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ABSTRACT 

 

Background: Gentamicin, a powerful aminoglycoside antibiotic, is limited in 
clinical use due to dose-related kidney toxicity, mainly caused by oxidative 
stress. A. pinnata, an antioxidant-rich aquatic fern, has not been extensively 
studied for renoprotection against GM-induced kidney damage. This 
research assessed the protective effects of a hydroalcoholic extract of A. 
pinnata on GM nephrotoxicity. 
Methods: Forty male Wistar rats were divided into five groups (n = 8): 
control, sham, GM (100 mg/kg/day, i.p.), and GM plus A. pinnata extract (10 
or 20 mg/kg/day, orally). After seven days, renal function markers (serum 
creatinine and urea), oxidative stress parameters (MDA, FRAP, CAT, and 
GPX), TNF-α, and renal histopathology were assessed. 
Results: GM significantly damaged kidney function and induced oxidative 
stress, as shown by increased levels of creatinine, urea, and MDA, along with 
reduced FRAP and CAT activity (p < 0.05). Co-treatment with A. pinnata 
extract, especially at 20 mg/kg, significantly lessened these effects by 
restoring kidney function markers, boosting antioxidant defenses, and 
lowering lipid peroxidation. The extract did not have a significant impact on 
either GPX activity or TNF-α levels. Histopathological analysis revealed that 
GM-induced tubular necrosis and glomerular damage were significantly 
ameliorated by A. pinnata in a dose-dependent manner. 
Conclusion: A. pinnata extract offers notable protection against kidney 
damage caused by gentamicin, mainly by enhancing the body's natural 
antioxidant defenses, decreasing lipid peroxidation, and maintaining the 
normal structure of kidney tissue. These findings suggest that A. pinnata 
could serve as a valuable complementary treatment to improve the safety 
of GM use. DOI: 10.61186/ibj.5194 
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INTRODUCTION 

 

ased on recent epidemiological studies, drug-

induced nephrotoxicity is a significant clinical 

concern, responsible for approximately 20% of 

acute kidney injury cases in hospitalized adults, as 

demonstrated in a 2024 cohort study of 1,398 patients[1]. 

Gentamicin (GM), a highly effective aminoglycoside 

antibiotic against Gram-negative infections, is 

notoriously limited by its dose-dependent nephrotoxic 

potential[2,3]. This toxicity primarily manifests as 

damage to renal tubular cells, involving both necrotic 

and apoptotic pathways[3,4]. 

The search for natural compounds to mitigate drug-

induced toxicity is a growing field. Natural products 

have been used in traditional medicine for a long time, 

with their effectiveness frequently attributed to 

bioactive components such as polyphenols and 

flavonoids with strong antioxidant effects[5-7]. A. 
pinnata, a tiny, free-floating water fern, contains high 

levels of these types of compounds. It is not only 

nutrient-dense but also contains antioxidants capable of 

scavenging nitric oxide, superoxide, and DPPH 

radicals[8-10]. 

While numerous plants have been investigated for 

nephroprotection, A. pinnata presents a unique profile 

due to its high biomass yield, nutritional value, and 

hepatoprotective and antioxidant effects in other 

models[10-12]. However, its specific influence on 

antioxidant enzyme activity and histological outcomes 

in gentamicin-induced nephrotoxicity remains poorly 

characterized. This study was therefore designed to 

evaluate the protective effects of a hydroalcoholic 

extract of A. pinnata on renal function, oxidative stress 

status, and histological damage induced by GM in rats. 

This study assessed the protective effects of a 

hydroalcoholic extract from A. pinnata on kidney 

function, oxidative stress levels, and tissue damage 

caused by GM in rats. 

 

 

MATERIALS AND METHODS 

 

Plant collection and extract preparation  

Fresh aerial parts of A. pinnata were gathered from 

Anzali Lagoon, Iran (GPS coordinates: 37°27'21.07"N, 

49°21'48.27"E) during Autumn 2023. A botanist at 

Shahid Beheshti University verified the plant species, 

and a voucher specimen (SBUH-2025-901) was 

archived. The plant material was dried in the shade, 

ground into powder, and extracted by cold maceration 

using 70% ethanol (v/v). Specifically, 50 g of the 

powder was soaked in 300 mL of solvent and stirred at 

100 rpm and 37 °C for 72 hours. The residue was then 

re-extracted with 150 mL of fresh solvent for an 

additional 24 hours. The combined extracts were 

filtered, concentrated under reduced pressure, and dried, 

resulting in a crude solid extract yield of 7.5% (w/w). 

For administration, the extract was dissolved in DMSO, 

diluted with normal saline to keep the final DMSO 

concentration below 1%, stored at 4 °C, and freshly 

prepared every 72 hours[11]. 

 

Experimental design and animal groups  

Forty male Wistar rats weighing approximately 200 ± 

50 g were randomly assigned into five groups (n = 8 

each): (1) control group: received no treatment; (2) 

sham: received vehicle (DMSO-saline orally, normal 

saline i.p.); (3) GM: received GM (100 mg/kg BW/day, 

i.p.) for seven days[4]; (4) GM + AP10: received GM 

plus A. pinnata extract (10 mg/kg BW/day, orally) for 

seven days[11]; (5) GM + AP20: received GM plus A. 

pinnata extract (20 mg/kg BW/day, orally) for seven 

days. Male rats were chosen to homogenize the 

experimental group by eliminating variables associated 

with the estrous cycle.  

 

Biochemical and histological assessments 

After a period of seven days, blood samples and 

kidney tissues were collected from the anesthetized 

subjects. Serum levels of creatinine and BUN were 

measured. Kidney tissues were evaluated for levels of 

MDA, CAT, GPX, FRAP, and TNF-α. For histological 

examination, kidney sections were stained with H&E 

and damage was scored on a scale from 0 to 4 by an 

observer blinded to the groups. 

 

Statistical analysis 

Data were expressed as mean ± SD. Graphs were 

created using GraphPad Prism software. The 

assumptions of normality and equal variances were 

verified using the Shapiro-Wilk and Levene’s tests, 

respectively. Statistical differences were assessed using 

one-way analysis of variance, followed by Duncan’s 

post hoc test, performed with SPSS version 16. A  

p < 0.05 was considered statistically significant.  

 

 

RESULTS 

 

Renal function 

GM administration significantly increased serum urea 

and creatinine levels compared to the sham group (p < 

0.05). Co-treatment with A. pinnata extract dose-

dependently reduced these elevations, especially at 20 

mg/kg, causing a significant reduction compared to the 

GM-only group (p < 0.05), though levels remained 

above the sham group (Fig. 1). 
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Fig. 1. Serum (A) urea and (B) creatinine levels in the sham, GM, 

GM+ Azolla 10, and GM + Azolla 20 groups. Values are mean ± 

SD (p < 0.05). aGM vs. Sham, bGM + Azolla 10 vs. Sham, cGM 

+ Azolla 20 vs. Sham, dGM vs. GM + Azolla 10, eGM vs.  GM + 

Azolla 20. 

 
 

Oxidative stress indicators 

Oxidative stress caused by GM was demonstrated by 

a notable rise in kidney MDA levels and a reduction in 

FRAP and CAT activities (p < 0.05). Administering A. 
pinnata extract, particularly at a dose of 20 mg/kg BW, 

significantly counteracted these effects by decreasing 

MDA levels and restoring FRAP and CAT activities  

(p < 0.05 compared to the GM group). Neither GM 

treatment nor co-administration with A. pinnata 

significantly affected GPX activity (Fig. 2). 

 

Inflammation 

As depicted in Figure 3, there were no significant 

differences in renal TNF-α levels among the sham, GM, 

and GM plus A. pinnata extract groups (p > 0.05).  

 

Renal histopathology 

Histological examination revealed normal 

architecture in the control and sham groups. The GM 

group exhibited severe damage, including tubular 

necrosis, epithelial desquamation, intratubular casts, 

and glomerular damage. Co-treatment with A. pinnata 

extract markedly reduced the severity of these lesions in 

a dose-dependent manner, with the GM + AP20 group 

showing only mild, focal damage (Fig. 4). 
 

 

DISCUSSION 
 

This research offers strong proof that the 

hydroalcoholic extract of A. pinnata offers considerable 

protection against kidney damage caused by GM, 
mainly by reducing oxidative stress. Our results support 

the widely recognized nephrotoxic effects of GM, which 

include impaired kidney function and severe oxidative 

injury[4,13,14]. The novelty of our work lies in the detailed 

demonstration of A. capacity to counteract these effects 
by specifically modulating key components of the renal 

antioxidant system. 

The most striking effect was observed on CAT 

activity and the non-enzymatic antioxidant capacity 
FRAP, both of which were depleted by GM and robustly 

restored by co-treatment with A. pinnata. Catalase is an 

essential primary defense enzyme that breaks down 

hydrogen peroxide, a major reactive oxygen species 

produced during GM toxicity[15]. The recovery of 
catalase activity indicates that A. pinnata extract may 

either directly shield the enzyme from GM-induced 

damage or enhance its expression, a mechanism that has 

been supported by research on other flavonoid-rich 
extracts[16]. 

The parallel increase in FRAP indicates an 

enhancement of the overall reducing capacity of the 

renal tissue, likely due to the direct electron-donating 

ability of the phenolic and flavonoid constituents of the 
extracts, such as those previously identified in A. 
pinnata[17-19]. This combined approach effectively 

reduced lipid peroxidation, as shown by the marked 

decrease in MDA levels, a key factor in GM-induced 
cellular damage[3]. Notably, the extract did not affect 

GPX activity. This selective impact on the antioxidant 

system is significant, indicating that the renoprotective 

effect of A. pinnata is not a broad, non-specific 

activation of all antioxidant enzymes but may 
specifically target pathways related to H₂O₂ metabolism 

through CAT and direct free radical scavenging via its 

phytochemicals. The GPX system, which depends on 

GSH availability, might be less influenced in this 
particular short-term model or may require a different 

phytochemical stimulus. This observation is consistent 

with research on Azolla's response to salinity stress, 

which also demonstrated varied regulation of 

antioxidant enzymes[20]. Furthermore, unlike other 
nephroprotective agents such as saffron extract[21,22], A. 
pinnata did not significantly reduce renal TNF-α levels 

in our study. This behavior indicates that its primary 
protective mechanism in this model is antioxidant rather 
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Fig. 2. Oxidative stress parameters in renal tissue. (A) MDA levels, (B) CAT activity, (C) FRAP levels, (D) GPX activity. Values are 

mean ± SD (p < 0.05). aGM vs. Sham, bGM + Azolla 10 vs. Sham, cGM + Azolla 20 vs. Sham, dGM vs. GM + Azolla 10, eGM vs. GM 

+ Azolla 20.  
 
 

 

than anti-inflammatory. The significant histological 

preservation observed, despite unchanged TNF-α, 

underscores the paramount role of oxidative stress 

mitigation in preventing structural damage. The 

prevention of tubular necrosis and glomerular injury is 

consistent with the known tissue-protective effects of 

antioxidants and has been observed with A. pinnata in 

other toxicity models, such as lead-induced 

hepatotoxicity[10,11,23] and pendimethalin-induced 

toxicity in fish[10]. 

The documented phytochemical profile of A. pinnata 

provides a plausible explanation for our results. 

Research has found that the ethanolic extracts contain 

strong antioxidants such as quercetin, rutin, and 

tamarixetin[11,24-27].  Notably, quercetin has been 

demonstrated to protect against gentamicin-induced 

kidney toxicity by lowering oxidative stress and cell 

death[28-29]. Thus, the kidney protection observed in this 

study is probably due to the combined effects of these 

compounds, which boost the body's natural defenses and 

directly neutralize ROS. 

There are some limitations to this research. The 

absence of HPLC analysis prevented the identification 

of specific bioactive compounds. Using only male rats 

restricts the applicability of the results to females. 

Additionally, employing a single sham group instead of 

separate control groups for each administration method 

is a design constraint. Future research should include 

detailed phytochemical profiling, broader cytokine 

assessments, and evaluation of sex-based differences. 
  

 

 
 

 

 

 
 

 

 

 

 

   

 

 
 

 

Fig. 3. Renal tissue TNF-α levels across all experimental 

groups. Values are mean ± SD. No significant differences were 

found (p > 0.05). 
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Fig. 4. Representative photomicrographs of kidney sections (H&E staining, 100×). (A) Control group showing normal renal histology; 

(B) Sham group; (C) GM group; (D) GM + Azolla 10  group; (E) GM+ Azolla 20 group. 

 

 

CONCLUSION 

 

The hydroalcoholic extract of A. pinnata shows strong 

protective effects against GM-induced kidney damage. 

Its effectiveness mainly stems from its powerful 

antioxidant activity, which reduces oxidative stress, 

maintains antioxidant enzyme function, and prevents 

structural damage to the kidneys. These findings suggest 

that A. pinnata could be a valuable complementary 

treatment to improve the safety of GM therapy. Future 

research should focus on identifying the specific active 

compounds and elucidating their molecular mechanisms 

of action. 

 

DECLARATIONS  
 

Acknowledgments  

ChatGPT-4.0 (OpenAI) was used solely for 

preliminary literature identification. Final content 

validation was performed exclusively by the authors.  
 

Ethical approval 

All the experimental procedures in this study were 

conducted in accordance with the Institutional Animal 

Care guidelines and approved by the Research Ethics 

Committee of Arak University of Medical Sciences, 

Arak, Iran (ethical code IR.ARAKMU.AEC.1401.014). 

 
 

(E) 

(D) 

50 µm                                              10 µm                                               10 µm 

 

50 µm                                               10 µm                                              10 µm 

 

50 µm                                              10 µm                                              10 µm 

 

50 µm                                              10 µm                                              10 µm 

 
 

 G
M

 
G

M
 

 [
 D

O
I:

 1
0.

61
18

6/
ib

j.5
19

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

25
-1

2-
05

 ]
 

                               6 / 8

http://dx.doi.org/10.61186/ibj.5194
http://ibj.pasteur.ac.ir/article-1-5194-en.html


Azolla Extract Protects Kidney Ghanbari Alamoti et al. 

 

 
358 Iran. Biomed. J. 29 (5): 352-359 

 

Consent to participate 

Not applicable. 

 

Consent for publication 

All authors reviewed the results and approved the final 

version of the manuscript. 

 

 Authors’ contributions  

MGA: conceptualization, data curation, formal 

analysis, investigation, methodology, writing–original 

draft, and investigation; FJM: conceptualization, 

writing-review & editing, conceptualization, project 

administration, resources, supervision, validation, 

visualization, and writing–review & editing; NH: 

investigation; HN: methodology; SCA: investigation, 

data curation, formal analysis, methodology, 

supervision, validation, writing–original draft, writing–

review & editing, conceptualization, project 

administration, resources, supervision, validation, 

visualization, and writing–review & editing. 

 

Data availability  

All relevant data can be found within the manuscript.  

 

Competing interests  

The authors declare that they have no conflict of 

interest. 
 

Funding  

This study was supported by the Vice-Chancellery for 

Education and Research at Arak University of Medical 

Sciences Arak, Iran [grant No. 6847], as a Scholarship 

for an MSc degree in Physiology. 
 

Supplementary information  

The online version does not contain supplementary 

material.  
 

 
REFERENCES 

 

1. Garcia G, Pacchini VR, Zamoner W, Balbi AL, Ponce D. 

Drug-induced acute kidney injury: a cohort study on 

incidence, identification of pathophysiological 

mechanisms, and prognostic factors. Front Med 

(Lausanne). 2024;11:1459170. 

2. Zamoner W, de Oliveira RB, Macedo E. Editorial: When 

the drug induces kidney diseases: nephrotoxicity and 

intoxication/poisoning. Front Med (Lausanne). 

2025;12:1615283. 

3. Alimoradian A, Changizi-Ashtiyani S, Farahani AG, 

Kheder L, Rajabi R, Sharifi A. Protective effects of 

pomegranate juice on nephrotoxicity induced by 

captopril and gentamicin in rats. Iran J Kidney Dis. 

2017;11(6):422-8. 

4. Changizi-Ashtiyani S, Seddigh A, Najafi H, Hossaini N, 

Avan A, Akbary A, et al. Pimpinella anisum L. ethanolic 

extract ameliorates the gentamicin‐induced 

nephrotoxicity in rats. Nephrology. 2017;22(2):133-8. 

5. Li J, Li QX, Xie XF, Ao Y, Tie CR, Song RJ. Differential 

roles of dihydropyridine calcium antagonist nifedipine, 

nitrendipine and amlodipine on gentamicin-induced renal 

tubular toxicity in rats. Eur J Pharmacol. 2009;620(1-

3):97-104. 

6. Pessoa EA, Convento M, Silva RG, Oliveira A, Borges 

FT, Schor N. Gentamicin-induced preconditioning of 

proximal tubular LLC-PK1 cells stimulates nitric oxide 

production but not the synthesis of heat shock protein. 

Braz J Med Biol Res. 2009;42:614-20. 

7. Yuan H, Ma Q, Ye L, Piao G. The traditional medicine 

and modern medicine from natural products. Molecules. 

2016;21(5):559. 

8. Washeeh ZA, Sosa AA, AL-Asady RKA. The effect of 

different light intensities on the anatomical and chemical 

characteristics of the aquatic plant of Azolla pinnata. Int 

J Aquat Biol. 2024;12(3):275-84. 

9. Elrasoul ASA, Mousa AA, Orabi SH, Gad-Allah SM, 

Eldaim MAA. Ameliorative effect of Azolla pinnata 

ethanolic extract on ranitidine-induced hepatotoxicity in 

rats. J Curr Vet Res. 2020;2(2):21-9. 

10. Abu-Zahra NIS, Gouda M, Elseify MM, Abass ME, El-

Gohary MS, El-Sokary ET. Azolla pinnata mitigates 

pendimethalin induced immunotoxicity, oxidative stress 

and histopathological changes in Oreochromis niloticus. 

Sci Rep. 2025;15(1):16226. 

11. Elrasoul ASA, Mousa AA, Orabi SH, Mohamed MAE, 

Gad-Allah SM, Almeer R, et al. Antioxidant, Anti-

Inflammatory, and Anti-Apoptotic Effects of Azolla 

pinnata Ethanolic Extract against Lead-Induced 

Hepatotoxicity in Rats. Antioxidants (Basel). 

2020;9(10):1014. 

12. Kaushik ML, Kumari S, Ashawat MS. Protective 

modulatory potential of Azolla pinnata extract on lipid 

metabolism, hepatic dysfunctioning, along with 

mitigation of oxidative stress in Triton X-100 induced 

hyperlipidemic rats. Asian J Pharm Clin Res. 

2025;18(10):147-57. 

13. Kapić D, Mornjaković Z, Ćosović E, Šahinović M. A 

histological study of the effect of exogenous melatonin 

on gentamicin induced structural alterations of proximal 

tubules in rats. Bosn J Basic Med Sci. 2014;14(1):30-5. 

14. Hokmabadi V, Khalili A, Hashemi SA, Hedayatyanfard 

K, Parvari S, Changizi-Ashtiyani S, et al. Cannabidiol 

interacts with the FXR/Nrf2 pathway and changes the 

CB1/CB2 receptors ratio in gentamicin-induced kidney 

injury in rats. Iran J Basic Med Sci. 2023;26(3):343-50. 

15. Nandi A, Yan LJ, Jana CK, Das N. Role of catalase in 

oxidative stress- and age-associated degenerative 

diseases. Oxid Med Cell Longev. 2019;2019:9613090. 

16. Park JY, Han X, Piao MJ, Oh MC, Fernando PM, Kang 

KA. Hyperoside induces endogenous antioxidant system 

to alleviate oxidative stress. J Cancer Prev. 

2016;21(1):41-7. 

17. Tran TLN, Miranda AF, Abeynayake SW, Mouradov A. 

Differential Production of Phenolics, Lipids, 

Carbohydrates and Proteins in Stressed and Unstressed 

 [
 D

O
I:

 1
0.

61
18

6/
ib

j.5
19

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

25
-1

2-
05

 ]
 

                               7 / 8

http://dx.doi.org/10.61186/ibj.5194
http://ibj.pasteur.ac.ir/article-1-5194-en.html


Ghanbari Alamoti et al.   Azolla Extract Protects Kidney 

 

 
Iran. Biomed. J. 29 (5): 352-359 359 

 

Aquatic Plants, Azolla filiculoides and Azolla pinnata. 

Biology (Basel). 2020;9(10):342. 

18. Thiripurasundari B, Padmini E. Preliminary 

Phytochemical Screening and Evaluation of 

Antimicrobial and Antioxidant Activity of Azolla 

Pinnata. Int J Recent Sci Res. 2018;9(5):26924-30. 

19. Rahman SMA, Kamel MA, Ali MA, Alotaibi BS, 

Aharthy OM, Shukry M, et al. Comparative Study on the 

Phytochemical Characterization and Biological 

Activities of Azolla caroliniana and Azolla filiculoides: 

In Vitro Study. Plants (Basel). 2023;12(18):3229. 

20. Masood A, Shah NA, Zeeshan M, Abraham G. 

Differential response of antioxidant enzymes to salinity 

stress in two varieties of Azolla (Azolla pinnata and 

Azolla filiculoides). Environ Exp Bot. 2006;58(1-3):216-

22. 

21. Mahmoudzadeh L, Najafi H, Changizi-Ashtiyani S, 

Yarijani ZM. Anti‐inflammatory and protective effects of 

saffron extract in ischaemia/reperfusion‐induced acute 

kidney injury. Nephrology. 2017;22(10):748-54. 

22. Bao Y, Ge YM, Wang Z, Niu WY, Li C, Ren Z, et al. 

Safranal Ameliorates Renal Damage, Inflammation, and 

Podocyte Injury in Membranous Nephropathy via 

SIRT/NF-κB Signalling. Curr Med Sci. 2025;45:288-

300. 

23. Abu-Zahra NIS, Gouda M, Elseify MM, Abass ME, El-

Gohary MS, El-Sokary ET. Azolla pinnata mitigates 

pendimethalin induced immunotoxicity, oxidative stress 

and histopathological changes in Oreochromis niloticus. 

Sci Rep. 2025;15(1):16226. 

24. Kumar A, Kumari J, Kumar H, Nath A, Singh J, Ali M, 

et al. Hepatoprotective and antioxidant effect of Azolla 

filiculoides on profenofos induced hepatotoxicity in 

swiss albino mice. Caribb J Sci Technol. 2014;2(1):372-

7. 

25. Abdel-Raheem IT, Abdel-Ghany AA, Mohamed GA. 

Protective effect of quercetin against gentamicin-induced 

nephrotoxicity in rats. Biol Pharm Bull. 2009;32(1):61-7. 

26. Albrakati A. Protective effects of quercetin against 

glyphosate-induced nephrotoxicity in rats: role of 

oxidative stress, inflammatory response, and apoptotic 

pathways. Front Vet Sci. 2025;12:1624763. 

27. Noor Nawaz A, Syed J, Dileep N, Rakesh K, Prashith 

Kekuda T. Antioxidant activity of Azolla pinnata and 

Azolla rubra--A comparative study. Sch Acad J Biosci. 

2014;2(10):719-23. 

28. Kim MR. Antioxidants of natural products. Antioxidants 

(Basel). 2021;16;10(4):612. 

29. Yin SH, Zhang WJ, Jiang LL, Wang GY, Jeon YJ, et al. 

Protective effects of the secondary metabolites from 

Quercus salicina Blume against gentamicin-induced 

nephrotoxicity in zebrafish (Danio rerio) model. Comp 

Biochem Physiol C Toxicol Pharmacol. 

2024;283:109952. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 [
 D

O
I:

 1
0.

61
18

6/
ib

j.5
19

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

25
-1

2-
05

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

http://dx.doi.org/10.61186/ibj.5194
http://ibj.pasteur.ac.ir/article-1-5194-en.html
http://www.tcpdf.org

