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fibers were predominantly seen in its deep cortical layers 
(layer V VI) where they followed a rostro-caudal course 
towards the occipital cortex (fig. 2 f). DA-labeled terminals 
were also demonstrable within the hippocampal formation 
especially in its temporal part (fig. 2 g). 
The specificity of immunoreactions visualized by using our 
DA antiserum was controlled by several absorption tests and 
ELISA. In the ELISA method, we used many related com- 
pounds bound onto poly-L-lysine (MW 300,000) via GA, as 
fixed antigens. Under these conditions, the strongest cross- 
reaction was revealed only toward NA (<  0.1%). The anti- 
serum preabsorbed with NA-GA-BSA conjugate was then 
applied alternatively for staining, in order to exclude possi- 
ble labeling in noradrenergic systems, but no alteration in 
staining was confirmed even after this treatment. From these 
procedures, we believe that our antiserum revealed a highly 
specific immunoreaction to DA in GA-fixed tissue. 
After the destruction of the noradrenergic system, dense flu- 
orescent (presumably dopaminergic) terminals could be vi- 
sualized in the prefrontal (anteromedial, suprarhinal and 
anterior cingulate) and limbic (pyriform and entorhinal) cor- 
tices. The detailed organization of these dopaminergic sys- 
tems has been well documented in many studies 2, 4, 8, 9,12 
Few systematic surveys, however, have been performed on 
the distribution of dopaminergic input into the remaining 
cortical structures. Recent study, using both fluorescence 
histochemical and tyrosine hydroxylase-immunohistochemi- 
cal techniques combined with pharmacological manipula- 
tions, reported the presence of dopaminergic terminals with- 
in restricted neocortical fields (sensorimotor, visual and 
retrosplenial cortices)3 Our immunohistochemical study 
confirms the above observations, and we have also detected 
additional dopaminergic terminals within the dorso-lateral 
frontal cortex (Krieg's area 10), the parieto-temporal cortex 
(area 1, 2, 40, 41 and 20) and some areas of the occipital 
cortex (area 17 and 18 a)7. 

Though these neocortical dopaminergic innervations show a 
markedly lower density than the prefrontal or limbic do- 
paminergic input, it is suggested that dopamine might be 
involved in synaptic transmission at neocortical sites. 
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Summary. Sucrose, nycodenz, metrizamide and a mixture of equal volumes of sucrose and metrizamide were used as density 
gradient media for the isolation of retinal rod outer segments. The high osmolarity of sucrose had a strongly negative effect 
on the nature of the rod outer segments, whereas they were much better preserved using iodinated density gradient media 
such as nycodenz and metrizamide for their isolation. 
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electron microscopy. 

Rod photoreceptor cells of the mammalian retina process 
light to initiate neurotransmission; light induces shedding of 
the rod outer segments (ROS). One of the basic functions of 
the retinal pigment epithelium cells is the phagocytosis of the 
continuously shed ROS during the visual cycle 1, 2. A techni- 
cal problem currently being investigated is the isolation of 
rod outer segments, in order to study phagocytosis in vitro. 
Generally ROS are isolated by using sucrose density gradient 
media 3 - 6. In our experience, ROS were strongly osmotical- 
ly influenced in sucrose containing media. In order to avoid 
this, we tried iodinated density gradient media such as 

metrizamide and nycodenz, which are described as being less 
osmotic than sucrose 7 
Materials and methods. Light adapted cattle eyes collected 
at the local slaughterhouse were kept for 4 - 5  h at 4 ~ be- 
fore use. The retinas were carefully removed from the eye 
cup using blunt forceps. 10 retinas were incubated in 
100mI EDTA-buffer (NaCI 137 retool, EDTA 1.08 mmol, 
Na2HPO ~ - 12 HzO, 7.90 mmol, NaH2PO4 - H20, 
1.28 mmol, KCI 2.7 mmol, phenol red 0.01 retool, pH 7.4) at 
4 ~ for 15 min. This suspension was shaken by hand for 
1 min and centrifuged at 45 • g for 5 rain. The supernatant 
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Figure 1. Electron microscopic sections of bovine rod outer segments 
(ROS) isolated through metrizamide density gradient centrifugation. A 
Upper band fraction showin~ ROS and well-preserved discs in the elas- 

malemma. B Middle band fraction showing both well-preserved and 
partially disrupted ROS, 

Figure 2. Electron microscopic sections of bovine rod outer segments 
(ROS) isolated through sucrose-metrizamide density gradient centrifuga- 
tion. A Upper band fraction showing almost exclusively well-preserved 

discs and plasmalemma. B Lower band fractions showing elongated ROS 
together with partially disrupted ROS. 
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Figure 3. Electron microscopic section of bovine rod outer segments 
(ROS) isolated through sucrose density gradient centrifugation. Severely 
disrupted ROS predominantly showing drastically disorganized discs. 

Sucrose-metrizamide gradient Centrifugation resulted in two 
different bands, both located at about the middle of)the 
gradient. The upper band consisted of non-refractive irr6gu- 
larly folded ROS while the lower band showed regular re- 
fractive rod-like ROS. 
Electron microscope sections of the upper band si~owed sev~ 
eral pleomorphous ROS with well-preserved membrane 
structures. Predominantly rounded ROS occurred (fig. 2A). 
The lower band on the contrary showed relatively well-pre- 
served elongated ROS and partially disrupted ROS (fig. 2 B). 
In sucrose gradients both the regular rod-like ROS and the 
irregularly folded ROS sedimented in one band near the 
bottom of  the gradient. 
Electron microscopy of this band showed that the majority 
of the ROS were drastically disrupted. The few remaining 
ROS conserved their typical lamellar structure (fig. 3). 
Discussion. The purification of  ROS is generally carried out 
by sucrose gradient centrifugation. The purified ROS are 
very often used to study phagocytosis by retinal pigment 
epithelial cells in vitro s, 6, lo 
The mechanism of  action of phagocytosis of ROS by retinal 
pigment epithelial cells is not yet well known. 
Under our experimental conditions the ROS purified by su- 
crose gradient centrifugation were drastically disrupted. We 
assumed that if a better approach to physiological conditions 
could be obtained the purified ROS should maintain as 
much as possible their native structure. By testing iodinated 
density gradient media we found that in metrizamide or in 
nycodenz the normal ROS were better preserved than in 
sucrose gradients. We also observed that the most suitable 
conditions to purify ROS are obtained by mixing metriza- 
mide with sucrose as described in materials and methods. 
Oxidation would play a negative role during purification of 
ROS under normal atmospheric conditions since structural 
unsaturated fatty acids in membranes can relatively easily be 
oxidized 11. This could be reflected in structural alterations 
of the lipid bilayer which consequently can result in disrup- 
tion of ROS. Supporting these findings the generally used 
antioxidant tocopherol was shown to protect ROS membra- 
nous structures. 
Though we cannot give any explanation yet, we can conclude 
that in our experimental condition the morphology of  the 
ROS is certainly better preserved in the presence of either 
metrizamide or nycodenz or the mixture of sucrose and 
metrizamide if compared to the sucrose gradients. 
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was carefully collected and centrifuged at 1600 x g for 5 min~ 
The pellet was resuspended in 5 ml EDTA-buffer (crude 
ROS). 
5 -50  % linear density gradients were made in EDTA-solu- 
tion containing either metrizamide, nycodenz, sucrose or the 
mixture sucrose-metrizamide (1:1). 1 ml crude ROS was 
floated on the surface of  the gradient and centrifuged at 
272807 x g  for 45 rain (Beckman model L3-50 ultracen- 
trifuge, SW41 rotor). After fractionation of the gradients, 
each fraction was studied by light microscopy. Fractions 
containing rods were examined by electron microscopy as 
previously described s, 9. 
Results.  In the metrizamide as well as in the nycodenz gradi- 
ents the ROS banded near the top of the gradient and in the 
midregion. The upper band consisted of a mixture of regular 
refractive rod-like ROS and especially non-refractive folded 
ROS, while in the midregion of  the gradient regular refrac- 
tive rod-like ROS were predominant. Electron microscopic 
sections of  the rods of the upper band showed several 
pleomorphous ROS which had membranes without any ap- 
parent structural degradation. The plasmalemma still con- 
tained discs. Also, cytoplasmic fragments could be observed 
(fig. 1 A). These probably corresponded to the rods. The 
rods in the midregion were less pleomorphous and longer 
than those in the upper band, though several disrupted ROS 
were observed (fig. 1 B). 
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