Oral Morphine Consumption Reduces Lens Development
in Rat Embryos
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Accepted: 10 June 2012 . inducing defects in the mother’s nervous system function, caused defects or

delays in the formation and evolution of embryonic visual system. In the present
study, changes in lens development were assessed in embryos exposed to
morphine in utero.

Methods: Female Wistar rats (250-300 g) were mated with male rats and
pregnancy was determined by sperm observation in vaginal smear. This day was
considered as embryonic day zero (E0). The females were then divided randomly
into the experimental and the control groups. The control group received tap water
and the experimental group received morphine (0.05 mg/ml) in their water. On
embryonic day 13 ( E13), blood samples were collected from the retro-orbital sinus
of all animals for plasma corticosterone detection. On embryonic day 17(E17), the
animals were killed by an overdose of chloroform and the embryos were taken out
surgically. The embryos were fixed in 10% formalin for 30 days. At this time, the
head of the embryos were removed for tissue processing and Hematoxylin- Eosin
(H&E) staining. The samples were evaluated using light microscope and MOTIC
software.

Results: Our data indicated that plasma corticosterone level was dramatically
increased and the lens was thinner in the experimental group. (Although the
proliferation of lens cells increased in the experiment group but that lens had
delay in removing the proliferated and elongation cells with abnormal density in

Key Words: © the lateral part of the lens in comparison with the control group). Moreover, the
Morphine, . opening of the eyelids was delayed in the off springs of the mothers who received
Visual System, :  morphine.

Lens, Discussion: This study showed that morphine consumption during pregnancy
Eyelids, : leads to defects in fetal visual system development, particularly in the lens, and
Rat. - eyelids.
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1. Introduction

isual system is considered one of the im-

portant sensory organs, on which life

depends(Mithchel et al., 2007). Visual sys-

tem has a complex structure composed of

numerous cell types, that have to generate
correctly in interacting with different tissues. (Fishbach
et al., 2008). Any defect in each step of visual system
development may result in abnormal organism function
(Rossant et al., 2002).

According to the fetal programming hypothesis, the
environment of mothers’ body and uterus can alter the
development of the fetus during particular sensitive pe-
riods, with a permanent effect on the set point of physi-
ologic systems and the phenotype in later years (Guttel-
ing et al., 2007). One of the most common drugs used
in the medicine is morphine as an analgesic (Harrison et
al., 1993). Previous studies have shown that morphine
consumption can lead to delay in neural tube (Nasiraei-
Maghadam et al., 2005), neural plate (Nasiraci Mogh-
adam et al., 2009), basal ganglia (Soleimani M et al.,
2006), olfactory bulb (Sacedabadi S et al.,2008), olfac-
tory cortex Fahanik-babaei J et al., 2010), hippocam-
pus (Ramazani M et al., 2010), amygdaloid complex
Ramazani M et al., 2010) and cerebellum (Sadraie SD
et al.,2008 ) in rat. However, the effect of morphine on
lens development has not been studied earlier.

The vertebrate ocular lens is composed of two cell
types, epithelial and fiber cells, encased in a collag-
enous basement membrane (the capsule) (Kuszak et
al., 2004). The anterior of the lens has a single layer of

simple epithelial cells located between the anterior lens
capsule and the outermost layer of lens fiber cells (Perng
et al., 2007). One function of these epithelial cells is to
serve as the reservoir of cells from which the lens grows
during development and throughout life. The bulk of
the lens is composed of lens fiber cells. These cells are
formed from the epithelial cells at the lens equator by
differentiation, a process that involves the degradation
of all membrane-bound intracellular organelles and the
expression of lens fiber cell-specific proteins, including
the B- and y-crystallins (16); Since the lens is a closed
system and newly differentiating fiber cells form on top
of older layers, the oldest lens cells are located at the
very center of the lens, termed the lens nucleus. These
cells were formed around 2—3 months after conception.
Factors in shaping the visual system are very effective;
most notably include the correct expression of genes
induced and establishing effective communication
among the various different parts. Teratogenic foreign
substance during pregnancy causes impaired embryonic
development of various systems including the visual
system.

In this research, the effects of maternal oral morphine
consumption on lens development were investigated in
the Wistar rat embryos.

2. Methods

Twelve female Wistar rats (250-300 g, pasture insti-
tute, Tehran, Iran) divided into experiment and control
groups. Rats were housed 2/cage with 12/12 light cycle,
constant room temperature (22+2°C), and ad-lib food
and water available.

2.1. Procedure
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Figure 1. Effects of morphine consumption on plasma corticosterone level in

pregnant rats died of chloroform then
the embryos were taken out surgically,
cleaned and immersed in formalin 10%
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Figure 2. Transverse section of eye in 17-day-old Wistar rat embryos. C: Control group
E: Experimental group. The size of eye in the experimental group significantly decreased
as compared to control group. (100X) (a). Decrease of lens size in embryos of experimen-
tal group in compared with control group. Data are shown as mean+SEM of 18-22 slide/

group, **p <0.01 (b).

for 30 days for fixation. The weight and length of the
embryos were measured by a digital balance (0/0001
g) and a caliper (0/05 mm). The fixed embryos were
sectioned using the paraffin embedded method which
formed serial sections (5 pm). The sections were chosen
as | of 5 sections for staining. Hematoxylin and eosin
(H&E) staining processing was according to (Ban-
croft JDet al., 2002). The sections then were studied by
MOTIC software under light microscopy.

2.2. Drugs

Morphine sulfate (TEMAD-Iran) was used in this
research. The drug (0.01 mg/ml) was dissolved in tap
water in a volume of 100 ml/rat/cage for the animal to
drink.

2.3. Blood Sampling and Corticosterone Assess-
ment

One ml blood was collected in an Ependorf tube con-
taining 5 pl heparin (5000 IU/ml) and centrifuged at
3000xg for 5 min. Plasma was removed and kept at -74
°C for measuring the corticosterone. Plasma corticoste-




Basic and Clinical

NEU R?;‘SC'E NCe Spring 2012, Volume 3, Number 3

NEUR<ZSCIENCE
Figure 3. Comparison of eyelid diameter and lens cells immigration in control and ex-
perimental groups of 17-day-old Wistar rat embryos. Eyelid diameter in experimental
group is markedly more than the control group. (100X). C: control group, E: experimen-
tal group.
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Figure 4. Comparison of eyelid diameter in control (C), and experimental (E) groups of
17-day-old Wistar rat embryos (400X).

The Data were expressed as mean +SEM. Un-paired
student T-test was used in which P<0.05 was consid-

rone was analyzed by the corticosterone Eliza kit (Bio ered a significant level.
Activa, Germany).

2.4. Statistical Analysis
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Figure 5. Comparison of lens cells immigration in 17-day-old Wistar rat embry-
os in control (C) and experimental (E) groups. Immigration of lens cells from
peripheral to center area in experimental group significantly delayed as com-
pared with control group. Cell density in lens peripheral area in experimental

group is obvious (400X).
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Figure 6. Comparison of eyelid opening time in neonatal rats in control (C) and

experimental (E) groups.

3. Results

3.1. Effects of Oral Morphine Consumption on
Plasma Corticosterone

In the first part of our study, the plasma corticosterone
level in the experimental and control groups were evalu-
ated. Our data indicated that plasma corticosterone level

increased significantly in the experimental group (2121
+ 212 ng/l) as compared with the control group (843.6
+ 85.3 ng/l). Analysis revealed that the plasma corticos-
terone level increment is statistically significant [Un-
paired T-test; t11=6.34, P<0.001, (Fig.1)].
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3.2. Effects of Oral Morphine Consumption on
Lens Thickness in Rat Embryos

As shown in figure 2a, 2b, 3 and 4, when the diameter
of lens and optic nerve were determined, it became clear
that lens diameter, and optic nerve thicknesses also were
reduced in the experimental group (the embryos of mor-
phine consumed mothers) as compared with the mothers
used tab water. (control group). Statistical analysis also
showed that the differences are significant [Un-paired
T-test; t39=4.23, P <0.01], (Fig 2a, b). However, eyelids
thickness was decreased in the experimental group in
comparison with control group (Fig 3, 4).

3.3. Evaluation of Morphine Effects on the Lens
Cells Immigration in Rat Embryos

The cell number and density was the indicator chosen
for determining lens abnormal proliferation. Our obser-
vations indicated that although the proliferation of lens
cells increased in the experiment group as showed by
the increment in the number of the cells in the lens, but,
a delay in removing the proliferated and elongation cells
with abnormal density in the lateral part of the lens was
observed in the experimental group as compared with
the control group. However, even thought the number
of cell bodies in the lens of the control group was rear
(Fig 3,5).

3.4. Effects of Oral Morphine Consumption on
Eye Lids Opening in the Off Springs

The results obtained in our experiments indicated that
the offspring rats whose mothers used tab water, opened
their eyes 10 or 12 days after birth, but on the other hand
the morphine receiver rats couldn’t open their eyes not
less than 14 or 12 days after birth. .. This difference
was statistically significant as Un-paired T-test revealed
[t7=7, P<0.01] (Fig 6).

4. Discussion

The present study demonstrates that oral morphine ad-
ministration during pregnancy, could lead to delay in vi-
sual system development. The delay was observed in all
compartments and could be attributed to more complex
response to morphine in embryos. Since the eye is con-
sidered as a complex organ composing of different parts
with different embryonic initials (Wolf Louise V et al.,
2009),( Gilbert Scott S, 2000). This study shows that
morphine consumption can increase plasma corticoste-
rone level in pregnant rats. The increment was statisti-
cally significant for the defects were clearly observed in
the embryos visual system.

In agreement with previous studies which focuses on
the effects of oral morphine consumption by the preg-
nant rats on embryonic neural tube ( Nasiraei-Mogha-
dam S et al., 2005), neural plate (Nasiraei-Moghadam
S et al., 2009), cerebellum (Sadraie SD et al., 2008),
basal ganglia (Soleimani M et al., 2006), olfactory bulb
(Saeedabadi S et al., 2008), olfactory cortex (Fahanik-
babaei J et al., 2010), amygdaloid complex (Ramazani
M et al., 2010) and hippocampus (Ramazani M et al.,
2010) development, present data also shows that rat’s
embryo eye development could be affected by mor-
phine. Our data showed that the experimental group has
thickened eyelids than controls which emphasis their
eye opening delay(fig 4,6). Since for fully eye devel-
opment, eyelid must be opened, the lower thickness
of eyelid is a good advantage and may help the visual
system to be operational in an appropriate time. The
eyelid thickened may delay the eye opening for more
additional time, which in fact can reduce the animal’s
chance for survival Harrison LM et al.,1993),( Dorfman
AL et al., 2009). According to our data one can con-
clude that morphine consumption during pregnancy
reduces the animals’ ability to adapt with their environ-
ment because of the delay in eye opening due to increas-
ing the eyelid thickness. Moreover, decreased cell size
also may be contributed in defect eye development. At
least, morphine consumption reduces lens diameter in
experimental group. Lens is the most important part of
the eye and delay in its development may result in com-
plete eye dysfunction (Rossant G et al., 2003; Gilbert
Scott S, 2000).

The real reason for destroying effects of morphine is
not completely understood. According to previous stud-
ies, morphine can readily crosses the placenta and reach
the embryos (Kopcky EA et al., 1999). In addition, opi-
oid receptors are recognized on placenta villi and their
activation resulted in placenta vessel contraction which
in turn reduces embryos blood supply (Ahmed MS et
al., 1989). These studies all show that morphine itself
may increase the delay observed in previous and pres-
ent study. However, these findings did not discuss the
increase in cell number and decrease in cell size which
we observed in our study. Our results on plasma corti-
costerone level of pregnant rats might lighting this cor-
ner. We found out that oral morphine consumption by
pregnant rats significantly increases their plasma corti-
costerone level. Corticosterone is an important gluco-
corticoid in rodents which supports the animals against
stressful life events (Derijk Roel H and Ron de Kloet E,
2008),( Timpl P et al., 1998),( Mastorci F et al., 2009).
Its plasma level increases when an animal perceives
stressful  occasions (Nikisch G,2009). However, sev-




eral studies have revealed that stress during pregnancy,
could lead to an abnormal embryonic central nervous
system and endocrine system development both in hu-
man and animals (Mulder EJH et al., 2009; Weinstock
M, 2008). In rats, however, stress can increase plasma
corticosterone level and could lead to abnormal cell
growth and proliferation (Xio L and Chen Y,2008; Jen-
kins S,2007). It is interesting that morphine can induce
corticosterone release in pregnant rats. The main site for
morphine action in this regard is adrenal cortex and sev-
eral studies indicated that morphine can interact with its
mu-opioid receptors located on the adrenal cortex cell
surface and induces corticosterone release (Nikisch G,
2009; Pascoe John E et al., 2008). However, Pirnik and
co workers have shown that morphine may interact with
glutamatergic system for induction of corticosterone re-
lease (Pirnik Z et al., 2001). Moreover, the corticoste-
rone, affects gene expression in target cells and abnor-
mal increment in corticosterone plasma level could lead
to change in expression of genes that play an important
role in cell development and proliferation Weinstock
M,2008). One important gene, the PAX6, expressed in
surface ectoderm cells which is important in making ec-
toderm competent for respond to the inductive signal
from the optic vesicle for the forming lens (Wolf Louise
V et al., 2009; Kozmik Z,2008).

Whether corticosterone interacts with this gene and af-
fects its expression or not, is a question which must
be investigated in future studies, but eyelid thickness
which observed in experimental group can be conclud-
ed in this line.

In conclusion, although the exact mechanism by
which morphine induces its effects on embryos visual
system are not well understood, our results indicated
that at least one mediator of morphine effect may be the
hormone corticosterone. Our data showed that experi-
mental group shows lens growth, lens differentiation,
and more cell numbers in their visual system which also
were observed previously in studies regarding stress
and corticosterone effects on embryos development.
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