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ABSTRACT: 

Introduction:  Nephrotoxicity is one of the most frequent kidney problems and happens when the 

body becomes exposed to medicine or toxin. Because renal tubular cells have metabolic activities, 

nephrotoxin can produce toxic components and cause damage. Paracetamol drug is safe when 

taken in therapeutic doses as an antipyretic and analgesic agent but its excessive doses may result 

in life-threatening renal impairment due to the generation of reactive-toxic metabolites. Scientific 

efforts are concentrated on discovering preventative or therapeutic medications to shield against 

the toxicity brought on by paracetamol due to nephrotoxicity. Silymarin, a medicine, is extracted 

from polyphenolic compounds found in the milk thistle plant. This plant has antioxidant, anti-

inflammatory, anti-cancerous, and other properties and is the most commonly used drug for hepatic 

illnesses. Also, it has renal-protecting effects. Objective:  This review research highlights the 

nephroprotective of silymarin against paracetamol-induced renal damage. 
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 التأثير الوقائي لحليب الشوك ضد امراض الكلى التي يسببها الدواء: مقال مراجعة

 الخالصة

تعتبر السمية الكلوية من أكثر مشاكل الكلى شيوًعا وتحدث عندما يتعرض الجسم لألدوية أو السموم. نظًرا ألن الخاليا : المقدمة

يعتبر عقار الباراسيتامول األنبوبية الكلوية لها أنشطة استقالبية ، يمكن أن تنتج السموم الكلوية مكونات سامة وتسبب الضرر. 

ة كعامل خافض للحرارة ومسكن ، لكن جرعاته الزائدة قد تؤدي إلى اختالل كلوي يهدد الحياة آمنًا عند تناوله بجرعات عالجي

تتركز الجهود العلمية على اكتشاف األدوية الوقائية أو العالجية للوقاية من السمية التي  بسبب إنتاج المستقلبات السامة التفاعلية.

يُستخرج من مركبات البوليفينول الموجودة في نبات شوك الحليب.  دواء   سيليمارينمن ناحية اخرى, يعتبر  يسببها الباراسيتامول.

يحتوي هذا النبات على خصائص مضادة لألكسدة ومضادة لاللتهابات ومضادة للسرطان وخواص أخرى وهو أكثر األدوية 

سلط بحث المراجعة هذا الضوء على الحماية ي :الهدف .للكلى تأثيرات حماية  ا، له كذلك هذه المادة شيوًعا لعالج أمراض الكبد.

  الكلوية للسيليمارين ضد التلف الكلوي الناجم عن الباراسيتامول.

 كلوي. -الكلية، باراسيتامول، سيليمارين، نبات حليب الشوك، واقيالكلمات المفتاحية: 

INTRODUCTION:  

he kidney is a delicate and dynamic 

organ in charge of maintaining 

homeostasis and controlling the 

extracellular space (1). It is essential for 

maintaining the body's physiological 

functions, including hormone synthesis and 

secretion, plasma osmolarity maintenance, 

acid-base equilibrium, and water and 
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electrolyte homeostasis. Since the kidneys 

are the primary organs through which 

medications are eliminated, prior data 

suggested that the deleterious effects of both 

pharmaceuticals and other environmental 

pollutants could cause changes in how the 

kidneys operate (2). One of the most frequent 

causes of acute kidney damage is drug-

induced nephrotoxicity. A sudden drop in the 

glomerular filtration rate (GFR) is referred to 

as acute kidney injury (AKI), sometimes 

known as acute renal failure (3). One sign of 

nephrotoxicity is an alteration in renal 

function as evaluated by the GFR, blood urea 

nitrogen (BUN), serum creatinine (SCr), or 

urinary output (4).  

        One of the most extensively used and 

well-liked medications for the treatment of 

pain and fever is paracetamol. Although 

paracetamol is thought to be a safe 

medication, an overdose might trigger 

serious liver and kidney damage and even 

fatality. The main organs involved in the 

metabolism of paracetamol are the liver and, 

to a smaller degree, the kidneys and gut (5). 

The hepatic cytochrome P450 (CYP450) 

oxidative system produces the reactive 

intermediate n-acetyl-p-benzoquinone imine 

(NAPQI), which is linked to paracetamol 

toxicity. NAPQI binds to cellular 

components in excess and can destroy 

hepatocytes when its synthesis surpasses the 

body's ability to eliminate it, as can happen in 

overdose (6). When NAPQI is not detoxified, 

lipid peroxidation (LPO) starts, which leads 

to kidney damage. It was stated that free 

radicals generated by exposure to drug 

toxicity and oxidative damage in an organism 

perform a significant role in paracetamol-

related hepato-renal damages (5). There is 

currently no known antidote for paracetamol-

induced renal damage (7).  

           Medical plants may work as a crucial 

source of possibly useful novel compounds 

for the development of effective therapy to 

combat a diversity of kidney ailments (8). An 

interesting example is the milk thistle plant. 

This plant has a long history of use in 

traditional medicine as a remedy for diseases 

like liver diseases, renal issues, fever, cardiac 

disorders, gastronomic disturbances, and 

others (9). Silymarin is an active extract from 

the seeds of milk thistle that has exerted 

potent hepatoprotective effects (10).   

          Data on silymarin's renal effects are 

less well-known than those on its hepatic 

effects. Studies assessing the hepatic effects 

of silymarin have provided information on its 

impact on renal functioning (10). Silymarin 

was found to protect against diabetic 

nephropathy and drug and chemical-induced 

nephrotoxicity (11). In vitro and in vivo 

studies were shown the silymarin's capacity 

to reduce oxidative stress injuries from 

paracetamol, aflatoxin B1, carbon 

tetrachloride, cisplatin, and doxorubicin. This 

benefit might result from reducing the danger 

of oxidative stress damage and raising the 

kidney's thiol level (12). 

         This review article is focused on the 

summarization of the pathophysiology of 

paracetamol-induced nephrotoxicity and an 

overview of the milk thistle plant, in addition 

to specific reports about the nephroprotective 

effect of silymarin in some animals’ 

experimental studies.  

Pathophysiology of Paracetamol Toxicity  

       It is recognized that paracetamol toxicity 

largely affects hepatic as well as extra-

hepatic tissues (13). Its main toxicity is 

related to drug metabolism in these tissues 

(14). When paracetamol is consumed at the 

recommended therapeutic dose, most 

paracetamol undergoes a phase II 

conjugation reaction in hepatocytes to form 

glucuronide and sulfate conjugates which are 

excreted in the urine. Only a small amount of 

paracetamol was excreted unchanged in the 

urine. A very small amount (approximately 
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5-9%), undergoes a phase I metabolic 

reaction by CYP450 (especially CYP 2E1) 

which oxidize paracetamol into a highly 

reactive metabolite, NAPQI (15). Typically, 

NAPQI is rapidly detoxified by conjugation 

with hepatic reduced glutathione (GSH) and 

eliminated by the kidneys (16). However, in 

paracetamol overdose, this mechanism 

becomes saturated and exceeds the capacity 

to detoxify NAPQI. Excess NAPQI causes 

oxidative stress-related toxicity. Increased 

levels of NAPQI oxidize tissue 

macromolecules such as lipid or protein-

thiols and alter the homeostasis of calcium 

after depleting GSH which has led to 

oxidative damage and thus enhances cellular 

injury and organ dysfunction including renal 

damage (2). 

          Nephrotoxicity owing to paracetamol 

high dose is found to be relatively less 

frequent than hepatotoxicity. Acute renal 

failure after an overdose of paracetamol can 

occasionally happen as a secondary effect of 

hepatotoxicity (17). However, even in the 

absence of liver damage, acute renal failure 

can still develop (18). Paracetamol-induced 

renal insufficiency affects 1-2% of 

individuals (17,19).   

          There is debate concerning how 

paracetamol damages the kidneys (20). 

Probable causes originate from the 

microsomal CYP-450 systems' local 

generation of arylating intermediate, albeit to 

a smaller level than do hepatocytes. The 

discovery of paracetamol protein adducts in 

kidneys has established that paracetamol is 

oxidized to NAPQI. The proximal tubules of 

the renal cortex, in particular, are where the 

CYP-450 systems are most active. 

Consequently, paracetamol renal toxicity is 

likely limited to this region of the kidneys 

(17). Other mechanisms involve the de-

acetylation of paracetamol to p-aminophenol 

in the renal cortex, a molecule that is 

selectively nephrotoxic and induces necrosis 

at the renal cortex. P-aminophenol formed in 

therapeutic doses is conjugated with 

glutathione and excreted inactive glutathione 

conjugate. In chronic or high paracetamol 

doses and with depletion of GSH, p-

aminophenol binds to renal biomolecules by 

covalent bonds, causing renal damage. 

Paracetamol even has harmful effects on the 

renal medulla through inhibition of 

prostaglandin synthase (19). Paracetamol has 

been demonstrated to cause apoptosis in 

murine proximal tubular cells, and 

endoplasmic reticulum stress is likely to 

amplify this effect. Another research found 

that acetaminophen elevates reactive oxygen 

radicals, including nitric oxide, and that this 

also leads to cell damage (21). The raised 

serum urea and SCr levels and decrease in 

GFR are signs of acute tubular necrosis 

induced by paracetamol (5,8) 

Overview of Milk Thistle Plant 

Botanical Aspect 

        Silybum 

marianum (L.) Gaertn sometimes referred to 

as milk thistle, is a spiny herb belonging to 

the Asteraceae family and is a medicinal herb 

with a 2,000-year history of usage (22,23). It 

is an annual or biennial plant, which is native 

to the Mediterranean region and is currently 

grown and farmed worldwide (23,24). The 

ideal growth conditions for milk thistle are 

high temperatures and dry, rocky soil. It may 

reach heights of three to ten feet and has an 

upright stem that bears big, alternate leaves 

with thorny edges (22,24). It blooms from 

July to August, with big, reddish-purple 

flowers on each stem that are followed by a 

spine (Figure 1).  The plant's common name, 

milk thistle, derives from the milky-white 

lines that span its leaves (24,25). It is unclear 

whether milk thistle produces fruits or seeds. 

According to botany, this plant contains 

cypselae, which look to be seeded but are 
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fruits that are shiny brown or grey having 

spots (24). 

      The plant's medicinal part is its seeds, 

and silymarin, a mixture of flavonolignans, is 

its active component (26). Depending on the 

stage of floral development, flavonolignan 

accumulation in seeds is greatest during late 

blooming (25). However, the whole plant is 

also employed medicinally to treat disorders 

of the liver, gallbladder, spleen, and kidney 

(27). 

 

 

 

 

 

 

Figure 1: Milk thistle plant (28). 

Chemical Composition  

      A well-known milk thistle seed dry 

extract called silymarin includes primarily 

flavonolignan isomers (about 70%–80%), 

with the remaining 20–30% unknown but 

potentially bioactive polyphenolic 

component (29,30). There are four major 

flavonolignan isomers in silymarin: silibinin, 

isosilibinin, silichristin, and silidianin, with 

silibinin (also called silybin) being the most 

abundant and physiologically active of these 

(23,31). The milk thistle extract also contains 

other flavonoids (such as quercetin, taxifolin, 

eriodictyol, and chrysoeriol), 15–30% lipids 

in the form of triglycerides (linoleic 60%, 

oleic 30%, and 9% palmitic acid), around 

30% proteins, sugars (arabinose, rhamnose, 

xylose, and glucose), tocopherol, sterols with 

cholesterol, campesterol, and stigmasterol 

(24,25,32). 

Silymarin Bioavailability and Toxicity 

         The majority of commonly used 

silymarin commercial products contain 

concentrated standardized extracts that are 

70–80% silymarin despite silymarin's low 

water solubility (33).  Silymarin has a 

reduced bioavailability as a result of its 

lipophilic nature and therefore restricted 

solubility. In an effort to boost silymarin 

solubility, several commercially approved 

silymarin formulations, such as tablets, 

syrups, and capsules, have been 

manufactured (34). The half-life of silibinin 

in the plasma is approximately 6 hours, and 

the blood concentration reaches its peak in 2-

4 hours. After gastrointestinal absorption, 

Silymarin/ silibinin suffers hepatic 

metabolism, including phases I and II (35). 

As silymarin is circulated through the 

enterohepatic system, hepatic cells contain 

higher quantities of silymarin than serum 

(35). When administered as a single dose, 

silibinin reaches its highest levels in the bile 

within 2–9 hours, and the kidneys remove 1-

2% of the dose over a day. However, silibinin 



97 
 

endures considerable biliary excretion 

(28,35).  

          Studies on silymarin's overall toxicity 

have shown that it is fairly low and well 

tolerated. According to studies, the oral 50% 

lethal dose (LD50) for rats and the highest 

tolerated dose for dogs are around 10 g/kg 

body weight (BW) and 300 mg/kg BW, 

respectively (29,36). Toxicological studies in 

rodents established the safety of silymarin to 

treat liver diseases devoid of toxic effects. 

Silymarin has rare side effects that may 

include skin allergic reactions or 

gastrointestinal distress such as nausea, 

vomiting, and diarrhea (37). 

Beneficial Effects of Silymarin 

         The major site of action of silymarin in 

Mammalia is the liver (28). Silymarin has 

shown the capacity to improve liver function 

tests by lowering the elevated liver enzymes 

alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), and alkaline 

phosphatase (ALP) (38). Silymarin hinders 

or delays the entry of toxins into the liver 

cells. As a result, the toxins are eliminated 

through the kidneys before they can harm the 

liver. The most dramatic example of this is 

silymarin’s capacity to inhibit toxins from the 

death cap (fungus Amanita phalloides). The 

Amanita phalloides is one of the most famous 

liver poisons known to people. Silymarin acts 

relatively similarly to detoxifying alcohol, 

paracetamol, and some heavy metals (39).  

         Silymarin's hepatoprotective properties 

can be explained by its antioxidant 

properties, which are due to the phenolic 

character of its flavonolignans (40). Due to 

its phenolic chemistry, it can donate electrons 

to stabilize ROS and free radicals (41). These 

implications may be caused by silymarin's 

capacity to directly scavenge free radicals 

created during hepatic APAP metabolism, 

inhibit free radical formation, maintain the 

mitochondria's electron-transport chain 

integrity under stress situations, and promote 

optimal redox homeostasis of the cell by 

activating a variety of antioxidant enzymes 

and non-enzymatic antioxidants, raising 

cellular glutathione level, and inhibiting LPO 

(28,42,43). In addition, silymarin increases 

protein synthesis by boosting RNA 

polymerase I activity in hepatic cells (28). 

Moreover, silymarin is thought to have anti-

inflammatory, anti-fibrotic, anti-apoptotic, 

anti-diabetic, anti-microbial, and anti-

cancerous effects (9,28) (Figure 2).  
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Figure 2: Silybum marianum's positive effects on health (44). 

        

Silymarin has also been effective in treating 

renal conditions. Animal studies have shown 

its usefulness in an experimental model of 

renal illnesses (45). Silymarin's 

renoprotective benefits have mostly been 

attributed to its anti-oxidant activities and 

free radical scavenging abilities. In addition 

to its antioxidant properties, silymarin also 

possesses anti-inflammatory and 

cytoprotective effects by inhibiting tumor 

necrosis factor-alpha (TNF-α) and kinases 

(46,47). Silymarin increases the expression 

of the Bcl2 protein, decreases the expression 

of the Bax protein, and inhibits the cleavage 

of caspase 3 in kidney tissue, which reduces 

renal apoptosis and ultimately results in 

cytoprotection (47,48). Additionally, other 

associated mechanisms of silymarin's 

renoprotective actions are its capacity to 

concentrate in kidney cells and support cell 

regeneration by enhancing the synthesis of 

protein and nucleic acids (33), metal 

chelation, repair and removal of damaged 

molecules, and/or mitochondrial protection 

(48), as well as prevention of neutrophil 

migration and production of leukotriene and 

prostaglandin, are additional interrelated 

mechanisms of silymarin's renoprotective 

effects (49). 

     Silymarin's hepato-renal protecting 

effects are due, at least in part, to its capacity 

to regulate tissue oxidant and antioxidant 

state, action as a free radical scavenger and 

LPO inhibitor, and stimulation of 

endogenous antioxidant processes. 

Additionally, it stimulates RNA and protein 

formation, which is critical for renal and 

hepatic repair processes (4,50). 

Specific Reports on Silymarin's 

Nephroprotective Impact in Paracetamol-

Induced Nephrotoxicity 

         Gopi et al. conducted a 14-day trial in 

which paracetamol toxicity was generated in 

male rats for the first three days with a dosage 

of 500 mg/kg body weight (BW)/day orally, 

followed by silymarin administration from 

day four to fourteen through oral gavage at a 

dose of 25 mg/kg BW/day. Post-treatment 

with silymarin provided renal and hepatic 

protection against paracetamol poisoning, as 

evidenced by lower renal biomarkers of 

injury such as BUN and SCr and a significant 

decrease in serum hepatic biomarkers such as 

AST, total cholesterol (TC), and triglyceride 

levels (TG) (51).                

       Silymarin has been shown in a study 

conducted by Abd Ellah et al. to have 

nephroprotective effects in preventing 

paracetamol-induced nephrotoxicity in rats. 

These effects are linked to silymarin's 

capacity to reduce oxidative and nitrosative 

stress in renal tissue as well as to enhance 

mitochondrial energy production. Before 

high acute dose of oral paracetamol 

intoxication (3000 mg/kg BW), rats were 

pretreated with oral silymarin 

supplementation (200 mg/kg BW/day) for 

nine days. Silymarin increased serum total 

protein and creatinine clearance, decreased 

renal tissue LPO as shown by a decrease in 

thiobarbituric acid reactive substance 

(TBARS), nitrate content, and an increase in 

renal tissue antioxidant enzymes, as well as a 

normalization of renal tissue adenosine 

triphosphate (ATP) content (52). 

        Earlier research by Ramachandran et 

al. revealed that silymarin's ability to 

preserve kidneys comes from its ability to 

reduce the oxidative stress of paracetamol-

induced oxidative stress. They discovered 

that silymarin 25 mg/kg BW, given orally for 

six days following a single intraperitoneal 
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paracetamol (750 mg/kg BW) administration 

in male rats restored antioxidant molecule 

levels in kidney tissues, including superoxide 

dismutase (SOD), catalase (CAT), GSH, and 

glutathione peroxidase (GPx), as well as 

reduced renal tissues TBARS levels (53).  

        Shelbaya attempted to examine the 

preventive effect of milk thistle aqueous 

extract against paracetamol-induced toxicity 

in female rats. Paracetamol (200 mg/kg 

BW/day) and milk thistle extract (500 mg/kg 

BW/day orally) were given to the animals 

simultaneously for 60 days. The 

administration of paracetamol significantly 

disrupted the lipid profile, of the hepatic, and 

renal functions, but the co-administration of 

paracetamol with milk thistle extract 

established the renal protection, anti-

hyperlipidemia, and hepato-cardio 

protection, as evidenced by a large drop in 

serum urea and SCr, an improvement in the 

lipid profile, an increase in antioxidant 

enzymes, and a reduction in the hepatic 

biomarker of injury (54). 

       The protective properties of silymarin on 

the hepato-renal system were studied in an 

experimental rat model. Three days of 

intraperitoneal intoxication with 500 mg/kg 

BW/day of paracetamol were administered to 

the animals. Silymarin is administered orally 

at a dose of 10 mg/kg BW/day for five days 

before the introduction of paracetamol and 

continues through day six. Silymarin's 

hepatoprotective effects were demonstrated 

by a decrease in serum liver enzymes and an 

increase in total proteins, whilst its 

nephroprotective effects were demonstrated 

by a decrease in serum electrolytes, blood 

urea, and creatinine. Additionally, the non-

protein sulfhydryl moiety in liver and kidney 

tissues increased due to silymarin's actions, 

and both organs' histopathological 

deteriorations improved (55).   

       A further study by Hamza and Al-

Harbi discovered that post-treatments of 

adult mice with silymarin at a dose of 50 

mg/kg BW/day for 30 consecutive days 

following an acute oral dose of paracetamol 

(2 g/kg BW) led to improvements in kidney 

function as evidenced by a significant 

decrease in serum urea and SCr, an 

improvement in the anti-oxidative state of the 

renal tissues as shown by an increase in 

antioxidant enzymes like CAT and SOD and 

decreasing LPO indicated by low 

malondialdehyde (MDA) concentrations 

(56).  

         Adil and colleagues evaluated the 

preventive benefits of silymarin against the 

oxidative damage to rats' liver and kidneys 

brought on by prolonged paracetamol intake. 

They discovered that silymarin 25 mg/kg 

BW/day administered by gavage two hours 

before paracetamol 700 mg/kg BW for 14 

days considerably raised body weights and 

serum albumin, while dramatically lowering 

BUN, SCr, serum liver enzymes, and total 

bilirubin levels compared to the paracetamol 

group. Additionally, silymarin 

administration demonstrated antioxidant 

activity as seen by an increase in the levels of 

antioxidant agents in the liver and kidney 

tissues, including SOD levels and renal GSH 

but not hepatic GSH, as well as a substantial 

decrease in MAD and nitric oxide. 

Additionally, silymarin attenuated the 

histopathological changes in both organs due 

to paracetamol toxicity (57).  

      Furthermore, silymarin may protect the 

liver and kidney from damage caused by 

paracetamol due to its antioxidant and anti-

inflammatory capabilities, according to 

research by Bektur et al. In this study, female 

mice were given a single intraperitoneal 

injection of paracetamol (500 mg/kg BW) 

followed by seven days of oral silymarin 

treatment (100 mg/kg BW/day). This led to 

normalization of body weight, 
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histopathological damage, serum hepatic 

enzymes and BUN and SCr, and nitric oxide 

(NO) levels in liver and kidney tissues (58). 

       Dinar and colleagues used a New 

Zealand rabbit model to study the 

nephroprotective effects of silymarin against 

paracetamol-induced kidney damage. When 

the animals received oral silymarin 100 

mg/kg BW/day for 14 days before receiving 

a single oral dosage of 600 mg/kg BW of 

paracetamol, their levels of blood liver 

enzymes, urea, and creatinine were much 

lower than when they received paracetamol 

alone suggesting nephroprotective properties 

of silymarin (38). 

      Another research supports the hepato-

renal protective effects of silymarin (100 

mg/kg BW/day, orally for 30 days) 

pretreatment of rats before acute toxicity 

caused by 2 g/kg BW of paracetamol. In 

comparison to the intoxicated group, 

silymarin pretreatment dramatically 

decreased blood levels of liver enzymes, 

urea, and creatinine. It also improved the 

antioxidant status of the liver and kidney 

tissues as shown by a considerable increase 

in SOD, CAT, and a decrease in MDA, as 

well as histopathological abnormalities (59).  

        In research by Onaolapo et al. on 

rats, silymarin was given orally for 14 days at 

a dosage of 25 mg/kg BW/day, followed by a 

three-day intraperitoneal paracetamol (800 

mg/kg BW/day) intoxication. This study 

hypothesized that silymarin pretreatment 

might prevent paracetamol-induced hepatic, 

renal, and neurological damage. As well, the 

anti-oxidant status has improved, and 

histological analysis of the tissues shows 

varying degrees of tissue protection (60).             

         The hepatic and renal protective effects 

of silymarin were validated in another 

investigation by Ali et al. in rats pretreated 

with silymarin (100 mg/kg BW/day, p.o. for 

30 days) before receiving oral paracetamol 

(500 mg/kg BW/day, for seven days). 

Silymarin showed protective benefits by 

reducing blood levels of bilirubin, urea, uric 

acid, creatinine, and low-density lipoprotein 

cholesterol. Furthermore, compared to the 

paracetamol-controlled group, there was a 

substantially higher total protein and high-

density lipoprotein cholesterol level. 

Histopathological results and decreased LPO 

peroxidation in the liver and kidneys further 

supported the hepatoprotective benefits  (61).  

         Based on histology and biochemical 

findings, silymarin enhanced kidney 

protective actions have been reported by 

Simon et al. They discovered that silymarin 

pretreatment (100 mg/kg BW/day) for eight 

days before acute paracetamol poisoning (2 

g/kg BW) resulted in significantly higher 

levels of SOD and GSH, significantly lower 

levels of MDA in renal tissues, and 

significantly lower levels of serum urea and 

SCr. Furthermore, silymarin was found to 

lessen the cellular damage caused by 

paracetamol in a histological analysis (62). 

          In another study, Ahmad and Zeb 

found that male mice given silymarin 100 

mg/kg BW/day after receiving paracetamol 

300 mg/kg BW/day for two weeks showed no 

significant differences in serum albumin, 

total serum protein, or blood biochemical like 

serum urea and serum creatinine compared to 

untreated control animals. Also, it has 

positive benefits with increased levels of 

GSH in renal tissues and a considerable drop 

in TBARS levels compared to mice treated 

with paracetamol (63).  

           According to research by Al-Asmari 

and colleagues, silymarin pre-treatment for 

14 consecutive days before an acute high 

paracetamol dose (1000 mg/kg BW) reduced 

the severity of hepatic and extra-hepatic 

lesions brought on by the paracetamol high 

dose, shown by a considerable decrease in 

blood liver enzymes, an improvement in 
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serum lipid profile, a change in renal function 

parameters (a decrease in SCr, urea, and uric 

acid), a decrease in serum electrolytes, and a 

better state of histopathological changes. 

Moreover, silymarin pretreatment modified 

paracetamol-induced oxidant/antioxidant 

disparity in hepatic and renal tissues by 

diminishing the increase of MDA and 

increasing of non-protein sulfhydryl 

compared to the intoxicated group (64). 

         In a separate study, Salman et al. found 

that co-administration of paracetamol (750 

mg/kg BW/day, orally) and silymarin (50 

mg/kg BW/day, orally) for 30 days protected 

rats' kidneys from the potentially harmful 

effects of paracetamol as evidenced by a drop 

in serum urea and creatinine levels compared 

to paracetamol-only treated animals (65).  

         In research by Quyamuddin et al. rats 

were given silymarin oral doses of 100 mg/kg 

BW/day for ten days before being intoxicated 

with paracetamol 750 mg/kg BW/day for 

three days for an additional ten days. 

Silymarin substantially lowered blood urea, 

SCr, and elevated serum uric acid and total 

protein as compared to the paracetamol-

impaired group. Moreover, the level of 

antioxidant enzymes in renal tissue was 

greatly recovered. These discoveries may 

represent a possible nephroprotective drug 

against kidney damage (18). 

          A recent study performed by Abd EL 

Latif et al. demonstrated that silymarin's anti-

inflammatory and anti-oxidant effects protect 

against paracetamol-induced hepatic and 

renal toxicity. Female rats were pretreated 

with silymarin 100 mg/kg BW/day orally for 

seven consecutive days before they received 

an acute paracetamol dosage of 2 g/kg BW. 

Silymarin treatment resulted in lower levels 

of serum urea, Scr, bilirubin, and liver 

enzymes. Additionally, a better redox state in 

the liver and kidney tissues was demonstrated 

by levels of CAT rising and MDA 

falling  (66).  

           Additionally, a recent study by Simon 

et al. showed that silymarin had hepato-renal 

protective effects in female rats given 

silymarin 25 mg/kg BW and paracetamol 900 

mg/kg BW intraperitoneally. When 

compared to animals given paracetamol, 

silymarin therapy resulted in a significantly 

lower level of blood liver enzymes, total 

cholesterol, urea, creatinine, and uric acid. 

Also, compared to the paracetamol group, the 

histological image revealed reduced 

inflammation (67).  

CONCLUSION: 

      This review concludes that paracetamol 

overdose, acute or chronic, adversely affects 

kidney function. Based on the outcomes of 

animal studies, Silymarin therapy may have 

protective or mitigating effects against drug-

induced kidney injury, notably against 

damage caused by paracetamol. Silymarin's 

nephroprotective effects are related to its 

antioxidant, anti-inflammatory, and cell 

membrane stabilizing properties. 

CONFLICT OF INTEREST: There is no 

conflict of interest. 

REFERENCES:   

1. Worlu AO, Holy B, Bartimaeus ES. 

assessment of protective effects of 

almond seed and vitamin e 

supplementation on kidney and liver of 

rats exposed to paracetamol toxicity. 

International Journal of Advance 

Research. 2020;8:397-406. DOI: 

10.21474/IJAR01/10940 

2. Al Tayib O, El Badwi S. Assessment of 

ameliorative effects of aqueous extracts 

of Moringa oleifera on acetaminophen 

induced nephrotoxicity in rats. OSR 

Journal Of Humanities And Social 



102 
 

Science. 2016;21(9):1-7. DOI: 

10.9790/0837-2109090107 

3. Kwiatkowska E, Domański L, 

Dziedziejko V, Kajdy A, Stefańska K, 

Kwiatkowski S. The mechanism of drug 

nephrotoxicity and the methods for 

preventing kidney damage. International 

Journal of Molecular Sciences. 

2021;22(11):1-16. 

https://doi.org/10.3390/ijms22116109 

4. Shamna, Jose J, Shijikumar, Ahmed R. 

A brief study of nephrotoxicity and 

nephroprotective agents. Indian Journal 

of Pharmaceutical and Biological 

Research. 2020;8(1): 9-13. 

http://dx.doi.org/10.30750/ijpbr.8.1.2 

5. Ahmed OM, Fahim HI, Ahmed HY, 

Mahmoud B, Aljohani SAS, 

Abdelazeem WH. The nephropreventive 

and antioxidant effects of navel orange 

peel hydroethanolic extract, naringin 

and naringenin in n-acetyl-p-

aminophenol-administered wistar 

rats. Advances in Animal and 

Veterinary Sciences. 2019;7(2): 96-105. 

http://dx.doi.org/10.17582/journal.aavs/

2019/7.2.96.105 

6. Hegazy A, Abd Al Hameed EA, El-

Wafaey D, Khorshed O. Effect of 

Paracetamol administration on the Rat 

kidney structure: A Morphological 

Study. Zagazig University Medical 

Journal. 2021;27(4):567-576. DOI: 

10.21608/zumj.2019.11494.1194. 

7. Fadda L, Ali HM, Aldrees GA, 

Alquraishi NM. Nano ubiquinone: 

Promising candidate for treatment of 

renal toxicity induced by over dose of 

paracetamol. Toxicology reports. 

2019;6:712-717. 

https://doi.org/10.1016/j.toxrep.2019.07

.008 

8. KL N, Veigas GJ, Bhattacharjee A, 

Hegde K. Nephroprotective Properties 

of Natural Herbs: A Systemic Review. 

Asian Journal of Research in 

Pharmaceutical Sciences. 2022;12(1): 

52-56. DOI: 10.52711/2231-

5659.2022.00010 

9. Marmouzi I, Bouyahya A, Ezzat SM, El 

Jemli M, Kharbach M. The food plant 

Silybum marianum (L.) Gaertn.: 

Phytochemistry, Ethnopharmacology 

and clinical evidence. Journal of 

Ethnopharmacology. 2021; 265:1-23. 

doi: 10.1016/j.jep.2020.113303 

10. Dumludag B, Derici MK, Sutcuoglu O, 

Ogut B, Pasaoglu OT, Gonul II, et al. 

Role of silymarin (Silybum marianum) 

in the prevention of colistin-induced 

acute nephrotoxicity in rats. Drug and 

chemical toxicology. 2022;45(2):568-

575. 

https://doi.org/10.1080/01480545.2020.

1733003 

11. Guzel S, Sahinogullari ZU, 

Canacankatan N, Antmen SE, Kibar D, 

Coskun Yilmaz B. Potential 

renoprotective effects of silymarin 

against vancomycin-induced 

nephrotoxicity in rats. Drug and 

Chemical Toxicology. 2020;43(6):630-

636. 

https://doi.org/10.1080/01480545.2019.

1584208 

12. Nasri H. Silymarin and its properties; a 

nephrology viewpoint. Journal of Renal 

Endocrinology. 2015;1(1):1-5. 

https://jrenendo.com/Archive/1/1 

13. Kennon-McGill S, McGill MR. 

Extrahepatic toxicity of acetaminophen: 

critical evaluation of the evidence and 

proposed mechanisms. Journal of 

clinical and translational research. 

2018;3(3):297-310. 

doi:10.18053/jctres.03.201703.005 

14. Mazer M, Perrone J. Acetaminophen-

induced nephrotoxicity: 

pathophysiology, clinical 

manifestations, and 

management. Journal of Medical 

https://doi.org/10.1080/01480545.2020.1733003
https://doi.org/10.1080/01480545.2020.1733003
https://doi.org/10.1080/01480545.2019.1584208
https://doi.org/10.1080/01480545.2019.1584208


103 
 

Toxicology. 2008;4(1):2-6. 

https://doi.org/10.1007%2FBF0316094

1 

15. Yan M, Huo Y, Yin S, Hu H. 

Mechanisms of acetaminophen-induced 

liver injury and its implications for 

therapeutic interventions. Redox 

biology. 2018;17:274-283. 

https://doi.org/10.1016/j.redox.2018.04.

019 

16. Caparrotta TM, Antoine DJ, Dear JW. 

Are some people at increased risk of 

paracetamol-induced liver injury? A 

critical review of the 

literature. European journal of clinical 

pharmacology. 2018;74:147-160. 

https://doi.org/10.1007/s00228-017-

2356-6 

17. Vrbova M, Roušarová E, Brůčková L, 

Česla P, Roušar T. Characterization of 

acetaminophen toxicity in human kidney 

HK-2 cells. Physiological research. 

2016;65(4): 627-635. 

https://doi.org/10.33549/physiolres.933

158 

18. Quyamuddin MD, Kumar P, Kumar S, 

Haque MR. Nephroprotective activity of 

ethanolic extract of Cinnamomum 

zeylanicum bark against acetaminophen 

induced nephrotoxicity in albino 

rats. Journal of Drug Delivery and 

Therapeutics. 2020;10(4-s):80-86. 

https://doi.org/10.22270/jddt.v10i4-

s.4292 

19. Karatas E, Bayraktutan Z, Cadirci E. 

Investigation of the Effects of 

Amlodipine on Paracetamol-Induced 

Acute Kidney Toxicity in Rats. Clinical 

and Experimental Health Sciences. 

2022;12(1):155-161. 

https://doi.org/10.33808/clinexphealths

ci.891902. 

20. Shao QH, Yin XD, Liu HX, Zhao B, 

Huang JQ, Li ZL. Kidney Injury 

Following Ibuprofen and 

Acetaminophen: A Real-World Analysis 

of Post-Marketing Surveillance Data. 

Frontiers in Pharmacology. 2021;12:1-

10. 

https://doi.org/10.3389/fphar.2021.7501

08 

21. Ozkaya O, Genc G, Bek K, Sullu Y. A 

case of acetaminophen (paracetamol) 

causing renal failure without liver 

damage in a child and review of 

literature. Renal failure. 2010;32(9): 

1125-7. DOI: 

10.3109/0886022X.2010.50983 

22. Ahmed OM, Mahmoud AM, Samah FA, 

Saber NY. Silymarin and hydroethanolic 

extracts of Silybum marianum leaves 

and fruits attenuate 

diethylnitrosamine/phenobarbital-

induced nephrotoxicity via their 

antioxidant and anti-inflammatory 

actions. American Journal of 

Biochemistry. 2016;6(2):21-9. DOI: 

10.5923/j.ajb.20160602.01 

23. Abenavoli L, Izzo AA, Milić N, Cicala 

C, Santini A, Capasso R. Milk thistle 

(Silybum marianum): A concise 

overview on its chemistry, 

pharmacological, and nutraceutical uses 

in liver diseases. Phytotherapy 

Research. 2018;(11): 2202-13. DOI: 

10.1002/ptr.6171 

24. Bijak M. Silybin, a major bioactive 

component of milk thistle (Silybum 

marianum L. Gaernt.)—Chemistry, 

bioavailability, and metabolism. 

Molecules. 2017;22(11):1-11. 

https://doi.org/10.3390/molecules22111

942 

25. Shah MS, Shraddha K, Dashrath G, 

Sneha S, Oswal RJ. A systemic 

phytopharmacological review of 

multipotential medicinal plant milk 

thistle. World Journal of 

Pharmaceutical Research, 2020;9(8): 

https://doi.org/10.1007%2FBF03160941
https://doi.org/10.1007%2FBF03160941
https://doi.org/10.1016/j.redox.2018.04.019
https://doi.org/10.1016/j.redox.2018.04.019
https://doi.org/10.33549/physiolres.933158
https://doi.org/10.33549/physiolres.933158
https://doi.org/10.22270/jddt.v10i4-s.4292
https://doi.org/10.22270/jddt.v10i4-s.4292
https://doi.org/10.3389/fphar.2021.750108
https://doi.org/10.3389/fphar.2021.750108
https://doi.org/10.3390/molecules22111942
https://doi.org/10.3390/molecules22111942


104 
 

468-484. DOI: 10.20959/wjpr20208-

18109 

26. Post-White J, Ladas EJ, Kelly KM. 

Advances in the use of milk thistle 

(Silybum marianum). Integrative cancer 

therapies. 2007;6(2):104-109. 

doi:10.1177/1534735407301632 

27. Marceddu R, Dinolfo L, Carrubba A, 

Sarno M, Di Miceli G. Milk Thistle 

(Silybum Marianum L.) as a Novel 

Multipurpose Crop for Agriculture in 

Marginal Environments: A Review. 

Agronomy. 2022;12(3):1-25. 

https://doi.org/10.3390/agronomy12030

729 

28. Valková V, Ďúranová H, Bilčíková J, 

Habán M. Milk thistle (Silybum 

marianum): a valuable medicinal plant 

with several therapeutic purposes. 

Journal of Microbiology, Biotechnology 

and Food Sciences. 2021;2021:836-843. 

https://doi.org/10.15414/jmbfs.2020.9.4

.836-843 

29. Radko L, Cybulski W. Application of 

silymarin in human and animal 

medicine. Journal of Pre-Clinical and 

Clinical Research. 2007;1(1):22-26. 

Corpus ID: 3911908 

30. Viktorova J, Stranska-Zachariasova M, 

Fenclova M, Vitek L, Hajslova J, Kren 

V, Ruml T. Complex evaluation of 

antioxidant capacity of milk thistle 

dietary supplements. Antioxidants. 2019 

Aug 18;8(8):1-18. 

https://doi.org/10.3390/antiox8080317 

31. Gillessen A, Schmidt HH. Silymarin as 

supportive treatment in liver diseases: A 

narrative review. Advances in therapy. 

2020;37(4):1279-1301. 

https://doi.org/10.1007/s12325-020-

01251-y 

32. Abenavoli L, Capasso R, Milic N, 

Capasso F. Milk thistle in liver diseases: 

past, present, future. Phytotherapy 

Research. 2010;24(10):1423-32. 

https://doi.org/10.1002/ptr.3207 

33. Bahmani M, Shirzad H, Rafieian S, 

Rafieian-Kopaei M. Silybum marianum: 

beyond hepatoprotection. Journal of 

evidence-based complementary & 

alternative medicine. 2015 20(4):292-

301. 

https://doi.org/10.1177%2F2156587215

571116 

34. Tighe SP, Akhtar D, Iqbal U, Ahmed A. 

Chronic liver disease and silymarin: A 

biochemical and clinical review. Journal 

of Clinical and Translational 

Hepatology. 2020;8(4):454-458.  

doi:10.14218/JCTH.2020.00012 

35. Xie Y, Zhang D, Zhang J, Yuan J. 

Metabolism, transport and drug–drug 

interactions of silymarin. Molecules. 

2019;24(20):1-13. 

https://doi.org/10.3390/molecules24203

693 

36. Di Costanzo A, Angelico R. 

Formulation strategies for enhancing the 

bioavailability of silymarin: the state of 

the art. Molecules. 2019;24(11):1-29. 

https://doi.org/10.3390/molecules24112

155 

37. Khazaei R, Seidavi A, Bouyeh M. A 

review on the mechanisms of the effect 

of silymarin in milk thistle (Silybum 

marianum) on some laboratory animals. 

Veterinary Medicine and Science. 

2022;8(1):289-301. 

https://doi.org/10.1002/vms3.641 

38. Dinar NM, Pratiwi SH, Kihara RA, 

Paramita NG, Fathurrahman NR, Levita 

JU. Hepato-nephroprotective activity of 

Nigella sativa oil on paracetamol-

induced new zealand rabbits 

(oryctolagus cuniculus). International 

Journal of Pharmacy and 

Pharmaceutical Sciences. 

2017;9(11):225-228. 

http://dx.doi.org/10.22159/ijpps.2017v9

i11.21854 

39. Rafieian-Kopaie M, Nasri H. Silymarin 

and diabetic nephropathy. Journal of 

https://doi.org/10.3390/agronomy12030729
https://doi.org/10.3390/agronomy12030729
https://doi.org/10.1007/s12325-020-01251-y
https://doi.org/10.1007/s12325-020-01251-y
https://doi.org/10.1002/ptr.3207
https://doi.org/10.3390/molecules24203693
https://doi.org/10.3390/molecules24203693
https://doi.org/10.3390/molecules24112155
https://doi.org/10.3390/molecules24112155
https://doi.org/10.1002/vms3.641
http://dx.doi.org/10.22159/ijpps.2017v9i11.21854
http://dx.doi.org/10.22159/ijpps.2017v9i11.21854


105 
 

renal injury prevention. 2012;1(1):3-5. 

doi:10.12861/jrip.2012.02 

40. Eugenio-Pérez D, Montes de Oca-

Solano HA, Pedraza-Chaverri J. Role of 

food-derived antioxidant agents against 

acetaminophen-induced hepatotoxicity. 

Pharmaceutical Biology. 

2016;54(10):2340-2352. 

https://doi.org/10.3109/13880209.2016.

1150302 

41. Vargas-Mendoza N, Madrigal-Santillán 

E, Morales-González Á, Esquivel-Soto 

J, Esquivel-Chirino C, y González-

Rubio MG, et al. Hepatoprotective effect 

of silymarin. World journal of 

hepatology. 2014;6(3):144-149. 

doi:10.4254/wjh.v6.i3.144 

42. Surai PF. Silymarin as a natural 

antioxidant: an overview of the current 

evidence and perspectives. 

Antioxidants. 2015;4(1):204-247. 

https://doi.org/10.3390/antiox4010204 

43. Oyman A, Unsal G, Aydogdu N, Usta U. 

Protective Effects of Silymarin on 

Acetaminophen-Induced Toxic 

Hepatitis. EURASIAN JOURNAL OF 

MEDICAL ADVANCES. 2022;2(1):1-

6. DOI: 10.14744/ejma.2022.32042 

44. Wang X, Zhang Z, Wu SC. Health 

benefits of Silybum marianum: 

Phytochemistry, pharmacology, and 

applications. Journal of Agricultural and 

Food Chemistry. 2020;68(42): 11644-

64. 

https://pubs.acs.org/doi/pdf/10.1021/acs

.jafc.0c04791 

45. Firuzi O, Khajehrezaei S, Ezzatzadegan 

S, Nejati M, Jahanshahi KA, Roozbeh J. 

Effects of silymarin on biochemical and 

oxidative stress markers in end‐stage 

renal disease patients undergoing 

peritoneal dialysis. Hemodialysis 

International. 2016;20(4):558-563. 

https://doi.org/10.1111/hdi.12413 

46. Tan J, Hu J, He Y, Cui F. Protective role 

of silymarin in a mouse model of renal 

Ischemia-Reperfusion injury. 

Diagnostic Pathology. 2015;10(198):1-

6. DOI 10.1186/s13000-015-0436-4 

47. Dabak DO, Kocaman N. Effects of 

silymarin on methotrexate-induced 

nephrotoxicity in rats. Renal failure. 

2015;37(4):734-9. 

https://doi.org/10.3109/0886022X.2015

.1012984 

48. de Souza Santos V, Peters B, Côco LZ, 

Alves GM, de Assis AL, Nogueira BV, 

et al. Silymarin protects against 

radiocontrast-induced nephropathy in 

mice. Life sciences. 2019;228:305-315. 

https://doi.org/10.1016/j.lfs.2019.04.06

1 

49. Nouri A, Heidarian E. Nephroprotective 

effect of silymarin against 

diclofenacinduced renal damage and 

oxidative stress in male rats. Journal of 

Herbmed Pharmacology. 2019; 8(2): 

146-152. doi: 10.15171/jhp.2019.23  

50. Al-Kadi A, Ahmed AS, El-Tahawy NF, 

Khalifa MM, El-Daly M. Silymarin 

protects against sepsis-induced acute 

liver and kidney injury via anti-

inflammatory and antioxidant 

mechanisms in the rat. Journal of 

advanced Biomedical and 

Pharmaceutical Sciences. 

2020;3(4):190-197. 

https://dx.doi.org/10.21608/jabps.2020.

37074.1091 

51. Gopi KS, Reddy AG, Jyothi K, Kumar 

BA. Acetaminophen-induced Hepato-

and Nephrotoxicity and Amelioration by 

Silymarin and Terminalia chebula in 

Rats. Toxicology international. 

2010;17(2):64-66. 

https://doi.org/10.4103/0971-

6580.72672 

52. Abd-Ellah M. THERAPEUTIC 

POTENTIAL OF SILYMARIN IN 

ACETAMINOPHEN-INDUCED 

NEPHROTOXICITY IN RATS. Al-

Azhar Journal of Pharmaceutical 

https://doi.org/10.3109/13880209.2016.1150302
https://doi.org/10.3109/13880209.2016.1150302
https://doi.org/10.3390/antiox4010204
https://doi.org/10.1111/hdi.12413
https://doi.org/10.3109/0886022X.2015.1012984
https://doi.org/10.3109/0886022X.2015.1012984
https://doi.org/10.1016/j.lfs.2019.04.061
https://doi.org/10.1016/j.lfs.2019.04.061
https://dx.doi.org/10.21608/jabps.2020.37074.1091
https://dx.doi.org/10.21608/jabps.2020.37074.1091
https://doi.org/10.4103/0971-6580.72672
https://doi.org/10.4103/0971-6580.72672


106 
 

Sciences. 2012; 45(1):30-41. 

https://dx.doi.org/10.21608/ajps.2012.7

148  

53. Ramachandran V, Saravanan R, Raja B. 

Attenuation of oxidative stress by 

syringic acid on acetaminophen-induced 

nephrotoxic rats. Comparative Clinical 

Pathology. 2012;21(6): 1559-64. 

https://doi.org/10.1007/s00580-011-

1327-z 

54. Shelbaya LA. Evaluation of Protective 

and Antioxidant Activity of MilkThistle 

on Paracetamol-Induced Toxicity in 

Rats. Journal of American Science. 

2013;9(10):272-278. 

http://www.dx.doi.org/10.7537/marsjas

091013.35 

55. Alqasoumi SI. Evaluation of the 

hepatroprotective and nephroprotective 

activities of Scrophularia hypericifolia 

growing in Saudi Arabia. Saudi 

Pharmaceutical Journal. 2014; 22(3): 

258-263. 

https://doi.org/10.1016/j.jsps.2013.12.0

01 

56. Hamza RZ, Al-Harbi MS. Silymarin and 

Nigella sativa extract ameliorate 

paracetamol induced oxidative stress 

and renal dysfunction in male mice. 

Asian Pacific Journal of Tropical 

Disease. 2015;5:S169-174. doi: 

10.1016/S2222-1808(15)60882-9 

57. Adil M, Kandhare AD, Ghosh P, 

Venkata S, Raygude KS, Bodhankar SL. 

Ameliorative effect of naringin in 

acetaminophen-induced hepatic and 

renal toxicity in laboratory rats: role of 

FXR and KIM-1. Renal Failure. 

2016;38(6):1007-20. 

https://doi.org/10.3109/0886022X.2016

.1163998 

58. Bektur NE, Sahin E, Baycu C, Unver G. 

Protective effects of silymarin against 

acetaminophen-induced hepatotoxicity 

and nephrotoxicity in mice. Toxicology 

and Industrial Health. 2016;32(4):589-

600. 

https://doi.org/10.1177%2F0748233713

502841 

59. Elkomy A, Aboubakr M, Ashraf L. 

Ameliorative effect of thymus oil on 

paracetamol induced hepato-renal 

toxicity: A biochemical, antioxidant and 

histopathological studies. Journal of 

Pharmacology and Clinical Research. 

2017;4:1-8. DOI: 

10.19080/JPCR.2017.04.555637 

60. Onaolapo OJ, Adekola MA, Azeez TO, 

Salami K, Onaolapo AY. l-Methionine 

and silymarin: A comparison of 

prophylactic protective capabilities in 

acetaminophen-induced injuries of the 

liver, kidney and cerebral 

cortex. Biomedicine & 

pharmacotherapy. 2017;85: 323-333. 

http://dx.doi.org/10.1016/j.biopha.2016.

11.033 

61. Ali MY, Morshed MR, Hossen MS, 

Tanvir M, Kabir A, Islam A, et al. 

Antioxidant Properties and Dose-

Dependent Effects of Monkey Fruits 

(Artocarpus lakoocha) against 

Paracetamol-Induced Hepato-Renal 

Toxicity in Rats. American Journal 

Pharmacology and Toxicology. 

2018;13(1):16-29. DOI: 

10.3844/ajptsp.2018.16.29 

62. Simon JO, Modupe B, Haruna WC, 

Funmilola OT, Joseph OT. Effect of 

Ethanol Stem Extract of Homalium 

Letestui on Histological Features on 

Kidney of Paracetamol-Induced Albino 

Rat Injury, Using Various Staining 

Techniques. Global Scientific Journal. 

2019;7(8):1065-1087. 

http://localhost:8080/xmlui/handle/1234

56789/681 

63. Ahmad S, Zeb A. Nephroprotective 

property of Trifolium repens leaf extract 

against paracetamol-induced kidney 

https://dx.doi.org/10.21608/ajps.2012.7148
https://dx.doi.org/10.21608/ajps.2012.7148
https://doi.org/10.1007/s00580-011-1327-z
https://doi.org/10.1007/s00580-011-1327-z
http://www.dx.doi.org/10.7537/marsjas091013.35
http://www.dx.doi.org/10.7537/marsjas091013.35
https://doi.org/10.3109/0886022X.2016.1163998
https://doi.org/10.3109/0886022X.2016.1163998
https://doi.org/10.1177%2F0748233713502841
https://doi.org/10.1177%2F0748233713502841
http://dx.doi.org/10.1016/j.biopha.2016.11.033
http://dx.doi.org/10.1016/j.biopha.2016.11.033


107 
 

damage in mice. 3 Biotech. 

2020;10(12):1-9. 

https://doi.org/10.1007/s13205-020-

02539-0 

64. Al-Asmari AK, Al-Said MS, 

Abbasmanthiri R, Al-Buraidi A, Ibrahim 

KE, Rafatullah S. Impact of date palm 

pollen (Phoenix dactylifera) treatment 

on paracetamol-induced hepatorenal 

toxicity in rats. Clinical Phytoscience. 

2020;6(1):1-12. 

https://doi.org/10.1186/s40816-020-

0151-x 

65. Salman AA, El-Aleem IMA, El-Rahman 

AAA, El-Husseiny TS, El-Hadary AE. 

Assessment of antioxidant traits and 

protective action of Egyptian acacia 

pods extracts against paracetamol-

induced liver toxicity in rats. Journal of 

Food Biochemistry. 2020;44(9):1-8. doi: 

10.1111/jfbc.13392 

66. Abd EL Latif AAE, Assar DH, Elkaw 

EM, Hamza HA, Alkhalifah DHM, 

Hozzein WN, et al. Protective role of 

Chlorella vulgaris with Thiamine 

against Paracetamol induced toxic 

effects on haematological, biochemical, 

oxidative stress parameters and 

histopathological changes in Wistar rats. 

Scientific Reports. 2021;11(1):1-16. doi: 

10.1038/s41598-021-83316-8 

67. Simon JP, Namachivayam A, Katturajan 

R, Nithiyanandam S, Parthasarathy M, 

Sabina EP. Protective Effect of the 

Aqueous Extract of Cyamopsis 

tetragonoloba Seed against the 

Paracetamol-induced Toxicity in Female 

Wistar Albino Rats. INDIAN 

JOURNAL OF PHARMACEUTICAL 

EDUCATION AND RESEARCH. 

2022;56(2):580-8. DOI: 

10.5530/ijper.56.2.81 

 

https://doi.org/10.1007/s13205-020-02539-0
https://doi.org/10.1007/s13205-020-02539-0

