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Changes in thickness of each layer of developing chicken
cornea after administration of caffeine
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Abstract: The aim of the study was the presentation of changes in thickness of each layer of a developing cornea, that came
into being under an influence of caffeine which was administered to chicken embryos. Research materials were 26 chicken
embryos from breeding eggs that had been incubated. Breeding eggs were divided into two groups: control (n=30) in which
Ringer liquid was given, and experimental (n=30) in which teratogenic dose of caffeine was administrated — 3.5 mg/egg. In
36 hour of incubation solutions were given with cannula through a hole in an egg shell directly onto amniotic membrane.
After closing the hole with paraffin, eggs were put back into incubator. On 10t and 19t day of incubation corneas were
taken for morphometric and morphological analysis. In experimental groups reduction of corneal thickness, thickening of
corneal epithelium and corneal endothelium as well as Bowman's and Descemet's membranes, decrease of thickness of
corneal stroma in comparison with the control group have been observed. Caffeine causes thickness changes of all layers

and decreases the total thickness of a developing cornea.
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Introduction

An eye is a complex structure deriving from different
sources: the wall of the midbrain, surface ectoderm of
the head and mesoderm of neural crest. In an eye
development two important processes can be distin-
guish. First of them is a series of inductive signals
leading to origins of most of eye structures. Second
process consists of coordinate differentiation of those
structures. Influence of adjoining eye elements is vital
for correct visual reception [1-4].

Due to the generality of appearance (coffee, tea,
chocolate, medicines) caffeine is the most commonly
consumed psychostimulators.

In humans caffeine penetrates through placenta get-
ting to amniotic fluid and umbilical cord blood. Next it
is present in serum and urine of infant. Human infants
have lower level of enzymes that are necessary for caf-
feine metabolism. Moreover, caffeine dissmission
from blood of pregnant woman is delayed and caffeine
concentration in a blood of infant is in balance with its
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accumulation in mother's blood. Caffeine dismission
in infants and embryos is also slowed down which
makes, that the given dose of caffeine causes much
more intensified effects in embryos than in adults. [5].
Caffeine clearance stays fundamentally unchanged
during the first trimester of pregnancy, whereas, in the
second, and third trimester decreases significantly.
That is why half-life of caffeine in blood of pregnant
women is four times longer than in those who are non-
pregnant and this period lasts around 2.5 hours. Final-
ly, it leads to an increase of caffeine concentration in
blood of pregnant women [6-8].

Mechanism of a destructive caffeine effect on
developing embryos is still hypothetical. Caffeine
causes an increase of cAMP concentration inside a cell
through phosphodiesterases inhibition, what may have
an influence on a growth and development of embryo
cells [9]. So far only few studies suggest destructive
effects of caffeine on some structures of an eye devel-
opment, especially on a cornea. Changes was special-
ly intensified in corneal anterior epithelium, stroma
and endothelium [10].

The aim of the study was the presentation of
changes in thickness of each layer of a developing
cornea that came into being under an influence of caf-
feine which was given to chicken embryos.
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Table 1. Characteristics of the effectiveness of incubation in par-
ticular groups.

Fogs/ | Fmbryos/ | Tived Death No

group aroup embryos | embryos | embryos
c.10 15 9 8 1 6
E.10 15 7 5 2 8
Cc.19 15 8 7 1 7
119 15 7 6 1 8

Materials and methods

Chicken embryos. The research material was 26 chicken
embryos from breeding eggs of ROSS 308 strand kept in incuba-
tor at the temperature 37-38°C and humidity 50-60%. 60 breed-
ing eggs were used in the research. Effectiveness of chicken
hatching was about 50-60%. Breeding eggs were randomly
divided into two groups. The first group was the control group. In
36t hour of incubation (9/10t stage of development according to
Hamburger-Hamilton) [11] Ringer solution was injected into 30
eggs from that group. Next 30 eggs of the second, experimental
group were given a teratogenic dose of caffeine — 3.5 mg/egg
[12]. Solutions were given with a cannula through holes in eggs'
shells directly onto amniotic membrane. After closing the hole
with paraffin, eggs were put back to incubator. On 10t and 19th
day of incubation (36th and 45t stage of development according
to Hamburger-Hamilton) corneas were taken for morphometric
and morphological analysis. For investigation both right and left
corneas only from the living embryos have been used. Living
embryos were killed by decapitation. Eyeballs were removed
from embryos. Corneas were taken with a use of microsurgical
tools and stereo microscope. Specimens were prepared with
methods used in electron microscopy. Whole corneas were fixed
in a 3.6% solution of glutaraldehyde for 3 hours, next rinsed in
0.13 molar solution of cacodylic buffer and contrasted in 2%
solution of osmium tetroxide. Then the taken tissues were dehy-
drated in alcohols of increasing concentration and in propylene
oxide and embedded in epoxy resin — Araldite.

So prepared blocks, were cut in diameter plane with a diamond
knife into the semithin sections. Afterwards specimens were
stained with a toluidin blue solution and subjected to evaluation
with optical microscope.

Morphometric analysis. Measurements were performed on three
semi-thin cross sections of diameter area of each cornea. They
were photographed by use of OLYMPUS BX41 microscope with
40x lens connected to digital camera OLYMPUS C-5060.

Each section was photographed three times. Depending on
a group abundance 45 to 72 photographs of left and right cornea
were taken. For the measurements 30 pictures from each group
were randomly chosen.

The thickness of following layers of cornea were measured:

» anterior epithelium (AE),

*  Bowman's membrane (BM),

» corneal stroma (M),

* Descemet's membrane (DM),

* endothelium (PE),

» cornea thickness (CT).

Thickness of each layer of cornea was measured with use of
original software KIDNEY v.1.1. (Fig. 1). Boundaries of each
layer were marked with optical mouse. Software algorithm
assumes that a measurement of thickness is made if the angle
between lines that mark boundaries of layers and section line,
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Fig. 1. Method of measurement of the thickness of the anterior
epithelium using a computer program "KIDNEY". The thickness-

es of other layers were measured in the same way (original mag-
nification x200).

which length represents the distance between the boundaries, is
equal 90°£3° [13]. Obtained results were saved in Microsoft Excel
spreadsheet to be used in a further statistic analysis.

Statistical analysis. Statistical analysis was carried out with use of
Statgraphics Centurion XV software. It covered the calculation of
positional parameters as well as the comparison of each group dis-
tribution.

Following positional parameters were calculated: average val-
ues, standard deviation, coefficient of variation, mode, median,
randomness evaluation of the taken sample. Evaluation of normal
distribution was performed by use of both %2 and Kolmogorow-
Smirnow tests. Comparison of the distribution between the groups
was carried out with use of non-parametric Mann-Whitney U-test
for non-related samples. The differences were treated as significant
at the level p<0.01.

Results

On 10t day of incubation in the control group C.10,
1 dead embryo was observed, while in the respective
experimental group E.10 — 2. On 19t day of incuba-
tion the number of dead embryos in the control C.19
and experimental group E.19 was 1. Characteristic of
examined groups is in table 1.

No changes of macroscopic structure and size of the
living embryos in each group were recorded. Collected
on the respective days of incubation corneas of the
experimental groups did not show macroscopic differ-
ences in comparison to respective control groups. At the
light microscopic level, marked reduction in total
corneal thickness in the experimental group, compared
with control groups, both on 10t and 19t day of incu-
bation was noted (Fig. 2 A,B,C,D). This observation
was confirmed with morphometric evaluation, made by
the "KIDNEY" software. The total corneal thickness
increased with the development. On the 10t day of
incubation it was lower than in 19t day of incubation in
all groups. General composition of corneal layers was
similar in all groups in the respective days of incubation.
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Fig. 2. Semithin sections of cornea. Total thickness of cornea in experimental groups (E10 — 2B, E19 — 2D) decreases in comparison to
respective control groups (C10 — 2A, C19 — 2C). Additionally, stroma width decreases and density of stromal cells is higher in experi-
mental groups. AE — anterior epithelium, BB — Bowman's membrane, S — stroma, BD — Descemet's membrane, PE — posterior epitheli-
um (original magnification x200).
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In all groups, the anterior epithelium was stratified squa-
mous. Under it Bowman's membrane was present. The
corneal stroma was the thickest layer of the cornea.
Increased amount of collagen fibers and reduced num-
ber of cells in the corneal stroma during the develop-
ment were observed. Between corneal stroma and the
corneal endothelium was Descemet's membrane.

On 10t day an average thickness of epithelium in
the control group was 13.00 pum (4.72% of entire
cornea thickness), Bowman's membrane 2.54 um
(0.91%), stroma 250.06 um (90.83%), Descemet's
membrane 3.30 um (1.21%), endothelium 5.10 um
(1.83%), entire 275.89 um.

On the 10t day an average thickness of epithelium
in the experimental group was 14.33 um (11.57% of
entire cornea thickness), Bowman's membrane 3.87
um (4,33%), stroma 101.38 um (78.20%), Descemet's
membrane 3.05 um (2.39%), endothelium 4.46 um
(3.19%), entire 129.02 pm.

On 19t day an average thickness of epithelium in
the control group was 42.36 um (10.77% of entire
cornea thickness), Bowman's membrane 7.33 um
(1.64%), stroma 334.97 um (84.86%), Descemet's
membrane 3.73 pum (1.01%), endothelium 6.49 um
(1.65%), entire 394.48 pm.
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On 19t day an average thickness of epithelium in
the experimental group was 47.91 um (18.62% of
entire cornea thickness), Bowman's membrane 6.21
um (2.45%), stroma 185.12 um (75.68%), Descemet's
membrane 2.85 um (1.22%), endothelium 7.14 um
(2.86%), entire 273.92 um.

Showed no significant differences in the thickness
of the layers of the cornea of the eye left and right,
both from the same individual as well as within
research groups.

Tables 2 and 3 present thickness of each layer and
the entire thickness of cornea in both groups and per-
centage of the various elements of the cornea in rela-
tion to its thickness.

Discussion

Administration of caffeine may generate disorders
both in an organ of vision and a whole organism. From
several dozen years it has been known, that high doses
of caffeine have a negative influence on both women
and laboratory animal's fertility. Caffeine is a factor of
intrauterine growth retardation (IUGR). Relation
between caffeine consumption and a risk of preterm
birth and low birth weight is not still clear [14-16].
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Table 2. Thickness of particular elements of the cornea [um].

C.10 E.10 C.19 E.19
AE | 13.00%* 14.34 42.36 4791
BM | 2.54%/== 387 733 621
M | 2506%% | 10138 334.97%* 185.12
DM 33 3.05 3.73%= 2.85
PE | 5.1%#x 446 6.49 715
CT | 27589%== | 1200 394 48%* 237.93

* — significant difference between control groups (p<0.01).
** — significant difference between control and experimental groups
(p<0.01).

Nevertheless, caffeine consumption together with
smoking and alcohol drinking may have an influence
on birth weight [17]. Moreover, synergism between
caffeine and smoking or alcohol drinking significantly
increases the number of spontaneous abortion [18]. It
has also been shown, that drinking of two cups of cof-
fee may lead to decrease of blood flow through pla-
centa. Vessels contraction induced by caffeine, leads to
tissues necrosis, due to hypoxia and ischemia [19].
Caffeine may, as well, influence behavior of healthy
embryos in third trimester, especially breathing activi-
ty but also sleep and motor abilities [20].

During prenatal period caffeine may lead to
improper development of many organs causing for
example delayed neural tube closure [21], craniofacial
and limb malformations, cleft palate [22,23], cardio-
vascular system malformations [12], the thymus invo-
lution and defects of skeletal system [24].

In organ of vision caffeine causes an increase of
intraocular pressure not resulting in changes in out-
flow through the trabecular meshwork [25], having,
however, an influence on epithelial cells of ciliary
body [26]. It also causes multiple decrease of ocular
blood flow [27]. Moreover, it increases blood vessel
resistance and decreases blood flow in the human optic
nerve head and choroid-retina, what may lead to disor-
ders of retina development [28]. Few research that
have been made, indicate a damaging effects of caf-
feine on some of the structures of a developing eye,
particularly on cornea. Caffeine administered to preg-
nant rats during organogenesis (9t — 215t day of preg-
nancy) does not cause macroscopic changes in
embryos' corneas, but morphological changes could
have been observed in some of the corneas. Changes
were specially intensified in the group which had been
given the highest dose of caffeine (100 mg/kg/d) and
they concerned multilayered endothelial cellular pro-
liferation with hyperchromasia and polymorphism,
increased stromal cells mitotic activity, focal morpho-
logical changes, and corneal swelling in the injured
segments with irregular and widely separated destruc-
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Table 3. Percentage of the various elements of the cornea in rela-
tion to its thickness [%]

C.10 L.10 C.19 L.19

AL 4 84%wx 11.57 10.78%% 18.4
BM (0,92 %* 4.32 1.86%* 2.35
M () 95 782 84 7%= 75.21

DM 1.33%= 239 1.01 122
PE 1.96% == 3.19 1.65%= 282

* — significant difference between control groups (p<0.01).
** — significant difference between control and experimental groups
(p<0.01).

tive stromal fibers. In the above mentioned group on
30th day after the birth irregular, polimorphic endothe-
lial cells, with numerous vacuoles and agenezia of
those cells were observed [10]. In the present study,
caffeine was administered to chicken embryos during
optic vesicle formation (stage 9/10 according to Ham-
burger-Hamilton). Dose was determined experimental-
ly for a single chicken teratogenic dose-3.5 mg/egg
[12]. Based on several studies, the teratogenic dose of
caffeine for certain animal species was found. Howev-
er, these doses can not be applied to human, animal
studies are a good way to assess the potential effect of
caffeine on the human body. The present study focus-
es on the effect of caffeine on the morphometry of
developing chicken cornea. At the light microscopic
level, the reduction in total corneal thickness and stro-
mal thickness in the experimental groups, compared
with control groups, both in the 10t as well as in the
19th day of incubation, has been noted. Moreover, sta-
tistically significant increase in the percentage of
endothelial thickness in the total thickness of the
cornea was observed. Probably it is related to swelling
of these cells, which would confirm the results of ear-
lier studies [10]. During the physiological develop-
ment of the cornea, the percentage of anterior epithe-
lial and Bowman's membrane thickness in total
corneal thickness increases, and other layers
decreased. Nevertheless, in the experimental groups,
only the percentage of anterior epithelial thickness of
the total corneal thickness increased.

In humans, because of rapid caffeine metabolism, it
is not teratogen. However, it is assumed, that caffeine
is co-teratogen. It means that use of teratogens, such as
alcohol, cocaine or some drugs, causes congenital mal-
formations [29]. Caffeine does not seem to have a
harmful influence on a development, if its consump-
tion is small and controled. Materno-fetal vasocon-
strictions that lead to ischemia-induced malformations
could occur even in moderate doses, if caffeine is
taken along with alcohol, tobacco, and vasoconstric-
tive or antimigraine medications.
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This is why, restricted caffeine consumption, to 300
mg/d which is an equivalent of 2-3 cups of coffee, is
advised during pregnancy. Not only does it refer to
pregnant women, but also breast-feeding mothers,
since the caffeine is also present in milk [29,30].

The results of the following research indicate
a negative influence of caffeine on corneal develop-
ment. Conclusions from that experiment may give
a new vision on patomechanism of innate opacifica-
tion of the cornea.
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