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ABSTRACT 

Background: The antiepileptic medications used to treat seizures are known to produce several 

dose-dependent complications including renal impairment. The present study aims to evaluate the 

role of levetiracetam (LEVE) and topiramate (TOPI) on the renal impairment when used either 

alone or combination in sub-maximal doses in rats. 

 

Methods: Twenty-four adult male Sprague Dawley rats were utilized in the study. Six randomly 

selected rats were grouped such as group-A (control, normal saline), group-B (TOPI, 400 mg/kg), 

group-C (LEVE, 600 mg/kg), group-D (combination of LEVE and TOPI) and were treated orally 
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for 21 days. Blood samples were collected under light chloroform anesthesia from retro-orbital 

plexus and serum was subjected to biochemical estimation. The markers of apoptosis (caspase-3), 

acute renal damage (neutrophil gelatinoase associated lipocalin, NGAL), antioxidant status 

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

peroxidase-1 (Gpx-1)] and relative kidney weight were estimated. The data was statistically 

compared by one-way ANOVA and p-value less than 0.05 was used to indicate the significance of 

results. 

 

Results: The analysis of data suggested that both TOPI and LEVE significantly (p<0.001) enhanced 

the caspase-3, NGAL levels and relative kidney weight compared to control group. The 

combination of these agents was found to enhance further these variations in rats. The MDA level 

was observed to be enhanced (p<0.001) by both TOPI and LEVE, while CAT, SOD and Gpx-1 

were diminished (p<0.001) compared to control. In addition, TOPI and LEVE augmented these 

changes in antioxidant status when administered in combination. 

 

Conclusion: The results suggest that the sub-maximal doses of TOPI and LEVE might produce 

renal impairment and use of these in combination could potentiate the renal toxicity. Compromised 

antioxidant status appears to be the cause for enhanced caspase-3 and NGAL levels. Data indicates 

caution while utilizing these drugs in patients, especially while treating at higher doses. 

 

Keywords: Drug toxicity, Renal impairment, Levetiracetam, Topiramate, Antioxidant, 

Antiepileptic. 

 

INTRODUCTION 

Worldwide, around 50 million people suffer from epilepsy, according to the World Health 

Organization (WHO)1. According to reports, the estimated prevalence of epilepsy in Saudi Arabia 

ranges from 5 to 10 cases per 1,000 individuals2. Age and gender inequalities may also be seen in 

the prevalence of epilepsy. Some research has indicated that it tends to affect people in younger age 

groups and is more common in men3. Healthcare institutions in Saudi Arabia (SA) have launched 

educational efforts and programs in an effort to raise awareness and improve understanding of 

epilepsy4. 

The kidneys are essential organs in the human body that perform a number of critical tasks, 

including eliminating waste and toxins, balancing fluid and electrolyte levels, preserving 

homeostasis, and controlling blood pressure5. Most medications have more noticeable nephrotoxic 

effects in people who already have renal failure. Drug-induced causes account for about 20% of 

cases of nephrotoxicity, and the elderly are more likely to experience this percentage due to longer 

lifespans and the use of various drugs6. 

Extended use of antiepileptic medications (AEDs), particularly those from earlier generations such 

as valproate, carbamazepine, or phenytoin, has been associated with a number of possible negative 

side effects7. These comprise anomalies related to metabolism and hormones, vascular concerns, 

cognitive decline, behavioral shifts, abnormalities of the bones, and non-alcoholic fatty liver 

disease8. Acetazolamide and zonisamide (ZNC) have been linked in the literature to the 

development of renal tubular acidosis (RTA) and urinary tract stones (urolithiasis)9. 

Prior research has indicated that glomerular hyperfiltration, toxicity to glomerular function, and 

renal tubular dysfunction have all been linked to both VPA (valproic acid) and CBZ 

(carbamazepine)10. It is yet unknown what specific mechanism(s) antiepileptic medications (AEDs) 

induce kidney damage. However, experimental study using mice has demonstrated that valproic 

acid (VPA) causes oxidative stress, inflammation, and fibrosis in the renal tissue11. 

The Food and Drug Administration (FDA) authorized levetiracetam (LEVE), a more recent 

antiepileptic medication (AED) of the second generation, in 1999. Whether used alone or in 

conjunction with other drugs, LEVE is primarily advised for the treatment of epilepsy. It works well 
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to regulate a variety of seizure types, including focal and tonic-clonic seizures12. Renal toxicity is 

one of the side effects linked to the usage of LEVE in epileptic patients. 

 Topiramate (TOPI), on the other hand, is a medication that is used for the management and 

treatment of migraines and epilepsy. It is a member of the class of second-generation antiepileptic 

medications13. This medication, which is used in a number of antiepileptic regimens, including 

LEVE, is known to show toxicity based on therapy duration and dosage. The use of many drugs 

together has been shown to increase adverse responses, including kidney toxicity14. Nevertheless, 

there is a dearth of research in the literature about the precise function of LEVE with TOPI on the 

kidney toxic impact, particularly at higher dosages. Therefore, the purpose of this investigation was 

to examine the nephrotoxic potential of sub-maximal doses of TOPI and LEVE in combination as 

well as alone in experimental animal models. 

 

METHODOLOGY AND MATERIAL 

Chemicals: 

The medications were purchased from community pharmacy like TOPAMAX® 100 mg tablet brand 

of JANSSEN company at Asia Pacific, a division of Johnson & Johnson International (Singapore) 

Pte. Ltd., 2015 – 2023. Each tablet containing 100 mg of topiramate and LEVETAM® 100mg/1ml 

oral solution of SPIMACO ADDWAEIH company brand Riyadh, KSA. Each 1 ml containing 100 

mg of Levetiracetam. ELISA kits used in this article are Caspase-3, Neutrophil gelatinase-

associated lipocalin (NGAL), Glutathione peroxidase1, Catalase, Superoxide dismutase (SOD) and 

Malondialdehyde (MDA) purchased from ELK biotechnology company at 17th Street #692 Denver, 

CO 80202 USA. 

 

Animals: 

A male Sprague Dawley rats weighed from 150 - 250 g were obtained from Animal House of 

Pharmacy college at Qassim University. The study was conducted after ethical approval from 

Deanship of Scientific Research at Qassim University (QU). 

 

The animals were housed in a stainless-steel cage with a controlled 12-hour cycle of light and 

darkness, and a temperature of 22 ± 3°C with a relative humidity of 50%–60%. All animals were 

given unrestricted access to tap water and food (pellets) during the adaption period. Experiments 

were carried out humanely in compliance with normal protocols, with care taken to limit factors that 

could potentially result in mortality, such as needless handling of animals and lowering stress from 

external causes like noise. 

 

Ethical clearance: 

The study received approval from Qassem University's Deanship of Scientific Research (with 

reference number 24-89-29), in accordance with ethical guidelines and experimental protocols. 

 

Experimental design: 

Four groups (n=6) of twenty-four mature male Sprague Dawley rats were formed. For a duration of 

21 days, Group A received Normal Saline (NS) 10 ml/kg, Group B received a submaximal dosage 

of topiramate 400 mg/kg15, Group C received a submaximal dose of Levetiracetam 600 mg/kg16, 

and Group D received a combination of topiramate 400 mg/kg and Levetiracetam 600 mg/kg. The 

oral gavage method was the mode of administration. Topiramate was administered to Group-B and 

Group-D after being dissolved in distilled water. At the end of treatment period, the animals were 

anesthetized by chloroform. The blood samples were collected from all groups of experiments from 

retro-orbital bleed using capillary tube. Blood was centrifuged to collect the serum, which was 

stored in -80 0C until the biomarkers estimations. 
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Estimation of apoptosis by caspase-3 marker: 

Each sample was allowed to come to room temperature prior to the serum being used for biomarker 

assessment. For Caspase-3 estimation, an ELISA kit called "Rat Casp3 ELK152" that was acquired 

from ELK Biotechnology Co. was utilized. To summarize, the process entails bringing the kit 

sample to room temperature and progressively diluting 100 μL of Standard Working Buffer into 

three separate containers: blank, control, and sample. 100 μL of serum was added to each well row 

designated for samples, and the samples were incubated for 80 minutes at 37°C. Next, remove the 

liquid from the plate and fill each well with 200 μL of Washing Buffer.   

 

After three rounds of washing, 100 μL of Biotinylated Antibody Working Solution was added to 

each well, and the mixture was incubated for fifty minutes at 37°C. After cleaning, fill each well 

with 100 μL of the streptavidin-HRP solution, and then incubate for 50 minutes at 37°C. After a 

second washing, fill each well with 90 μL of TMB Substrate Solution, and let it sit in the dark for 

20 minutes at 37°C. Ultimately, 50 μL of Stop Solution was introduced into every well, followed by 

a plate shake, and the optical density (OD) at 450 nm was promptly measured using an ELISA 

reader17. 

 

Estimation of acute kidney injury by NGAL marker: 

Rat NGAL (Neutrophil Gelatinase Associated Lipocalin) ELK5638, an ELISA kit from ELK 

Biotechnology Company, was used to estimate the amount of NGAL in serum. In a nutshell, the 

steps involve adding the substrate solution, stop solution, streptavidin-HRP, and biotinylated 

antibody solution in that order. The manual's instructions for incubating and washing the plate were 

followed after each reagent addition. Lastly, an ELISA reader was used to record the OD of the 

solutions in each of the plate's wells at 450 nm18 

 

Estimation of Antioxidant status: 

Blood malondialdehyde levels: 

An ELISA kit (Rat MDA ELISA kit, ELK8612) from the ELK biotechnology firm was used to 

estimate the serum MDA level. The plate that was labeled as blank, control, and sample was treated 

to the addition of Biotinylated antibody solution, Streptavidin-HRP, TMB substrate, and stop 

solution in accordance with the instructions provided in the manual. After incubating and washing 

the reaction mixture on the plate, an ELISA reader was used to record the optical density (OD) that 

had grown in the well at 450 nm19,20. 

 

Estimation Blood Antioxidant enzymes: 

The catalase (Rat CAT EKISA kit, ELK5986), SOD (Rat SOD EKISA kit, ELK8187), and Gpx-1 

(Rat GPX1 EKISA kit, ELK2222) were measured using the ELISA kits that were acquired from the 

ELD biotechnology firm. The method outlined in the user handbook was followed in order to 

estimate these antioxidant enzymes. To put it briefly, the process entails labeling the ELISA plate's 

wells as blank, control, and sample. The wells were filled with several solutions, including TMP 

substrate, biotinylated antibody, streptavidin-HRP, and standard working buffer. The plate was 

cleaned and incubated after each addition. The ELISA reader reads the OD at 450 nm as soon as the 

stop solution is added at its final concentration19,20. 

 

Relative kidney weights: 

The animals were weighted and put to sleep with deep chloroform anesthesia on the last day of the 

experiment, following the protocols that were outlined. After being meticulously removed, the 

kidneys were weighed in grams (absolute organ weight). The following formula was used to 

calculate the relative organ weight: (Absolute organ weight) / (Body weight at sacrifice day) X 100 
21. 
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Statistics: 

The mean ± standard deviation (SD) represents the study's findings. Using the GraphPad Prism trial 

version 10 software, a one-way ANOVA and Tukey's multiple comparison test were used for 

statistical analysis. Different results were compared, and a significance level of p < 0.05 was taken 

into account. 

 

RESULTS 

Effect of LEVE and TOPI on apoptosis markers 
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Figure-1: Effect of levetiracetam alone and in combination with topiramate on blood caspase-

3 levels 

 

Note: Group A: Control group (Normal saline 10ml/kg), Group B: Topiramate (400 mg/kg), Group 

C: Levetiracetam (600 mg/kg), Group D: Topiramate (400 mg) + Levetiracetam (600 mg).                 

Statistics: One-way ANOVA followed by Tukey’s multiple comparison test. N=6, ***P<0.001 

compared with control. 

 

Figure 1 illustrates the impact of levetiracetam (600 mg/kg) both by itself and in conjunction with 

topiramate (400 mg/kg) on caspase-3 levels. Based on the data, it was found that when 

levetiracetam and topiramate were evaluated separately, the levels of caspase-3 increased 

significantly (p<0.001) in comparison to the control group. For levetiracetam and topiramate, the 

percentage rise in caspase-3 level was determined to be 111% and 90%, respectively. Levetiracetam 

and topiramate together resulted in a further increase (p<0.001) in caspase-3 levels, with a 448% 

percentage increase. 

 

Effect of LEVE and TOPI on marker for acute kidney injury 

Group A Group B Group C Group D

0

5

10

15

GROUPS OF TREATMENT

C
O

N
C

E
N

T
R

A
T

IO
N

 n
g

/m
l

***

*** ***

 
Figure-2: Effect of levetiracetam alone and in combination with topiramate on blood NGAL 

levels 
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Note: Group A: Control group (Normal saline10ml/kg), Group B: Topiramate (400 mg/kg), Group 

C: Levetiracetam (600 mg/kg), Group D: Topiramate (400 mg) + Levetiracetam (600 mg).                 

Statistics: One-way ANOVA followed by Tukey’s multiple comparison test. N=6, ***P<0.001 

compared with control. 

 

Figure 2 shows the impact of levetiracetam (600 mg/kg) on NGAL levels when taken alone and in 

conjunction with topiramate (400 mg/kg). When levetiracetam and topiramate were evaluated 

separately, the results indicated a significant (p<0.001) rise in NGAL levels when compared to the 

control group. For levetiracetam and topiramate, the percentage rise in NGAL level was determined 

to be 260% and 246%, respectively. Levetiracetam and topiramate together resulted in a further 

increase (p<0.001) in NGAL levels, with a 473% percentage increase. 

 

Effect of LEVE and TOPI on serum antioxidant status 

 
Figure-3: Effect of levetiracetam alone and in combination with topiramate on blood 

antioxidant status 

 

Note: Fig 3a – MDA level; Fig 3b – Catalase level; Fig 3c – GPx-1 level; Fig 3d – SOD level. 

Group A: Control group (Normal saline 10ml/kg), Group B: Topiramate (400 mg/kg), Group C: 

Levetiracetam (600 mg/kg), Group D: Topiramate (400 mg) + Levetiracetam (600 mg).                  

Statistics: One-way ANOVA followed by Tukey’s multiple comparison test. N=6, ***P<0.001 

compared with control. 

 

The serum antioxidant statuses after different treatments are represented in figure 3. The 

observation suggested that both TOPI (400 mg/kg) and LEVE (600 mg/kg) significantly (p<0.001) 

3a 3b 

3c 3d 
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increased the MDA level compared to control group. The combination of TOPI with LEVE was 

found to enhance the MDA level further in the serum (Fig 3a). On the other hand, the catalase level 

in serum was found to be reduced significantly (p<0.001) when comparison was drawn with control 

group. The level of catalase in serum was observed to get further decreased when combination 

(TOPI + LEVE) was tested in rats (Fig 3b). Similar observation was recorded with the estimation of 

Gpx-1 (Fig 3c) and SOD (Fig 3d), where individual drugs showed significant (p<0.001) reduction, 

while combination produced more prominent decrease in serum enzyme levels.  

 

Effect of LEVE and TOPI on relative kidney weight 

 
Figure-4: Effect of levetiracetam alone and in combination with topiramate on relative renal 

weight 

 

Note: RW – relative weight; Group A: Control group (Normal saline10ml/kg), Group B: 

Topiramate (400 mg/kg), Group C: Levetiracetam (600 mg/kg), Group D: Topiramate (400 mg) + 

Levetiracetam (600 mg).                 Statistics: One-way ANOVA followed by Tukey’s multiple 

comparison test. N=6, ***P<0.001 compared with control. 

 

Figure 4 shows the impact of levetiracetam (600 mg/kg) on renal weight when taken alone and in 

conjunction with topiramate (400 mg/kg). Based on the observations, it was shown that when 

levetiracetam and topiramate were evaluated separately, the renal weight increased significantly 

(p<0.001) in comparison to the control group. For levetiracetam and topiramate, the percentage 

increase in renal weight was determined to be 74% and 155%, respectively. When levetiracetam 

and topiramate were combined, the renal weight increased even more (p<0.001), with a 250% 

percentage rise. 

 

DISCUSSION 

The present study evaluated the role of two important anti-epileptic drugs (LEVE and TOPI) for 

renal impairment when tested alone or in combination at sub-maximal doses. The markers of 

apoptosis and acute renal damage such as caspase-3 and NGAL, respectively were measured to 

determine the incidences of renal impairment. Additionally, to correlate the renal damage induced 

by antiepileptic drugs and the possible mechanism, serum antioxidant status was estimated in 

experimental rats. 

The study's conclusions showed that giving experimental rats TOPI and LEVE raised their levels of 

caspase-3. An enzyme called caspase-3, more especially a protease, is essential to apoptosis, or 

programmed cell death. It belongs to the family of proteins called caspases, which are aspartate-
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specific proteases that are dependent on cysteines22. Because of its vital role in the metabolic 

pathways that cause apoptosis, caspase-3 is frequently referred to as a "executioner caspase". When 

cells experience apoptotic cues including DNA damage, cellular stress, or growth factor shortage, 

caspase-3 is activated23. According to the laboratory profile, levetiracetam and topiramate's 

nephrotoxic effects may cause the caspase to activate. 

Moreover, these drugs' nephrotoxic effects may result in mitochondrial malfunction, which could 

release pro-apoptotic factors such cytochrome C. By attaching to procaspase-9 and apoptotic 

protease-activating factor 1 (Apaf-1) to produce the apoptosome, cytochrome C initiates the caspase 

cascade, which includes caspase-324. Acute kidney injury (AKI) is often accompanied by 

mitochondrial dysfunction, which lowers ATP levels, increases reactive oxygen species (ROS) 

generation, and releases pro-apoptotic proteins. The caspase cascade can be started by Caspase-3, 

which is activated by ROS produced in mitochondria and the release of cytochrome c25. Neutrophill 

gelatinase-associated lipocalin (NGAL) is another metric that was employed in this investigation. 

The lipocalin superfamily's 21-kDa protein NGAL is responsible for sequestering iron during 

infection or inflammation26. 

Different cell types, including renal tubular cells, neutrophils, and epithelial cells, manufacture 

NGAL in response to inflammation or injury. It participates in the control of inflammation and the 

body's defense against infections as a mediator in the innate immune system27. One of the initial 

signs of acute kidney injury (AKI) is NGAL. It is quickly discharged into the urine and bloodstream 

after renal tubular damage. Elevated levels of NGAL in blood or urine are a critical biomarker for 

early detection of AKI because they can indicate renal injury28. 

The outcome of NGAL demonstrating the capacity of topiramate and levetiracetam, either 

separately or together, to induce AKI. Renal tubular damage is one of the causes of increased 

NGAL, with the nephrotoxic effect being one of the two causes. Tubular epithelial cell injury is a 

characteristic of NGAL. As part of the innate immune response to tissue damage, damaged renal 

tubular cells express more NGAL29. An further explanation could be that when renal cells become 

inflamed, they release inflammatory mediators including interleukin-6 (IL-6) and tumor necrosis 

factor-alpha (TNF-α), which can cause renal tubular cells to produce more NGAL30. Furthermore, 

neutrophil activation and NGAL release might trigger an inflammatory response or tissue damage28. 

NGAL activation in acute kidney injury is caused by a confluence of variables, including 

inflammation, neutrophil activation, renal damage, and hypoxia. Together, these processes raise the 

amounts of NGAL in the blood and urine, which makes it an essential biomarker for the early 

identification of AKI31. The increase in relative kidney weight raises the possibility that 

administering TOPI and LEVE, either separately or in combination, may have caused renal injury. 

Oxidative stress has been shown in the literature to be a significant factor in the development of 

kidney damage, from acute kidney injury (AKI) to potentially irreversible chronic kidney disease 

(CKD)32. Antioxidants are crucial defensive mechanisms during kidney toxicity, and an imbalance 

between reactive oxygen species (ROS) and antioxidants can result in oxidative stress. 

Polyunsaturated fatty acids (PUFAs) in cell membranes are promptly attacked by ROS when they 

are generated, which helps to promote the formation of lipid peroxidation33. 

The current study's interesting finding is that administering TOPI and LEVE separately or in 

combination changed the antioxidant status. The medications under test raised MDA while lowering 

the levels of antioxidant enzymes. According to reports, a rise in lipid peroxidation and oxidative 

stress in AKI is indicated by an increase in MDA. Renal fibrosis and chronic kidney disease (CKD) 

may be exacerbated by this increase34. 

  

This study examined several antioxidant enzymes, including superoxide dismutase, catalase, and 

glutathione peroxidase-1. When compared to the control group, the results of the analysis indicated 

that antioxidant enzyme levels drop following the administration of TOPI and/or LEVE. After 

MDA was elevated, a defense mechanism may have caused this depletion. Generally speaking, 

antioxidants use several enzymes to neutralize ROS. For instance, catalase uses hydrogen peroxide 
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to produce oxygen and water, which neutralizes ROS. Otherwise, supermutase is produces oxygen 

and hydrogen peroxide from superoxide radicals. The final one, glutathione peroxidase, uses 

glutathione as a substrate to catalyze the reduction of lipid hydroperoxides and hydrogen peroxide35. 

Antioxidants also have a role in maintaining mitochondrial function, which occurs when they 

prevent lipid peroxidation, protein oxidation, and damage to DNA. One of the main causes of AKI 

is mitochondrial malfunction, which also plays a role in oxidative stress, cellular death, and organ 

dysfunction. Antioxidants promote cell survival by maintaining ATP synthesis and preventing the 

release of pro-apoptotic proteins from mitochondria36. The study's findings indicated that the 

administration of sub-maximal dosages of TOPI and LEVE, either separately or in combination, 

may have caused oxidative stress, which may have contributed to the rise of caspase-3, NGAL, and 

relative kidney weight, all of which are indicators of renal impairment. 

 

CONCLUSION 

According to the study, using levetiracetam and topiramate alone or in combination caused a 

significant rise in markers of acute kidney injury and apoptosis. The effects might be related to a 

lower level of antioxidants. These findings highlight the importance of keeping an eye on renal 

parameters in patients receiving antiepileptic medication therapy, particularly in those who are more 

sensitive to renal impairment and need greater dosages. To reduce the negative effects of these 

medications on renal function and to understand the mechanisms driving renal toxicity, more study 

is required. 

 

REFERENCES 

1. Epilepsy: a public health imperative. www.who.int. https://www.who.int/publications/ 

i/item/epilepsy-a-public-health-imperative. 

2. Alshurem M, Aldosari MM, Aljaafari D, Alhashim A, Shariff E, Almatar A, Alhashyan I, 

Almuaigel M, Almohish N, Altaweel H. Prevalence of Medically Resistant Epilepsy in Saudi 

Arabia. Neuroepidemiology. 2021;55(3):232-238. 

3. Alkhamees AK, Al-Sulaiman AA, Alzahrani AA. Prevalence of epilepsy among children and 

adolescents in Saudi Arabia. J Epilepsy Res. 2018;8(1):32-35. 

4. Alaqeel A, Sabbagh AJ, Mahfouz AA, Al-Fifi SH. Awareness of epilepsy in the eastern region 

of Saudi Arabia. Epilepsy Behav. 2016;59:93-97. 

5. Al-Naimi MS, Rasheed HA, Hussien NR, Al-Kuraishy HM, Al-Gareeb AI. Nephrotoxicity: 

Role and significance of renal biomarkers in the early detection of acute renal injury. J Adv 

Pharm Technol Res. 2019;10(3):95-99. doi:10.4103/japtr.JAPTR_336_18. 

6. Hamed SA. The effect of antiepileptic drugs on the kidney function and structure. Expert Rev 

Clin Pharmacol. 2017;10(9):993-1006. doi:10.1080/17512433.2017.1353418 

7. Havali C, Gücüyener K, Buyan N, et al. Does nephrotoxicity exist in pediatric epileptic patients 

on valproate or carbamazepine therapy?. J Child Neurol. 2015;30(3):301-306. 

doi:10.1177/0883073814538505. 

8. Raza M, Al-Bekairi AM, Ageel AM, Qureshi S. Biochemical basis of sodium valproate 

hepatotoxicity and renal tubular disorder: time dependence of peroxidative injury. Pharmacol 

Res. 1997;35(2):153-157. doi:10.1006/phrs.1997.0134. 

9. Gezginci-Oktayoglu S, Turkyilmaz IB, Ercin M, Yanardag R, Bolkent S. Vitamin U has a 

protective effect on valproic acid-induced renal damage due to its anti-oxidant, anti-

inflammatory, and anti-fibrotic properties. Protoplasma. 2016;253(1):127-135. 

doi:10.1007/s00709-015-0796-3. 

10. Fariba KA, Saadabadi A. Topiramate. [Updated 2023 Jan 31]. In: StatPearls [Internet]. 

Treasure Island (FL): StatPearls Publishing; 2023 Jan-. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK554530/. 

https://jptcp.com/index.php/jptcp/issue/view/79
https://www.ncbi.nlm.nih.gov/books/NBK554530/


Comparative Nephrotoxicity Evaluation Of Levetiracetam And Topiramate As Single And Combined Drug 

Administration In Rats 
 

Vol.31 No.05 (2024): JPTCP (1796-1806)   Page | 1805 

11. Nickels K, Kossoff EH, Eschbach K, Joshi C. Epilepsy with myoclonic-atonic seizures (Doose 

syndrome): Clarification of diagnosis and treatment options through a large retrospective 

multicenter cohort. Epilepsia. 2021 Jan;62(1):120-127. 

12. El Makawy AI, Mabrouk DM, Ibrahim FM, Ahmed KA. Genotoxic, biochemical and 

histopathological studies to assessment the topiramate hepatorenal toxicity in mice. Drug Chem 

Toxicol. 2022;45(1):103-112. doi:10.1080/01480545.2019.1660364. 

13. El A, Hamdi H, Eleyan M. Teratogenic Effects of the Anti-Epileptic Drug (Levetiracetam) on 

Albino Rat Fetuses during Pregnancy and Lactation. RJPBCS. 2015;6(1). 

https://scholar.cu.edu.eg/?q=hamidahamdi/publications/teratogenic-effects-anti-epileptic-drug-

levetiracetam-albino-rat-fetuses-du. 

14. Elafros MA, Birbeck GL, Gardiner JC, Siddiqi OK, Sikazwe I, Paneth N, Bositis CM, Okulicz 

JF. Patient-Reported Adverse Effects Associated with Combination Antiretroviral Therapy and 

Coadministered Enzyme-Inducing Antiepileptic Drugs. Am J Trop Med Hyg. 2017 

Jun;96(6):1505-1511. 

15. Moore CF, Protzuk OA, Johnson BA, Lynch WJ. The efficacy of a low dose combination of 

topiramate and naltrexone on ethanol reinforcement and consumption in rat models. Pharmacol 

Biochem Behav. 2014 Jan;116:107-15. 

16. Zwierzyńska E, Pietrzak B. The differential effect of levetiracetam on memory and anxiety in 

rats. Epilepsy Behav. 2022 Nov;136:108917. 

17. Boatright KM, Salvesen GS. Mechanisms of caspase activation. Curr Opin Cell Biol. 

2003;15(6):725-731. doi:10.1016/j.ceb.2003.10.009 

18. Cassidy H, Slyne J, Higgins M, et al. Neutrophil gelatinase-associated lipocalin (NGAL) is 

localised to the primary cilium in renal tubular epithelial cells - A novel source of urinary 

biomarkers of renal injury. Biochim Biophys Acta Mol Basis Dis. 2019;1865(12):165532. 

doi:10.1016/j.bbadis.2019.165532 

19. Beloucif A, Kechrid Z, Bekada AMA. Effect of Zinc Deficiency on Blood Glucose, Lipid 

Profile, and Antioxidant Status in Streptozotocin Diabetic Rats and the Potential Role of 

Sesame Oil. Biol Trace Elem Res. 2022 Jul;200(7):3236-3247. 

20. Seghatoleslam A, Khoshdel Z, Ghafouri R, Fakher S, Molaei M, Namavari M, Zal F. 

Composition and Anti-Toxicity Effects of Cichorium intybus Distillate on Serum Antioxidant 

Status in Carbon Tetrachloride-Treated Rats. Arch Razi Inst. 2021 Mar;76(1):107-117. 

21. Sharma P, Mandal MB, Katiyar R, Singh SP, Birla H. A Comparative Study of Effects of 28-

Day Exposure of Bisphenol A and Bisphenol S on Body Weight Changes, Organ Histology, 

and Relative Organ Weight. Int J Appl Basic Med Res. 2021 Oct-Dec;11(4):214-220.  

22. Nickolas TL, Schmidt-Ott KM, Canetta P, et al. Diagnostic and prognostic stratification in the 

emergency department using urinary biomarkers of nephron damage: a multicenter prospective 

cohort study. J Am Coll Cardiol. 2012;59(3):246-255. doi:10.1016/j.jacc.2011.10.854 

23. Huang R, Ding L, Ye Y, Wang K, Yu W, Yan B, Liu Z, Wang J. Protective effect of quercetin 

on cadmium-induced renal apoptosis through cyt-c/caspase-9/caspase-3 signaling pathway. 

Front Pharmacol. 2022 Aug 16;13:990993. 

24. Fu ZJ, Wang ZY, Xu L, Chen XH, Li XX, Liao WT, Ma HK, Jiang MD, Xu TT, Xu J, Shen Y, 

Song B, Gao PJ, Han WQ, Zhang W. HIF-1α-BNIP3-mediated mitophagy in tubular cells 

protects against renal ischemia/reperfusion injury. Redox Biol. 2020 Sep;36:101671. 

25. Bo CRD, de Paula VP, Strazzi APWB, Wolosker N, Aloia TPA, Mazzeo A, Kaufmann OG. 

Effect of unilateral renal ischemia on the contralateral kidney assessed by Caspase 3 

expression. J Vasc Bras. 2021 Jul 12;20:e20210040 

26. Mishra J, Dent C, Tarabishi R, et al. Neutrophil gelatinase-associated lipocalin (NGAL) as a 

biomarker for acute renal injury after cardiac surgery. Lancet. 2005;365(9466):1231-1238. 

doi:10.1016/S0140-6736(05)74811-X 

27. Buonafine M, Martinez-Martinez E, Jaisser F. More than a simple biomarker: the role of 

NGAL in cardiovascular and renal diseases. Clin Sci (Lond). 2018 May 8;132(9):909-923. 

https://jptcp.com/index.php/jptcp/issue/view/79
https://scholar.cu.edu.eg/?q=hamidahamdi/publications/teratogenic-effects-anti-epileptic-drug-levetiracetam-albino-rat-fetuses-du
https://scholar.cu.edu.eg/?q=hamidahamdi/publications/teratogenic-effects-anti-epileptic-drug-levetiracetam-albino-rat-fetuses-du


Comparative Nephrotoxicity Evaluation Of Levetiracetam And Topiramate As Single And Combined Drug 

Administration In Rats 
 

Vol.31 No.05 (2024): JPTCP (1796-1806)   Page | 1806 

28. Karoli R, Gupta N, Karoli Y, Kulshreshtha MR, Tiwari V. Neutrophil Gelatinase-associated 

Lipocalin (NGAL) as a Marker of Renal Tubular Injury in Metabolic Syndrome Patients with 

Hyperuricemia. J Assoc Physicians India. 2022 Dec;69(12):11-12. 

29. Romejko K, Markowska M, Niemczyk S. The Review of Current Knowledge on Neutrophil 

Gelatinase-Associated Lipocalin (NGAL). Int J Mol Sci. 2023 Jun 21;24(13):10470. 

30. Erdem KTO, Bedir Z, Kuyrukluyildiz U, Tas HG, Suleyman Z, Bulut S, Mendil AS, Sarigul C, 

Unver E, Suleyman H. Effect of tocilizumab on ischemia-reperfusion-induced oxido-

inflammatory renal damage and dysfunction in rats. Exp Anim. 2022 Nov 10;71(4):491-499. 

31. Araos P, Amador CA. Neutrophil gelatinase-associated lipocalin as an immunomodulator in 

endocrine hypertension. Front Endocrinol (Lausanne). 2022 Oct 25;13:1006790 

32. Piko N, Bevc S, Hojs R, Ekart R. The Role of Oxidative Stress in Kidney Injury. Antioxidants 

(Basel). 2023;12(9):1772. Published 2023 Sep 16. doi:10.3390/antiox12091772 

33. Rajendran P, Nandakumar N, Rengarajan T, et al. Antioxidants and human diseases. Clin Chim 

Acta. 2014;436:332-347. doi:10.1016/j.cca.2014.06.004 

34. Yaribeygi H, Farrokhi FR, Rezaee R, Sahebkar A. Oxidative stress induces renal failure: A 

review of possible molecular pathways. J Cell Biochem. 2018 Apr;119(4):2990-2998. 

35. Carcy R, Cougnon M, Poet M, Durandy M, Sicard A, Counillon L, Blondeau N, Hauet T, Tauc 

M, F Pisani D. Targeting oxidative stress, a crucial challenge in renal transplantation outcome. 

Free Radic Biol Med. 2021 Jun;169:258-270.  

36. Oh H, You JS, Bae H, Park GB, Chung YE. Delivery of recombinant sestrin2 ameliorates 

oxidative stress, mitochondrial damage and renal dysfunction in contrast-induced acute kidney 

injury. Biochem Pharmacol. 2023 Sep;215:115761. 

 

https://jptcp.com/index.php/jptcp/issue/view/79

