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Abstract

Background: Zinc is involved in many biochemical func-
tions. Over 300 enzymes require zinc for their activation and
nearly 2000 transcription factors require zinc for gene expres-
sion. Zinc is also an effective antioxidant and anti-inflammatory
agent. Nutritional deficiency of zinc may affect nearly 2
billion subjects in the developing world.

Aim of Study: Because of the prevalence of malnutrition
throughout the world this study was carried out to detect the
possible effects of zinc-deficient pregnant albino rats on the
retinal development of their embryos and offspring.

Material and Methods: Female rats after mating were
randomly divided into 2 equal groups: One control group
received single intraperitoneal injection of distilled water on
day 9 of gestation and one experimental group received
intraperitoneal injections of 1.10 phenanthroline (zinc chelator
purchased from Sigma Company), in a single dose of 30
mg/kg on day 9 of gestation. From the embryos and offspring
of both control and treated mothers (at the following prenatal
gestational days: 13, 15, 17, 19 and the following postnatal
days: (newborn, 7 days, 15 days and 21 days), retinal specimens
were processed for Haematoxylin & Eosin staining technique
and immunohistochemical study using caspase-3 antibody
was used to detect apoptosis in the postnatal age groups.

Results: The light microscopic study of the 13 days zinc
deficient embryo retina showed apparent shrinkage of the
lens vesicle and the optic cup was well formed but it appeared
to be shrunkep. The retinal pigment epithelium (RPE) of 15 th,
17t and 19t day old zinc-deficient embryos consistently
contained apoptotic cells with vacuolated cytoplasm and
rarified nuclei. The neuroblastic layer showed apparent de-
crease in thickness and less mitotic features. The ganglion
cell layer revealed numerous deeply stained pyknotic nuclei
in the 19th gestational day. Retinae of the newborn, 7 days,
15 days, 21 days-old zinc deficient albino rats showed that
the (RPE) contained some vacuolated cells with pyknotic
nuclei. The organization of the retina was altered in zinc
deficient rats. In addition, apparent reduction in the total
retinal thickness and degenerative changes in some layers
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were observed. By the immunohistochemical study, there was
intense positive caspase-3 reaction in all layers of the treated
rat retina.

Conclusion: This study revealed that zinc has a role in
the developing rat retina and its deficiency causes cytoarchi-
tectural and maturational changes in the retina of the albino
rats. These histological changes may impair the visual functions
of the retina; so it is recommended that further investigations
should be carried out to determine the relevancy of deprivation
of zinc as an etiologic factor in the development of retinal
degeneration.

Key Words: Retina — Zinc deficiency — Prenatal development
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Introduction

THE retina is derived from the two layers of the
invaginated optic vesicle. The outer layer becomes
a stratum of cuboidal pigment cells that separates
the choroid from the neural retina, and therefore
forms the outermost layer of the retina (the retinal
pigment epithelium). The other nine strata of the
retina develop from the inner layer of the optic
vesicle and form the neural retina [1].

The body does not have storage of zinc. Ap-
proximately 1% of the total body zinc needs to be
replenished daily with the diet. Long periods of
zinc depletion cannot be compensated. Systemic
zinc deficiency can result from mutations in the
gene encoding the ZIP4-transporter (i.e. acroder-
matitis enteropathica), which is important in intes-
tinal uptake, or can be acquired in cases of de-
creased dietary intake, decreased absorption, incr-
eased elimination, tissue and cellular redistribution
or use of certain medications (penicillamine, diu-
retics, antimetabolites, valproate and iron salts)
2].
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Zinc deficiency appears to have dramatic effects
on the eye. The occurrence of sever zinc deficiency
in human populations under normal conditionsis
relatively rare. Marginal zinc deficiency has been
reported in large numbers of the population and
has not been extensively explored in relation to
eye structure and function [3].

To investigate the possihility of zinc deficiency
as one etiologic factor for retinal abnormalities,
rats were made zinc deficient by treating them
with the zinc chelating agents, dithizone and 1,10-
phenanthroline, or by feeding them a zinc-deficient
diet. In both conditions, there was a dense accu-
mulation of osmophilic inclusion bodiesin the
retinal pigment epithelium then eventually degen-
eration of theretinal pigment epithelium and the
photoreceptors outer segments [4].

It has been reported that a zinc deficient diet
resulted in an "ageing-like" process, with melano-
somal morphological changes [5], severe degener-
ation of the photoreceptor outer segments and
osmiophilic inclusion bodies in the RPE, Such
aterations are typically found in pigmentary dis-
orders [4].

In this study, because of the prevalence of maln-
utrition throughout the world, we aimed to inves-
tigate the possible histological and immunohisto-
chemical changes that might occur as a result of
maternal zinc deficiency on the retinal development
of their embryos and offspring.

Patients and M ethods

The experiment was conducted from January
2013 to November 2017 at the Anatomy and Em-
bryology Department, Faculty of Medicine, Assiut
University, Egypt.

A total number of 48 adult (3 months aged)
female and 12 adult male weighing (200-250) gm
albino rats were obtained from Animal House,
Faculty of Medicine, Assiut University. The animals
were housed in aroom with a 12:12hr light: Dark
cycle and were kept under controlled temperature.
Food and water were available ad libitum.

Female rats were mated with male overnight
(not more than 4 adult females with one adult
male), vaginal smears were taken by inserting a
glass rod smoothly into the vagina; smears were
spread on a slide and stained by shori stain. The
estrus period is characterized by the presence of
cornified non nucleated epithelial cells without
leucocytes. After appearance of the mucous plug,

the vaginal smear of pregnant rats was found to

contain cornified non nucleated epithelial cells,

leucocytes and large quantity of mucous [6] . This
experiment was accomplished with known guide-
lines of animal ethics committee, which were
established in accordance with the internationally

accepted principles for laboratory animal's use and

care.

Experimental protocol and age groups:

Pregnant femal e rats were singly housed and
randomly were divided into 2 groups. One control
group and one experimental group.

Group A (Control): A total number of 24 adult
pregnant female rats received single intraperitoneal
injection of distilled water on day 9 of gestation.

Group B (Experimental): A total number of 24
adult female rats received intraperitoneal injection
of 1.10 phenanthroline in a single dose of 30mg/kg
on day 9 of gestation (1.10 phenanthrolineis a
zinc chelator reported to temporary decrease the
zinc level in the body during this critical period
of higher metal requirments of fetuses. It is pur-
chased as powder from Sigma Company, utilized
as aqueous preparation in aratio of 3mg/ml of
distilled water and it was used because of its avail-
ability and low cost). The used drug and the dose
in this work were according to [7].

The occurrence of zinc deficiency was con-
firmed by measuring the serum zinc level in both
groups of pregnant female rats on the 10th day of
gestation. It was measured by standard atomic
absorption techniquein Clinical Toxicology and
Forensic Chemistry Laboratory, Faculty of Medi-
cine, Assiut University.

Embryos and offspring of the treated and control
rats were sacrificed at the following prenatal ages:
13th, 15th, 17th and 19th days of gestation and the
following postnatal ages: Newborn, 7 days, 15
days and 21 days. Ages that were chosen for the
prenatal study were the ages of thirteenth, fifteenth;
seventeenth and nineteenth days of gestation. This
isthe period of the beginning of development of
retina as documented by [8] . Postnatally, newborn,
seven days, fifteen days, twenty-one days ages
were chosen as that is the period of lactation as
weaning occur on the twenty first day, according
to [9] . These postnatal ages were chosen to detect
the effect of the lactation of milk of zinc deficient
mothers on the retina of the offspring.

From the embryos and offspring of both control
and treated mothers, 3 rats were used in each of
the studied age groups for Haematoxylin & Eosin
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staining technique to study the cytoarchitectural
and maturational changes in the retina. Immuno-
histochemical study using caspase-3 was used for
the newborn, 7 days, 15 days and 21 days postnatal

age groups.

In the prenatal study: Pregnant rats were anaes-
thetized by ether inhalation and rat fetuses were
extracted, fixed in Bouin's fixative. For the 13th
day of gestation, the embryos were used with the
membranes and for the 15th, 17th and 19th days of
gestation embryos were used without membranes
but the heads were used only. The embryos and
the heads were cut serially in the sagittal plane
and processed for paraffin sectioning

In the postnatal study: The animals were anaes-
thetized by ether inhalation. The rats were perfused
in the left ventricle by normal saline followed by
Bouin'sfluid. The eyes were enucleated by cutting
the conjunctiva near the conjunctivo-scleral junc-
tion. Traction of the eyeball was gently done to
facilitate the cutting of the optic nerve. Eye balls
were put in Bouin's fixative solution. It is preferable
to introduce one or two drops of Bouin in the
eyeball by very fine needle introduced obliquely
in the sclera, thus the Bouin reach directly and
immediately into the retina. Bouin's fixative was
used as it penetrates rapidly the specimen and
causes little shrinkage.

For both prenatal and postnatal specimensthe
following steps were done:

Samples from each group after fixation were
dehydrated, and processed for paraffin blocks.
Subsequently, 5-gm-thick sections were cut and
stained with hematoxylin and eosin (H&E) then
they were preceded for light microscopic exami-
nation according to [10].

Preperation for Immunohistochemical study:

Immunohistochemical detection of caspase-3
was performed according to [11] ; to demonstrate
apoptosis; using primary rabbit anti-rat caspase-
3 antibody from (Thermo Scientific Company,
USA). After fixation in 10% neutral-buffered for-
malin for 2 days, retinal specimens of the control
and treated postnatal age groups were dehydrated,
cleared and embedded in paraffin. Paraffin sections
were cut at 5pm and mounted on coated slides.
The slides were treated with 0,01mol/I citrate buffer
(pH 6.0) for 10 minutes to unmask antigen. The
sections were incubated in 0.3%H >,0- for 30min
to eliminate endogenous peroxidase activity before
blocking with 5% hordes serum for 2 hours at room
temperature to inhibit the non specific immunore-
actions. Slides were incubated with the primary
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antibody 1:100 polyclonal rabbit anti-caspase 3 at
4°¢ for 18-20 hour, washed and incubated with
biotinylated secondary antibodies and then with
the 0.05% diaminobenzidine. The slides were then
counterstained with Myer's haematoxylin, dehy-
drated, cleared and mounted.

Results

A- Histological results:
|- Prenatal Period:
13 days old embryo of the control group:

At the age of 13 days old control rat, the lens
vesicle was invaginated from the surface ectoderm
and appeared to be nearly separated from it. The
optic cup was well formed and it appeared to be
consisted of an outer (external) wall and an inner
(inverted) wall separated by optic ventricle. The
external layer of the optic cup (the future pigment
epithelium) was formed of tall columnar cells with
large oval nuclei. The cells of the inverted wall
formed the neurablastic cell layer which consisted
of severa layers of columnar cells with indistinct
borders and large oval nuclei. Numerous mitotic
figures were seen in the external layer of the optic
cup and in the outer surface of the inverted layer
(neuroblastic cell layer) near the optic ventricle.
Elements of hyloid system were seen on the surface
of the lens vesicle and within the antrum of the
optic cup (Fig. 1).

15 days old embryo of the control group:

By day 15 of gestation, the lens vesicle was
separated from the surface ectoderm. The pigment-
ed epithelial layer of the retina was present as an
uneven, single layer of nearly cuboidal cellswith
round nuclei. Mitosis was scarcein thislayer. The
inverted (neuroblastic) layer was constantly thick-
ened by extensive mitotic activity at its choroidal
edge. The main bulk of the nuclei within the neu-
roblastic layer were oval in shape, however the
inner 2 or 3 layers of nuclei became dlightly round-
ed (Fig. 2).

17 days old embryos of the control group:

At the embryonic day 17, the retinal pigment
epithelium was formed of a single layer of low
columnar cells with rounded nuclei. The neurob-
lastic layer increased in thickness in comparison
with the previous age due to the presence of the
mitotic figures at the choroidal edge. Thislayer
consisted of two parts: An outer part with condensed
dark nuclei and inner part of uncondensed paler
nuclei. The pale round nuclei at the inner border
of the neuroblastic layer will be the future ganglion
cells. The central processes of these rounded cells
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formed a distinct nerve fiber layer. Elements of
hyaloid system were numerous in the vitreal cavity

(Fig. 3).

19 days old embryos of the control group:

By the day 19 of gestation, the pigment epithe-
lial layer iswell formed. The inner plexiform layer
appeared as arelatively clear zone separating
between the oval darkly stained nuclei of the neu-
roblastic layer and the round lighter stained gan-
glion cell nuclei. The inner plexiform layer con-
tained migrating nuclei within it. The neuroblastic
layer showed apparent increase in thickness when
compared with the previous age. The ganglion
cellslayer was formed of 4 to 5 layers of 1oosely
arranged cells. Numerous mitotic cells were noticed
at the choroidal edge of the neuroblastic layer. The
nerve fiber layer was detected and elements of the
hyaloid system were present. The internal limiting
membrane was visible (Fig. 4).

13 days old embryo of the experimental group:

At the age of 13 daysold zinc deficient rat
embryo, the lens vesicle was invaginated from the
surface ectoderm and appeared nearly separated
from it. The optic cup was well formed but it
appeared to be shrunken as compared with the
control group. The external layer of the optic cup
contained one cell layer of tall columnar cells with
darkly stained nuclei. The inverted layer of the
optic cup consisted of several layers of columnar
cells with deeply stained pyknotic nuclei. No mi-
totic figures could be observed. Elements of the
hyaloid system were present (Fig. 5).

15 days old embryo of the experimental group:

At the age of 15 days old rat embryo of group
B, the pigmented epithelial layer of the retinawas
formed of asingle layer of roughly cuboidal cells
with flat pyknotic nuclei. Some cells appeared
vacuolated with rarified nuclei. The neuroblastic
layer showed apparent decrease in thicknessin
comparison with the control group. Most of the
nuclei within the neuroblastic layer were oval in
shape, but the inner 2 or 3 layers of nuclei were
rounded. The nerve fiber layer could be observed

(Fig. 6).

17 days old embryos of the experimental group:

At the age of 17 day old embryo of group B,
the retinal pigment epithelium contained small
pyknotic nuclei, other cells appeared vacuolated
with rarified nuclei. The neuroblastic layer showed
less mitotic features. It contained severa layers of
paler round nuclei at itsinner border so the neu-
roblastic layer appeared to be formed of two parts:

outer dark part and inner paler part. The pale
rounded cells are suggested to become the future
ganglion cells. Elements of hyaloid system were
present (Fig. 7).

19 days old embryos of the experimental group:

In 19 days old embryo of the zinc deficient
rat, the pigment epithelial layer consisted of low
cuboidal cellsarranged in asingle layer. The neu-
roblastic cell layer contained oval darkly stained
nuclei and showed apparent decrease in thickness
when compared with the control group. The inner
plexiform layer separated the ganglion cells layer
from the neuroblastic cell layer and contained
migrating nuclel within it. The ganglion cell layer
revealed numerous deeply stained pyknotic nuclei
as compared with the control group. The nerve
fiber layer was present. Elements of the hyaloid
system were noticed in the vitreal cavity (Fig. 8).

[1- Postnatal Period:
New-born albino rat of the control group:

By light microscopy, the newborn control rat
retina consisted of the pigment epithelium and the
neuroblastic layer which was formed of two parts,
an outer darkly stained compact part and an inner
and less compact part with paler nuclei. Mitotic
figures were common with considerable increase
in the thickness of the neuroblastic layer. The
nuclei of the neuroblastic layer remain dark and
oval but have become less tightly packed close to
the inner plexiform layer. The ganglion cell layer
consisted of less condensed paler and more rounded
nuclei of well differentiated ganglion cells. The
ganglion cell layer showed apparent reduction in
thickness when compared with the previous control
age group. Theinner plexiform layer was distinct
and separated between neuroblastic cells and gan-
glion cells. A few nuclei were scattered within the
boundaries of thislayer (Fig. 9).

7 days old albino rat of the control group:

By the 7th postnatal day, all layers of the retina
were present although not in the mature condition.
Theretinal pigment epithelium was well formed.
The inner segment of the photoreceptors started
to appear but the outer segment was not developed.
The neuroblastic layer was separated by the outer
plexiform layer into the outer nuclear layer and
the inner nuclear layer. The outer nuclear layer
consisted of predominantly oval nuclei which were
more compact than those of the inner nuclear layer.
Thislayer was thinner, denser, and more deeply
stained than the inner nuclear layer which consisted
of less compact nuclei of various sizes and shapes.
The cells of the inner nuclear layer began differ-
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entiation into 3 zones of nuclel; an outer zone
composed of small dense nuclei, a middle zone
containing predominantly oval nuclei and an inner
zone of larger, less compact nuclei. The inner
plexiform layer became more thickened and sepa-
rated the inner nuclear layer from the ganglion cell

layer which was decreased in thickness to one or
two rows of cells when compared with the previous
control age group (Fig. 10).

15 days old albino rat of the control group:

By the 15th postnatal day, all layers of the retina
were in the mature condition. The retinal pigment
epithelium was well formed. Both the outer and
inner segments of the photoreceptors could be
easily distinguished. The outer l[imiting membrane
was seen. The outer and inner nuclear layers were
both more compact and thinner than the previous
control age group. The nuclel of the outer nuclear
layer were difficult to delineate because their
chromatin tended to form several clumps within
each nucleus. The inner nuclear layer appeared
thinner and consisted of less compact pale nuclei
than the outer nuclear layer and they were separated
by the outer plexiform layer which appeared thicker
than the previous control age group. The inner
plexiform layer became thicker than the previous
control age group. The ganglion cell layer was
formed of one row of cells. Theinner limiting
membrane was detected (Fig. 11).

21 days old albino rat of the control group:

Theretina of 21 days old control albino rat
resemble the retina of the adult albino rat all layers
of the retinawere present. The retinal pigment
epithelium was well formed. The photoreceptor
cell layer was formed of two segments; outer and
inner segments; the thick outer segments were
lighter in staining compared with the inner seg-
ments. The outer limiting membrane was present.
The nuclel of the outer nuclear layer were rounded
and deeply stained. The outer plexiform layer
separated between the outer and inner nuclear layer.
The nuclel of the inner nuclear layer were arranged
in 4 to 5 layers of nuclei which were larger, paler
and less compact than the outer nuclear layer. The
inner plexiform layer separated between the inner
nuclear and the ganglion cell layer which consisted
of closely packed and uniformly distributed large,
pale cells arranged in one disconti nuous row of
ganglion cells. The nerve fiber layer was indistin-
guishable from the ganglionic cell layer. Theinter-
nal limiting membrane delineated the internal
aspect of theretina (Fig. 12).
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New-born albino rat of the experimental group:

The retina of the newborn rat of the experimen-
tal group showed that the retinal pigment epithelium
contained some cells appeared vacuolated with
pyknotic nuclei. The nuclei of the neuroblastic
layer appeared more condensed and smaller in size
as compared with the control group. Some cells
revealed densely stained pyknotic nuclei. Other
cells appeared vacuolated. The inner plexiform
layer separated between neuroblastic cells and
ganglion cell layer which consisted of well differ-
entiated rounded deeply stained less condensed
ganglion cells nuclei. Scanty mitotic figures were
noticed. There was apparent reduction in thickness
of neural retinawhen compared with the control
group (Fig. 13).

7 days old albino rat of the experimental group:

In 7 days-old treated albino rat, the retinal
pigment epithelium showed some cells with py-
knotic nuclel. The inner segments of the photore-
ceptors were present and reveal ed vacuolations.
The outer plexiform layer separated the neuroblastic
layer into outer nuclear layer and inner nuclear
layer. The outer nuclear layer was more compact
than the inner nuclear layer and appeared more
deeply stained and more condensed than the control
group. The inner nuclear layer showed apparent
reduction in thickness with more densely stained
nuclei as compared with those of the control group.
The ganglion cells were arranged in one or two
rows of deeply stained cells. Many nuclel were
densely stained and pyknotic (Fig. 14).

15 days old albino rat of the experimental group:

In 15 days old treated albino rat, the retinal
pigment epithelium, the outer and inner segments
of the photoreceptors were present. The outer
limiting membrane could not be detected. The
nuclel of the outer nuclear layer were deeply stained
when compared with the control group. The inner
nuclear layer was separated from the outer nuclear
layer by the outer plexiform layer and revealed
some densely stained nuclei. The inner plexiform
layer contained occasional cells and separated the
inner nuclear layer from the ganglion cell layer
which was formed of one discontinuous row of
deeply stained cells. Theinner limiting membrane
was partially disrupted and undulated (Fig. 15).

21 days old albino rat of the experimental group:

In 21 days old treated albino rat, the retinal
pigment epithelium contained some cells with
vacuolated cytoplasm. The outer and inner segments
of the photoreceptors were detected but no clear
demarcation. Both segments revealed many vacu-
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olations. The outer limiting membrane was hardly
observed and appeared disrupted. The nuclei of
the outer nuclear layer were more compact and
deeply stained nuclei than the control group. Nu-
merous deeply stained pyknotic nuclei and vacu-
olated cytoplasm were noticed in the outer nuclear
layer cells. The outer plexiform layer appeared
distorted and separated the outer nuclear layer
from the inner nuclear layer which appeared con-
densed with most nuclei were deeply stained and
pyknotic when compared with the control group.
Thislayer showed highly dispersed cells with
markedly vacuolated cytoplasm. The inner nuclear
layer was separated by the inner plexiform layer
from the ganglion cell layer which appeared disor-
ganized with some shrunken deeply stained py-

knotic nuclei. Ganglion cells exhibited vacuol ated
degenerated cytoplasm. The inner limiting mem-
brane was disrupted and could be hardly detected
(Fig. 16).

Immunohistochemical results:

By the immunohistochemical study, examina-
tion of immunostained retinal sections for caspase-
3 in the control newborn, 7 days, 15 days, 21 days
old rat showed negative expression in all the layers
of the retinaincluding the ganglion cells (Figs. 17,
18, 19, 20 respectively). While, there was strong
positive expression of caspase-3in al layers of
the retinain the newborn, 7 days, 15 days, 21 days
old zinc deficient rats (Figs. 21, 22, 23, 24 respec-
tively).

Plate (1): Fig. (1): Photomicrograph of 13 days old embryo eye of the control group showing that the lens vesicle (L), the optic cup (OC) with both its external (EL) and inverted (IL)
layersisevident. There are mitotic cells (arrow heads) in the outer surface of the inverted layer (neuroblastic cell layer), near the optic ventricle (open arrow head). Elements of hyaloid system
(arrow) are seen. Fig. (2): A photomicrograph of 15 days old embryo retina of the control group showing that the retinal pigment epeithelial layer (RPE), the neuroblastic layer (NBL) which
shows increased mitotic activity (arrow head). The outer cells are ovoid whileitsinner cells are rounded (crossed arrow). The nerve fiber layer (NFL) is observed. Fig. (3): A photomicrograph
of theretinaof 17 days old embryo from the control group showing that the retinal pigment epithelial layer (RPE). The future ganglion cells (GC) are pale rounded nuclei at the inner border
of the neuroblastic layer(NBL). Mitotic figures (arrow head) are present. The nerve fiber layer (NFL) iswell formed. Fig. (4): A photomicrograph of the retina of 19 days embryo of the control
group showing that the retinal pigment epithelial layer (RPE). The inner plexiform layer (IPL) appears between the neuroblastic layer (NBL) and the ganglion cell nuclei (GC), and it contains
migrating nuclei (wavy arrow). The nerve fiber layer (NFL) and the internal limiting membrane (ILM) are visible. Numerous mitotic cells (arrow heads) and elements of the hyaloid system

(arrow) are present. (H & E X 400).
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Plate (2): Fig. (5): A photomicrograph of 13 days old embryo eye of the experimental group showing that the lens vesicle (L), the optic cup is formed from external (EL) and inverted
layers (1L) which are separated by optic ventricle (open arrow head). The external layer contains darkly stained nuclei (wavy arrow). The inverted layer showed deeply stained pyknotic nuclel
(thick arrow). Branches of hyaloid plexus (arrow) are present. Fig. (6): A photomicrograph of the 15 days old embryo retina of the experimental group showing that the retinal pigment
epithelial layer (RPE) with flat pyknotic nuclel (open arrow), some cells appear vacuolated with rarified nucleus (double arrow). The inner 2 or 3 layers of the neuroblastic layer (NBL) are
nearly rounded (crossed arrow). The nerve fiber layer (NFL) can be noticed. Fig. (7): A photomicrograph of the retina of 17 days old embryo from the experimental group showing that the
retinal pigment epithelial layer (RPE) with small pyknotic nuclei (open arrow) or vacuolated cells with rarified nuclei (double arrow). The neuroblastic layer (NBL) contains at itsinner part
the future ganglion cells (GC). Less mitotic figures (arrow head) are present. The nerve fiber layer (NFL) is observed. Fig. (FO: A photomicrograph of the retina of 19 days embryo of the
experimental group showing that the retinal pigment epithelia layer (RPE), the inner plexiform layer (IPL) separates the neuroblastic layer (NBL) from the ganglion cell layer (GC), and it
contains migrating nuclei (wavy arrow). The ganglion cell layer reveals numerous deeply stained pyknotic nuclei (tailed arrow). The nerve fiber layer (NFL) and elements of the hyaloid

system (arrow) are present. (H & E X 400).

Plate (3): Fig. (9): A photomicrograph of the retina of a new-born control albino rat showing that the retinal pigment epithelium (RPE), the neuroblastic layer (NBL), the ganglion cell
layer (GCL), the inner plexiform layer (IPL) are present. Numerous mitotic figures (arrow heads) are common. Fig. (10): A photomicrograph of a section in the retina of 7 days old control
abino rat showing the retinal pigment epithelium (RPE), The inner segment of the photoreceptors (1S) begins to be formed. The outer plexiform layer (OPL) separates between the outer
nuclear layer (ONL) and the inner nuclear layer (INL) which reveals 3 zones of nuclel; an outer nuclear zone (*), amiddle zone (**) and an inner zone (***). The inner plexiform layer (IPL),
the ganglion cell layer (GCL), theinner limiting membrane (ILM) are detected. Fig. (11): A photomicrograph of the retina of 15 days old control abino rat showing the presence of the retinal
pigment epithelium (RPE), both the outer (OS) and inner segments (1S) of the photoreceptors, the outer limiting membrane (OLM). The outer nuclear layer (ONL) and the inner nuclear layer
(INL) are separated by the outer plexiform layer (OPL). Theinner plexiform layer (IPL), the ganglion cell layer (GCL) and the inner limiting membrane (ILM) are detected. Fig. (12): A
photomicrograph of the retina of 21 days old control albino rat showing the retinal pigment epithelium (RPE), the outer segments (OS) and inner segments (1S) of photoreceptorces. The
outer limiting membrane (OLM) is fenestrated. The outer plexiform layer (OPL) separates between the outer(ONL) and inner nuclear layer (INL) which in turn is seperated by the inner
plexiform layer (IPL) from the ganglion cell layer (GCL). The nerve fiber layer (NFL) is indistinguishable from the ganglion cell layer. Theinternal limiting membrane (ILM) is present (H

& E X 400).
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Plate (4): Fig. (13): A photomicrograph of the retina of a new-born albino rat of the experimental group showing that the retinal pigment epithelium (RPE) with some
cells appear vacuolated with pyknotic nuclei (wavy arrow). The inner plexiform layer (IPL) separates between neuroblastic layer (NBL) and ganglion cell layer (GCL).
Scanty mitotic figures (arrow head) are noticed. Fig. (14): A photomicrograph of the retina of 7 days old experimental albino rat retinashowing that the retinal pigment
epithelium (RPE) with some pyknotic nuclei (wavy arrow), the inner segment of the photoreceptors (1S). The outer plexiform layer (OPL) separats between the outer nuclear
layer (ONL) and the inner nuclear layer (INL) which in turn is separated from the ganglion cell layer (GCL) by the inner plexiform layer (IPL). The inner limiting membrane
(ILM) is present. Fig. (15): A photomicrograph of the retina of 15 days old experimental albino rat retina showing that the retinal pigment epithelium (RPE), the outer
segments (OS) and inner segments (1S) of the photoreceptors are present. The inner nuclear layer (INL) is separated from the outer nuclear layer(ONL) by the outer plexiform
layer (OPL). Theinner plexiform layer (IPL) separates the inner nuclear layer from the ganglion cell layer (GCL). Undulation of the partially disrupted inner limiting
membrane (ILM) is noticed. Fig. (16): A photomicrograph of the retina of 21 days old experimental abino rat showing that the retinal pigment epithelium (RPE), the outer
segments (OS) and inner segments (IS) of the photoreceptors. The outer nuclear layer (ONL) is separated from the inner nuclear layer (INL) by the outer plexiform layer
(OPL). Theinner plexiform layer (IPL) is noticed. The ganglion cell layer (GCL) appears disorganized. The inner limiting membrane (ILM) is present (H & E X 400).

Plate (5): Fig. (17): A photomicrograph of caspase-3 immunostained paraffin section in the retina of new-born control albino rat. Fig. (18):A photomicrograph of
caspase-3 immunostained paraffin section in the retina of 7 days old control albino rat. Fig. (19): A photomicrograph of caspase-3 immunostained paraffin section in the
retina of 15 days old control abino rat. Fig. (20): A photomicrograph of caspase-3 immunostained paraffin section in the retina of 21 days old control albino rat. All of
them show negative immunoreactivity of caspase-3in all the layers of retina (X 400).
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Plate (6): Fig. (21): A photomicrograph of caspase-3 immunostained paraffin section in the retina of a new-born abino rat of the experimental group. Fig. (22): A
photomicrograph of caspase-3 immunostained paraffin section in the retina of 7 days old experimental abino rat. Fig. (23): A photomicrograph of caspase-3 immunostained
paraffin section in the retina of 15 days old experimental albino rat. Fig. (24): A photomicrograph of caspase-3 immunostained paraffin section in the retina of 21 days
old experimental abino rat. All of them show intense positive reaction of caspase-3in all retinal layers (X 400).

Discussion

Vertebrate eyes are based on a common struc-
tural plan. Despite differences in embryological
development and optical layouts among inverte-
brates, visual pigment genes are all descended
from the same remote ancestor. Furthermore, genes
involved in formation of the vertebrate eye have
proved to be homologous with those of Drosophila

eye [12].

The present study demonstrated that the retina
was derived from the two layers of the invaginated
optic vesicle. The outer layer becomes a stratum
of cuboidal pigment cells that separates the choroid
from the neurd retina and therefore forms the
outermost layer of the retina (the retinal pigment
epithelium). The other nine strata of the retina
developed from the inner layer of the optic vesicle
and formed the neural retina. These findings are
in accordance with previous study [1].

The results of the control group examination
demonstrated that; at the gestational age of 13 days
old rat embryo, the optic cup was well formed and
it consisted of an external wall and an inverted
wall. By day 15 of gestation, the pigmented epi-
thelial layer of the retina was present and the
neuroblastic layer was constantly thickened by

extensive mitotic activity. At the embryonic day
17, the neuroblastic layer consisted of two parts:
Outer and inner parts. By the day 19 of gestation,
the inner plexiform layer separated between the
neuroblastic layer and the ganglion cell nuclei.
The newborn rat neuroblastic layer was formed of
an outer part and an inner part. At the 7 th postnatal
day; the inner segment of the photoreceptors started
to appear and the outer plexiform layer separated
the outer and inner nuclear layers. By 15 days old,
retinarevealed that all layers of the retinawerein
the mature condition. These findings are in accord-
ance with the previous work done by [§]. Theretina
of 21 days old control albino rat resembles the
retina of the adult albino rat. Similar light micro-
scopic findings of juvenile rat retina are described
by previous research [13].

In this study, there was negative caspase-3
reaction in all the layers of the control rat retina,
these findings are in agreement with [14] who
reported that examination of immunostained sec-
tions for caspase-3 showed no expression in all
retinal layersincluding the ganglion cellsin the
control group.

For optimal growth and survival of the neonate,
the dietary requirement for zinc for the pregnant
and lactating rat has been estimated to be on the
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order of 25mg/kg, even when a high-quality protein
such as egg white is used. An increased requirement
for dietary zinc during pregnancy is also supported
by the observation of many investigators who
added that, at term, fetal weight and fetal zinc
concentrations were higher in litters from dams
given water containing 25mg Zn/L compared to
dams given water containing 1 ImgZn/L [15].

The studies done earlier noted that 1,10 phen-
anthroline causes 13.0% incidence of soft tissue
anomalies when given on gestational day 9, mean-
while no significant differences in the incidence
of skeletal and soft tissue anomalies were reported
when it was given on gestational days 10 and 11

(7.

In contrast to the control group, the experimental
group at gestational day 13th in this study showed
that the optic cup was well formed but it appeared
to be shrunken with deeply stained pyknotic nuclei.
These findings are supported by previous study
done by [16] who stated that fetuses of dams fed
0.5un.g zinc diet throughout gestation had microph-
thalmia of varying degree at term, ranging from
microscopic remnants of ocular tissue to eyes with
colobomata and extensive retinal folds. They added
that invagination of the optic cup and closures of
the choroid fissure were the processes that were
adversely affected by developmental zinc deficien-
cy. Moreover; they suggested that the microphthal-
miaand retinal folding seen in zinc-deficient fetuses
at term probably resulted from lack of vitreous
pressure due to non closure of the choroid fissure.

Furthermore, the present findings are in accord-
ance with the previous research done by [16] who
stated that examination of fetuses from zinc defi-
cient dams, at day 12 and 14 of gestation revealed
that invagination of the optic cup was often defi-
cient and that closure of the choroid fissure did
not occur, resulting in retinal folding visible at
term and the lens remained at the placode stagein
zinc deficient rat embryo. They elicited large num-
bers of necrotic cells that were seen in the dien-
cephalic neuroepithelium near the optic cup. More-
over, they attributed the retardation of optic cup
invagination and choroid fissure closure to the
large number of necrotic cells seen in the dien-
cephalic neuroepithelium adjacent to the optic
vesicle suggesting that these necrotic cells might
inhibit the normal optic cup formation. Thisis
supported by other investigators who had shown
that the embryonic neural epithelium was particu-
larly proneto cell necrosis during periods of ma-
ternal zinc deficiency [17].

The current results are not in line with the
earlier researches which demonstrated the relative
lack of effect on ocular histogenesisin severely
deficient fetuses at term (group of offspring of
mothers fed adiet containing 0.5 tgZn) and in
fetuses of mothers on the low-zinc diet (fed adiet
containing 4.5 tgZn group) near term, even among
zinc-deficient fetuses with colobomata the folded
retina often showed normal histogenesis [16]. This
opinion may be explained by that dams fed zinc-
deficient diet throughout pregnancy were virtually
anorexic during the last 3-4 days of pregnancy.
This induced a catabolic state in the dam, freeing
maternal tissue zinc which was then available to
the fetus, as histogenesisis occurring during this
period and fetuses appeared to be able to accumu-
late zinc in the eyes to alevel similar to that of
controls [19].

In addition, earlier studies noted that when zinc
deficiency was instituted at parturition, eye opening
was delayed but no morphological differences were
noted among photoreceptor cells at weaning [19].

In thiswork, as compared with the control
groups, the RPE of zinc-deficient rats of 15th, 17th
and 19th days old embryos consistently contained
apoptotic cells with vacuol ated cytoplasm and
rarified nuclei and the neuroblastic layer showed
apparent decrease in thickness and less mitotic
features while the ganglion cell layer revealed
numerous deeply stained pyknotic nuclei in the
19th gestational day. These findings are in harmony
with earlier researches which demonstrated that in
both groups of rats made zinc deficient either by
treating them by zinc chelating agents, dithizone
and 1,10-phenanthroline, or by feeding them a
zinc-deficient diet similar findings were observed.
There was a dense accumulation of osmophilic
inclusion bodies in the retinal pigment epithelium
and eventually degeneration of the retinal pigment
epithelium and the photoreceptors outer segments
4.

By light microscopy in the present study, the
retina of the newborn rat of the zinc deficient group
showed that the retinal pigment epithelium and the
neuroblastic layer contained some vacuolated cells
with pyknotic nuclei. In addition to the pyknotic
and vacuolated cellsin 7 days-old zinc deficient
abino rat reting; the inner segments of the pho-
toreceptors revealed vacuolations. Moreover, Zinc
deficient albino rat at the age of 15 and 21 days
old revealed numerous deeply stained pyknotic
nuclel and vacuolated cytoplasm in the outer nu-
clear layer, the inner nuclear layer and the ganglion
cell layer These present findings arein line with
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previous study which showed that depletion of
intracellular zinc may induce RPE cell apoptosis
[20]. Moreover; the current results are in agreement
with many other investigators who found that
retinal degeneration in both zinc and taurine defi-
cient group was in the form of generalized | oss of
the outer segments of the photoreceptors [19].

In harmony, previous studies demonstrated that
retinal degeneration was observed to occur as a
result of zinc or taurine depletion present through-
out postnatal life and until 48-57 days of agein
the rat. Morphologically, retinal degeneration was
most pronounced in the rats deficient in both zinc
and taurine [21].

Caspases played a pivotal role in developmental
and pathologic death in the nervous system. Lab-
oratory studies had revealed that apoptosis contrib-
uted to the pathogenesis of retinal cell death in
retinitis pigmentosa, age-related macular degener-
ation, glaucoma, retinal detachment, and diabetic
retinopathy, as well as pathologic myopia [22] . The
deregulation of apoptosis was evident in patholog-
ical conditions such as cancer and neurodegenera-
tive disorders [11].

The results of the present study showed intense
positive caspase-3 reaction in all layers of the
treated rat retina. These findings were supported
by earlier results of other researchers who stated
that Zn is an important regulator of caspase-3, as
well as an antioxidant, microtubul e stabilizer,
growth co-factor, and anti-inflammatory agent [23].
In agreement, previous studies noted that depletion
of available Zn in the apical cytoplasm of sheep
and human airway epithelial cellsleaded to rapid
activation of caspase-3, culminating in apoptosis
[24]. Moreover, other investigators demonstrated
Caspase activation in the retinain a number of
degenerative models of animalsin which apoptosis
was caused by ischemia, axotomy, excitotoxicity,
and gene mutations [25] .

Zinc is considered to be important to improve
the level of antioxidant enzymes such as superoxide
dismutase and catalase. These enzymes depend on
zinc and iron in their metabolism. The alteration
of the redox potential isthought to be closely
associated with the changesin retinal cells of rats
deficient in these micronutrients [26].

The current results may be explained by [27]
who suggested that zinc deficiency causes de-
creased antioxidants in the retinaand so it affects
the taurine system in mammalian retinal cells.
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Conclusion:

Data of this study showed that zinc hasarole
in the developing rat retinal cytoarchitecture and
layering, and alterationsin retinal maturation
induced by gestational zinc deficiency could lead
to retinal degeneration which may eventually end
by visua impairment. Hence, zinc deficiency
should be avoided during pregnancy to prevent
most of the degenerative effects on the structure
of the retina. Further researches should be done to
support these findings and to determine the exact
role of zinc in retinal maturation and the value of
zinc supplementations during pregnancy.
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