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ABSTRACT

Statins are a class of drugs commonly prescribed to lower cholesterol 

and low-density lipoprotein (LDL) cholesterol levels, as well as to 

reduce morbidity and mortality associated with cardiovascular 

illnesses. However, statins are associated with potential side effects, 

such as muscle pain, liver problems, and neurological or psychiatric 

disturbances. Therefore, a protective medication is required to 

mitigate the harmful effects of statins. Thymoquinone (THQ), found in 

Nigella sativa, has several medicinal benefits and protective effects. 

The current study aimed to investigate the effects of simvastatin on 

cerebellar and hepatic tissues, focusing on cellular apoptosis, using 

light and electron microscopy, morphometric analysis, and 

immunohistochemical techniques. Additionally, the study evaluates 

whether thymoquinone can protect against simvastatin-induced 

histological and ultrastructural damage in hepatic and cerebellar 

tissues. Thirty adult male Wistar albino rats were divided into three 

equal groups. Group I was the control group (Ctrl group). Group II 

(statin group) received simvastatin (20 mg/kg/day) orally for 8 weeks. 

Group III (statin+THQ group) received concomitant treatment with 

simvastatin (20 mg/kg/day) and thymoquinone (10 mg/kg/day) for 8 
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weeks. Tissue specimens were taken from the liver and cerebellum of 

all animal groups and processed for light and electron microscopic 

examination. An immunohistochemical investigation for caspase-3 was 

performed. The molecular and granular layer thickness, number of 

Purkinje cells, central vein diameter, hepatocyte nuclear diameter, 

and optical density of anti-caspase-3-positive cells were measured in 

both the cerebellum and the liver in all experimental groups. Results 

showed that cerebellum from simvastatin-treated animals showed 

perinuclear halos in cells within the molecular layer. Purkinje cells 

appeared disorganized, irregularly arranged, shrunken, with irregular 

outlines, hyperchromatic nuclei, and vacuolated cytoplasm. Moreover, 

the granular cell layer appeared shrunken with irregular 

hyperchromatic nuclei. In addition, decreased thickness of both the 

molecular and granular layers, as well as a reduction in the number 

and diameter of Purkinje cells, was observed and confirmed by 

morphometric analysis. Liver tissue showed shrunken hepatocytes, 

widened blood sinusoids, widened central veins, and inflammatory cell 

infiltration. Furthermore, strong positive expression of caspase-3 was 

observed in both the cerebellum and liver. However, all these 

histological, ultrastructural, and morphometric changes were 

markedly decreased after the addition of thymoquinone. 

It can be concluded that simvastatin induces significant degeneration 

in both the cerebellar cortex and liver tissue, primarily due to 
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increased oxidative stress and reduced antioxidant protection. 

Thymoquinone exerts protective effects against this oxidative damage 

in both organs and alleviates degenerative changes, suggesting that it 

may be recommended for hypercholesterolemic patients on statins.

Keywords: Simvastatin; Liver; Cerebellum; Thymoquinone

Introduction 

Typically, statins are used to prevent and treat coronary heart 

disease, as they are the most effective medications for lowering LDL 

cholesterol and are also used to treat hyperlipidemia in people with 

chronic liver disorders. However, statins can cause side effects, 

including mitochondrial damage, increased production of reactive 

oxygen species (ROS), and the formation of reactive metabolites 1.

Moreover, hepatotoxicity and myopathy are the most frequent 

side effects associated with statins. Animal studies have shown that 

liver toxicity and necrosis in hepatic cells are observed with higher 

statin dosages 2. Mitochondrial dysfunction is a primary explanation 

for the mechanism of statin-induced hepatotoxicity. Mitochondrial 

toxicity assays show a significant increase in mitochondrial 

superoxide following statin treatment. Consequently, this increase 

leads to significant mitochondrial impairment. Additionally, statins' 

ability to stimulate apoptotic cell death is another important factor 

contributing to statin-induced hepatotoxicity 3.
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Statins have been reported to cause neurological side effects, 

such as dementia, cognitive decline, and Alzheimer's disease 4. In 

addition, increased numbers of plaques in the hippocampus and 

cerebral cortex have been detected 5. Moreover, simvastatin 

abrogated the expression of pro-inflammatory molecules, blocked glial 

cell activation, and was associated with experimentally induced 

Parkinson's disease 6. 

Several natural plants with protective properties are now used 

in the treatment of diseases and to mitigate the side effects of 

therapeutic drugs and various toxicities 7-10. One of these natural 

plants is Nigella sativa. The most prevalent component in Nigella 

sativa seed essential oil is thymoquinone (THQ), which possesses 

many of the plant's characteristic properties. It has anticancer, 

estrogen receptor (ER)-lowering, anti-inflammatory, and antioxidant 

effects 11,12. Moreover, it has neuroprotective, hepatoprotective, 

cardioprotective, and protective roles against testicular damage 13,14.

Thymoquinone was found to reduce neuroinflammation and 

neurodegeneration 15 by decreasing oxidative stress and increasing 

antioxidant capacity, thus providing neuroprotective efficacy 16. 

Previous research evaluating the efficacy of THQ in treating epilepsy 

showed that THQ protects against damage to the hippocampus and 

cerebral cortex 17.
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Thymoquinone is characterized by high pharmacological activity 

against inflammation, toxins, and oxidative damage. Additionally, it 

may play a significant neuropharmacological role in the treatment of 

neurological conditions 18. Numerous illnesses, including Parkinson's 

disease, epilepsy, depression, and Alzheimer's disease, have been 

linked to the possible neuropharmacological protective effects of THQ  

19. The combined protective effects of thymoquinone on both hepatic 

and cerebellar histology and ultrastructure have not been 

demonstrated in any previous study. Likewise, the characteristics of 

hepatic cells and cerebellar layers, as well as the cellular parameters 

of both organs, have not been simultaneously evaluated.

The current study aimed to investigate the effects of simvastatin 

on cerebellar and hepatic tissues, focusing on cellular apoptosis, 

using light and electron microscopy, morphometric analysis, and 

immunohistochemical techniques. Additionally, the study investigated 

whether thymoquinone can protect against simvastatin-induced 

histological and ultrastructural damage in hepatic and cerebellar 

tissues.

Materials and methods

Drugs and ethical approval 

Statins were represented by simvastatin (Zocor tablets, 20 mg), 

which was obtained from Global Napi Pharmaceuticals, Egypt. 

Thymoquinone was represented by an orange crystalline powder 
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obtained from Sigma-Aldrich. The study protocol was approved by 

the Institutional Research Committee at the Faculty of Medicine, 

South Valley University, Qena, Egypt, with ethical approval code: 

SVU-MED-ANA001-1-24-3-830, thereby ensuring compliance with 

recognized ethical standards. All animal procedures complied with 

the ARRIVE guidelines and were carried out in accordance with the 

U.K. Animals (Scientific Procedures) Act, 1986, and associated 

guidelines, as well as EU Directive 2010/63/EU for animal 

experiments.

Animals

Thirty adult male Wistar albino rats (180-190 g), aged 3 months, 

were used in this study. Animals were acquired from the animal 

facilities at the Faculty of Medicine, South Valley University. Rats 

were maintained at ambient temperature with 55-60% humidity and a 

standard 12-hour light/12-hour dark cycle. They were kept under 

sanitary conditions, housed in metal cages with wood shavings as 

bedding, provided with ad libitum access to food, and allowed 

unrestricted access to water. Rats were randomly divided into three 

equal groups (10 rats per group). Group I was the control group 

(Ctrl), which received distilled water orally via an intragastric tube for 

8 weeks. Group II was the Statin group, which received simvastatin 

(20 mg/kg/day) dissolved in distilled water and administered orally 

once daily via an intragastric tube for 8 weeks 20. Group III was the 
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statin+THQ group, which received both simvastatin (20 mg/kg/day) 

and thymoquinone (10 mg/kg/day, after dissolution in corn oil) via an 

intragastric tube for 8 weeks 21. The summarized study design is 

shown in Fig 1.

Sample collection procedures

At the end of the experiment, the rats were anesthetized using 

inhalation of 3% isoflurane anesthesia 22; subsequently, relevant 

tissues and organs were rapidly harvested. The cerebellum and liver 

from each rat were removed and processed for light microscopic (LM) 

and transmission electron microscopic (TEM) examination 23.

 Light microscopic examination

The specimens for light microscopic investigation, after being 

fixed in 10% buffered formalin, were processed into 5 μm paraffin 

sections and stained with hematoxylin and eosin (H&E) to examine 

the general histological structure 24.

 Immunohistochemical investigation 

After removal of paraffin from 5 μm sections, rehydration and 

washing with phosphate-buffered saline were performed. Sections 

were soaked overnight with an anti-caspase-3 antibody (an apoptosis 

marker); a rabbit polyclonal anti-caspase-3 antibody (dilution 1:200; 

PA1-26426, Abcam, USA) was used as the primary antibody. A 

positive reaction was defined as brown cytoplasmic coloration. As a 

positive control, a section of a human tonsil was utilized 25. The same 
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technique was employed to obtain negative controls, except that the 

primary antibodies were omitted. Finally, Mayer's hematoxylin was 

used to counterstain all immunostained slides.

Ultrastructure preparations

Firstly, small sections of the cerebellum and liver (1 × 1 mm 

thick) were fixed in 5% glutaraldehyde and then post-fixed in 1% 

osmium tetroxide. Subsequently, semithin sections of 1 μm were 

prepared, stained with 1% toluidine blue in borax, and examined 

under a light microscope. Secondly, ultrathin sections of 50 nm were 

prepared using an ultramicrotome, mounted on copper grids, and 

stained with lead citrate and uranyl acetate 26. The examination was 

conducted at the Electron Microscope Research Laboratory Unit of 

South Valley University. The sections were examined using a JEOL 

JEM-100CX II transmission electron microscope and then 

photographed. 

 Morphometric analysis

Five slides were chosen from each animal. For each measured 

parameter, five non-overlapping fields were selected from each slide. 

Fields were selected by targeting representative, high-quality, and 

relevant areas of the tissue section. The group mean was estimated by 

averaging the individual means.

The investigated parameters were as follows:

 Mean thickness of the molecular layer of the cerebellar cortex in 
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H&E-stained sections (×200). 

 Mean thickness of the granular layer of the cerebellar cortex in 

H&E-stained sections (×200). 

 Mean number of Purkinje cells in H&E-stained sections (×400). 

 Central vein diameter (×200) and hepatocyte nuclear diameter 

(TEM ×25,000).

 Mean optical density of anti-caspase-3-positive cells in the 

cerebellum and liver (caspase-3 immunostained sections ×400). 

 Statistical analysis

The values were expressed as mean ± SD. A one-way ANOVA 

followed by Tukey's post hoc test was used to determine statistical 

differences between groups, the analysis was blinded. A P-value of 

less than 0.05 was considered statistically significant.

Results

No signs of morbidity or mortality were observed in any of the 

three groups during the study period. 

Light microscopic examination of the cerebellum (H&E 

staining)

In the control group, H&E-stained cerebellar sections showed 

the three layers of the cerebellar cortex arranged regularly; the outer 

molecular layer, the middle Purkinje cell layer, and the inner granular 

layer (Fig. 2a). Two types of neuronal cells were observed in the 

molecular layer: stellate cells (smaller cells toward the outer surface) 
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and basket cells (scattered cells near Purkinje cells). The Purkinje cell 

layer consisted of large, flask-shaped cells aligned in a single row, 

encircled by pale Bergmann astrocytes. The granular layer appeared 

as tightly packed granule cells with deeply stained nuclei, with few 

large vesicular Golgi type II cells interspersed (Fig. 3a).

In the statin-treated group, the cerebellar cortex exhibited 

vacuolated areas involving all cortical layers. Most cells of the 

molecular layer displayed perinuclear halos. The Purkinje cell layer 

showed disrupted, shrunken Purkinje cells with dark cytoplasm and 

pyknotic nuclei, surrounded by vacuolated areas. The granular layer 

contained darkly stained granule cells with cellular aggregates and 

interspersed vacuoles, while Golgi type II cells exhibited vacuolated 

cytoplasm (Fig. 2b and 3b).

In the statin+THQ group, most cells in the molecular layer 

appeared normal, with only a few showing perinuclear halos. Purkinje 

cells were largely normal, although some cells appeared shrunken 

with vacuolated areas in specific spaces. The granular layer appeared 

normal in most regions (Fig. 2c and 3c).

Light microscopic examination of the liver (H&E staining)

In the control group, each hepatic lobule consisted of a central 

vein surrounded by densely packed cords of hepatocytes arranged 

radially. Each hepatic cord comprised polygonal hepatocytes with 

rounded vesicular nuclei and acidophilic cytoplasm. Additionally, 
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binucleated cells were observed, with endothelial cell-lined radiating 

blood sinusoids between the hepatic cords (Fig. 4a). The portal area 

contained a bile duct lined by solitary cuboidal cells with dark, 

rounded nuclei and a portal vein with a large lumen and thin wall 

(Fig. 5a).

In the statin group, there was marked loss of normal liver 

architecture with variable hepatocellular changes. Some hepatocytes 

displayed poorly defined boundaries, condensed (dark-stained) nuclei, 

and vacuolated cytoplasm within the hepatic lobules. Widening of 

blood sinusoids and dilated central veins were noted (Fig. 4b). In the 

portal area, dilated portal veins, prominent cellular infiltration, 

thickened bile duct walls, and bile duct proliferation were observed 

(Fig. 5b).

In the statin+THQ group, varying degrees of improvement were 

noted compared to the statin group. Many hepatocytes resembled 

those of the control group, with acidophilic cytoplasm, rounded 

vesicular nuclei, and some binucleated cells. The central vein and 

blood sinusoids appeared normal. However, bile duct proliferation 

persisted (Fig. 4c and 5c).

Immunohistochemical examination of the cerebellum and liver

In the cerebellum, the control group showed a weak positive 

immunohistochemical reaction for caspase-3 (Fig. 6a). The statin 

group exhibited strong cytoplasmic immunoreactivity (Fig. 6b), 
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whereas the statin+THQ group showed mild cytoplasmic 

immunoreactivity (Fig. 6c).

In the liver, the control group demonstrated faint cytoplasmic 

anti–caspase-3 reaction in hepatocytes around the central veins (Fig. 

7a). The statin group exhibited very strong cytoplasmic anti–caspase-3 

reaction in hepatocytes around the central veins and in the portal 

area (Fig. 7b and c). The statin+THQ group showed mild cytoplasmic 

immunoreactivity in hepatocytes (Fig. 7d).

Electron microscopic examination of the cerebellum

In the control group, ultrathin sections revealed Purkinje cells 

as large flask- shaped cells with euchromatic nuclei and well-defined 

cell and nuclear borders. The cytoplasm contained numerous 

mitochondria, dispersed ribosomes, and rough endoplasmic reticulum 

(RER) cisternae (Fig. 8a). Densely packed granule cells were observed 

in the granular layer, each with a nucleus containing peripheral 

heterochromatin clumps surrounded by a cytoplasmic ring containing 

mitochondria and free ribosomes (Fig. 9a). 

In the statin group, structural alterations were evident; Purkinje 

cells appeared shrunken with irregular, ill-defined borders, and their 

nuclei were irregularly heterochromatic. The cytoplasm contained 

dilated RER cisternae, damaged mitochondria, and secondary 

lysosomes (Fig. 8b). Granule cells showed irregular shapes, shrunken 
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heterochromatic nuclei, and expanded perinuclear spaces, with 

multiple intercellular vacuoles (Fig. 9b).

In the statin+THQ group, Purkinje cells largely retained normal 

structure, with euchromatic nuclei, well-defined borders, and distinct 

cellular margins. The cytoplasm contained numerous RER cisternae, 

mitochondria, and scattered ribosomes (Fig. 8c). The granular layer 

consisted of closely packed cells with euchromatic nuclei, although 

some intercellular vacuoles persisted (Fig. 9c).

Electron microscopic examination of the liver

In the control group, hepatocytes appeared large and well-

defined. The nucleus was rounded with a distinct nuclear membrane 

and chromatin masses. Cytoplasmic organelles were normal, with 

dispersed round or oval mitochondria exhibiting well-developed 

cristae. The RER was densely packed with parallel, flattened, 

ribosome-studded cisternae (Fig. 10a).

In the statin group, hepatocytes displayed irregular, pyknotic 

nuclei, mitochondrial swelling, numerous cytoplasmic vacuoles, 

fragmented RER, and scattered lipid droplets (Fig. 10b).

In the statin+THQ group, hepatocytes showed partial 

improvement, with large nuclei and well-defined borders. Numerous 

dispersed mitochondria were present, and intact RER cisternae were 

observed. However, cytoplasmic vacuoles and lipid droplets persisted 

(Fig. 10c).
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Morphometric analysis results

Table 1 shows morphometric changes in the cerebellum across 

the three tested groups. Analysis of the molecular layer thickness 

(MLT) revealed a significant decrease (P < 0.05) in the statin group 

compared to the Ctrl group. In contrast, the statin+THQ group 

showed a non-significant difference (P > 0.05) compared to the Ctrl 

group, however, it showed  a significant increase (P < 0.05) compared 

to the the statin group  (Fig. 11a). Analysis of the granular layer 

thickness (GLT) similarly revealed a significant decrease (P < 0.05) in 

the statin group compared to the Ctrl group, while the statin+THQ 

group showed a non-significant difference (P > 0.05) relative to the 

Ctrl group. Contrary, there was a significant increase (P < 0.05) in the 

statin+THQ compared to the the statin group (Fig. 11a).

Analysis of Purkinje cell number/mm2 (PCN) revealed a 

significant decrease (P < 0.05) in the statin group compared to the 

Ctrl group. In contrast, the statin+THQ group showed a non-

significant difference (P > 0.05) compared to the Ctrl group (Fig. 

11b). Besides, there was a decrease in PCN in the statin+THQ group 

compared to the the statin group but it was not statistically significant 

(P > 0.05).  Analysis of mean optical density of anti-caspase-3 positive 

cells (MODC) in the cerebellar cortex revealed a significant increase 

(P < 0.05) in the statin group compared to the Ctrl group. In 

comparison, the statin+THQ group showed a non-significant 
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difference (P > 0.05) relative to the Ctrl group, however, it showed  a 

significant decrease (P < 0.05) compared to the the statin group (Fig. 

11c). 

Table 2 shows the morphometric changes in the liver among the 

three tested groups. Analysis of central vein diameter (CVD) revealed 

a significant increase (P < 0.05) in the statin group compared to the 

Ctrl group. At the same time, the statin+THQ group showed a 

significant increase (P < 0.05) relative to the Ctrl group. Moreover, it 

showed a significant decrease (P < 0.05) relative to the statin group 

(Fig. 12a). Analysis of hepatocyte nuclear diameter (HND) revealed a 

significant decrease (P < 0.05) in the statin group compared to the 

Ctrl group. In contrast, the statin+THQ group showed a non-

significant difference (P > 0.05) relative to the Ctrl group, but it 

showed  a significant increase (P < 0.05) compared to the statin group 

(Fig. 12a). Analysis of the mean optical density of anti-caspase-3 

positive hepatocytes revealed a significant increase (P < 0.05) in the 

statin group compared to the Ctrl group. In contrast, the statin+THQ 

group showed a non-significant difference (P > 0.05) relative to the 

Ctrl group, however, there was a significant decrease in  statin+THQ 

group (P < 0.05) compared to the the statin group (Fig. 12b). 

Discussion 

The cerebellum is one of the vital organs of special concern in 

toxicological research 27. In this study, simvastatin (20 mg/kg/day) 
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was used, as the recommended dosage range of simvastatin tablets is 

20-40 mg once daily 28. In the present work, treatment of adult male 

albino rats with simvastatin for 8 weeks led to apparent changes in 

the cerebellum, including shrinkage of the cerebellar cortex, deeply 

stained Purkinje cells, an apparent increase in perineural spaces, 

darkly stained granule cells, and numerous vacuoles between the 

cells. In addition, a marked decrease in the thickness of the molecular 

and granular layers was observed, with strong positive caspase-3 

expression in cerebellar cortical sections.

Simvastatin-induced histological alterations may have a complex 

origin. Previous research has shown that the monocarboxylate 

transporter (MCT4) preferentially absorbs statins, leading to 

mitochondrial dysfunction and alterations in Ca2+ homeostasis 29,30. 

Statins (HMG-CoA reductase inhibitors) may deplete the isoprenoid 

pool, leading to widespread inadequate protein modification that 

causes organ injury. This mechanism could account for statin-induced 

cerebellar degenerative changes 31.

Reduced mevalonate production, a precursor of cholesterol, 

leads to a decrease in cholesterol content of the sarcolemmal and 

mitochondrial membranes, thereby impairing membrane function and 

causing abnormal calcium influx 32. Furthermore, caspase-3 is 

activated by elevated cytosolic calcium, which ultimately leads to cell 
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death 33,34. This may explain the findings of the current work observed 

by light microscopy.

Due to simvastatin's ability to cross the blood-brain barrier 35, 

prolonged oral administration in mice resulted in significant brain 

concentrations and alterations in gene expression 36.  Moreover, 

simvastatin significantly inhibited the robust remyelination that 

normally occurs following CNS demyelination induced by oral 

administration of the oligodendrocyte toxin cuprizone. It could induce 

cell death by preventing the formation of isoprenoids and cholesterol, 

as well as by promoting oligodendroglial process retraction through 

cholesterol depletion 37.

The liver is one of the most important organs and is highly 

susceptible to damage caused by drug overdose or exposure to toxic 

agents, making it a major focus of numerous research studies 38-41. In 

the present work, simvastatin treatment induced histological changes 

in the liver, including shrunken hepatocytes with vacuolated 

cytoplasm, widened blood sinusoids, dilated central veins, and strong 

positive expression of caspase-3. Similar results were reported in 

previous studies, showing that statin-induced liver fibrosis and 

persistent inflammation of the portal tract occurred 42. In addition, 

simvastatin induced relative changes in protein secondary structure in 

soft tissues (liver, testis, and sciatic nerve) using a neural network 

approach applied to the well-known amide I protein band (1700-1600 
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cm-1) obtained by ATR-FTIR spectroscopy 43. Moreover, high-dose 

simvastatin induced significant changes in lipid, protein, and nucleic 

acid content; it also increased mtDNA content and depleted protein 

levels in drug-treated liver tissues, suggesting oxidative stress-

mediated hepatotoxicity 44.

Caspase-3, a key marker of apoptosis, has been the focus of 

numerous studies for monitoring the risk of cell apoptosis and for 

indicating disease progression and toxicity development 45-47. Several 

studies have shown that simvastatin can efficiently induce apoptosis 

48-50,  which may explain the increased caspase-3 expression and 

destruction of hepatocytes. Ultrastructural analysis confirmed 

simvastatin caused cell shrinkage, swollen mitochondria, disrupted 

rough ER, and buildup of autophagic vacuoles in the cerebellum and 

liver. However, the mechanism of statin-induced ultrastructural cell 

degeneration is not fully understood. It may be explained by dose-

related and pro-apoptotic effects, direct mitochondrial effects, 

pharmacological interactions, hereditary traits, or combinations 

thereof. Recently, an uncommon immune-mediated cell atrophy 

induced by statin use has been identified 51.

Mitochondrial dysfunction is believed to be the main cause of 

statin-induced hepatotoxicity and neurotoxicity 52. Numerous cellular 

disorders were associated with changes in autophagy and/or 

lysosomal function, which were linked to the presence of autophagic 
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vacuoles 53-55. Statins have been linked to elevated oxidative stress, 

which leads to mitochondrial dysfunction and transcriptional 

inactivation of mitochondrial biogenesis 56. 

Histological results of the statin+THQ group showed that THQ 

ameliorated the histological alterations caused by statin on the 

cerebellar cortex, with preservation of most cell shapes and sizes and 

a decrease in the expression of caspase-3 immunoreaction. Moreover, 

morphometric analysis confirmed the thickness of the molecular and 

granular cell layers, as well as the preservation of Purkinje cell 

number. It has been reported that THQ possesses strong antioxidant 

properties and scavenges free radical production 57.

This provide evidence of the protective effects of thymoquinone that 

have been reported in various tissues. In mouse studies, 

thymoquinone (TQ) at a dose of 10 mg/kg/day has been frequently 

used as a well-tolerated pharmacological concentration that exhibits 

notable hepatoprotective, anti-inflammatory, and antioxidant 

properties, including the correction of DZN-induced hepatotoxicity. In 

preclinical models, it is commonly utilized to combat cancer, 

neurodegeneration, and oxidative stress 58

Oxidative damage and inflammation are thought to be the 

factors causing neuronal damage 59. The imbalance between reactive 

nitrogen species, antioxidant enzymes, and reactive oxygen species 

(ROS) generation has been extensively studied in relation to oxidative 
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stress, with numerous studies reporting its role in the initiation and 

progression of various diseases 60-62. Treatment with THQ enhances 

antioxidant enzymes, lowers inflammation, and decreases neuronal 

damage. Thymoquinone may be a potential treatment for halting 

neuronal morphological alterations in the cerebellum 63.

This study demonstrated improvements in liver histology 

following THQ treatment. This improvement was reflected in the 

normal appearance of most hepatocytes, the central vein, and blood 

sinusoids, along with a decrease in caspase-3 immunoreactivity. These 

findings are consistent with earlier research showing that THQ is a 

potent radical scavenger and has a significant impact on liver 

physiology 12. 

Thymoquinone has been shown to ameliorate liver damage in a 

variety of scenarios, including cholestatic liver disorders 64, carbon 

tetrachloride hepatotoxicity 65 and nonalcoholic steatohepatitis 

(NAFLD) 66, via increasing the activity of liver enzymes, modulating 

the inflammatory response, and correcting oxidative status 67. 

Moreover, THQ may exert hepatoprotective effects by reducing 

fibrogenic events, altering levels of various eicosanoids, and inhibiting 

reactive oxygen species generation and NF-κB signaling 68. However, 

several mechanisms have been proposed to explain the 

antineuroinflammatory and anti-apoptotic effects of THQ. It was 

suggested that THQ produces anti-neuroinflammatory activity through 
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the AMP-activated protein kinase (AMPK) and nicotinamide adenine 

dinucleotide (oxidized)/sirtuin 1 (SIRT1) pathways 18. Furthermore, 

THQ can reduce cellular ROS generation, possibly by inhibiting the 

p40phox and gp91phox proteins 69. It was stated that administration 

of THQ reduced infiltration of inflammatory cells, fibrosis, and 

collagen content due to improvements in antioxidant defenses and a 

reduction in oxidative damage 70.

These findings are consistent with earlier research showing that 

THQ is a potent radical scavenger and has a significant impact on 

liver physiology 12. THQ has been shown to ameliorate liver damage in 

a variety of scenarios, including cholestatic liver disorders 64, carbon 

tetrachloride hepatotoxicity 65, and nonalcoholic steatohepatitis 

(NAFLD) 66, via increasing the activity of liver enzymes, modulating 

the inflammatory response, and correcting oxidative status 67. 

Moreover, THQ may exert hepatoprotective effects by reducing 

fibrogenic events, altering levels of various eicosanoids, and inhibiting 

the generation of reactive oxygen species and NF-κB signaling 68. 

Ultrastructural results of the statin+THQ group in the current 

trial in both the cerebellum and liver confirmed histological 

improvement, with restoration of cell shape, size, and cytoplasmic 

organelles. In a prior study, rats treated with tramadol+Nigella sativa 

showed fewer ultrastructural apoptotic alterations in the cerebral 

cortex than those treated with tramadol alone. Most neurons and 
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axons appeared normal, with intact mitochondria and rough 

endoplasmic reticulum 71.

Thymoquinone was reported to reverse brain damage, 

particularly that induced by mineral toxicity such as sodium nitrate, 

through several mechanisms, including lowering oxidative stress, 

restoring glutathione levels, blocking pro-inflammatory cytokines, 

restoring cytochrome c-oxidase activity, and reducing apoptosis 

markers in rat brain tissues 72.

The antioxidant properties of thymoquinone were the primary 

driver of its neuroprotective effects; therefore, it is a valuable tool for 

mitigating the adverse effects of both acute and chronic forms of 

brain disease. This improvement occurs by restoring normal levels of 

antioxidant enzymes and halting the increase in lipid peroxidation 

products. These antioxidant properties make this substance a 

promising basis for the development of prototype therapeutic agents 

aimed at the treatment of several degenerative diseases of the central 

nervous system 73.

The liver improvement results of the present study are 

consistent with previous research 74, which stated that rats given THQ 

showed fewer histological and ultrastructural alterations in the liver 

and testes than the treated group. Bouhlel et al. (2017) showed that 

THQ protected rat liver against ischemia-reperfusion injury by 

preventing endoplasmic reticulum (ER) stress and mitochondrial 
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dysfunction 75. These effects implicate the prevention of oxidative 

stress.

Furthermore, these findings are consistent with previous 

research 74, which stated that rats given THQ showed fewer 

histological and ultrastructural alterations in the liver and testes than 

the treated group. Thymoquinone is a strong antioxidant and free 

radical scavenger, which explains these effects.

Thymoquinone supplementation was found to significantly 

protect multiple organs against oxidative damage induced by various 

free radical-generating agents, including aflatoxin B1-evoked 

hepatotoxicity, gentamicin-induced nephropathy, and ethanol-induced 

gastric mucosal injury 76-78. Its high potency and low systemic toxicity 

render THQ an encouraging alternative to conventional therapeutic 

drugs 79.

In this study, thymoquinone was administered at a dose of 10 

mg/kg/day for 8 weeks, a dosage that was both safe and effective. This 

regimen demonstrated notable protective effects on both the 

cerebellum and liver, organs in which such effects are typically 

observed only after prolonged treatment. Thymoquinone acted as a 

potent anti-inflammatory and antioxidant agent, thereby preserving 

cerebellar structure and cognitive function while improving liver 

function. These findings highlight the novel aspects of the present 
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study, which were substantiated through combined ultrastructural 

and morphometric analyses of the cerebellum and liver.

The limitations of the study include the absence of a group 

receiving thymoquinone alone and the lack of direct measurements of 

biochemical markers of oxidative stress, such as malondialdehyde 

(MDA), superoxide dismutase (SOD), catalase (CAT), or glutathione 

(GSH). In addition, the assessment of apoptosis was limited to 

caspase-3 expression, which does not provide a comprehensive 

evaluation of apoptotic pathways. 

Conclusion

Simvastatin induced significant degeneration in both the 

cerebellar cortex and liver tissue, primarily due to increased oxidative 

stress and reduced antioxidant protection. Thymoquinone exerted 

protective effects against oxidative damage in both organs and 

alleviated degenerative changes induced by statins.

Conflicts of interest

The authors have no conflict of interest to declare.

Data availability

All data generated or analyzed during this study are included in this 

published article.

Competing interests

There are no competing interests declared by the authors.

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



Funding

No fund was received from any agency.

Authors' contributions 

S.M.O, N.A.R. and M.A.E.B.A. performed experiments, collected, 

analyzed and discussed data, Y.A.A., M.A.H., B.T.A.E., R.G.M.H., 

W.I.M., and M.A.E.B.A. recruited study participants and analyzed and 

discussed data, S.M.O., Y.A.A., and M.A.E.B.A designed statistical 

plan and performed statistical analysis, S.M.O, N.A.R., Y.A.A., M.A.H., 

B.T.A.E., R.G.M.H., W.I.M., and M.A.E.B.A. conceived experiments, 

designed and managed the study, and wrote the manuscript, which 

was revised and approved by all authors

References

1 Bouitbir, J. et al. Statins trigger mitochondrial reactive oxygen 
species-induced apoptosis in glycolytic skeletal muscle. 
Antioxidants & redox signaling 24, 84-98 (2016).

2 Bhardwaj, S. S. & Chalasani, N. Lipid-lowering agents that 
cause drug-induced hepatotoxicity. Clinics in liver disease 11, 
597-613 (2007).

3 Tolosa, L., Carmona, A., Castell, J. V., Gómez-Lechón, M. J. & 
Donato, M. T. High-content screening of drug-induced 
mitochondrial impairment in hepatic cells: effects of statins. 
Archives of toxicology 89, 1847-1860 (2015).

4 Zhi, W. H. et al. Simvastatin exerts antiamnesic effect in 
Aβ25‐35‐injected mice. CNS neuroscience & therapeutics 20, 
218-226 (2014).

5 Park, I.-H. et al. Lovastatin enhances Aβ production and senile 
plaque deposition in female Tg2576 mice. Neurobiology of aging 
24, 637-643 (2003).

6 Ghosh, A. et al. Simvastatin inhibits the activation of p21ras and 
prevents the loss of dopaminergic neurons in a mouse model of 
Parkinson's disease. Journal of Neuroscience 29, 13543-13556 
(2009).

7 El-Sawy, S. A., Amin, Y. A., El-Naggar, S. A. & Abdelsadik, A. 
Artemisia annua L.(Sweet wormwood) leaf extract attenuates 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



high-fat diet-induced testicular dysfunctions and improves 
spermatogenesis in obese rats. Journal of ethnopharmacology 
313, 116528 (2023).

8 Ahmed, M. A.-E. B. et al. Potential protective effect of Panax 
ginseng extract on corticosteroid induced myopathy. SVU-
International Journal of Medical Sciences 7, 812-831 (2024).

9 Hassan, M. H. et al. Protective effects of Coenzyme Q10 and 
Pluchea lanceolata against Proton Pump Inhibitor-Induced 
Nephrotoxicity: biochemical, histological, and ultrastructural 
evaluation. Tissue and Cell, 103176 (2025).

10 Awadalla, E. A. et al. Co-treatment of β-carotene with 
acetamiprid provides protection against acetamiprid induced 
hepatic and renal toxicity via modulation of the antioxidant 
system. BMC Pharmacology and Toxicology 26, 122 (2025).

11 Bouhlel, A. et al. Thymoquinone protects rat liver after partial 
hepatectomy under ischaemia/reperfusion through oxidative 
stress and endoplasmic reticulum stress prevention. Clinical and 
Experimental Pharmacology and Physiology 45, 943-951 (2018).

12 Darakhshan, S., Pour, A. B., Colagar, A. H. & Sisakhtnezhad, S. 
Thymoquinone and its therapeutic potentials. Pharmacological 
research 95, 138-158 (2015).

13 Karabulut, D., Ozturk, E., Kaymak, E., Akin, A. T. & Yakan, B. 
Thymoquinone attenuates doxorubicin‐cardiotoxicity in rats. 
Journal of biochemical and molecular toxicology 35, e22618 
(2021).

14 Öztürk, E. et al. Thymoquinone is a protective agent that 
reduces the negative effects of doxorubicin in rat testis. Human 
& experimental toxicology 39, 1364-1373 (2020).

15 Cobourne-Duval, M. K., Taka, E., Mendonca, P. & Soliman, K. F. 
Thymoquinone increases the expression of neuroprotective 
proteins while decreasing the expression of pro-inflammatory 
cytokines and the gene expression NFκB pathway signaling 
targets in LPS/IFNγ-activated BV-2 microglia cells. Journal of 
neuroimmunology 320, 87-97 (2018).

16 Tabeshpour, J., Mehri, S., Abnous, K. & Hosseinzadeh, H. 
Neuroprotective effects of thymoquinone in acrylamide-induced 
peripheral nervous system toxicity through MAPKinase and 
apoptosis pathways in rat. Neurochemical research 44, 1101-
1112 (2019).

17 Ullah, I., Badshah, H., Naseer, M. I., Lee, H. Y. & Kim, M. O. 
Thymoquinone and vitamin C attenuates pentylenetetrazole-
induced seizures via activation of GABAB1 receptor in adult rats 
cortex and hippocampus. Neuromolecular medicine 17, 35-46 
(2015).

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



18 Jakaria, M. et al. Neuropharmacological potential and delivery 
prospects of thymoquinone for neurological disorders. Oxidative 
medicine and cellular longevity 2018, 1209801 (2018).

19 Samarghandian, S., Farkhondeh, T. & Samini, F. A review on 
possible therapeutic effect of Nigella sativa and thymoquinone 
in neurodegenerative diseases. CNS & Neurological Disorders-
Drug Targets-CNS & Neurological Disorders) 17, 412-420 
(2018).

20 Tucker, J. J. & Soslowsky, L. J. Effect of simvastatin on rat 
supraspinatus tendon mechanical and histological properties in 
a diet‐induced hypercholesterolemia model. Journal of 
Orthopaedic Research 34, 2009-2015 (2016).

21 Gökçe, A., Oktar, S., Koc, A. & Yonden, Z. Protective effects of 
thymoquinone against methotrexate-induced testicular injury. 
Human & experimental toxicology 30, 897-903 (2011).

22 Zhang, J., Li, Y. & Zhou, T. Nerolidol attenuates cerebral 
ischemic injury in middle cerebral artery occlusion-induced rats 
via regulation of inflammation, apoptosis, and oxidative stress 
markers. Pharmacognosy Magazine 19, 186-196 (2023).

23 Rampil, I. J., Moller, D. H. & Bell, A. H. Isoflurane modulates 
genomic expression in rat amygdala. Anesthesia & Analgesia 
102, 1431-1438 (2006).

24 Gamble, M. & Wilson, I. The hematoxylins and eosin. Theory and 
practice of histological techniques 6, 121-134 (2008).

25 Glamočlija, V., Vilović, K., Saraga-Babić, M., Baranović, A. & 
Sapunar, D. Apoptosis and active caspase-3 expression in 
human granulosa cells. Fertility and sterility 83, 426-431 
(2005).

26 Ayache, J., Beaunier, L., Boumendil, J., Ehret, G. & Laub, D. in 
Sample Preparation Handbook for Transmission Electron 
Microscopy: Methodology     1-2 (Springer, 2010).

27 Abdel-Moaty, Z. N. et al. Impact of acrylamide on postnatal 
developmental changes in the cerebellum of albino rat offspring 
and the potential ameliorative effects of nanohydroxyapatite and 
vitamin B12. SVU-International Journal of Medical Sciences 8, 
415-439 (2025).

28 Liang, H. et al. Simvastatin protects against acetaminophen-
induced liver injury in mice. Biomedicine & Pharmacotherapy 
98, 916-924 (2018).

29 Sirvent, P. et al. Simvastatin induces impairment in skeletal 
muscle while heart is protected. Biochemical and biophysical 
research communications 338, 1426-1434 (2005).

30 Sirvent, P., Mercier, J., Vassort, G. & Lacampagne, A. 
Simvastatin triggers mitochondria-induced Ca2+ signaling 
alteration in skeletal muscle. Biochemical and biophysical 
research communications 329, 1067-1075 (2005).

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



31 Baker, S. K. Molecular clues into the pathogenesis of 
statin‐mediated muscle toxicity. Muscle & Nerve: Official 
Journal of the American Association of Electrodiagnostic 
Medicine 31, 572-580 (2005).

32 Harris, B. T. & Mohila, C. A. Essential muscle pathology for the 
rheumatologist. Rheumatic Disease Clinics 37, 289-308 (2011).

33 Abd, T. T. & Jacobson, T. A. Statin-induced myopathy: a review 
and update. Expert opinion on drug safety 10, 373-387 (2011).

34 Miron, V. E. et al. Simvastatin regulates oligodendroglial 
process dynamics and survival. Glia 55, 130-143 (2007).

35 Saheki, A., Terasaki, T., Tamai, I. & Tsuji, A. In vivo and in vitro 
blood–brain barrier transport of 3-hydroxy-3-methylglutaryl 
coenzyme A (HMG-CoA) reductase inhibitors. Pharmaceutical 
research 11, 305-311 (1994).

36 Johnson-Anuna, L. N. et al. Chronic administration of statins 
alters multiple gene expression patterns in mouse cerebral 
cortex. The Journal of pharmacology and experimental 
therapeutics 312, 786-793 (2005).

37 Miron, V. E. et al. Statin therapy inhibits remyelination in the 
central nervous system. The American journal of pathology 174, 
1880-1890 (2009).

38 Mosa, A. M., Ali, R. A., Mobarak, S. A., Mar’ie, Z. A. & Amin, Y. 
A. Impact of chronic Ivermectin toxicity on some blood 
parameters and liver and kidney histoarchitectonics of adult 
albino rats: evaluation of the role of folic acid and vitamin B12 
as new treatment modalities. Cell and Tissue Biology 19, 470-
480 (2025).

39 Awadalla, E. A. et al. Silver Nanoparticles Synthesized From 
Aloe vera Extract Have Lower Toxicity Than Chemically 
Synthesized Forms on Hepatic, Renal, Oxidative/Antioxidative 
Profiles, and Histopathological Damage in Male Mice. 
Environmental Toxicology (2025).

40 Ali, R. A. et al. The deleterious effects of sofosbuvir and ribavirin 
(antiviral drugs against hepatitis C virus) on different body 
systems in male albino rats regarding reproductive, 
hematological, biochemical, hepatic, and renal profiles and 
histopathological changes. Scientific Reports 14, 5682 (2024).

41 Toghan, R. et al. Protective effects of Folic acid against 
reproductive, hematological, hepatic, and renal toxicity induced 
by Acetamiprid in male Albino rats. Toxicology 469, 153115 
(2022).

42 Ning, C. et al. Evaluation of a Clinically Relevant Drug–Drug 
Interaction Between Rosuvastatin and Clopidogrel and the Risk 
of Hepatotoxicity. Frontiers in Pharmacology 12, 715577 
(2021).

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



43 Garip, S., Yapici, E., Ozek, N. S., Severcan, M. & Severcan, F. 
Evaluation and discrimination of simvastatin-induced structural 
alterations in proteins of different rat tissues by FTIR 
spectroscopy and neural network analysis. Analyst 135, 3233-
3241 (2010).

44 Garip, S. et al. Structural effects of simvastatin on rat liver 
tissue: Fourier transform infrared and Raman 
microspectroscopic studies. Journal of Biomedical Optics 21, 
025008-025008 (2016).

45 Abd-Elhamid, T. H. et al. Treatment of corticosteroid-induced 
myopathy through Filgrastim induced endogenous stem cells 
mobilization in male albino rats. Cells Tissues Organs (2025).

46 Allam, M. et al. Mesenchymal stem cells reduce the genotoxic 
effect of lead acetate in the testis of male rats and induce 
testicular cellular proliferation indicated by 16S rRNA 
sequence, increase the proliferation marker Ki-67 and a 
reduction in the apoptosis marker caspase-3. Biological 
Research 58, 29 (2025).

47 Ali, R. A., Amin, Y. A., Mar’ie, Z. A., Mosa, A. M. & Mobarak, S. 
A. Ameliorative effect of folic acid and vitamin B12 against 
Ivermectin-induced hepatotoxicity, renal toxicity, oxidative 
stress and immunohistochemical changes in male albino rats. 
Scientific Reports 15, 38107 (2025).

48 Chang, H.-L. et al. Simvastatin induced HCT116 colorectal 
cancer cell apoptosis through p38MAPK-p53-survivin signaling 
cascade. Biochimica et Biophysica Acta (BBA)-General Subjects 
1830, 4053-4064 (2013).

49 El-Ani, D. & Zimlichman, R. Simvastatin induces apoptosis of 
cultured rat cardiomyocytes. Journal of Basic and Clinical 
Physiology and Pharmacology 12, 325-338 (2001).

50 Kässner, F. et al. Simvastatin induces apoptosis in 
PTEN‑haploinsufficient lipoma cells. International journal of 
molecular medicine 41, 3691-3698 (2018).

51 Auer, J., Sinzinger, H., Franklin, B. & Berent, R. Muscle-and 
skeletal-related side-effects of statins: tip of the iceberg? 
European journal of preventive cardiology 23, 88-110 (2016).

52 Maghsoodi, N. & Wierzbicki, A. Statins: general safety profile 
and association with myopathy. Clin Pharm 8, 1-25 (2016).

53 Grumati, P. et al. Autophagy is defective in collagen VI muscular 
dystrophies, and its reactivation rescues myofiber degeneration. 
Nature medicine 16, 1313-1320 (2010).

54 De Palma, C. et al. Autophagy as a new therapeutic target in 
Duchenne muscular dystrophy. Cell death & disease 3, e418-
e418 (2012).

55 Ramachandran, R. & Wierzbicki, A. S. Statins, muscle disease 
and mitochondria. Journal of clinical medicine 6, 75 (2017).

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



56 Bouitbir, J. et al. Opposite effects of statins on mitochondria of 
cardiac and skeletal muscles: a ‘mitohormesis’ mechanism 
involving reactive oxygen species and PGC-1. European heart 
journal 33, 1397-1407 (2012).

57 Nagi, M. N., Almakki, H. A., Sayed-Ahmed, M. M. & Al-Bekairi, 
A. M. Thymoquinone supplementation reverses acetaminophen-
induced oxidative stress, nitric oxide production and energy 
decline in mice liver. Food and Chemical Toxicology 48, 2361-
2365 (2010).

58 Farkhondeh, T., Samarghandian, S., Shahri, A. M. P. & Samini, 
F. The neuroprotective effects of thymoquinone: a review. Dose-
response 16, 1559325818761455 (2018).

59 Di Domenico, F., Tramutola, A. & Butterfield, D. A. Role of 4-
hydroxy-2-nonenal (HNE) in the pathogenesis of alzheimer 
disease and other selected age-related neurodegenerative 
disorders. Free Radical Biology and Medicine 111, 253-261 
(2017).

60 Amin, Y. A., Noseer, E. A., Fouad, S. S., Ali, R. A. & Mahmoud, 
H. Y. Changes of reproductive indices of the testis due to 
Trypanosoma evansi infection in dromedary bulls (Camelus 
dromedarius): semen picture, hormonal profile, histopathology, 
oxidative parameters, and hematobiochemical profile. Journal of 
Advanced Veterinary and Animal Research 7, 537 (2020).

61 Amin, Y. A., Ali, R. A., Fouad, S. S. & Ibrahim, R. M. The 
deleterious effect of postpartum pyometra on the reproductive 
indices, the metabolic profile, and oxidant/antioxidant 
parameters of dairy cows. Veterinary World 14, 329 (2021).

62 Amin, Y. A. et al. Abortion associated with postpartum 
opportunistic bacterial invasion reduces fertility and induces 
disturbances of reproductive hormones, hematological profile, 
and oxidant/antioxidant profiles in dairy cows. Journal of 
advanced veterinary and animal research 10, 654 (2023).

63 Alrafiah, A. Thymoquinone protects neurons in the cerebellum 
of rats through mitigating oxidative stress and inflammation 
following high-fat diet supplementation. Biomolecules 11, 165 
(2021).

64 Oguz, S., Kanter, M., Erboga, M. & Erenoglu, C. Protective 
effects of thymoquinone against cholestatic oxidative stress and 
hepatic damage after biliary obstruction in rats. Journal of 
molecular histology 43, 151-159 (2012).

65 Hassanein, K. M., Al-Emam, A. & Radad, K. Prophylactic effects 
of thymoquinone against carbon tetrachloride-induced hepatic 
damage in Sprague-Dawley rats. Journal of Applied 
Pharmaceutical Science 6, 167-171 (2016).

66 Awad, A. S., Abd Al Haleem, E. N., El-Bakly, W. M. & Sherief, M. 
A. Thymoquinone alleviates nonalcoholic fatty liver disease in 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



rats via suppression of oxidative stress, inflammation, apoptosis. 
Naunyn-Schmiedeberg's archives of pharmacology 389, 381-
391 (2016).

67 Beheshti, F. et al. The effects of Nigella sativa extract on 
hypothyroidism-associated learning and memory impairment 
during neonatal and juvenile growth in rats. Nutritional 
neuroscience 20, 49-59 (2017).

68 Bai, T., Lian, L.-H., Wu, Y.-L., Wan, Y. & Nan, J.-X. 
Thymoquinone attenuates liver fibrosis via PI3K and TLR4 
signaling pathways in activated hepatic stellate cells. 
International immunopharmacology 15, 275-281 (2013).

69 Velagapudi, R., El-Bakoush, A., Lepiarz, I., Ogunrinade, F. & 
Olajide, O. A. AMPK and SIRT1 activation contribute to 
inhibition of neuroinflammation by thymoquinone in BV2 
microglia. Molecular and Cellular Biochemistry 435, 149-162 
(2017).

70 Asgharzadeh, F. et al. Thymoquinone restores liver fibrosis and 
improves oxidative stress status in a lipopolysaccharide-induced 
inflammation model in rats. Avicenna journal of phytomedicine 
7, 502 (2017).

71 Omar, N. M. Nigella sativa oil alleviates ultrastructural 
alterations induced by tramadol in rat motor cerebral cortex. 
Journal of Microscopy and Ultrastructure 4, 76-84 (2016).

72 Hamdan, A. M. et al. Thymoquinone therapy remediates 
elevated brain tissue inflammatory mediators induced by 
chronic administration of food preservatives. Scientific reports 
9, 7026 (2019).

73 Isaev, N. K., Genrikhs, E. E. & Stelmashook, E. V. Antioxidant 
thymoquinone and its potential in the treatment of neurological 
diseases. Antioxidants 12, 433 (2023).

74 Hassanein, K. M. & El-Amir, Y. O. Ameliorative effects of 
thymoquinone on titanium dioxide nanoparticles induced acute 
toxicity in rats. International journal of veterinary science and 
medicine 6, 16-21 (2018).

75 Bouhlel, A. et al. Thymoquinone prevents endoplasmic reticulum 
stress and mitochondria-induced apoptosis in a rat model of 
partial hepatic warm ischemia reperfusion. Biomedicine & 
Pharmacotherapy 94, 964-973 (2017).

76 Kanter, M., Coskun, O. & Uysal, H. The antioxidative and 
antihistaminic effect of Nigella sativa and its major constituent, 
thymoquinone on ethanol-induced gastric mucosal damage. 
Archives of toxicology 80, 217-224 (2006).

77 Nili-Ahmadabadi, A., Tavakoli, F., Hasanzadeh, G., Rahimi, H. & 
Sabzevari, O. Protective effect of pretreatment with 
thymoquinone against Aflatoxin B1 induced liver toxicity in 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



mice. Daru: journal of Faculty of Pharmacy, Tehran University of 
Medical Sciences 19, 282 (2011).

78 Yaman, İ. & Balikci, E. Protective effects of Nigella sativa 
against gentamicin-induced nephrotoxicity in rats. Experimental 
and Toxicologic Pathology 62, 183-190 (2010).

79 Lupidi, G. et al. Thymoquinone, a potential therapeutic agent of 
Nigella sativa, binds to site I of human serum albumin. 
Phytomedicine 17, 714-720 (2010).

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



Fig 1:summarized study design
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Fig.2: (a) Section of Cerebellar cortex of control group showing the three layers in the 
order: outer molecular (M), middle Purkinje (P), inner granular (G). Nerve fibers (red 
arrow) extended from the Purkinje cells passing through the molecular layer. (b) 
Section of Cerebellar cortex of statin group showing: outer molecular (M) with 
perinuclear haloes around cells (h), middle Purkinje cell layer (P) showing shrunken 
dark stained cells (pr) surrounded by multiple vacuoles(v), inner granular (G) layer with 
dark stained granule cells. (c) Section of Cerebellar cortex of Statin + THQ group 
showing molecular (M), with perinuclear haloes around cells (h). Purkinje layer (P) 
showing normal appearance of most cells (pr), with shrunken in some cells (sh). 
Granule cell layer (G) showed normal appearance (H&E, ×200).
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Fig.3: (a) Section of Cerebellar cortex of control group showing molecular layer (M) 
with small cells toward outside; stellate (s) and basket (b) cells; scattered cells near 
Purkinje cells. Purkinje cell layer (P) appeared with large “flask-shaped” cells (pr) 
oriented in one row, with nerve fibers (red arrow) extending outward, in between 
appear pale Bergmann astrocytes (a). Granule cell layer (G) formed of aggregations of 
deeply stained granule cells (g), large vesicular Golgi type II (o) with empty areas in-
between (stars). (b) Section of Cerebellar cortex of Statin group showing: molecular 
layer (M) with perinuclear haloes around stellate cells and basket (h) cells. Purkinje cell 
layer (P) showing darky stained shrunken cells (sh) with multiple vacuoles (v). Granule 
cell layer (G) showed vacuoles (v). (c)  Section of Cerebellar cortex of Statin + THQ 
group showing molecular layer (M) with normal cells in most areas and perinuclear 
haloes around (h) some cells. Purkinje cell layer (P) showing normal cells (pr), with 
some cells (sh) appear abnormal with vacuoles in-between cells. Granule cell layer (G) 
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showing normal appearance of granule cells (g) which appear aggregated into groups. 
(H&E, ×400).

Fig.4: (a) Section of liver of control group showing hepatic lobule with cords of normal 
hepatocytes radiating from the central vein (CV). Narrow blood sinusoids (S) are 
radiating in between liver cords. (b) Section of liver of Statin group showing marked 
dilatation of the central vein (CV), loss of normal liver architecture (star), dilated blood 
sinusoids (S). Hepatocytes appear with ill-defined boundaries (×), condensed nuclei (n) 
and vacuolated cytoplasm. (c) Section of liver of Statin + THQ group showing normal 
central vein (CV) with hepatocytes radiating from it, most hepatocytes have acidophilic 
cytoplasm and rounded vesicular nuclei(n), binucleated cells( arrow) and normal 
narrow blood sinusoids (S) also seen. H&E; X 400.
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Fig.5: (a) Section of liver of control group showing the portal area with the portal vein 
(PV) and a bile duct (BD) lined with single cuboidal cells. Hepatocytes appear with 
rounded vesicular nuclei (n), binucleated cells are also visible with Narrow blood 
sinusoids (S) are radiating in between liver cords. (b) Section of liver of Statin group 
showing dilated portal vein (PV), many bile ducts (BD) with thick Lining (L), and few 
inflammatory cell infiltrations (I) in the portal area with marked loss of normal liver 
architecture (star). (c)  Section of liver of Statin + THQ group showing portal vein (PV),  
most hepatocytes have acidophilic cytoplasm and rounded vesicular nuclei(n), still  bile 
duct (BD) proliferation with thick Lining(L) appear H&E X 400.
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Fig.6: (a) Section of Cerebellar cortex of control group showing faint cytoplasmic 
immunoreaction (arrows) for caspase-3 in molecular layer (M), purkinje cells in the 
purkinje cell layer (P) & moderate in  granule cell layer (G). (b) Section of Cerebellar 
cortex of Statin group showing faint positive cytoplasmic  (arrows) and nuclear 
(n)immunoreaction for caspase-3 in molecular layer (M),  strong in Bergmann 
astrocytes (a) and Purkinje cells in the Purkinje cell layer (P) &  faint in Granule cell 
layer (G). (c) Section of Cerebellar cortex of Statin + THQ group showing very faint 
positive cytoplasmic immunoreaction (arrows) for caspase-3 in molecular layer (M) , 
Bergmann astrocytes in the Purkinje cell layer(P)& granule cell layer(G). X 400.
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Fig.7: (a) Section of liver of control group showing hepatocytes with faint positive 
cytoplasmic anti caspase-3 reaction (arrows). (b) & (c) Section of liver of Statin group 
showing hepatocytes with strong positive cytoplasmic (arrows) and nuclear (n) anti 
caspase-3 reaction. (d) Section of liver of Statin + THQ group showing hepatocytes 
with faint positive cytoplasmic anti caspase-3 reaction (arrows) X 400.
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Fig.8: (a)  Purkіnje cell of control cerebellar cortex group (I) with well- defined cell 
outline (thick arrow head) displaying euchrοmatic nucleus (N) with well-defined border 
(arrow), mitochondria (m), multiple rough endoplasmic reticulum cisternae (RER), and 
dispersed ribosomes (r) are seen in cytoplasm. (b) Purkіnje cell of statin group appear 
as shrunken cell which displaying heterochrοmatic nucleus (N) with irregular border 
(arrow). The cytoplasm showing damaged mitochondria (m) and 2nd lysosomes (L) with 
perinuclear spaces appeared around the cell (×). (c) Purkіnje cell of Statin + THQ 
group appear larger with large euchrοmatic nucleus (N) with well-defined border 
(arrow) and well-defined cell outline (thick arrow head), cytoplasm showing 
mitochondria (m), multiple rough endoplasmic reticulum cisternae (RER), and dispersed 
ribosomes (r) (TEM X 30000)
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Fig.9: (a) Cerebellum of control group showing granule cells of multiple sizes having 
round euchromatic nuclei (N) with peripheral heterochromatin clumps encircled by a 
thin rim of cytoplasm having multiple mitochondria (m). (b) Cerebellum of Statin group 
showing granule cells with irregular, heterοchromatic nucleus(N) having wide 
perіnuclear space (arrow), multiple vacuoles appear in-between cells (V). (c) 
Cerebellum of Statin + THQ group showing granule cells with round euchromatic 
nucleі (N) having peripheral heterochromatin clumps, vacuoles still present in-between 
cells. (TEM X 15000)
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Fig.10: (a) Liver of control group showing hepatocyte, its nucleus (N) surrounded by a 
well-defined nuclear membrane( arrow) with chromatin masses (ch), numerous intact 
mitochondria (M) and a rough endoplasmic reticulum (RER) that is closely packed with 
parallel flattened cisternae studded with ribosomes. (b)  Liver of Statin group showing 
dark pyknotic nucleus (N) of the hepatocyte cell with irregular border (arrow), 
ballooning (b) mitochondria, fragmented rough endoplasmic reticulum (RER), vacuoles 
in the cytoplasm (V) and lipid droplets (L). (c)  Liver of Statin + THQ group showing 
hepatocyte nucleus (N) with a well-defined nuclear membrane (arrow), numerous intact 
mitochondria (M) and rough endoplasmic reticulum (RER), little vacuoles in the 
cytoplasm (V) and lipid droplets (L) still present.  (TEM X 25000)
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Fig.11: (A) Molecular layer thickness (MLT) & Granular layer thickness (GLT) of the 
cerebellum. Values with different superscripts (a & b) within the same colored column 
are statistically significant (P < 0.05). (B) Purkіnje cells number/mm² (PCN). (C) 
Optical density of anti caspase-3 positive cells in the cerebellum of the three 
experimental groups. Values with different superscripts (a & b) are statistically 
significant (P < 0.05). In all figures, values are expressed as mean ± standard deviation.
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Fig.12: (A) Central vein diameter (CVD) & hepatocyte nuclear diameter (HND). Values 
with different superscripts (a, b & c) within the same colored column are statistically 
significant (P < 0.05). (B) Optical density of anti caspase-3 positive cells in the liver of 
the three experimental groups. Values with different superscripts (a & b) are 
statistically significant (P < 0.05). In all figures, values are expressed as mean ± 
standard deviation.
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Table 1: Morphometric changes of the cerebellum among the three 
experimental groups 
Parameters Control 

group
Statin 
group

Statin + THQ 
group

Molecular layer thickness (MLT) 790.4 ± 24 
a

691.4 ± 
49 b

760.5 ± 55 a

Granular layer thickness (GLT) 1112.2 ± 
78 a

907 ± 62 b 1072.5 ± 122 a

Purkіnje cells number /mm² (PCN) 8.1 ±.6 a 7.4 ± 1 b 7.7 ± 1 b

Optical density of anti caspase-3 
positive cells 

3.2 ±.5 b 5.4 ±.5 a 2.8 ±.8 b

Values are expressed as mean ± standard deviation. Values have different superscripts 
(a & b) in the same row are statistically significant (P<0.05).  

Table 2: Morphometric changes of the liver among the three experimental 
groups 
Parameters Control 

group
Statin 
group

Statin + THQ 
group

Central vein diameter (CVD)  253.7 ± 9 c 721.3 ± 
28 a

437.5±4 b

Hepatocyte nuclear diameter 
(HND)

705.6 ± 7 a 492.4 ± 
12 b

689.4±11 a

Optical density of anti caspase-3 
positive cells

0.46 ±.1 b 0.85 ± 05 
a

0.47±.02 b

Values are expressed as mean ± standard deviation. Values have different superscripts 
(a, b & c) in the same row are statistically significant (P<0.05).  
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