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Effects of homocysteine in toxic concentrations on retinal neurons were studied in vitro.
In organotypic roller cultures of postnatal (8-12-day-old) and adult rat retina homo-
cysteine caused multiple damage to neurons in the outer nuclear layer, in deep com-
partments of the inner nuclear layer, and ganglion cell layer.
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Homocysteine is a stimulatory amino acid, a cys-
teine analog; it causes activation of glutamate re-
ceptors and DNA injury, stimulates the production
of free radicals and caspases, which causes apoptotic
death of nerve cells [5,12-14].

Experimental and clinical data suggest that in-
creased blood content of homocysteine (hyper-
homocysteinemia) caused by deficiency of folic
acid, vitamins B6 and B12, and genetic disorders in
the content of cystathionine β-synthase leads to
organic abnormalities in the vascular and nervous
systems [7,10], including the retina [8,11,12]. It
was shown in vitro that homocysteine caused death
of cultured hippocampal, neocortical, and cere-
bellar neurons [3,4,6].

We studied the effect of homocysteine on orga-
notypic cultures of the retina of postnatal (8-12-
week-old) and adult rats.

MATERIALS AND METHODS

Experiments were carried out with consideration for
“Regulations for Studies on Experimental Animals”
and requirements of ARVO (The Association for

Research in Vision and Ophthalmology) to oph-
thalmological studies on animals.

Adult and 8-12-day-old rats were decapitated
under deep ether narcosis. The heads were treated
with 70% ethanol. Enucleation was carried out under
sterile conditions. The retina was isolated after cir-
cular incision of the cornea and removal of the lens
and vitreous body, washed twice in Ca2+/Mg2+-free
Dulbecco phosphate buffer (DPB; Gibco) with 0.8%
glucose. The retina was dissected in DPB with belied
scalpel into rectangular fragments (1-2 mm2). The
fragments were transferred into nutrient medium
(90% minimum Eagle medium (Gibco), 5% FCS
(Gibco), 5% human placental serum, 0.8% glucose,
2 mM glutamine, 0.2 U/ml insulin, 25 mM HEPES
buffer, 100 U penicillin, and 100 µg/ml strepto-
mycin). Floating retinal sections were cultured in
25-ml flasks in 10 ml nutrient medium for 12 h in a
thermostat (36.5oC) on a horizontal roller at constant
rotation (60 rpm) [1]. Each flask contained sections of
4 retinas. One-third of the medium was replaced twice
a week (or earlier, if needed).

On day 12 of culturing equal amounts of for-
med retinal bodies [1] were transferred from each
flask into two new flasks in equal volumes of the
same medium. DL-homocysteine (200 mM; Sigma)
dissolved in culture medium to the final concentra-
tion of 20 mM was added into one flask. After 24-h
culturing retinal bodies from both flasks were
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washed with DPB and fixed with modified Teles-
nitsky fixative (96% ethanol — 70%, 20% formalin,
10% glacial acetic acid, and 0.1% eosin Y) for 10-
15 min. After fixation the retinal bodies were wa-
shed in 70% ethanol, dehydrated in three portions
of isopropyl alcohol (isopropanol 99.9), 30 min in
each portion, and transferred into melted (58oC)
paraffin (Paraplast Plus, Sigma) for 2-3 h or over-
night, after which the preparation was embedded in
blocks using a fresh portion of paraffin [2]. Sec-
tions (8-µ) were mounted on gelatin-coated slides,
deparaffinized, and stained by the method of Nissl
with 0.1% Cresyl Violet dissolved in 0.1 M acetate
buffer (pH 3.4) or Gill hematoxylin (Sigma, Cat. No.
GHS-1-16) and 1% eosin Y (Sigma, Cat. No. E 4382).

RESULTS

In control cultures pyknotic nuclei of solitary dead
neurons were detected in the inner nuclear layer
and ganglion cell layer (Fig. 1, a, b). Toxic con-
centrations of homocysteine caused numerous cell
injuries in the retinal organotypic culture: Cresyl
Violet, hematoxylin, and eosin staining detected
pyknotic nuclei of dead neurons in the deep com-
partments of the inner nuclear layer and in the gan-
glion cell layer (Fig. 2, a, c), as well as in the photo-
receptor layer (Fig. 2, d). Acute cytotoxic edema
and lysis of the ganglion cell cytoplasmatic orga-
nelles developed at the initial stages of injury. This
was followed by the development of extracellular

edema of neurons and nuclear chromatin conden-
sation with the formation of pyknotic nuclei (Fig.
2, a, b), indicating irreversible death of these neu-
rons. Similar processes of neuronal injury and death
were observed in deep compartment of the inner
nuclear layer, in which amacrine cells were located,
and in the photoreceptor layer (Fig. 2, c, d). The
thickness of the retina decreased at later stages be-
cause of massive death of photoreceptors and neu-
rons of the inner nuclear layer (Fig. 3).

These pathological changes in the neurons under
the effect of homocysteine in toxic concentrations
suggest that these cells died by the mechanism of
acute cytotoxic edema and subsequent apoptosis.
This is in line with the results of other studies of
homocysteine retinotoxicity. In experiments on mice
homocysteine injected into the vitreous body cau-
sed partial (about 23%) apoptotic death of ganglion
cells, which was detected by the TUNEL method
and confirmed by immunocytochemical test for
caspase-3 [12]. Studies of retinotoxicity of other
stimulatory amino acids (glutamate and its agonists
N-methyl-D-aspartate and kainic acid) in vivo and
in vitro gave similar results [9,15]. The sensitivity
of the retinal amacrine and ganglion cells to cyto-
toxicity of glutamate and its agonists remains dis-
putable. Studies of the toxicity of N-methyl-D-as-
partate for mouse retina in vivo and in vitro showed
that ganglion cells were not sensitive to the toxic
effect of glutamate and its agonists, while amacrine
cells were the first and main target for the cytotoxic
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Fig. 1. Sections of retinal bodies. Roller organotypic
culture of retinal sections from 8-day-old rat (12
days of culturing). a) control section of retinal body;
b) fragment of retinal body at greater magnification.
1) outer nuclear layer; 2) inner nuclear layer; 3)
ganglion cell layer. Arrows show pyknotic nuclei.
Combined staining with hematoxylin, eosin, and
Cresyl Violet. Here and in Figs. 2, 3: 100 µ scale.
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effect of stimulatory amino acids. The death of
ganglion cells under the effect of stimulatory amino
acids can result from primary death of amacrine cells
and subsequent disorders in their synaptic and tro-
phic bonds with ganglion cells [15]. This hypothesis
is confirmed by selective and incomplete death of
the ganglion layer cells under the effect of glu-
tamate and its agonists, which was demonstrated
previously [9,12,15] and confirmed in the present
study. Evaluating the death of the ganglion layer
neurons, we should remember that this layer con-
tains about 50% “shifted” amacrine cells [15] and
histological analysis of their death under the effect
of stimulatory amino acids does not provide us
reliable quantitative data on the state of damaged
ganglion and amacrine neurons in the ganglion layer.
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This problem requires further research by immuno-
cytochemical methods.
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Fig. 3. Changed transverse size of the retina after cytotoxic
homocysteine exposure. a) control culture; b) experimental
culture (20 mM homocysteine). 1) outer nuclear layer; 2) inner
nuclear layer; 3) ganglion cell layer.
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