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Abstract 

Background: B-amyloid plaque is a lesion in the brain’s gray matter, imaging studies show significant Ab aggregation in the occipital lobes. 
This inflammatory reaction causes neuronal impairment and neurotoxicity. Ketamine, an NMDA receptor blocker used in pediatrics, can 
cause neuronal death or neurodegeneration during embryonic phases, as animal trials have shown. Objectives: The study investigates the 
effects of therapeutic doses of ketamine on the occipital cerebral cortices of newborn mice to inform scientific decisions on its potential 
adverse effects. Materials and Methods: This experiment involved 60 pregnant female mice from a lab. The mice were divided into control 
and experimental groups. After birth, the newborn mice were preserved in formalin, and brain tissue was embedded. Immunohistochemical 
staining was performed on the brain tissue, and the pattern of anti-amyloid precursor protein expression was determined. The results were 
analyzed using a t test and SPSS version 26. Results: The study analyzed the immunohistochemical labeling patterns in the occipital cerebral 
cortex of neonate mice. The control group showed a negative pattern with no visible tissue or cell arrangements. The experimental group 
showed brown staining and immunohistochemical labeling with varying intensity and shapes. Brown DAP depositions were observed in 
both superficial and deep layers. The study found a significant difference (P ≤ 0.000) in strongly positive pixels in the experimental group 
compared to the control group. Conclusion: The study reveals varying amyloid precursor protein reactivity and apoptosis in mice following 
prenatal ketamine therapy, with β-amyloid accumulation potentially contributing to these changes. 
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Introduction
B-amyloid (A) plaques are lesions in the brain’s gray matter.[1] 
The accumulation of plaque and neuro-fibrillary tangles is a 
characteristic of Alzheimer’s disease (AD).[2] Recent research 
suggests that epilepsy and cognitive deficits may also be linked 
to processes similar to AD.[3] In AD, Ab plaques accumulate 
in various brain areas, particularly in the cerebral cortices, 
such as the prefrontal, orbitofrontal, parietal, temporal, and 
cingulate cortices.[4,5] Imaging studies have shown a significant 
amount of Ab aggregation in the occipital lobes,[6,7] most 
likely due to pathological accumulation in the occipital 
cortices, which might have been interpreted as alterations 
in primary cortices such as the primary motor and sensory 
cortices, given the significant and perhaps underappreciated 
accumulation of Amyloid in the occipital lobes, as well as 
pathological data indicating the presence of Amyloid plaques 

in the occipital cortices.[6] The Aβ causes an inflammatory 
reaction, which most likely begins as a host defensive response 
to brain tissue breakdown and eventually adds to neuronal 
impairment. It is neurotoxic, inducing cell damage and death 
by hyperphosphorylation and significant alterations in tau 
protein.[8,9] Ketamine is an N-methyl-D-aspartate (NMDA) 
receptor blocker commonly used as an anesthetic, analgesic, 
and sedative in pediatric clinical practice. It is also classified 
as an unlawful substance in most countries.[10,11] The cerebral 
cortex contains a high concentration of NMDA receptors.[12] 
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Animal trials have demonstrated that exposure to anesthetic 
drugs during embryonic phases might result in neuronal death 
or neurodegeneration.[13] Theories of neurodegeneration in 
AD mostly focus on the toxic consequences of aggregated 
amyloid peptide oligomers formed by intramembranous 
proteolysis of the transmembrane protein Amyloid precursor 
protein (APP).[14]

The purpose of this study was to look at the 
immunohistochemical beta APP expression in newborn 
mice occipital cerebral cortices after prenatal exposure to 
therapeutic doses of ketamine to make scientific decisions 
about the effects of ketamine on developing brains, which 
may help to reduce adverse effects.

Materials and Methods

Grouping of animals
The animals involved in this experiment come from an 
institution that houses lab animals. In this experiment, 60 adult 
female mice (Mus musculus) who were pregnant and between 8 
and 12 weeks old were employed. The animals ranged in weight 
from 20 to 40 g. explores the mouse ovulation cycle. After 
placing two females and one male in a cage, mating occurs. The 
day after mating, which was recognized as day 0 of pregnancy, 
vaginal plugs were discovered, confirming the pregnancy. The 
National Institutes of Health Guidelines for the Care and Use 
of Laboratory Animals were followed about all animals. The 
60 pregnant mice were separated into control and experimental 
groups (30 mice in each group). On the (5th day, 10th day, 
15th day, and 20 day) of pregnancy, the experimental group’s 
pregnant mice received intraperitoneal injections of 50 mg/kg 
of ketamine hydrochloride. On the same gestational days, mice 
in the control group received an intraperitoneal injection of 
distilled water. Upon birth, neonates were chosen at random 
from each mother mouse’s litter of six to ten young.

Sampling of tissues
The newborn decapitation of head after delivery in one 
day old by using a scalpel and removed the skin of head 
by using scissors and forceps. In 1 day old the skull shield 
is not removed.

Fixation, tissue processing, and sectioning
The newborn brains were fixed in 10% formalin, the 
fixed tissues were then passed for routine paraffin wax 
embedding process including dehydration, clearing, 
infiltration, and embedding.[15] On the surface of hot water 
(40°C), sections of brain tissue with a thickness of 5 mm 
were carefully placed. Following collection, the sections 
were mounted on crisp, powerful positive slides (AFCO).

Immunohistochemical staining
The immunohistochemical staining kits, provided by 
Abcam, contained rabbit polyclonal antibody to APP 
clone (ab15272) It is Synthetic peptide corresponding 

to Human APP aa44-62(N terminal), sequence: 
(HMNVQNGKWDSDPSGTKTC), and Rabbit specific 
DAB, (ab64261) detection kit from Abcam.

The sections were examined under light microscope, 
photographs were taken using a camera.

Statistical analysis
This analysis was done using the Statistical Package 
for the Social Sciences (SPSS) version 26 provided by 
IBM.[16] Outcomes are expressed as (mean, SD). An 
independent t test was used to analyze the mean values 
of a strong positive Pixel Count algorithm obtained by 
the software application Aperio Image Scope on APP 
immunohistochemical reactivity in the occipital cortex of 
neonate mice in both experimental and control groups. 
The P value was considered statistically significant.

Results

Immunohistochemical result of occipital cerebral cortex 
in control group
A negative pattern of immunohistochemical labeling was 
discovered during a light microscopic examination of the 
tissue at both low and high magnification. Unfortunately, the 
configuration of the occipital cortical tissues could not be 
seen in the immunohistochemical labeled paraffin sections, 
and the various forms and arrangements of the cortical cells 
were concealed as well. Although the hematoxyline dye did 
manage to successfully stain the nuclei of the cells in the 
occipital cortex, the cytoplasm, and cellular boundaries 
were not well identifiable, and the cortical tissue exhibited a 
homogenous staining intensity [Figure 1].

Figure 1: Sagittal paraffin section. Occipital cortex of the neonate mouse 
of the control group. Immunohistochemical Anti-APP staining (×400)
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Immunohistochemical result of occipital cerebral cortex 
in experimental group
The immunohistochemical labeling and brown staining 
were observed in the occipital cortex. These brown stains 
were randomly distributed throughout the extracellular 
matrix, with varying intensities. The brown DAP 
depositions varied in shape and size, the accumulations 
seen in the superficial and deep layers of the occipital 
cortex. Light microscopic examination revealed a brownish 
hue throughout the occipital cortex, without any laminar 
discrimination of staining intensity [Figures 2 and 3].

Statistical analyses of APP immunohistochemical reaction 
between the occipital cortex of experimental and control group
The mean of strongly positive pixels in occipital cortices of 
the experimental group is 436,207 ± 282,613 and the mean 

of strongly positive pixels in the control group is 996.13 
± 823, according to a statistical analysis of the values of 
the strongly positive pixels obtained from the evaluation 
of APP immunohistochemical expression on neonate mice 
occipital cortices of experimental and control groups. 
There was a statistically significant difference (P ≤ 0.000) 
[Table 1] and [Figures 4–6].

Table 1: The mean strong positive pixel obtained by the 
Aperio Image Scope analysis of the occipital cerebral cortex 
section of newborn mice

Group Mean ± SD P value
Experimental group 436,207 ± 282,613 0.000* (significant)
Control group 996.13 ± 823
*P value ≤ 0.05 considered statistically significant

Figure 2: Sagittal paraffin section. Occipital cortex of the neonate mouse of 
the experimental group. Immunohistochemical Anti-APP staining (×400)

Figure 3: Sagittal paraffin section. Occipital cortex of the neonate mouse of 
the experimental group. Immunohistochemical Anti-APP staining (×400)

Figure 4: (A) APP reactivity in occipital cerebral cortex of neonate mice from control group. The APP negative stain is seen in all layer of occipital 
cerebral cortex. ×400. (B) The snap shoot as analyzed by Aperio positive pixel count algorithm
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Discussion
Developing effective therapeutic techniques or eventually 
finding a preventative or cure for Alzheimer’s disease 
necessitates a comprehensive strategy that takes into 
consideration multiple cause hypotheses. Although more 
study has to be done, a focus on numerous prospective 
strategies and topics has developed. According to the 
amyloid cascade theory, the formation of amyloid plaques 
in the brain is a key event in the etiology of Alzheimer’s 
disease. As a result, contemporary treatment methods, 
such as the use of Beta-secretase and gamma-secretase 
inhibitors and immunotherapy targeting amyloid, try to 
prevent amyloid synthesis or increase amyloid clearance.[14] 
Another characteristic of Alzheimer’s is abnormalities 
in the Tau protein, including irregular phosphorylation 
and aggregation. Research has looked at the harmful 
effects of ketamine on the developing brain, specifically 
in neonatal mice after prenatal exposure. Studies have 

shown abnormalities in neuronal apoptosis, synaptic 
transmission, plasticity, and learning-related activities, as 
well as visual impairment.[11] The objective of the study 
was to make scientific judgments to gain better knowledge 
of the effects of ketamine on the growing brain. This could 
help reduce negative consequences.

It is essential to note that ketamine toxic dosages had been 
researched using single repeated dose significance, and 
nontoxic intraperitoneal dosages were found to be up to 
twice as high as those used in this study.[17] The cerebral 
cortex undergoes development during both pregnancy 
and the early postnatal period. This investigation showed 
that therapeutic dosages of ketamine have harmful effects 
on the development of the cerebral cortex. Therefore, it 
is not recommended to use ketamine during pregnancy.[18] 
The research proposal has shown that therapeutic doses 
of ketamine can cause neuronal apoptosis, resulting 
in a gradual and permanent loss of sensory brain and 

Figure 5: (A) APP reactivity in occipital cerebral cortex of neonate mice from experimental group. APP-positive stain is seen in all layer of occipital 
cerebral cortex. ×400. (B) The snap shoot as analyzed by Aperio positive pixel count algorithm

Figure 6: (A) APP reactivity in the occipital cerebral cortex of neonate mice from the experimental APP-positive stain is seen in the layers of occipital 
cerebral cortex. ×400. (B) The snap shoot as analyzed by Aperio positive pixel count algorithm
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cerebellar neurons.[19] Single and short ketamine exposure 
has also been proven to induce a strong neurotoxic reaction 
in the developing brain.[20,21] Experimental studies on 
Ketamine have revealed evidence of its impact on cortical 
neurogenesis, particularly during the synaptogenesis 
period. The drug has been found to cause apoptosis, 
which is a widespread adverse effect observed in multiple 
brain regions of neonatal rats injected with ketamine. It 
has been documented that ketamine primarily mediates 
its apoptotic effects by blocking N-Methyl-D-aspartic 
acid (NMDA) receptors.[22] It has been reported that the 
distribution of neuroapoptosis is even in the variable 
regions of the neonate cerebral cortex when exposed to 
ketamine. It is more prominent in the temporal cortex 
(layers II and IV) and the primary visual cortex (layers II 
and V).[23]

The immunohistochemical APP reactivity showed 
different intensities in the occipital cortex of the animals 
involved in this study that were prominently noticeable 
compared to the control group. This conclusion has 
been confirmed by the statistical evaluations of the mean 
values of the strongly positive pixels algorithm found in 
this study. The animals in the control group displayed 
a normal and detailed histological architecture with 
negative and homogenous labeling in all layers of the 
cortex. However, the immunohistochemical reactivity 
in the occipital cortex of animals exposed to ketamine 
during pregnancy was significantly disrupted. The study 
also discovered a noticeable accumulation of APP in the 
superficial and deep lamina of the occipital cortex. This 
finding is consistent with a prior study that found greater 
tau binding in the superior and inferior occipital cortex, 
which is linked to visuospatial dysfunction.[24,25] APP is a 
membrane protein found in the synapses of neurons. It 
plays a crucial role in regulating synapse formation and 
repair, particularly in synaptic formation and repair.[26] 
Studies have shown that exposure to ketamine during 
the first 2 weeks after birth does not cause cell death in 
specific cortical layers.[22] This is attributed to the effect 
of ketamine on the NMDA-dependent maturation of 
interneurons.[27]

The breakdown of APP produces beta-amyloid (Aβ), 
which is the primary component of amyloid plaques found 
in the brains of individuals with Alzheimer’s disease,[28] 
This suggests that additional brain pathology, such as tau 
accumulation, would be needed to impair visuoperceptual 
function in Alzheimer’s Continuum.[29] It remains unclear 
whether prenatal exposure to ketamine could lead to 
pathological consequences from accumulated APP in the 
cerebral cortex during post-pubertal life.

This study suggests that the accumulation of  β-amyloid 
in the cerebral cortex of  mice can contribute to apoptotic 
manifestations in the cortex, potentially leading to 
neurodegenerative effects.[30] This accumulation is 

considered an early sign of  Alzheimer’s disease and 
is closely associated with visuospatial and verbal 
memory dysfunction in certain areas of  the brain.[24] 
Alzheimer’s disease is characterized by various 
histological abnormalities, including neuritic plaques 
and neuro-fibrillary tangles. The neurodegenerative 
development of  Alzheimer’s disease (AD) and other 
dementias usually happens in old age. The amyloid 
cascade hypothesis explains the biochemical mechanisms 
behind these diseases.[31] Some research also suggests 
that neuroinflammation may play a role in initiating 
pathology and disease progression.[32] During the cell 
death process, one stage involves the proteolysis of  a 
membrane glycoprotein called APP, which results in the 
formation of  B-amyloid (Ab). Ab was regarded as an 
independent factor that caused diseases as the primary 
toxic agent.[33]

This study found that immunohistochemistry APP 
reactivity revealed various intensities and morphology in 
the occipital cortex of the animals used in this investigation. 
In earlier research, significant A deposition was detected in 
the occipital lobes of AD patients.[6,34] This decision mimics 
the features of cerebral cortical apoptosis after prenatal 
ketamine treatment in mice, in which neurons of the 
occipital cortex revealed substantial apoptotic alterations 
linked with increased dendritic branching.[6,35] This study 
also discovered variations in APP accumulation on the 
occipital cortex about the susceptibility to ketamine’s 
apoptogenic activity.[6,36] In our previous study, we found 
that younger patients had more diffuse accumulation and 
greater atrophy in the occipital area.[6] Findings that were 
comparable with those of early-onset occipital Amyloid 
accumulation in the present study.

Conclusion
The study found that the occipital cortex of the animals 
involved showed different levels of intensity and 
morphology in the APP reactivity. This was confirmed 
by statistical evaluations of the mean values of the strong 
positive pixels algorithm. The characteristics of cerebral 
cortical apoptosis in mice following prenatal ketamine 
therapy were also observed, where neurons of the occipital 
cortex showed significant apoptotic changes associated 
with increased dendritic branching. Additionally, the 
study identified differences in APP accumulation on the 
occipital cortex regarding vulnerability to the apoptogenic 
action of ketamine. The accumulation of β-amyloid in the 
cerebral cortex of mice was found to be a possible factor 
contributing to apoptotic manifestations in the cortex.
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