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 Authors reported that exposure to acetaminophen postnatally may be linked to 

increasing the risk of ASD. However, the reports on its effects on the brain are scanty, and 

the knowledge concerning their safety is little as there is a traditional left out of the 

clinical trials by users. The present work tried to elucidate the histological effects of 

acetaminophen on the hippocampus of neonate male rats after early postnatal exposure. 

The pups were categorized into2 groups, the control group, and the acetaminophen treated 

group. The acetaminophen treated animals were injected subcutaneously with 

acetaminophen of 60 mg/Kg/day from postnatal day (PND) 7 to PND 14, while the control 

group treated with normal saline with a similar approach. The histopathologic assessment 

revealed a diminishing in the pyramidal cells layer thickness of Cornue Ammonis. Some 

areas are devoid of cells with the appearance of Ghost like cells indicating features of 

neural cell death, degenerated neurons in the pyramidal layer are noticed. Features of 

nuclear clumping of pyramidal cell layer were shown. Moreover, several changes 

including vacuolations in the granular layer of DG with disorganization in DG. Neuronal 

processes presented with clumping. Apoptosis in the granular cells layer and hilus of a 

section of DG with the appearance of many astrocytes and microglial cells. Exposures to 

clinically relevant doses of acetaminophen in the postnatal period were shown to affect the 

histology of rat hippocampal regions, and a balanced risk assessment based on the best 

professional judgment must be prioritized. 
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Introduction 

 

The exposure to analgesia during pregnancy, at neonatal 

period, and childhood is frequent. However, the knowledge 

concerning their safety is little as there is a traditional left 

out of the clinical trials by users (1). Recently, antenatal 

administration of paracetamol (Acetaminophen, N-Acetyl-

p-Aminophenol) has been associated by attention deficit 

hyperactivity disorder (ADHD) or spectrum of autism 

disorders (ASD), language delay, and lower IQ (2). 

Moreover, authors reported that exposure to acetaminophen 

postnatally may be linked to increasing risk ASD (3). The 

process of actions of acetaminophen is not clear yet, beside 

the fact that acetaminophen (paracetamol) is the 1st drug to 

treat pain and fever throughout gestation and childhood, in 

addition to the increasing reports of the developmental 

effects, all these factors are urging for researches for its 

effects on neurodevelopment (1). Acetaminophen is one of 

the most over the counter analgesic and antipyretic agent 

(4). The misuses of it lead to hepatic or renal damage (5). 

Throughout the development of the brain, there is 

development of layer of cells to form a complicated system 

of billions of specified cells under time control which is the 

most vulnerable period to toxic substances. However, the 

brain is well protected physically but there is chemical that 

may pass through the blood- brain - barrier and induce 

several adverse effects either involuntary or deliberately 

(1). Most of the studies have been focused on the antenatal 
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exposure and neglect the vital period of fast brain 

developmental period that happens postnatally in 

experimental animals and in perinatal period in human as 

the rodents are considered as an attracting model for human 

(1). The critical period in human happens in the last 

trimester of gestation to the second year of life which 

represented postnatal period in rodents from birth to day 30 

with the peak at day 10 (1,6). Acetaminophen metabolism 

is by hepatic cells by conjugation with sulphate and 

glucuronic acid, while its excretion is by kidneys. When 

there is an excessive amount of metabolite (NAPQI), there 

is a liver damage due to oxidative stress (7). Interestingly, 

the isoform of Cytochrome P450 (CYP2E1) will be 

expressed within the brain cells supporting the concept that 

acetaminophen (as it passed through the Blood Brain 

Barrier -BBB) may be metabolized by brain and producing 

the harmful NAPQI (8). Limbic system has a neural portion 

of the brain -Hippocampus -that is concerned with memory 

and learning in both human and animals (9), and it lies in 

temporal lobe (medially) with a specialized curve of S 

shape. In general, the gateway to memory- Hippocampal 

formation has complicated 6 parts: The dentate Gyrus 

(DG), Hippocampus Proprius, Subiculum Proprium, 

Presubiculum, Parasubiculum, and entorhinal area (10). 

Cornu Ammonis was found in the hippocampus proper as 

CA1 and CA2 constituted of area of small Pyramidal cells, 

while large Pyramidal cells was found in CA3 and CA4 

regions. CA4 directed into concaveness of DG and 

constituted of small granule cells. The continuation of CA1 

zone-Subiculum and is directed outward. Hippocampus has 

generally the three zones; polymorphic, pyramidal, and 

molecular (11). On the other hand, the DG formed of 3 

zones: Molecular, Granular and the Hilus which is 

represented the Polymorphic layer. Granule cells -Chief 

neurons - in the DG are having typically the characteristic 

features of small neurons. They are arranged succinctly to 

make the inferior blade beside the superior one in DG of the 

rat. Subgranular zone (SGZ) was located in Granule cell 

layer and directed to the Hilus. The cells in Hilus are 

resembling the spiny pyramidal neurons in their 

morphology (12,13). Hippocampus is a brain region that 

has been implicated in many functions such as mediating 

negative feedback of the hypothalamus pituitary axis 

(HPA), regulating behavioral measures of anxiety and 

spatial navigation learning. Due to all of these functions, 

abnormal hippocampal development may stand behind 

several abnormalities in the cognitive performance later in 

life (10). It was documented that hippocampus, including 

DG, exhibits well morphological plasticity in adulthood. 

Few brain regions that continue their capability to form new 

neurons during adult life in some mammalian species 

(including humans) and hippocampus is one of them (11). 

Treatment with many agents including drugs may have 

associated with impairments in cognition and psychology- 

particularly -the memory task -that depends on 

hippocampus because the adverse effect of them on 

Hippocampal neurogenesis (11,14). The hippocampal 

formation has an integral zone - dentate gyrus (DG) -which 

is simple cortical part which has the ability to retain 

neurogenesis throughout adulthood (13). It is thought that 

the neurogenesis in the DG has a crucial role in 

hippocampus-dependent learning and memory (12,13). So, 

DG contributes to new memories beside other functions 

(15). 

In fact, there are extensive studies on the adverse effects 

of Acetaminophen on the hepatic and renal cells, however, 

the reports on its effects on the brain are scanty. The 

present work tried to elucidate the histological effects of 

acetaminophen on the rat's hippocampus after early 

postnatal exposure.  

 

Materials and methods 

 

Animals 

This is an experimental case-control study which was 

performed in a period from 1st December, 2020 to 1st 

March, 2021 in order to investigate the histologic effects of 

neonatal exposure to acetaminophen on male rats' brains 

rats and it is enrolled Albino pregnant rats which were 

obtained from the animal house of College of Veterinary 

Medicine/University of Mosul/ Mosul/Iraq. They were 

maintained in plastic lab cages and observed daily for birth, 

then beyond their births, the pups (males and females) were 

categorized into litters as ten pups in each. Generally 

random male pups(n=10) were injected subcutaneously by 

acetaminophen of 60 mg per Kg per day from postnatal day 

7 to postnatal day 14 in their loose skin over the neck (1), 

while another group of ten pups were injected by normal 

saline with similar approach and were considered as 

controls. The present work enrolled data of only male 

albino rats and not the females in order to be away from the 

hormonal effects in females. The sample size was estimated 

according to that of the following formula of Bano et al 

(16): n1= ((Z1-β+Z1-α⁄2)2(σ12+σ22))/(μ1-μ2)2 

 

The dose of Acetaminophen 

Acetaminophen (600 mg per ml per ampoule- QIAGEN 

-Germany) was bought from private pharmacies and was 

roughly the dose of it compatible with a human equivalent 

dose (HED) of 4.9 mg/kg by the use of the body surface 

area (BSA) adjustment method (1,17). In brief, the 

calculation is based on each species having a different 

converting factor (Km), expressed as body weight (kg) 

divided by BSA (m2), which is used to convert the dose 

(mg/kg) in one species to dose (mg/kg) in another species. 

To obtain a HED, the following equation can be used; f × 

mg/kg = mg/m2, where f is = 6.0 in rats (1,17). These dose 

comparisons were made using the guidelines of the United 

states department of health and human services, food and 

drug administration [available here]. Recommended doses 

http://www.fda.gov/downloads/Drugs/Guidance/UCM078932.pdf
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of acetaminophen in neonates and toddlers (and even 

preterm neonates) are up to four times of 7.5-15 mg/kg per 

day (18). 

 

Study ending and histopathological assessment 

After the termination of experimental period (PND 30) -

and for histopathological evaluation- brains were dissected 

out and fixed in 10% buffered formalin for 2 weeks from 

control and acetaminophen-treated animals. Specimens 

were washed and rinsed tap water. Separation of the 

hemispheres of cerebrum (right and left). Then, the 

hippocampus was harvested from the posterior part of the 

brain. Ten percent of formalin was used to fix the right 

hippocampus for 10 days. Dehydration (by serial dilution of 

ethyl alcohol), clearing (by xylol), and paraffin embedding 

of specimens were performed. Parasagittal sections of five 

microns (μm) were taken for all blocks to be ready for H&E 

staining (19-21) to be ready for blinded examination under 

Bright field Olympus light microscope(Japan)light 

microscope. The photomicrographs of structural changes 

were obtained by digital camera attached via plan 

apochromatic objectives. 

 

Results 

 

This study included histological examination of sections 

which were obtained from the hippocampus of 20 rats 

which were categorized into two groups: control group and 

acetaminophen group. The histopathologic assessment of 

sections of rats that were belonged to control group via 

hematoxylin and eosin stains revealed characteristically the 

zones of hippocampal formation including: Hippocampus 

proper, DG, and subiculum (Figure 1). Sections of 

Hippocampus proper showed an area of small sized 

pyramidal cells in Cornu Ammonis CA1 and CA2 regions, 

while an area of large sized pyramidal cells is seen in CA3 

and CA4 regions and is directed toward the concave part of 

DG (Figure 2). Subiculum is outward continuation of CA1 

region. Cornu Ammonis in sections of rat in control group 

showed the presence of three diverse layers: polymorphic, 

pyramidal, and molecular. The pyramidal cells appear with 

large vesicular nuclei (Figures 3 and 4). Light microscope 

examination of hippocampal sections of control rats 

revealed that DG is formed from Molecular layer, Granule 

cell layer and the Hilus which formed both blades (upper 

and lower) (Figure 5). The granule cell layers constituted 

from closely packed organized granule cells beside an 

immature neuron that have oval dense nuclei and located in 

SGZ (Figure 6). On the other hand, hilar cells were seen in 

the Hlius as large sized cells and possess elongated 

processes, Glial astrocytic cells, and microglial cells 

(Figure 7). On the other hand, L/M examination of the 

hippocampal sections of rats that were received 60 mg/kg 

of acetaminophen subcutaneously for 7 days showed a 

reduction in the pyramidal layer thickness of Cornue 

Ammonis (Figure 8). There are areas that are devoid of 

cells with appearance of Ghost like cells indicating features 

of neural cell death of hippocampal pyramidal (Figure 9), 

while degenerated neurocytes in pyramidal layer are 

noticed among very few healthy cells (Figure 10). Presence 

of large neurons (Figure 11), and astrocyte was seen in in 

the molecular layer of these sections (Figure 11). Feature of 

nuclear clumping of pyramidal cell layer (Figure 12) was 

shown also in the hippocampal sections of rats that were 

received 60 mg/kg of acetaminophen subcutaneously for 7 

days. 

Moreover, L/M examination of sections from Dentate 

gyrus (DG) of rats which were injected with acetaminophen 

indicated that these section exhibited several changes 

including vacuolations in the granular layer of DG (Figure 

13) with disorganization in DG (there is cells with pale 

stained nuclei and other with dark) (Figure 14). Neuronal 

processes presented with clumping (Figure 14). Features of 

apoptosis were noticed in the granular layer and hilaus of 

section of DG of rats in acetaminophen group (Figure 15) 

with appearance of many astrocytes and microglial cells 

(Figure 16). 

 

 
 

Figure 1: A photomicrograph of a hippocampal section of 

control group shows C-shaped hippocampus consists of the 

Cornu Ammonis (CA) in the form of CA1(Thick black 

arrow), CA2(red arrow), CA3(blue arrow), CA4(thin black 

arrow) and DG(star) (H and E X 250). 

 

 
 

Figure 2: The pyramidal cell layer is replaced by granule 

cell layer (arrow) in DG in a photomicrograph of a 

hippocampal section of control rat (H&E X250). 
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Figure 3: A photomicrograph of a hippocampal section of 

control rat. Three layers polymorphic (black arrow), 

pyramidal (red arrow), and molecular (blue arrow). The 

pyramidal cells appear with large vesicular nuclei (H and E 

X 400). 

 

 
 

Figure 4: A photomicrograph of a hippocampal section of 

control rat in CA1 region with pyramidal (red arrow), and 

interneuron cells (black arrow) (H and E X 400).  

 

 
 

Figure 5: A photomicrograph of a hippocampal section of 

control rat with compact layers of granular cells (black 

arrow) with dark nuclei in DG. Glial cells astrocyte (blue 

arrow) with microglia cell (red arrow) (H & E x400). 

 
 

Figure 6: A photomicrograph of a hippocampal section of 

control rat. Note the hilar cells in DG (black arrow) (H & E 

x400). 

 

 
 

Figure 7: A photomicrograph of a section in DG of control 

group showing the Hilus containing good arrangement of 

hilar cells with elongated processes (black arrow). Note the 

astrocytes (blue arrow) and microglial cells (red arrow) 

(H&E X400). 

 

 
 

Figure 8: A photomicrograph of a hippocampal section of 

rat from the acetaminophen group with the reduction in the 

thickness of the pyramidal layer of Cornue Ammonis (CA3, 

CA4) (arrow) (H and E×250). 
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Figure 9: The effects of Acetaminophen in a section from 

Cornu Ammonis of rat revealing areas devoid of cells 

(arrow) with Ghost like cells (blue arrow) indicating 

features of neural cell death of hippocampal pyramidal via 

hematoxylin-eosin staining at 400x magnification. 

  

 
 

Figure 10: A photograph of a hippocampal section from rat 

of acetaminophen group degenerated neurocytes in 

pyramidal layer (arrow) among very few healthy cells (H 

and E x 400). 

 

 
 

Figure 11: A photograph of a section of hippocampus from 

rat that was received acetaminophen. Note the presence of 

large neurons (black arrow), and astrocyte (red arrow) in 

the molecular layer (H and E x400). 

 
 

Figure 12: A photograph of a hippocampal section from rat 

belonged to acetaminophen group with nuclear clumping of 

pyramidal cell layer (arrow). Note the decreased thickness 

of this layer (H and E×250). 

 

 
 

Figure 13: A photomicrograph of a hippocampal section of 

rat from the acetaminophen group with vacuolations 

(arrow) in the granular layer of Dentate gyrus (DG) (H and 

E× 400).  

 

 
 

Figure 14: A photograph of a section from rat that was 

administered with acetaminophen with disorganization in 

DG. There is cells with pale stained nuclei (black arrow) 

and other with dark (red arrow). Neuronal processes 

presented with clumping (red arrow) (H and E x400). 
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Figure 15: A photograph of a section of DG from rat that 

was received acetaminophen Degenerated neurocytes 

(granular cell layer-red arrow) separated by few healthy 

cells. Features of apoptosis is seen (black arrows) (H and E 

x400). 

 

 
 

Figure 16: A photograph of a section of DG from rat of 

acetaminophen group. Note numerous apoptotic cells (red 

arrow) in granular layer and hilaus (blue arrow) with some 

microglial cells (black arrow) and astrocytes (curved arrow) 

(H and E×400). 

 

Discussion 

 

Long time ago, Hippocampal formation has been 

considered as the part of the brain that to be accountable for 

memory and learning and includes precise, and 

interconnected, categories of efferent systems for memories 

of episodes of our life, social and affective learning, and 

sensory dealing beside its integral functions. All these 

functions can be influenced by many agents including drugs 

(22). Hippocampal Cornu Ammonis 1 (CA1) is represented 

the most sensitized zone which is susceptible to different 

stimuli and among three brain zones that are commonly be 

vulnerable to oxidative stress and the firstly suffer from 

functional declining (11). On the other hand, Licht et al 

reported that DG, is second susceptible brain tissue that 

have neuronal stem cells (adult) which are accountable for 

neurogenesis in hippocampus for adult (11,23).  

The current study tried to elucidate the histologic 

changes of rat's hippocampus after postnatal exposure to 

acetaminophen via light microscope and it showed that 

hippocampal sections of rats which received 60 mg/kg/day 

of acetaminophen from PND 7 to PND 14 exhibited several 

changes in different parts of hippocampus using H and E 

stains including a reduction in the thickness of the 

pyramidal layer of Cornue Ammonis, presence of areas that 

are lacking of cells, presence of Ghost like cells as an 

indicative features of neural cell death of pyramidal cells in 

hippocampus, degenerated neurocytes in pyramidal layer 

among very few healthy cells beside clumping pyramidal 

cell nuclei. These findings are consistently shown in 

another work which suggested that these lesions were result 

from damage to neurons and lead to obvious reduction in 

the thickness of neurocytic layer (11,21,22). On the other 

hand, light microscopic evaluation of sections from DG 

region that are belonged to the rats which received 60 

mg/kg /day of acetaminophen from PND 7 to PND 14 

subcutaneously revealed different changes including 

presence of large neurons in the molecular layer, 

vacuolations in the granular layer of DG with features of 

disorganization in DG. These observations are in 

accordance with those of several studies (11,22). 

It is well known that acetaminophen interacted with 

both the cyclooxygenase (COX) system, and cannabinoid 

receptor type 1 (CB1R) which were potentially inducing 

developmental neurotoxicity (DNT). An interesting study 

of Philippot et al. concluded that early exposure to 

acetaminophen resulting a decreased transcription levels of 

genes that encode a receptor incorporated in neurogenesis 

and elevated level of oxidative stress markers (1,24). This 

may have recommended and clarified respectively 

mechanisms of developmental neurotoxicity and giving a 

novel confirmation from a rodent model that is relevant for 

human concluding that that exposure to this agent for 

single-day throughout the peak of the Brain growth spurt is 

sufficiently affecting learning, memory cognitive and 

spontaneous behavior at adulthood in rodents (1,25). This 

study showed presence of cells with pale staining nuclei, 

while others have dark with appearance of neuronal 

processes that were characterized with clumping. 

Moreover, features of apoptosis (numerous apoptotic cells) 

in granular layer and hilaus with many microglial cells and 

astrocytes. These findings are similar to those of Kamar 

(11), who suggested that these lesions due to 

neurodegeneration with astrocytosis (as a reaction) in CA1 

and DG regions of hippocampus of male albino rats (11). 

A study of Amin reported that the presence of excess 

eosinophilia due to neuronal processes' clumping as 

indication of neurons' damage (22). In fact, the neuronal 

death is representing the clue in most of the neuro-

degenerating disorders, beside apoptosis and necrosis which 
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were the core of both acute and chronic degenerative 

processes (22). The present work enrolled data of only male 

albino rats and not the females in order to be away from the 

hormonal effects in females as estrogen strengthened 

cellular proliferation throughout cycle and leads to 

increased immature neurons in the hippocampus because 

there is a possible action of the new cells on hippocampal 

function (13). An overdose administration with 

acetaminophen results a marked elevation in the level of 

malondialdehyde (MDA) which is related with a significant 

reduction in total status of antioxidant capacity in the brains 

of male albino rats (26) furthermore, the elevation in the 

levels of MDA in the brain after administration with 

acetaminophen at high doses relates with an increased rate 

of a marker of oxidative damage which is lipid peroxidation 

(4). On the other hand, elevation in activity of acetyl 

choline esterase (AChE) may be result from the damage in 

neuronal membrane from lipid peroxidation (27).  

Interestingly, authors reported a marked effect of the 

chronic treatment with acetaminophen on the amino acids 

levels in various zones of the rat brain (4). They suggested 

that the abnormal alterations in different amino acids 

concentrations may be a result of a spectrum of actions of 

this agent in the CNS from the pharmacological aspect. 

Also, the neuronal damage and the decreased level of 

neurotransmitter may be a result from acetaminophen -

induced oxidative stress. Besides that, a study revealed that 

acetaminophen administration caused a marked increase in 

dichlorofluorescein oxidation levels, and those of of 

thiobarbituric acid reactive substances (TBARS) in the 

homogenates of brain (4). On the other hand, swollen 

mitochondria and reactive oxygen species formation (ROS) 

may increase beyond administration with acetaminophen. 

There is an observed acetaminophen -related declining in 

levels of serotonin and dopamine which leads critically to 

adverse side in the behavior and emotion taking in 

consideration their crucial function as neurotransmitters (4). 

Our histological observation showed various 

degenerative alterations in different zones of rat 

hippocampus after acetaminophen treatment. These results 

coincided with an in vivo observations of Essawy et al who 

showed a harmful effect of this drug on the neurons of 

cerebral cortex in rats, in addition, this agent induces 

changes that indicate neuronal damage in granular cells of 

cerebral cortex (4). Acetaminophen is capable to activate 

the neuronal CYP2E1 thus producing toxic substances 

during metabolism as NAPQI (that decrease the level of 

glutathione and causing neurotoxicity and oxidative stress) 

(1), besides that, acetaminophen with overdose decreased 

the levels of anti-oxidants like glutathione, ascorbic acid 

with a relation to a significant reduction in the activity of 

superoxide dismutase (SOD). The important over creation 

of reactive oxygen species (ROS) in brain and the 

imbalance between oxidative stress and antioxidants are 

related with pathologic alterations neurodegenerative 

disorders (4,28-30). 

 

Conclusion 

 

Exposures to clinical relevant doses of acetaminophen 

at early stages of life (from PND7-PND14) were shown 

histological changes of rat hippocampal regions (CA and 

DG). In spite of the common use acetaminophen throughout 

the pregnancy and early life is depended upon its 

advantages in comparison with the other analgesics, there is 

a demand for a balanced risk assessment basing on the best 

professional judgment that should be taken as a priority. 
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التغييرات النسيجية في منطقتي قرن آمون 

والتلفيف المسنن من الجزء الحصين في مخ 

الجرذان بعد التعرض للاسيتامينوفين في مرحلة 

 بعد الولادة ما
 

 فالعلا إبراهيملمى و  سيف محمد البوحسين

 

 العراق، الموصل، جامعة الموصل، طبالكلية فرع التشريح، 

 

 الخلاصة

 

 أن يمكن الولادة بعد للاسيتامينوفين التعرض إن الباحثون سجل

 التقارير أن علما. التوحد طيف اضطرابات حدوث خطر من يزيد

 منه بالسلامة المتعلقة المعرفة قليلة، الدماغ على تأثيراته حول المتعلقة

. له المستهلكين قبل من السريرية للمحاولات تقليدي تجاهل وهناك قليلة

 على للاسيتامينوفين النسيجية التأثيرات تشخيص إلى العمل هذا يهدف

 المبكر التعرض بعد الولادة حديثي الجرذان ذكور عند الحصين الجزء

 السيطرة، مجموعة مجموعتين، إلى الجراء تصنيف تم. الولادة بعد له

 المعالجة الحيوانات حقن تم. بالأسيتامينوفين المعالجة والمجموعة

 ابتداء   يوم /كجم/ملجم 60 اسيتامينوفين مع الجلد تحت بالاسيتامينوفين

 حين في الولادة، بعد عشر الرابع اليوم إلى الولادة بعد السابع اليوم من

 مماثلة وبطريقة الفسلجي الملح بمحلول السيطرة مجموعة معاملة تمت

 في تناقص النسيجي التقييم أظهر. بالاسيتامينوفين المعاملة للمجموعة

 من خالية مناطق هناك كانت. أمون لقرني الهرمية الخلايا طبقة سمك

 موت علامات على يدل مما الشكل شبحية خلايا ظهور مع الخلايا

 عصبية خلايا وجود لوحظ كما الهرمية، الطبقة في العصبية الخلايا

 طبقة في النووي للتجمع علامات هناك. الهرمية الطبقة في مضمحلة

 شملت والتي التغيرات من العديد هناك لذلك بالإضافة. الهرمية الخلايا

 في انتظام عدم مع المسنن للتلفيف المحببة الطبقة في فجوات وجود

 لموت وعلامات. العصبية للبروزات تجمع وجود مع. المسنن التلفيف

 العائدة الشرائح في النقير ومنطقة المحببة الطبقة في المبرمج الخلايا

 والخلايا النجمية الخلايا من الكثير ظهور مع للجرذان المسنن للتلفيف

 وبجرع للاسيتامينوفين المبكر التعرض أن تبين. الصغيرة الدبقية

 اعتماد يجب. الحصين الجزء مناطق نسيج على يؤثر سريريا معقولة

 بالاعتماد الاسيتامينوفين استعمال من الخطر بين الموازنة لتقييم الحاجة

 ضمن من ذلك واعتبار محترفة وبصورة الأحكام أفضل على

 .الأولويات
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