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Summary. The structure of the photoreceptors of the
vervet monkey (Cercopithecus aethiops) has been
investigated by light and electron microscopy. In this
species the photoreceptors can be readily differentiated
and adequately described by the classical terminology of
rods and cones, with rods being the more numerous.
Rods are long, slender cells while cones are shorter and
stouter. Both rods and cones are highly differentiated
cells and consist of an outer segment, a connecting
cilium, an inner segment, a nuclear region and a synaptic
process leading to a synaptic ending. Morphological
differences are noted between rods and cones for the
various regions of these cells.
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Introduction

The structure of retinal photoreceptors has been
investigated in a variety of vertebrate species both
because of their position as the first neuron in the visual
pathway and also because of their heavy involvement in
protein production as they continuously generate new
outer segment discs (Cohen, 1972; Crescitelli, 1972;
Rodieck, 1973; Braekevelt, 1973, 1975, 1983a.b.c;
Young, 1974, 1978).

Traditionally retinal photoreceptors have been
classified as either rods or cones on the basis of their
morphological appearance (Walls, 1942; Stell, 1972).
While in a few species the morphological criteria can
become somewhat ambiguous (Sjostrand, 1958, 1959;
Pedler, 1965, 1969) for most species and for mammals in
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particular, the classification of rods and cones accurately
and adequately describes these cells (Cohen, 1972;
Rpdieck, 1973; Braekevelt, 1975, 1983a,b, 1985).

As part of a comparative morphological study of
vertebrate photoreceptors, this report describes the fine
structure of the rods and cones in the duplex retina of the
vervet monkey (Cercopithecus aethiops). While these
cells are basically similar to the photoreceptors of other
primate species, some differences are noted.

Materials and methods

For this study the eyes of four healthy adult vervet
monkey (Cercopithecus aethiops) were examined by
light and electron microscopy. With the animal under
deep surgical anesthesia, the eyeballs were quickly
removed, opened at the equator and fixed for 5h in 5%
glutaraldehyde buffered to pH 7.3 with 0.1M Sorensen’s
phosphate buffer at 4°C. The posterior half of the eyeball
was then removed, washed in 5% sucrose in 0.1M
Sorensen’s buffer (pH 7.3) and cut into pieces less than
1mm?, taking care not to detach the retina. The tissue
was then post-fixed for 2 hin 1% osmium tetroxide in the
same phosphate buffer, dehydrated through graded
ethanols to propylene oxide and embedded in Aralldite.

Pieces of plastic-embedded tissue were reorientated
to desired angles by means of a wax mount. Thick
sections (0.5um) were cut, stained with toluidine blue
and examined by light microscopy. Thin sections (600-
700 A) were then cut and collected on copper grids.
These sections were stained in aqueous uranyl acetate
and lead citrate and examined and photographed in a
Philips EM 201 transmission electron microscope.

Results

The vervet monkey (Cercopithecus aethiops)
possesses a duplex retina with easily distinguishable rods
and cones present in a ratio of approximately 20-25 rods
for each cone (Figs. 1, 7). Rods are elongate, slender cell
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which project through the external limiting membrane
for 20-25 um (Fig. 1). Rod outer segments which are 8-10
pum in length, reach to the retinal epithelial layer and
their tips are enclosed by the apical processes of these
cells (Figs. 3, 4, 7). The rod outer segment is composed
of a stack of bimembranous discs mainly enclosed within
the cell membrane. (Fig. 3). The rod outer segment discs
display several marginal incisures to give a scalloped
appearance in cross-section (Figs. 3, 7). An eccentrically
placed connecting cilium is located between the inner
and outer segments which are of approximately the same
diameter at 1.5-2.0 pm (Figs. 3, 4). The apical region of
the rod inner segment is rich in long slender
mitochondria aligned with the length of the rod. (Figs. 2,
4). Near the external limiting membrane, the rod inner
segment is rich in rough endoplasmic reticulum,
polysomes and Golgi zones but with fewer mitochondria
(Figs. 4, 6). What appear to be autophagic vacuoles are
noted in this region in both rods and cones (Figs. 4, 6). A
prominent cross-striated fibril originates near the basal
body of the rod connecting cilium and passes downward
through the inner segment to terminate near the external
limiting membrane (Figs. 2, 4). This fibril may split into
two or more components and displays dark periodicity
bands at approximately 0.05 um intervals (Fig. 2).

Below the external limiting membrane, rods are
normally isolated from one another and from cones by
the cytoplasm of intervening Muller cells. (Figs. 1, 6).
Rod nuclei are located at all levels of the outer nuclear
layer. They are round to oval in shape and display a
dense heterochromatin pattern (Fig. 1). A synaptic
process extends from the nuclear region to the synaptic
ending or spherule. The rod spherule expands slightly
and exhibits 2-3 invaginated (ribbon) synaptic sites
(Fig. 7). Superficial (non-invaginated) synapses are also
present on the rod spherule.

Cone photoreceptors are shorter and stouter than rod
photoreceptors (Figs. 1, 5, 6). Cones project beyond the
external limiting membrane for 10-12 uym and display an
outer segment which is 5-7 pm in length and which tapers
apically (Fig. 5). Cone outer segment discs show a fairly
smooth perimeter as no incisures are present (Fig. 7).
Cone inner segments measure 6-7 pm in diameter at their
widest but taper to about 3.0 pm where the outer
segment begins (Fig. 5). Cone outer segments do not
reach to the retinal pigment epithelial cells. A prominent
eccentrically located connecting cilium joins the inner
and outer segments (Fig. 7).

The cone inner segment displays a large number of
very elongated mitochondria just below the connecting
cilium (Figs. 1. 5). Below this ellipsoid of mitochondria,
the cone inner segment shows rough endoplasmic
reticulum, numerous polysomes and Golgi zones but few
mitochondria (Figs. 1, 6). As in the rods this region also
contains much filamentous material (Fig. 6). The
cytoplasm of the cone inner segment is typically slightly
more electron lucent than that of the rod photoreceptor
(Figs. 1, 6).

Cone nuclei form a single discontinuous row
immediately below the external limiting membrane

(Figs. 1, 6). Cone nuclei are larger and more vesicular
than the rod nuclei (Fig. 1). A long synaptic process
extends through the outer nuclear layer to the cone
synaptic pedicle. Within the synaptic ending, synaptic
vesicles are abundant (Fig. 8). The synaptic pedicle of
cones display 12-15 invaginated (ribbon) synapses as well
as superficial synaptic sites (Fig. 8).

The external limiting membrane (ELM) is formed by
a series of zonulae adheraentes between rods, cones and
Muller cells (Figs. 1, 6). For the most part photoreceptor
cells are isolated from one another by Muller cell
cytoplasm although areas of photoreceptor contiguity
are occasionally noted. Fine processes of the Muller cells
project through the ELM to surround the basal portion
of the inner segments of both rods and cones (Fig. 6).

Fig. 1. Electron micrograph of retinal rods (R) and cones (C) of the
vervet monkey. A cone nucleus (CN) and rod nucleus (RN) as well as
the external limiting membrane (ELM) are indicated. x 4,000

Fig. 2. Electron micrograph of a rod photoreceptor. The outer
segment (OS) connecting cilium (C) and inner segment (IS) are
indicated. x 13,200

Fig. 3. Electron micrograph of rod outer segments (ROS) cut in cross-
section. Pigment-containing processes (P) of the retinal epithelium
are indicated. x 19,500

Fig. 4. Electron micrograph of the inner segments of several rod
photoreceptors (R). The cross-striated fibril (F) is indicated as is a
cone (C) cell. x 10,000

Fig. 5. Electron micrograph of a cone photoreceptor to indicate the
outer segment (OS) and inner segment (IS). Several rod cells (R) are
also present. x 6,400

Fig. 6. Electron micrograph of rod (R) and cone (C) photoreceptors
near the external limiting membrane (ELM). x 8,900

Fig. 7. Electron micrograph of rod and cone photoreceptors in
tangential section. Rod inner (RIS) and outer (ROS) segments as well
as cone inner (CIS) and outer (COS) segments are indicated. x 9,000

Fig. 8. Electron micrograph of rod (R) and cone (C) synaptic endings.
A retinal capillary (RC) is also indicated. x 9,900
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Discussion

The traditional separation of retinal photoreceptors
into either rods («Stabchen») or cones («Zapfchen») was
originally proposed by Schultze (1866). In this classical
division, typical rods have cylindrical inner and outer
segments of much the same diameter while typical cones
have a shorter conical outer segment and an inner
segment of greater diameter. This classification was used
exclusively in numerous light microscopic studies (Walls,
1942; Polyak, 1957; Duke-Elder, 1958). With the advent
of electron microscopy and the more detailed
examination of these cells in more species, it was felt that
not all photoreceptors were adequately described by the
simplistic terms of rod or cone (Dowling, 1965). This led
various workers to propose new categories of
photoreceptor classification based on morphological
critera other than just cell shape. (Sjostrand, 1958, 1959;
Pedler, 1965, 1969). While these more elaborate
classifications are perhaps more accurate and in some
non-mammalian species may be necessary, in most cases
retinal photoreceptors can be adequately described and
differentiated by the classical terms of rod or cone. The
non-foveal photoreceptors of the vervet monkey for
example fit the traditional definitions very well as do a
number of other species (Rodieck, 1973; Braekevelt,
1973, 1975, 1983a,b,1985).

The outer segment of both rods and cones consist of a
stack of bimembranous discs. In rods normally only a few
of the more basally located discs are not enclosed by the
cell membrane while in cones a number of the discs along
the length of the outer segment may be open to the
exterior (Sjostrand, 1958; Okuda, 1961; Cohen, 1964,
1970). In rod photoreceptors the outer segment discs are
all of the same diameter while in cones the more apical
discs are smaller than those of the basal region, giving the
outer segment a tapering or conical shape (Cohen, 1972).

In most species studied, cone discs display a circular
outline while rod discs have a lobulated perimeter due to
the presence of one or more incisures (Cohen, 1963;
Nilsson, 1965; Braekevelt, 1983a, b). The presence of
incisures in rod photoreceptor discs is presumed to be a
method of increasing surface area. Although some
species display incisures in both rods and cones
(Braekevelt, 1983c) in the vervet monkey, cone discs are
not indented while rod discs show several incisures.

It is a fairly consistent finding that cone
photoreceptors are shorter than rod cells (Cohen, 1964,
1972; Braekevelt, 1973, 1983,a,b). Both rods and cones
are now known to periodically shed apical portions of
their outer segments which are then picked up and
degraded by the retinal pigment epithelium (RPE)
(Young and Bok, 1969, 1970; Young 1976; Bok and
Young, 1979). While rod outer segments are normally in
intimate contact with the RPE cells, cone cells being
shorter are not. In a number of species larger elongated
processes of the RPE extend to and enclose the tips of
cone outer segments (Scullica and Tangucci, 1968; Fine
and Yanoff, 1972; Steinberg and Wood, 1979;
Braekevelt, 1983c). This is believed to be a method of

maintaining a close relationship between retinal
epithelial cells and cones. No such processes are noted in
the vervet monkey retina and it is not known how outer
segment material shed from the cones is picked up by the
RPE layer.

The connecting cilium located between inner and
outer segments is a constant feature of all vertebrate
photoreceptors described (Sjostrand, 1953; Cohen,
1960, 1972; Braekevelt, 1973, 1983a,b,c). In this species
the connecting cilium is typical of that described in other
studies in that it is eccentrically located and displays the
peripheral arrangment of nine pairs of microtubules and
lacks the central pair typical of motile cilia (Dowling and
Gibbons, 1961). In some species a prominent cross-
striated filamentous structure referred to as a rootlet
fibril descends from the basal body of this connecting
cilium (Uga et al., 1970; Cohen, 1972; Brackevelt 1982).
In the guinea pig this fibril is very long and extends as far
as the synaptic terminal of the rod. (Spira and Milman,
1979). Such a cross-striated fibril is seen in the rods of the
vervet monkey but it terminates at the level of the
external limiting membrane. The function of this fibril is
speculative but is felt to be either structural or perhaps
contractile.

The inner segment is known to be the synthetic center
of the photoreceptor cell (Cohen, 1972; Rodieck, 1973).
Numerous mitochondria (collectively referred to as the
ellipsoid), polysomes, profiles of RER and a prominent
Golgi zone are normally located in this region (Young
and Bok, 1970; Young, 1976). The presence of
autophagic vacuoles in the inner segment region as noted
in the vervet monkey appears to be a regular occurrence
in all species and probably indicates normal turnover
within these metabolically active cells (Reme and Sulser,
1977; Reme and Knop, 1980).

As is the case in most other species, the external
limiting membrane (ELM) in the vervet monkey is
formed by a series of zonulae adherentes (Uga and
Smelser, 1973). Also as has been noted in other species
with a duplex retina, the larger, more vesicular nuclei of
the cone cells invariably occur immediately below
(vitreal to) the ELM, while the more numerous rod
nuclei are scattered throughout the outer nuclear layer
(Walls, 1942; Cohen, 1972; Braekevelt, 1983a,b). The
process extending from the nuclear region to the synaptic
ending in both rods and cones appears similar to the axon
of conventional neurons,

Within the outer plexiform layer, the synaptic pedicle
of the cone is usually larger and displays more synaptic
sites than the rod spherule (Cohen, 1972; Crescitelli,
1972). Synaptic sites on retinal photoreceptors are either
invaginated and associated with a synaptic ribbon
(Missotten, 1965) or are superficial synapses involving
only membrane densification (Dowling, 1968; Cohen,
1972). While bipolar and horizontal cells are both
involved in invaginated synapses (Stell, 1965; Kolb,
1970), superficial synapses may be between
photoreceptors and bipolars or between photoreceptors
themselves (Missotten, 1965; Cohen, 1964; Kolb, 1970).
In a few species, only superficial contacts are reported



438

Photoreceptors of the vervet monkey

(Dowling and Werblin, 1969). The vervet monkey
dysplays both typical invaginated (ribbon) and
superficial synaptic sites on both rods and cones.

Acknowledgements. Thanks are extended to Dr. R. Holland for
supplying the vervet monkey eyes used in this study. The excellent
technical assistance of D. M. Love is also gratefully acknowledge. This
work was supported in part by funds from the Medical Reseach
Council of Canada and the Natural Sciences and Engineering
Research Council of Canada.

References

Bok D. and Young R.W. (1979). Phagocytic properties of the
retinal pigment epithelium. In: The Retinal Pigment Epithelium.
Zinn KM & Marmor M F (eds). Harvard Univ. Press:
Cambridge. pp 148-174.

Braekevelt C.R. (1973). Fine structure of the retinal pigment
epithelium and photoreceptor cells of an Australian marsupial
Setonix brachyurus. Can J. Zool. 51, 1093-1100.

Braekevelt C.R. (1975). Photoreceptor fine structure in the
northern pike. J. Fish. Res. Bd. Can. 32, 1711-1721.

Braekevelt C.R. (1983a). Photoreceptor fine structure in the
domestic ferret. Anat. Anz. 153, 33-44.

Braekevelt C.R. (1983b). Fine structure of the retinal rods and
cones in the domestic pig. Graefe’s Arch. Ophthal. 220, 273-
278.

Braekevelt C.R. (1983c). Retinal photoreceptor fine structure in
the domestic sheep. Acta. Anat. 116, 265-275.

Braekevelt C.R. (1982). Morphology of a cross-striated fibril in the
photoreceptor cells of the ferret. Anat. Rec. 20A, 167-168.
Braekevelt C.R. (1985). Photoreceptor fine structure in the

archerfish (Toxotes jaculatrix). Amer. J. Anat. 173, 89-98.

Braekevelt C.R. (1986). Retinal epithelial fine structure in the grey
seal (Halichoerus grypus). Acta Anat. 127, 255-261.

Cohen A.l. (1960). The ultrastructure of the rods of the mouse
retina. Amer. J. Anat. 107, 23-48.

Cohen A.l. (1963). Vertebrate retinai cells and their organization.
Biol. Rev. 38, 427-459.

Cohen A.l. (1964). Some observations on the fine structure of the
retinal receptors of the American gray squirrel. Invest.
Ophthal. 3, 198-216.

Cohen A.l. (1970). Further studies on the question of the patency
of saccules in outer segments of vertebrate photoreceptors.
Vision Res. 10, 445-453.

Cohen A.l. (1972). Rods and cones. In: Handbook of Sensory
Physiology Vol VII/2 Physiology of Photoreceptor Organs.
Fuortes M. (ed). Springer-Verlag: Berlin. pp 62-110.

Crescitelli F. (1972). The visual cells and visual pigments of the
vertebrate eye. In: Handbook of Sensory Physiology vol. VII/.
Photochemistry of Vision. Dartnall H.J.A. (ed). Springer-
Verlag: Berlin. pp 245-363.

Dowling J.E. (1965). Forveal receptors of the monkey retina: fine
structure. Science. 147, 57-59.

Dowling J.E. (1968). Synaptic organization of the frog retina an
electron microscopic analysis comparing the retinas of frogs
and primates. proc. Roy. Soc. B. 170, 205-228.

Dowling J.E. and Gibbons J.R. The effect of vitamin A deficiency

on the fine structure of the retina. In: The structure of the Eye.
Smelser G.K. (ed). Academic Press: New York. pp 85-99.

Dowling J.E. and Werblin F.S. (1969). Organization of the retina
mudpuppy Necturus maculosus. | Synapitic structure J.
Neurophysiol. 32, 315-338.

Duke-Elder S.S. (1958). System of Ophthalmology vol. |. The Eye
in Evolution. Henry Kimpton: London.

Fine B.S. and Yanoff M. (1972). Ocular Histology. A Text and
Atlas. Harper and Row: New York.

Kolb H. (1970). Organization of the outer plexiform layer of the
primate retina: electron microscopy of Golgi-impregnated
cells. Phil. Trans. Roy. Soc. B. 258, 261-283.

Missotten L. (1965). The Ultrastructure of the Human Retina.
Arsica S.A.: Brussells.

Nilsson S.E.G. (1965). Ultrastructure of the receptor outer
segments in the retina of the leopard frog (Rana pipiens). J.
Ultrastruct. Res. 12, 207-231.

Okuda K. (1961). Electron microscopic observations of the
vertebrate retina. Acta. Soc. Opthal. Jap. 65, 2126-2151

Pedler C. (1965). Rods and cones - a fresch approach. In:
Biochemistry of the Retina. Graymore C.N. (ed). Academic
Press: New York. pp 1-4.

Pedler C. (1969). Rods and cones - a new approach. Inter. Rev.
Gen. Exp. Zool. 4,219-274.

Polyak S.L. (1957). The Vertebrate Visual System. Univ. Chicago
Press: Chicago.

Reme C.E. and Knop M. (1980). Autophagy in frog visual cells in
vitro. Invest. Ophthal. Vis. Sci. 19, 439-456.

Reme C.E. and Sulser M. (1877). Diurnal variation of autophagy in
rod visual cells in the rat. Graefe’s Arch. Ophthal. 203, 261-
270.

Rodieck R.W. (1973). The Vertebrate Retina. Principies of
Structure and Function. W.H. Freeman: San Francisco.

Schultze M. (1866). Anatomie und Physiologie der Netzhaut.
Arch. Mikros. Anat. Entw. Mech. 2, 175-286.

Scullica L. and Tangucci F. (1968). The ultrastructural relationship
between pigment cells and photoreceptors. J. Micros. 7,
1085-1092.

Sjostrand F.S. (1953). The ultrastructure of the inner segments of
the retinal rods of the guinea pig eye as revealed by the
electron microscope. J. Cell. Comp. Physiol. 42, 45-70.

Sjostrand F.S. (1958). Ultrastructure cf retinal rod synapses of the
guinea pig eye as revealed by three-dimensional
reconstructions from serial sections. J. Ultrastruct. Res. 2,
122-170.

Sjostrand F.S. (1959). The ultrastructure of tt, - retinal receptors of
the vertebrate eye. Ergeb. Biol. 21, 128-160.

Spira A.W. and Milman C.E. (1979). The structure and distribution
of the cross-striated fibril and associated membranes in
guinea pig photoreceptors. Amer J. Anat. 155, 319-338.

Steinberg R.H. and Wood I. (1979). The relationship of the retinal
pigment epithelium to photoreceptor outer segments in
human retina. In: The Retinal Pigment Epithelium. Zinn K.M.
and Marmor M.F. Harvard Univ. Press: Cambridge. pp 32-44.

Stell W.K. (1965). Correlation of retinal cytoarchitecture and
ultrastructure in Golgi preparations. Anat. Rec. 153, 388-397.

Stell W.K. (1972). The morphological organization of the
vertebrate retina. In: Handbook of Sensory Physiology vol. VII/
2. Physiology of Photoreceptor Organs. Fuortes M. (ed).
Springer-Verlag: Berlin. pp 111-213.



439

Photoreceptors of the vervet monkey

Uga S., Nakao F., Mimura M. and lkui H. (1970). Some new
findings on the fine structure of the human photoreceptor cell.
J. Electron Micros. 19, 71-84.

Uga S. and Smelser G.K. (1973). Comparative study of the fine
structure of retinal Muller cells in various vertebrates. Invest.
Ophthal. 12, 434-448.

Walls G.L. (1942). The Vertebrate Eye and its Adaptive Radiation.
Cranbook Press: Bloomfield Hills.

Young R.W. and Bok D. (1970). Autoradiographic studies on the
metabolism of the retinal pigment epithelium. invest. Ophthal.
9, 524-536.

Young R.W. and Bok D. (1969). Participation of the retinal pigment
epithelium in the rod outer segment renewal process. J. Cell.
Biol. 42, 392-403.

Young R.W. (1974). Biogenesis and renewal of visual cell outer
segment membranes. Exp. Eye Res. 18, 215-223.

Young R.W. (1976). Visual cells and the concept of renewal.
Invest. Ophthal. 15, 700-725.

Young R.W. (1978). Visual cells, daily rhythms and vision
research. Vision Res. 18, 573-578.

Accepted August 15, 1987



