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ARTICLE INFO ABSTRACT 

Keywords   Tadalafil (TAD) is an FDA-approved selective long-acting phosphodiesterase 5 inhibitor 

(PDE5-I) for the treatment of male erectile dysfunction (ED). It also helps to improve cognitive 

function by lowering neuroinflammation and amyloid beta deposition. A biological, 
pharmacological, or physical toxicity that impairs the function of the central and/or peripheral 

nerve systems is referred to as brain impairment. Aluminum poisoning may affect the brain;, 

causing aberrant amyloid-beta (Aß) buildup, neuroinflammation, and neuronal death. This 
study included sixty mice divided into three groups. (20 each), control group: Mice were given 

no medication. aluminum chloride group: Mice were received AlCl3daily at dose (8.5 mg/kg) 

for 4weeks .Tadalafil and ALCL₃ group: mice were received tadalafil (20 mg/kg/day) and 
ALCL₃ (8.5 mg/kg) for 4 weeks. Administration of ALCL₃ increases the level of brain Lactate, 

Pyruvate, acetylcholinesterase (AchE), Gamma-aminobutyric acid (GABA) and Brain 

Myeloperoxidase (MPO) activities. Whereas, tadalafil administration showing protective role 
as it causing significant decrease in all parameters. From the obtained results, it could be 

concluded that tadalafil has a neuroprotective effect against aluminum chloride induced brain 

impairment in mice. 
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1. INTRODUCTION 

 
Tadalafil is a PDE-5 inhibitor with anti-inflammatory effect 

against various cognitive impairments by lowering neuro-

inflammation and A deposition (França et al., 2019). Cyclic 

nucleotides, like cGMP, are essential for neuroplasticity and 

memory formation (Argyrousi et al., 2020). PDE5 regulates 

prostatitis (Okamoto et al., 2018), hepatic damage and 

induces cytoprotection and promotes cardio protection (Koka 

et al., 2020), pulmonary hypertension (Shen et al., 2020) and 

renal ischemia/reperfusion (Medeiros et al., 2017). 

Furthermore, PDE inhibitors was beneficial in the treatment 

of autoimmune illnesses including Rheumatoid arthritis (RA) 

(Mansour et al., 2018). 

The rate extent of adsorption of tadalafil is not influenced by 

food like other  PDE5-Is. Tadalafil is distributed in different 

tissues, plasma, as well as semen and volume of distribution 

following oral administration. The daily use of tadalafil is not 

recommended for men with severe renal insufficiency and 

sever hepatic impairment (Andersson, 2018). It demonstrated 

anti-inflammatory effects and improved cognitive function in 

patients with erectile dysfunction by reducing 

proinflammatory interleukins levels namely, IL-6, IL-7 and 

IL-8 (Urios et al., 2019). The administration of tadalafil 

restored spatial learning and memory deficits in 

thioacetamide induced hepatic encephalopathy in mice by 

attenuating hippocampal neuroinflammation and regulation 

the expression of glutamate receptor Franca et al. (2019). 

Aluminum (Al) is an abundant metal on earth and a 

cumulatively detrimental heavy metal in body; it may also 

enter the body through drugs, heating food, and water, 

causing poisoning in a range of organs (Liaguat et al., 2019; 

Tietz et al., 2019). Aluminum poisoning affects the brain, 

resulting in abnormal amyloid-beta formation, neuro-

inflammation, and death (Cheng et al.2019). 

Brain impairment is a prevalent neurological disorder among 

the elderly, with a steady deterioration in cognitive function 

that has a considerable impact on quality of life (Rossini etal. 

2020). Extracellular aggregation of A protein in the brain 

and hyperphosphorylation of tau protein inside neurons were  

signs of Alzheimer's disease (Ahmad et al. 2020).According 

to Maurer and Williams (2017) in early Alzheimer's disease, 

cholinergic neurons atrophy in the basal forebrain is thought 

to promote short-term memory loss. Our study will show the 

biochemical and protective role of tadalafil against the effect 

of administration of ammonium chloride in mice. 

 

2. MATERIAL AND METHODS 

 
2.1. Chemicals 

Aluminum Chloride and Tadalafil was purchased from 

Sigma-Aldrich, St. Louis, Mo, USA. 

 

2.2. Animals 

Sixty male mice (20-30 gram) were provided from the animal 

house at Benha University's Faculty of Veterinary Medicine 

in Egypt. Before the trial, they were acclimatized for one 

week in a controlled setting. Fresh food and drink were 

provided on a regular basis. The Ethical animal Committee 

of Benha University accepted all experiment’s protocol for 

the care of the laboratory animals (BUFVTM 05-12-23). 
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2.3. Experimental protocol 

Animals were divided into three equal groups and treated for 

4 consecutive weeks. Control: mice no medication. AlCl3 

group: mice administered AlCl3 (8.5 mg/kg, orally) daily for 

induction Neurotoxicity (Amjad et al., 2015). Tadalafil and 

ALCL₃ group: mice were daily curable by tadalafil (20 mg/ 

kg/day/orally) (Socała et al., 2018) and ALCL₃ (8.5 mg/ 

kg/orally). 

 

2.4. Sampling 

Blood and brain tissue samples were obtained from all groups 

twice over the experiment's length (2 and 4 weeks). 

 

2.5. Blood samples 

Blood samples were taken from retro-orbital venous plexus 

in clean dry tubes and to allow clot for separation of serum, 

then centrifuged at 3000 g for 15 minutes, serum aspirated by 

automatic micropipettes, in Eppendorf tubes, and stored at -

20 C until used. Sera samples were analyzed for 

determination of the following parameters: Gamma amino 

butyric acid (GABA) The competitive ELISA uses the 

microtiter plate format according to Arrue et al. (2010), 

Lactate levels  according to Hutchesson et al. (1997) and 

Pyruvate levels  according to Gray et al. (2014). 

 

2.6. Tissue samples 

Ten mice from each group were rats were scarified by 

cervical decapitation and brain was excised and cleaned to 

remove any blood or clots, then placed between two filter 

papers and stored at -20 °C for analysis. 

 

2.7. Preparation of brain homogenate 

The homogenates (brain Segments were fixed in Bouin’s 

solution and paraffin-embedded. Serial sections of 5 

μm were obtained with a Leica microtome) were 

centrifuged for 5 minutes at 5000 g. to separate the 

supernatant after two freeze-thaw cycles were done to break 

the cell membranes. Which is used to determine 

Acetylcholine esterase activity (AChE) according to Henry 

(1974) and Myeloperoxidase (MPO) activity using mice 

Myeloperoxidase ELISA kit (Kamiya Biomedical Company, 

Cot No. KT-60345) according to the manufacturer's 

instruction. 

 

2.7. Statistical Analysis 

All data were presented as SEM. The data distribution was 

checked for normalcy using normality tests (SPSS version 

25). ANOVA was used to determine statistical significance. 

Snedecor and Cochran (1994) defined statistical significance 

as a probability of P= 0.05. 

. 

 

3. RESULTS  

 
Table 1 and 2 showed that AlCl3 administration to normal 

rats induced a significant increase in the level of brain 

lactate, pyruvate, acetylcholinesterase (AchE), gamma-

aminobutyric acid (GABA) and brain myeloperoxidase 

(MPO) activities compared to control. Moreover, it was 

shown a significant decrease in their levels after treatment 

with tadalafil when compared to AlCl3 induction group. 

 

Table 1 Biochemical effect of tadalafil on ALCL3 exposed mice after two weeks 
Animals groups Myeloperoxidase (ng/g) Pyruvate (mg/dl) Lactate (mmol/L) Gamma-aminobutyric acid (ng/mL) Acetylcholinesterase (U/L) 

Control group 3.97±0.19Ac 2.29±0.12Ab 15.87±0.23Ab 6.95±0.12Ac 24.80±0.75Ac 

AlCl3 group 31.40±2.02Ba 2.87±0.12Ba 19.44±0.70Ba 41.27±2.51Ba 75.70±1.57Ba 

AlCl3+tadalafil 21.53±2.19Ab 2.63±0.07Aab 17.40±0.67Aab 33.63±2.58Ab 62.80±1.97Ab 

Data are presented as Mean ± S.E . Mean values in the same raw with different superscript Capital letters are significantly different at (P<0.05) in different times within the same group. While 

mean values in the same column with different superscript Small letters are significantly different at (P<0.05) between different groups at fixed time. 

 
Table 2 Biochemical effect of tadalafil on ALCL3 exposed mice after four weeks 

Animals groups Myeloperoxidase (ng/g) Pyruvate (mg/dl) Lactate (mmol/L) Gamma-aminobutyric acid (ng/mL) Acetylcholinesterase (U/L) 

Control group 3.71±0.58Ac 2.28±0.04Ab 16.13±0.26Ab 7.05±0.19Ac 24.57±0.78Ac 

AlCl3 group 58.97±3.03Aa 5.70±0.20Aa 42.10±0.76Aa 55.47±2.44Aa 99.10±1.72Aa 

AlCl3+tadalafil 16.40±2.01Ab 1.89±0.12Bb 16.74±0.40Ab 26.00±2.06Ab 46.20±4.99Bb 

Data are presented as Mean ± S.E Mean values in the same raw with different superscript Capital letters are significantly different at (P<0.05) in different times within the same group. While 

mean values in the same column with different superscript Small letters are significantly different at (P<0.05) between different groups at fixed time. 

 

4. DISCUSSION 
 

Compared to control, AlCl3 administration of to normal rats 

resulted in a significant increase in brain Lactate, Pyruvate, 

acetylcholinesterase (AchE), gamma-aminobutyric acid 

(GABA), and brain myeloperoxidase (MPO) activities. The 

observed changes in AchE could be attributed to the fact that 

AchE catalyzes the hydrolysis of acetylcholine into choline 

and acetate, which control acetylcholine metabolism caused 

neuro-behavioral alterations, particularly memory and 

cognitive function, because it is a specific cholinergic marker 

protein that has received extensive attention in the study of 

AlCl3 neurotoxicity. These findings were essentially 

identical to those of Elhadidy et al. (2018), who found that 

daily treatment with AlCl3 induced a substantial rise in 

cortical and hippocampus AchE activity above control levels, 

potentially resulting in a reduction in cholinergic activity.   

Similarly, Hussein et al., (2010) discovered a substantial rise 

in GABA levels in rats given AlCl3.The rise in GABA 

concentration might be due to an increase in glutamate 

levels. Which are decarboxylated by the glutamic acid 

decarboxylase enzyme (GAD) to create GABA, where GAD 

is the only enzyme responsible for glutamate 

decarboxylation. Also, the direct impact of aluminium in the 

cellular environment and the differential regional 

accumulation of glutamate or other alteration in glutamate-

GABA system enzymes are thought to be one of the causes 

of aluminum-induced neurotoxicity (Nayak and Chatterjee, 

2001). 

Furthermore, Zahedi-Amiri et al. (2019) observed that rats 

given AlCl3 had a considerable increase in MPO activity. 

Increased MPO activity resulted in protein oxidation, which 

finally caused cell and tissue damage Kaur and Sodhi, 

(2015). Scavuzzo et al., 2020 discover that S/C injections of 

D-lactate impaired memory 15 minutes before the inhibitory 

avoidance (IA) test, but considerably improve rat memory 2 

minutes later. This increase is due to high brain L-lactate 

synthesis due to lactate dehydrogenase A (LDH-A)/LDH-B 

ratio, but inhibition of L-lactate transport from glia to 

neurons, leads to L-lactate deficiency in neurons. Inadequate 

L-lactate utilization causes energy shortage in neurons, 

exacerbating the course of neuronal damage, including 

cognitive impairment, throughout the brain pathological 

changes in impairment patient or ageing  Zhang et al., 

(2018).During an activation event, the accumulates lactate 

that in the brain is 5% of the amount of pyruvate generated 

from glucose. Lactate concentration in the typical resting 

brain is linearly connected to pyruvate concentration(LU et 
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al., (2015)and its increase during activity most likely 

associated with an increase in concentration of pyruvate. 

Pretreatment with tadalafil, on the other hand, negated all of 

these findings as a protective treatment for brain damage. 

This finding is consistent with Thakur et al., (2019), who 

found that tadalafil pre-treatment greatly reduced liver 

damage, as seen by a decrease in MPO activity. In the rat 

model, tadalafil dramatically decreased leukocyte infiltration 

and combated liver damage induced by ischemia and 

reperfusion injury. In accordance with this, Haider et 

al.(2020) demonstrated that co-ingestion of vardenafil 

counteracted the significant increase in AChE activity caused 

by AlCl3/d-gal. Furthermore, (Hanchar et al., 2005 &Boix et 

al., 2010) shown that sildenafil reduced extracellular GABA 

and astrocyte activation in PCS rats. Furthermore, these 

findings are in accordance with  Finsterer et al. (2012), who 

demonstrated that swimming exercise increased  blood 

lactate and pyruvate concentrations and that 20-mg sildenafil 

citrate lessened increase in blood lactate and pyruvate 

concentrations caused by swimming exercise . Lactate is a 

glycolytic pathway product formed by the activity of lactate 

dehydrogenase on pyruvate, which is aided by the proton-

linked MCT. Sun and colleagues (2017).MCTs are 

monocarboxylate transporters, play an important role in 

lactate metabolism. MCTs are a 14-member transporter 

family, with the first four members (MCT1-MCT4) 

transporting single-carboxylate molecules across biological 

membranes (Halestrap et al., 2013). MCT1 and MCT4 are 

lactate transporters that play a key role in the control of 

lactate flux across the plasma membrane in skeletal muscle 

(Bonen et al., 2001).in oxidative fibers, MCT1 is a high-

affinity lactate transporter found largely whereas in 

glycolytic fibers MCT4 is primarily located (Benton et al., 

2004).  

5. CONCLUSIONS 

It was concluded that tadalafil has a neuroprotective effect 

against aluminium chloride induced brain impairment in 

mice.                                                                                     

5. REFERENCES 

 
1. Ahmad RHMA, Fakhoury M, Lawand N (2020.  

Electromagnetic Field in Alzheimer’s Disease: A Literature 
Review of Recent Preclinical and Clinical Studies. Curr 

Alzheimer Res 17:1001– 1012. 

2. Amjad S, and Umesalma S  2015.  Protective effect of 
Centella asiatica against aluminium-induced neurotoxicity in 

cerebral cortex, striatum, hypothalamus and hippocampus of 

rat brain-histopathological, and biochemical approach. dol 
10    : 4172/215-992 

3. Andersson, K. E.  2018. . Mechanisms of penile erection and 

basis for pharmacological treatment of erectile dysfunction. 
Pharmacological Reviews, 63 4. , 811-859. 

4. Argyrousi, E. K., Heckman, PP. R. A., and Prickaerts, J.  2020. 

. Role of cyclic nucleotides and their downstream signaling 
cascades in memory function: Being at the right time at the 

right spot. Neuroscience and Biobehavioral Reviews, 113, 12-

38. 
5. Arrue, A., Davila, R., Zumarrage, M., Basterreche, N., 

Gonzalez- Torres, M.A., Goienetxea, B., Zamalloa, M.I., 

Anguiano, J.B. and Guimon, J.  2010.  GABA and 
homovanillic acid in the plasma of Schizophrenic and bipolar 

I patients. Neurochem Res. 35 2.  247-53. 

6. Benton CR, Campbell SE, Tonouchi M, Hatta H, BonenA. 
2004. . Monocarboxylate transporters in subsarcolemmal and 

intermyofibrillar mitochondria. Biochem. Biophys Res 

Commun  323 1. , 249- 253.  

7. Bonen A.  2011. . The expression of lactate transporters  
MCT1 and MCT4.  in heart and muscle. Eur J Appl. Physiol; 

86: 6-11. 

8. Cheng X, Gu J, Pang Y, Liu J, Xu T, Li X, Hua Y, Newell 
K.A., Huang X, Yu Y, Liu Y.  2019. Tacrine– hydrogen 

sulfide donor hybrid ameliorates cognitive impairment in the 

aluminum chloride mouse model of Alzheimer’s disease. ACS 
Chem. Neurosci 10: 3500–3509. 

9. Elhadidy ME, Sawie HG, Meguid NA, and Khadrawy YA  

2018.  Protective effect of ashwagandha  Withania somnifera.  
against neurotoxicity induced by aluminum chloride in rats. 

Asian Pacific Journal of Tropical Biomedicine 8, 59- 66. 

10. Finsterer J.  2012. . Biomarkers of peripheral muscle fatigue 
during exercise. BMC Musculoskelet. Disord. 2012;13:218. 

11. Franca, M. E. R., Ramos, R.K. L. G., Oliveira, W. H., Duarte-

Silva, E., Araujo, S. M. R., Los, D. B., and Peixoto, C. A.  
2019. . Tadalafil restores long-term memory and synaptic 

plasticity in mice with hepatic encephalopathy. Toxicology 

and Applied pharmacology . 379, 114673. 
12. Gray, L.R., Tompkins, S.C., and Taylor, E.B.  2014.  

Regulation of pyruvate metabolismand human disease. Cell. 

Mol. Life Sci. 71 14. , 2577-2604  
13. Haider S, Liaquat L, Ahmad S, Batool Z, Siddiqui RA, 

Tabassum S, Shahzad S, Rafq S, Naz N  2020. Naringenin 

protects AlCl3/galactose induced neurotoxicity in rat model of 
AD via attenuation of acetylcholinesterase levels and 

inhibition of oxidative stress. PLoS ONE 15 1. e0227631. 

14. Halestrap AP.  2013. . The SLC16 gene family - structure, 
role and regulation in health and disease. Mol Aspects Med 

34:337-349. 
15. Hanchar HJ, Dodson PD, Olsen RW, Otis TS, Wallner M.  

2005. . Alcohol-induced motor impairment caused by 

increased extrasynaptic GABAA. receptor activity. Nat 
Neurosci. 8:339-345. 

16. Henry, R.J  1974. Colorimetric assay for the determination of 

Cholinesterase in serum and plasma. Clin. Chem., Principle 
and Tech.Harber u. Row Puplishers Inc., 2nd edition, 917. 

17. Hutchesson A, Preece MA, Gray G , Green A  1997.  

Measurement of lactate in cerebrospinal fluid in investigation 

of inherited metabolic disease. Clin Chem ; 43:158-161. 

18. Kaur P, and Sodhi R  2015.  Memory recuperative potential 

of rifampicin in aluminum chloride-induced dementia: Role 
of pregnane X receptors. Neuroscience 288: 24-36. 

19. Koka, S., Xi, L., Kukreja, R.C.  2020.  Chronic inhibition of 

phosphodiesterase 5 with tadalafil affords cardioprotection in 
a mouse model of metabolic syndrome: role of nitric oxide. 

Mol. Cell Biochem. 468  1-2. , 47-58. 

20. Liaguat, L.; Sadir, S.; Batool, Z.; Tabassum, S.; Shahzad, S.; 
Afzal, A. and Haider, S. 2019.  Acute aluminum chloride 

toxicity revisited: Study on DNA damage and 

Histopathological, biochemical and neurochemical 
alterations in rat brain. Life Sciences, 217, 202–211. 

21.   Lu W, Huang J, Sun S, Huang S, Gan S, Xu J, Yang M, Xu 

S, JiangX : 2015. . Changes in lactate content and 
monocarboxylate transporter 2 expression in Abeta 2.  5.  - .  

3.  5. -treated rat model of Alzheimer’s disease. Neurol Sci. 

36, 871 - 876. doi: 10.1007/s10072-015-2087-3. 
22. Mansour, H.M., Salama, A.A., Abdel-Salam, R.M., Ahmed, 

N.A., Yassen, N.N., Zaki, H. F., 2018. The anti-inflammatory 
and anti-fibrotic effects of tadalafil in thioacetamide-induced 

liver fibrosis in rats. Can. J. Physiol. Pharmacol. 96, 1308–

1317. 
23. Maurer S V., Williams CL  2017.  The cholinergic system 

modulates memory and hippocampal plasticity via its 

interactions with non-neuronal cells. Front Immunol 8:1489.  
24. Medeiros, V.d.F.L.P., Azevedo, Í.M., Carvalho, M.D.F., 

Oliveira, C.N., Egito, E.S.T.d., Medeiros, A.C., 2017. The 
protective effect of oral Tadalafil pretreatment on 

ischemia/reperfusion injury in rats. Acta Cir. Bras . 

doi:10.1001/.2013.284427 

25. Nayak P, and Chatterjee AK  2001.  Effects of aluminium 

exposure on brain glutamate and GABA systems: an 
experimental study in rats. Food and chemical toxicology: 39  

12.  1285-1289. 

26. Okamoto, K., Kurita, M., Yamaguchi, H., Numakura, Y., Oka, 

M., 2018. Effect of tadalafil on chronic pelvic pain and 

file://///wiki/Doi_(identifier)
https://doi.org/10.1001%2Fjama.2013.284427


BVMJ 46 (1): 50-53  Hussein et al. (2024) 
 

53 
 

prostatic inflammation in a rat model of experimental 
autoimmune prostatitis. The Prostate 78, 707–713. 

27. Rossini PM, Di Iorio R, Vecchio F, Anfossi M, Babiloni C, 

Bozzali M, Bruni A.C, Cappa S.F, Escudero J, Fraga F.J, 
Ginnakopoulos P, Guntekin B, Logroscino G, Marra C, 

Miraglia F, Panza F, Tecchio F, Pascual-leone A, Dubios B.  

2020.  Early diagnosis of Alzheimer’s disease: the role of 
biomarkers including advanced EEG signal analysis. Report 

from the IFCN-sponsored panel of experts. Clin. 

Neurophysiol 131:1287–1310. 
28. Scavuzzo CJ, Rakotovao I, Dickson CT.. 2020. . Differential 

effects of L- and D-lactate on memory encoding and 

consolidation: Potential role of HCAR1 signaling. Neurobiol 
Learn Mem. 168: 107151.  

29. Shen, X., Chen, F., Wang, F., Huang, P., Luo, W.  2020.  The 

effect of grapefruit juice on the pharmacokinetics of Tadalafil 
in rats. Biomed. Res. Int. 1631735 

30. Shenoy, P., Agarwal, V., 2010. Phosphodiesterase inhibitors 

in the management of autoimmune disease.  Rev. 9, 511–515. 
31. Snedecor, G.W., Cochran, W.G.  1994.  "Statistical 

Methods", 8th ed., Calcutta, India: Oxford & IBH Publishing 

doi10.1080/14656566. 
32. Socała, K., Nieoczym, D., Pierog, ´ M., Wyska, E., Szafarz, 

M., Doboszewska, U. 2018. Effect of Tadalafil on seizure 

threshold and activity of antiepileptic drugs in three acute 
seizure tests in mice. Neurotox. Res. 34, 333–346.  

33. Sun S, Li H, Chen J, Qian Q. 2017. . Lactic acid: no longer 

an inert and end-product of glycolysis. Physiology  Bethesda. 
; 32:453–463 

34. Thakur, J., Rathi, S., Grover, S., Chopra, M., Agrawal, S., 
Taneja, S., Duseja, A., Bhansali, A., Chawla, Y.K., Dhiman, 

R.K.  2019. Tadalafil, a Phosphodiesterase-5 inhibitor, 

improves erectile dysfunction in patients with liver cirrhosis. 
J. Clin. Exp. Hepatol. 9 3. , 312-317. 

35. Tietz, T.; Lenzner, A.; Kolbaum, A.E.; Zellmer, S.; 

Riebeling, C.; Gürtler, R.; Jung, C.; Kappenstein, O.; 
Tentschert, J.; Giulbudagian, M.; Merkel, S.; Pirow, R.; 

Lindtner,O.; Tralau, T.; Schäfer, B.; Laux, P.; Greiner, M.; 

Lampen, A.; Luch, A.; Wittkowski, R. and Hensel, A.  2019.  
Aggregated aluminium exposure: risk assessment for the 

general population. Archives of Toxicology 93:3503–3521. 

36. Urios, A., Ordono, F., Garcia, R., Mangas-Losada, A., Leone, 
P., Jose Gsllego, J., Cabrera-Pastor, A., Megias, J., 

FerminOrdono, j., Felipo, V., &Montoliu, C.  2019. . Tadalafil 

treatment improves inflammation, cognitive function, And 
Mismatch Negativity of patients with low urinary tract 

symptoms and erectile dysfunction. Scientific Reports, 9 1. , 

1-9. 
37. Zahedi-Amiri Z, Taravati A, and Hejazian L  2019.  

Protective effect of Rosa damascena against aluminum 

chloride-induced oxidative stress. Biological Trace Element 
Research 187: 120-127. 

38. Zhang M, Cheng X, Dang R, Zhang W, Zhang J, Yao Z.  

2018. .Lactate deficit in an Alzheimer disease mouse model: 
the relationship with neuronal damage. J Neuropathol. Exp 

Neurol.  77 12. , 1163. 1176.  

    

 


