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Summary. Retinas from 3 groups of pigs were examined; three farm pigs of 
2 months, nine miniature pigs of 4 to 5 months and nine slaughter house pigs of 
about 12 months. No ultrastructural differences were observed between these 
3 groups. With the major exception that the pig's retina does not have a fovea, it 
was found to closely resemble that of man. The inner layers of the pig's retina 
tended to thicken somewhat towards the peripapillary region. The more distinctive 
points of the pig's retina are the following: 

1. The relatively even distribution of cones throughout the retina with their 
large, polymorphous ellipsoidal mitochondria showing transversMly oriented cristae. 

2. The presence of a mierotnbular structure in the rod from retinas fixed with 
glutaraldehyde. 

3. The impressive size of the horizontal cells with their large cytoplasmic 
processes. 

4. The prominant RER and mitochondria with a granular content and scarce 
eristae present in the Miiller cells at the inner nuclear layer level. 

5. The presence of numerous astroeytes in the more inner layers. 
6. The presence of capillaries in the thicker nerve fiber layer in the peripapillary 

region. 
The pig's retina, and most notably that of the conveniantly small miniature pig, 

was concluded to be a suitable model for future retinal studies. 

Introduction 

The u l t ras t ruc ture  of the re t ina  in m a n y  higher ver tebrates  has been 
extensively studied (2V[issotten, 1965; DoMing and  Boycott ,  1966; 
Dowling, 1970; Sj6strand, 1961a; Cohen, 1963; Hogan  et al., 1971). 
The pig's re t ina  has been thought  to be quite similar to man ' s  (Prince 
et al., 1960), however a s tudy  of the pig's ret inal  u l t ras t ruc ture ,  to our 
knowledge, has no t  ye t  been carried out, with the exception of the 
s tudy  of its vaseulature  (Bloodworth et al., 1960) and  a pathological 
u l t ras t ruc tura l  s tudy  of the inner  layers of the pig's re t ina  (Shakib 
and  Ashton,  1966). As such we under took this s tudy  with considerable 
interest ,  realising tha t  a bet ter  knowledge of its u l t ras t rue ture  could 
be beneficial to other research workers, serving as a model for future  
exper iments  and studies on the retina.  

* Supported by SNSF grant No 3.1150.73. 
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Material and Methods 

Eyes used for this study were obtained from 3 different groups of pigs: 3 farm 
pigs of about 2 months old and weighing up to 25 kilos, 9 miniature pigs of about 
4 months old and weighing about 12 kilos and 9 pigs obtained from the slaughter 
house, of about 12 months old and weighing about 80 kilos. The miniature pigs were 
a G6ttingen breed being an extra small genetical variation of the normal pig. They 
were obtained from the Tierzueht Institut of the University of Zfirich. Of these 
animals, 13 had been under prolonged anaesthesia and 8 not. The anaesthesia used 
was the same as that carried out by Tsacopoulos et al. (1973). 

Twelve eyes were fixed by direct immersion in a 3 % glutaraldehyde phosphate 
solution, ptI 7.3 at 4~ where they were left for 3 to 4 days. They were then washed 
over night at 4~ in a Phosphate buffer and post fixed for 2 hours in OsQ at room 
temperature. Four eyes were fixed for only one hour in the 3 % glutaradehyde- 
phosphate fixative at room temperature and washed for 2 hours in the phosphate 
buffer. Three eyes were perfused with 2.5 % glutaraldehyde in the external carotid. 
This technique, however, was not continued since its results were not superior to 
those obtained by direct immersion. Two eyes were fixed only in 2 % Os04, followed 
by an overnight, washing in a phosphate buffer. All eyes were dehydrated in alcohol 
and embedded in Epon. Thin sections were cut at 500-700 A thick on a Porter Blum 
microtome and stained 5 minutes with uranyl acetate and 2 minutes with lead 
citrate. They were then examined with a Philips 300 E. M. 

Semi thin sections for light microscopy were cut at 0.5 to 1 Bm and stained with 
Toluidine Blue. 

Results 

I. Light Microscopy 

The per ipapi l lary and peripheral  areas of the  retinas were examined  

in detail  in this study. Semi thin  sections showed the pig's ret ina to  

resemble tha t  of man, with the exception of the abundance of cones 

dis t r ibuted among the rods (Fig. 1). No fovea nor a capillary free area 

was observed. The thickness of the 2 nuclear layers varies very  l i t t le 

th roughout  the retina, except  near the peripapil lary region where they  

may  be several rows thicker.  
The inner layers in the pig's ret ina tend  to vary  in thickness according 

to their  p rox imi ty  to the optic nerve. The inner plexiform layer measured 

15 to 30 ~,m in thickness. 
The thickness of the ganglion cell layers varied not  so much  in the 

number  of rows of cells but  in their  size and prox imi ty  to each o t h e r - -  

ve ry  large, more closely packed ganglion cells can be found closer to 

the peripapi l lary area. 
The nerve fiber layer was found to be thicker  than  in man  (Hogan 

et al., 1971), near  the optic nerve with measurements  up to nearly 

50 (Am thick. 
We found the vascular  system to be mainly  t r i laminar  with the 

capil lary network extending external ly  to  the  outer p~rt  of the inner 

nuclear  layer, and internal ly to  the  ganglion layer, except  in the peri- 
papi l lary area where capillaries are also found in the nerve  fiber layer. 
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Fig. I. Semi-thin section of pig's retina (left) and human's retina (right). The 
thickness of the different layers correspond quite closely (the human outer segments 
are cut slightly obliquely). I pigment epithelium; 2 outer rod and cone layer; 3 outer 
limiting membrane; 4 outer nuclear layer; 5 outer plexiform layer; 6 inner nuclear 
layer; 7 inner plexiform layer; 8 ganglion cell layer; 9 nerve fiber layer; 10 inner 
limiting membrane,  ce cone ellipsoid; h horizontal cell; g ganglion cell; a amacrine 

cell b blood vessel 
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II.  Ultrastrueture 

A. Pigment Epithelium 

The pigment epithelium measures between 6 and 10 Bm in thickness 
in the central retina; its basement membrane measures 400 A in width 
(Fig. 2). 

The cytoplasm is found to be rich in smooth endoplasmic reticulum, 
(Eg), and different sized mitochondria; free ribosomes can also be seen scat- 
tered throughout the cell. The pigment granules are seen mostly con- 
centrated in the apical portion of the epithelium cell and can measure 
up to 3 ~zm in length. 

Liposomes as well as phagosomes can also be seen. No annulate 
lamellae were observed. A Golgi apparatus and rough ER could often 
be seen located near the nucleus. Lysosomes were quite noticeable in 
the more apical parts of this layer. 

The junctional complex between adjacent cells consisted of an apical 
gap junction, a well developed zonula adherens (Fig. 4) with a multitude 
of tonofibrils (Fig. 3) and intermittent zones of cell membrane fusion 
(zonula oecludens, Fig. 4). Microvilli surround the outer segments of 
the rods extending approximately 1/3 their length (Fig. 5). 

B. Photoreeeptors 

1. Outer Segment. The proportion of cones to rods was approximately 
1 to 7. These values were obtained from tangential sections of the 
retinas of three different animals (Fig. 6). The external segment of the 
rods can measure up to 36 Bm in length and up to 12 Bm in length 
for the cones. The rod disc membrane measured 60-85 A in thickness 
and that of the cones measured from 70 to 100 A in thickness (Fig. 8a 
and b). There were approximately 25-28 discs per [xm for the cones 
and between 30-35 per ~zm for the rods. 

2. Ellipsoid. a) The rod ellipsoid could be measured up to 20 ~zm 
in length with the mitoehondrial eristae oriented both transversally 
and longitudinally (Fig. 7a). Mierotubular structures were seen in 18 
out of 21 animals examined (Fig. 7 inset). These structures extended 
more or less d o ~  the axis of the cell and were observed through to 
the synapses. When the tissue, however, was fixed with only 2 % OsOa, 
these structures were not observed. 

b) The cone ellipsoid, cone shaped and very well developed, can 
have a length up to 15 Bm. I t  is located more internally than that 
of the rod, being at the same level as the rod myoid. Its diameter does 
not noticeably increase towards the peripapillary area. The mitochondria 
stain darker than those of the rods and were very voluminous, taking 
different shapes (Fig. 7). The cristae were generally oriented trans- 



Fig. 2. Pigment epithelium. B basal infoldings, :ph remnants of a phagosome, 
a r r o w  immature melanin granule. Magnification • 11925 

Fig. 3. Pigment epithelium; tangential section. Note the presence of the large 
number of tonofibrils (t) surrounding the junctional complexes, z a  zonula adherens. 

Magnification: • 11925 
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:Fig. 4. Pigment epithelium; tangential section showing details of the junctional 
complex, ag apical gap junction, za zonula adherens, zo zonula occludens, t tono- 
fibrils. Magnification • 80000. Inset: apical gap junction. Magnification: • 150000 

versally. Neurotubules  were sometimes seen in the cytoplasm surrounding 
the mitochondria.  The microtubular  structures were seen only once in 
the cone ellipsoid. 

3. Myo id .  ~) The rod myoid, which can measure up to 20 ~m in 
length, contains m a n y  free ribosomes and smooth E R  in its cytoplasm. 



Fig. 5. Rod oul, er segment; tangential section surrounded by pigment epithelial 
microvilli (arrow). Magnification X 27 000 

Fig. 6. Tangential section through region of cone ellipsoid and rod myoid, iVlagni- 
fication x 7400 

3 Albrecht v. Graefes Arch. klin. exp. Ophthal., Bd. 190 
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Single mierotubules can be seen extending along the axis of the cell. 
A Golgi apparatus and lysosomes are also present. 

b) The cone myoid shows a comparable arrangement of organelles, 
however it measures only 10 ~tm in length. 

C. Outer Limiting Membrane and Nuclear Layer 

The outer limiting membrane is a zonula adherens desmosome junc- 
tion. Fiber baskets of the Mtiller cells can be seen surrounding the 
different photoreeeptors at this level (Fig. 9). 

The cone nuclei are found to be situated in the more external part 
of the nuclear layer, whereas the rod nuclei are situated in the internal 
parts. 

D. Outer Plexi/orm Layer 

The rod and cone's axons which extended approximately 12 ~m in 
length down to the synapses, contain many single mierotubules having 
a diameter of 200 ~_ and running the length of the axis. Smooth ER, 
free ribosomes and occasional mitoehondria can be seen. 

The rod spherule contains many synaptie vesicles with a diameter 
of about 550 A; free ribosomes and smooth ER aggregates were seen 
as well as occasional neurotubules (Fig. 10). Synaptie ribbons contained 
the characteristic 3 dark and 2 clear bands and were measured to be 
450 A thick. 

The cone pedicle's cytoplasm was similar to that of the rod's spherule, 
except for the synaptic ribbons, which were slightly shorter in the cone 
(Fig. 10). 

The inner zone of the outer plexiform layer is a complex mixture 
of horizontal, bipolar and Mtiller cell processes, the former often being 
much larger than the others (Fig. 11). 

E. Inner Nuclear Layer 

1. Horizontal Cells. These cells in the pig were found to be of an 
impressive size with a lighter, more regularily dispersed nueleoplasm 
in comparison with the surrounding cells. Their cytoplasm contains 

Fig. 7. Cones surrounded by rod ilmer segments. Arrows points to microtubular 
structures i~a a rod. Note the impressive cone mitoehondria with its mainly trans- 
versally oriented cristae. Magnification x6750 Inset:  Nierotubular structure 

(arrows) in rod ellipsoid; tangential section. Magnification • 58500 

Fig. 8. a Magnified view of cone discs. Magnification • 205000. b Magnified view of 
rod discs. Magnification x 201000. a and b The disc spacing as well as the thickness 

appears to be larger in the cones 

3* 
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numerous mitochondria, rough EB, free ribosomes, Golgi apparatus, 
single neurotubules and occasional smooth ER (Fig. 11). No crystal 
bodies, like those found in man (Yoshida, 1965), were observed. The 
horizontal processes can be very large and can be seen to cover a con- 
siderable area in the outer plexiform layer. Synaptie processes can, 
on the contrary, be small, leading to a more direct contact with the 
photoreceptor synapses (Fig. 12). 

2. Bipolar and Amacrine Cells. The different types of bipolar cells 
identified in the primate (Boycott and DoMing, 1969), were diffieult 
to distinguish in the pig. Their cytoplasm contained microtubules and 
relatively abundant mitochondria (Figs. 11 and 13). 

Amaerine cells have indented nuclei, often showing prominent nueleoli 
(Fig. 13). Their cytoplasm is rich in cell organelles, notably a prominent 
Golgi apparatus and smooth ER. Dense bodies could also be seen. 
The mitochondria of the cells were seen to have a clear matrix with 
well defined cristae. 

3. Miiller Cells. The nuclei of these large cells is located in this layer. 
Here the perikaryon, as well as containing numerous smooth ER, was 
found to have a well developed rough EI~. With favorable orientation, 
the darkly stained cisternae becomes more evident. Mitoehondria with 
a granular ground substance and hardly discernable eristae were always 
present in these cells (Fig. 13). 

F. Inner Plexiform Layer 

This layer which tends to be thicker near the peripapillary region 
contains the neuronal and Miiller cell processes, blood vessels and 
occasional astroeytes. Bipolar dendrites could be identified by the pre- 
sence of a small synaptic ribbon. The cell processes containing free 
ribosomes were thought to be ganglion cell processes like that  in man 
(Dowling, 1970); the amaerine processes containing neither ribosomes 
nor a synaptic ribbon. Granulated vesicles like those identified in the 
rat (de Iraldi and Etcheverry, 1967), were also seen in ganglion and 
amaerine cell processes (Fig. 14). 

Fig. 9. Externa] limiting membrane ; tangential section. This structure is a junctional 
complex, "zonula adherens" (za) between Miiller cell and photoreeeptor myoid (my) 
cytoplasmic membranes. Note the Niiller cell "fiber baskets" (arrow). Magnification 

• 11925 

Fig. 10. Cone pedicle (CP) and rod spherule (RS), synapses showing syalaptie 
ribbons (arrow), surface contact junctions, (thick arrows), and synaptic invagina- 
tions (si). Note the presence of the microtubu.lar structures (mr). Magnification 

• ii 700 
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Fig. 11. Outer plexiform layer showing a horizontal cell (H), with lateral processes 
(HP), also seen cut transversally. Bi bipolar cells, CP cone pedicle, RS rod spherule. 

Magnification • 3 750 

G. Ganglion Cell Layer 

This layer contains the different sized ganglion cells, some blood 
vessels, a few astrocytes and a network of branching Mfiller cell eyto- 
plasm (Fig. 15). The ganglion cell's cytoplasm is rich in rough EI~ and 
free ribosomes, giving it a granular appearance. Mitochondria are also 
abundant ,  but  we found difficult to preserve. The Golgi apparatus  is 
welt developed and Iysosomes, neurotubules and smooth EI~ are found 
throughout  the cytoplasm. 

H. Nerve Fiber Layer 

The ganglion cell axons contain m a n y  mierotubules and microfibrils 
as well as mitochondria.  The Miiller cell cytoplasm is rich in smooth E R  
and free ribosomes along with numerous glycogen granules (Fig. 16). 
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Fig. 12. Outer plexiform layer showing a horizontal cell (H), with a small process 
(arrow), branching toward a cone pediele (CP). HP horizontal process cut trans- 

versally. Magnification • 12 000 

A ra ther  large n u m b e r  of astrocytes were found in  this layer. They 
are smaller t h a n  the ganglion cells and their  nucleoplasm tends to have 
a darker stain. Their  cytoplasm has a b u n d a n t  cell organelles and  gives 
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off r e l a t ive ly  long processes conta in ing numerous  microf i laments  which 
b ranch  into  the  sur rounding cells. 

The in te rna l  l imi t ing m e m b r a n e  is a ba semen t  l amina  of 250 to  300 A 
in thickness,  separa t ing  the  Miiller cell membrane  or a s t rocy te  m e m b r a n e  
from the  vi treous.  I n  this  region, large blood vessels which are main ly  
ar ter ia l  can occasional ly  be seen lying r a the r  superficial ly,  appear ing  
to p ro tude  into  the  vi treous.  

J. Blood Ves.sels 

The capil laries are of the  closed t y p e  and  the i r  fine s t ruc tura l  features  
resemble  those of man.  The basement  membrane  is cont inuous and  m a y  
spl i t  into several  layers  of va ry ing  thickness,  enclosing bo th  endothel ia l  
cells and  per ieytes .  An  in t ima te  contac t  can be observed be tween vas- 
cular  basemen t  m e m b r a n e  and sur rounding glial cells (Fig. 13). 

The ar ter ies  can have  up to  10 endothel ia l  cells l ining thei r  Imnina  
and these, in turn ,  are sur rounded  b y  layers  of smooth  muscle fibers 
which are again  enclosed by  ramif ica t ions  of basement  membrane .  The 
adven t i t i a  is made  up of loosely packed  collagen fibers. 

The veins have a larger  lumen than  the  corresponding arter ies  and  
t end  to  have  fewer smooth  muscle  fibers in thei r  walls. They  also appear  
to have  a grea ter  number  of p inoey to t i c  vesicles t han  the  ar ter ia l  vessels. 

Discussion 

The basic ultrastructure of the pig's retina appears to have a rather 
typical primate-like architecture with the major exception that there is 
no fovea (Prince et al., 1961 ; Bloodworth et al., 1965). Instead the cones 
are found to be abundantly distributed among the rods throughout the 
entire retina. With the exception of the nerve fiber layer, the thickness 
of the different layers were quite parallel to those of man (Missotten, 
1965; Hogan et al., 1971). Contrary to Prince and coll. (1961), we found 

Fig. 13. Inner nuclear layer showing a small arteriole (A), surrounded with a 
continuous basement membrane (small arrow). Note the well developed rough 
endoplasmic reticulum with a finely granular electron dense eonten~ (thick arrows), 
as well as mitoehondria with a granular matrix and sparce eristae in the MOller cell 
cytoplasm. AN amacrine cell nucleus, B N  bipolar cell nucleus, EN endothelial 

cell nucleus, I vascular lumen, M N  MOiler cell nucleus. Magnification • 6 720 

Fig. 14. Inner plexiform layer showing a synaptie ribbon (small arrow) and synaptie 
vesicles (SV) of a bipolar synapse along with surface contacts (thick arrow). Free 
ribosomes can be seen in a ganglion cell dentrite. A amacrine cell process, gv granula- 

ted vesicles. Magnification • 17 550 
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Fig. 15. Ganglion cell layer showing three different ganglion cells (G). Astrocyte 
cytoplasm (A), containing many mierofibrils, surround a capillary (c). Note the 
well developed Golgi apparatus and abundant lysosomes, in the ganglion cell 

cytoplasm. Magnification • 3 000 

Fig. 16. Nerve fiber layer showing an astroeyte (A) with its darkly stained nucleus 
and microfibril-eontaining (nz/) cytoplasmic processes. B M  inner limiting basement 

membrane, NF nerve fibers. Magnification • 
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the dimensions of the inner plexiform layer to approach those of man, 
instead of being twice as thick. In the pig, the rod to cone ratio did not 
noticeably change throughout the retina. 

The cones were found to be more conspicuous, espeeially the mito- 
ehondria of the ellipsoid. Their mainly transversally orientated eristae 
differed from man whose eristae are mainly longitudinally oriented and 
not as voluminous (Missotten, 1963a; Hogan et al., 1971). These trans- 
verse cristae probably represent a very active metabolism (Karnovsky, 
1963). 

The presence of the microtubular structm'es seen mainly in the rods 
was not clearly understood, however, the fact that  they were observed in 
most cases makes them noteworthy. Different microtubular or micro- 
fibrillar structures have been observed in the photoreceptor cells (Mount- 
ford, 1964; Sheffield, 1966; Cohen, 1969; Albert et al., 1970; Leuenberger, 
1972; Popoff, 1973) or in the synaptic neurons (Orzalesi and Bairati, 
1964: ; Monneron et al., 1965 ; Seite, 1969 ; Seite and Zerbib, 1972 ; Sengel 
and Stoebner, 1972). With the exception of Cohen (1969), none of these 
authors found such structures to extend from the ellipsoid level through 
to the synapes of the rod, as was observed in the pig's retina. 

The glutaraldehyde fixative made measurements of the external 
segments of the rods and cones unsuitable (Borovjagin et al., 1973; 
Godfrey, 1973), however measurements were made to allow comparative 
studies between rod and cone. 

The tonofibrils of the pigment epithelium appear to be exceptionally 
well developed in the pig's retina. 

The bipolar and amaerine cells appeared to have an nltrastructure 
quite similar to that  of man's (Hogan et cd., 1971). The large size of the 
horizontal ceils makes them a distinctive point for the pig. 

The Miiller cell perikaryon was also rather distinctive in the pig, due 
to the presence of the well developed rough ER with their fine granular 
eisternae. The presence of such structures was mentioned by Shakib and 
As hton (1966), in the ischaemie pig. We, however, found these in all our 
pigs, 8 of which had not been under experimental treatment. 

The ganglion cell's ultrastrueture appears to be similar to man 
(Hogan et al., 1971). They have approximately 3 sizes and are slightly 
more concentrated towards the peripapillary area and thin out towards 
the periphery. 

The presence of numerous astroeytes in the more inner layers of the 
pig seemed to be another rather distinctive point. 

The arrangement of the blood vessels in our study corresponded to 
that  of i~ootmen (1971). The ultrastructure of the blood vessels we found, 
like Bloodworth et al., (1965), to be similar to that  of man (Hogan and 
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F e e n y ,  1963), t h e  lack  of t h e  "Swis s  cheese e f f ec t "  in t h e  p ig ' s  b a s e m e n t  

m e m b r a n e  is p r o b a b l y  s i m p l y  a d i f ference  in age of t h e  sub jec t s  e x a m i n e d .  

T h e  p ig ' s  re t ina ,  there fore ,  appea r s  to  h a v e  an  u l t r a s t r u c t u r e  t h a t  

fol lows a bas ic  m a m m a l i a n ,  and  of ten  p r i m a t e ,  r e t ina l  p a t t e r n  w i t h  

ce r t a in  d i s t i n c t i v e  fea tures ,  As such,  I wou ld  conc lude  b y  say ing  t h a t  t h e  

p ig  and  m o s t  n o t a b l y  t h e  m i n i a t u r e  pig whose  smal l  size is c o n v e n i e n t  

for  l a b o r ~ t o r y  hand l ing ,  appea r s  to  be a su i t ab le  m o d e l  for f u t u r e  r e t i n a l  

s tudies .  

Key  to Abbrev ia t ions  

C : cone cell ~N : nucleus 
M ~ Mfiller cell cytoplasm P --  melanin granule 
mi : mitochondria r -- free ribosomes 
n -- neurotubule R - -  rod cell 
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