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| ABSTRACT 

Acute kidney injury is one of the most serious complications of rhabdomyolysis characterized by an acute loss of renal function. 

The study aims to investigate the renoprotective effect of silymarin against rhabdomyolysis-induced acute kidney injury in rats. 

Twenty-four healthy rats were equally divided into three groups: control, induction, and treatment groups. Rats in the control 

and induction groups received distilled water, while rats in the treatment group received silymarin (50 mg /kg/day p.o) for three 

consecutive days. On the first day, all rats (except rats of control group) received a single intramuscular injection of glycerol 

(10 mL/kg, 50% v/v in sterile saline) divided equally into each hind leg for induction of acute kidney injury. On the fourth day of 

experiment, blood and kidney,s were collected from all rats for biochemical and histopathological assay. Silymarin efficiently 

attenuated acute kidney injury caused by rhabdomyolysis evidenced by a significant decrease in serum creatinine and blood 

urea nitrogen(BUN), along with a significant reduction in renal homogenate levels of TNF-α, IL-6, NF-κB, caspase-3, and MDA 

with a significant increase in GSH level, which was further confirmed by improving renal histological changes when compared 

to that of induction group. This study found that silymarin has a potential attenuating effect on acute kidney injury due to its 

antioxidant, anti-inflammatory and antiapoptotic actions. 
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1. Introduction 

Rhabdomyolysis (RM) is a life-threatening medical condition characterized by severe skeletal muscle damage and the release of 

myoglobin into the bloodstream. This leads to oxidative kidney injury, which eventually manifests as acute renal failure (Ohtani et 

al., 2022). Rhabdomyolysis can occur from several causes, including medications, crush syndrome, infections, exhaustive exercise, 

trauma, and toxins (Wu et al. 2017). 

 

Acute kidney injury (AKI), formerly termed acute renal failure (ARF), is considered one of the most severe complications of 

rhabdomyolysis characterized by an acute loss of renal function resulting in a rapid decrease in glomerular filtration rate, 

accumulation of waste products, and perturbation of body's fluid homeostasis (Adedapo, 2021). Acute kidney injury occurs in more 

than 40% of patients with rhabdomyolysis. This clinical problem can be acquired by using glycerol in animal models to search for 

effective therapies to prevent and recover AKI (Semenovich, 2022). 
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Glycerol is commonly used experimentally for the induction of rhabdomyolysis- myoglobinuric acute renal failure. When  glycerol 

is injected intramuscularly into animals, it causes rhabdomyolysis, resulting in the release of muscle cell contents, especially 

myoglobin, into the circulation (Mousleh, 2018). Deposition of myoglobin in glomerular filtrate causes tubular obstruction, then 

induces oxidative stress and lipid peroxidation of the renal tubules and triggers the release of cytokines and chemokines, which 

ultimately leads to cell injury, inflammation, vasoconstriction, tubular necrosis, apoptosis,  and renal failure  (Asmari, 2017; 

Kwiatkowska, 2020).  

 

Silymarin is a flavonolignans isolated from milk thistle and widely used as a hepatoprotective remedy. It contains several 

biologically active compounds, mainly flavonolignans, such as Silybin, silidianin, silychristin, and isosilybin  (Guzel, 2020). It 

possesses various biological and pharmacological activities, including antioxidant, anticancer, antiinflammatory, antiapoptotic, 

antibacterial, antifungal, antiviral, antiulcer, antidiabetic, neuroprotective, hepatoprotective, cardioprotective and nephroprotective 

activities (Mohammed, 2019; Ghonaim, 2022; Ghodousi, 2023; Iqbal, 2022; Singh, 2023).  

 

2. Materials and Methods:  

2.1 Drugs and chemicals: 

Silymarin (70 mg) capsule and glycerol were obtained from Madaus Gmbh  (Germany) and Sigma Chemical Co. (St. Louis, MO, 

USA) companies respectively. ELISA kits (MB -assay-kit; MyBioSource, Inc., San Diego, CA, USA) were used for the estimation of " 

serum creatinine, blood urea nitrogen (BUN), tumor necrosis factor alpha(TNF-α), interleukin-6(IL-6), nuclear Factor kappa-B (NF-

κB ), cysteine-aspartic acid protease (caspase-3), malondialdehyde (MDA) and reduced glutathione (GSH) activities". All the 

chemicals and reagents used were of analytical grade. 

 

2.2 Animals and experimental design: 

Healthy albino rats of both sexes weighing (200 to 300) g were housed and acclimated in cages under a controlled environment 

with free access to food and water. "This study has been approved by the Animal Ethical Committee at Al-Ameed University". After 

24 hours of water deprivation, rats were randomly divided into three groups of eight animals each and were given a single orally 

daily dose of the following at 9:00 a.m. for three consecutive days. 

 

Group 1 (Control group): received (3ml ) of distilled water. 

Group 2 (Induction group): received (3ml ) of distilled water. 

Group 3(Treatment group): received silymarin (50 mg /kg) in (3 ml distilled water ) (14). 

 

At 9:30 a.m. of the first day, all rats of group 1 received a single intramuscular injection of normal saline (10 ml/kg) divided equally 

into each hind leg, while rats of groups 2 and 3 received a single intramuscular injection of glycerol (10 mL/kg, 50% v/v in sterile 

saline) divided equally into each hind leg for induction of acute kidney injury (Suna, 2020). 

 

2.3 Serum and kidney homogenate analysis: 

Blood samples were taken from rat hearts on the fourth day of the experiment, then centrifuged for 15 minutes at 3000 rpm to 

obtain serum for the determination of" creatinine and blood urea nitrogen(BUN) using ELISA kits" according to the manufacturer’s 

instructions  (Hussein, 2022). 

 

Subsequently, all rats were sacrificed, and their kidneys were harvested. The right kidney was weighed, homogenized and 

centrifuged to get supernatants for measuring "tumor necrosis factor alpha(TNF-α), interleukin-6(IL-6), nuclear Factor kappa-B 

(NF-κB ), cysteine-aspartic acid protease (caspase-3), malondialdehyde (MDA) and reduced glutathione (GSH)using ELISA kits 

according to the manufacturer’s instructions"  (Hussein, 2023). 

 

2.4 Histological examination: 

The left kidney of each rat was immersed in 10% formalin and embedded in paraffin, then cut into 5 μm sections and stained with 

hematoxylin and eosin for histological examination  (Altındağ, 2022). 

 

2.5 Statistical analysis:  

Results were statistically analyzed by SPSS 20 using a one-way analysis of variance (ANOVA). Statistical significance was set at P ≤ 

0.05.  

 

3. Results:  

In this study, injection of glycerol to rats  (induction group) led to acute kidney injury, which manifested by a significant increase(P 

≤ 0.05)   in serum creatinine and BUN levels,  with a significant increase in tissue levels of TNF-α, IL-6, NF-κB caspase-3, and MDA 

accompanied with a significant decrease in GSH level when compared to that of the control group (Table 1).  



JMHS 4(6): 35-40 

 

Page | 37  

 

Silymarin, when administered to rats (treatment groups), exerted a renoprotective effect and attenuated kidney injury induced by 

glycerol, as evidenced by producing a significant decrease in the levels of creatinine, BUN, TNF-α, IL-6, NF-κB, caspase-3 and MDA, 

with a significant increase in GSH level when compared to that of induction group. Besides, the biochemical changes were almost 

nearly restored to normal values compared to the control group (Table 1).  

 

Renal histological examination showed that the control group had normal renal tissues (Figure 1A). Whereas the glycerol in the 

induction group produced sever renal lesions manifested by glomerular congestion, sever vacuolation of tubular epithelial cells 

with accumulation of proteinacious material in the tubular lumen and necrosis (Figure 1B & 1C). While in the treatment group, 

silymarin significantly reversed the histopathological changes induced by glycerol, which showed normal glomeruli with deposition 

of scanty amounts of proteinacious material in the tubular lumen (Figures 1 D & E).  

 

Table 1: Effect of silymarin on serum and renal tissue homogenate biomarkers. 

Groups 

(n=8) 

Serum 

Mean ± S.E.M 

Tissue homogenate 

Mean ± S.E.M 

Creatinine 

(mg/dl) 

BUN 

(mg/dl) 

TNF-α 

(pg/g) 

IL-6 

(ng/g) 

NF-κB 

(ng/g) 

Caspase-3 

(ng/g) 

MDA 

(nmol/g ) 

GSH 

(nmol/g ) 

Control  

group 
0.78±0.19 20±0.14 45±0.29 23±0.20 4±0.24 15±0.13 34±0.40 3.5±0.04 

Induction  

group 

3.6±0.32 

a* 

65±0.25 

a* 

111±0.47 

a* 

60±0.17 

a* 

8.2±0.34 

a* 

40.2±0.10 

a* 

120±0.32 

a* 

1.7±0.10 

a* 

Treatment  

group 

1.1±0.21 

b* 

25±0.19 

b* 

59±0.33 

a*, b* 

30±0.12 

a*, b* 

5.5±0.42 

b* 

19.5±0.30 

b* 

52±0.15 

a*, b* 

2.8±0.13 

b* 

 

*= Significant (P≤0.05), a = as compared to control group, b= as compared to induction group. 
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Figure 1: Photomicrographs of rat kidney sections 

(A) Control group shows normal structures in the cortex – normal glomeruli (arrow) and normal renal tubular epithelium, 

(arrowhead) 10X, (B) Induction group shows vacuolation of renal tubular epithelial cells (arrowhead) and glomerular 

congestion (arrow)  10X (C) Induction group shows plugging of the renal tubular lumen by proteinaceous cast (arrow)  40X 

(D) Silymarin treated group shows mild cortical epithelial hyaline degeneration, (arrowhead) 10X (E) Silymarin treated group 

shows normal renal tubules (arrowhead) and  deposition of scanty amounts of proteinacious material in the tubular lumen 

(arrow) 40X .           

A     

E     

B     C     

D     
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4. Discussion: 

Acute kidney injury is one of the most serious complications of rhabdomyolysis, characterized by an acute loss of renal function. 

 

In the current study, injection of glycerol-induced rhabdomyolysis resulting in functional (elevated serum creatinine and BUN 

levels) and structural (tubular necrosis) changes in kidneys, with concomitant increases in oxidative stress (increased renal MDA 

and decreased GSH levels), pro-inflammatory (TNF-α, IL-6 and NF-κB) and apoptotic factors production (Caspase-3). These findings 

are consistent with previous studies indicating that rhabdomyolysis induced by glycerol causes myoglobinuric acute kidney injury 

through several mechanisms, mainly oxidative stress, inflammation and apoptosis (Kwiatkowska, 2022; Yun-feng, 2019). 

 

Silymarin significantly attenuated the myoglobinuric acute kidney injury, as shown by decreasing the biochemical and 

histopathological changes induced by glycerol and maintaining renal integrity. These effects could be due to antioxidant activity 

of silymarin, which provides a renoprotective effect mediated by preventing oxidative stress, scavenging free radicals and inhibition 

of fatty acid peroxidation  (Dumludag, 2022), which can be proven in our study by decreasing the MDA and increasing GSH levels 

in the treatment group. This is agreed with other studies documented that antioxidants play an important role in the prevention 

of AKI-induced by glycerol  (Adedapo, 2021; Semenovich, 2022).   

 

Moreover, the renoprotective effect of silymarin can be attributed to its antiinflammatory activity by inhibiting the release of pro-

inflammatory cytokines(14,20), which can be seen in this study by attenuation the renal damage and improving renal function along 

with reducing inflammatory biomarker levels in renal tissue. These results are compatible with other studies displayed that 

inflammatory mediators such as TNF-α, IL-1B, IL-6, and NF-κB play a major role in the pathogenesis of rhabdomyolysis-induced 

AKI after glycerol administration in animals (Suna, 2020; Wang, 2023). 

 

Beyond its antiinflammatory effects, this study showed that silymarin significaltly ameliorating necrotic renal damage and reduces 

caspase-3 levels in renal tissue homogeneity. This could be credited to its anti-apoptotic activity mediated by the downregulation 

of the expression of the apoptotic marker caspase-3, thereby improving the survival of renal cells (Kandemir, 2017; Mokhtari 

Sangdehi, 2022). This agreed with another study, which showed that caspase-dependent apoptotic signaling plays a crucial role in 

the pathogenesis of apoptotic renal damages induced by glycerol (Adedapo, 2023; Chang, 2022).  

 

The renoprotective effect of silymarin may also be mediated by preserved vasodilator nitric oxide (NO) through scavenging of 

superoxide anions, leading to an increase in NO content, which plays an important protective role against renal damage by 

improving renal blood flow and exertion anti-proliferative effects on vascular smooth muscle (Kabel, 2013; Pourová, 2019). This is 

consistent with previous studies showing that myoglobin scavenges nitric oxide, which contributes to renal hypoperfusion and 

tissue injury in the setting of rhabdomyolysis (Suna, 2020; Valdivielso, 2000; Blomberg, 2004). 

 

5. Conclusion 

The purpose of this study is to investigate the renoprotective effect of silymarin on acute kidney injury caused by rhabdomyolysis 

in rats. Silymarin efficiently attenuated acute kidney injury caused by rhabdomyolysis, evidenced by a significant decrease in serum 

creatinine and blood urea nitrogen(BUN), besides a significant reduction in renal homogenate levels of TNF-α, IL-6, NF-κB, caspase-

3, and MDA with a significant increase in GSH level, which was further confirmed by improving renal histological changes when 

compared to that of induction group. According to this study, silymarin has a potential attenuating effect on acute kidney injury 

due to its antioxidant, anti-inflammatory, and antiapoptotic activities. The use of glycerol to cause acute kidney failure in rats for 

a short period of time is an important limitation of this study. Therefore, additional studies are needed to investigate the role of 

silymarin against different substances that cause acute kidney failure and for a longer period of time.  

Funding: Financial support and sponsorship Nil.  

Conflicts of Interest: The authors declare no conflict of interest. 

Ethical approval: Approval was obtained from the Ethical Committee of Al-Ameed University. 

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their 

affiliated organizations or those of the publisher, the editors and the reviewers. 

 

References 

[1] Adedapo AA., Osaretin ER., Falayi OO., Oyagbemi AA., Ogunpolu BS, Omobowale TO., Oguntibeju OO. and Yakubu MA. (2021). Ramipril 

blunts glycerol-induced acute renal failure in rats through its antiapoptosis, antiinflammatory, antioxidant, and renin-inhibiting properties. J 

Basic Clin Physiol Pharmacol.; 32(3): 225–235. 

[2] Altındağ, F. (2022). Silymarin ameliorates cisplatin-induced nephrotoxicity by downregulating TNF-α and NF-kB and by upregulating IL-10. 

Journal of Experimental and Clinical Medicine.; 39 (1): 216-220. 



Protective Effect of Silymarin on Attenuating of Rhabdomyolysis -induced Acute Kidney Injury in Animal Models 

Page | 40  

[3] Asmari AK., Khalid Tariq Al Sadoon KT., Obaid AA., Yesunayagam D. and Tariq M.(2017). Protective effect of quinacrine against glycerol-

induced acute kidney injury in rats. BMC Nephrology.; 18:41. 

[4] Blomberg LM., Blomberg MR and Siegbahn PE. (2004). A theoretical study of myoglobin working as a nitric oxide scavenger. J Biol Inorg 

Chem .; 9: 923-935. 

[5] Chang SN., Haroon M., Dey DK and Kang SC. (2022). Rhabdomyolysis-induced acute kidney injury and concomitant apoptosis induction via 

ROS-mediated ER stress is efficaciously counteracted by epigallocatechin gallate. The Journal of Nutritional Biochemistry. 110: 109134. 

[6] Dumludag B., Derici MK., Sutcuoglu O., Ogut B., Pasaoglu OT., Gonul II. and Derici U. (2022). Role of silymarin (Silybum marianum) in the 

prevention of colistin-induced acute nephrotoxicity in rats. Drug and chemical toxicology.; 45(2): 568-575. 

[7] Ghonaim AH., Hopo MG., Ismail AK., AboElnaga TR., Elgawish RA., Abdou RH. and Elhady KA.(2022). Hepatoprotective and renoprotective 

effects of silymarin against salinomycin-induced toxicity in adult rabbits. Vet World.;15(9):2244-2252. 

[8] Ghodousi M., Karbasforooshan H., Arabi L. and Elyasi S. (2023). Silymarin as a preventive or therapeutic measure for chemotherapy and 

radiotherapy-induced adverse reactions: a comprehensive review of preclinical and clinical data. European Journal of Clinical 

Pharmacology.; 79(1): 15-38. 

[9] Guzel S., Sahinogullari ZU., Canacankatan N., Antmen SE., Kibar D. and Yilmaz BC. (2020). Potential renoprotective effects of silymarin 

against vancomycin-induced nephrotoxicity in rats, drug and chemical toxicology.; 43:6, 630-636. 

[10] Hussein UAR., Mohammed NM., Al-Saedi HF. and Ramadhan MA. (2022). Nephroprotective Effects of sildenafil against nephrotoxicity in 

animal model.Journal of pharmaceutical negative results .;13: 3549- 57. 

[11] Hussein UAR., Mohammed NM. and Al-Saedi HF.(2023). Antinephrolithiatic effects of Peganum harmala extract in experimental animal 

models. Lat. Am. J. Pharm. 42: 191-195. 

[12] Iqbal J., Andleeb A., Ashraf H., Meer B., Mehmood A., Jan H and Abbasi BH. (2022). Potential antimicrobial, antidiabetic, catalytic, antioxidant 

and ROS/RNS inhibitory activities of Silybum marianum mediated biosynthesized copper oxide nanoparticles. RSC advances.; 12(22): 14069-

14083. 

[13] Kwiatkowska M., Chomicka I. and Malyszko J. (2020).  Rhabdomyolysis – induced acute kidney injury – an underestimated problem. Wiad 

Lek.; 73(11):2543-2548. 

[14] Kabel AM., Mahmoud HA and El Kholy SS. (2013). Ameliorative potential of gemfibrozil and silymarin on experimentally induced 

nephrotoxicity in rats African Journal of Urology. 19( 4): 171-178. 

[15] Kandemir FM., Kucukler S., Caglayan C., Gur C., Annour Batil A., and  Gülçin I.(2017). Therapeutic effects of silymarin and naringin on 

methotrexate-induced nephrotoxicity in rats: Biochemical evaluation of anti-inflammatory, antiapoptotic, and antiautophagic properties. J 

Food Biochem. 41(5): e12398. 

[16] Mousleh R., Al Laham S. and Al-Manadili A.(2018). The preventive role of pioglitazone in glycerol-induced acute kidney injury in rats during 

two different treatment periods. Iran J Med Sci.; 43(2):184–94. 

[17] Mohammed FS., Pehlivan M. and Sevindik M. (2019). Antioxidant, antibacterial and antifungal activities of different extracts of silybum 

marianum collected from Duhok (Iraq). International Journal of Secondary Metabolite.; 6(4): 317–322. 

[18] Mokhtari Sangdehi SR., Hajizadeh Moghaddam A and Ranjbar M. (2022). Anti-apoptotic effect of silymarin-loaded chitosan nanoparticles 

on hippocampal caspase-3 and Bcl-2 expression following cerebral ischemia/reperfusion injury. International Journal of Neuroscience. 

132(11): 1102-1109. 

[19] Ohtani S., Shimizu H., Yamaoka M., Takahashi T., Omori E. and Morimatsu H. (2022). Protective effect of tin chloride on rhabdomyolysis-

induced acute kidney injury in rats. PLoS ONE ;17(3): e0265512. 

[20] Pourová J., Applová L., Macáková K., Vopršalová M., Migkos T., Bentanachs R., Biedermann D., Petrásková L., Tvrdý V., Hrubša M., Karlíčková 

J., Křen V., Valentová K. and Mladěnka P. (2019). The effect of silymarin flavonolignans and their sulfated conjugates on platelet aggregation 

and blood vessels ex vivo. Nutrients. 11(10):2286. 

[21] Semenovich DS., Plotnikov  EY., Lukiyenko EP., Astrowski AA. and Kanunnikova NP. (2022). Protective effect of d-panthenol in 

rhabdomyolysis-induced acute kidney injury. International Journal of Molecular Sciences.; 23(20): 12273. 

[22] Singh M., Kadhim MM., Turki Jalil A., Oudah SK., Aminov Z., Alsaikhan F. and Farhood B. (2023). A systematic review of the protective effects 

of silymarin/silibinin against doxorubicin-induced cardiotoxicity. Cancer Cell International.; 23(1): 88. 

[23] Suna G._, Wangb J., Wangc P., Rend H., Yuea Y., Songa Z. and Fua  X. (2020). Donepezil protects glycerol-induced acute renal failure through 

the cholinergic anti-inflammatory and nitric oxide pathway in rats. immunopharmacology and immunotoxicology .; 42(6): 625–631.   

[24] Valdivielso JM., Lopez-Novoa JM., Eleno N and  Barriocanal FP. (2000). Role of glomerular nitric oxide in glycerol-induced acute renal failure. 

Canadian journal of physiology and pharmacology.; 78(6): 476-482. 

[25] Wu J., Pan X., Fu H., Zheng Y., Dai Y., Yin Y., Chen Q., Hao Q., Bao D. and Hou D. (2017). Effect of curcumin on glycerol-induced acute kidney 

injury in rats. Sci Rep.7(1):10114. 

[26] Wang Q., Qi G., Zhou H., Cheng F., Yang X., Liu X. and Wang R. (2023). Protective effect of thymol on glycerol-induced acute kidney injury. 

Renal Failure.; 45(1):2227728. 

[27] Yun-feng L, Bing-yuan X., Ran A., Xin-fang D., Kun Y., Jia-hua S., Guo-hong Z., Wei W., Li-ping A and Guang-li W. (2019). Protective effect of 

anisodamine in rats with glycerol-induced acute kidney injury.BMC Nephrology .;20:223. 

 


