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ABSTRACT:  

 

Levonorgestrel is an emergency contraceptive that prevents 

unwanted pregnancies after unprotected sexual intercourse. It 

works similarly to progesterone and can prevent pregnancy if 

taken within a specific period. Glutathione, on the other hand, 

is an antioxidant that protects against free radicals and harmful 

substances. This study examined the effects of levonorgestrel 

and glutathione (GSH) on the kidneys through biochemical, 

histological, and functional analyses. The study involved forty 

Sprague-Dawley rats divided into eight groups. Three groups 

were administered graded doses of levonorgestrel for 4 weeks, 

while 3 others were administered levonorgestrel for 4 weeks 

followed by glutathione for 2 weeks. Two control groups were 

also included, one receiving distilled water for 4 weeks and the 

other for 6 weeks. The results showed that levonorgestrel 

affected the rats' kidneys by increasing creatinine, reducing 

urea and albumin, lowering superoxide dismutase and catalase 

levels, and increasing malondialdehyde levels. Rats 

administered only levonorgestrel displayed kidney vascular 

congestion and mild tubular necrosis. However, the 

administration of glutathione reversed the effects of 

levonorgestrel on the kidneys, showing that glutathione has 

some ameliorative effects on levonorgestrel-induced kidney 

toxicity due to its antioxidant function. 
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1. Introduction 

 

Postinor® is a contraceptive pill containing 0.75 mg of progesterone levonorgestrel, a steroid 

lipid molecule with a 3-hydroxylated estrane structure (Adigun et al., 2016). It is a water-

insoluble, hydrophobic, and relatively neutral molecule that works similarly to progesterone 

(Farahmandghavi et al., 2019), preventing pregnancy if taken within an appropriate timeframe 

(Peck et al., 2016; Keegan, 2019). Levonorgestrel, also known as the morning-after pill, is a 

first-line oral contraceptive pill approved by the World Health Organization to prevent 

pregnancy (Endler et al., 2022). It is accessible over the counter without a prescription and has 

been approved by the FDA for people of all ages because of its absence of life-threatening 

adverse effects (Adashi et al., 2023). The most prevalent adverse effects of the drug include 

irregular cycles of menstruation, amenorrhea, dysmenorrhea, oligomenorrhea, migraines, and 

acne (Regidor, 2018; VanAtta et al., 2023). Levonorgestrel does not protect patients against 

sexually transmitted illnesses (Shen et al., 2019). 

Glutathione, a tripeptide composed of cysteine, glycine, and glutamate (Polonikov, 2020), is 

essential for various physiological activities and is a key immune system builder, antioxidant, 

and detoxifier (Pompella and Corti, 2015; Pruteanu et al., 2023). It is an antioxidant that 

prevents age-related pro-oxidizing changes in the redox state and converts free radical H2O2 

into harmless molecules (Mandal et al., 2022). Glutathione also regulates detoxification 

processes (Biswas et al., 2020) and the cell cycle (Hendrix et al., 2020), and its depletion can 

lead to DNA lesions, chromosomal damage, genetic mutations, and cellular apoptosis 

(Kankaya et al., 2023). Changes in glutathione concentration are a common sign of various 

clinical illnesses (Vairetti et al., 2021; Hristov, 2022). 

The kidney plays a crucial role in maintaining the body's water volume, electrolyte balance, 

and acid-base balance (Nagami and Hamm, 2017). It also excretes metabolic products and 

harmful substances (Bajaj et al., 2018; Cameron, 2022). Renal function tests assess renal 

function, including blood flow, glomerular filtration, and tubular function (Mullens et al., 2020; 

Kellum et al., 2021). The kidney is vulnerable to oxidative stress due to its abundance of 

mitochondria (Aranda-Rivera et al., 2021; Tirichen et al., 2021). Drug-induced tubular necrosis 

caused by medications increases the generation of reactive oxygen species in the renal tubules. 

However, when these medications interact with glutathione, ROS production decreases 

(Gyurászová et al., 2020). 

Kidneys play a crucial role in the excretion of several drug classes, and their use puts this 

system at risk (Alhassani et al., 2021). Kidney function in filtration and clearance makes the 

renal system particularly vulnerable to adverse drug effects (Deskur-Śmielecka et al., 2019). 

Hence, this study aimed to ascertain how glutathione may remedy renal impairment or injury 

resulting from the use of postinor-2. 

 

2. Materials and Methods 

 

Care and management of animals 

This study involved 40 adult female Sprague-Dawley rats weighing between 100 and 170 g. 

The rats were acclimatized for two weeks and maintained under standard conditions at Bowen 

University's Department of Anatomy Animal House. They were placed in well-ventilated 

plastic cages, fed pellets and water, and kept under hygienic conditions. Wood shavings were 

used daily as bedding for proper sanitation. 

 

Drug dilution  

45 mg of levonorgestrel was dissolved in 3 liters of distilled water and stored until needed. And 

3 g of glutathione was dissolved in 3 liters of distilled water. 
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Experimental design 

Forty adult Sprague-Dawley rats were used as experimental models and divided into 8 groups. 

Each group consisted of 5 randomly selected rats. 

Group A served as Control Group 1 and was administered 1 mL of distilled water for 4 weeks. 

Group B rats were administered a low dose (1 mL of 1.5 mg/100 mL) of levonorgestrel for 4 

weeks. 

Group C rats were administered a medium dose (2 mL of 1.5 mg/100 mL) of levonorgestrel 

for 4 weeks. 

Group D rats were administered a high dose (4 mL of 1.5 mg/100 mL) of levonorgestrel for 4 

weeks. 

Group E served as Control Group 2 and was administered 1 mL of distilled water for 6 weeks. 

Group F rats were administered a low dose (1 mL of 1.5 mg/100 mL) of levonorgestrel for 4 

weeks, then administered 100 mg/kg of glutathione for 2 weeks. 

Group G rats were administered a medium dose (2 mL of 1.5 mg/100 mL) of levonorgestrel 

for 4 weeks, then administered 100 mg/kg of glutathione for 2 weeks. 

Group H rats were administered a high dose (4 mL of 1.5 mg/100 mL) of levonorgestrel for 4 

weeks, then administered 100 mg/kg of glutathione for 2 weeks. 

After 4 weeks of treatment, the rats from group A-D were euthanized using ketamine. The rats 

from group E-H were euthanized using ketamine after 6 weeks of treatment administration. 

The kidneys were harvested for histology and oxidative stress markers. Blood was collected 

from the ocular sinuses for analysis. 

Blood sampling and function test: Blood was collected from the ocular sinus using capillary 

tubes and centrifuged, and the kidneys for oxidative stress were frozen at -80°C before 

homogenization. 

Histological Procedures: The kidneys were collected, fixed, and processed for histology using 

a standard protocol. 4 mm thick paraffin sections were created for microscopic examination. 

Statistical Analysis: GraphPad Prism software was used to compute, analyze, and summarize 

data, with results expressed as mean ± SEM. One-way ANOVA and Newman-Keuls post hoc 

statistical tests were used, with P<0.05. 

 

3. Results 

 

Effects of administration of levonorgestrel and glutathione on body weight 

A significant increase in body weight was observed in all groups. Table 1 shows the average 

weight of the rats in each group and the percentage increase in weight. 

 

Effects of administration of levonorgestrel and glutathione on kidney weight analysis 

The study found that rats treated with levonorgestrel had a significantly lower average kidney 

weight compared to the control group, while those treated with glutathione had weightier-

average kidneys compared to those treated with similar doses of levonorgestrel, as shown in 

Table 2. 

 

Effects of administration of levonorgestrel and glutathione on renal function 

Table 3 shows that levonorgestrel treatment led to a dose-dependent increase in creatinine 

concentration and a decrease in urea and albumin levels compared to the control group. After 

levonorgestrel treatment, glutathione administration resulted in a dose-dependent decrease in 

urea and an increase in albumin, but creatinine levels showed no significant decrease when 

compared to their counterparts treated with similar doses of levonorgestrel. 
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Effects of administration of levonorgestrel and glutathione on renal biochemical stress 

markers 

The study found that Levonorgestrel treatment significantly increased malondialdehyde 

(MDA) concentrations and decreased catalase and superoxide dismutase concentrations after 

four weeks. However, MDA levels were lower in groups treated with glutathione for an 

additional two weeks, and those treated with glutathione showed higher levels of SOD and 

CAT than those treated with levonorgestrel alone (Table 4). 

 

TABLE 1: Effects of administration of levonorgestrel and glutathione on the body 

weight of the animals 

 

GROUP 

BEFORE 

ADMINISTRATION 

(g) 

AFTER 

ADMINISTRATION 

(g) 

% WEIGHT 

DIFFERENCE 

Group A 91.97 ± 24.64 159.50 ± 14.18 73.43% 

Group B 97.33 ± 13.47 140.33 ± 5.54 44.18% 

Group C 110.00 ± 30.12 157.33 ± 36.13 43.03% 

Group D 111.83 ± 12.88 150.83 ± 7.70 34.87% 

Group E 84.50 ± 8.46 153.95 ± 16.34 82.19% 

Group F 95.83 ± 10.93 163.28 ± 11.59 70.39% 

Group G 102.83 ± 25.02 165.72 ± 33.40 61.16% 

Group H 126.17 ± 29.36 172.52 ± 28.74 36.59% 

Values are mean ± standard error of mean; n=5 

 

TABLE 2: Effects of administration of levonorgestrel and glutathione on the average 

kidney weight 

GROUP Average Kidney Weight (g) 

Group A 1.17 ± 0.14 

Group B 0.93 ± 0.18 

Group C 0.97 ± 0.20 

Group D 0.98 ± 0.11 

Group E 0.88 ± 0.19 

Group F 1.18 ± 0.14 

Group G 1.03 ± 0.14 

Group H 1.12 ± 0.21 

Values are mean ± standard error of mean  
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Table 3: Effects of administration of levonorgestrel and glutathione on some kidney 

function parameters 

GROUP 
CREATININE 

(mg/dL) 
UREA (mg/dL) 

ALBUMIN 

(mg/dL) 

Group A 13.60 ± 0.12 47.73 ± 0.13 23.94 ± 0.03 

Group B 15.20 ± 0.67 40.62 ± 0.36 23.35 ± 0.05 

Group C 15.70 ± 0.14 35.36 ± 3.00 20.89 ± 0.23 

Group D 18.90 ± 0.17 26.29 ± 1.12 17.29 ± 0.76 

Group E 13.69 ± 1.02 48.16 ± 0.16 24.07 ± 1.00 

Group F 14.53 ± 0.12 44.24 ± 0.30 28.30 ± 0.01 

Group G 14.42 ± 0.26 39.27 ± 1.07 32.26 ± 0.06 

Group H 14.19 ± 0.94 35.12 ± 0.03 49.97 ± 0.05 

Values are mean ± standard error of mean 

 

Table 4: Effects of administration of levonorgestrel and glutathione on renal 

biochemical stress markers 

GROUP MDA (nmol/mg) SOD (min/mg) CAT (nmol/mg) 

Group A 405.5 ± 2.06 120.04 ± 0.16 268.72 ± 0.32 

Group B 423.99 ± 0.19 109.03 ± 1.48 216.54 ± 0.99 

Group C 449.99 ± 0.02 90.89 ± 0.29 206.84 ± 1.07 

Group D 468.07 ± 1.07 85.65 ± 0.01 165.01 ± 0.45 

Group E 401.36 ± 1.71 122.51 ± 0.31 283.41 ± 0.29 

Group F 406.40 ± 1.72 179.05 ± 0.65 242.57 ± 1.08 

Group G 439.13 ± 3.02 196.50 ± 1.44 238.11 ± 0.46 

Group H 453.21 ± 1.05 219.54 ± 1.69 218.55 ± 1.19 

Values are mean ± standard error of mean 

 

Effects of administration of levonorgestrel and glutathione on the histology of the kidney 

            

Figure 1: Photomicrographs of kidney sections from the control group 1 show normal 

architecture with normal glomeruli, mesangial cells, capsular spaces (white arrow), renal 

tubules (blue arrow), and interstitial spaces (slender arrow) in the renal cortex. 
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Figure 2: Photomicrographs of kidney sections from the low-dose levonorgestrel group show 

poor architecture, with normal glomeruli, mesangial cells, capsular spaces (white arrow), 

eosinophilic cells filled renal tubules (blue arrow), and moderately infiltrated interstitial 

spaces (slender arrow) in the renal cortex. 
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Figure 3: Photomicrographs of kidney sections from the medium-dose levonorgestrel group 

revealed moderately normal architecture with normal glomeruli, mesangial cells, and capsular 

spaces (white arrow), normal renal tubules (blue arrow), and mild vascular congestion in the 

interstitial spaces (slender arrow). 

     

Figure 4: Photomicrographs of kidney sections from the high-dose levonorgestrel group show 

moderately normal architecture, with normal glomeruli with mesangial cells and capsular 

spaces (white arrow), mild tubular necrosis (blue arrow), and vascular congestion (slender 

arrow) in the renal cortex. 
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Figure 5: Photomicrographs of kidney sections from the control group 2 administered distilled 

water for 6 weeks. The renal cortex shows normal glomeruli with normal mesangial cells and 

capsular spaces (white arrow), renal tubules (blue arrow), and interstitial spaces (slender 

arrow).   

Figure 6: Photomicrographs of kidney sections from low-dose levonorgestrel treated with 

glutathione revealed normal glomeruli with mesangial cells and capsular spaces (white 

arrow), normal renal tubules (blue arrow), and interstitial spaces (slender arrow). 



Yerikala Ramesh/ Afr.J.Bio.Sc. 6(13) (2024) 1290-1303                                      Page 1298 to 14 

 

      

Figure 7: Photomicrographs of kidney sections from medium-dose levonorgestrel treated with 

glutathione reveal normal glomeruli with mesangial cells and capsular spaces (white arrow), 

normal renal tubules (blue arrow), and interstitial spaces with an area of inflammatory cells 

(slender arrow). 

    

Figure 8: Photomicrographs of kidney sections from high-dose levonorgestrel treated with 

glutathione revealed normal glomeruli (white arrow), normal renal tubules (blue arrow), and 
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mild perivascular infiltration of inflammatory cells in the renal cortex and interstitial spaces 

(green arrow). 

 

4. Discussion 

 

Oral contraceptives prevent pregnancy but can cause kidney impairment and injury owing to 

their consistent use or abuse (Akinwumi et al., 2022; Ransome et al., 2022). Glutathione plays 

a crucial role in biotransformation, protecting individuals from reducing agents (Silvagno et 

al., 2020) and aiding in immune system function, tissue repair (Chiara, 2022), detoxification, 

binding electrophiles (Gad, 2014), and regulating metabolic pathways essential for homeostasis 

(Polonikov, 2020). Consistent abuse can lead to increased concentrations of the chemicals 

excreted (Barakat et al., 2021). 

Creatinine, a vital excretory product of muscular activity, is closely associated with renal 

function (Rivadeneyra-Domínguez et al., 2018). In rats treated with levonorgestrel, creatinine 

levels increased, whereas rats subsequently administered glutathione showed a decrease. 

Increased serum creatinine concentrations may be indicative of a decrease in glomerular 

filtration rate (Kellum et al., 2021), which may signal severe renal damage or disease (Mullens 

et al., 2020). Glutathione may be effective in restoring kidney filtration, hence reducing serum 

creatinine. 

Urea is a major nitrogen-containing metabolic product (Allison, 2020). Its serum concentration 

decreased in rats treated with levonorgestrel and further reduced in rats administered 

glutathione afterward. This may indicate abnormal urea excretion (Yeun et al., 2019). 

Albumin, a carrier protein (Spada et al., 2021), showed a decrease in serum concentration in 

rats treated with levonorgestrel, while an increase was observed in rats treated with glutathione 

afterward. Soeters et al. (2019) suggested an increase or decrease in serum albumin 

concentration points to an electrolyte imbalance, potentially indicating compromised renal 

balance. 

This study revealed that levonorgestrel administration significantly increased malondialdehyde 

levels in the kidney. Alcohol abuse has also been associated with an increase in 

malondialdehyde concentration (Moraes et al., 2023), which may be indicative of renal 

oxidative damage and implicated in renal disease (Sreenivasulu et al., 2020). A significant 

decrease was observed in the malondialdehyde levels in rats treated with glutathione after 

levonorgestrel administration compared to rats treated with only levonorgestrel. This is 

consistent with Tualeka et al. (2019), who stated that glutathione and malondialdehyde levels 

have a substantial reciprocal correlation. 

The decreased superoxide dismutase levels in rats treated with levonorgestrel might indicate 

lipid peroxidation and oxidative stress (Hamam et al., 2022). Glutathione administration 

reversed this decrease and increased SOD levels beyond that of the control group. As proposed 

by Huo et al. (2021), the increase in SOD may be the result of physical protection against 

excess ROS. This suggests that glutathione has ameliorative effects on levonorgestrel-induced 

renal damage. 

Catalase, an essential enzyme that protects cells from oxidative damage, decreased following 

levonorgestrel treatment. Similarly, alcohol abuse is associated with a decrease in catalase 

levels (Moraes et al., 2023). According to Hong and Park (2021), a decrease in catalase levels 

renders the kidney vulnerable to oxidative tissue damage and renal fibrosis. Our study suggests 

that glutathione may restore catalase levels depleted by levonorgestrel treatment, protecting 

renal cells against oxidative damage. 

Renal vascular congestion and mild renal tubular necrosis were observed with an increase in 

the levonorgestrel dosage, which according to Deferrari et al. (2021) may be attributed to drug 

reactions. Renal congestion reduces blood flow velocity in the peritubular capillaries leading 
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to acute kidney injury (Kitani et al., 2022). Experimental rats treated with glutathione showed 

normal cytoarchitecture and inflammatory cells in the interstitial spaces of the kidneys. The 

kidney has intrinsic repair capacity through a process involving various cell types, including 

surviving proximal tubular cells, inflammatory cells, and fibroblasts (Tanaka et al., 2020). The 

reconstitution of normal renal cytoarchitecture and tubules may indicate that glutathione 

promotes the intrinsic renal repair of levonorgestrel-induced hepatic histological damage. 

 

5. Conclusion 

 

Consistent use of levonorgestrel damages kidney cytology and function, but glutathione 

treatment may proffer remedy to kidney cytoarchitecture impairments and reduce oxidative 

stress. Owing to the antioxidant properties of glutathione, the adverse effects of levonorgestrel 

on the kidney may be alleviated. 

Source of Funding 

The funding for this study was contributed by all the authors involved. 

Conflicts of Interest 

The authors declare that they have no competing interests. 

Ethical Approval 

This study was approved by Bowen University Institutional Research Ethics Committee on the 

8th of June, 2023 with BUI/COHES/ANA/01024. The care of the experimental animals was by 

the guidelines of the Institution’s Ethics Committee. 

Acknowledgment 

The authors appreciate the College of Health Sciences of Bowen University for providing the 

facilities for conducting this research. 

 

6. References 

 

1. Adashi, E.Y., Cohen, I.G. and Wilcox, A.J. (2023). The FDA Declares Levonorgestrel a 

Nonabortifacient—A 50-Year Saga Takes a Decisive Turn. JAMA Health Forum, 4, 

e232257. https://doi.org/10.1001/jamahealthforum.2023.2257 

2. Adigun, M.S., Fasogbon, S.A., Ajileye, A.B. and Arije, B.S. (2016). Histo-toxic effects 

of the drug postinor®-2 on the liver of female Wistar rats. Eur J Biomed Pharm Sci 3, 

528-30. 

3. Akinwumi, K.A., Oloyede, S.T., Eleyowo, O.O. and Jubril, A.J. (2022). Toxicological 

outcome of combined exposure to potassium dichromate and levonorgestrel in the kidney 

of female rats. J Cancer Res. Updates, 11, 33-38. 

4. Alhassani, R.Y., Bagadood, R.M., Balubaid, R.N., Barno, H.I., Alahmadi, M.O. and 

Ayoub, N.A. (2021). Drug therapies affecting renal function: An overview. Cureus, 13, 

e19924. https://doi.org/10.7759/cureus.19924 

5. Allison, S.J. (2020). An encapsulated bacterial cocktail for the removal of nitrogenous 

metabolic waste. Nat. Rev. Nephrol, 16, 485. https://doi.org/10.1038/s41581-020-0331-

4 

6. Aranda-Rivera, A.K., Cruz-Gregorio, A., Aparicio-Trejo, O.E. and Pedraza-Chaverri, J. 

(2021). Mitochondrial redox signaling and oxidative stress in kidney diseases. Biomol, 

11, 1144. https://doi.org/10.3390/biom11081144 

7. Bajaj, P., Chowdhury, S.K., Yucha, R., Kelly, E.J. and Xiao, G. (2018). Emerging kidney 

models to investigate metabolism, transport, and toxicity of drugs and xenobiotics. Drug 

Metab. Dispos., 46, 1692–1702. https://doi.org/10.1124/dmd.118.082958 

8. Barakat, M., Al-Qudah, R., Akour, A., Abu-Asal, M., Thiab, S. and Dallal Bashi, Y.H. 

(2021). Knowledge and beliefs about the use/abuse of oral contraceptive pills among 

https://doi.org/10.1001/jamahealthforum.2023.2257
https://doi.org/10.7759/cureus.19924
https://doi.org/10.1038/s41581-020-0331-4
https://doi.org/10.1038/s41581-020-0331-4
https://doi.org/10.3390/biom11081144
https://doi.org/10.1124/dmd.118.082958


Yerikala Ramesh/ Afr.J.Bio.Sc. 6(13) (2024) 1290-1303                                      Page 1301 to 14 

 

males: A mixed-method explanatory sequential study in community pharmacy settings. 

PLoS One, 16, e0251302. https://doi.org/10.1371/journal.pone.0251302  

9. Biswas, P., Dellanoce, C., Vezzoli, A., Mrakic-Sposta, S., Malnati, M., Beretta, A. and 

Accinni, R. (2020). Antioxidant activity with increased endogenous levels of vitamin C, 

E and A following dietary supplementation with a combination of glutathione and 

resveratrol precursors. Nutr., 12, 3224. https://doi.org/10.3390/nu12113224 

10. Cameron, B. (2022). Drug Elimination Functions of Renal. J Intervent. Nephrol, 5, 62–

65. https://doi.org/10.47532/oain.2022.5(5).62-65 

11. Chiara, J. (2022). Measurement and protective functions of glutathione. Oxid. Antioxid. 

Med. Sci, 11, 2. 

12. Deferrari, G., Cipriani, A. and La Porta, E. (2021). Renal dysfunction in cardiovascular 

diseases and its consequences. J Nephrol, 34, 137–153. https://doi.org/10.1007/s40620-

020-00842-w 

13. Deskur-Śmielecka, E., Chudek, J., Neumann-Podczaska, A., Mossakowska, M., Barbara 

Wizner, B. and Wieczorowska-Tobis, K. (2019). Use of renal risk drugs in a nation-wide 

Polish older adult population: an analysis of PolSenior database. BMC Geriatr, 19, 70. 

https://doi.org/10.1186/s12877-019-1075-5 

14. Endler, M., Li, R. and Gemzell-Danielsson, K. (2022). Effect of levonorgestrel 

emergency contraception on implantation and fertility: A review. Contracept, 109, 8-18. 

https://doi.org/10.1016/j.contraception.2022.01.006  

15. Farahmandghavi, F., Imani, M. and Hajiesmaeelian, F. (2019). Silicone matrices loaded 

with levonorgestrel particles: Impact of the particle size on drug release. J Drug Deliv Sci 

Technol, 49, 132-42. https://doi.org/10.1016/j.jddst.2018.10.029 

16. Gad, S.C. (2014). Glutathione. In Wexler, P. (Ed.), Encyclopedia of Toxicology (3rd ed., 

pp 751). Academic Press. https://doi.org/10.1016/B978-0-12-386454-3.00850-2. 

17. Gyurászová, M., Gurecká, R., Bábíčková, J. and Tóthová, L. (2020). Oxidative stress in 

the pathophysiology of kidney disease: Implications for noninvasive monitoring and 

identification of biomarkers. Oxid. Med. Cell. Longev, 2020, 5478708.  

https://doi.org/10.1155/2020/5478708 

18. Hamam, H., Demir, H., Aydin, M. and Demir, C. Determination of some antioxidant 

activities (superoxide dismutase, catalase, reduced glutathione) and oxidative stress level 

(malondialdehyde acid) in cirrhotic liver patients. Mid. Blac. Sea J Health Sci, 8, 506-

514. 

19. Hendrix, S., Jozefczak, M., Wójcik, M., Deckers, J., Vangronsveld, J., Cuypers, A. 

(2020). Glutathione: A key player in metal chelation, nutrient homeostasis, cell cycle 

regulation and the DNA damage response in cadmium-exposed Arabidopsis thaliana. 

Plant Physiol. Biochem, 154, 498-507. https://doi.org/10.1016/j.plaphy.2020.06.006 

20. Hong, Y.A. and Park, C.W. (2021). Catalytic Antioxidants in the Kidney. Antioxid. 

(Basel), 10, 130. doi: 10.3390/antiox10010130. 

21. Hristov, B.D. (2022). The Role of Glutathione Metabolism in Chronic Illness 

Development and Its Potential Use as a Novel Therapeutic Target. Cureus, 14, e29696. 

https://doi.org/10.7759/cureus.29696 

22. Huo, L., Lu, X., Wu, F., Chang, C., Ning, Y. and Chang, X.Y. (2021). Elevated activity 

of superoxide dismutase in male late-life schizophrenia and its correlation with clinical 

symptoms and cognitive deficits. BMC Psychiatry, 21, 606. 

https://doi.org/10.1186/s12888-021-03604-5 

23. Kankaya, S., Yavuz, F., Tari, A., Aygun, A.B., Gunes, E.G., Bektan Kanat, B., Ulugerger 

Avci, G., Yavuzer, H. and Dincer, Y. (2023). Glutathione-related antioxidant defence, 

DNA damage, and DNA repair in patients suffering from post-COVID conditions. 

Mutagenesis, 38, 216-226. https://doi.org/10.1093/mutage/gead021 

https://doi.org/10.1371/journal.pone.0251302
https://doi.org/10.3390/nu12113224
https://doi.org/10.47532/oain.2022.5(5).62-65
https://doi.org/10.1007/s40620-020-00842-w
https://doi.org/10.1007/s40620-020-00842-w
https://doi.org/10.1186/s12877-019-1075-5
https://doi.org/10.1016/j.contraception.2022.01.006
https://doi.org/10.1016/j.jddst.2018.10.029
https://doi.org/10.1016/B978-0-12-386454-3.00850-2
https://doi.org/10.1155/2020/5478708
https://doi.org/10.1016/j.plaphy.2020.06.006
https://doi.org/10.7759/cureus.29696
https://doi.org/10.1186/s12888-021-03604-5
https://doi.org/10.1093/mutage/gead021


Yerikala Ramesh/ Afr.J.Bio.Sc. 6(13) (2024) 1290-1303                                      Page 1302 to 14 

 

24. Keegan, M.T. (2019). Endocrine pharmacology. In Hemmings, H.C. and Egan, T.D. 

(Eds.), Pharmacology and Physiology for Anesthesia (2nd ed., pp 708-731). Elsevier. 

https://doi.org/10.1016/B978-0-323-48110-6.00036-3 

25. Kellum, J.A., Romagnani, P., Ashuntantang, G., Ronco, C., Zarbock, A. and Anders, H. 

(2021). Acute kidney injury. Nat. Rev. Dis. Primers, 7, 52. 

26. Kitani, T., Kidokoro, K., Nakata, T., Kirita, Y., Nakamura, I., Nakai, K., Yagi-Tomita, 

A., Ida, T., Uehara-Watanabe, N., Ikeda, K., Yamashita, N., Humphreys, B.D., 

Kashihara, N., Matoba, S., Tamagaki, K. and Kusaba, T. (2022). Kidney vascular 

congestion exacerbates acute kidney injury in mice. Kidney Int., 101, 551-562. 

https://doi.org/10.1016/j.kint.2021.11.015. 

27. Mandal, P.K., Roy, R.G. and Samkaria, A. (2022). Oxidative stress: Glutathione and its 

potential to protect methionine-35 of Aβ peptide from oxidation. ACS Omega, 7, 27052-

61. https://doi.org/10.1021/acsomega.2c02760 

28. Moraes, L., Dries, S.S., Seibert, B.S., Linden, R. and Perassolo, M.S. (2023). Evaluation 

of oxidative stress markers in ethanol users. Braz. J Med. Biol. Res, 56, e12465. 

https://doi.org/10.1590/1414-431X2023e12465 

29. Mullens, W., Damman, K., Testani, J.M., Martens, P., Mueller, C., Lassus, J., Tang, 

W.H.W., Skouri, H., Verbrugge, F.H., Orso, F., Hill, L., Ural, D., Lainscak, M., 

Rossignol, P., Metra, M., Mebazaa, A., Seferovic, P. and Ruschitzka, F. (2020). A Coats, 

Evaluation of kidney function throughout the heart failure trajectory – a position 

statement from the Heart Failure Association of the European Society of Cardiology. Eur. 

J. Heart Fail, 22, 584-603. https://doi.org/10.1002/ejhf.1697 

30. Nagami, G.T. and Hamm, L.L. (2017). Regulation of Acid-Base Balance in Chronic 

Kidney Disease, Adv Chronic Kidney Dis, 24, 274-279. 

https://doi.org/10.1053/j.ackd.2017.07.004 

31. Peck, R., Rella, W., Tudela, J., Aznar, J. and Mozzanega, B. (2016). Does levonorgestrel 

emergency contraceptive have a post-fertilization effect? A review of its mechanism of 

action. The Linac Quart, 83, 35-51. https://doi.org/10.1179/2050854915Y.0000000011 

32. Polonikov, A. (2020). Endogenous deficiency of glutathione as the most likely cause of 

serious manifestations and death in COVID-19 patients. ACS Infect Dis, 6, 1558-62. 

https://doi.org/10.1021/acsinfecdis.0c00288 

33. Pompella, A. and Corti A. (2015). Editorial: the changing faces of glutathione, a cellular 

protagonist. Front Pharmacol, 6, 98. http://dx.doi.org/10.3389/fphar.2015.00098 

34. Pruteanu, L.L., Bailey, D.S., Grădinaru, A.C. and Jäntschi, L. (2023). The Biochemistry 

and Effectiveness of Antioxidants in Food, Fruits, and Marine Algae. Antioxid (Basel), 

12, 860. https://doi.org/10.3390/antiox12040860 

35. Ransome, D.I., Tamuno-Boma, O., Barizoge, L.C., Kelechi, E.S. and Goodluck, N. 

(2022). Effects of selected oral contraceptives on the kidney functionality. GSC Biol. 

Pharm. Sci, 18, 242–249. https://doi.org/10.30574/gscbps.2022.18.3.0114 

36. Regidor, P.A. (2018). The clinical relevance of progestogens in hormonal contraception: 

Present status and future developments. Oncotarget, 9, 34628-38. 

https://doi.org/10.18632/oncotarget.26015 

37. Rivadeneyra-Domínguez, E., Becerra-Contreras, Y., Vazquez, A., Diaz-Sobac, R. and 

Rodríguez-Landa, J.F. (2018). Alterations of blood chemistry, hepatic and renal function, 

and blood cytometry in acrylamide-treated rats. Toxicol. Rep, 5, 1124-1128. 

https://doi.org/10.1016/j.toxrep.2018.11.006 

38. Shen, J., Che, Y., Showell, E., Chen, K. and Cheng, L. (2019). Interventions for 

emergency contraception. Cochrane Database Syst Rev, 1, CD001324. 

https://doi.org/10.1002/14651858.CD001324.pub6 

https://doi.org/10.1016/B978-0-323-48110-6.00036-3
https://doi.org/10.1016/j.kint.2021.11.015
https://doi.org/10.1021/acsomega.2c02760
https://doi.org/10.1590/1414-431X2023e12465
https://doi.org/10.1002/ejhf.1697
https://doi.org/10.1053/j.ackd.2017.07.004
https://doi.org/10.1179/2050854915Y.0000000011
https://doi.org/10.1021/acsinfecdis.0c00288
http://dx.doi.org/10.3389/fphar.2015.00098
https://doi.org/10.3390/antiox12040860
https://doi.org/10.30574/gscbps.2022.18.3.0114
https://doi.org/10.18632/oncotarget.26015
https://doi.org/10.1016/j.toxrep.2018.11.006
https://doi.org/10.1002/14651858.CD001324.pub6


Yerikala Ramesh/ Afr.J.Bio.Sc. 6(13) (2024) 1290-1303                                      Page 1303 to 14 

 

39. Silvagno, F., Vernone, A. and Pescarmona, G.P. (2020). The Role of Glutathione in 

Protecting against the Severe Inflammatory Response Triggered by COVID-19. 

Antioxid, 9, 624. https://doi.org/10.3390/antiox9070624 

40. Soeters, P.B., Wolfe, R.R. and Shenkin, A. (2019). Hypoalbuminemia: Pathogenesis and 

clinical significance. J. Parenteral and Enteral Nutr, 43, 181-193. 

https://doi.org/10.1002/jpen.1451  

41. Spada, A., Emami, J., Tuszynski, J.A. and Lavasanifar, A. (2021). The Uniqueness of 

Albumin as a Carrier in Nanodrug Delivery. Mol. Pharm, 18, 1862-1894. 

https://doi.org/10.1021/acs.molpharmaceut.1c00046 

42. Sreenivasulu, U., Shyam Prasad, B.R. and Durga, T. (2020). Study of serum 

malondialdehyde levels in chronic renal failure patients: A hospital based study in Govt. 

general hospital, Anantapuramu, Andhra Pradesh. Int. J Biochem. Res, 7, 138-141. 

43. Tanaka, M., Saka-Tanaka, M., Ochi, K. Fujieda, K., Sugiura, Y., Miyamoto, T., Kohda, 

H., Ito, A., Miyazawa, T., Matsumoto, A., Aoe, S., Miyamoto, Y., Tsuboi, N., Maruyama, 

S., Suematsu, M., Yamasaki, S., Ogawa, Y. and Suganami, T. (2020). C-type lectin 

Mincle mediates cell death-triggered inflammation in acute kidney injury. J Experimental 

Med., 217, e20192230. https://doi.org/10.1084/jem.20192230 

44. Tirichen, H. Yaigoub, H., Xu, W., Wu, C., Li, R. and Li, Y. (2021). Mitochondrial 

reactive oxygen species and their contribution in chronic kidney disease progression 

through oxidative stress. Front. Physiol, 12, 627837. 

https://doi.org/10.3389/fphys.2021.627837 

45. Tualeka, A.R., Martiana, T., Ahsan, A., Russeng, S.S. and Meidikayanti, W. (2019). 

Association between Malondialdehyde and Glutathione (L-gamma-Glutamyl-Cysteinyl-

Glycine/GSH) Levels on Workers Exposed to Benzene in Indonesia. Maced. J Med. Sci, 

7, 1198-1202. https://doi.org/10.3889/oamjms.2019.246 

46. Vairetti, M., Di Pasqua, L.G., Cagna, M., Richelmi, P., Ferrigno, A., Berardo, C. (2021). 

Changes in Glutathione Content in Liver Diseases: An Update. Antioxid. (Basel), 10, 

364. https://doi.org/10.3390/antiox10030364 

47. VanAtta, C., Surowiec, S., Mills, J., Brandenburg, K. and Nwachukwu, J. (2023). 

Counselling patients on contraceptive options. US Pharm, 48, 17-25. 

48. Yeun, J.Y., Depner, T.A. and Ananthakrishnan, S. (2019). Principles of Hemodialysis. In 

Himmelfarb, J. and Ikizler, T.A. (Eds.), Chronic Kidney Disease, Dialysis, and 

Transplantation (4th ed., pp. 339-360). Elsevier.  https://doi.org/10.1016/B978-0-323-

52978-5.00022-7. 

https://doi.org/10.3390/antiox9070624
https://doi.org/10.1002/jpen.1451
https://doi.org/10.1021/acs.molpharmaceut.1c00046
https://doi.org/10.1084/jem.20192230
https://doi.org/10.3389/fphys.2021.627837
https://doi.org/10.3889/oamjms.2019.246
https://doi.org/10.3390/antiox10030364
https://doi.org/10.1016/B978-0-323-52978-5.00022-7
https://doi.org/10.1016/B978-0-323-52978-5.00022-7

