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We studied the role of cardiac glycosides in the regulation of the growth of retinal tissue
explants from 10-12-day-old chicken embryos in organotypic culture. The studied
compounds produced a dose-dependent effect on cell proliferation in retinal tissue
explants. Ouabain (10—'* M), strophanthin K (10—"* M) and digoxin (10—'' M) signifi-
cantly stimulated explant growth. It was hypothesized that the physiological role of
endogenous oubain is associated with regulation of tissue modeling.
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Discovery of endogenous digitalis-like factors struc-
turally similar to cardiac glycosides provided new
insight into the process of tissue modeling. It was
experimentally proved that ouabain in low concen-
trations specifically regulates signal transduction
function of o;-isoform of Na*,K*-ATPase characte-
rized by high affinity to this cardiac glycoside [1-
5,11-14]. Signal transduction function of Nat*,K*-
ATPase is manifested in modulation of cell prolife-
ration and growth in various tissues [2-4,7,11,12,
14]. We previously showed that cardiac glycosides
regulate the growth of heart tissue explants and
neuritis of sensory neurons of 10-12-day chicken
embryos [2-4].

The aim of the study was to assess the role of
cardiac glycosides in the regulation of the growth
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of retina tissue explants from 10-12-day chicken
embryos in an organotypic culture.

MATERIALS AND METHODS

Chicken embryo retina is formed at the early stages
of embryonic development [9] and has a structure
similar to human retina. Experiments were perfor-
med on 600 retina tissue explants from 10-12-day
chicken embryos. They were cultured on collagen-
coated Petri dishes at 36.5°C and 5% CO, for 3
days [2-4]. The nutrient medium contained 40%
Hanks solution, 40% Eagle medium, 5% chicken
embryonic extract, and 15% fetal bovine serum and
was supplemented with 0.5 U/ml insulin, 0.6% glu-
cose, 2 mM glutamine, and 100 U/ml gentamicin.
Ouabain (Sigma) was added in concentration 1073-
10— M. Strophanthin K and digoxin were added
to the nutrient medium in concentration 10—-10—!!
M. The explants cultured in the nutrient medium
served as the control. Effects of the test compounds
were quantitatively evaluated using morphometric
analysis. Visual examination was performed using
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a microtelevision attachment to microscope (MTN-
13 Alfa-Telecom series 10) and Photo M software.
The explants were studied intravitally and on fixed
preparations stained with hematoxylin and eosin.
Pigment epithelium cells, ganglion cells, rods and
cones were present in the growth zones of the con-
trol and experimental explants. A relative criterion
area index (AI) was used for unification of the final
results of the retina explant growth. Al was cal-
culated as a ratio of the total area of the explant to
the initial area of the central zone. The relative area
unit was ocular grid quadrate of the microscope.
Al values were expressed in relative units. Al value
in the control was taken as 100%. Statistical ana-
lysis of the data was performed using Student’s ¢
test and Microsoft Excel software.

RESULTS

After addition of ouabain to the incubation medium
in concentration 10—® M, no growth of retina tissue
explants was observed (Fig. 1). In this concentra-
tion ouabain completely inhibited the growth of
neuritis of sensory neurons [4] and heart tissue ex-
plants of 10-12-day chicken embryos [2,3]. A slight
inhibition of retina tissue explant growth was ob-
served in the presence of ouabain in a concentration
10—° M (Fig. 1). Al did not virtually differ from the
control (Fig. 1). In concentration 10— M, ouabain
increased explant growth by 5%. We previously
demonstrated that this concentration of ouabain
significantly increased the growth of heart explants
by 30% and inhibited the growth of neuritis of
sensory neurons by 50% [4]. In concentration 10—
11-10—'2 M ouabain insignificantly stimulated ex-
plant growth, while in concentration 10— M it
significantly stimulated growth of retina tissue ex-
plants of 10-12-day chicken embryos. Al of
explants surpassed the control level by 34% (n=25;
p=0.05).

In the next set of experiments we studied the
effect of strophanthin K (10—°-10—' M; Fig. 2).
Strophanthin K in concentration 10—° M virtually
completely blocked explant growth. Addition of the
compound to the incubation medium in concentra-
tion 10~7 M inhibited the growth of retina tissue
explants. AI was below the control level (n=25) by
34+6% (n=27; p<0.05). Explant growth was slightly
suppressed in the presence of 10—° M glycoside
and insignificantly stimulated in the presence of this
agent in concentrations of 10— and 10—'" M. Stro-
phanthin K in concentration 10— M significantly
stimulated the growth of retina tissue explants of
10-12-day chicken embryos. Al surpassed the con-
trol (n=27) by 30+6% (n=25; p<0.05). In this con-
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Fig. 1. Effect of specific Na*, K*-ATPase inhibitor ouabaine on the
growth of retinal tissue explants of 10-12-day chicken embryos.
Light bar: control, dark bars: ouabain. Here and on Figs. 2 and 3:
*p<0.05 compared to the control.

centration strophanthin K stimulated growth of
heart explants of 10-12-day chicken embryos by
only 3.5% [3]. The compound produced a sig-
nificant stimulating effect on heart tissue explants
in concentration 10— M and lower [3]. Thus, the
previously observed trophic effects of strophanthin
K [3] were confirmed in experiments with retina
explants. The effects of the compound on the growth
of heart and retina tissue explants were dose-de-
pendent and tissue-specific.

Then we studied the effect of digoxin (10—°-
10— M) on the growth of retina tissue explants of
10-12-day embryos (Fig. 3). Digoxin in concen-
tration 10~° M almost completely inhibited retina
explants growth (n=29; p<0.05). After admini-
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Fig. 2. Changes in Al of retina tissue explants of 10-12-day chicken
embryos after addition of strophasntine K to the nutrient medium.
Light bar: control, dark bars: strophanthin K.
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Fig. 3. Effect of digoxin on the growth of retinal tissue explants of
10-12-day-old chicken embryos. Light bar: control, dark bars:
digoxin.

stration of the test cardiac glycoside to the nutrient
medium in concentrations of 10~7-10—* M, a signi-
ficant inhibitory effect was observed (Fig. 3). Al
was below the control (n=25) by 43+6% (n=30;
p<0.05) and 31+x5% (n=25; p<0.05), respectively.
Digoxin in concentration of 10=° M slightly inhi-
bited retina explant growth. Addition of 10— M
digoxin to the nutrient medium did not affect ex-
plants growth (Fig. 3). Digoxin in concentration
10— M significantly stimulated the growth of re-
tina tissue explants of 10-12-day chicken embryos.
Al surpassed the control level by 27+5% (n=29;
p<0.05; Fig. 3). Digoxin produced a pronounced
inhibitory effect on the heart tissue [3].
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Thus, it was found out that cardiac glycosides
play a role in the regulation of the growth of retina
explants. The effect of the compounds was tissue-
specific [2-4]. We hypothesize that the physiolo-
gical role of endogenous ouabain is related to the
regulation of the tissue modeling process.
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