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Abstract 
 
Background Ketamine is an N-methyl-D-aspartate (NMDA) receptor blocking agent, which is used for induction 

and maintenance of anesthesia. It affects the cerebral cortex and has an impact on learning and 
memory functions; suggesting that any changes in NMDA receptors function will have an adverse 
outcome on learning and memory abilities. 

Objective To assess the histological changes in the frontal and parietal cortices of mice offspring’s after 
prenatal exposure to therapeutic doses of ketamine. 

Methods Thirty pregnant mice were included in this study. They were divided into two groups named 
experimental and control groups (15 mice for each group). Those of experimental group were 
injected intraperitoneally with ketamine in a dose of 50 mg/kg/day on the 5th, 10th, 15th and 20th 
days of gestational age to showing effect of the ketamine after injection of it in all trimesters of 
pregnancy, while those of the control group were injected with distal water only with the same 
volume. The paraffin block sections of frontal and parietal cerebral cortices of newborn mice were 
stained by nissl stain. 

Results In the control group, the mean number of Nissl stained cells in the frontal cortex showed a 
statistically significant increase compared to that of parietal cortex, while statistical non-significant 
decrease in the mean number of nissel stained cells of frontal cortex compared to that of parietal 
cortex.   

Conclusion Iatrogenic apoptotic changes were seen in the cerebral cortex of the experimental mice after 
prenatal exposure to ketamine and it is more considerable in the frontal cortex than the parietal 
cortex. 
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Introduction 

etamine is an N-methyl-D-aspartate 
(NMDA) receptor blocker (1), it is 
commonly used for induction and 

maintenance of anesthesia (2) chiefly in the 
developing world (3). The NMDA receptors are 
present in high concentration in the cerebral 

cortex and play an essential role in learning and 
memory, and there is evidence suggesting that 
any changes in NMDA receptor function have 
an impact on learning and memory abilities (4). 
The early annotation of ketamine neurotoxicity 
was of concern, and evidence that the more 
commonly used anesthetics can produce 
neuro-degeneration in neonatal animals (5). 
The cerebral cortex is composed of gray matter 
and has been estimated to contain 
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approximately 10 billion neurons. The cerebral 
cortex, like gray matter elsewhere in the 
central nervous system, consists of a mixture of 
nerve cells, nerve fibers, neuroglia, and blood 
vessels (6). 
The cerebral cortex can be divided into six 
layers, the cerebral cortex has the following 
five types of neurons: pyramidal cells, stellate 
cells, cells of Martinotti, horizontal cells of Cajal 
and fusiform cells (7). 
The cortex contains supporting neuroglial cells 
(astrocytes), oligodendroglia and microglia (8). 
The neuroglial cells function is the mechanical 
support, metabolic, and protections of neurons 
collectively form the neuroglia (9). 
The trial studies in animals (rats, mice, guinea 
pigs, piglets, and non-human primates) have 
shown that exposure of the anesthetic agents 
during developmental periods can lead to 
neuronal apoptosis (programmed cell death) or 
neuronal degeneration (10-14). 
The objectives of this study was to assess the 
histological changes in the frontal and parietal 
cortices of mice offspring’s after prenatal 
exposure to therapeutic doses of ketamine 
 
Methods 
The animals used in this study were obtained 
from Laboratory Animal House at College of 
Medicine, Al-Nahrian University. A total of (30) 
pregnant females' adult (mus musculus) and 
aged about (8-12) weeks were used in this 
study. Weight of the animals was between (20- 
40 gm). After mating, the pregnancy was 
confirmed the following morning by finding 
vaginal plug and this was considered as day 0 
of gestation (15). 
All animals were treated according to National 
Institute of Health (NIH) Guidelines for the care 
and use of laboratory animals.  
The 30 pregnant mice were divided into two 
groups; namely the experimental group and 
the control group (15 mice for each group). The 
pregnant mice of experimental group were 
injected intraperitoneally in a single shot with 
50 mg/kg ketamine hydrochloride (16) during 
(5th day, 10th day, 15th day, and 20th day) of 
pregnancy. The control group was injected 

intraperitoneally with just distal water during 
the same gestational days and same volume.  
Mice 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 (17). Sagittal sections of the paraffin 
blocks, at 5μm thickness, were prepared. Cresyl 
violet (Nissl) stain was used for examining the 
neural tissue, were captured by genex camera 
(5 mega pixels) which was associated built in 
the microscope. 
 
Results 
Result of nissl stain in frontal cortices of 
control group 
The mean number of cells in the superficial 
layers (layers І, ІІ and III) of the frontal cerebral 
cortex was 1598 cells, while the mean number 
of cells in the deep layers (layers ІV, V and VІ) 
of the frontal cerebral cortex was 1360 cells 
(Figures 1, 2 and 3). 
 
Result of nissl stain in parietal cortices of 
control group 
The mean number of cells in the superficial 
layers (layers І, ІІ and III) of the parietal 
cerebral cortex is 1446 cells, while the mean 
number of cells in the deep layers (layers ІV, V 
and VІ) of the parietal cerebral cortex was 1243 
cells (Figures 4, 5 and 6).  
 
The mean number of cells in the frontal and 
parietal cerebral cortices 
The mean number of total cells (in both 
superficial and deep layers) of frontal cerebral 
cortex was 1479, while that of the parietal 
cortex was 1334.50. These results showed 
statistically significant variability (p value = 
0.004) (Figure 7). 
 
Result of nissl stain in frontal cortices of 
experimental group 
The average number of cells in frontal cortices 
in superficial layers (layers І, ІІ and III) of 
experimental group is 817 cells, and the 
number of cells in deep layers (layers ІV, V and 
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VІ) of frontal cortex of experimental group is 701 cells (Figures 8, 9 and 10). 
   

 

 
Figure 1. Frontal cortex of control group showing high number of cells on superficial and deep 
lamina. (sup) superficial layer of cerebral cortex, (dep) Deep layer cerebral cortex. Nissl stain. 

X200 
 

 
Figure (2): Nissl stain frontal cortex of control group. X400 

sup 

dep 
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Figure 3. (A) Nissl stain frontal cortex of control group the picture showing shape of cells. X200. 
(B) The snap shoot as analyzed by image j program showing divided the picture into regular 

square and counting number of cells in deep and superficial layer 
 
 
 

 
 

Figure 4. Parietal cortex of control group showing high number of cells on superficial and deep 
lamina. (sup) superficial layer, (dep) deep layer. Nissl stain. X200 
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      Figure (5): Nissl stain parietal cortex of control group. X400 
 
 
 
 

   
 

Figure 6. (A) Nissl stain parietal cortex of control group the picture showing shape of cells. X200. 
(B)  The snap shoot as analyzed by image j program showing divided the picture into regular 

square and counting number of cells in deep and superficial layer 
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Figure 7. The values of number of cells obtained from frontal and parietal cortices in newborn 
mice in the control groups 

 
 
 
 

 
 

Figure 8. Frontal cortex of experimental group. Showing low number of cells on superficial and 
deep lamina when compare to control group. Nissl stain. X200 
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Figure 9. Frontal cortex of experimental group. Showing low number of cells on superficial and 
deep lamina when compare to control group. Nissl stain. X400 

 
 
 
 

   
 

Figure 10. (A) Nissl stain parietal cortex of control group the picture showing shape of cells. 
X200. (B)  The snap shoot as analyzed by image j program showing divided the picture into 

regular square and counting number of cells in deep and superficial layer 
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Result of nissl stain in parietal cortices of 
experimental group 
The number of cells in parietal cortices in 
superficial layers (layers І, ІІ and III) of 

experimental group is 853 cells, and the 
number of cells in deep layers (layers ІV, V and 
VІ) of parietal cortex of experimental group is 
728 cells (Figures 11, 12, 13). 

 
 

 
 

Figure 11. Parietal cortex of experimental group. Showing low number of cells on superficial and 
deep lamina when compare to control group. Nissl stain X200 

 

 
 

Figure 12. Parietal cortex of experimental group. Showing low number of cells on superficial and 
deep lamina when compare to control group. Nissl stain X400 
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Figure 13. (A) Nissl stain parietal cortex of experimental group the picture showing shape of 
cells. X200. (B)  The snap shoot as analyzed by image j program showing divided the picture into 

regular square and counting number of cells in deep and superficial layer 
 
 

The comparison between frontal and parietal 
in experimental groups 
The statistical analysis of the number of cells in 
frontal and parietal cortices in the 
experimental group showed non- significant 

variability, and the (p values = 0.195) for the 
frontal and parietal cortices in experimental 
group, as the mean of frontal cortex was 
759.00, while the mean number of parietal 
cortex was 790.50 (Figure 14). 

 
 

 
 

Figure 14. The values of number of cells obtained from frontal and parietal   cortices in newborn 
mice in the experimental groups 
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Discussion 
It was reported that quantitative 
neuroanatomical studies lack detailed 
cytological descriptions of neurons and glial cell 
types especially in the primate brain, the 
evaluation of the cellular density (both neurons 
and glial cells) done in the cerebral cortices of 
the animals involved in this study is experiment 
to elaborate the quantitative neuroanatomical 
aspect of histological changed resulting after 
prenatal ketamine exposure, this classical 
Nissl's staining technique had been used in this 
study because it labels all cells in the brain in 
distinct ways (18). The procedure to compare 
the percentage of cell number in the deeper 
lamina (IV, V and VI) with that in the superficial 
lamina (I, II and III) had been submitted in 
accordance to the followings:  
First, laminar structure of cerebral cortex is 
determined during early development in 
which, post mitotic cells migrate out to form 
cortical laminae in an inside–out manner in 
which the deeper cortical layers are formed 
before the more superficial ones (19).  
Second, Ketamine leads to marked apoptotic 
changed in the period of peak synaptogenesis 
(20). This fact had also been considered in the 
appraisal of comparing the percentage of cells 
in deep and superficial lamina in congruence to 
reports that neurons completing their 
migration showed synaptogenesis earlier in 
deeper layers than in more superficial ones (21).  
These findings agreed with the report that 
cellular density in the brain coincides with 
neurological pathologies as well as with 
changes in brain associated with 
pharmacological treatment (22). 
Nevertheless, are different techniques used 
previously to count the number of neurons in 
the cerebral cortex (23).  
This study concluded that iatrogenic apoptotic 
changes were seen in the cerebral cortex of the 
experimental mice after prenatal exposure to 
ketamine and it is more considerable in the 
frontal cortex than the parietal cortex. 
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