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 Nephrotoxicity is a great healthcare challenge in clinical care settings. 

Kidneys are subject to meteors from different chemicals, drugs, and 

xenobiotics; which make them susceptible to injury, among these are 

aminoglycoside antibiotics. A wide variety of therapeutic remedies has 

been used to protect kidneys against the toxicity of various drugs and 

chemicals including, vitamins, minerals, and herbal products. Beta 

carotene can decrease oxidative stress, so it can protect the kidney from 

the toxicity and damage induced by oxidative stress. In this study, we 

tried to investigate the possible ameliorative effect of beta carotene 

against amikacin-induced nephrotoxicity when given before and during 

the treatment of amikacin. Twenty-eight male albino rats were divided 

into five groups (seven in each group): 1-Control group (A): was 

intended for distilled water during the study period. 2-Amikacin group 

(B): were injected intraperitoneally with amikacin (150mg/kg/day) for 

two weeks. 3-Beta carotene group (C): were gavaged with beta carotene 

orally (100mg/kg/day) for 9 days. 4-Beta -carotene and amikacin group 

(D): were gavaged with beta carotene orally (100mg/kg/day) for 9 days 

alone, then injected intraperitoneally with amikacin (150mg/kg/day) and 

gavaged with beta carotene orally (100mg/kg/day) for two weeks. At the 

end of the study, animals were fasted and sacrificed, and serum was used 

for biochemical analysis and kidneys for histopathology. The results 

showed an elevation in serum MDA significantly (P < 0.005) and a 

reduction in T-AOC and GSH significantly (P < 0.005) in the amikacin 

group compared to the control group, whereas groups administered beta 

carotene with AMK showed significant improvement in the oxidative 

parameters compared to the AMK-treated group. In conclusion, beta 

carotene can act as a good antioxidant, preventing the expected 

nephrotoxicity induced by AMK. 
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1. Introduction 
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Aminoglycosides (AMG) including amikacin (AMK) are considered one of the most important antibiotics 

that are used in the treatment of gram-negative bacteria that cause severe diseases [1]. The AMG is 

characterized by many benefits such as cheap price, ease of effectiveness, the possibility of working with 

penicillins and giving double efficacy and other benefits [2], [3]. The mechanism of nephrotoxicity begins 

when the AMG is absorbed into the kidney, where the large accumulation of AMG in the kidney stimulates 

the production of reactive oxygen species (ROS) and oxygen radicals, which serves as the spark for the 

launch of the process of oxidative stress, This causes damage and death of renal cells, resulting in 

pathological changes in the renal tissue, which leads to a decrease in the rate of glomerular filtration, which 

is evidence of nephrotoxicity [4], [5]. Beta carotene (BC) is a carotenoid compound that is responsible for 

the colour of vegetables and fruits. Its colour usually ranges from red to orange [6]. In humans, after 

administration of BC, it will be absorbed into the duodenum and then into the adipose tissue where it will 

be stored. BC can be used for the protection of many diseases because of its antioxidant properties, which 

can prevent or reduce the degeneration of lipids, proteins, and DNA [7]. It can also be used for treatment or 

as prophylaxis of several disorders and cancers by preventing oxidative stress accompanied by neoplasms, 

heart abnormalities, and photosensitive cases [8], [9]. 

 

2. Materials and Methods 

A total of 35 male albino rats were distributed randomly into five groups (7 in each), their weights were 

(200±50g). acquired under controlled temperature settings from the animal house at the University of 

Mosul's College of Veterinary Medicine. Commercial pellets were fed to the animals. 

1. Control group: Animals were gavaged D.W. orally throughout the study period. 

2. AMK group: Animals were injected 150mg/kg/day of AMK (MedoChemie®-Cyprus) 

intraperitoneally for two weeks [10- 12]. 

3. BC group: Animals were gavaged 10mg/kg/day of BC (PHARMAROYA company®- Turkey) 

orally for 9 days [13], [14]. 

4. BC and AMK group: Animals were injected 150mg/kg/day of AMK intraperitoneally and at the 

same time received 10mg/kg/day of BC orally for two weeks [11], [14]. 

5. BC firstly, then BC and AMK group: Animals were gavaged 10mg/kg/day of BC orally for 9 days, 

then received 150mg/kg/day of AMK intraperitoneally together with 10mg/kg/day of BC gavaged orally for 

two weeks. 

 

After euthanizing the rats using an ether anaesthetic, the sample was prepared and placed in a simple tube 

after collecting blood from the neck, and the clot was dispersed using a glass rod and centrifuged at 3000 

(rpm) for 15 minutes. Serum must be kept at -20°C until it is utilized in laboratory tests [11]. 

 

MDA and GSH were detected by ELISA technology, which is based on the principle of competition. 

Initially, the ELISA plate is coated with MDA or GSH. During the reaction, there is a competition between 

the MDA or GSH of samples and standards with a predetermined amount of MDA or GSH on the solid 

phase support of the MDA or GSH sites on the "Biotinylated Detection Ab" (BDab). Before incubating 

each microplate well with Avidin conjugated to Horseradish Peroxidase (HRP), followed by TMB substrate 

solution, any standard paired or unpaired sample was washed from the plate. After the stop solution is 

injected to stop the enzyme and substrate reaction, the colour change is detected with a spectrophotometer. 

 

Calculating the absorbance at 520 nm is needed for measuring T-AOC because various antioxidants in the 

body can reduce Fe3+ to Fe2+, and Fe2+ can form stable complexes with phenanthroline molecules. 

 

Statistical Analysis: One-way ANOVA was used to examine serum MDA, TAC, and GSH levels. Tukey's 
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tests were utilized for posthoc comparisons, and the statistical tool used in this work was GraphPad Prism 

Version 9. (P < .05) was used to determine whether differences were significant. The results are presented 

as a mean + standard deviation. 

 

3. Results 

Serum MDA levels were significantly increased in the AMK-treated group than in the control groups 

(control: 64.08 ± 9.99 vs. AMK: 91.25± 13.94). Administration of beta carotene with amikacin 

simultaneously significantly dropped the elevated MDA (70.23± 15.55). Furthermore, beta carotene when 

given before and during the treatment of amikacin was also able to reduce the elevated MDA (71.66 ± 

6.82). As seen in figure (1): 

 

 
Figure 1. The role of BC in alleviating the elevating MDA induced by AMK. The data are presented as 

mean ± S.D. * indicates P < 0.05, ** indicates P < 0.01, and **** indicates P-value < 0.0001. One-way 

ANOVA was used, followed by Tukey's post hoc test against control values. A one-way ANOVA followed 

by Tukey's post hoc test vs. control values was used. 

 

Serum T-AOC and GSH levels were significantly lower in the AMK-treated group than in the control 

group(control: 6.45 ± 1.58, 12.17 ± 1.69 vs. AMK: 1.68 ± 0.65, 5.471 ± 0.89). Administration of beta 

carotene with amikacin simultaneously significantly elevates serum T-AOC and GSH levels in the AMK-

treated group (5.84 ± 2.74, 9.292 ± 1.132). Also, administration of beta carotene before and during the 

treatment of amikacin was able to increase serum T-AOC and GSH levels in comparison with the group 

treated only with amikacin (4.41 ± 0.61, 8.59 ± 1.52). As seen in figure (2): 
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Figure 2. The role of BC in improving the levels of T-AOC and GSH that are reduced by AMK. The data 

are presented as mean ± S.D. * indicates P < 0.05, ** indicates P < 0.01, and **** indicates P-value < 

0.0001. One-way ANOVA was used, followed by Tukey's post hoc test against control values. A one-way 

ANOVA followed by Tukey's post hoc test vs. control values was used. 

 

4. Discussion 

Nephrotoxicity is one of the most common side effects of aminoglycosides, and it limits the clinical use of 

aminoglycosides, which may affect the urgent need for AMGs for serious infections caused by gram-

negative bacteria [10]. Attention to the presence of risk factors associated with the patient’s use of 

treatment, practical monitoring processes, and the possibility of reducing the doses and making them once 

daily to reduce the toxicity of treatment have a role in improving the situation when using drugs with 

dangerous toxicity [11]. These solutions gave limited improvements in the early 1980s, but they remain 

prosthetic solutions to solve the problems of treatment toxicity and because of the great importance of some 

antibiotics and their importance in our lives, it has become necessary to find more effective ways to protect 

ourselves from their toxicity [12], [13]. Among these antibiotics are aminoglycosides due to their many 

benefits, such as having high anti-bacterial strength, rapid start-up, the emergence of resistance to it being 

of small proportions, its cost being appropriate, and the possibility of synergism with other antibiotics like 

lactam antibiotics [1]. AMG-induced nephrotoxicity is usually severe, but is reversible and can be cured 

after the AMGs have left [14]. Aminoglycosides cause nephrotoxicity after their reabsorption in the 

proximal tubule of the kidney where they will be accumulated. The presence of aminoglycosides in high 

quantities in that region causes the production of reactive species and the generation of oxidative stress and 

results in damage to glomerular tubules [15]. Several studies confirm the nephrotoxicity of aminoglycosides 

by inducing reactive spies like reactive oxygen and nitrogen species that will lead to tubuloglomerular 

necrosis and a reduction of GFR [16], [17]. AMK is a semisynthetic AMGs, it can work on bacteria that are 

resistant to several AMGs [18], and nephrotoxicity is the most important adverse effect of it and AMK 

plasma concentration needs to be monitored [19]. 

 

The current study found a significant increase in serum MDA levels, a byproduct of lipid peroxidation, in 

the AMK-treated group compared to the control group, as well as a significant decrease in serum T-AOC 

and GSH levels in the AMK-treated group compared to the control group, demonstrating the presence of 

lipid peroxidation and the production of reactive oxygen species (ROS) and oxygen radicals, which cause 

consumption of antioxidant biomolecules and decrease their concentrations. These processes were visible in 

the AMK-treated group and are caused by amikacin accumulation in the glomerulotubular tissues, which 

stimulates the production of ROS, radicals, and MDA, resulting in oxidative stress. These results are in 
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agreement with a study conducted by [20]. They showed that AMK raised MDA significantly (66%) 

compared to the control group. [21], suggest in their study that AMK evokes oxidative stress by 

significantly elevating MDA and reducing GSH in the AMK-treated group compared to the control group, 

and these processes were the main causes of damage to the kidney. Similarly, [22], [23] has reported that 

the pro-oxidant parameters have increased in rats exposed to amikacin and the levels where higher than that 

of the control group. They do measured malondialdehyde and total antioxidant capacity in plasma of 

exposed rats. 

 

Beta carotene plays an important role in oxidative stress and inflammation due to its ability to quench 

singlet oxygen, be oxidized, be isomerized, and scavenge free radicals. Beyond the antioxidant activity, 

some evidence suggests that BC could directly reinforce the immune system, protect skin from sunlight-

related damage and prevent some types of cancer [24]. In this study, BC was able to significantly decrease 

serum MDA and raise serum T-AOC and GSH levels in groups treated with BC and AMK together (group 

D). The same significant effect on oxidative stress markers occurred in the group pretreated with BC and 

then BC and AMK together (group E), which reflects the antioxidant effect of BC against radicals produced 

by oxidative stress induced by AMK. Ozougwu, Jevas C. showed in his study that BC can act as an 

antioxidant, can aid in scavenging free radicals, and can prevent lipid peroxidation processes, thus 

protecting the cell membrane from damage [25], [26]. In a study conducted by Priya Jonsson Akkara and 

Evan Prince Sabina, they revealed that pretreatment with 10mg/kg for 9 days BC significantly reduced 

oxidative stress and lipid peroxidation induced by bromobenzene, which resulted in the protection of the 

kidneys from toxicity [27]. 

 

However, other studies have shown that high doses of BC can produce the opposite results. In a study 

conducted by [28] they gave 3 doses of BC to different groups of rats for the protection of the heart from 

applied ischemia, and they showed that low doses of BC can improve heart muscle, while at high doses BC 

has prooxidant features. Another study conducted by Ha et al. showed that BC can act as an antioxidant and 

prooxidant depending on the concentration, and BC showed elevation of lipid peroxidation at high 

concentrations and reduction of lipid peroxidation at low doses. Another study suggesting that BC can itself 

induce oxidative stress, [29] showed that the concentration of BC can determine whether it is an antioxidant 

or, on the contrary, a catalyst for oxidation, and the results showed that the use of a high concentration of 

beta carotene can give counterproductive results, thus being a catalyst in stimulating oxidase stress. In 

addition to that, some results from different studies showed that the use of beta carotene can cause cancer in 

certain people, such as smokers and in some women [30], [31]. In conclusion, beta carotene acts as a good 

antioxidant agent and can be used concomitantly with amikacin to decrease its nephrotoxicity by reducing 

oxidative stress and lipid peroxidation. 

 

The renoprotection imparted by beta carotene needs to be applied to chronically used drugs in clinical 

settings. For instance, statin which are used as a hypolipidemic agents [32], [33], proton-pump inhibitors 

[34], [35], antipsychotics [36], [37], anti-cancers [38], [39], oral hypoglycemic effects [40], [41]. Moreover, 

other treatment remedies which might give similar or better responses need to be considered, for example, 

the use of vitamins [42], [43], minerals [44], [45], herbal remedies [46] or allopurinol [47], [48]. 

Nonetheless, these treatment modalities need to be tested in laboratory animals before their clinical 

application to confirm the efficacy and optimize the therapeutic required dose. 

 

5. Conclusion 

Beta carotene provides renoprotection against aminoglycoside-induced injury whether the rats are 

preconditioned with beta carotene for a few days or used in a combination. In either case, the beta carotene 
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has protected the kidney from reactive oxygen species produced by amikacin confirmed by measured 

parameters. 
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