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ABSTRACT

Background: The hippocampus and prefrontal cortex works synergistically to encode consolidate and organize information into memory networks. This research aims to evaluate the histomorphological changes in the hippocampus and prefrontal cortex in adult Wistar rats following the administration of tadalafil, a medication used for the treatment of erectile dysfunction and benign prostate hypertrophy.  


Materials and Methods: Fifteen adult Wistar rats, 130-180g in weight, were selected for the study and randomized into 3 groups. Group A, known as the control group, received only feed and water ad libitum. Groups B and C received 10 mg / kg and 20 mg / kg of tadalafil per body weight, respectively for 42 days. The hippocampus and prefrontal cortex of the rats were excised for histological and biochemical analysis. Data were analyzed using descriptive statistics, and the results were expressed as mean ± standard error of the mean. Differences in mean values were evaluated using one-way analysis of variance (ANOVA), with a significance level set at p<0.05.


Results: Tadalafil treatment did not alter the histomorphological features of the prefrontal cortex; however, there was evidence of increased blood flow. The oxidative stress assay revealed no significant changes in catalase (CAT) and acetyl cholinesterase (ACH) concentrations for treated rats compared to control. The hippocampal examination showed unique features such as giant pyramidal cells and the dentate gyrus (DG) with granular cells. The glia cells were sparsely distributed and the capillaries exhibited epithelial cells and the basal lamina. Hippocampal oxidative stress analysis indicated no significant alterations in superoxide dismutase (SOD) and glutathione peroxidase (GPX), but a decrease in CAT and ACH, coupled with an increase in MDA concentrations. 

Conclusion: Tadalafil administration did not alter structure of hippocampus and prefrontal cortex in adult Wistar rat
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INTRODUCTION
Tadalafil is used for the treatment of erectile dysfunction and benign prostate hypertrophy (BPH) 1. It is a type-5 inhibitor of phosphor-diesterase that helps increase blood flow to the penis, facilitating erection during genital stimulation 2. The nitric oxide-cyclic guanosine monophosphate pathway is the primary mechanism by which cavernous smooth muscle relaxation is controlled. Nitric oxide (NO), produced by endothelial cells, diffuses into nearby smooth muscle cells, where it activates guanylate cyclase enzymes. This activation leads to the production of cyclic guanosine monophosphate (cGMP), which serves as a second messenger, promoting smooth muscle relaxation and vasodilation3. NO-cGMP pathway is also essential in learning and memory functions4. Cialis (tadalafil) exerts its therapeutic effects by promoting sexual stimulation-dependent relaxation of smooth muscles filling of the corpus cavernosum with blood, resulting in an erection5,6 and also induces smooth muscle relaxation in the pulmonary vasculature, leading to vasodilation, which subsequently reduces blood pressure in the pulmonary arteries in cases of pulmonary arterial hypertension (PAH)7,8. Phosphodiesterase (PDE) inhibitors functionally express phosphodiesterases in the central nervous system and could actively enhance cognition. Due to its ability to cross the blood brain barrier9, report has shown that tadalafil could attenuate depressive symptoms10 and cognition in mouse model of Alzheimer׳s disease11. It alters memory impairment and anxiety related disorder12. Neurogenesis takes place in the dentate gyrus of the hippocampus and it is often associated with learning and memory processes13. Granule cells formation within the dentate gyrus could be altered by stressors, more so; oxidative stress impairs memory causing age related deficits in the elderly, as well as neuronal plasticity in the hippocampus and neuronal cell death induced by ischemia14. The study seeks to evaluate histomorphological and biochemical changes in the hippocampus and prefrontal cortex of adult rats following administration of tadalafil.

MATERIALS AND METHODS
Ethical Consideration

Ethical clearance for this study was obtained from the Department of Human Anatomy and Cell Biology, Faculty of Basic Medical Science, College of Health Science, Delta State University, Abraka (DELSU/CHS/ANA/2023/09),guidelines concerning the use of laboratory animal was followed strictly.

Experimental Animals
Fifteen (15) adult Wistar rats bred in the Animal House of the College of Health Sciences, Delta State University, Abraka were used for this study. The rats were allowed to acclimatize for two weeks prior to treatment, kept inside well ventilated iron cages and kept in standard conditions of temperature (25±5°C), relative humidity (50±5°C) and 12-hour light/dark cycle and access to feed and water ad libitum. The experimental animals were handled according to the protocol approved by the Institutional Animal Ethics Committee (IAEC) as adopted by the Faculty of Basic Medical Sciences, Delta State University, Abraka, Nigeria.
Experimental Design
The Wistar rats were randomly assigned into three groups comprising of five animals each Group A was the Control Group given free access to feed and water throughout the experimental period, Group B and C received daily oral doses of 10 mg/kg and 20 mg/kg body weight of Cialis respectively for six weeks (42 days).

Sample Collection
The rats were subjected to an overnight fast and euthanized by cervical dislocation. The hippocampus and prefrontal cortex were carefully harvested and fixed in 10% formal saline for histopathological investigation, also, portions of the tissues were homogenized, and serum was extracted for oxidative stress analysis. 

Preparation of Tissues for Microscopy
The hippocampus and prefrontal cortex were excised and fixed in 10% formal saline. The tissue was further processed and stained with routine hematoxylin and eosin stain following standard procedure as prescribed by Drury and Wallington, (1980)15. 

Oxidative Stress Parameters
Determination of Superoxide Dismutase (SOD) Activity
The activity of SOD in the tissue homogenates was estimated using the method of Misra and Fredorich (1972)16 as earlier reported by Onavwose et al. (2024)17. The assay therefore measured the increase in absorbance of the sample at 480 nm upon the oxidation of epinephrine for 5 minutes at 25°c using spectrophotometer. One enzyme unit of SOD is regarded as the amount of SOD giving the inhibition of epinephrine oxidation

Determination of Catalase Activity
The activity of catalase was determined adopting the method reported by Irerhievwie, et al. (2024)18 which was based on a principle of first order reaction kinetics as postulated by Cohen et al. (1972)19.  Thus, the reference cuvette for the assay contained 1ml of phosphate buffer (pH 7), 2 ml of sample, 1 ml of cold 10 mM Hydrogen peroxide and the degradation of hydrogen peroxide was read 240 nm using a spectrophotometer every 30 seconds at an interval of 3 minutes. 

Determination of MDA Activity
A product of thiobarbitoric acid reactive substance (TBARS) was measured in tissue homogenates, absorbance of the sample was measured at 534 nm using the spectrometer, as earlier reported by Irerhievwie, et al. (2024)18.

Determination of AChE Activity
The activity of acetylcholinesterase (AChE) was assayed by the method of Ajayi et al. (2020)20. Homogenates of the hippocampus and prefrontal cortex was treated with ACH reagent and the increase in absorbance based on acetylcholine dependent degradation was measured at 417 nm for 5 minutes at 25°c using the spectrophotometer

Statistical Analysis
Data were analyzed on graph pad prism, and the results were expressed as mean and standard error of the mean. Differences in mean values were assessed using one-way analysis of variance (ANOVA), with a significance level set at p<0.05.
RESULTS
Hippocampus
In the control group, rats exhibited a preserved hippocampus (Cornu ammonis and dentate gyrus) microanatomy with sections of the CA regions (1-4) consisting of giant pyramidal cells and the dentate gyrus (DG) contain granular cells. Glia cells were sparsely distributed within the neuropil (NP), and the capillaries had a thin layer of epithelial cells and the basal lamina. No evidence of chromatolysis, nerve cell damage, or gliosis was observed. On the contrary, the low-dose group (10 mg/kg of Cialis) and the high-dose group (20 mg/kg of tadalafil) displayed similar hippocampal structures but showed signs of neuro-inflammation. The section revealed proliferation of glia cells, marked by circles, and congestion of vessels, indicated by stars. These characteristics were absent in the control group, suggesting a dose-dependent impact of tadalafil on neuroinflammatory responses. The neuroinflammation observed can indicate potential adverse effects or alterations in the hippocampal microenvironment associated with the administration of tadalafil at higher doses (Plate 1). There was no significant change in mean serum concentration of SOD and GPX of treated rats that received 10 mg/kg (35.30 unit/mg±4.452;32.91 unit/mg±9.555) and 20 mg/kg (30.09 unit/mg±4.452; 34.94 unit/mg±9.555) per body weight of tadalafil compared to the control (32.23 unit/mg±4.452; 18.13 unit/mg±9.555) (Figure 1.1). However, there was a significant decrease in mean concentration of CAT and ACH in rats treated with 10 mg/kg (15.33 unit/mg±1.316; 15.37 unit/g±1.572) and 20 mg/kg (12.92 unit/mg±1.316; 13.21 unit/mg±1.572) body of tadalafil decrease significantly compared to the control (18.31 unit/mg±1.316; 18.06 unit/mg±1.572) (Figure 1.1). Furthermore, there was significant increase in concentration of MDA of rats that received 10 mg/kg (2.16 mmol/gl±0.192) and 20 mg/kg (2.63 mmol/gl±0.192) per body weight of tadalafil compared to the control (1.94 mmol/gl±0.192) (Figure 1.2)
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Plate 1a,b,c - Photomicrograph of the hippocampus of adult Wistar rat (H and E X400)
a; control; b; 10 mkg/kg;  c; 20 mg/kg  cialis
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Figure 1.1: Mean concentration of antioxidant enzymes. 
Values are presented in graph as mean ± SEM for each group; n=5/group, * p<0.05 denotes a significant difference compared to control.
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Figure 1.2: Mean concentration of Malondialdehyde (MDA). 
Values are presented in graph as mean ± SEM for each group; n=5/group, * p<0.05 denotes a significant difference compared to control

Prefrontal Cortex (PFC)

The ventromedial portion of the PFC in control rats exhibited typical histoarchitecture with nerve cells, glia cells, blood capillaries, and other extraneuronal structures. The bodies consisted of neurons consisted of multipolar pyramidal cells and granular cells, while glial cells were sparsely dispersed within the neuropil (NP). The blood capillaries appeared congested and lined with a thin endothelium. In the low-dose group (10 mg/kg of tadalafil), the histoarchitecture of the PFC was similar to the control group, with no noticeable differences in the arrangement of nerve cells, glia cells, and blood capillaries. The glial cells remained sparsely dispersed within the NP, and the endothelium lining the blood capillaries remained thin. For rats treated with a high dose (20 mg/kg) of tadalafil, the histo-architecture of the PFC remained comparable to the control and low-dose groups. No evidence of chromatolysis, microangiopathies, or gliosis was observed, suggesting that the higher dose of tadalafil did not induce notable pathological changes in the structure of the prefrontal cortex (Plate 2).
The results obtained from the analysis of oxidation stress did not show significant change (p>0.05) in the mean serum concentration of CAT and ACH of treated rats that received 10 mg/kg (46.40 unit/mg±13.480; 15.83 unit/mg±2.092) and 20 mg/kg (30.45 unit/mg±13.480; 16.25 unit/mg±2.092) per body weight of tadalafil compared to the control (41.50 unit/mg±13.480; 14.46 unit/mg±2.092) (Figure 2.1). Futhermore, there was no significant change in mean serum concentration of MDA in rats that received 10 mg/kg (1.99 mmol/gl±0.145) and 20 mg/kg (1.61mmol/gl±0.145) per body weight of tadalafil compared to the control (1.78mmol/gl±0.145) (Figure 2.2)
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Plate 2a, b,c - Pictomicrograph of prefrontal cortex of adult wistar Rat (H &E  X400)
a; control; b; 10 mkg/kg;  c; 20 mg/kg cialis
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Figure 2.1 - Mean concentration of antioxidant enzymes. 
Values are presented in graph as mean ± SEM for each group; n=5/group, * p<0.05 denotes a significant difference compared to control.

[image: ]
Figure 2.2 - Mean concentration of Malondialdehyde (MDA). 
Values are presented in graph as mean ± SEM for each group; n=5/group, * p<0.05 denotes a significant difference compared to control.

DISCUSSION
Tadalafil, a PDE5 inhibitor, has been actively used in the management of erectile dysfunction (ED). phosphodiesterase (PDE) 5 inhibitors function through elevated levels of cyclic guanosine monophosphate (cGMP), which can increase cerebral blood flow (CBF) through the vasoactive activity of cGMP. Tadalafil has been reported to cross the blood–brain barrier and consequently improve cognitive function in animal models21,12 
In this study, the control group, giant pyramidal cells in the hippocampus, were identified as crucial for information transmission23. Glial cells, including Astrocytes, Microglia, Oligodendrocytes, Schwann cells, and Ependymal cells, were observed in the neuropil. Capillaries consisted of simple squamous epithelial cells. In rats treated with 10 mg/kg of tadalafil, gliosis, characterized by Astrocytic gliosis, microglial proliferation, and oligodendrocyte response, was evident. Vascular congestion was also observed. In the 20 mg/kg group, similar gliosis characteristics were observed, along with indications of neuroinflammation. The study evaluated oxidative stress, finding no significant changes in the levels of superoxide dismutase (SOD) and glutathione peroxidase (GPX). However, catalase (CAT) and acetylcholine (ACh) decreased significantly, suggesting potential effects on antioxidant defense and neurotransmission. Malondialdehyde (MDA) levels indicated lipid peroxidation. In general, the study suggests that the administration of tadalafil in rats can induce gliosis, neuroinflammation, and altered antioxidant enzymes, with potential implications for neural health.
The prefrontal cortex (PFC), located in the frontal lobe, is an integral part of complex cognitive functions such as planning, decision-making, and social behavior regulation24. Acting as the seat of executive function, it enables the differentiation of conflicting thoughts, judgment of good and bad, and prediction of future consequences. The PFC supports goal-oriented actions, rule learning, and emotional control, facilitating the orchestration of thoughts according to with internal goals. Its diverse functions range from the learning of concrete rules to higher levels of abstraction along the rostro-caudal axis25. In this study, the histology of the PFC in the control group, revealed typical structures, including nerve cells, glia cells, and congested blood capillaries. According to this study when tadalafil was administered to the Wistar Rat for a six-week period with a low dose of 10 mg/kg and a high dose of 20 mg/kg showed no difference in the histology of the prefrontal cortex although the endothelial lined capillaries showed a cluster of cells that was not at the low or high dose. Oxidative stress analysis indicates no significant changes in catalase (CAT), acetylcholine (ACH), and malondialdehyde (MDA) concentrations between the treated and control groups. The results suggest that tadalafil did not induce significant alterations in PFC histology.
In a study by Nagdyman26, it was observed that there was a significant increase in cerebral oxygenated hemoglobin and overall hemoglobin levels after intravenous sildenafil administration in children with heightened pulmonary vascular resistance due to congenital heart defects after cardiac surgery. Analysis of mean serum concentrations of catalase (CAT), acetylcholine (ACH), and malondialdehyde (MDA) did not show statistically significant differences between treated rats and the control group.
Specifically, for doses of 10 mg/kg and 20 mg/kg tadalafil, there were no significant alterations in CAT and ACH concentrations compared to the control group. Similarly, MDA level, a marker of oxidative stress, did not show significant changes in rats treated with 10 mg/kg or 20 mg/kg of tadalafil compared to the control group. Furthermore, while there was a suggestion that tadalafil may increase the blood supply to the brain; this change was not statistically significant. The study suggests that tadalafil, in administered doses, did not have a significant impact on the histology of PFC or the serum concentrations of oxidative stress markers and neurotransmitter-related substances.
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