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severe pain, its use in pregnancy is generally avoided, still little

development if taken during pregnancy. Amyloid precursor
*Corresponding Author protein(APP) is expressed in many tissues including neurons, it play a
Thair M. Farhan major role in neuronal survival, synapse formation, and neuronal
Anatomy Department, growth. This study implicated to demonstrate the changes in APP

hlicteloayandEpbnilany expression in cerebral and cerebellar cortices upon perinatal exposure

::(I:\::;’C'::mhram College to different doses of tramadol, with its effect on their normal
histological features. A sample of 60 pregnant mice were divided into
four groups (15 in each group), control group that received D.W daily intra peritoneally, and
test groupssubdivided into (A,B,C) those received 40,60, and 80mg/kg of tramadoldaily intra
peritoneally from the start of pregnancy. Cerebral and cerebellar cortices of one day newborn
mice were prepared for paraffin sections for H & E, and anti- APP abl5272
imunohistochemical stain that assessed by Aperio scope image analysis software V9.
Significant changes in histological features were seen include cerebral and cerebellaratrophy,
vascular changes (dilatation and rupture of vessels, cortex hemorrhagic areas), apoptotic
changes, changes in cellular layers of pyramidal cells in cerebral cortex and loss of purkinji
cells layer in cerebellar cortex, also changes in choroid plexus vascular pattern of the 4™
ventricle. APP protein expression showed significant changes among groups (assessed by

ANOVA) and between groups (assessed by un-paired t-test) compared to control, except
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between group A versus control in cerebral cortex, and between control and group C of test
groups, group B of test groups versus group C, and group B and C of test groups in cerebellar
cortexat p<0.05. These findings indicate the harmful effect of perinatal tramadol on the
cerebral and cerebellar development specifically in higher doses, and this is associated with
increase in APP expression which is proportional to the dose of treatment in a way to protect

neuronal tissue and to trigger apoptosis.
KEYWORDS: Cerebral Cortex, APP, Apoptosis.

INTRODUCTION

Tramadol is a centrally acting weak opioid analgesic drug that is used in the management
ofmoderate to severe pain.? Experimental data suggest that tramadol exerts its analgesic
effect through the activation of the central inhibitory monoaminergic pathway.®! Unlike
typical opioids, it has low potential for dependency, tolerance and drug abuse.* *! However,
physical dependence and abuse of tramadol have also been reported.®” Tramadol use
in pregnancy is generally avoided as it may cause some reversible withdrawal effects in the
newborn. A small prospective study reported an increased risk of miscarriages, with no major

malformations reported in the newborn.

APP is a type of trans-membrane protein with a large N-terminalextracellular domain, and a
short cytoplasmic domain. APP undergoes multiple proteolytic steps, includecleavage by
either a- or B-secretase releases the large APP ectodomain, sAPPa and sAPPp respectively,
or called (luminal domain); leaving the membrane anchored C-terminal fragments (CTFs).["
Itsexpressed in many tissues including the brain and spinal cord (central nervous system)by
the APP gene and concentrated in thesynapses of neurons. Its primary function is not known,
though it has been implicated as a regulator of synapse formation, neural survival and

plasticity, neuritic outgrowth.*!

Aim of the study: This study aim to evaluate the effect of perinatal tramadol treatment of
different doses in pregnant mice on thehistological features and on amyloid precursor protein

(APP) expression in the cerebral and cerebellar cortices of newborn mice.

MATERIALS AND METHODS
Sixty female pregnant mice were divided into four groups, (15 mice in each group): The
testgroups: divided into subgroups:(A,B,C) that received different doses of Tramadol
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40,60,and 80 mg/kg intra-peritoneally respectively. The control group, that received D.W
intra-peritoneally. The pregnant female mice treated with tramadol® from day one of
pregnancy, after pregnancy confirmation by the presence of vaginal plug. Tramadol obtained
from HAVER® 100mg/2ml and diluted in D.W, doses were calculated according to animal
weight, and given daily intra-peritoneally. Three doses of Tramadol were selected in the
study, (40mg/kg, 60mg/kg, and 80mg/kg), according tol™) who documentedthe best
antinoceptive effect of Tramadol in mice based on tail flick test. The newborns mice were
euthanized by using chloroform chamber and after death, the head was dissected from the
body, skin was removed under the dissecting microscope, and the head wasdivided in sagittal
plane into two halves, each half showedthe cerebral and cerebellar cortices. Histological
tissue preparation for paraffin blocks according to? sections were placed on ordinary slides
that stained with H&E for study of histological changes, fisher scientific positive charged
slides were used for imunohistochemical staining for anti Anti Ameyeloid precursor protein
antibody ab15272 is Rabbit polyclonal to Amyloid precursor protein. Immunohistochemical
staining for ab15272, include: Deparafinizing: in xylene for 20 minutes. Rehydration in
ethanol, Slides were immersed in PBS(10 minutes), Heat induced antigen retrival was
performed by antigen retrival solution (sodium citrate buffer, PH:6), incubation for 5 minutes
in autoclave at 120 c®, then cooling down to room temperature for 15 minutes. Slides were
washed in PBS, Hydrogen peroxide block drops were added for 10 minutes. Slides were
washed in PBS. Protein blockwas added and incubated for 10 minutes at room temperature,
Slides were washed in PBS. Primary antibody was diluted at 1/100in PBS, and incubated at
room temperature for (2 hours), Slides were washed in BPS, Biotinylated Goat Anti-
polyvalentwas added for 20 minutes at room temperature, Slides rinsed in BPS.
Streptavidinperoxidase was added, and incubated for 20 minutes at room temperature. Slides
were washed in PBS. (30 pl of DAB plus chromogen)was added to 1.5 cc(50 drops) of DAB
plus substrate, mixed and applied, incubated for 5 minutes. Slides were rinsed in PBS.
Counterstain with Harris Haematoxylin, for 30 seconds and washed in tap water, mounting
with water soluble mounting media and cover slips were applied. The immunohistochemical
stain assessed by Aperio scope image analysis software positive pixel count (version 9), that
used to quantify the amount of a specific stain present in a scanned slide image. The specific
color (range of hues and saturation) and three intensity ranges (weak, positive, and strong).
For pixels which satisfy the color specification, the algorithm counts the number and intensity
sum in each intensity range, the total positivity of the DAP stain was assessed. SSPS version

20 was used for statistical analysis, mean and SD were calculated, ANOVA single factor
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analysis used to compare among groups. P value < 0.05 was selected as statistically

significant. Un-paired t-test used to compare between groups for the significantp-value.

RESULTS

e Histological changes in cerebral cortex were evidently seen in test groups in H&E
stained slides, these include: cerebral atrophy, marked reduction in cortex with widening of
subarachnoid space (SAS), with loss of characteristic pattern of gyri and sulci of cerebral

surface. Figure (1).

Figure. (1): Atrophy of cerebral cortex, with wide subarachnoid space (star shape),and
smooth cerebral surface in test group (B), compared to control with shallow sulci and
no atrophic changes (A). H&E 10X.

Apoptotic changes in cells of cerebral cortex these include: cytoplasmic blebbing and

vacuolation, nuclear fragmentation, and nuclear pyknosis. (figure2, A,B,C).

Figure. (2): Apoptotic changes in cerebral cortex of test groups, include: (A)
cytoplasmic vacuolation (black arrows) 40X, (B) nuclear fragmentation (black arrows)
40X, (C) nuclear pyknosis (black arrow) 100X. H&E stain.
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Vascular changes in cerebral cortical vascular pattern as vascular widening and rupture with

presence of areas of haemmorage within the cortex figure 3.

Figure. (3): Vascular changes in cerebral cortex include vascular widening (A) (black
arrow) 10X, (B) vascular rupture and privscular oedema (black arrow) 40X, H&E

stain.

e Histological changes in cerebellarcortex

Slides stained with H&E of cerebellum showed specific changes, these include cerebellar
atrophy, with loss of characteristic pattern of folia and sulci (figure 4.A), compared to normal
pattern in control group (figure 4.B), absence ofPurkinji cells layer in test group compared to
control. (figure 5.A,5.B) Presence of areas of blood cells in the granular layer of the cortex.
(Figure 5.B)Dilation of the 4™ ventricle and changes in choroid plexus villi arborization
(figure 4.B,andfigure.6) compared to control (figure 4.A), and presence of RBC in ventricular

cavity of 4™ ventricle. (Figure. 6).

Figure. (4. A) Control cerebellum with normal histological features, (4.B) group A of
test groups with cerebella atrophy with ide subarachnoid space (red star), and loss of

characterstic pattern of folia and sulci. 10X, H&E stain
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Figure. 5: A Control group with normal cerebellar cortex layers (A. molecular, B.
Purkinji cells layer, C. Granular layer),4.B. Group B of test groups showed changes in

cerebellar cortex layer with loss of purkinji cells layer (black arrow), 40X, H&E stain.

Figure. 6: Choroid plexus of 4™ ventricle with change in arborization of villi and
presence of RBC in ventricular cavityin group A of test groups (black arrow). 40X,
H&E stain

e Imunohistochemical expression of APPin cerebral cortex

Assessed by Aperio V9 showed significant changes in APP expression among control and
test groups at p<0.05, that showed an increase in its mean value intest groups with the
increase of the tramadol dose of the treatment. Table (1) figure (7), (8), comparison of APP
between different test groups and control, that showed significant changes in APP expression

at p<0.05, except between control and group A of test groups. Table (2)

Table. (1): Comparison of Anti Amyloid precursor protein antibody ab15272 in
cerebrum by Aperio among control and test groups by ANOVA.

Control Group A Group B Group C P value
Mean+SD Mean+SD Mean+SD Mean+SD
0.004+0.006 0.005+0.003 0.1+0.054 0.393+0.276 <0.001
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Figure. 7: Variation in the imunohistochemical stain for APP among control group, and
test groups (A,B,C) in cerebral cortex, immunohistochemistry for ab15272, 20X.

Table. 2: Comparison of Anti Amyloid precursor protein antibody ab15272 in cerebrum

by Aperio between each pair of groups by t-test.

Groups P value
Control vs group A 0.590

Control vs group B <0.001
Control vs group C <0.001
group A vs group B <0.001
group A vs group C <0.001
group B vs group C <0.001
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Figure. (8): Comparison of Anti Amyloid precursor protein antibody ab15272 in
cerebrum by Aperio among control and test groups.

¢ Imunohistochemical expression of APPin cerebellar cortex
App expression showed a significant changes among control and test groups at p<0.05 table

(3), marked increase in the mean value of APP in test groups was associated with increase of
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the dose of the treatment figure 9,10. Significant p-value between groups seen between
control and group C of test groups, group A versus group C, and group B versus group C of
test groups, table (4).

Table. (3): Comparison of Anti Amyloid precursor protein antibody ab15272 in
cerebellum by Aperio among control and 3 study groups by ANOVA.

Control Group A Group B Group C
N=30 N=30 N=30 N=30 P value

Mean+SD Mean+SD Mean+SD Mean+SD
0.109+0.193 0.15+0.179 0.199+0.153 0.409+0.199 <0.001
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Figure. (9): Comparison of Anti Amyloid precursor protein antibody ab15272 in

cerebellum by Aperio among control and 3 study groups.

group A

Group B Group C

Figure. 10: Variation in the imunohistochemical stain for APP among control group,
and test groups (A,B,C) in cerebellar cortex, immunohistochemistry for ab15272,20X.
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Table. (4): Comparison of Anti Amyloid precursor protein antibody ab15272 in

cerebellum by Aperio between each pair of groups by ttest

Groups P value
Control vs group A 0.401
Control vs group B 0.052
Control vs group C <0.001
group A vs group B 0.265
group A vs group C <0.001
group B vs group C <0.001

DISCUSSION
This study is designed to demonstrate the effect of the use of tramadol during pregnancy, and
its effect on cerebral and cerebellar cortical development and its effect on the expression

ofamyloid precursor protein by the neurons of both cortices.

Our results showed marked changes in cerebral and cerebellar corticeshistological features, in
form of atrophy that associated with increase in tramadol dose of treatment with widening of
subarachnoid space, this attributed to the drug effect on the neural tissue that lead to cell
injury upon prolonged use. This agreed with (Liu et al, 2013) who mentioned the chronic

effect of such drug on cerebral neurons that induce structural alteration of neurons.!*®!

Apoptotic changes seen in cerebral cortex as nuclear fragmentation, cytoplasmic blebbing
and vacolation, nuclear pyknosis could related to the drug that injure these cellular structures,
so the injured neurons can pass through apoptosis through both intrinsic and extrinsic
pathways, this agreed with (Sharifipour et al; 2014) who mentioned apoptosis or programmed
cell death is an active process that occurs as a result of the cytotoxic effect of various
neurotoxins. In vitro studies, indicated that exposure to opioid receptor agonists increases

their liability to death by apoptotic mechanisms.™

By light microscopic examination we found that there was marked increase in apoptotic cells
proportion, extensive neuronal vacuolization, some regions showed dilated blood vessels.
Pyramidal cells loss in cerebral cortex while purkinji cells layer is lost in cerebellar cortex.
Apoptotic nuclear changes was also reported by (Zarnescu et al, 2008) in morphine treatment,
whofound that the apoptotic cells were present with cytoplasmic contraction, reduction in cell
volume and nuclear condensation, and loss of cellular layers. In addition to large amount of
apoptotic signals were observed in the nucleus of neurons in the group utilizing opiate as they

utilized morphine in their study.[*>
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Vascular changes seen in our results as dilatation and rupture of vessels ith cortical
haemmorage, and changes in the vascular pattern of choroid plexus of 4™ ventricle, simiar
results were also observed by another study done by (Abou et al, 2014) as they found
congestion of sub-meningeal blood vessels and neural degeneration following tramadol

treatment. 16!

In addition, (Hassanzadeh et al; 2011) mentionedthat chronic morphine administration in rats
is associated with significant changes in the principle proteins involved in the apoptosis
signaling which collectively leads to induction of apoptosis.!*”!

Induction of apoptosis could be due to oxidative stress effect that exerted by tramadol on
nervous tissue, as mentioned by (Popovic et al, 2009)that Tramadol is one of the synthetic
opoids that has toxic effects at the cellular level by increasing lipid peroxidation that can be
used as a marker of the ROS-induced cell damages.™™

These data are confirmed by the results from previous studies done by (Zhang et al,2004;
Atici et al, 2005) as they demonstrated that treatment with morphine and tramadol yielded an
increased malondialdehyde antibody (MDA) level, which suggests an in-creased lipid
peroxidation. In addition, they observed a decrease in the level of reduced glutathione in the
isolated rat hepatocytes in the case of incubation with different opioids concentration
(yielding cell death) and they also, noticed a lowered content of reduced glutathione and

activities of catalase, superoxide dismutase and glutathione peroxidase.!**

The oxidative stress induced by tramadol in the brain was reported by (lemarie & Grimm,
2009, Mohamed et al, 2013) as they mentioned the electron transfer chain (ETC) in
mitochondria were found to be inhibited by tramadol at high doses, resulted in the generation
of reactive oxygen species as a consequence of the intrinsic characteristics of the electron
transfer process, and the brain is particularly susceptible to oxidative damage due to its high
levels of oxygen consumption, lead to increase levels of polyunsaturated fatty acid and
relatively low levels of antioxidants.[?“?? Moreover, oxidative modifications result in a loss
of function and lowering of enzyme activity.*

These apoptotic changes can be due to tramadol can affect cellular structures as cytoskeleton
that may be damaged leading to blebbing of the cytoplasm, as mentioned by (Heidariet al,
2012) as the multiple effects of opioids on neuronal structure (cytoskeleton) that regarded as
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the markers of neuronal damage due to long term use of morphine and with Methadone and
Buprenorphine opioids (similar in action to tramadol) that presented histological picture of

apoptosis.[*¥

Atici et al; 2004 observed large amount of apoptotic neurons in the hippocampus of rats
treated with opiods, and the expressions of the apoptosis related proteins (Fas, Bcl-2 and
caspase-3) presented with alteration in the expressions of Fas and caspase-3 increased
markedly and Bcl-2 expression reduced significantly in morphine addiction group and
morphine abstinence group. These suggest that long term use of morphine and/or tramadol in
increasing doses is found to cause red neuron degeneration and apoptosis in the rat brain,
which probably contributes to cerebral atrophy and dysfunction.*!

Ab15272 that used in this study is Synthetic peptide correspondingto Human Amyloid
Precursor Protein aa 44-62 (N terminal)., this comprise the part that a undergoes multiple
proteolytic steps, includecleavage by either a- or [(-Secretase releases the large APP

ectodomain, sAPPa and sAPP respectively, or called (luminal domain).

Our results showed significant changes in APP among control and test groups, in addition
there is a significant increase in APP expression in cerebral and cerebellar cortices that is
proportional to the increase in the dose of treatment, and in cerebellar cortex is mainly with
controlversus group C, groupA versus C, group B versus C, so in cerebellum its mainly
associated with high dose of treatment of 80mg/kg, this could be due toAPP role in protection
of neural tissue against insults. This agreed with (Pottier et al., 2012 ) who reportedevidences
from neurological patients and from different disease models hint towards a potential
neuroprotective function of APP under conditions of acute cellular insult: as APP is up-
regulated following hypoxia, ischemia or traumatic brain injury. This activity- and stress-
dependent multi-level relation of APP in neural response strongly suggests a role as an acute
phase protein with functions in cellular survival under metabolically challenging

conditions.[®!

APP alsoinvolved in regulation of synaptic vesicle exocytosis®”? glutamatergic, GABAergic
and cholinergic synaptic transmission® 2% 3% and synapse formation.Y Interestingly, it also
regulates endosomal phosphoinositide metabolism and prevents neurodegeneration®?, and it

interacts with a large variety of survival-related cascades.** %
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While over-expression of APP following mechanical insults has been observed several
decades ago, the functional effects remained unclear until recently. Evidence from different
animal models points towards an acute neuroprotective effects of APP and APPsa in
traumatic brain injury. In diffuse traumatic injury in rats, intra ventricular administration of
after the insult reduced axonal injury and apoptosis and improved motor and cognitive

outcome.[

It was reported that Posttraumatic application of exogenous APPsa limited these
deficits.*®Additional study showed that, the neuroprotective properties when intra
ventricularly applied post-trauma, was enough to significantly improve histological and

functional outcome.F

The raise in APP expression by cerebral cortex that is proportional to the increase in the dose
of tramadol treatment is related to its protective functions to the developing cerebral and
cerebellar cortices neural tissue. This can be related to that APP mediates many effects on
brain development and supports several cognitive functions. In addition, has been shown to
mediate a variety of neuroprotective and trophic effects.[*83% 4°!

APPsb fails to mimic the beneficial effects of APPsa, although there is only a difference of
16aminoacids between both proteins.*®! In other studies, mentioned that, the trophic effects
of APPsb were detected, still less potent than those of APPsa.lY Interestingly, APPsb was
found to undergo further proteolytic cleavage and bindto‘‘deathreceptor6”’,
activatingcaspase-6 and thus contributing to neurodegeneration.*?

Tramadol brain tissue injury could attributed to hypoxia and haemmorage as the drug affect
cerebral cortical vessels as shown in our results, thatlead to over-expression of APP. It was
found evidence from different animal models points towards an acute neuroprotectiveeffect
of APPand APPsa in TBI (traumatic brain injury).% More over in diffuse traumatic injury in
rats, intra-ventricular administration of APPsa 30 minutesafter the insult reduced axonal

injury and apoptosis and improved motor and cognitive outcome.!*®!

APP’s known trophic effects on neuronal viability, cell adhesion, axonogenesis, dendritic
arborization and dendritic spines may also contribute to recovery from traumatic and
metabolic insults and counter act degeneration.™! All these findings of cerebral injury,
apoptotic changes and over expression of APP by cerebral cortex neurons points toward the
harmful effects of tramadol use during pregnancy specifically if its use starts from early

pregnancy and extends over long periods.
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