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ABSTRACT

Background: The occipital cortex is positioned on the back of the brain, and it is responsible for processing visual
information. Ketamine is a drug used as an anesthetic. Common anesthetics can cause neurotoxicity, with the occipital
cortex being one of the most vulnerable areas. Aim: To estimate the histological alteration in the occipital cortices of
newborn mice receiving ketamine injections at therapeutic doses during pregnancy. Methodology: This study involved
30 pregnant female mice (8-12 weeks old), who are split into two groups: the experimental group, given 50 mg/kg
ketamine hydrochloride intraperitoneally, and the control group, given distal water intraperitoneally. The mice were
then subjected to a paraffin wax embedding procedure, and their neural tissue was examined using a Cresyl violet
stain. The results were analyzed using the Spss software and the independent t-test. Results: Significant variability
was seen when the number of cells in the mice's occipital cerebral cortex after ketamine injection during pregnancy
was compared. In the control group, the difference between the mean of the superficial layer and the deep layer is
85.4%, while in the experimental group, the difference between the two layers is 85.1%. In this study, there was
significant variability in the number of cells between the control groups (Mean + SD) is 1326+14.4 cells and the
experimental group (Mean + SD) is798.06 +26.9 cells in the occipital cortex. In calculation, the experimental newborn
mice's occipital cortex showed apoptotic alterations following a ketamine injection during pregnancy. Conclusion: The
experimental newborn mice’s occipital cortex showed apoptotic alterations following a ketamine injection during
pregnancy. These results are in line with growing concerns regarding the neurotoxic effects of anesthetic drugs on
the developing brain.
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The occipital cortex is the part of the brain situated
on the back [1]. It includes many different areas
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institutional affiliations. types of visual information, including color, motion,
and depth perception, and it is responsible by each

area separately [2,3]. The mice primary and sec-
BY ondary visual cortices are positioned in the occipi-

tal cortex [2]. As in the human brain, the visual cor-

Copyright: © 2024 by the authors. tices are situated on the back of the brain [4]. The

Afferents from the dorsal lateral geniculate nu-
cleus, which receives afferents from the retina, the
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optic nerve, and the optic tract, are directed toward
the Primary Visual Cortex (V1) [5,6]. While the sec-
ondary visual cortex (V2) and the subfields that
surround V1 have created a map of the mouse vis-
ual cortex's region using tracing and receptive field
recordings [7,8], visual neurophysiologists have
mainly neglected the mouse visual cortex because
they assume that since mice are nighttime, they
rely on Sense of touch and olfactory information
and only use their visual system as an event de-
tector. Since the invention of mouse transgenic
technology, which supports to study the role of cer-
tain gene responsible to the development and
function of the visual cortex, this development has
been largely responsible for the rise in interest in
mouse visual cortex over the past several years
[9]. In both human and veterinary medicine, keta-
mine is predominantly utilized as anesthetic drug,
working as an uncompetitive antagonist at the
(NMDA) receptor [10]. Patients with depression,
who receive a sub anesthetic dosage of ketamine
intravenously get an immediate antidepressant-like
effect [11]. Despite the fact that the Food and Drug
Administration (FDA) authorized ketamine for the
treatment of adult patients with treatment-resistant
depression [12], it has also been suggested as a
therapy for chronic pain, anxiety, and bipolar ill-
ness [13,14]. However, ketamine has reinforcing
effects that cause self-administration and condi-
tioned location preference in rats, which is con-
sistent with its potential for abuse in humans [15].
The United Nations Office on Drug Control classi-
fied ketamine in its 2019 World Drug Report as a
novel psychoactive substance (NPS) that is not
governed by international drug conventions and
may be harmful to public health [16,17]. Ketamine
affects neurocircuit structure and function in both
preclinical and clinical studies [16]. The effects of
ketamine appear to be primarily mediated by
NMDA receptor blocking [18]. Glutamate receptors
of the N-methyl-D-aspartate type play an important
role in cerebral cortical functioning [19], being in-
volved in developmental processes, sensory infor-
mation transmission, synaptic plasticity, and there
is indication that any changes in N-methyl-D-
aspartate receptor function have an effect on neu-
rotoxicity and a range of neurological and psychi-
atric illnesses [20,21]. Evidence that common an-
esthetics can cause neurodegeneration in neona-
tal animals. The occipital cortex is one of the brain
areas that is most susceptible to the influences of
ketamine [22]. Animal trials (rats, mice) have re-
vealed that anesthetic drug exposure during form-
ative periods can result in neuronal apoptosis or
neuronal degeneration [21].

The objectives of this study aimed to estimate
the histological alteration in the occipital cortices of
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newborn mice fallowing ketamine injections at
therapeutic doses during pregnancy.

2. METHODOLOGY

2.1. Animal and experimental procedure

The Laboratory Animal House was where the
animals used in this investigation were housed. In
this investigation, 30 pregnant female Mus
musculus were divided into two groups: 15 mice in
the experimental group and 15 in the control
group. The age of mice was between 8 and 12
weeks and weighed between 20 and 40 g.
Pregnancy was confirmed the morning after
mating by the presence of a vaginal plug, which
was considered day 0 of gestation.

2.2. Ethical approval

All animals were handled in accordance with
Ethical Guidelines approved by the National
Institutes of Health (NIH). This study utilized an-
imals from the Laboratory Animal House at the
College of Medicine, Al-Nahrain University.

2.3. Experimental group and control group
treatment

The mice in the experimental group were given 50
mg/kg ketamine hydrochloride intraperitoneally in
a single injection on the fifth, tenth, fifteenth, and
twentieth days of pregnancy. During the same
gestational days and volume, the control group
was injected with just distal water intraperitoneally.

2.4. Tissue preparation, staining, and image
analysis

Mice neonatal brains were fixed in 10% formalin
before being subjected to the standard paraffin
wax embedding procedure. Sagittal sections of the
paraffin blocks were prepared at a thickness of 5
cm. Cresyl violet (Nissl) stain was utilized to ex-
amine neural tissue, and images were recorded by
a genex camera (5 mega pixels) incorporated
within the microscope. Then open the image in the
imageJ program, and split the image into squares,
then count the number of cells by putting dot
labelling above the cell. The ratio of the average
number of cells in the cerebral cortex's deep layer
divided by the mean number of superficial layer of
cells.

2.5 Statistical analysis

The Statistical Package for the Social Sciences
(Spss) was the software application used for
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statistical evaluation, and the independent t-test
was used for analysis of the result by taking the
mean number of cells in Nissl stain and the p-value
statistically calculated by taking the mean =
standard deviation of the rustle.

3. RESULTS

3.1. Nissl stain result in the control group of
occipital cortices

The superficial layer (first, second, and third) aver-
age number of cells in occipital cortices of control
group is 715+13.9 cells, and the average number
of cells in deep layer (fourth, fifth and sixth) is
611+5.56 cells (Figure 1). The percentage of deep
layer to superficial layer is 85.4%.

Figure 1. (A) Nissl stain of control group of occipital cortices
the image seeing shape of cells. X200. (B) Screenshot: the
image was divided into squares using the ImageJ program,
which then counted the number of cells in the deep and su-
perficial layers.

3.2. Nissl stain result in the experimental
group of occipital cortices

In the experimental group mean number of cells
in superficial layers of occipital cortices is
431+8.27 cells, whereas the mean number of cells
in deep layers is 367+22.6 cells (Figure 2). The per-
centage of deep layer to superficial layer is 85.1%.

3.3. Comparison between mean evaluations
of both groups in the occipital cortices

The statistical result of the number of cells in the
occipital cortex of control and experimental groups
show significant variability, and the (p-values=
0.032), and the average number of total cells in the
occipital cortex of control group is 1326+14.4,
whereas in the experimental groups is 798.06
126.9 (Table 1).

Figure 2. (A) Nissl stain experimental group of occipital cor-
tices the image show shape of cells. X200. (B) Screenshot:
the image was divided into squares using the ImageJ pro-
gram, which then counted the number of cells in the deep
and superficial layers

Table 1. Statistical analysis number of cells in both control
and experimental groups of occipital cortices of newborn
mice.

Group Mean = SD p-values
Control group 1326+14.4 0.032
Experimental 798.06 £26.9 (significant)
group

*p-value < 0.05 is considered statically significant.

4. DISCUSSION

In this study, we evaluated the morphological
changes in the occipital cortex in mice after prena-
tal exposure to ketamine. We compared the mean
occipital cortex cell number between the experi-
mental and control groups. It has been observed
that quantitative neuroanatomical investigations,
particularly in the primate brain, lack precise cyto-
logical explanations of glial cell and neurons types
[23]. The assessment of cellular concentration
neurons and glial cells in the occipital cortices of
the animals utilized in this research to explain the
histological changes and quantitative alteration in
neuroanatomical structure and caused by keta-
mine injection during pregnancy. This traditional
Nissl’s staining approach was adopted in this in-
vestigation because it marks all brain cells in vari-
ous ways [23]. The procedure for comparing the
ratio of cell number in the deep layer (4", 51, 6t)
with that in the superficial layer (1%, 2", 3'9) was
submitted based on the assumptions that:

First, this step is to determine the structure of
the lamina in the cerebral cortex during early de-
velopment, showing that the deeper cortical layers
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form before the more superficial layers when post-
mitotic cells move to generate the cortical plate in
an inside-out pattern [24] [25].

Second, during the peak of synaptogenesis,
ketamine caused significant apoptotic changes
and the statistical investigation of the number of
cells in the occipital cortex of control and experi-
mental groups show significant variability [26,27].
The steady findings that neurons regulating their
migration showed an earlier onset of synaptogen-
esis in deeper layers compared to superficial lay-
ers. This fact was also taken into consideration
when evaluating the ratio of cells in deep and su-
perficial layers [28] [29]. These findings support
the hypothesis that apoptosis occurs more fre-
quently in the occipital cortex following prenatal
ketamine exposure. In both the control and exper-
imental groups of the cerebral cortex investigated
in this study, the percentage of cellular density in
the deep/superior lamina revealed non-significant
fluctuation. These findings corroborate with previ-
ous findings that cellular concentration in the brain
correlates with neurological illnesses in addition to
changes in the brain linked with pharmaceutical
treatment [30]. Nevertheless, other methods have
been employed in the past to quantify the number
of neurons in the cerebral cortex [31].

5. CONCLUSION

This study demonstrates that prenatal exposure to
ketamine causes significant apoptotic alterations
in the occipital cortex of neonatal mice, as shown
by altered neuronal construction, which increases
DNA fragmentation. According to the research,
ketamine, a common anesthetic and painkiller,
may be harmful to fetal brain development if used
during pregnancy, especially at crucial stages.
Long-term functional impairments may result from
ketamine-induced apoptosis in the occipital cortex,
a region essential for visual processing. These
findings highlight the necessity for a thorough risk-
benefit analysis when using ketamine in pregnant
patients and align with growing concerns
regarding the neurotoxic effects of anesthetic
drugs on the developing brain.

ACKNOWLEDGMENTS

The author would like to thank Professor Dr
Hayder J. Mubarak from the College of Medicine
at Al-Nahrain University for his support with the
statistical analysis.

CONFLICT OF INTEREST STATEMENT
The author declares no conflicts of interest.

Ekff ==

REFERENCES

1. Rehman A., Al Khalili Y.: Neuroanatomy, Occipital

Lobe. In: StatPearls Publishing (editor): StatPearls
[Internet]. Treasure Island, FL, USA: StatPearls
Publishing, (2023).

2. Schréder H., Moser N., Huggenberger S.:

Neuroanatomy of the mouse. An introduction: Springer
Nature. 27-44 (2020).
DOI: 10.1007/978-3-030-19898-5

3. Dantas L., Cunha A.: An integrative debate on learning
styles and the learning process. Social Sciences &
Humanities Open. 2(1): 100017 (2020).

DOI: 10.1016/j.ssah0.2020.100017

4. Snell R. S.: the structure and functional localization of
the cerebral cortex. In: Taylor C. (editor): Clinical
neuroanatomy. Seven edition. Philadelphia: Lippincott
Williams & Wilkins, 279 (2010).

DOI: 10.1002/ana.410120221

5. Kerschensteiner D., Guido W.: Organization of the
dorsal lateral geniculate nucleus in the mouse. Visual
neuroscience. (34): (2017).

DOI: 10.1017/s0952523817000062

6. Zhou N., Masterson S., Damron J., Guido W., Bickford
M.: The mouse pulvinar nucleus links the lateral
extrastriate cortex, striatum, and amygdala. Journal of
Neuroscience. 38(2): 347-362 (2018).
DOI: 10.1523/jneurosci.1279-17.2017

7. Wang Q., Burkhalter A.: Area map of mouse visual
cortex. Journal of Comparative Neurology. 502(3): 339-
357 (2007).

DOI: 10.1002/cne.21286

8. Hishida R., Kudoh M., Shibuki K.: Multimodal cortical
sensory pathways revealed by sequential transcranial
electrical stimulation in mice. Neuroscience research.
(87): 49-55 (2014).

DOI: 10.1016/j.neures.2014.07.004

9. Hubener M.: Mouse visual cortex. Current opinion in
neurobiology. 13(4): 413-420(2003).
DOI: 10.1016/s0959-4388(03)00102-8

10. Kurdi M., Theerth K., Deva R.: Ketamine: current
applications in anesthesia pain and critical care.
Anesthesia, essays and researches. 8(3): 283(2014).
DOI: 10.4103/0259-1162.143110

11. Berman R.M., et al.. Antidepressant effects of
ketamine in depressed patients. Biological psychiatry.
47(4): 351-354(2000).

DOI: 10.1016/s0006-3223(99)00230-9

12. Kim J., Farchione T., Potter A., Chen Q., Temple R.:
Esketamine for treatment-resistant depression—first
FDA-approved antidepressant in a new class. New
England journal of medicine. 381(1): 1-4 (2019).

DOI: 10.1056/nejmp1903305


https://doi.org/10.1007/978-3-030-19898-5
https://doi.org/10.1016/j.ssaho.2020.100017
https://books.google.co.uk/books/about/Clinical_Neuroanatomy.html?id=ABPmvroyrD0C&redir_esc=y
https://doi.org/10.1017/s0952523817000062
https://doi.org/10.1523/jneurosci.1279-17.2017
https://doi.org/10.1002/cne.21286
https://doi.org/10.1016/j.neures.2014.07.004
https://doi.org/10.1016/s0959-4388(03)00102-8
https://doi.org/10.4103/0259-1162.143110
https://doi.org/10.1016/s0006-3223(99)00230-9
https://doi.org/10.1056/nejmp1903305

NISSL STAIN EXPRESSION IN THE NEONATAL MICE OCCIPITAL CORTEX AFTER PRENATAL KETAMINE EXPOSURE... 123

13. Zgaia A., Irimie A., Sandesc D., Vlad C., Lisencu C.,
Rogobete A.: The role of ketamine in the treatment of
chronic cancer pain. Clujul Medical. 88(4): 457(2015).
DOI: 10.15386/cjmed-500

14. Costi S., Van Dam N., Murrough J.: Current status of
ketamine and related therapies for mood and anxiety
disorders. Current behavioral neuroscience reports. 2:
216-225 (2015).

DOI: 10.1007/s40473-015-0052-3

15. Botanas C., dela Pefia J., delaPefa I., Tampus R.,
Yoon R., Kim H., et al.: Methoxetamine, a ketamine
derivative, produced conditioned place preference and
was self-administered by rats: evidence of its abuse
potential. Pharmacology Biochemistry and Behavior.
133: 31-36 (2015).

DOI: 10.1016/j.pbb.2015.03.007

16. Vines L., Sotelo D., Johnson A., Dennis E., Manza
P., Volkow N., et al.: Ketamine use disorder: Preclinical,
clinical, and neuroimaging evidence to support proposed
mechanisms of actions. Intelligent Medicine. 2(02): 61-
68 (2022).

DOI: 10.1016/j.imed.2022.03.001

17. Hurst T.: World drug report. The encyclopedia of
women and crime. 1-2 (2019).
DOI: 10.1002/9781118929803.ewac0543

18. Cardona-Acosta A., Bolafios-Guzman C.: Role of the
mesolimbic dopamine pathway in the antidepressant
effects of ketamine. Neuropharmacology. 225: 109374
(2023).

DOI: 10.1016/j.neuropharm.2022.109374

19. Lee S., Eom S., Nguyen K., Lee J., Park Y., Yeom
H., et al.: The Application of the Neuroprotective and
Potential Antioxidant Effect of Ergotamine Mediated by
Targeting N-Methyl-D-Aspartate Receptors. Antioxidants.
11(8): 1471(2022).

DOI: 10.3390/antiox11081471

20. McGrath T., Baskerville R., Rogero M., Castell L.:
Emerging evidence for the widespread role of glutama-
tergic dysfunction in neuropsychiatric diseases. Nutrients.
14(5): 917 (2022).

DOI: 10.3390/nu14050917

21. Najm M.S., Mubarak H.J., Jarullah H.A.: Nissl Stain
Expression in the Frontal and Parietal Cortices of the
Newborn Mice after Prenatal Exposure to Ketamine. Iraqi
Journal of Medical Sciences. 16(3): 268-278 (2018).
DOI: 10.22578/ijms.16.3.6

22.Hung C., Liu Y., Huang C., Chou C., Chen C., Duann
J., et al.: Effects of early ketamine exposure on cerebral
gray matter volume and functional connectivity. Scientific
reports. 10(1): 15488 (2020).

DOI: 10.1038/s41598-020-72320-z

23. Garcia-Cabezas M., John Y., Barbas H., Zikopoulos
B.: Distinction of neurons, glia and endothelial cells in the
cerebral cortex: an algorithm based on cytological
features. Frontiers in neuroanatomy. 10: 107 (2016).
DOI: 10.3389/fnana.2016.00107

24. Cardenas A., Borrell V.: Molecular and cellular
evolution of corticogenesis in amniotes. Cellular and
Molecular Life Sciences. 77: 1435-1460 (2020).

DOI: 10.1007/s00018-019-03315-x

25. Kornack D., Rakic P.: Radial and horizontal
deployment of clonally related cells in the primate
neocortex: relationship to distinct mitotic lineages.
Neuron. 15(2): 311-321 (1995).

DOI: 10.1016/0896-6273(95)90036-5

26. Vogel J., Young A.,Oxtoby N.,Smith R., Ossenkoppele
R., Strandberg O., et al.: Four distinct trajectories of tau
deposition identified in Alzheimer's disease. Nature
medicine. 27(5): 871-881 (2021).

DOI: 10.1038/s41591-021-01309-6

27. Yadav P., Gupta N.: Effect of Anaesthesia on
Developing Brain, in Clinical Anesthesia for the Newborn
and the Neonate. Springer. 109-119 (2023).

DOI: 10.1007/978-981-19-5458-0_8

28. Yang J., Qiu L., Chen X.: Neuronal primary cilia
regulate pyramidal cell positioning to the deep and
superficial sublayers in the hippocampal CAl. BioRxiv:
12(21): 473383 (2021).

DOI: 10.1101/2021.12.21.473383

29. Huttenlocher P. R.: Morphometric study of human
cerebral cortex development. Neuropsychologia. 28(6):
517-527 (1990).

DOI: 10.1016/0028-3932(90)90031-i

30. Keller D., Erd C., Markram H.: Cell densities in the
mouse brain: a systematic review. Frontiers in
neuroanatomy. 12: 83 (2018).

DOI: 10.3389/fnana.2018.00083

31. Rodarie D., Veraszt6 C., Roussel Y., Reimann, M.,
Keller, D., Ramaswamy, S. et al.: A method to estimate
the cellular composition of the mouse brain from
heterogeneous datasets. PLOS Computational Biology.
18(12) (2022).

DOI: 10.1371/journal.pchi.1010739


https://doi.org/10.15386/cjmed-500
https://doi.org/10.1007/s40473-015-0052-3
https://doi.org/10.1016/j.pbb.2015.03.007
https://doi.org/10.1016/j.imed.2022.03.001
https://doi.org/10.1002/9781118929803.ewac0543
https://doi.org/10.1016/j.neuropharm.2022.109374
https://doi.org/10.3390/antiox11081471
https://doi.org/10.3390/nu14050917
https://doi.org/10.22578/ijms.16.3.6
https://doi.org/10.1038/s41598-020-72320-z
https://doi.org/10.3389/fnana.2016.00107
https://doi.org/10.1007/s00018-019-03315-x
https://doi.org/10.1016/0896-6273(95)90036-5
https://doi.org/10.1038/s41591-021-01309-6
https://doi.org/10.1007/978-981-19-5458-0_8
https://doi.org/10.1101/2021.12.21.473383
https://doi.org/10.1016/0028-3932(90)90031-i
https://doi.org/10.3389/fnana.2018.00083
https://doi.org/10.1371/journal.pcbi.1010739

	3. RESULTS
	3.1. Nissl stain result in the control group of occipital cortices
	Figure 1. (A) Nissl stain of control group of occipital cortices the image seeing shape of cells. X200. (B) Screenshot: the image was divided into squares using the ImageJ program, which then counted the number of cells in the deep and superficial la...
	3.2. Nissl stain result in the experimental group of occipital cortices
	3.3. Comparison between mean evaluations of both groups in the occipital cortices

