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Abstract 

Background: Acrylamide (ACR) causes neurotoxicity and fetal damage due to its 

placental transfer. Therefore, protective treatment is required. 

Objectives: This study aims to evaluate the neurotoxic effects of ACR exposure in 

pregnant and nursing rats on the cerebellum of their offspring at postnatal days (PND) 

15 and 21. Additionally, investigation of the potential protective effects of 

administering Nano-hydroxyapatite (NHA) and vitamin B12 (Vit.B12) in 

combination with ACR to the mothers against ACR-induced cerebellum damage in 

the offspring was performed. 

Materials and methods: 40 pregnant females’ rats were divided into four groups (10 

for each): control, acrylamide (10mg/kg), acrylamide+nano-hydroxyapatite (300 

mg/kg), and acrylamide+Vit.B12 (1mg/kg), with treatments administered for 5 weeks. 

Male produced offspring were sacrificed at postnatal days 15 and 21. Cerebellar 

tissues were collected for histopathology and electron microscopy investigations, 

while tissue samples were collected for oxidant/antioxidant markers such as 

malondialdehyde (MDA), superoxide dismutase (SOD), catalase (CAT), and 

glutathione peroxidase (GPX) analysis using standard colorimetric assays. 
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Results: Acrylamide significantly reduced Purkinje cell count (P=0.0001), as well as 

the thickness of the granular, Purkinje, and molecular layers (P=0.0001). 

Administration of NHA and ViT.B12, in combination with ACR preserved Purkinje 

cells, and both treatments improved layer thickness (P<0.05). Acrylamide reduced 

CAT, SOD, GPX activities (all P<0.0001), and increased MDA levels (P<0.0001). 

Vitamin B12 significantly restored enzyme activities and normalized MDA levels 

(P=0.1652). Nano-hydroxyapatite improved all parameters but was less effective than 

Vit.B12. 

Conclusion: Acrylamide induces cerebellar damage and oxidative stress in the 

offspring. Nano-hydroxyapatite provides partial protection, while Vit.B12 offered 

superior neuroprotection, significantly restoring structural, histopathological and 

oxidant/antioxidant markers. 

Keywords: Acrylamide; Neurotoxicity; Hydroxyapatite; Vitamin B12; Albino rats 

offspring. 

 

Introduction 

Acrylamide (ACR) is an industrial 

chemical used in wastewater treatment 

and/or mining, and is also present in 

tobacco smoke. It is formed during the 

high-temperature cooking of 

carbohydrate-rich foods such as chips, 

cakes, and bread through the Maillard 

reaction-a non-enzymatic interaction 

between reducing sugars and amino 

acids or proteins (Zhao et al., 2022). 

ACR has been linked to 

carcinogenicity, neurotoxicity, and 

reproductive toxicity. In animals, 

repeated exposure to ACR in doses 

ranging from 0.5 to 50 mg/kg/day 

induces neurological disorders by 

covalently binding to cysteine residues 

in presynaptic neuronal proteins, 

thereby impairing neurotransmission. 

ACR also causes neuronal injury via 

oxidative stress and inflammatory 

mechanisms (Zhao et al., 2022; Yan 

et al., 2023). Human exposure has 

been associated with ataxia, muscle 

weakness, unsteady gait, and impaired 

motor control, indicating potential 

damage to both cerebral and cerebellar 

regions. ACR water solubility allows it 

and its metabolites to cross the 

placenta and accumulate in fetal 

tissues, heightening concern over its 

developmental toxicity (Peivasteh-

Roudsari et al., 2024).  

Hydroxyapatite (HA), a 

naturally occurring form of calcium 

phosphate and a major component of 

bone, is well known for its high 

biocompatibility, making it especially 

suitable for bone repair applications. 

Its crystal lattice permits substitution 

of calcium ions with other metal ions 

such as ions of Ba, Sr, Cd, Pb, Zn, and 

Cu, giving it potential for heavy metal 

detoxification (Zia et al., 2022). Upon 

implantation, HA undergoes ion 

exchange with body fluids, releasing 

calcium and phosphate ions that may 

enter circulation and influence central 

nervous system function (Awais et al., 

2022; Kubiak-Mihkelsoo et al., 

2025). Nanotechnology represents a 

major advancement in various areas of 

medical treatment, including 

antimicrobial therapy (Amin et al. 

2023a), toxicity mitigation, and the 

enhancement of therapeutic drug 

combinations. One notable form of 

nanotechnology is nano-hydroxyapatite 

(n-HA). Notably, the nano form is 

called nano-hydroxyapatite (n-HA)-has 

shown neuroprotective effects by 

lowering lipid peroxidation, reducing 

apoptotic cell death, accelerating DNA 

repair, and enhancing neurotransmitter 

synthesis (Abbas et al., 2019). 

Additionally, n-HA reduces the 

amplitude and frequency of excitatory 

postsynaptic currents (EPSCs), thereby 

modulating synaptic transmission and 
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promoting nerve recovery (Liu et al., 

2012). 

Vitamin B12 (cobalamin), a 

water-soluble vitamin found in eggs, 

milk, fish, and meat, plays an essential 

role in neuronal health. It functions as 

a coenzyme in metabolic pathways 

critical for red blood cell production 

and central nervous system integrity 

(Calderón-Ospina et al., 2020; 

Mathew et al., 2024). Vitamin B12 

protects neurons by mitigating the 

oxidative stress, reducing 

inflammation, and enhancing neuronal 

repair mechanisms (Ehmedah, 2024). 

It also preserves the myelin sheath, 

supports remyelination, and facilitates 

nerve regeneration through cellular 

repair and structural renewal 

(Baltrusch, 2021). 

This study aims to evaluate the 

neurotoxic effects of acrylamide 

(ACR) exposure in pregnant and 

nursing rats on the cerebellum of their 

offspring at postnatal days 15 and 21. 

Additionally, it investigates the 

potential protective effects of 

administering nano-hydroxyapatite 

(HA) and vitamin B12, in combination 

with ACR, to the mothers against 

ACR-induced cerebellar damage in the 

offspring. 

Materials and methods 

Experimental animals 

    The study protocol was 

approved by the Institutional Research 

Committee at the Faculty of Medicine, 

South Valley University, Qena, Egypt 

with the approval number of SVU MD 

ANA0012234616. Forty adult albino 

female rats and 20 adult male albino 

rats weighing 180-250 g were 

obtained. The study was carried out at 

the animal house of the Faculty of 

Medicine, South Valley University. 

Throughout the study, rats were 

housed in wire mesh cages under strict 

hygienic measures and was allowed to 

acclimatize for two weeks before the 

start of the experiment. Rats were kept 

in room temperature, 55-60% humidity 

and normal light/dark cycle with free 

access to food pellets and tap water.  

Mating and detection of pregnancy  

For mating, each group of three 

females was housed with one male 

overnight. Pregnancy was confirmed 

the next morning by the presence of 

sperm in vaginal smears or a visible 

vaginal plug, which was considered 

gestational day 0 (Ognio et al., 2003). 

The 40 pregnant females were 

randomly allocated into four 

experimental groups (n = 10 each). Ten 

male offspring of each group were later 

randomly subdivided into two 

subgroups based on postnatal day 

(PND) of sacrifice: PND15 and 

PND21.The animals were sacrified and 

transcardially perfused with 

physiological saline. 

Experimental design 

The current study was 

conducted on male offspring obtained 

from pregnant rats, which were divided 

into four equal groups (10 in each 

group).  Group I (control group) 

included offspring from healthy female 

albino rats that were fed a standard diet 

and administered physiological saline 

without any additional treatment. 

Group II (Acrylamide group) included 

offspring from pregnant rats that 

received oral administration of 

acrylamide at a dosage of 10 mg/kg 

body weight once daily, starting from 

the 7th day of gestation and continuing 

up to 21 days after delivery (a total of 

5 weeks). Acrylamide, in powdered 

form (125 grams), was obtained from 

El Gomhoria Company, Assiut, Egypt, 

following the methodology established 

by Moawad et al. (2019). Group III 

(acrylamide + Nano-hydroxyapatite) 

included offspring from pregnant rats 

that received a combined treatment of 

acrylamide and nano-hydroxyapatite. 

Female rats were administered 

acrylamide (10 mg/kg/day) alongside 

nano-hydroxyapatite (300 mg/kg), both 
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delivered via oral gavage for five 

weeks, similar to Group II. The 

treatment protocol followed the 

methodologies described by Hafez et 

al. (2012) and Malla et al. (2024).The 

nano-hydroxyapatite utilized in this 

group was manufactured by a 

precipitation method (El-Nahas S.et 

al., 2022). Group IV (Acrylamide + 

Vitamin B12) included offspring from 

pregnant rats that received a combined 

treatment of acrylamide and vitamin 

B12. Female rats in this group were 

administered acrylamide (10 

mg/kg/day) along with vitamin B12 (1 

mg/kg/day), both given orally for five 

weeks. Vitamin B12 was obtained in 

powdered form (25 grams) from El 

Gomhoria Company, Assiut, Egypt, 

following the dosage protocol outlined 

by Moosavirad et al. (2016). All 

chemical reagents used in the 

experiment were of analytical grade 

and confirmed to be of high purity. 

Tissue homogenate preparation 

Tissue samples were collected 

from each offspring at the postnatal 

days 15 and 21. Immediately after 

euthanasia and cerebellum extraction, 

the cerebellar tissue homogenate was 

prepared, according to Behairy et al., 

(2020). In the cold phosphate-buffered 

saline (PBS, 0.01 mol/L, pH 7), the 

cerebellar tissue was homogenized 

using the glass homogenizer (1:9 

W/V). The resulting homogenates will 

be centrifuged for 5 min at 5000× g; 

the supernatants will be filtered with a 

Millipore filter (0.45 µm) to eliminate 

tissue debris.  

At the end of the experiment, 

animals were fasted overnight and 

anesthetized using diethyl ether 

inhalation(Aguwa et al., 2020). After 

confirming deep anesthesia, the 

animals were euthanized by 

decapitation in accordance with 

approved ethical guidelines. 

Subsequently, the skull was opened, 

and the brain was carefully dissected. 

The heads were dissected for obtaining 

the cerebellar biopsies. Adherent 

tissues were removed, and the brains 

were immersed in 10% neutral 

buffered formalin for histopathological 

analysis (light and electron 
microscopy), (Fig.1) shows the 

summarized study design. 

All procedures were performed in 

accordance with the institutional 

guidelines for animal care and use. 

 

 
Fig.1.Study design. 
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Oxidant/antioxidant profile 

assessment   

Malondialdehyde (MDA) 

levels were determined 

colorimetrically using commercial kits 

provided by Biodiagnostic (Cat.No: 

MD 25 28) and based on the 

thiobarbituric acid (TBA) reaction as 

described by Ruiz-Larnea et al. 

(1994). Absorbance was measured at 

535 nm and MDA concentration was 

calculated as the following equation: 

MDA (nmol/g tissue) = (Sample / 

Standard) × (10 / g tissue). Catalase 

(CAT) activity was measured 

according to Aebi (1984) using 

Biodiagnostic kits (Cat.No: CA 25 17), 

with absorbance measured 

spectrophotometrically and enzyme 

activity was calculated as: CAT (U/g) 

= (Standard – Sample) / Standard × (1 / 

g tissue). Superoxide dismutase (SOD) 

activity was assessed using 

Biodiagnostic kits (Cat.No: SD 25 21) 

according to the method of Nishikimi 

et al. (1972). Enzymatic activity was 

calculated using the formula: SOD 

(U/g tissue) = % inhibition × 3.75 × (1 

/ g tissue). Glutathione peroxidase 

(GPx) activity was evaluated using the 

method of De Paglia and Valentine 

(1967) with Biodiagnostic kits 

(Cat.No: GP 25 24). Absorbance was 

measured at 340 nm, and GPx activity 

was calculated using the following 

equation: GPx (U/g tissue) = 

(ΔA340/min) / 0.00622 × 121. 
Light microscopy assessment 

For light microscopy, 

histopathological examination 

followed the protocol of Bancroft and 

Gamble (2008). Cerebellar samples 

were fixed in 10% neutral buffered 

formalin for 24 hours, dehydrated 

through graded ethanol concentrations, 

cleared in 1% methyl benzoate, and 

embedded in paraplast after 

impregnation. Sections were stained 

with hematoxylin and eosin (H&E) and 

examined using a Leica microscope 

(CH9435Heerbrugg, Leica 

Microsystems, Switzerland). 

Electron microscopy assessment 

For electron microscopy, semi-

thin and ultrathin sectioning was 

carried out based on the methodology 

by Ayache et al. (2010). Cerebellar 

tissues were sagittally divided, and 

small blocks were fixed in 2.5-3% 

glutaraldehyde in sodium cacodylate 

buffer for 24 hours. Post-fixation was 

done using 1% osmium tetroxide for 

two hours. Dehydration was achieved 

using graded ethanol, followed by 

infiltration with a 1:1 mixture of 

propylene oxide and Epon-Araldite 

resin. Semi-thin sections were stained 

with toluidine blue and examined 

under light microscopy. Ultrathin 

sections (~50 nm) were mounted on 

copper grids for transmission electron 

microscopy and analyzed using a 

JEOL1010 CX (Japan) at South Valley 

University. 

Morphometric analysis 

The purkinje cells count and 

thickness of granular, purkinje and 

molecular layers were measured (Celik 

et al., 2018) at the postnatal days 15 

and 21 of the studied groups (at 

magnification of 200).  

Statistical analysis 

Data were analyzed using SPSS 

26, expressing qualitative data as 

numbers/percentages and quantitative 

data as mean ± SD. Central tendency 

was measured by the mean, dispersion 

by SD. Group comparisons used 

ANOVA to test for significant 

differences among three or more 

groups, with significance set at p< 

0.05. 

Results  

Preparation and Characterization of 

Nano-HAP 

(Fig.2) implies the 

nanohydroxyapatite sample that was 

fabricated this manner, along with 

various characteristics such as XRD, 

SEM,and TEM examination, which 



Abdel-Moaty et al (2025)                                                    SVU-IJMS, 8(2): 415-439 

 

 

420 

validated the validity of this substance. 

Fig.2. TEM photomicrograph of the nanoparticles 

 

Results of the statistical analysis of 

the histopathological investigation 

Table.1 and Fig.3 showed the 

statistical analysis of the 

histopathological alterations on the 

cerebellum of the produced offspring 

of the four studied group (15 days 

postnatal). Histopathological 

investigation revealed that all studied 

parameter was significantly reduced in 

the ACR group compared with the 

control one such as Purkinje cells 

count (10 ± 1.2 vs. 15.2 ± 1.1, 
P < 0.0001), granular layer thickness 
(100.3 ± 1.1 vs. 104.1 ± 1.2, 
P < 0.0001), Purkinje layer thickness 
(17.87 ± 0.84 vs. 28.14 ± 0.46, 
P < 0.0001), and molecular layer 
thickness (77 ± 1.3 vs. 80.9 ± 1.5, 
P < 0.0001). 

Nano-hydroxyapatite co-

treatment significantly increased the 

values of the histopathological studied 

parameter compared to the ACR group 

as the following: Purkinje cells count 

(13 ± 0.9, P = 0.0006), Purkinje layer 
thickness (20.81 ± 0.41, P = 0.0006), 
granular layer thickness (101.3 ± 0.54, 
P < 0.0001), and molecular layer 
thickness (78 ± 0.2, P < 0.0001). 
However, values remained 

significantly lower than control for 

most parameters (P < 0.0001). 
Vitamin B12 co-treatment 

significantly restored Purkinje cells 

count (14 ± 1.3, P = 0.1024 vs. control, 
but P < 0.0001 vs. acrylamide), 
Purkinje layer thickness (24.81 ± 0.44, 
P < 0.0001 vs. acrylamide), granular 
layer (103.3 ± 0.6, P = 0.0836 vs. 
control, P < 0.0001 vs. acrylamide), 
and molecular layer thickness 

(79 ± 0.65, P = 0.1626 vs. control, 
P < 0.0001 vs. acrylamide). 

Vitamin B12 showed greater 

recovery across most layers compared 

to nano-hydroxyapatite, particularly in 

Purkinje and granular layers. However, 

molecular layer improvement was 

comparable between both agents. 
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Table 1. Statistical analysis of cerebellar histopathological findings in 15-day-old 

offspring from four groups of pregnant rats 

Variables 

Offspring of 

control group 

Offspring  of 

acrylamide treated 

mothers group 

Offspring of 

acrylamide + nano-

hydroxyapatite treated 

mothers group 

Offspring of 

acrylamide + 

vitamin B12 treated 

mothers group 

P. Value 

Purkinje cells 

count 
15.2 ± 1.1 10 ± 1.2 13 ± 0.9 14 ± 1.3 

< 0.0001* 
P1 < 0.0001*, P2 = 0.0006*, P3 = 0.1024, P4 < 0.0001*, P5 < 0.0001*, P6 = 0.2179 

Granular layer 

thickness 
104.1 ± 1.2 100.3 ± 1.1 101.3 ± 0.54 103.3 ± 0.6 

< 0.0001* 
P1 < 0.0001*, P2 < 0.0001*, P3 = 0.2185, P4 = 0.0836, P5 < 0.0001*, P6 = 0.0001* 

Purkinje layer 

thickness 
28.14 ± 0.46 17.87 ± 0.84 20.81 ± 0.41 24.81 ± 0.44 

< 0.0001* 
P1<0.0001*, P2 = 0.0006*, P3<0.0001*, P4 < 0.0001*, P5 < 0.0001*, P6 < 0.0001** 

Molecular 

layer thickness 
80.9 ± 1.5 77 ± 1.3 78 ± 0.2 79 ± 0.65 

< 0.0001* 
P1 < 0.0001*, P2 < 0.0001*, P3 = 0.0014*, P4 = 0.1626, P5 = 0.0008*, P6 = 0.1626 

P1 = offspring control vs. offspring of acrylamide treated mothers, P2 = offspring control vs.   

offspring of acrylamide + nano-hydroxyapatite treated mothers , P3 = offspring control vs. offspring of  

acrylamide + vitamin B12 treated mothers, P4 = offspring of acrylamide treated mothers vs. Offspring 

of acrylamide + nano-hydroxyapatite treated mothers, P5 = offspring of acrylamide treated mothers vs. 

offspring of  acrylamide + vitamin B12 treated mothers, P6 = Offspring of acrylamide + nano-

hydroxyapatite treated mothers vs. offspring of  acrylamide + vitamin B12 treated mothers. 

 

 

 

Fig.3. Statistical analysis of cerebellar histopathological findings in 15-day-old 

offspring from four groups of pregnant rats 

 

Table.2 and Fig.4 showed the 

statistical analysis of the 

histopathological alterations on the 

cerebellum of the produced offspring 

of the four studied group (21 days 

postnatal). At day 21, acrylamide 

group showed significant decrease of 

the Purkinje cells count (7.8 ± 1.6), 
granular layer thickness (130.6 ± 3.1), 

Purkinje layer thickness (19.32 ± 0.74), 
and molecular layer thickness 

(132.3 ± 1.6) compared to the control 
group (P < 0.0001). 

Nano-hydroxyapatite co-

treatment with ACR significantly 

increased Purkinje cells count 

(9.4 ± 0.68, P = 0.0072), granular layer 

thickness (132.1 ± 0.09, P = 0.0005), 
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and Purkinje layer thickness 

(22.08 ± 0.57, P = 0.0006), but 
remained lower than control. 

Vitamin B12 co-treatment with 

ACR significantly restored Purkinje 

cells count (10.2 ± 0.15, P = 0.001), 
granular layer thickness (135.3 ± 3.1, 
P = 0.0008), and Purkinje layer 

thickness (26.71 ± 0.75, P < 0.0001), 
with no significant difference from 

control in most parameters. Molecular 

layer thickness (134.3 ± 0.76) was 
preserved in both treated groups 

(P = 0.6575 vs. control). Vitamin B12 
showed superior neuroprotection 

compared to nano-hydroxyapatite. 

 

Table 2. Statistical analysis of cerebellar histopathological findings in 21-day-old 

offspring from four groups of pregnant rats 

Variables 
Offspring of 

control 

group 

Offspring  of 

acrylamide treated 

mothers group 

Offspring of acrylamide 

+ nano-hydroxyapatite 

treated mothers group 

Offspring of 

acrylamide + vitamin 

B12 treated mothers 

group 

P. 

Value 

Purkinje  cells 

count 
11.4 ± 1.9 7.8 ± 1.6 9.4 ± 0.68 10.2 ± 0.15 

0.0001* 
P1 = 0.0001*, P2 = 0.0072*, P3 = 0.1789, P4 = 0.0415*, P5 = 0.001*, P6 = 0.5155 

Granular layer 

thickness 
137 ± 2.3 130.6 ± 3.1 132.1 ± 0.09 135.3 ± 3.1 

0.0001* 
P1 = 0.0001*, P2 = 0.0005*, P3 = 0.4276, P4 = 0.5352, P5 = 0.0008*, P6 = 0.0315* 

Purkinje layer 

thickness 
29.23 ± 0.6 19.32 ± 0.74 22.08 ± 0.57 26.71 ± 0.75 

0.0001* 
P1 < 0.0001*, P2 = 0.0006*, P3 < 0.0001*, P4 < 0.0001*, P5 < 0.0001*, P6 <0.0001* 

Molecular layer 

thickness 
135.0 ± 1.9 132.3 ± 1.6 134.3 ± 0.76 134.3 ± 0.76 

0.0006* 
P1 = 0.0004*, P2 = 0.6575, P3 = 0.6575, P4 = 0.0111*, P5 = 0.0111*, P6 = 0.99 

P1 = offspring control vs offspring of acrylamide treated mothers , P2 = offspring control vs   offspring 

of acrylamide + nano-hydroxyapatite treated mothers , P3 = offspring control vs offspring of  

acrylamide + vitamin B12 treated mothers, P4 = offspring of acrylamide treated mothers vs Offspring 

of acrylamide + nano-hydroxyapatite treated mothers, P5 = offspring of acrylamide treated mothers vs 

offspring of  acrylamide + vitamin B12 treated mothers, P6 = Offspring of acrylamide + nano-

hydroxyapatite treated mothers vs offspring of  acrylamide + vitamin B12 treated mothers. 

 

 
Fig.4. Statistical analysis of cerebellar histopathological findings in 21-day-old offspring from 

four groups of pregnant rats. 
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Oxidant/antioxidant results 

Table.3 and Fig.5 showed the 

oxidant/antioxidant results of the 

produced offspring of the four studied 

group (15 days postnatal). Acrylamide 

group showed significant decrease in 

the levels of the CAT, SOD, and GPX 

activities (P < 0.0001), and elevated 
MDA levels (P < 0.0001), indicating 
marked oxidative stress. The two of 

combination of ACR with Nano-

hydroxyapatite and/or vitamin B12 

displayed significant improvement of 

all parameters versus the acrylamide 

group. Vitamin B12 co-treatment with 

ACR showed stronger effects on 

restoring CAT (P < 0.0001), SOD 
(P < 0.0001), GPX (P = 0.0004), and 
reducing MDA (P < 0.0001), 
approaching control levels. Nano-

hydroxyapatite co-treatment with ACR 

also showed significant improvements 

of CAT and MDA (P < 0.0001), SOD 
(P = 0.0007), and GPX (P = 0.0007). 

Table 3: Variation in oxidant/antioxidant biomarkers in 15-day-old offspring from 

control and treated groups of pregnant rats 

Variables 
Offspring 

control 

group 

Offspring of 

Acrylamide 

treated mothers 

group 

Offspring of acrylamide 

+ nano-hydroxyapatite 

treated mothers group 

Offspring of acrylamide 

+ vitamin B12 treated 

mothers group 

P. Value 

CAT 16.04 ± 0.94 6.52 ± 0.27 8.58 ± 0.41 12.26 ± 0.29 
< 0.0001* 

P1 < 0.0001*, P2 < 0.0001*, P3 < 0.0001*, P4 < 0.0001*, P5 < 0.0001*, P6 < 0.0001* 

MDA 338.58 ± 5.63 578.39 ± 5.08 469.13 ± 13.77 362.21 ± 8.11 
< 0.0001* 

P1 < 0.0001*, P2 < 0.0001*, P3 < 0.0001*, P4 < 0.0001*, P5 < 0.0001*, P6 < 0.0001* 

SOD 129.41 ± 5.75 60.67 ± 5.22 78.58 ± 3.43 113.8 ± 4.98 
< 0.0001* 

P1 < 0.0001*, P2 < 0.0001*, P3 = 0.0007*, P4 < 0.0001*, P5 < 0.0001*, P6 < 0.0001* 

GPX 458.71 ± 12.46 219.57 ± 4.69 361.71 ± 3.57 381.3 ± 4.04 
< 0.0001* 

P1 < 0.0001*, P2 < 0.0001*, P3 = 0.0007*, P4 < 0.0001*, P5 < 0.0001*, P6 = 0.0004* 
P1 = offspring control vs offspring of acrylamide treated mothers , P2 = offspring control vs   offspring 

of acrylamide + nano-hydroxyapatite treated mothers , P3 = offspring control vs offspring of  

acrylamide + vitamin B12 treated mothers, P4 = offspring of acrylamide treated mothers vs Offspring 

of acrylamide + nano-hydroxyapatite treated mothers, P5 = offspring of acrylamide treated mothers vs 

offspring of  acrylamide + vitamin B12 treated mothers, P6 = Offspring of acrylamide + nano-

hydroxyapatite treated mothers vs offspring of  acrylamide + vitamin B12 treated mothers. CAT: 

Catalase; MDA: Malondialdehyde; SOD: Superoxide dismutase; GPx: Glutathione peroxidase 

 

 

Table.4 and Fig.6 showed the 

oxidant/antioxidant results of the 

produced offspring of the four studied 

group (21 days postnatal). Acrylamide 

significantly reduced CAT 

(P < 0.0001), SOD (P < 0.0001), and 
GPX activities (P < 0.0001), and 
increased MDA levels (P < 0.0001), 
indicating oxidative stress. Nano-

hydroxyapatite administration with 

ACR significantly improved CAT 

(P = 0.0006), SOD, GPX, and MDA 

(P < 0.0001). Vitamin B12 
administration with ACR showed 

superior restoration of the CAT 

(P = 0.0004), SOD, GPX, and 

normalized MDA levels, with no 

significant difference from the control 

(P = 0.1652). 
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Fig.5. Variation in oxidant/antioxidant biomarkers in 15-day-old offspring from 

control and treated groups of pregnant rats 

 
 

Table 4. Variation in oxidant/antioxidant biomarkers in 21-day-old offspring from 

control and treated groups of pregnant rats 

Variables 
Offspring 

control group 

Offspring of 

Acrylamide treated 

mothers group 

Offspring of acrylamide 

+ nano-hydroxyapatite 

treated mothers group 

Offspring of acrylamide 

+ vitamin B12 treated 

mothers group 

P. Value 

CAT 20.24 ± 1.64 8.39 ± 0.75 11.33 ± 0.54 17.06 ± 0.62 < 0.0001* 

P1 < 0.0001*, P2 < 0.0001*, P3 = 0.0006*, P4 < 0.0017*, P5 < 0.0001*, P6 = 0.0004*  

MDA 307.57 ± 5.1 547.07 ± 5.03 419.29 ± 30.77 328.5 ± 11.6 < 0.0001* 

P1 < 0.0001*, P2 < 0.0001*, P3 = 0.1652, P4 < 0.0001*, P5 < 0.0001*, P6 = 0.0001*  

SOD 170.13 ± 4.4 77.87 ± 7.63 101.05 ± 3.59 146.43 ± 6.04 < 0.0001* 

P1 < 0.0001*, P2 < 0.0001*, P3 < 0.0001*, P4 < 0.0001*, P5 < 0.0001*, P6 < 0.0001*  

GPX 640.57 ± 6.61 309.13 ± 5.31 511.34 ± 4.91 538.71 ± 5.75 < 0.0001* 

P1 < 0.0001*, P2 < 0.0001*, P3 < 0.0001*, P4 < 0.0001*, P5 < 0.0001*, P6 < 0.0001*  
P1 = offspring control vs offspring of acrylamide treated mothers , P2 = offspring control vs   offspring 

of acrylamide + nano-hydroxyapatite treated mothers , P3 = offspring control vs offspring of  

acrylamide + vitamin B12 treated mothers, P4 = offspring of acrylamide treated mothers vs Offspring 

of acrylamide + nano-hydroxyapatite treated mothers, P5 = offspring of acrylamide treated mothers vs 

offspring of  acrylamide + vitamin B12 treated mothers, P6 = Offspring of acrylamide + nano-

hydroxyapatite treated mothers vs offspring of  acrylamide + vitamin B12 treated mothers. CAT: 

Catalase; MDA: Malondialdehyde; SOD: Superoxide dismutase; GPx: Glutathione peroxidase 
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Fig.6. Variation in oxidant/antioxidant biomarkers in 21-day-old offspring from control 

and treated groups of pregnant rats 
 

 

Light microscopic results                                                                                                   

Histopathological examination of 

cerebellar sections from offspring at 

15 days postnatal 

Histopathological cerebellar 

investigation of the offspring control 

group showed that the external 

granular layer was normal. There was 

normal histological structure of 

purkinje cell layer that consisted of 

single raw of Purkinje cells that 

appeared oval well-defined and have 

an apical cone, pointing towards the 

surface of the cerebellar cortex. The 

molecular layer was well developed, 

markedly increased in thickness and 

contained few cells. The internal 

granular layer was crowded and had 

dense stained cells of variable shape 

and size (Fig.7a). Offspring of the 

acrylamide treated mothers group 

showed decreased thickness of the 

external granular layer in comparison 

with the control group. There were 

deformed, shrunken and deep stained 

Purkinje cells. In addition, necrosis and 

nuclear pyknosis with hemorrhage and 

extravagated RBCs in white matter 

were observed. There was a sever 

edema in the inner granular layer 

(Fig.7b). Offspring of 

acrylamide+nano-hydroxyapatite 

treated mothers group showed that the 

external granular layer was thick. 

Some Purkinje cells appeared normal 

with vesicular nuclei, while others 

appeared necrotic with homogenous 

pinkish acidophilic cytoplasm. The 

granular cell layer appeared mature 
with dense populated granule cells, 
(Fig.7c). Offspring of 

acrylamide+vitamin B12 treated 

mothers group showed that the external 

granular layer was normal. Most 

Purkinje cells improved and appeared 

similar to the control. Some cells 

appeared degenerated with small 

nuclear pyknosis. There was an 

increase in the density of granular cell 

layer. There was no edema or 
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heamorrhage (Fig.7d).  

 
Fig. 7. Photomicrograph of the histopathological findings of the cerebellum of the studied groups of 

H&E stained tissue sections using light microscopy (X200) from offspring at 15 days postnatal. (A) 

Offspring control group: external granular layer (tailed arrow), normal purkinje cell (black arrow), 

molecular layer (ML), internal granular layer (asterisk). (B) Offspring of acrylamide treated mothers 

group: external granular layer (tailed arrow), necrotic purkinje cells (head arrow), hemorrhage (wavy 

arrow), inner granular layer edema (asterisk). (C) Offspring of acrylamide + nano-hydroxyapatite 

treated mothers group: external granular layer (tailed arrow), normal purkinje cells (black arrow), 

necrotic purkinje cells (head arrow), and normal granular cell layer (asterisk). (D) Offspring of 

acrylamide + vitamin B12 treated mothers group: external granular layer (tailed arrow), normal 

Purkinje cells (black arrow), pyknotic Purkinje cells (head arrow), and granular cell layer (asterisk). 

Histopathological examination of 

cerebellar sections from offspring at 

21 days postnatal 

Histopathological cerebellar 

investigation of the offspring control 

group showed that the outer layer was 

the molecular layer that consisted 

mainly of fibers and few cells. Purkinje 

cell layer appeared with normal 

histological structure consists of one 

row of cells that were oval in shape 

with an apical dendrite. The granular 

layer appeared mature with dense 

stained cells of variable shape and size 

with cerebellar islands in between 

(Fig.8a). Offspring of the acrylamide 

treated mothers group showed that the 

Purkinje cells appeared necrotic with 

homogenous pinkish acidophilic 

cytoplasm and  codensated nuclei. 

There was vacuolations in white matter 

(Fig. 8b). Offspring of the acrylamide 

+ nano-hydroxyapatite treated mothers 

group showed that normal Purhinje 

cells arranged in single row were 

observed. There were some Purkinje 

cells were necrotic with homogenous 

pinkish acidophilic cytoplasm was 

noticed. The granular layer contained 

granule cells oval or rounded in shape 

(Fig.8c). Offspring of the acrylamide + 

vitamin B12 treated mothers group 

showed normal Purkinje cells. There 

was focus of small nuclear pyknosis 
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and normal density of granular cell 

layer was observed. No edema or 

hemorrhage was noticed (Fig. 8d). 

 

 
Fig. 8. Photomicrograph of the histopathological findings of the cerebellum of the studied groups of 

H&E stained tissue sections using light microscopy (X200) from offspring at 21 days postnatal. (A) 

Offspring control group: molecular layer (ML), normal purkinje cell (black arrow), granular layer 

(asterisk). (B) Offspring of Acrylamide treated mothers group: necrotic purkinje cells (head arrow), 

vacuolations (V). (C) Offspring of acrylamide + nano-hydroxyapatite treated mothers group: normal 

purkinje cells (black arrow),  necrotic purkinje cells (head arrow) and granular layer (asterisk). (D) 

Offspring of acrylamide + vitamin B12 treated mothers group: normal purkinje cells (black arrow), 

pyknotic purkinje cells (head arrow), normal granular cell layer (asterisk). 

Examination of the semithin 

cerebellar sections from offspring at 

15 days postnatal  

Sections from offspring control 

group showed normal histological 

structure of the cerebellar cortex. The 

extrernal granular layer was normal. 

The Purkinje cells were oval in shape 
and contained a vesicular nucleus, 

prominent nucleolus and arranged in a 

single row. The Purkinje cells were 

surrounded by Bergman glial cells. The 

molecular layer contained mainly 

fibers and few cells. The granular layer 

consisted of granule cells with 

cerebellar islands in between (Fig.9a). 

Offspring of the acrylamide treated 

mothers group showed vacuolations in 

the external granular layer. Some 

Purkinje cells were abnormal with ill-

defined nucleus. There was focal loss 

of Purkinje cells in some areas. There 

was vacuolations in the molecular 

layer (Fig. 9b). Offspring of 

acrylamide + nano-hydroxyapatite 

treated mothers group showed that the 

extrernal granular layer contained 

vacuolations. Some Purkinje cells were 

normal and arranged in one row. There 

were vacuolations in the molecular 

layer. The granular layer appeared 

normal (Fig.9c). Offspring of the 

acrylamide + vitamin B12 treated 

mothers group showed that the external 
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granular layer appeared normal. Most 

of the Purkinje cells improved, 

appeared normal and contained a 

vesicular nucleus and a prominent 

nucleolus. There were vacuolations in 

the molecular layer. The granular layer 

appeared normal and consisted of 

granule cells with cerebellar islands in 

between (Fig.9d). 

 
 

Fig.9: Photomicrograph of the histopathological findings of the cerebellum of the studied groups using 

Semihin sections stained with toluidine blue (X600) from offspring at 15 days postnatal. (A) Offspring 

control group: external granular layer (tailed arrow). Purkinje cells (black arrow), Bergman glial cells 

(Br), molecular layer (ML), granular layer (asterisk). (B) Offspring of acrylamide treated mothers 

group: external granular layer vacuolations (head arrow), abnormal Purkinje cells (thick arrow), focal 

loss of purkinje cells (dotted line), molecular layer vacuolations (head arrow). (C) Offspring of 

acrylamide + Nano-hydroxyapatite treated mothers group: external granular vacuolations (head arrow), 

normal Purkinje cells (black arrow), molecular layer vacuolations (head arrow), granular layer 

(asterisk). (D) Offspring of acrylamide + vitamin B12 treated mothers group: extrernal granular layer 

(tailed arrow), normal Purkinje cells (black arrow), molecular layer vacuolations (head arrow), granular 

layer (asterisk). 

 

Examination of the semithin 

cerebellar sections from offspring at 

21 days postnatal  

Sections from offspring control 

group showed that the molecular layer 

contained mainly fibers and few cells. 

The Purkinje cell layer contained 

normal Purkinje cells with vesicular 

nucleus and a prominent nucleolus. 

The Purkinje cells surrounded by 

Bergman glial cells. The granular layer 

consisted of granule cells with 

cerebellar islands in between 

(Fig.10a). Offspring of the acrylamide 

treated mothers group showed 

abnormal Purkinje cells with dense 

stained cytoplasm and irregular nucleur 

membrane. Some Purkinje cells 

appeared shrunken with ill-defined 

nucleus. Perineuronal space was 

observed around the cells in the 

Purkinje cell layer. There were many 

vacuolations in the molecular layer 

(Fig.10b).  Offspring of acrylamide + 

nano-hydroxyapatite treated mothers 

group showed some Purkinje cells 

were normal but some had abnormal 

shape and dense stained cytoplasm 

with ill-identified nucleus. There were 

many vacuolations in the molecular 

layer. The granular layer appeared 

normal and consisted of granule cells 

with cerebellar islands in between 

(Fig.10c). Offspring of the acrylamide 

+ vitamin B12 treated mothers group 

showed most Purkinje cells improved, 
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appeared normal and contained a 

vesicular nucleus and a prominent 

nucleolus. Some cells have abnormal 

shape and dense stained cytoplasm 

with ill-identified nucleus. The 

granular layer appeared normal 

(Fig.10d). 

 
Figure 10: Photomicrograph of the histopathological findings of the cerebellum of the studied groups 

using Semihin sections stained with toluidine blue (X600) from offspring at 21 days postnatal. (A) 

Offspring control group: molecular layer (ML), normal Purkinjie cells (black arrow), Bergman glial 

cells (Br), granular layer (asterisk). (B) Offspring of acrylamide treated mothers group: abnormal 

Purkinje cells (thick arrow). shrunken Purkinje cells (curved arrow), perineuronal space (wavy arrow), 

molecular layer vacuolations (head arrow). (C) Offspring of acrylamide + Nano-hydroxyapatite treated 

mothers group: normal Purkinje cells (black arrow), abnormal Purkinje cells (thick arrow), molecular 

layer vacuolations (head arrow), granular layer (asterisk). (D) Offspring of acrylamide + vitamin B12 

treated mothers group: normal Purkinje cells (black arrow), abnormal Purkinje cells (thick arrow), 

granular layer (asterisk). 

 

 

Electron microscopic examinations                                                                                             

Examination of section of the 

cerebellum from offspring at 15 days 

postnatal (Molecular layer)  

Offspring control group 

showed intact myelinated nerve fibers 

with no splitting or disruption 

(Fig.11a). Offspring of the acrylamide 

treated mothers group showed 

disruption of the myelin sheath. There 

were vacuoles in the neuropil (Fig. 

11b). Offspring of the acrylamide + 

nano-hydroxyapatite treated mothers 

group showed intact myelinated nerve 

fibers. Some of the fibers showed split 

of their myelin sheath (Fig.11c). 

Offspring of the acrylamide + vitamin 

B12 treated mothers group showed 

intact myelinated nerve fibers. Some of 

the fibers showed splitting of their 

myelin sheath. There were vacuoles in 

the neuropil (Fig. 11d).  
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Fig.11. Transmission electron micrograph of cerebellar tissue in the molecular layer (X15000) from 

offspring at 15 days postnatal. (A) Offspring control group: intact nerve fibers (NF). (B) Offspring of 

acrylamide treated mother’s group: disruption of nerve fibers (white arrow), vacuoles (star).(C) 

Offspring of acrylamide + nano-hydroxyapatite treated mothers group: intact nerve fibers (NF), 

splitting of myelin sheath (white arrow). (D) Offspring of acrylamide + vitamin B12 treated mothers 

group: intact nerve fibers (NF), splitting of myelin sheath (black arrow), vacuoles (star). 

 

 

 

 

Examination of section of the 

cerebellum from offspring at 15 days 

postnatal (granular layer)  

Offspring control group 

showed Granule cells having 

heterochromatic nuclei and thin rim of 

cytoplasm. Notice, a Golgi cell 

(Fig.12a). Offspring of the acrylamide 

treated mothers group showed that the 

granular cell had some area of focal 

degenerations. Some granule cells 

appeared shrunken. There were some 

cells with irregular nuclear membrane 

(Fig.12b). Offspring of the acrylamide 

+ nano-hydroxyapatite treated mothers 

group showed that some Granule cells 

appeared normal (oval or rounded cells 

with heterochromatin), while some 

cells had irregular nuclear membrane. 

Some fibers showed splitting of the 

myelin sheath (Fig.12c). Offspring of 

the acrylamide + vitamin B12 treated 

mothers group showed that granule 

cells appeared more or less normal. 

Some cells were shrunken. The 

surrounding neuropil contained many 

vacuoles (Fig.12d).   
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Fig.12.Transmission electron micrograph of cerebellar tissue in the granular layer (X15000) from 

offspring at 15 days postnatal. (A) Offspring control group: normal granule cells (G), Golgi cell (black 

arrow). (B) Offspring of acrylamide treated mothers group: granular cell (G), focal degenerations 

(curved arrow), shrunken granule cells (black arrow), irregular nuclear membrane (white arrow).  (C) 

Offspring of acrylamide + nano-hydroxyapatite treated mothers group: normal granule cells (G) 

irregular nuclear membrane (black arrow), splitting of myelin sheath (head arrow). (D) Offspring of 

acrylamide + vitamin B12 treated mothers group: normal granule cells (G), shrunken granule cells 

(black arrow), vacuoles (star). 
Examination of section of the 

cerebellum from offspring at 21 days 

postnatal (Molecular layer)  

Offspring control group 

showed intact myelinated nerve fibers 

(Fig.13a). Offspring of the acrylamide 

treated mothers group showed splitting 

of the myelin sheath (Fig.13b). 

Offspring of the acrylamide + nano-

hydroxyapatite treated mothers group 

showed intact myelinated nerve fibers. 

Some of the fibers showed split of their 

myelin sheath. Presence of vacuoles 

were notice (Fig.13c). Offspring of the 

acrylamide + vitamin B12 treated 

mothers group showed intact 

myelinated nerve fibers and also 

vacuoles were observed in the neuropil 

(Fig. 13d).  

 
Fig.13. Transmission electron micrograph of cerebellar tissue in the molecular layer (X15000) from 

offspring at 21 days postnatal. (A) Offspring control group: intact nerve fibers (NF). (B) Offspring of 

acrylamide treated mothers group: splitting of myelin sheath (black arrow). (C) Offspring of 
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acrylamide + nano-hydroxyapatite treated mothers group: intact nerve fibers (NF), splitting of myelin 

sheath (white arrow), vacuoles (star). (D) Offspring of acrylamide + vitamin B12 treated mothers 

group: intact nerve fibers (NF), vacuoles (star).  

 

Examination of section of the 

cerebellum from offspring at 21 days 

postnatal (granular layer)  

Offspring control group 

showed the normal structure of 

granular cells. They were oval or 

rounded in shape. Their nuclei were 

large with condensed chromatin and a 

thin rim of cytoplasm (Fig.14a). 

Offspring of the acrylamide treated 

mothers group showed some granule 

cells with irregular nuclear membrane 

and others were shrunken. Some 

myelin fibers showed splitting at 

myelin sheath (Fig.14b). Offspring of 

the acrylamide + nano-hydroxyapatite 

treated mothers group showed granular 

cells. Some granule cells appeared 

normal in size, while others had 

irregular nuclear membrane. There 

were abnormal cells appeared with 

irregular nuclear membrane and 

condensed chromatin and others were 

shrunken (Fig.14c). Offspring of the 

acrylamide + vitamin B12 treated 

mothers group showed some granule 

cells appeared normal in size (oval or 

rounded cells with heterochromatin). 

The others appeared with irregularity 

in the nuclear membrane. There were 

many vacuoles in the surrounding 

neuropil (Fig.14d). 

 
Fig.14. Transmission electron micrograph of cerebellar tissue in the granular layer (X15000) from 

offspring at 21 days postnatal. (A) Offspring control group: normal granular cells (G). (B) Offspring of 

acrylamide treated mothers group: irregular nuclear membrane (black arrow), shrunken granular cells 

(wavy arrow), splitting at myelin sheath (curved arrow). (C) Offspring of acrylamide + nano-

hydroxyapatite treated mothers group: normal granular cells (G). irregular nuclear membrane (head 

arrow), condensed chromatin (black arrow), shrunken granular cells (wavy arrow). (D) Offspring of 

acrylamide + vitamin B12 treated mothers group: normal granule cells (G), irregular nuclear membrane 

(black arrow), vacuoles (star).  

 

Discussion 

In the current study, statistical 

analysis of the histopathological 

investigation of the cerebellum of the 

produced offspring revealed that all 

studied parameter such as Purkinje cell 

count; granular layer thickness, 

Purkinje layer thickness, and molecular 

layer thickness were significantly 

reduced in the ACR group compared 

with the control one. Similar results 

were reported by Abdullah et al. 

(2023) who announced that severe 

cerebellar damage were observed 
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following subchronic acrylamide 

exposure in adult rats such as notable 

loss of Purkinje cells and thinning of 

the granular layer, echoing our 

developmental findings. Acrylamide 

and their metabolites pass easily 

through the placenta due to their 

solubility in water and are distributed 

in many fetal tissues during pregnancy 

(Sorgel et al., 2002).  

Our results revealed that 

acrylamide exposure induced severe 

histopathological damage in the 

cerebellum, affecting not only Purkinje 

cell survival but also the structural 

integrity of the granular, Purkinje, and 

molecular layers. The reduction in 

Purkinje cells, which are essential for 

cerebellar output and motor 

coordination, suggests significant 

neuronal loss. The observed thinning 

of all cerebellar layers reflects 

impaired neurogenesis and 

synaptogenesis, and possibly 

degeneration of glial and neuronal 

support elements. This supports the 

hypothesis that acrylamide disrupts 

developmental processes in the brain, 

including neuronal maturation and 

differentiation, as previously described 

by Wang et al. (2021).  

In the current trial, Nano-

Hydroxyapatite administration in 

combination with ACR 

(acrylamide+nano-hydroxyapatite 

mother treated group) provided partial 

neuroprotection, improving all 

parameters significantly compared to 

acrylamide group, though values 

remained below control levels. Our 

results are in agreement with Yadav et 

al. (2024) who noted that Nano-

hydroxyapatite may contribute 

neuronal stability by maintaining 

calcium homeostasis and exerting 

antioxidant effects. In addition, Huang 

et al. (2023) found that tissue damage 

scores in acrylamide-exposed rats were 

the highest and significantly reduced 

after administration of HA and/or 

Vit.B12, with the most robust 

protective effect was recorded for 

Vit.B12. 

In the current study, the 

protective role of nano-hydroxyapatite 

was moderate compared to Vitamin 

B12 that was administrated in 

combination with ACR (acrylamide + 

Vitamin B12 mother treated group), 

which demonstrated superior efficacy 

across all examined parameters. These 

results are consistent with Mustafa 

and Hussein (2016) who reported that 

co-administration of allicin and 

Vit.B12 led to modest improvements 

in Purkinje and granular cell layers in 

acrylamide-exposed rats. Besides, 

Cuyubamba et al. (2025) stated that 

Vit.B12 lowers homocysteine levels, 

reducing neuroinflammation and 

oxidative stress-two key mechanisms 

in acrylamide-induced neurotoxicity. 

Moreover, Yadav et al. (2024) 

highlighted the role of Vitamin B12 in 

DNA synthesis, myelination, 

methylation reactions, and neuronal 

energy metabolism. 

The preservation of Purkinje 

cells and cortical thickness in the 

acrylamide + Vitamin B12 group in the 

current trial may be attributed to the 

strong neuroprotective, anti-apoptotic, 

and neuroregenerative properties of 

Vit.B12. Moreover, recent research has 

shown that Vit.B12 has a strong 

protective effect against toxicity 

caused by the long-term use of high 

doses of therapeutic drugs such as 

ivermectin, further confirming the 

potent protective properties of Vitamin 

B12 (Asmaa et al. 2025).  

In our study, at 15 and 21 days 

postnatally, histological analysis 

showed a significant reduction in all 

cerebellar parameters in the ACR 

group compared to controls. At that 

days, Purkinje cell count, granular 

layer thickness, Purkinje layer 

thickness, and molecular layer 

thickness were all significantly 
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decreased (P < 0.0001).  
In agreement with our study, Liu et al. 

(2021) demonstrated that subchronic 

ACR exposure induced cerebellar 

neuronal lesions in rats. Histologically, 

hematoxylin-eosin staining revealed 

mineralized Purkinje cells with nuclear 

condensation, pyknosis, and 

chromatolysis. Nissl staining showed 

Purkinje cell pyknosis, reduced Nissl 

body intensity, and structural damage. 

So, as in our study, these structural 

abnormalities were reflected 

quantitatively by a significant 

reduction in Purkinje cell count and 

decreased Purkinje layer thickness, 

confirming similar neurotoxic effects 

of ACR on cerebellar architecture. 

Similarly, Amin et al. (2019) 

reported that acrylamide exposure in 

pregnant albino rats during gestation 

(prenatal group) and gestation plus 

lactation (postnatal group) led to 

marked cerebellar degeneration in 

offspring, worsening with longer 

exposure. Control offsprings exhibited 

normal cerebellar architecture while 

treated groups showed progressive 

histological damage across postnatal 

days of 14 and 21, including thinning 

and exfoliation of the external granular 

layer, vacuolated molecular layer, 

degenerated Purkinje cells with 

karyolysis and loss of axons, and 

disorganized internal granular layer 

with vacuolated or aggregated granule 

cells.  

In the current study, 

administration of Vit.B12 in 

combination with ACR improved the 

histological outcomes observed on 

postnatal days 15 and 21, with the 

ACR + Vitamin B12 group showing 

cerebellar parameters comparable to 

those of the control group. Supporting 

our findings, Eltony (2016) study used 

male Wistar rats to evaluate the 

protective effect of vitamin B complex 

against STZ-induced diabetic 

cerebellar damage. It was noted that in 

vitamin B complex-treated rats, 

granule cells and cerebellar glomeruli 

appeared normal. Purkinje neurons 

were preserved, with euchromatic 

nuclei and cytoplasm containing well-

developed organelles, indicating 

protective effects similar to those 

observed in our vitamin-treated group . 
Various studies have 

investigated the oxidant/antioxidant 

profile and used it as a tool to monitor 

the development of different diseases 

(Amin et al. 2020; Amin et al. 2021; 

Amin et al. 2023b; El-Sawy et al. 

2023). Others have highlighted its role 

in drug or toxicant-induced toxicity 

(Toghan et al. 2022; Allam et al. 

2025), while some have illustrated its 

importance as a key factor in the 

treatment process (Awadalla et al. 

2025). 

Our study showed that 

acrylamide exposure in offspring rats 

induced significant oxidative stress, 

reflected by a marked reduction in 

CAT, SOD and GPX activities, 

alongside a significant increase in 

MDA levels. Treatment with either 

Nano-hydroxyapatite or Vit.B12 

significantly restored antioxidant 

enzyme activities such as CAT, SOD, 

and GPX levels and lowering MDA, 

indicating superior neuroprotective 

efficacy compared to Nano-

hydroxyapatite. 

These findings align with 

Abbas et al. (2019) who demonstrated 

that nano-hydroxyapatite reduced 

oxidative markers and improved brain 

histology in aluminum-induced 

neurotoxicity. Xu et al. (2021) found 

that hydroxyapatite preserved synaptic 

function and promoted axonal 

regeneration in cerebral ischemia 

models. 

Furthermore, Batool et al. 

(2022) reported that 

adenosylcobalamin, a derivative of 

vitamin B12, offered significant 

protection against DEHP-induced 
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oxidative damage in rats by restoring 

antioxidant enzyme levels and 

reducing lipid peroxidation. Vitamin 

B12 superior effects are also consistent 

with Wu et al. (2019), who reported 

that mecobalamin reduced neuronal 

apoptosis, improved remyelination, 

and enhanced neurological function in 

traumatic brain injury models. 

Similarly, Suryavanshi et al. (2024) 

showed that vitamin B12 facilitated 

neuronal survival and functional 

recovery in peripheral nerve injury, 

underlining its potent neuro-

regenerative and antioxidant 

properties. 

Our study also revealed that 

with age, antioxidant defenses 

naturally improved. The ACR-exposed 

rats treated with HA or Vit.B12 in this 

study, maturation-dependent 

antioxidant restoration was observed. 

From 15 to 21 days postnatal of the 

produced offspring, CAT, SOD, and 

GPX activities significantly increased, 

while MDA levels decreased. Vitamin 

B12 consistently outperformed 

hydroxyapatite, showing earlier and 

more effective normalization of 

oxidative markers. These age-related 

trends are supported by findings from 

Ryan et al. (2008) and Aliahmat et al. 

(2012) who reported increased 

antioxidant enzyme activities and 

decreased lipid peroxidation markers 

with development in various tissues 

and species. 

Conclusion 

Our study demonstrates that 

acrylamide exposure to the mother 

during pregnancy and nursing resulted 

in production of offspring suffered 

from significant cerebellar 

histopathological damage and 

oxidative stress. Histopathological 

investigation of the cerebellum of the 

produced offspring showed reduced 

Purkinje cell count and cortical layer 

thickness along with decreased serum 

antioxidant enzyme activities (CAT, 

SOD, GPX) and elevated MDA levels 

(P < 0.0001). Co-treatment with nano-

hydroxyapatite partially ameliorated 

these effects showing significant 

recovery but with but limited degree. 

In contrast, vitamin B12 demonstrated 

superior neuroprotective efficacy, 

significantly restoring of the 

cerebellum histological architecture 

and significant improvement of serum 

oxidant/antioxidant parameters with 

MDA levels almost normalized by day 

21. All of these indicating a potent 

antioxidant and neuroprotective role of 

Vit.B12 against acrylamide-induced 

neurotoxicity. 
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