an uncom-
monly large structure of about 60 um in
length and 6 um in diameter, and is
constructed of long, packed rodlets of
about 1 um in diameter’. While the di-
ameter of photoreceptor outer segment
is related to some important optical
phenomena such as wave guide effects®,
its surface ultra-structural features are
expected to be important in photon capture
efficiency. In vertebrate retina, the entire
light capture area is simultaneously occu-
pied by both the rods and the cones so
that under both photopic and scotopic
conditions, the illumination must pass
through one type of photoreceptor be-
fore reaching the other®.

We report here some unique struc-
tural features of the rod and cone outer
segments in the retina of a frog, Rana
limnocharis, observed with the help of
scanning and transmission electron mi-
croscopy. The observed structural spe-
cialization is expected to cause certain
important modifications in wave guide
effects and photon capture efficiency in
retina of the frog species under study.

The excised retina was immediately
fixed in 2.5% glutaraldehyde, prepared
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in 0.1 M Na-cacodylate buffer for 4 h at
4°C. The tissue was washed in Na-
cacodylate buffer for 20-30 min post-
fixed in 1% buffered osmium tetroxide
and dehydrated through increasing con-
centration of acetone. For transmission
electron microscopy, the tissues were
infiltrated with resin, blocks were pre-
pared and sections {60-90 nm) were cut
with an ultramicrotome, Ultratome V
(LKB). Observations were made on a
transmission electron microscope, JEE-
100 CX (Jeol), at an accelerating volt-
age of 80kV. For scanning electron
microscopy, the dehydrated sample was
critical point-dried in a Samdri-PVT
(Tousimis) critical point dryer using
acetone as intermediate fluid and CO, as
transitional fluid. The dried sample
fractured with a sharp razor blade and
was secured horizontally to a brass stub
with double adhesive tape. A thin con-
ductive coating of gold was applied to
the .sample using a fine coat ion sputter
JFC-1100 (Jeol), and observed with a
JSM-35 CF (Jeol) scanning electron
microscope operated at 15 kV,

The interesting observation made In
the present study i1s the occurrence of
two types of rods, which markedly dif-
fered in their diameter (Figures 1 and
2). While some of the rod outer seg-
ments were about 6 pm in diameter and
similar to those reported earlier, the
second type of rods were characterized
by an unusually large diameter (20—
25 pm). So far the largest-known diame-
ter of rod outer segments is 12 pm, as
reported in mud puppy, Necturis’'.

The two types of rods occur 1n bun-
dles and their spatial arrangement is
similar to that of other amphibian spe-
cies. In this context, 1t is worth mention-
ing that two different types of rods -
green and pink have also been reported
in some frog retina. Although the di-
ameter of the two was almost the same,
the green rod outer segment was re-
ported to be approximately half the
length of the pink rod outer segment®,

Thus the report on the occurrence of
two morphologically different types of
rods in amphibian retina, already exists

in the literature®, However, here we

report for the first time the occurrence
of some rods with unusually large di-
ameter and unique ultra-structural fea-
tures along with common types of rods
in the retina of Rana limnocharis. The
surface features of both the types of
rods, however, showed the presence of a
series of longitudinal grooves, forming
an array of rodlets of about 1 um diame-
ter (Figure 2), similar to those in other
amphibian species®. The transmission
electron microscopy of longitudinal
section of the larger types of rods re-
veals that the structural features of the
matrix are similar to that of the usual
rod outer segments of vertebrate retina
(Figure 3). The other significant feature
of the larger rod outer segment is that it
consists of three disc-like structures of
diameter (41.6, 38.3 and 33.3 pm re-
spectively) larger than the remaining
portion of the outer segment at the re-
gion of attachment with the external
limiting membrane (Figure 1). The
larger diameter of some of the rod outer
segments and the differences in the di-
ameter between the disc-like portions
and the rest of the outer segment ap-
pears to be significant in relation to the
wave guide effects exhibited by photo-
receptors®. The refractive index of pho-
toreceptor organelles and associated
feeding structures such as inner seg-
ments are reported to be higher than the
refractive index of surrounding materi-
als'™'!. As a result of this difference in
refractive index, the photoreceptor and
associated structures will tend to hold
light inside them and guide it by total
internal reflection®.

It is known that the wave guide pa-
rameter V is directly related to the di-
ameter of the photoreceptor'?, which in
turn determines the amount of light
propagated inside the guide, It was re-
ported that light is guided in modal
patterns in retinal phntarecepmrss, and
most of the light is propagated inside,
when V is large (~4). At a smaller value
of V («2.4), only the first mode 1is
propagated inside the guide and the
fraction of modal energy becomes
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